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1.INTRODUCTION

Acddenta releases of radioadivity into the environment have the patential to cause widespread and
long-term contamination d agricultural land. Although in the most severe cae, food poduction and
colledion d wild foods may neeal to cease, more often it is possble through appropriate miti gation to
adlow farming to continue (Tveten et al., 1998. The difficulty lies in designing courtermeasure
strategies that will deliver the required reduction in radiation dese in the most efficient, acceptable,
cost-effedive and technicdly feasible way. In the past this process of optimisation hes typicdly
negleded pdential impads on the eawironment and agricultural productivity. Equaly the
acceptability of different remediation ogions to consumers has recaved orly limited attention and
cost-benefit cdculations have nat been comprehensive. However, long-term use of countermeasures
may increase the risk of environmental, socia and wider econamic impads. The optimal remediation
strategy shoud therefore seek to balance these impads against the csts and lenefits of dose
reduction. This has been addressed in the CESER projed.

The catral theme of the CESER projed is the asssament of long-term environmental and socio-
eoonamic impads (or side-effeds) of courtermeasures. Hence, other aspeds of the murtermeasure
seledion process sich as the prediction d contamination levels in dfferent foods, the identification
of vulnerable aeas and the radiologicd eff edivenesshad to be treded in a pragmatic way. They are
addressed more fully in paralel projeds such as SAVE, RESTORE and TEMAS. CESER has
purposefully taken a cae study approach rather than attempting to develop courtermeasure
asesament toals for the whole of Europe. Neverthelessthe methoddogies presented are suitable for
adaptation to circumstances other than those investigated. Only long-term courtermeasures and their
impads have been evaluated, focusing on long-li ved isotopes of caesium and strontium.

Since ewironmental and agricultural side-effeds of courtermeasures have not been intensively
studied in the past, it was a key task to identify and charaderise these side-eff eds as comprehensively
as posshle and subsequently to develop methods for their quantificaion. Eff edive management of all
aspeds of courtermeasure implementation can orly be undertaken if good knowledge of the nature
and extent of any impads is available. Any physicd impads, whether damaging or beneficial, on
environmental resources or agricultural productivity will | ead to econamic impads. The gplicaion o
afull cost-benefit analysis is advocaed that would include these fadors alongside the dired costs of
courtermeasure implementation and hedth benefits to humans. In additi on the degreeof acceptability
of countermeasures to consumers may have eonamic implicaions in terms of their willi ngnessto pay
for clean versus 'treaed foods. A consumer survey has been used to reved people's attitudes and
behaviour towards radioadively contaminated food and courtermeasure, which provides the basis for
aset of consumer recommendations to assst in future policy making.

Dedsion-makers facad with the task of planning countermeasures in agricultural production systems
may neeal to operate & different geographicd scdes. While farm managers or agricultural advisors
need to implement very spedfic courtermeasure strategies for a single farm, it will be equaly
important that an overall strategy for a parish, region a even courtry is put in place Therefore two
different types of Dedsion Suppat System have been developed in the CESER projed, ore for farm
level evaluation requiring user inpus to determine locd suitability and side-effeds and a seand ore
for regional eval uation within a Geographic Information System relying on avail ahility of large spatial
data sets. Both systems are PC-based and the CeserDSS will be dissminated via the internet (see
projed web site - http://www.stir.ac uk/envsci/ ceser/ceser.htm).

The sequence of methoddogicd steps taken in the CESER projed to assessenvironmental and socio-
emnamic impads of courtermeasures is s1own in Figure 1. More detail ed information onthe projed
results can be foundin Grande et al. (1999, Sdlt et al. (199%,b,c) and Wilson et al. (1999

31 August 1999 1
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2.0BJECTIVES

The global am of the CESER projed was to develop dedsion suppat tods for long-term
management of radioadively contaminated agricultural systems that would take into consideration
environmental and socio-econamic side-effeds of courtermeasures.

Thisfollowing spedfic objedives were set at the beginning of the projed:

1.

To identify the most significant environmental and agricultural impads arising from appli caion
of countermeasures designed to reduce soil -plant-animal transfer of radionucli des.

To quantify through modelling, experiments and expert judgement the degree aad duation o
these environmental and agricultural impads.

To evaluate the mmbined impads of courtermeasures including differential resporses of
radiocaesium and radiostrontium under different food production systems.

To predict the spatial patterns of side-effeds on a regional and rational basis through utili sation
of geographicd information systems and classfy geographicd areas acwrding to their suitability
for countermeasures.

To identify and assess consumer attitudes towards contaminated food poducts, the use of
courtermeasures in food poduction and their willi ngnessto pay to avoid damages.

To compare the dired and indired costs and kenefits of courtermeasures related to changes in
emnamic output, environmental quality and human hedth.

To provide adedsion suppat padage which can be used as aregional and retional planning tod
in the long-term evaluation o courtermeasure suitability of land, incorporating both
environmental and socio-econamic impads.

These objedives remained valid throughou the projed.

31 August 1999 3
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3.RESULT SAND DISCUSSON

3.1.Development of Case Studies

Since ewironmental and socio-econamic side-effeds of courtermeasures are likely to be highly
dependent on the drcumstances in which they are gplied, a series of case studies were developed.
The first task was to charaderise the radionuclide deposition. This was limited to environmental
contamination caused by atmospheric release and subsequent deposition d radionuclides. Of the
many radionuclides that may be emitted in the curse of a nuclea acddent, orly few show high
transfer rates to man via food chains or pase along-term radiation problem due to long half-life. The
depasition scenarios therefore focus on **'Cs, *°Sr and alpha-Pu (Table 1). They reflea different
sources and variable distances from the point of release. The subsequent process of seleding
courtermeasures was gedfic for radiocaesium and -strontium, while dpha-Pu was only considered
in the evaluation d external dose.

Table 1. Deposition scenarios

13cs Ogr alpha-Pu Situation

kBgm? kBgm? kBgqm?

Scenario 1 100 2 0.02 Chernobyl-like fall out on distant land

Scenario 2 100 100 0.02 Fallout with a higher Sr fradion on distant land
Scenario 3 1000 200 0.2 Fallout on land close to site of release
Scenario 4 5000 500 1 Fallout on land very close to site of release

A wide range of countermeasures for agricultural production systems have been suggested in the
literature (e.g. IAEA, 1994; Roed et al., 1995. These were reviewed in order to seled those most
likely to be gplied undxr ead o the depasition scenarios. The initial criteria of courtermeasure
applicability used in the seledion process(after Nisbet 1995 were:

= radiologicd effediveness

= pradicability
= dired costs
= accetability

The outcome of this creening processis sparately summarised for soil -plant and for animal-based
courtermeasures.

3.1.1.Soil-Plant Based Countermeasures

The foll owing caegories of soil -based courtermeasures were examined:
=  Medanicd/physicd treament
=  Applicaion d fertili sers
= Applicaion d chemicd binders
= Cropandland wse thanges

Aninitial screening of the literature showed that diff erent forms of ploughing, paassum fertili sation,
liming and, in the cae of high depasition, crop and land wse changes were the amurtermeasures most
worthy of more detailed examination. The dfedivenessof ploughing by diluting or even removing
the contamination present in the rocting zone is smilar for all soil types treaed. Potassum and
cdcium compete with caesium and strortium for the ion exchange sites on the soil particles and can
remobili ze sorbed radionuclides. However, when added in high quantities, they lower the Cg/K and
Sr/Ca ratios in the soil solution which govern root uptake rates of both radionwclides. The
effediveness of adding Ca and K is highly dependent on the soil type. Therefore, soil types were
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broadly clasdgfied acording to their caion exchange cgadty (CEC) and aganic matter content prior
to asdgning courtermeasure gplicability. Five priority countermeasures were identified for the
different soil caegories as $own in Table 2. This was later refined for the cae study aress by
determining a more spedfic set of threshods based on adual pH and CEC through simulation
modelli ng (seeTable 13 & 14, page 35-36).

Table 2. Applicability of priority soil-based countermeasures to different soils (high CEC was
defined as> 100meg/kg of soil and high organic matter was defined as> 10%).

Countermeasure Organic soils Mineral soils

low CEC high CEC
K addition high high low
Ca adition low high low
Shallow ploughing
Dee poughng low-high high high
Skim and hurial ploughing

Land wse related courtermeasures sleded for further evaluation were g conversion from cered or
root crops to dlseed rape, b) afforestation o agricultural land and c) fallow. These ae most
appropriate & high levels of depaosition and their eff edivenessis independent of sail type.

3.1.2.Animal-Based Countermeasures

Courtermeasures that reduce the transfer of **'Cs and *°Sr to animal prodicts (e.g. milk, mea and
eggs) are based on 2main principles:
1) Avoiding ingestion d highly contaminated feed. This can be adieved through changes in the
feeding regime, the management of animals or the management of the land.
2) Chemicd treament via
a) intake of a chemica compound,which hinds the radionuclide and prevents absorption,
b) intake of a chemicd analogue, which through competition reduces the asorption o the
radionuclide.

In additionland wse changes were cnsidered for situations where it is nat posdgble to continue animal
production. The foll owing courtermeasures, considered to be generally applicable, were more dosely
evaluated with resped to case study aress.

Changing the feeding regime

Part or all of the cntaminated feed is replacel with urcontaminated feed, thereby reducing both **'Cs
and *°Sr intake. For dairy cows, locdly grown roughage can be partly replaced with urcontaminated
concentrate, raising the cntribution d concentrate to the net energy intake up to 8. Similarly
during the final fattening period urcontaminated roughage and concentrate can be fed to lambs and
bed cdves. A further option for lambs is ealy weaning followed by quick fattening on concentrate.
For ved prodiction urcontaminated milk replace can be bought in for cdves. The duration d the
courtermeasure diet will vary acaording to the level of contamination.

Changing the animal management

It may be alvantageous in contaminated aress to change from produwing fattened animals to
prodwcing lambs or cdves. These ae weaned ealy and sold to aher farms, with access to
uncontaminated feed, for fattening. The ae or live weight at which the animals are sold may be
varied acarding to the level of contamination.
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Changing land management

For animal production with extensive use of unimproved (semi-natural) land for grazing, it may be
beneficial to improve the fertility of seleded aress of rough grazing by reseeding, liming and
fertili sing. Farms with existing improved land may increase the productivity of that land by raising
fertili ser applicaion levels and reseaeding more frequently. This enables higher stocking densities.

Chemicd treaments

Administration d AFCF (ammonium iron-hexacyano ferrate) to animals leads to the binding of **'Cs
into a chemicd complex that is not absorbed in the gut but excreted in the faecs. AFCF must be
present in the digestive traa continuowsly to bind **'Cs, and therefore shoud be aministered in a
manner that provides a daily suppy. This can be atieved by dired incorporation into feed or salt
licks or as dow-release bdi. The compound las been acceted by the CEC as a feed additive to
reduce ¥'Cs acamulation in animal produwcts, and is reagnised as one of the most likely
courtermeasures to be used in afuture fallout situation.

Feeding of high dases of cdcium reduces the transfer of *°Sr to milk by changing the ratio between Ca
and Sr in the digestive trad of the mw. When the esential mineral Cais transferred to the milk, the
transport mechanism discriminates against Sr. Thus by increasing the Cal/Sr ratio, even less S is
being transferred. Ca suppdementation is expeded to give up to 50% reduction in transfer of Sr to
milk, andisthus nat efficient enough in al situations.

Land wse changes

If only certain regions of a @urtry are highly contaminated, animal production may be transferred to
less contaminated areas. In the most severe depaosition scenario where externa radiation exposure
excedls the dose limit, termination o animal production is the only option. Aff orestation and fall ow
have been considered in the projed.

3.1.3.Agricultural Production Systemsin the Case Study Areas

The cae study areas were seleded to represent a wide range of agricultural production systems and
natural condtions, such as climate, soils and topography. For Finland and Scotland a range of river
cachments were seleded to test the CESER approadh to asesdng courtermeasure suitability and
side-effeds. For Austria two study areas were seleded to represent the spedal case of pre-alpine and
apine environments. The study areas are shown in Figure 2 (page 7) The types of data used in the
projed and the data sources are given in Salt et al. (199%).

Finland

Three céchments are located in southern Finland (Lepsdmanjoki, Rekijoki, Ylaneenjoki) and two in
the north (Lestijoki, Taipaleenjoki). The ayricultural land wse varies from 10 to 50% with the
remaining areataken up ly forests (Table 3, page 8). The cachments can be divided into very flat
northern catchments and lessflat southern cacchments. The most frequent soil types are: clay loam
and silt loam in Ylaneenjoki, silty clay and clay loam in Lepsdmanjoki, silt loam and sandy loam in
Lestijoki and silt oam and silt in Taipaleenjoki. The two southern catchments represent typicd arable
farming areas concentrating on cered production with some pork and poutry, whilst the more
northern areas represent dairy production areass (Table 4 & 5, page 8-9). Grass production is mostly
for silage, usualy for 4-5 yeas, and is then ploughed for cereds. The animal densities are typicdly
below 1.5 animal unitsha. In Ylaneenjoki the number of farms under organic production was
relatively high (13%), in ather areas it varied from 4 to 5%. The farming intensity as indicated by
nitrogen surplus (N input - N output in yields) showed relatively low input farming. The median N
surplusin all studied field parcdswas ca 20kg/hain al areas except in Taipaleenjoki, where it was
cal5kg/ha
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Figure 2. Location of case study sites

Scotland

Nine small cachments were seleded in areas dominated by intensive & well as extensive farming
(see Table 3-5). In contrast to the Finnish study aress, many Scottish aress have moderate to stegp
slopes and are dominated by semi-natural vegetation. Forestry cover is very low. Stocking densities
vary from 1.5 livestock units in aress with significant dairy farming to 0.04 LU/ha in areas of
extensive shee grazing. The existing range of farming systems had to be simplified focussng on the
most common crops and forms of livestock husbandry. Pork and egg production were omitted, partly
becaise they are not common in the cdchments sleded bu also becaise they only require
courtermeasures under Depaosition Scenario 4. This stuation has been assessd for the Finnish

cachments. Spedfic courtermeasures were devel oped for the foll owing farm types:
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= Dairy farms producing milk from dairy cows.

= Lowland shee farms that breed and fatten lambs, and do no recaeve LFA (‘lessfavoured ared)
payments.

= Upland/hill sheep farms that breed lambs, and either fatten them or sell as dore lambs (for final
fattening on aher farms), and recéve LFA payments.

= Lowland bed farmsthat breed and fatten bed caves, and do ndreceve LFA payments.

= Upland/hill bed farmsthat breed bed cdves and either fatten them or sell as gore catle (for final
fattening on aher farms), and recéve LFA payments.

= Arable = Farms growing whed, barley, ol seed rape, paatoes, swedes or similar crops.

=  Management for dee = Land managed for the hurting of wild red dee. The number of red dee in
Scotland is estimated at 300 000.Generally hurting takes place on grivately owned sporting
estates in udand areas. Income is derived from the sale of venison and huring (mainly stags).

Table 3. Physical characteristics and land use in the @ase study areas (A=Austria, F=Finland,
S=Scotland)

Catchment Annual | Area | Median | % arable | % improved | % rough
rainfall | km? Slope ® grasdand grazing
mm ¢ degrees
Y | aneenj oki F 712 227 1 27 0 0
L epsaménjoki F 718 214 1 23 0 0
Lestijoki F 632 1373 0 10 0 0
Taipal eenjoki F 758 35 0 50 0 0
Rekijoki F 632 26 0 64 6 0
GlenstangBurn | S | 1256 9 2 35 90 0
Burn O’ Need S| 1256 23 3 0 51 41
Eden Water® S 690 22 2 88 75 0
Lugate Water S 858 33 9 1 31 66
Water of Tarf S| 1286 49 9 0 3 97
River Ythan @ S 797 14 3 91 8 0
LusaganBurn | S | 1978 7 4 0 10 85
River Noe S| 1978 18 20 0 0 100
River Erradae | S| 1839 14 3 0 2 97
Wallerseé? A 1186 25 5-10 2 86 0
Radstadit® A 1086 2 7-12 3 75 4

1) 10yea average Finland 1981199Q Scotland 19861995 Austria1971-1981

2) Only a sub-sedion of these cachments was assessed

3) Thisincludesrotational grassusing for cutting or grazng.

4) Estimated value, only average value (23 degrees) for the whole province was avail able

Table 4. Percentage distribution of cropsin areaswith arable land use.

Spring |Winter |Spring |Winter |Sugar |Potato |Swedes [Mowing |[Grazing

cereals |cereals [OSR® | OSR% |bee grass grass
Y laneenjoki® 67 6 4 0 1 1 0 9 0
Lepsamanjoki® | 65 3 5 0 0.2 0 0 13 0
Lestijoki® 31 0 0 0 0 5 0 63 0
Taipaeejoki® | 39 0 0 0 0 0.1 0 51 0
Glenstang Burn 0 3 0 0 0 1 0 33 63
Eden Water 208 | 423 0 6.1 0 1.4 15 10.7 8.1
River Ythan 44.7 9.3 1.7 6.8 0 3.8 3.9 14.9 14.9
Wallersee 1 2 0 0 0 0 0 63 34
Radstadt 1 3 0 0 0 0.1 0 50 40

1) values do not add to 100% since some aops and set-aside ae not included.
2) OSR = oil see rape
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Table 5. Number and type of animalsin the ase study areas

Catchment Dairy cattle | Bed cattle | Poultry Pigs Sheep | Red Deer®
Ylaneanjoki 872 495 233190 7859 115 0
L epsamanj oki 512 357 0 690 42 0
Lestijoki 2072 800 0 377 151 0
Taipaleenjoki 395 832 0 0 0 0
Glenstang Burn 866 946 0 0 1356 0
Burn O'Nedal 969 1023 0 0 5588 0
Eden Water 0 1185 0 0 4400 0
Lugate Water 0 1314 0 0 12510 0
Water of Tarf 0 14 0 0 900 200
River Ythan 0 787 0 8521 1810 0
Lusragan Burn 0 40 0 0 800 20
River Noe 0 0 0 0 1872 200
River Erradale 0 0 0 0 850 100
Wallersed? 86 3 84 2 0 0
Radstadt®) 91 46 30 6 105 0

1) Estimates of red dee numbers only avail able where game management is pradised
2) Only a subsedion of 52 hawas assessd
3) Only a subsedion of 75 hawas assessd

Austria

The two study sites, Wall ersee and Radstadt (see Tables 3-5), are located in the province of Salzburg.
The aro-emnamic structure is dominated by small scde production and suppementary income
farming. Sixty-one percent of the farms are dassfied as mourtain farming with a share of 34.8% of
the overall land, norfarmable land included. Approximately two thirds of the farms are smaller than
20 ha. Organic farming is an increasing source of income in recent yeas resulting in a shift towards
lessintensive land wse. Wall erseelies in the more productive northern pre-alpine part of the province
of Salzburg while Radstadt lies in a valley floor in the southern alpine part. The latter is more
extensively used with insignificant arable production. In bah areas mowing and grazing grassacmurt
for upto 96% of the ayricultural land. In the pre-alpine aeagrasscan be mowed threetimes per yea
with subsequent use for grazing, while in the dpine aea mowing can be dore only twice This
eguates to a productivity of 1.7 catle units (500Kkg live weight) in the pre-alpineregionand 1.31.5in
the dpineregion.

The prevaili ng soil types in the Wadlersee aea ae cdcareous and — die to management pradices -
decdcified cambisols, formed on Quarternary sediments, while in the Radtstadt area the soils are
more diverse, with lime-free canbisols on the dopes and fluvisols developed onthe dluvium on the
valley floors (Osterreichische Bodenkartierung, 1978, 1985

The main food poducts for which courtermeasure strategies were developed in the study aress are
summarised in Table 6.

Table 6. Food products considered in the study sites.

arable | cow’smilk bed | veal lamb | pork | chicken | eggs | venison*
Austria X X X
Finland X X X X X X
Scotland X X X X X

* med of wild dee
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3.1.4.Countermeasure Seledion for Case Study Areas

Once aset of redistic countermeasures has been defined, those food poducts had to be identified that
would most likely exceal Community Food Intervention Levels (CFIL's; CEC, 1989 under a
particular deposition scenario, thereby identifying the production systems requiring applicaion o
courtermeasures. By applying detailed knowledge of ead farming system it is then passble to
caefully seled countermeasures that can be optimally integrated into existing management systems.
This sledion d countermeasuresis based onthe foll owing steps:

1. For ead deposition scenario and food product, contamination levels were predicted using 95%
confidence intervals of transfer fadors from IAEA (19940. Where CFIL's are likely to be
excealed countermeasures are necessary. The cdculations for the study aress agreed well with
the post-Chernohyl experience regarding which production systems required courtermeasures.

2. Only those murtermeasures were seleded which are generally feasible under the ewironmental
conditions and farming pradicesin the cae study aress.

3. Some wmurtermeasures were found to be too expensive or drastic under certain depasition
scenarios and are therefore nat always recommended (e.g. aff orestation).

4. The aditional dose to farmers exeauting countermeasures was caculated for ead depasition
scenario, based on average working times given in Roed et al. (1995. Where these seemed
inappropriate, they were modified by case study area spedfic information. Dose nversion
fadors were taken from BMU (1989 for external, and from EU (1996 for internal irradiation. In
Deposition Scenario 4 the external dose to the popuation will excead 1 mSv/yea and the only
option is evaauation d the popuation and termination d agriculture. The aeamay be wnverted
to forestry or left fall ow.

The countermeasure seledion ocessis implemented more spedficdly within the Dedsion Suppat
Systems developed for Scotland (seeSedion 3.6).

In ead case study area ounermeasures against Cs and Sr as well as me @urtermeasure
combinations were dl ocated to ead farm type following the 4-step procedure outlined above. Step 2,
i.e. the seledion d countermeasures giitable for regional environmental condtions and farming
pradices, took into acmurt a range of potential limitations that might predude the use of certain
measures. This approadh isill ustrated for the Austrian study sitesin the foll owing sedion.

The Austrian sites present particular restrictions in the courntermeasure implementation. In alpine
aress, e.0. Radstadt, orly extensive gyriculture is possble and countermeasures at the soil/ plant level
are less sitable due to poa accesshility, terrain condtions and increased workload. Animal-based
courtermeasures are more gpropriate, such as administration d AFCF and Ca. As a mnsequence of
the limited suitability of countermeasures and the much higher transfer fadors in apine regions
compared to valey and pe-alpine aeas (Lettner, 1990, these aeas have to be excluded from
agricultural produwction at lower contamination levels. In the pre-alpine Wadlersee test site the
majority of soils are shallow; degper soil s are only foundin flatter areas. Degp ploughing is restricted
to lessthan 1% of arable land. Most soil s have been formed onvery variable, fine to coarse gladal
material and moraines with limited hydraulic condctivity and poo drainage status. The combination
of geology and high predpitation, favours the formation d gley soils that are less siitable for arable
production and doughing. In addition the mourtainous topography is a limiting fador for ploughing
courtermeasures as more than 80% of the surfaceis seeer than 10°. The cmmon slope limits for
ploughing are set at 12-15° to avoid erosion and for safety reasons. Deeg and skim and buial
ploughing were not regarded as appropriate and only shallow ploughing was assessed for side-effeds.
Ploughing and reseeding for continued grassprodiction can be gplied when the mntaminationis not
too high (Deposition Scenario 1 and 2. Ploughing and converting the land to cered production is
recommended when the contaminationis higher and the reduction d transfer fadors achieved through
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reseading is not sufficiently effedive to comply with CFIL or dose limits.

Tables 7-10 give examples of the many tables compil ed for the 3 courtries, to ill ustrate the gproach
taken. Each combination o courtermeasure and depasition scenario is given a de, as foll ows:

R = recommended

NE = no effed on the radionuclide

NR = not required since CFIL’s are not likely to be excealed

NSE  =not sufficiently effedive to comply with CFIL’s or dose limits
TE =too expensive or lessdrastic countermeasures are avail able

CFIL = Community FoodIntervention Limit (CEC, 1989

Table 7. Countermeasures allocated to Austrian dairy production.

Dairy production - Austria Scenl  Scen2  Scen3 Scen 4
Reduction factor required to meet CFIL Cs 1 1 2
S 0 3 4
Administer AFCF with the feed R R R NSE
NE NE NE NE
Supply Cain the diet NE NE NE NE
NR R R NSE
Fedd clean roughage TE R R NSE
NR R R NSE
Feed more concentrate (all i mported) TE R R NSE
NR R R NSE
Pasture intensification (Shallow ploughing and resealing, | NR/R R R/NSE NSE
depending on site suitabilit y) NR R R/NSE NSE
Feed more home-grown concentrate (shallow plough gasdand | TE TE/R R NSE
and introduce ceed production onceor in crop rotation) TE TE/R R NSE
Lime the soil NE NE NE NSE
NR R R NSE
Apply K fertili ser TE/R R NSE NSE
NE NE NE NSE
Exclude dairy production TE TE TE/R R
NR TE TE/R R
Afforestation TE TE TE R
NR TE TE R
Table 8. Countermeasures all ocated to Finnish bed production.
Bed production - Finland Scenl Scen2 Scen3 Scen4
Reduction factor required to meet CFIL Cs 0 0 2
S 0 0 1
AFCF administration during fattening period. AFCF given dired on | NR NR R NSE
the feed NE NE NE NE
Sell bed catle for daughter from the farm. Feed clean concentrate | NR NR R NSE
and/or roughage during the last part of the fattening period . NR NR R NSE
Bed catle sold for final fattening at other farms NR NR R NSE
NR NR R NSE
Exclude animal production NR NR TE R
NR NR TE R
Afforestation NR NR TE R
NR NR TE R
11

31 August 1999



CESER Final Report

Table 9. Countermeasures all ocated to Scottish sheg production on hill/ upland farms ®.

Sheep production on upland/hill farm - Scotland Scenl Scen2  Scen3 Scen4
Reduction factor required to meet CFIL Cs |3 3 32
S 0 15 4
Administer AFCF as bali or in feed blocks to lambs. R R R NSE
NE NE NE NE
Improve land (plough, fertili se, lime & sow grasdclover on rough | TE R R NSE
grazing land) NR R R NSE
Intensify the use of existing improved land (fertili se, lime, reseed). | TE R R NSE
Effedivenessuncertain NR R R NSE
Limethe soil (apply 2 t/halime every 2 yeas) NE NE NE NE
NR R R NSE
Apply K fertiliser (apply 100kg/ha of patassum annually) +Cs R R NSE
NE NE NE NE
Sell ealy for fattening (Wean lambs ealy and sell for finishing | TE R R NSE
outside the mntaminated area). NR R R NSE
Sell for fattening (Sell lambs after 1 grazng season for finishing | R R R NSE
outside the mntaminated area Apply slaughter restrictions) NR R R NSE
Fatten lambs on clean roughage R R R NSE
NR R R NSE
Fatten on clean concentrate (wean lambs ealy and fatten indoars) TE R R NSE
NR R R NSE
Excluding animal production TE TE TE R
NR TE TE R
Afforestation TE TE TE R
NR TE TE R
Administer AFCF and fatten on clean roughage R R R NSE
Administer AFCF and sell for fattening R R R NSE
Administer AFCF and intensify use of improved land R R R NSE
Administer AFCF and apply K fertili ser R R R NSE
Administer AFCF and improve land R NSE

1) The transfer of Sr to lamb on organic soils remains uncertain, and therefore dso the required level of
effediveness of the countermeasures. For Cs an aggregated transfer fador (Hove et al. 1994 was used to
estimate the nead for countermeasures.

Table 10. Countermeasures all ocated to arable production - Scotland®

Arable production- Scotland Scenl  Scen2  Scen3 Scen4d
Dee poughng TE TE R NSE
NR TE R NSE
Skim and bury ploughing TE TE R NSE
NR TE R NSE
Shallow ploughand apply K R R NSE NSE
NE NE NE NSE
Shallow ploughand apply lime NE NE NE NE
NR R NSE NSE
Shallow ploughand apply lime and K R NSE NSE
NR R NSE NSE
Changeto alsedl rape TE TE R NSE
NR TE R NSE
Exclude aable production TE TE TE R
NR TE TE R
Afforestation TE TE TE R
NR TE TE R

1) Countermeasures were recommended if the contamination in grain for human consumption was likely to
exceal CFILs, and contamination in grasswas likely to cause animal productsto excead CFILs.
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3.2.ldentification and Quantification of Side-Effeds

The most significant environmental and agricultural side-effeds (in terms of likelihood, magnitude
and duation) following the gplicaion d the seleded courtermeasures were identified via literature
review and dscusgons with experts from within and ouside the projed. A list of clealy defined
criteria was developed to formali se the subsequent processof impad quantificaion. These ae listed
below with examples of possble side-eff eds (for a more detail ed explanation see Salt et al. (199%)):

Soil Erosion and Sedimentation

Erosion is the loss of soil through water and wind induced transport. Sedimentation is the
depaosition o eroded sail i n surfacewater bodes where detrimental effeds, e.g. on dinking water
quality or biologicd habitats may occur. Any courtermeasures involving a dange in the
ploughing regime or in land wse may affed this criterion.

Soil Organic Matter

The humus content of topsoil can dminish through courtermeasures that increase mineralisation
such as liming or ploughing. Conversely aff orestation a fallow on arable land can lead to along-
termincrease in humus levels.

Soil Nutrient Transport to Water

Soil nutrients are transported in dsslved or particulate form through surfacerundf and percolate
into surfaceor groundwater where they may cause aitrophicaion. Courtermeasures can interfere
with these processes through changes in erosion a nutrient inpus to the soil. Ploughing
courtermeasures, changes in land wse or changes in the feeding and management of livestock can
be impli cated.

Soil Pollutant Transport to Water

Soil palutants such as heavy metals are transported in dsolved o particulate form in rundf and
percolate and may enter surface or ground water, causing water pallution. Pollutants can be
mobili sed when courntermeasures lead to increased mineralisation d soil organic matter (see
above). Deaeased ar increased use of biocides due to changes in the intensity of farming will also
affed the quantiti es of these pall utants reading water courses.

Animal Welfare

This is defined as the maintening of animals in good redth through humane handling, care and
treament. Any countermeasures involving more intensive livestock feeding regimes and longer
periods of housing could be perceved as negative in terms of animal welfare.

Product Quality
The quality of agricultural productsin terms of their saleability could be dfeded, e.g. some of the
propacsed animal feeding regimes would lower or raise the fat content of milk or med.

Product Quantity
The anourt of food produced for sale auld change, e.g. degp ploughing islikely to reduce aop
yields whil e under some feeding regimes the slaughter weight of animals would increase.

Ammonia Emissons

Emisdons of ammonia ae due to volatili sation from nitrogen contained in animal faeces, urine or
manure, or in mineral fertili sers. Emissons from livestock occur during periods of housing and
outdoar grazing, as well as during storage and land spreading of manure. Courtermeasures that
dter the normal feading and management of li vestock are likely to change anmonia emissons.

Biodiversity

Biodiversity is defined as ‘ the variability among living organisms and the e®logicd complexes of
which they are part’ (UNEP, 1993. In the CESER projed biodiversity was defined as. the
ewmlogicd richnesson a particular farm type including higher plant and animal diversity as well
asrarity and dstinctivenessof spedes and dversity of habitats/emsystems. These can be dfeded
by many courtermeasures, in particular when changesin land use or farming intensity occur.
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= Landscgpe Quality
This is defined as the value of a landscape based onknown and predicted preferences of people.
Preference depends on cultural badkground, knowledge and educational level. Fadors that may
play a role ae the perceved ‘naturalness, dversity and fragility of an area ad it's
emnamic/reaedional value. Courtermeasures involving land wse change, e.g aff orestation and
pasture improvement have the most visible impads.

It was a key objedive of the CESER projed to reseach methods aiitable for quantifying these
impads to form a common tesis for comparing diverse courtermeasures with resped to side-effeds.
Table 11 summarises the methods of quantificaion applied. Often more than ore method ted to be
used to quantify the impads on a particular criterion, for example, the seleded model was not suited
for simulating erosion and nurient losses after aff orestation. In all quantification exercises aperiod o
10yeaswas asessd.

Table 11 Impact criteria and methods of quantification with relevant sedions of the report.

Criteria M ethods Sedion
Soil Erosion and Sedimentation Modelli ng, expert judgement 321
Soil Organic Matter Expert judgement 3.2.8.
Soil Nutrient Transport to Water Modelli ng, experimentation, expert judgement 3.2.1L
Soil Poll utant Transport to Water Experimentation, expert judgement 3.25,
3.2.6
Animal Welfare Expert judgement 3.2.8.
Agricultural Product Quality Expert judgement 3.2.8.
Agricultural Product Quantity Calculations, expert judgement 34.2
Air Quality - Cyaniderelease from AFCF | Experimentation 3.24.
Air Quality - Ammonia Emissons Spreadshed cdculations 322
3.3.1
Biodiversity Landscape structure analysis, expert judgement | 3.3.2
3.2.8.
Landscape Quality Contingent valuation, expert judgement 344

3.2.1.Modelling Erosion and L osses of Phosphorus and Nitrogen

The patential for countermeasures to cause long-term changes in soil erosion and losses of essential
plant nutrients in rundf was asesed through mathematicd simulation modelling. The seleded
model, ICECREAM (Tattari et al., In prep), is afield-scde mathematicd simulation model predicting
water, soil, phasphaus (P) and ritrogen (N) losses at the edge of fields and ou of the root zone
(Figure 3, page 15). It is an extension d the CREAMS/GLEAMS models (Knisel 1980, 1993
originally developed in the U.S. to assessand compare the impad of diff erent management pradices
on soil and nurient losses. The hydrology, crop growth, and pertly also the eosion cdculations have
been further developed by Rekolainen and Posch (1993.

The submodels for P and N are mainly taken from the GLEAMS model with a few adaptations to
adhieve abetter fit to locd conditions. The P cyclein the soil i s described by threeinorganic and two
organic pods, and flows between these and the biomass The most adive inorganic pod is the plant
avail able P, which has been defined as anion exchange extradable P (Sharpley et al., 1984. Chemicd
fertili zer P is added to plant avail able P at the day of fertili sation, and crops are asumed to take up P
from this pod only. The loss of soluble P with surfacerundf also ariginates only from this pod,
whil st the lossof particulate P (attached to soil particles) takes placefrom all soil P pods.
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Figure 3. Themain processes smulated in the | CECREAM model

The soil nitrogen cycle is described using two inorganic (nitrate and ammonia) and three organic
pods differing in their stability against microbial degradation. Processs between the pods and the
atmosphere include mineralisation, assmilation, ntrificaion, cenitrification, volatilisation and
nitogen fixation. Soluble N losses take placefrom the nitrate and ammonia pods, and particulate N
losses from all organic pods.

The output parameters examined for the CESER Courtermeasure Scenarios (seebelow) are:
a) soil loss(erosion), kg/ha
b) disslved phaphausin surfacerundf (DP,), kg/ha
c) particulate phospharusin surfacerundf (PP, kg/ha
d) disolved Pin deep percolate (DP,), kg/ha

In addition, a series of nitrogen simulations for Finnish sites was undertaken for particulate N in soil
loss (PN), disolved nitrate and ammonia in surface rundf (D(NO+NH),), nitrate in percolation
(D(NO)p), denitrified N (denN) and ammonia volatili sation (volNH). However, the results of these &
well the results for DP, are not sufficiently reliable to be presented in detail and it was deeamed more

appropriate to apply expert judgement.

Model Simulations of Countermeasure Implementation

The six Courtermeasure Scenarios smulated with the ICECREAM model are:
CM Scenario 1 deegp poughing (F, S)
CM Scenario 2 skim and buial ploughing (F, S)
CM Scenario 3 changesin the feeding of animals (F, S, A)
CM Scenario 4 cessttion d production (F, S)
CM Scenario 5: pasture intensificaion (A)
CM Scenario 6: shall ow ploughing of permanent grasdand (A)

As explained in Salt et al. (19991, the gplicaion d models widely used to simulate soil |ossand
nutrient transport processs is restricted to mineral soils. For Scotland, 5 d the 9 cachments have a
large propartion d organic soil s and modelli ng had to be restricted to the Ythan, Eden, Glenstang and
Burn O'Nedal cachments. All simulations were performed over a 10 yea period to mimic long-term
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impads.

Countermeasure Scenario 1 and 2

To simulate the changes resulting from deg as well as «im and buial ploughing three separate soil
databases were aeaed: an arigina database describing the status quo and two databases describing
the change in soil properties due to the ploughing. For degp ploughing the top 50cm layer of the soil
was inverted, leading to significant changes in awide range of soil propertiesin the surfacelayer. The
soil database for skim and buial ploughing showed orly a minor change in the order of the layers,
sinceonly thetop 5¢cm areremoved and daceal at a depth of 50 cm (Roed et al., 1999.

Countermeasure Scenario 3

This enario involves a significant change in the diet of dairy cows to achieve areduction in the
daily intake of contaminated feed. The propation o imported concentrate or home-grown barley in
the diet is raised to 80% of the net energy intake from a typicd level of 40% in Finland, 286 in
Scotland and 196 in Austria. Thisincreases the anourt of N and P excreted by the mwsin faeces.

For Finland, the impad on soil and nurient losses was smulated, assuming that in ead cachment
50% of the grassfields are mnverted to barley fields “as randam as posdgble”. Simultaneously the P-
fertili zation on farley fields is increased by 20% and the N-fertili zation by 25% compared to grass
fields.

In the Austrian study sites monoculture over alonger time period is almost impossble (Quade, 1993
becaise of the dimatic condtions, soil structure and current management pradices. Thus three
different crop rotations were simulated, involving conversion d permanent grasdand to cered
production:

a) grass grass winter whea (ww), winter rye (wr) or barley (b), spring oats (so), grass grass

ww, wr or b, so (Pirklhuber & Grindinger, 1993 Aubert, 1981).
b) asa) but with atrefoil mixture between winter and spring cereds
¢) winter whea or ryeoncein 10yeas

For Scotland, changes in the diet of dairy cows, bed cdves and lambs were studied for the Glenstang
and Burn O’ Neead cachments. Scenario 3A assumes that al concentrate feed isimported. The aeaof
mowing and grazing grassis reduced and a crrespondng areaof green fallow creded. Scenario 3B
asuumes that all concentrate is provided through incressed onfarm production d barley. Most
grasdandis converted to barley leaving only a small areafallow. The anourt of N and P spread orto
mowing gassvia manure is increased by 27% and 20%, respedively. Bed caves recave adiet of
uncontaminated roughage and concentrate during the last part of the fattening period in the same
propartions as hormal. To prevent lambs from grazing pasture on aganic soil s where radiocaesium
transfer would be high, most lambs are moved from Burn O'Ned to Glenstang for fattening. The
resulting changes in the relative aeas of grassand crops and the introduction d falow aress were
implemented in the GISto enable net effeds at the cachment level to be quantified.

Countermeasure Scenario 4

For Finland the dfeds of abandorment were studied, assuming cessation d dairy production and
cornversion to green fallow in Lestijoki. Milk production was transferred to Lepsamanjoki where the
P- and N-fertili zation was increased in acerdance with the increase in animals, by +13 kg/halyea for
P and +34 kg/halyea for N (as NH4-N). Additionally al barley fields were mnverted to grassfields.
For Scotland cessation d crop and animal production was assumed to accur in al 4 test cachments,
repladng crops and improved grasdand with green fall ow.

Countermeasure Scenario 5
For the Austrian sites pasture intensification was smulated by applying mineral fertili ser, raising the
annual P application from 20 (Radstadt) or 30 (Walerseg kg/ha P to 50 kg/ha. Under normal
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management grasdands are asumed to recave only organic fertili ser (farm yard manure and slurry).

Countermeasure Scenario 6

For the Austrian study areas, shallow ploughing of normally uncultivated grasdand to a depth o 25
cm was modelled by introducing till age (ploughing, disking, harrowing, sowing), either 1,2,3times
over 10yeas.

Finnish Results

The results are ill ustrated for the Ylaneenjoki catchment; similar results were obtained for the other
study areas. The soil type abreviations are given in Table 12. If not mentioned separately, the results
are presented for the most common soil types, silt loam (HHt) and clay loam (HtS), for the most
common crop, larley, for afield slope of 1 % and an initia soil P-status of 10 mg/l. For eat ouput
variable only relative values are presented by setting the highest value in ead graphto 100% and the
othersin relation to this maximum.

Table 12 Finnish soil types based on an approximate @nversion of the Finnish soil textural
clasesinto the USDA classfication.

Finnish American Finnish American

Lj organic silt (6-20 % organic matter) KHs silt

AS heavy clay He silt loam

HsS silty clay HHt silt oam

HeS clay loam KHt sandy loam
HtS clay loam HHk sand

HHs silt loam HtMr sandy moraine

Toill ustrate the dfead of soil type, results for al soilsin Ylaneajoki are shown in Figures 4-6 (page
18). The two most frequent soil s, HtS and HHt, have relatively low soil ossand consequently low PP
loss (particulate P in surfacerundf). Degy ploughing incresses il lossbut can either deaease or
increase PPloss This depends on the degreeof change in erosion relative to the initial P status of the
subsoil brought to the surface The marked increase in soil | ossfor HHt following degy ploughing is
due to the low organic matter content of the subsoil (1%) compared to the original topsoil (12%).
Deg ploughing deaeases DP; loss (disslved P in surfacerundf). In comparison to deg ploughing,
skim and buy has only minor effeds.

Crop type has a marked effed on all output variables (Figures 7-9, page 19). Mowing gassand green
fallow have the lowest soil and PPlosses due to their dense biomass Grass has the highest DP; loss
due to the surface aplicaion d fertili zer. The dfeds of deg ploughing are similar for spring barley,
winter whea and sugarbed. Bare fall ow shows the highest PPlosses and doughing courtermeasures
have anegligible impad. DP; increases after degp ploughing of grass as a result of soil and crop
properties. The distinct diff erence between the PPand DP; losses for spring barley and grassexplains
some of the dfeds e in Scenario 3where land wse dhanges occur as aresult of changesin animal
feeding.

Soil 1oss and consequently PP lossincrease with field slope (Figure 10, page 20). The marser soil
(HHt) shows higher losses of soil, PPand DP, than the dayey HtS. Deep ploughing has no effed on
soil lossfor these two soil s, however, the poa subsoil coming to the surface cases adropin PPand
DP; losses. The differencein the origina PP output between the soil types, caused by differencesin
erosivity, is diminished by deegp ploughing. DP; deaeases dightly with increasing slope, most likely
dueto deaeasing P content in the surfacelayer caused by the incressed P lossvia aosion.
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Figure 4. The dfed of soil type on PP lossfor normal practice (Norm), degp (Dee) and skim
and burial ploughing (S& B). The most frequent soil types are marked in black.
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Figure 5. The dfea of soil type on DP;, for normal practice (Norm), deg (Degp), and skim and
burial ploughing (S& B). The most frequent soil typesare marked in black.
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Figure 6. The dfed of soil type on soil lossfor normal practice (Norm), deg (Deg) and skim
and burial ploughing (S& B). The most frequent soil types are marked in black.
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Figure 7. The dfed of crop type on PP for normal practice (Norm), deg (Dee) and skim and
burial ploughing(S& B). Typical cropsare marked in black.
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Figure 8. The dfea of crop type on DP, for normal practice (Norm), deg (Dey) and skim and
burial ploughing (S& B). Typical crops are marked in black.
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Figure 9. The dfea of crop type on soil lossfor normal practice (Norm), degy (Deep) and skim
and burial ploughing (S& B). Typical crops are marked in black.
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Figure 10 The dfed of field slope on particulate phosphorus in surface runoff for normal
practice (Norm), degp (Degp) and skim and burial ploughing (S & B).

Scottish Results

ICECREAM simulations were performed for the Ythan, Eden, Glenstang and Burn O'Neal
cachments to estimate the impads of Countermeasure Scenarios 1-4 on erosion and phephaus
losses. Seleded results are presented for a uniform slope of 6% equivalent to 3.4 dgrees and
expressed as relative values compared to the highest value in ead graph.
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Figure 11 Sail losson mowing grassat 6% sope on the dominant soil types of each catchment
(fdr, idr, pdr = freely/imperfedly/poorly draining; BF = brown forest sail).

Differences in climate and soils lead to dfferent rates of erosion aaossthe cachments, as shown in
Figure 11. The lowest rates are predicted for fredy draining soils while imperfedly and poaly
draining soils show higher rates of soil |oss The dfeds of croptype on soil | ossareill ustrated for the
Ythan cachment in Figurel2a (page 21) for the dominant soil type. The wnsistent diff erence between
winter and summer sown crops is due to the exposure of partially bare soil to winter rainfall and snow
melt. When crops are sown in autumn they grow insufficiently to cover the soil during winter. This
appliesin particular to winter whea. The fine tilth produced before sowing erodes much more readily
than a ploughed field o stubbe (Evans & Cook, 1987 Speirs & Frost, 1983.
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Losss of PP are highest on winter whea in line with soil loss (Figure 12b). Potatoes show
comparatively high losses of PP since they receave the highest rates of P fertili zation (150-200 kg/ha
of P,Os). For the same reason losses of DP, (not shown) are dmost twice & high for potatoes
compared to ather arable aops. As own in the Finnish results, soil |ossand PPare very sensitive to
slope, while DP; varieslittl e in resporse to slope.

In agreement with the Finnish results, degp ploughing of Scottish soil s leads to much greder changes
compared to skim and buy ploughing. In the Ythan cachment deg ploughing reduces the soil | oss
patential since subsoil with a higher sand and lower clay content is brought to the surface (Figure
12a). PP (Figurel2b). and DP; (not shown) are dso reduced since the subsoil has a lower P status.
Figure 13 shows how deg ploughing differentially affeds the soils in the Eden caichment due to
differencesin the eodibility of the subsoil . Soil type dso affeds PPand DP, losss due to dff erences
in the depth distribution d labile andtotal phospharus (not shown).

100% -

80%

60%

m Normal
@ Skim&bury
O Deep

40% -

20% -

10-year average soil loss [% of max]

0% -

Figure 13. The dfed of soil type on soil | ossin the Eden catchment at 6% slope before and after
ploughing countermeasures. Values are for all arable land using a weighted average of crop
types including grass The soils vary in texture from sandy loam to clay loam. The most
frequent soil types are marked in black.

In the grassdominated Glenstang cachment deep ploughing of the dominant soil s increases il 10ss
on grazing gass while on mowing gass ®il loss only increases up to a slope of 4-5%. PP
significantly deaeases for mowing grass while grazing grass $iows a variable resporse depending on
slope. Skim and buy ploughing causes very littl e change in soil | oss Results for PPand DP; confirm
this trend with the exception d grazing grass which shows a 9 and 146 increase, respedively.
Scientificdly thisis difficult to explain since the properties of the surfacelayer do nd change. Tests
caried out with the ICECREAM model suggest upto 10% error onthe predictions for changes in soil
and P losses after degp and skim and burial ploughing. This relates to the unexpeded sensitivity of the
model to changes in the depth dstribution o soil 1ayers in the inpu files which were necessary to
simulate the soil profile danges after ploughing.

Only 13% of the grassdominated Burn O'Neal cachment has ils siitable for degp and for skim and
burial ploughing. Although the same soil type is modelled as for Glenstang, some diff erences in the
results occur. These gpea to be due to dfferent P inpus via faecs and manure & a result of
differences in livestock densities. After degp ploughing PP and DP, on grazing grass deaeases.
Changes following skim and buy are variable but small.
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In Countermeasure Scenario 3 the feading regime implemented for dairy cows and fattening catle
leads to an increase in phaphaus loadings via increased manure gplicaions and faeces inpus to
mowing gass and via ectra faeces only to grazing gass This is a combined effed of increased
volume of manure due to higher concentrate feading and fewer grassfields being avail able for manure
disposal and grazing. Figure 14 ill ustrates the increases in DP, and PP on the main soils in ead
cachment. At the field scde DP; is increased by 75-84% on mowing gassand 3464% on grazed
grass The dfed on PPis dightly lesswith increases of 57-60% and 17#45%, respedively.

175% — ]

150% ]

125% - m Glen norm

100% - m Glen CM
75% - @ Burn norm
50% - m Burn CM
25% -

0% -

Grazing Mowing Grazing Mowing
grass grass grass grass
PP PP DPr DPr

Figure 14. Changes in PP and DPr in the Glenstang and Burn O'Neead catchments on the
dominant soilsfor normal practiceand after changesin the feeding of dairy cows and fattening
cattle (norm=normal, CM=countermeasure). 'Normal values are set to 100%.

Green fallow simulations for Courntermeasure Scenario 4 showed low rates of soil 1oss typicdly
below thaose of grazed grass but slightly higher than on rough grazing land (Figure 12). Since no
fertili sers are goplied, DP, and PPare dso low.

Austrian Results

Mode simulations for Courtermeasure Scenarios 3, 5and 6 were performed for the two study sites,
Walersee and Radstadt. In Scenario 3, the @mnversion d permanent grasdand to rotational cered
production increased erosion rates 80 to 260fold compared to grasdand, degpending on soil type and
crop rotation. Crop rotation can be gplied upto slopes of 2-4% withou causing erosion rates that
would result in permanent depletion d the soils (Auerswald & Schmid, 198§. Increased erosion and
disolved phaphaus in the rundf (DP,) are the predominant side-effeds. Significant reduction o
erosionrates can be adieved, if aseed mixture of trefoil i s used asa @ver crop in autumn (Figure 15,
page 24). The sowing of winter whe& or rye once in 10yeas incresses il erosion 10to 25fold
compared to grasdand bu this countermeasure is lesseff edive in reducing radionucli de transfer.

Pasture intensificaion (Scenario 5) had no apparent effed on erosion, bu influenced the nutrient
cycle of the soils thereby potentially reducing water quality and Hodiversity (Czerwinka, 1957
Meisel, 1977. These side-effeds are more pronourced in the dpine test site of Radstadt, because of
the extensive gricultural management (Figure 16, page 24).

Shallow ploughing (Scenario 6) was considered to be the most effedive murtermeasure even in
alpine regions although suitable aeas are limited dwe to shallow soils. This increases rates of erosion
significantly (Figure 17, page 25) compared to permanent grasdand which is the most sustainable
form of agricultural use. If grassis planted immediately after shallow ploughing to minimise gaosion,
this method can be gplied for stegper slopes up to 12 with restrictions. Depending on the frequency
of ploughing, it is passble not to exceal the 5000kg/ha*y erosion threshold which can be tolerated
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onarableland (Auerswald & Schmid, 1986 Schwertmann, 198).
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Figure 15. Change in soil loss after introduction of crop rotation on permanent grasdand.
Referencepoint: Normal use as grasdand. Parameter: 3% slope.
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Figure 16. Effed of pasture intensification (raising the P application from 20 (Radstadt) or 30
(Wallersee kg/ha*y P to 50kg/ha.y) on dislved P in surface runoff. Reference point: Normal
use as grasdand. Parameter: 5% slopeinclination.

31 August 1999 24



CESER Final Report

3’0 N . . N
[ slope inclination 5%
Il slope inclination 10%
I slope inclination 15%
5} 2,5 .
]
©
i)
17}
=
=
1
17
o
Q
e
= 210 7
8
S
<
[
[
£
123
1%
o
3 1,54
12}
1,0
> > > D> > .
& & « & g « Ssoiltype
o < on S & @é Q\fé\
s & & o & &
X & & & & o

Figure 17. Effed of shallow ploughing (end of June) oncein ten years on relative soil 1osson
grasdand at the study site Wallersee

Summary of ICECREAM M oddlli ng Results

Deep ploughing has positive dfeds onwater quality as it generally reduces nutrients inpus, but from
asoil fertility perspedive greder fertili ser inputs may be required to achieve goodyields. Soil erosion
may increase or deaease depending on the eosivity of the subsoil. Skim and buy ploughing, if
feasible, has distinct advantages over deg ploughing as effeds on soil and nurient losses are small.
An increased risk of erosion immediately after any ploughing courtermeasure can be minimised by
rapid establishment of vegetation cover. Losses of soil and nurients in rundf can be mitigated by
avoiding countermeasures on steeper slopes or introducing soil conservation tillage. When arable
productionis abandored bare fallow shoud be strictly avoided.

More intensive use of pastures increases the risk of nutrients reading water courses. Soil erosion may
aso increase where grasdand is ploughed more frequently or land is overstocked. Increased feeding
of concentrate to dairy cows locdly increases the risk of phosphaus loss from grasdand. The
corversion d grasdand to cered produwction will increase soil erosion. When more than on
management or land wse dhange occurs at the same time the overall impad has to be studied at the
cachment level (see Sedion 3.3.4). Ceasing crop and animal production has many environmental
benefits, as long as a good vegetation cover is maintained. However, if production is moved to ather
areas, these will experience negative side-eff eds due to agricultural intensification.

On the basis of ICECREAM simulation results, impad scores in the CESER Dedsion Suppat
Systems for the aiteria 'soil erosion and sedimentation’ and 'nutrient transport to water' have been set
(seeSedion 3.6).

3.2.2.Calculating Ammonia Emissons

The degree of change in ammonia emissons was estimated for Courtermeasure Scenarios 3 and 4
(see page 16) for Scotland and Finland wsing cadculation methods developed for the respedive
courtries (Pain et al., 1997 Gronroos et al.,1999. The fealing of high levels of concentrate to dairy
cows increases the total nitrogen excretion per animal by 2527% (Wilkerson et al., 1997. The
emisgon rate of ammonia relative to the nitrogen content of manure was approx. 5@ (Paul et al.,
1998. The results have been aggregated at the cachment and regional level (seeSedion 3.3.1).
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3.2.3.Modelling Nutrient and Trace Element Avail ability in Soils

The gplicaion d lime or patassum to soil s as a murtermeasure leads to significant changes in soil
solution compasition. This is mostly due to caion exchange readions taking placeon the soil particle
surfaces (and subsequent predpitatior/dislution readions). The type and extent of these changes
depend onthe initial solution composition, its pH value and the cdion exchange cgadty (CEC). The
computer code PHREEQC (Parkhurst, 1982 has been used as a geochemicd model to cdculate
spedation, ion exchange and readions in the soil solution after applicaion o chemicd
courtermeasures. Evaluation d these data was based on the widely acceted assumption that root
uptake by plantsis diredly related to changesin theionic composition d the soil solution.

The cdculations were performed with four different initial soil solution compositions taken from the
literature (Kolling, 19929, correspondng to spedfic soil types and condtions (cambisol, podsol,

agated pea, waterlogged pea). For ead soil type, the CEC and H value were varied over arange
typicd for the Scottish study aress. The modell ed substances were lime (CaCQOg, 2t per ha), muriate
of patash (KCI equivalent to 100kg of K per ha) and a combination d bath, assumed to be uniformly
distributed in the soil, correspondng to a ploughing depth of 0.25m and 0.50m, respedively. This
resulted in a set of 384 simulations from which the dfeds of these cmurtermeasures were ssessd.
Each PHREEQC simulationwas carried ou in four steps:

1. spedation d the soil solution

2. equili bration with the soil exchanger

3. equilibration o the soil solutionwith CaCO3; and/or KCl

4. equili brationwith the exchanger from step 2

For the cdculations, several assumptions were made, aimed at simulating the condtions a few weeks
after applicaion d the countermeasure:
= the soil isentirely saturated with water
= notransport or leading processes are mnsidered
= all sorptive processes are described by ion exchange
= CO; presaureis €t to a minimum value (pCO, = -2.0, open system) which is all owed to rise
when limeis dislved under add condtions
= except for the anoxic case, the soil iswell aegated (high pe value)
= disolution d soil mineralsisnat taken into acourt
= certain minerals (mostly alkaline eath carboretes and amorphous hydroxides) are dl owed to
predpitate thus limiting the soluhility of cations

In this gudy, attention was focused on Mg as a nutrient and Cd as a toxic trace metal. Plant
avail ability is governed by the mncentration ratio Mg*"/C&®* and by the mncentration o free Cd* in
the soil solution. The relative change in these ratios after the gplicaion o courtermeasures was
ases=®d. In addition the relative change of Sr**/Ca® and Cs'/K* was recorded as an indicator of the
eff edivenessof the courntermeasures.

The cdion concentrations generally increased after liming or KCI applicaion duwe to competitive
effeds on the exchanger surface This effed was greaer at a ploughing depth of 0.25m (which is
asaumed in the following discusson) and at higher CEC. After liming, the relative change in Cd*
deaeased with the initial concentration d C&®* (Fig. 18, mge 27) and rose with the initial pH value.
At low initial Ca®* concentrations, few Ca?" ions are bound to the sail particles and relative
concentration changes of other ions, eg. Cd® are high. At low pH values, the initid Cd*
concentration onthe exchanger surfaceis low and the mncentration change in solution tends to rise
with pH. In anoxic ped, the initial Ca®* concentration is © high that less CaCO; is disolved at high
pH; therefore, the relative change in Cd** is comparatively low. In the canbisol the pH may rise ove
7, predpitating otavite (CdCOs;) and thus reducing the relative dhange in Cd**. The change in Mg*'/
Ca™ in solution is less pronourced with a minimum of approx. 0.6at low pH values. This is almost
equal to the change of Sr**/ Ca® which refleds the df edivenessof liming.
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Figure 18. Relative change in total Cd (blue) and Mg*(red) in solution after liming; the
numbers on the abscissa denote the pH before (upper values) and after liming (lower values).
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Figure 19. Comparison of the relative change of total Cd (blue) and M g*/Ca*(red) after liming
(left), KCI application (middle) and combined application (right).
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As with liming, KCI application increases concentrations of caions in soil solution dwe to exchange
readions. It tends to addify the soil and about 10% of the Cd in solutionis complexed as [CdCI]" due
to the aldition o chloride anions. The Mg*/Ca® ratio is almost unaffeded, bu higher effediveness
(lower Cs'/K* ratio) is coupled with an increase in Cd** avail able for plant root uptake. Figure 19
(page 27) shows a mparison d liming, KCl and d the mbined applicaion d both
courtermeasures, the latter having the most pronourced effed onthe calmium concentration.

In summary, two major side dfeds of liming and K applicaion have been identified through
PHREEQC simulations. Firstly, the mncentration of Cd®* in solution increases. The magnitude of this
effed depends on initial soil solution composition, H and CEC and it may be smaler if the soil
contains substances which eff edively immobili ze the Cd ions. Secondy, liming deaeases the Mg*/
Ca’* ratio in the soil solution, thus leading to alower magnesium supgy to plants. PHREEQC results
were used in the CESER Dedsion Suppat Systems (see Sedion 3.6) to set soil suitability threshads
for lime and K applicaion and assgn impad scores for the aiteria 'soil pdlutant transport to water'
and 'soil nutrient transport to water'.

3.2.4.AFCF Degradation Experiments

The risk of cyanide release during the degradation d AFCF was investigated to assessthe patential
occupational exposure of humans. AFCF may degrade to NH,", Fe(CN)s*, and Fe** . The Fe(CN)s"
anion can uncergo further degradation to Fe** and CN, which can form hydrocyanide (HCN), a very
poisonots gas (bailing point: 26.7C), reaily absorbed when inhaled and lethal in very small doses
(Rumadk & Loveoy, 199). Maximum permissble levels at the workplace @e regulated under
national and EU-regulations. (Austrian regulation: 10 ppm at the workplace MAK 1994).

For the experiments a metal container (Volume: 251, diameter 26 cm) with a UV transparent quartz-
glasswindow in it's lid was used to allow light penetration withou UV loss (Figure 20). The light
source was a lamp (metal-halogen bub, 125 Watt) with a spedra distribution similar to namal
daylight. Openings were made into the @ntainer to mourt temperature, relative humidity and HCN
sensors. HCN production was measured with a fadory cdibrated sensor (Compur Statox-S/501,
sensitivity: 0 —100ppn). AFCF (Riedel de Haen, 30-35 weight % NH,Cl impurity) was finely ground
and either homogeneously distributed ona paper surface(0.36, 0.61and 0.9@)) or mixed with liquid
manure. The AFCF-manure mixture was subjeded to namal and elevated humidity (rH=80%). The
temperature in the dhamber was at least 4 °C above the baili ng point of 26.7C for HCN.

Power
Supply

Lamp, daylight + UV

UV transparent glass window

25 liter gas-tight container

HCN-sensor

é T rel.Hum % Data recorder

[ P
-

Z‘i —— AFCF sample

——— Heater

Figure 20. Experimental set-up for AFCF degradation experiments
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Due to the light sensitivity and oquenessof AFCF, the release of HCN is likely to be related to the
area posed to light. Figure 21 shows that the dependency on masswas snal. When AFCF was
mixed with manure and dried the HCN release was greaer than for the pure substance However, the
wet mixture had a lower release of HCN compared to the pure substance The release followed an
exporential function, reading saturation after 3-10 hous (Figure 21). Through curve fitting the
following saturation concentrations in the mntainer were derived: 11-17 ppmucen/Qgarcr, for the pure
substance, and 1542 ppmycn/garcr for the mixture AFCF + liquid manure, depending on the anourt
of AFCF used. High humidity lowered the release of HCN significantly. Under dark condtions no
HCN release was detedable but additional tests at an elevated temperature of 47°C showed thermal
degradation d AFCF andrelease of HCN in the &sence of light.
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Figure 21. HCN gas production as a function of time for different experimental conditionsin a
251 vessl.

It is very unlikely that under natural condtions the maximum permissble levels of HCN in the
atmosphere would be excealded during spreading of manure with AFCF onthe land. Thisis due to the
dilution d HCN in the open atmosphere. However, the experiments have proved that HCN release
from AFCF occurs and shoud be considered when using AFCF as a courtermeasure.

3.2.5.Experiments on the Mobility of FCF-bound ***Csin Soil

Laboratory experiments to assess the mohility of CsFCF complexes have been caried ou on three
soil types typicd for apine regions of Austria. Spedficdly designed columns were cnstructed and
fill ed with threetypes of soil: peay, loamy and sandy soil. The lumns were treaed with manure and
either AFCF bound™*‘Cs or *CsCl. Then they were exposed to dfferent light condtions in order to
simulate different levels of UV irradiation and to investigate the influence of light on the degradation
and mohility of CsFCF. The soil columns were watered over aperiod d 4 to 6 months with an amourt
of water equivalent to approx. helf of the annual predpitation in Austrian alpine regions. Foll owing
the watering period the depth distribution o radiocaesium was determined in al soil columns.

For all soil types and all treaments the downward migration o **'Cs was very slow, with 90% and
95% of the **/Cs on the peay soil and onsandy and loamy soil s respedively remaining in the top 1.5
cm. Figure 22 (page 30) shows the depth distribution in the loamy and sandy soil s, with very similar
curves for bath soil types and littl e diff erence between **CsCl and **CsFCF (not shown). However,
for the peay soils the difference in the depth dstributions of **CsCl and **CsFCF treaed columns
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was pronourced. The migration rate for CsCl was sgnificantly lower than for CsFCF. In al soil
columns the depth dstribution can be described by an exporentia deaesse of the adivity
concentration in the upper layers (d(logaq)/dz = constant) with a bregkpoint between 2 and 5 cm
followed by ancther exporential but more gradual deaease depending on the soil type. In the peay
soil the secondexporential isalmost flat and the adivity concentration tends to read a mnstant value
(Figure 22). The smaller deaease in the deeper layers in the loamy and sandy soil and the plateau in
the peay soil indicae increased mobhility of only a small fradion d the radiocaesium. No apparent
variations could be observed between columns expased to light, to light plus UV andto darkness
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Figure 22. Seleded examples of the depth distribution for ***Cs activity measured in soil column
experiments.

The results indicae apatential risk of enhanced mobility of FCF-boundradiocaesium in peay soils
after soil applicaion d manure from AFCF-treded livestock. This has been incorporated into the
CESER Dedsion Suppat System.

3.2.6.Fulvic Acid Transport Experiments

Courtermeasures involving ploughing, liming and fertili sation are likely to increase the minerali sation
of soil organic matter. As a ansequence, nutrients and toxic tracesubstances may be mohili zed, since
soluble organic matter (preferentially the fulvic add fradion) may incresse the @ncentration o
metals in soil solution far above mncentrations of the ionic spedes due to its patential to form water
soluble metal organic complexes. This effed may be espedally important for sandy soils abundant in
Northern Central Europe and Southern Scandinavia, because their organic matter plays an important
role in sorbing and mobili zing nutrients as well as contaminants. Since knowledge on the transport of
fulvic adds in soils is gill very limited, it was dedded to perform laboratory experiments, studying
both dffusive and convedive transport for a podsol soil.

Fulvic adds were isolated from a cmmercial sodium humate (Aldrich Chemicd Company) using a
standard procedure recommended by the International Humic Substances Society and were labeled
with 2*!Am. For the diffusion experiments, a through-diffusion technique was used (Kirchner et al.,
1993. The labelled fulvic adds diffused from a reservoir cdl through the soil pellet into a
measurement cel. Dimensions of the soil pellet were 2.5cm?® x 0.5cm. A second set of experiments
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was performed using a recantly developed dff usion-convedion technique (Brinjes et. a, in press.
During the experiments the level of the solution in the reservoir cdl was held higher than in the
measurement cdl, thus causing a wnvedive flow through the soil pell et. The fulvic add complexesin
the reservoir were substituted by distill ed water after 17 days. Prior to the experiments with fulvic
add complexes, the homogeneity of the soil pellets (1 cm length) was controlled by recording the
break-through curve of HTO. Evaluation d the experimental data was performed using methoddogies
described elsawhere (Kirchner et al., 1993 Brunjeset al., in press.
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Figure 23. Concentrations c(t) of fulvic acid moleailes in the dfluent normalized to its
concentration CO in the reservoir. Data are given as function of the number of pore volumes of
fluid passed through the soil pellet.

The diff usion experiment with traceed fulvic adds was gopped after 17 days, since no **Am could
be deteded in the measurement cdl. From the detedion limits of the gamma-spedrometric **Am
measurements, an effedive diffusion coefficient of fulvic adds in the podsol soil of < 1.07 10° cm? s
! was cdculated correspondng to a mean displacement of the fulvic add moleaules by diffusion o <
8.3 mm per yea. This illustrates that the transport potential of organic degradation products by
diffusionin soil moistureislow in the podsol studied.

Activity concentrations of **’Am passd through the podsol during the mnvedion experiment with
24Am-labeled fulvic adds are given in Figure 23. as afunction o the solution volume passed through
the soil pellet. Four phases can be identified from these data: Phasel - an initial sharp increase of
Am in the measurement cdl which shows that a fulvic add fradion o ca 10% moves through the
soil pellet with almost no retardation. Phase 2 - during which the mncentration d fulvic agds in the
effluent slowly increases urtil an equilibrium concentration is reated. This time dependency
indicates that some 10-15 % of the fulvic adds are retarded by their passage through the soil. From
Figure 23 aretardation fador of ca 200can be estimated. Phase 3 -, fulvic add concentrations in the
effluent are quite constant with time - athough some scdtering is apparent from the experimental
data. At equili brium, about 25 % of the fulvic add complexes have passed through the soil, whereas
75 % beame immobili zed within the soil. Phase 4 - charaderized by a fast deaease of fulvic add
concentrations in the dfluent after flushing of the soil with pue water was darted. This confirms that
the fulvic aads retained in the soil are not readily remohili zed.
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These results demonstrate the influence of the flow regime in soil s on the transport potential of these
maaomuleaules as cariers for nutrient and toxic trace substances. The transport potential of the
fulvic adds is very low as long as movement of solutes is dominated by diffusion within the soil
solution, bu it becomes high if solute transport in soils is mainly by convedion. The fulvic acd
recovery of 25 % which was observed in ou experiments shows that in sandy soil s tracesubstances
complexed with fulvic agds may be much more mobile than the ionic spedes. The results have
impli cations for remediation o soils where anvedive flow is likely to occur, e.g. sandy and some
peay soils. Courtermeasures such as ploughing or liming which have the potentia to enhance
mineralisation d organic matter could thereby mobhili ze nutrients and pdl utants boundto fulvic adds,
making them vulnerable to leadting.

3.2.7.Mycorr hiza Experiments

Myecorrhiza represents a mutuali stic symbiosis (non-pathogenic asociation) between soil -borne fungi
and roats of higher plants. The most widely distributed type of mycorrhizais the vesicular-arbuscular
mycorrhiza (VAM), a form of endamycorrhiza. Despite the nation that mycorrhizal infedion affeds
the mineral nutrition d plants, remarkably littl e research has been caried out on the dfed of VAM
infedion on pant uptake of radionuclides; only a very limited number of spedes of bath mycorrhizal
fungi and hast plants has been investigated in this resped. So far, the results of these investigations
are antroversial; some mycorrhizal spedes may enhance the uptake of radiocesium, whereas other
spedes appea to deaease the radiocesium content in plants.

Basic knowledge of the uptake mecdhanisms is a prerequisite for the design of spedfic
courtermeasures. In the present study pot experiments were caried out with a common grass pedes
to determine the spedes edfic uptake of (radio)caesium by mycorrhizal and normycorrhizal plants
and pedble side -effeds of K applicaion onVAM infedion development, and ugake of caesium
and nurients.

VAM infedion by the fungus Glomus mosseae led to a deaease in stable casium content of Agrostis
tenuis from the first to the third harvest. The difference in caesium content of mycorrhizal and non
mycorrhizal plantsis highly significant (Figure 24, page 33). The results of this experiment agreewith
an ealier study with radioadive *'Cs (Haselwandter & Berredk, 1994. The experiments with stable
and with radioadive casium demonstrated that VAM-infedion can deaease casium uptake under
moderate nutrient levels. One explanation is that Cs may be sequestered by the hyphae (fungal
biomasg and is nat transferred to the plant to the same extent as in noncolonized roots. So far
nothing is known abou a casium filter medhanism and results of investigations are not always
consistent when diff erent plant and fungal spedes are mmpared. Rogers and Willi ams (1986 founda
marked increase in **'Cs uptake in VAM-infeaded Melilotus officinalis , bu no additional ®°Co
acamulation, whereas in the grass Sorgum sudanense the contrary was true.

In the experiment with stable Cs- and K appli cation, additional potassum led to a significant deaease
in caesium uptake of bath mycorrhizal and normycorrhizal plants (Agrostis tenuis) over a growth
period d 10 weeks (Fig.24 & Fig.25, mge 33). Potassum fertili sed nonmycorrhizal plants contained
56 to 78% of the Cs-concentration d the nonfertili sed plants, whereas in the cae of mycorrhizal
plants potassum fertili sation was less efficient in reducing the casium uptake by Agrostis tenuis.
Fertilised mycorrhizal plants contained 61 to 786 of the Cs concentration d the nonfertili sed
mycorrhizal plants.

In general, the potassum application resulted in a higher potassum content of the plants. Negative
side-effeds of potassum fertili sation as a cunermeasure for Cs-uptake muld na be observed with
regard to VAM infedion d the host plants. VAM infedion intensity with Glomus mosseae was only
dightly, but not significantly depressed by the potassum treament.
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An antagonism in ion upake is known to exist between K*, Na', Ca®*, Mg*? and NH," (Ehrenberg, cf
Amberger, 1983. This also seams to ke gplicable to Cs™ (Fig. 24 & 25). In ou experiment the K
applicdion hed strong effeds on the Ca uptake but only dlight effeds on Na uptake. Potassum
fertili sed plants contained 55to 26% of the Ca @mncentration d the nonfertili sed plants.
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Figure 24. Cs content of the shoat system of mycorr hizal and non-mycorr hizal Agrostis tenuis
after 4, 6, 8 ad 10 weeks. * indicaes that mycorrhizal and control means are significantly diff erent

at the 5% level.

Figure 25. Cscontent of the shoat system of mycorr hizal and non-mycorr hizal Agrostistenuis 4,
6, 8 and 10 weeks after application of potassum (196,3ug g*; =100kg potassum/ha).

3.2.8.Expert Judgement

Expert judgement was applied where it was nat possble to guantify side-eff eas through modelli ng,

experimental work or other techniques. The main constraints on full i mpad quantification were:

a) difficulties in expressng many impads, e.g. biodiversity, product quality, landscape quality or
animal welfare, onanumericd scde

b) lad of suitable modelsto predict changes, e.g. for organic matter and product quantity

¢) limited understanding of the extent of someimpads, e.g. effeds on greenhouse gases

d) timescde of the projed.

Despite these limitations it was passble to predict the diredion and relative magnitude of change
using the impad scde shown in Figure 26. To assssthe performance of all seleded countermeasures
within a Dedsion Suppat System (see Sedion 3.6) it was necessary to score dl courtermeasures on
the same impad scde. This was dore for the Scottish agricultural production systems in an exercise
involving all group members as well as through consultation with experts outside the group. The
process went through severa iterations to opimise the relative scde of impad within
courtermeasures aaossimpad caegories and within impad categories aaoss courtermeasures. Salt
et al. (199%) gives descriptions of the side-effeds of ead of the cuntermeasures assessd.

Moderately Slightly No Change Slightly M oderately
Decrease Decrease Increase Increase
- 23 - 13 0 +1/3 +23

Figure 26. Relative impact scores.
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3.3.Upscaling Side-Effedsto Catchment, Regional and National L evel

The results obtained in quantifying countermeasure side-eff eds have demonstrated that some impads
will vary grealy in relation to environmental and management parameters, e.g. the extent of soil
erosion following degy ploughing is influenced by slope, soil and crop type a well as agricultural
management. To map the spatially variable risk, e.g. of soil erosion following deegp ploughing, the
ICECREAM modelli ng results for ead cacchment have to be combined with the topagraphy, soil and
land wse datato creae impad maps using GIS tedhniques.

However, the mapping of impads has to be precaled by the identificaion d aress suitable for eath
courtermeasure. Therefore the limits of courtermeasure gplicaion were defined in terms of
environmental and agricultural condtions as ill ustrated for Scotland in Tables 13 & 14. In the GIS
these limits are used to 'mask out' cdls within ead cachment that are unsuitable for a particular
remediation technique. Examples of suitability maps are shown in Sedion 3.6.3.For the suitable
aress, impad maps can then be aeaed for eaty combination d countermeasure and assessment
criterion. These maps form the basis of the murtermeasure evaluation rocessin the Spatial Dedsion
Suppat System (Sedion 3.6.3).

In order to derive the net impad of a countermeasure over a whae cachment and to enable between
cachment comparisons, the changes in soil and phephaus losss for ead grid cdl in a cachment
were summed over al cdls treaed with the countermeasure. This provides cachment inventories of
change and also enables average rates of soil and nurient loss aaoss the treded areas of eat
cachment to be cdculated. For ammonia emissons a mixture of maps and inventories are presented
covering the cachment, regional and retional scaes.

Table 13. Limitations to countermeasures involving ploughing and land use changein Scotland.

Parameter Shallow Dee Skim & Improve | Convert grass| Afforestation
ploughing | ploughing Bury pasture to barley *

Slope 15 cegrees | 15 degrees | 15 degrees | 15 degrees | 11 degrees 25 degrees

Soil depth >30cm >60cm >60cm >30cm >30cm >30cm

Stoninessto plough < 35% by volume (moderately stony) --

depth

Depth of peay surface - - - <20cm - -

layer

Soil wetnessclass class 1, Il, 1l suitable (soil profile should ladk gley feaures or an --
impermeabl e horizon within 40 cm depth) classIV, V, VI not suitable

Soil drainage status Excessve, freg imperfed — suitable; Poor, very poar — not suitable

Altitude - -- -- -- 220m --

Land Capability Class - - - - 4.1 o better -

*|t was outside the scope of the projed to include an assesament of windthrow hazad. Speda software is being developed
for this purpose by the Forestry Commisson (Quine & White, 1993.
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Table 14. Limitations to potassum and lime application in Scotland.”

Soil Type Potassum application Lime application K and lime application
Sandy (non-podsolic) | pH < 6.2, CEC < 15 Not suitable Not suitable

& loamy soils

Clay soils Not suitable Not suitable Not suitable

Podsoli ¢ soils pH < 4.4, CEC< 30 pH <4.4, CEC< 20 pH < 4.4, CEC< 20

pH <52 CEC<15

Organic soil s, not

pH < 4.5, CEC < 130

pH < 4.5, CEC < 100

pH < 4.5, CEC < 100

waterlogged pH <5.4, CEC< 70

Organic soil s, Not suitable Not suitable Not suitable
waterlogged

Slope 15 degrees 15 degrees 15 degrees

*pH measured in CaCl,, CEC= cdion exchange cgadty (in meg= milli equivalents/100g soil)

3.3.1.Ammonia Emissons

Changes in ammonia emissons were assessed for Courtermeasure Scenarios 3 and 4(seepage 16). In
the Finnish Courtermeasure Scenario 3 it was asumed that incressed amournts of imported
concentrate would be fed to al dairy cows in the whoe acuntry. The average use of concentrate
would be raised from 40% of net energy intake to 80%, leading to an estimated 25% increase of
nitrogen in manure (Wilkerson et al., 1997. This will increasse anmonia (NH3) emissons during
storage and spreading. In addition more manure may have to be stored in field hegps or spread at
unsuitable times $ncethe storage cgadty may be exceaded. These changes were taken into acount
by increasing the emisgon coefficients for catle by 10%. As a result of the increased N excretion, a
25% increase in NH; emissons from catle was estimated. This would increase total livestock NHs
emisgonsin Finland by 13%. Taking into acmurt the possble increase in emisson coefficients due
to storage problems, the correspondng increases for the whole wurtry are likely to be gprox. 3”6
for NH3 emisgons from cows and bulsand 21% for total agricultural emissons.

For Scenario 4,it was assumed that radioadive deposition takes placein central Ostrobahnia and that
al catle ae moved to the southern province Uusimaa (Fig. 2, mge 7). Increasing the cdtle
productionin an areapreviously dominated by cered production, such as Uusimaa would most likely
require increased use of concentrates. However, the possble impads of the dhange in feading systems
were not considered in this context. If catle productionisincreased in aregion lacking infrastructure
for livestock farming (manure storage fadliti es, applicaion machinery), thiswould probably incresse
the emissons. It is difficult to quantify this in absolute terms, but an additional 10% increase was
asumed. Figure 27 ill ustrates the regional changes in municipal anmonia enissons with a noticedle
deaeasein Central Ostrobahnia and an increase in Uusimaa diter courtermeasure implementation.

For Scotland the impad of Countermeasure Scenarios 3 and 4 onammonia emissons was asessd at
the cachment scde. Estimates of baseline emissons are given in Salt et al. (199<). The impad of
increased concentrate feeding to dairy cows was cdculated asauming a 27% increase in nitrogen
excretion (Wilkerson et al., 1997. Additional emisgons due to lack of storage cgadty for manure
were not considered. Changesin the dairy diet lead to a predicted rise in NH3 emisgons of abou 15%
in the 2 cachments with significant milk production (Table 15, page 36). Feeding countermeasures
for mea prodwcing animals will have smaller effeds snce shorter feading periods are required and
the diet composition is altered lessdrasticdly. The most drastic changes in ammonia emissons occur
under Courtermeasure Scenario 4, where animal production ceases. The greaest reductions occur in
cachments with significant numbers of cattle. In contrast, cessation d arable production has only a
small effed.
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200 0 200 400 Kilometers

Figure 27. Ammonia emissons (t per year) for the municipalitiesin Finland in 1995(a) and for
Countermeasure Scenario 4(b).

Table 15. Changes in Scottish ammonia emissons resulting from countermeasures (kg NHz-N
per year)

Changedairy cow diet Cease animal Ceasearable Afforestation
production production
Emisgonincrease Emisgon reduction Emisgon reduction Emisgon reduction
kglyea % kglyea % kglyea % kglyea %
Glenstang Burn 3849 154 24960 99.86 34 0.14 24994 100
Burn O’'Nedl 4090 155 26459 100 0 0 26459 100
Eden Water 0 0 9385 82 1990 18 11375 100
Lugate Water 0 0 9522 100 0 0 9522 100
Water of Tarf 0 0 276 100 0 0 276 100
River Ythan 0 0 43219 98.7 562 13 43781 100
Lusragan Burn 0 0 559 100 0 0 559 100
River Noe 0 0 255 100 0 0 255 100
River Erradale 0 0 120 100 0 0 120 100

For bath Finland and Scotland, it is concluded that the predicted changes in ammonia enmisgons will
have only a small effed at the national level. However, locdly important impads may arise if
livestock prodictionisintensified o transferred to a diff erent region. The severity of environmental
impads sich as addificaion and eutrophicaion o soils and surface waters, will depend on the
sensitivity of locd ecsystems. The results were incorporated into the CESER Dedsion Suppat
Systems.
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3.3.2.Landscape Structure Analysisfor Biodiversity Changes

Some cuntermeasures involve dterations in land wse that may impad on landscepe structure and
subsequently lead to changes in habitat and spedes diversity of the aricultural landscape. Under
Courntermeasure Scenario 3 (changes in the diet of livestock) grasdand may be converted to barley
production to replacegrassin the diet of dairy cows with lesscontaminated barley concentrate. Under
Courtermeasure Scenario 4 afforestation is a suitable dternative land use when animal and crop
production have to cease due to the high level of radioadive deposition. The resulting changes in
landscgpe structure were studied in two Finnish aress, Lestijoki and Rekijoki (Luoto et al.,
submitted). Lestijoki is charaderisized by a high propation o dairy production with large aeas of
intensively managed mowing grassin rotation. Rekijoki is a typicd cered production areain south-
western Finland, bu with exceptionaly large aeas of semi-natural pastures and meadows. The
changes in landscgpe structure caised by countermeasure implementation were studied using a spatial
pattern analysis programme (Fragstats Raster Version 2.0,McGaricd & Marks, 1994 in combination
with GlS-software (Arcinfo). The results $ow considerable dianges in landscepe structure and
habitat diversity. Figure 28 (p.39 ill ustrates the changes caused by converting extensively used
pasture in Leistijoki to arable land wse, while in Rekijoki extensive pasture was afforested and
intensively used pasture was culti vated.

The murtermeasure scenarios examined, creaed a more monaonous habitat structure wmpared to
the present management, indicated by increased mean habitat patch size, reduced total habitat edge
length and reduced Shannon dversity index. The degree of change was dependent on the present
agricultural production structure and land wse. In Lestijoki, the landscape dhanges were mostly due to
conversion d intensive pastures and mowing gassto cered prodiction. In Rekijoki, the greaest
impads resulted from afforestation d pastures. Courtermeasures can aso increase biodiversity by
creaing amore varied mosaic of habitatsif land use dhanges are restricted to smaller aress.

3.3.3.Impact Mapsfor Soil Erosion and Phosphorus L osses

The danges in soil and phapharus losses predicted for Courtermeasure Scenarios 1-4 (see sedion
3.2.1) were mapped for Scottish and Finnish caichments. Seleded Scottish impad maps, based on
10*10m grid cdl size, are presented. Areas marked as 'not modell ed' are @ther a) soil types for which
no data eist, b) organic soils, ¢) nonagricultural land, a d) areas unsuitable for the murtermeasure.
Figure 29 (p.39 shows the predicted change in soil erosion following degp ploughing of arable and
rotational grasdand in the Ythan sub-caichment. Since 90% of the aeais dominated by one soil type,
the spatial differences in soil lossare mainly driven by the slope angle, which ranges from 0-21°. For
al land kelow 13° slope the modelli ng results are mapped as a weighted average of arable aops and
grasdand. Land ketween 13 and 15 slope is mapped as mowing grass and steegper land as grazing
grass

Changesin particulate phospharus losses in surfacerundt (PP areill ustrated for the Eden sub-
cachment (Figure 30, p.39. The map highlights the differential effed of the two most common soil
types. In the eatern part of the aeaPPlossdeaeases after degp ploughing, whil e in the western part
it increases. The dominant fredy draining brown forest soil in the western half of the sub-caichment
has an unusually high labil e P status in the subsoil which causes this effed. The impad of converting
large aeas of grasdand to winter barley cultivation (Scenario 3b) isill ustrated for the Glenstang Burn
cachment (Figure 31, p.4Q, showing increased losses of particulate P in rundf. As only one soil
types dominates, losses mainly refled differencesin slope angle. The feading of increased amourts of
imported concentrate to dairy cows (Scenario 3a) and the associated increased need for manure
applicaionto mowing grassexplains the increased lossof dislved phaspharus (DP) in rundf

ill ustrated for the Burn O'Neead cachment (Figure 32, p. 40. The large aeas not modelled in this map
represent mainly built up areas and woodand in the south-west and areas of rough grazing on ped in
the north-east.
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Lestijoki, original Lestijoki, countermeasure scenario
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Rekijoki, original

Rekijoki, countermeasure scenario

Cultivated field Afforestation
— Fallow field - Clear cut area
~ Grassland & intensive pasture - River
200 O 200 400 Meters Bufferzone for water protection [l Farmyard
e Stockyard Barn
MM Meadow B Tree- or bushgroup
Moist river meadow - Group of the stoneblocks
Pasture (extensive) Field margin
Coniferous forest I Ditch
Deciduous forest - Read
B Mixed forest P Fath

Figure 28. Changesin landscape structure and habitat diversity in 2 Finnish catchmentsasa
result of land use changes.

31 August 1999 38



CESER Final Report

‘ _
M

) /\/ Elevation contours

change in soil loss
[ moderately reduced
[ ]slightly reduced

[ Inochange
IlNot modelled

2 4 Kilometers

S

Figure 29. Sail erosion risk in the upper Ythan catchment (north-east Scotland) following deep
ploughing.
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Figure 30. Risk of particulate phosphorus lossin the Eden Water sub-catchment (south-east
Scotland) following dee ploughing.
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Figure 31. Risk of particulate phosphorus lossin the Glenstang Burn catchment (south-west
Scotland) under Countermeasure Scenario 3b.

Change in DPr
I not modelled

E v slightly increased
slightly increased
moderately increased
No data

w%i%a
3 Kilometers

Figure 32. Risk of disslved phosphorus loss in the Burn O'Need catchment (south-west
Scotland) under Countermeasure Scenario 3a

31 August 1999 40



CESER Final Report

3.3.4.Catchment Inventories for Soil Erosion and Phosphorus L osses

The impads of Courtermeasure Scenarios 1 (degp ploughing), 2 (skim and buy ploughing), 3
(changes in the feeding of animals) and 4 (cessation d production) (seepage 16) were cdculated as
the diff erence between the simulation results for normal pradice and following the countermeasure on
a cachment scde using GIS techniques.

Finland

The aygregated effeds of Countermeasure Scenarios 1, 3and 4 (seepage 16) at the cachment scde
are discussed for the particulate P fradion (PP and dsolved P fradionin surfacerundf (DP,). The
results are 10-yea-average values (19811990 based onfield-scde model simulations (see Sedion
3.2.1), scded up to the cdchment. The cachments are @breviated: Ylaneenjoki (YLA),
Lepsamanjoki (LEP), Lestijoki (LES), Taipaeejoki (TAI) and the results are expressed as
percentage values relative to the cachment with the highest value.

The original values for PPand DP; show diff erences between the cachments (Figure 29). The highest
value for PP, in the Lepsdmanjoki cachment, is explained by the stegper slopes and the more aodible
soil types. The low values for Lestijoki and Taipaleenjoki are, in addition to slope, linked to the
dominance of grasdands, which are less prone to erosion compared to arable land. The high DP,
values for Legtijoki and Taipaleenjoki cachments are dso related to the fad that grasdand recaves
surface @plied fertili zer in Finland, whil e for cereds androat crops fertili ser isinjeded into the soil .
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Figure 29. Aggregated 10-year-average losses of PP and DP, under normal practice

Deg poughing reduces the total PP losses in every cachment (Figure 30, page 42), becaise poa
subsoil with low phospharus content comes to the surfacefoll owing the reversal of the soil | ayers. For
DP, the results are nat as smple because degp ploughing reduces DP; for the southern cachments, bu
increases it dlightly for the northern cacchments. This is related to the soil types and the dominance of
mowing grassin the northern cachments. Skim and buia ploughing changes the PP and DP; output
only slightly, the maximum change being lessthan 3% of the original value.

In Courtermeasure Scenario 3, 5@ of the grassfields are mnverted to barley and P-fertili zation is
asoincreased. Thisresultsin increassed PPvalues, with the largest impad occurring in the cachments
with the originally highest propation d mowing grassand the largest grassfields (Figure 35). Spring
barley is more susceptible to soil 1ossthan mowing grassand it receves injeaed fertili zation instead
of surface aplicaion. This explains why the PP values rise whereas DP, values deaease, again in
dired relation to the number and size of the grassfields prior to implementing the courtermeasure.
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Figure 30. Relative dhanges in 10-year-average aggegated losses in PP and DP, after deep
ploughing compared to normal practice

90 0 l_l T I_I T T
80 +74% 20 -4.4% -4.6% u
70 - ] -19%
< 60 - S -40 -
(0] ]
£ 201 £ 60
S 40 A c‘.’
Q30 o -80 -
o +20% a
201 100
104 *715  +59% H -100%
0 |_| : I_l : : _120
YLA LEP  LES TAI YLA LEP LES  TAIl

Figure 31. Relative changes in 10-year-average aggegated loses of PP and DP, following
changesin dairy livestock feeding compared to normal practice

In Courtermeasure Scenario 4 the introduction d green fallow after cessation d dairy production in
the Lestijoki cachment grealy reduces bath PP (-90%) and DP; (-65%). The dhange from barley to
grassin Lepsamanjoki to feed to incressed number of dairy cows deaeases PP output (-49%) but
incresses DP; ouput (+75%) mainly for the ressons mentioned above. The dfed of higher P-
fertili zationis nat as marked as the dfed of changes from ceredsto grass

Scotland

The aygregated effeds of Courtermeasures Scenarios 1, 3and 4 (seepage 16) at the cachment scde
are presented for the particulate P fradion (PP and dsolved P fradionin surfacerundf (DP,). The
results are 10-yea-average values (19861995 based onfield-scde model simulations (see Sedion
3.2.1), scded upto the cdchment level. The cdchments are ahreviated: Eden (EDE), Ythan (YTH),
Glenstang (GLE), Burn O'Neal (BUR). In the Glenstang and Burn O'Need cachments 22% and 87®%,
respedively, of the land, were dassed as unsuitable for ploughing countermeasures and cdculations
of inventory changes are restricted to the suitable aeas. Catchment inventory changes are ill ustrated
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in Figures 36 and 37.

The most significant change assciated with deg ploughing in all cachments is a reduction d 24-
34% in PP (Fig 36). This can be explained by the generally lower total P status of the subsoil in all
major soil groups. DP, shows very variable behaviour acossdifferent cachments (Fig. 36). In Ythan
DP; is 14% lower after degp ploughing since the subsoil of the dominant soil type has a lower labile
inorganic pod of P. In contrast, in the Eden sub-catchment there is littl e overal change in DP.. This
hides marked oppaite trendsin the 2 main soil types.
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Figure 32 Relative dhanges in 10-year-average aggegated loses in PP and DP, after deep
ploughing compared to normal practice

Deegp ploughing in the Glenstang areahas no ret impad on DP; at the cachment level, since small
changes for individual crops are mmpensating ead cther. The only soil suitable for ploughing
courtermeasures is an imperfedly draining gey with alow labile P status and an even dstribution o
P down the profile. The same soil type was also modelled for the Burn O'Need area but here there
isamore naticedle dhange of -10% in DP.. in resporse to degp ploughing. It appeas that due to the
low labile P status of the soil, external applicaions of P have a dispropationate dfed. Small
differences in the P applicaion via animal faece may partly explain the cachment diff erences, while
the greaer propation d grazing grassin Burn O'Need also playsarole.

The cmmplex changesin land use envisaged under Courtermeasure Scenarios 3a and 3b(seepage 16)
have very different impads on the two catichments modelled. Under Scenario 3a the introduction d
areas of green falow leads to a significant deaease in PP (Figure 33, page 44). The difference
between the cdachments is explained by the fad that more green falow would be aeaed in
Glenstang. Both cachments show a small increase in DP;, most likely in resporse to the alditional
manure gopli cations to mowing grass Under Scenario 3bthe increased production d barley leadsto a
large rise in PPand DP; in Glenstang while Burn O'Need shows no change awmpared to the original
losss. This results from the suitability of the Glenstang areafor winter barley cultivation, while in
Burn O'Neel spring barley is a more suitable aop. Rates of erosion and hence PP losses, are much
higher onwinter compared to spring barley. The same gpliesto DP, but to alesser extent.

The cesstion d both animal and crop poduwction in al Scottish cachments leads to drastic
reductions in soil and phapharus losses, ranging from 84-99%, as arable and improved pasture land
are oonverted to green fall ow.
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Figure 33. Relative changes in 10-year-average aggegated loses of PP and DP, following
changesin livestock fealing (Scenarios 3a and 3b)

3.4.Economic Asssanent of Countermeasures

The eonamic asesanent of courtermeasures in the CESER projed had four main oljedives:

e Toestimate the private @sts of counermeasures;

e Toestimate the environmental costs of courtermeasures,

e To estimate the benefits of these measures,

e To use the Cost-Benefit Analysis (CBA) methoddogicd framework to enable costs and kenefits
to be compared for arange of courtermeasures.

In addition, data on costs and benefits was generated in a form that would fadlit ate inclusion within
the nongpatial Dedsion Suppat System (CeserDSS (see Sedion 3.6.2). The e@namic assessnent
of courtermeasures is closely linked to the study of consumers' attitudes to treded products within
the CESER projed, since this provides information onthe likely magnitude of benefits (see Sedion
3.5) These links are outlined below. The main types of benefits and costs assciated with
courtermeasures are outlined as well as the methods used to estimate these impads. This has involved
two approaches: a benefit/cost transfer based onalliterature search and a wntingent val uation study.

3.4.1.Main Types of Benefits and Costs

Within the Cost-Benefit Analysis (CBA) framework, the corred acourting procedureisto include dl
emnamic impads of an adion onthe relevant popuation (Hanley & Spash, 1994. This is a more
inclusive gproad, than for example financial appraisal. The relevant popuation is taken to be dl
members of society. Thus, any econamic impads which remediation d radioadive mntamination has
on any member of society shoud be included. Econamic impads conventionally refer to changes in
the utility levels of consumers and the profit levels of producers. Adding the monetary value of these
together gives an estimate of the net socia benefits of an adion (which may be negative).

In the case of courtermeasures against radioadive mntamination, the main costs will be:
= private ststo the farmer of undertaking the wurntermeasure
= thepotential environmental costs of the curntermeasure, evaluated in monetary terms

Farmers clealy incur costs in uncdertaking certain countermeasures. Some of these wsts may be
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dired, financial costs (eg the wsts of feeding cacium supgdementsto dairy cows, or the costs of deg
ploughing); others may be oppatunity costs, for example the gross margin forgone if arable aops
must be replaced with forestry. Farmers may also incur costs in terms of the value of foregone future
output or increased future inpu requirements, e.g. if onsite soil erosion cceurs as a result of the
remediation technique used. Added together, the sts to the farmer of any countermeasure comprise
the private costs of that courtermeasure. However, society may incur costs greder than this. If the
measure caises environmental damage which impads on the utility of consumers (for example, if
water quality falls due to soil erosion a eutrophicaion) or on the aostg/profits of other producers,
then the emnamic value of these external costs must be added to private wsts to give afigure for the
social costs of the countermeasure (strictly spegking, environmental costs sroud be evaluated as net
of any improvementsin environmental quality due to courtermeasures) :

Social cost = private wststo farmer + environmental costs

The benefits of courtermeasures can be expressed in two ways:

- The monetary value of avoided hedth risk to consumers; or

- The vaue of the avoided lossin product output, valued using consumers Willi ngnessto Pay for
thistreaed product.

Thefirst approach either requires WTP estimates for avoided hedth risk, which were not avail able, or
the use of hedth detriment costs, which is controversial (Wilsonet al., 1999. The CESER projed has
therefore focussed on the seand approach. Consumers may require aprice reduction in order for
them to be willi ng to puchase treaed, bu safe, products rather than untreaed, safe products from
outside the dfeded area Related work within the CESER projed has estimated what this price
reductionisfor two important food poducts (milk and med).

Costs and kenefits of a murtermeasure may occur over long time periods foll owing the initial adion.
In this case, future @sts and kenefits are discourted at a cdhosen discourt rate to alow them to be
aggregated into a present value (PV). This PV can then be expressed in annual terms to alow
comparison with those asts/benefits which are aanwal in nature, such as sippgement feeding.

3.4.2.Estimating Private Costs

The private sts of remediating radioadive @mntaminationin agricultural systems are those aceuing
to the farmer as aresult of his adions. The murtermeasures sudied are explained in detail in Wilson
et al. (1999. In eat case, the method taken was to use farm management information contained in
the Scottish Agricultural College Farm Management Handbod (SAC 1998, supdemented with ather
data, to cdculate abudgetary cost for the particular courtermeasure (Table 16, page 46). This avoided
the requirement to produce our own cost estimates from original farm models.

Costs will vary aaossfarm types and acaording to changes in ouput (eg livestock weight or crop
yield) and inpu (eg labour) prices. Widespreal implementation d courtermeasures might change
input and ouput prices, athough it was beyond ou remit to predict these kinds of impads. The cost
estimates produced are broadly representative of average sts on “typicd” Scottish farms aaoss
farm types, given current prices as inpu to the nonspatial Dedsion Suppat System (see Sedion
3.6.2).
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Table 16. Farm level costs. examples of variables and data sources

Countermeasure Cost element Variables and Data Sources
Supply cdcium Cost of cdcium Number of cows —input by user
daily to dairy cows Calcium fed per day — 5009

Calcium fed per day (normal) —input by user
Priceof cadcium - £25/tonne (pers. comm. FranzefossBruk
A/lS)

Improve pasture Additional labour | Areaof improvement (ha) —input by user
Labour rate - £6.1/hr (SAC, 1998 p307
Ploughing rate — 0.9 ha/lhr (SAC, 1998 p30}
Fertilisingrate — 3ha’hr (SAC, 1998 p30]1
Sowingrate— 13 ha/hr (SAC, 1998 p30)
Sealing material Cost of materials - £96/ha (SAC, 1998 p 11}
Afforestation Loss of existing | Number of animals—input by user

(onlivestock farms) | margin Margin per animal — varies by farm type (SAC, 1998
Animal disposal Number of animals— input by user

Average weight of animals— input by user
Disposal to landfill - £25/t (Connell, pers comm.)

3.4.3.Estimating Environmental Costs: Value Transfersfrom the Literature

The possble enwvironmental impads of the range of countermeasures gudied in the CESER projed
are many and varied. With regard to the CBA, the foll owing environmental impads were identified as
potentialy relevant:

» Erosionand sedimentation

e Sail organic matter

e Sail nutrient transport to water

* Soil pdlutant transport to water

*  Ammonia enissons

e Biodiversity

e Landscape quality

Per unit estimates of the monetary value of changes in eat of these impads were sought from the
literature. The monetary values are typicaly based oneither:

- thevalue of avoided damagesto producers (eg soil erosion)

- or consumer Willi ngnessto Pay (WTP) to avoid damages (eg dedinein landscape quality)

Values could orly be foundfor a sub-set of these impads, whil st others were judged too complex to
be valued in monetary terms for this projed. No useale estimates could be foundfor soil organic
matter, soil palutant (eg heary metal) transport to water, or ammonia emissons. Biodiversity impads
were s2sed as too complex to value in monetary terms. Landscgpe impads were deemed to be
highly locdised, thus original estimates were required for case study areas: the procedure for
estimating landscgpe valuesis outlined in the next sedion. However, usedle estimates were foundfor
soil erosion and soil nutrient transport, drawing onwork by Evans (1981), Frost et al. (1990, Ribaudo
(1986 and Gren et al. (1995 amongst others (seeTable 17).

Table 17. Environmental cost estimates.

I mpact criterion Costs

Erosion and Sedimentation cropyield - 0.007% / t of crop up to amax of 2.5 %
off site- £4.72/ t of soil

Soil Nutrient Transport to Water £4.70kg of N

£15.20/kg of P
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These environmental cost estimates can be combined with ptysicd predictions of soil 1oss and
nutrient transport from other parts of the CESER programme to produce awironmental costs for a
range of courtermeasures and degpositi on scenarios.

3.4.4.Environmental Costs: A Contingent Valuation Study of L andscape Change

The implementation o some @urtermeasures would result in a dange in landscgoe quality in the
affeded areas, an ohvious example being aff orestation o farmland, bu changes in grazing/culti vation
intensity coud aso produce landscape impads. The landscgpe is a difficult “good’ to value in
eoonamic terms, partly because it is 9 heterogeneous in its compasition. Therefore valuation studies
of particular landscgpe changes at case study sites were undertaken. The transferability of the
resulting estimatesto ather sites with similar landscgpe dharaderistics has not been tested.

In this dudy, contingent valuation (CV) was used. CV is a standard environmental valuation
technique, with many thousands of appli cations world-wide (Hanley et al., 1997. The CV methodisa
stated preferencetedchnique, which consists of getting respondents to expresstheir Willi ngnessto Pay
(or Willi ngnessto Accept Compensation) to prevent or acyuire spedfied changes in environmental
quality. This can yield estimates of welfare dhange which are fully consistent and compatible with
CBA. In this dudy, likely landscape dhanges to two landscape types in Scotland were considered:

- heaher moorland; and

- rough grasdand

In ead case, visua representations of posgble landscgpe dhange asociated with either aff orestation
or pasture improvement were presented to randam samples of the general pulic. Thiswas undertaken
via aquestionraire survey of 639 Scottish people in faceto-faceinterviews. Respondents were asked
to expressa preference for landscgpes before and after courtermeasure implementation, and then to
state their maximum WTP to prevent a change away from their preferred aternative. The payment
would be made to a conservation trust which would safeguard the aea Examples of the types of
landscgpe dhange used in the survey are shown in Figure 38 (page 48).

By finding a statistica relationship between how far respondents lived from the case study areas and
their WTP to proted, for instance, heaher moorland from aff orestation, we were éle to identify the
relevant popuation over which to aggregate, and the implied values per hedare of current landscape
types. The results are summarised in Table 18. Values for a given landscape type depend onwhat
change the countermeasure would produce. These results have been used in the non spatial Dedsion
Suppat System (CeserDSS to provide environmental impad scores for landscape dhanges (see
Sedion 3.6.2).

Table 18. Aggregated WTP per hedare to proted heather moorland and rough grasdand from
changesin landscapeto either productive grasdand or forestry.

Changeto Productive Changeto Forestry
grasdand
Heather moorland
Trimmed mean (£/househol d) 8.1 11
Relevant population 48,000 48,000
Area(ha) 800 — 1600 800 — 1600
Impli ed landscape value £/ha 243 — 486 33-66
Rough grasdand
Trimmed mean (£/household) -5.9 84
Relevant population 17,000 17,000
Area(ha) 600 — 1200 600 — 1200
Implied landscape value £/ha -(84 - 168 119 — 238
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2N Rough grassland

This land will only suppott low levels of grazing by sheep and cattle. No fertilisers have
been applied and no drainage improvements have been carried out.

Fellalis8 Change from rough to more productive grassland

This land has been drained and is ploughed, fertilised and seeded on a regular basis to
provide better grass. This supports a higher number of sheep or cattle.

Figure 34. Example of the images used in the Contingent Valuation Information Pack.
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3.4.5.Conclusions

The eonamic evauation d courtermeasures via @st-benefit analysis alows aternative
courtermeasures to be compared in terms of their net social benefit as well as individual measures to
be judged in terms of econamic dficiency. Calculations of onfarm costs and kenefits were made for a
wide range of countermeasures in a form suitable for incorporation in the Dedsion Suppat System.
Environmental costs of courtermeasures have for the first time been quantified, partly through
original cortingent valuation, partly through value transfers from the literature. However, a full CBA
was not posshle since ®st estimates for many environmental impads are still |adking. With
additional resources it would be possbleto fill these gapsin the future.

3.5.Asssgnent of Consumer Attitudes and Behaviour

The main oljedives of the mnsumer study were to asess attitudes and kehaviour related to
courtermeasures and the Chernobyl acddent, to determine preferences for information sources in a
radioadive emergency situation andto determine WTP for «clean» foodfrom non-affeded aress.

Little work has been dore on consumer attitudes towards food treaed with courtermeasures prior to
this gudy. Therefore, a thorough study of literature on related food safety isauies was performed
before undertaking the ansumer survey. Consumer behavioural theory (Fishbein, 1980 together with
findings in the literature served as a badkgroundfor developing a cnsumer model (Figure 34) and a
survey design (Grande et. al., 1999. In addition, trends in food consumption patterns pre aad pcst
Chernobyl have been analysed (Grande, 1998 unpulbshed).

RISK SOURCE SUBJECTIVE
CHARACTERISTICS NORM

l l

CONSUMER BELIEFS

bl calVediHaR | ATTITUDE |—| INTENTION |——| BEHAVIOUR
- trust

CONSUMER

CHARACTERISTICS INFORMATION

Figure 34. Consumer Model: factors influencing consumer attitude and behaviour in food
safety isques.

The nsumer model ill ustrates the relationship between consumer charaderistics, risk source
charaderistics, risk perception and attitude, intention and final behaviour. The survey was designed to
deted major effeds on consumer demand, the wnsumers' perceived risk related to food affeded by
radioadive contamination, their information reeds in emergency situations and WTP extra for
«clean» food poducts from nonaffeded areas. The Norwegian version d the questionraire was a
mail survey sent out to 2000 @rsons randamly seleded from the National Registry. In total 1003 d
these responded giving a 50.6% resporse rate. In Scotland the same survey was performed by
interviewing arandam sample of 200 persons.

To identify fadors influencing risk perception and behaviour, single measures for bath risk perception
and risk behaviour were needed. Two methods were used to condense several variables on risk
perception dovn to ore variable: 1) computation d an additive index, and 2 data reduction through
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fador analysis. The relationship between risk perception, kehaviour and consumer charaderistics
were investigated through correlation and analysis of variance.

3.5.1.Foad Risk and Radioactive Risk Perceptions

The survey indicates that there is a greaer fea of hedth hazards caused by radioadive mntamination
of food, than from irradiation, genetic engineering (Scotland) and pesticide residues in food. On the
other hand, chemicd additives, BSE (Scotland), use of growth hamones, infedious baderia and
genetic engineaing (Norway) sean to be perceaved as more risky than radioadivity in food. Table 19
shows how consumers rate risk from radioadive contamination o food compared to ather risk
sourcesin food.

Table 19: Risk perception measured’ by the response to questions on the likelinessof suffering
ill health asaresult of the variousrisk sourcesin food. Norway and Scotland.

unlikely (1 and 2) likely (4 and 5)

Source of food risk mean response % of responses % of responses
Norway  Scotland Norway Scotland Norway Scotland

Chemicd additives 291 2.68 37.2 50.0 274 265
Use of growth hormones 2.74 2.52 455 56.6 255 237
Infedious baderia 2.73 2.82 44.1 445 224 28.0
Genetic engineeing 2.62 253 50.3 57.7 233 217
Radioadive mntamination 254 247 526 56.3 184 226
Irradiation of food 252 248 516 575 147 19.7
Pesticide residuesin food & vegetables 251 2.57 536 505 175 20.0
BSE Na 2.75 Na 43.6 Na 275

'Response measurement: Likert scde from 1 to 5. Endpaints labelled: (1) = very urlikely, (5) = very likely. Na=
question not asked

The risk perception pettern for radioadive contamination d food in Scotland seams to be fairly
similar to the risk perception pattern for genetic engineeing, growth hamones and irradiation o
food. In Norway the consumers' radioadive risk perception pattern seems most similar to the risk
pattern of pesticide residues in fruit and vegetables. This indicates that results from risk reseach on
these isaues might be goplicable to radioadive food risk. However, radioadive fallout is acddental
with nocontrol by food poducers, whereas the other risk sources occur due to the producers' freeuse
of techndogy to increase production and profits.

From a mnsumers point of view these risks are as<ciated with ladk of control, difficulty of
understanding, urfamili arity and pdentially severe damage to hedth. Earlier studies (Sparks &
Shepherd 1994 Slovic 1987 have demonstrated that people often rate their risk perception attached
to risk sources described by these charaderistics much higher than the experts’ cdculated red risk.

Analysis of risk perception towards gedfic food poducts shows that Norwegians associate highest
risk with reindea med, wild mushrooms and game (moose), whereas the Scots seem to perceive wild
mushrooms and wild berries as most risky. In general, the propation d the popuation perceiving
these products as risky, istwice @ large in Norway as in Scotland. In bah courtries the respondents
perceved risk attached to lamb med as gightly lower compared to the mentioned food poducts. This
may be related to the level of consumer knowledge of the countermeasures implemented after
Chernobyl to reducethe mntaminationin lamb meda.

3.5.2.Changesin Food Consumption Levels

The impaa of the Chernobyl acddent on consumption levels was investigated by asking the
responcents to indicae whether or nat they had made aty changes in the intake of seleded food
products in conredion with the acedent. Table 20 shows that radioadive risk caused by the acedent
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has had and still has a negative impad on the mnsumption d mea from shee, reindea (Norway)
and game (venisorymoose) as well as mushrooms. In the morths following the acdédent, more
Norwegian responcents reduced their consumption d lamb and reindeea mea compared to Scottish

people.

Table 20. Short term and long term changes in consumption due to the Chernobyl accdent.
Percentage of respondents answering reduced consumption®.

Short term reductions Long term reductions
Food Product Norway Scotland Norway Scotland
Lamb 439 327 20.8 17.0
Bed 165 281 8.8 15.0
Reindee 474 Na 270 Na
Wild mushrooms 404 19.0 24.4 10.0
Game (moose/venison) 37.2 17.0 212 110
Milk 7.8 19.6 4.1 7.0
Wild berries Na 20.3 Na 9.5
Honey Na 16.3 Na 8.5

'Response measurement: Likert scde from 1 to 5 where 1 = strongly reduced consumption, 3 = no change in
consumption and 5= strongly increased consumption. Na = question not asked.

In Norway, consumption d reindea mea was most frequently reduced. Only a small humber of the
Norwegian responcents gave reduced consumption d milk and ked. The share of responcdents
claiming to have reduced their long-term consumption d various foods due to Chernobyl was
generdly lessin Scotland.

3.5.3.Factors Influencing Risk Perception and Behaviour

Analysis of the relationship between risk perception, kehaviour and consumer charaderistics indicates
that Norwegian consumers with a higher risk perception and taking adions to reduce risk compared to
others areidentified by:

= |ow househadld income

= gmall househdd size

= older people

= women

=  widow(er)s

= those having experienced food pasoning

= those who prefer to buy organic food

The results further show that Norwegian consumers having lower risk perception and ddng lessto
reducerisk than the average aeidentified by:

= high howsehod income

» large howsehold size

= yourger people

" men

= househdds having many rather than few children

= University or college educaed

Analysis of the Scottish data indicaes that larger househalds, howsehadds with many rather than few
children, people having experienced food pasoning and people whaose educaion was focused onthe
natural sciences, had taken more adions to reduce risk due to radioadive mntamination d food
compared to athers.
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3.5.4. Willi ngnessto Pay for Untreated Food

The respondents were asked howv much they would be willi ng to pay extrafor food poducts that are
guarantead never to have been aff eded by radioadivity, as compared to the aurrrent supdy of products
that may or may not have been affeded, and treaed with countermeasures if necessary. As siown in
Table 21 the survey deteded a significant Willi ngnessto Pay (WTP) extra for «clean» food from
uncontaminated areas in a falout situation (Grande et. al., 1999. In Scotland, the respondents were
on average willi ng to pay a premium of 62 % and 31% above the «normal» price for milk and lamb,
respedively. Norwegian consumers were willi ng to pay 46 % more for «cleaw unaffeded lamb mea
compared to treaed med.

Table 21. Willi ngnessto Pay extra for respondents preferring «clean» untreated lamb meat and

milk in Norway" and Scotland. Percentage above given price Includes zero bids.

Lamb Milk
Scotland Norway Scotland

n 108 466 152
Given price £2.50 per pound NOK 50 per kg £0.40 per pint
Mean 313 46.6 62.3
Median 20 30 50
59% trimmed mean 26.1 330 350
M aximum 200 200 56.9
959% confidenceinterval of mean 13.1-39.6 337-395 526-721
Standard error 416 1.48 494

In Norway only WTP extra for lamb

The resulting WTP-measure can be interpreted in two ways: 1) the welfare lossin terms of risk
experienced by consumers from not knowing whether the foodis affeded by radioadivity or nat and
2) the patential extra market value of food poducts (here milk and lamb) that are guaranteed na to
have been exposed to radioadivity.

3.5.5.Risk Communication

Consumers' prior knowledge and information onrisks recaved in an emergency situation will be
crucial in the consumers’ risk asesament process Other important issues are the wnsumers' trust in
of information sources, content and design o the message, information medium and labelli ng of food
products. Related studies on information and the Chernobyl acddent were undertaken by Weisagh
(199Q 199) and Tonresen et. al. (1999. Earlier findings of food risk reseach suggest that beliefs
might have agreder influence on risk perception than information (Grobe & Douhtt, 1995. The
consumers’ own knowledge will, however, be the platform for processng new information abou the
topic. Figure 35 (page 53) ill ustrates that more Scottish than Norwegian people find information abou
radioadivity difficult to understand.

The survey data for Norway indicate that University educated people have alower risk perception
than the rest of the popuation. This indicaes that in the cae of radioadive mntamination d food,
increased general knowledge might reduce risk perception. The Scottish data show that thase having
focused on retural sciences in their education tend to perceve ahigher risk conreded to radioadive
contamination than the rest of the popuation. A higher risk perception among those not having
University or college elucaion, indicates that information might have been too complicated for
«ordinary» people. It might also be that acalemics trust experts and scientists more because they are
«one of them».

The reduction in consumption d the various food poduwcts by the Norwegian respondents
corresponded very well with those products most affeded after the Chernobyl acddent, indicaing
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fairly good knowledge aou the situation. In Scotland it appeas that consumers were less well
informed.

40

35

@ Norway

30 @ Scotland |

25 1

% 20 -

15 1

10 4 _| I I ||

0 T
fully disagree 2 3 4 fully agree

Figure 35. Level of agreement to the statement «Information about radioactivity is hard for
ordinary peopleto understand»

The interpretation d the risk information depends on whether the consumers judge the source of the
information credible or not. Trust takes alot of time and eff ort to creae, bu can belost instantly with
asingle incident (Slovic 1993, ref. in Henson 1995. As shown in Figure 36 a substantial share of the
responcents in bah courtries doult the safety of foodtreaed with courtermeasures.
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Figure 36. Level of agreement to the statement «Preventive measures aganst radioactivity in
food do not makethefood as sfe for consumption asthe experts claim»

Survey results indicate ahigh level of distrust in pditi cians and journalists, which means that these
sources oud be avoided in risk information. The information shoud be delivered by governmental
authorities or experts as diredly as possble. These findings are suppated by results in Weisagh
(1990, 199). However, thereis no cefinite preferencein terms of trust of expertsin Scotland.

The most preferred information sources in bah countries were labels on food padkaging and
television. In Norway, radio and rewspapers are dso preferred by at least 50% of the respondents,
whereas the same share of the Scottish sample dso prefers mail from the authoriti es. Newspapers are
lesstrusted by Scottish people than Norwegians. However, even if one information medium is less
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preferred than ahers, it might be an important medium for vulnerable groups and thase having high
risk perception.

The responcents were in favour of food labelling in shops to inform abou pasgble treaments to
reduce radioadive contamination. This will make more people avare of the situation, and it is
uncertain how they would ad in a buying situation if they had the dhoice between a «clean» product
from non-affeded areas and afood poduct from aff eded areas treaded with countermeasures. It might
increase risk perception for consumer groups that have not been fully aware of the situation ealier.
The mnsumers' readions to these options will also depend onthe price diff erence between «clean»
food from nonaffeded areas and treded food poducts. Furthermore, the type of information on
labels will be important. It will be necessary to condwct further studies before labelling is put into
pradice

3.5.6.Conclusions and Recommendations for Consumer Strategies

The survey shows that radioadive risk caused by the Chernobyl acddent has had and still has a
significant negative impad on consumption levels of sheep, reindea, mushrooms and game. Even
though the Governments have taken adions to limit radioadive contamination o food and dedared
al foodin the market to be safe, consumers gill have asubstantial fea of consuming these foods.
This implies that even thowgh countermeasures have been effedive in reducing radioadive
contamination, the dforts in communicating the red risk to the ansumers have not been sufficient.
The mnsumers' perceved risk seamsto be much higher than the experts’ cdculated risk. Thisimplies
that the impad on market demand and consumer welfare loss due to high risk perception might be
significantly higher than previously anticipated.

In afuture radioadive eanergency situation the impad on market demand will depend onwhether it is
possble to reduce the mnsumers perceived risk by improving information and communicaion. If
not, Governments and food markets have to take into acourt the cnsumers «overestimated»
perceived risk in order to limit costs due to its influence on market demand. The consumer survey
shows that both Scottish and Norwegian consumers prefer to bwy «clean» food from non
contaminated areas, and that they are willi ng to pay an extra premium for having that option.

Three possble strategies sam suitable for the food market in a radioadive falout situation, as
summearised in Table 22 (page 55). No matter what strategy is chosen, enough and understandable
information, adapted to all popuation groups, must be provided. The trustworthinessof the messenger
will also be aucial. The merits and limitations of ead strategy must be evaluated in relation to
popuation charaderistics and the severity of the situation. The consumers' food choices are likely to
be dfeded by the severity of the mntamination as well as the size of area @ntaminated. Minor foodks,
lessimportant to the @wnsumers, might be more eaily substituted by clean food poducts from non
contaminated areas, whereas this could be difficult if major foodgroups are dfeded.
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Table 22. Possble consumer strategies in a radioactive fall out situation with likely positive and
negative dfeds.

Use of Food marketing Information Effeds
counter-
measures
1. Yes All foodwithin safety limits | No labelli ng of food - Perceived risk reduces total
put on the market. Uniform message  all | evels. | consumption of aff eded foods.
Foodfrom contaminated Easy understandablein lay - Market costs of reduced
areas not separated from terms consumption
clean food From trusted sources: - Costs of consumer welfare lossdue
governmental authorities, to increased fea
experts. + Market value of affeced food safe
Channels: as many as foodsold in the market
posshle
2.Yes All foodwithin safety limits | Foodlabelled, whether from | - Greaer reduction in consumption
placeal on the market. contaminated areas or not. of affected foods compared to
Consumer can choose Uniform message  all | evels. | optionl.
whether to buy foodfrom Easy understandable - lay - Might increase risk attached to
contaminated areas (within | terms affeded foodks.
safety limits) or foodfrom | From trusted sources: - Costs of marketing and labelli ng.
clean non-contaminated governmental authorities, + Consumption rate may remain at
areas. experts. pre-acddent level
Channels: as many as + Higher price of clean food
possble increases market value
+ Reduced costs of welfare lossdue
to fea in population
+ Consumer trust ?
3.No Foodfrom affeded areasis | No foodlabelli ng. + Reduces risk perception
withheld from the market. Uniform message d all | evels. | + Consumer trust survives
Only foodfrom non- Easily understandableinlay |+ Higher food pices
contaminated areassonthe | terms; - Cost due to alternative uses of
market. From trusted sources: i.e. affeded food products.
government authoriti es,
experts.
Channels: as many as
posshle

3.6.Dedsion Support Systems

The final step in the impad assesament of courtermeasure side-effeds is the development of a
methoddogy that will permit the simultaneous evaluation d a range of countermeasures. This can be
achieved through computer based dedsion suppat systems that incorporate a formal seledion
procedure. In order to acommodate varying levels of spatia data availability and technicd
sophisticaion, two types of courtermeasure dedsion suppat system have been developed by the
CESER projed. The first is a nonspatial assesament tod for a single aedfarm using a Windows-
based Expert System/Dedsion Suppat System cdled CeserDSS The seoond type, Spatial DSS
(SDSS), is a more generic ocourtermeasure assesanent toaol for larger, heterogeneous areas using a
Geographic Information System (GIS). Both dedsion suppat systems have been developed for
Scottish agricultural systems to demonstrate the benefits of a ournry spedfic courtermeasure
evaluation. They guide the user through a seledion processwhich assesses courtermeasure suitability
for locd or regional agricultural and environmental condtions while & the same time providing atool
for assessng environmental and agricultural side-effeds. Multicriteria Dedsion Making (MCDM)
methoddogy has been applied to assess the paositive and regative impads of employing diff erent
courtermeasures in bah the spatial and nonspatial systems. This methoddogy has been pu forward
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becaise it has the aility to take into consideration corflicting objedives and views in the
courtermeasure asesgnent process (Carver 1991). It provides dedsion-makers with a set of
courtermeasure suitability rankings or suitability maps based onwhich remediation strategies can be
optimised.

3.6.1.Multicriteria Dedsion Making

Multicriteria Dedsion Making (MCDM) is the methoddogy chosen to formally assess
courtermeasure suitability and side-effeds in bah dedsion suppat systems. MCDM is a well-known
branch of dedsion-making techniques that logicdly structure and evaluate problems with multiple
attributes and oljedives. It has been endased by the International Commisson on Radiologicd
Protedion for use in the gpraisal of radiologicd protedion problems (Merkhofer & Keeney, 1987%.
A recent example isthe RESTRAT projed where it has been used to evaluate restoration ogions for
small but highly contaminated aress, such as radioadive waste disposal fadliti es (Hedeman Jensen,
1999.

MCDM is based onthe evaluation d atwo dmensional matrix in which ore dimension consists of
dternatives and the other of criteria (Voogd, 1983. In the wntext of the CESER projed the
dternatives are the different possble cmuntermeasures from which the dedsion-maker must seled.
Criteria ae the means by which the countermeasure dternatives are asessd. The aiteria consist of a
mixture of environmental and agricultural considerations with the dternatives represented in the
columns and the aiteria shown in the rows of the matrix. The chasen MCDM ranking technique Ided
Point Analysis, is compensatory in that it al ows for a poa performance by a particular alternative on
one or more qiteria to be ‘compensated for' by a good performance on aher criteria (Jankowski,
1995. The user can change the degreeof compensation permitted within ead assssment. The adility
to make ‘trade-offs' in criteria performance, within the bound of certain threshdds, is viewed as a
key comporent of the assessnment methoddogy, as it acarately simulates the red-world dedsion
making environment in which lossesin the one aena can be justified by the gains made in ancther.

3.6.2.CeserDSS- a Non-Spatial Dedsion Support System

The CeserDSS (Sdlt et al. 1999) is an interadive software package developed for typicd Scottish
agricultural systems, which enables assessnents of :

e land suitability for countermeasures

e environmental and agricultural impads, and

e onfarm costs and benefits.

The software is intended for applicdion at the farm level, providing separate assessments for dairy,
upland and lowland sheep, udand and lowland ked, and arable adop farms as well as enterprises
involving management of red dea. The assesanent processis fadlit ated through the use of a series of
menu-driven wizards (Figure 42, page 57). After seleding a farm type and a radionucli de depasition
scenario (see page 4, Table 1), the user is invited to choose from a list of basicdly suitable
courtermeasures that might be gopropriate to their situation. In the expert system comporent of the
software the limitations of ead of these munermeasures are then explored by querying the user
abou their farm environment and management regime to acarately determine whether the
courtermeasure is glitable (Figure 43, page 57). A matrix of impad scores for al suitable
courtermeasures can then be viewed in the results file (Figure 44, mge 58).

The dedsion suppat comporent of the software dl ows evaluation d the final li st of courtermeasures
based onenvironmental and agricultural impad criteria by assessng them acarding to the user's own
personal objedives. This is achieved by applying Ided Point Analysis (Pitel, 1990, which
incorporates user-spedfied weighted criteria to the analysis and ranks the curntermeasures from best
to worst acarding to the ewvironmental/agricultural impad criteria.
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Figure 37. CeserDSSmenu and tod bar with resultsfile
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Yariables
Selected: Wwhat iz the average slope [in degrees) on your land? |1 il
Depasition Do you know the cation exchange capacity af the sail? 2 ool = g
Scenaro
Selected : 1000 Wwihat iz the cation exchange capacity of the zoil [meg/100g]? |1 ]
Cg137 /200 _ :
5r90 410 Puzdl ‘wihat iz the soil type? Isand_.r. vl
Iz there housing available for the animals? T
T * Yez Mo
Agriculture Do you have suitable housing to accomodate all of your T
Selected : lambs fior 3 manths? o ®
Sheep on
Laowland Farm
what is the pH of the soil? |4_5
|z clean concentrate available for purchaze? & Yes O No
&
ﬁ < Back | Hest | Fitiisf Cancel

Figure 38. Limitations asessnent.

The user has the alditional option d carying out a detail ed econamic analysis of onfarm costs and
benefits of the final countermeasures (Wilson et al., 1999. Costs are those private asts discussd in
Sedion 3.4.2.whil e benefits are associated with the value of saved food goducts. Basic information
such as the number of animals or the aeato be treded, is entered by the user. All other default
emnamic variables in the software eg. prices or yields, can be aited by the user to take into acount
variability in farming circumstances. Farm-level costs and kenefits are then cdculated by the model
and the results displayed as down in Figure 45 (page 58). The ewvironmental costs of the
courtermeasures were nat diredly included in the DSSas more reseach is required to produce @st
estimates giitable for inclusion. However, the results of the Contingent Valuation study (see Sedion
3.4.4 were used to set relative impad scores for changes in landscgpe quality. An overview of the
entire murtermeasure evaluation pocessin the CeserDSSis given in Figure 46 (page 59).
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Countermeasure Scores I Azzezzment Criteria Weights

_— Adminigter AFCF to | Lime the zoil where By . Saillie o Sell upland lambs early

Criteria/Countermeasure e ey e e oS area where upland o Tt
sheep graze.

Soil Erosion and Sedimentation | Mo Effect Mo Effect Mo Effect Mo Effect
Soil Organic b atter Mo Effect toderately Slightly Decreazes | Mo Effect
Soil Mutrient Tranzport towater | Mo Effect Slightly Increazes Slightly Increazes | Slightly Decreazes
Soil Pollutant Transport to 'wiater | Mo Effect Slightly Increazes Slightly Increazes | Mo Effect
Animal W elfare Mo Effect Slightly Decreazes Slightly Decreazes | Slightly Decreazes
Product Cluality Mo Effect Slightly Decreazes Slightly Decreazes | Mo Effect
Product Quantity Mo Effect Mo Effect Mo E et Moderately Decreases
Ammonia Emisgions Mo Effect Mo Effect Mo Effect Mo Effect
Biodiverzity Ma Effect Shightly Increaszes Mo Etfect Slightly Increazes
Landscape Quality Mo Effect Mo Effect Mo Etfect Mo Efrect

Figure 39. Example of an evaluation matrix of countermeasure alternatives and asssanent
criteriawith impact scores from the CeserDSS

3 2 Farm Level Cost |
Ideal Point Analysis Economic Information Benefit Analpsis
Results
Results
Countermeasure Costz Benefits Summary
Adminizter 4FCF to upland s 450 £ 2200 s 9780
zheep.
Lime the zoil where upland £ 7300 s 2937 s 537
theep are.
Apply K fertilizer to area
where upland sheep £1422 £ 3937 £ 2515
qraze.
Sell upland lambs early far £ 2400 £ 480 s 1920
fattening.

Figure 40. Example of economic assesanent results in the CeserDSSfor an upland shee farm
that normally finishes 100lambs and has 50 ha o land suitable for liming and K application.

3.6.3.A Spatial Dedsion Support System (SDSS

The formal integration d the spatial assesgnent of land suitability for countermeasure gplicaionand
the assesgment of potential environmental impads into a GlS-based Spatial Dedsion Suppat System
(SDSS represents a potentialy powerful tod for planning and evaluating countermeasures at the
locd, regional and rational level (Salt & Culligan Dunsmore, submitted). This sioudd encourage
better dedsion-making strategies by improving the way in which substantial data sets are integrated
and ases=d (O'Callaghan, 1995. The integration d GIS and MCDM has previously been applied in
agricultural land wse (Jansen & Rietveld, 1990 and ewlogicd planning (Grabaum & Meyer, 1999.
Within the CESER projed, we have designed and partially implemented such a system for the
Scottish study sites, primarily intended for the optimisation d courtermeasure strategies at the
regional scde.

31 August 1999 S8



CESER Final Report

RUN CESER WIZARD

Y

SELECT DEPOSITION SCENARIO

Y
Y

SELECT COUNTERMEASURES FOR EVALUATION
FROM LIST OF APPROPRIATE COUNTERMEASURES

f

ASSESS ENVIRONMENTAL AND AGRICULTURAL
LIMITATIONS OF SITE

DISPLAY LIST OF POSSIBLE COUNTERMEASURES GENERATE IMPACT SCORES
REMAINING AFTER ASSESSMENT OF LIMITATIONS OF THE COUNTERMEASURES

'

RUN MCDM EVALUATION OF FINAL
COUNTERMEASURES USING IMPACT SCORES < END

\ Y \

SELECT FARM TYPE

EM-HO<w —XMUVXMm

WEIGHT SET SET
ASSESSMENT CRITERIA COMPENSATORY
CRITERIA OBJECTIVES LEVEL

Y

RUN MCDM PROGRAM (IDEAL POINT ANALYSIS) » | GENERATE RANKED LIST OF
COUNTERMEASURES

RUN ECONOMIC EVALUATION OF END

FINAL COUNTERMEASURES

/

SUPPLY SITE SPECIFIC DATA

EDIT COST ESTIMATES WITH CURRENT VALUES

EmMmHn<nw HIX0UVITCKw ZO0—m—0OmMo

RUN ON-FARM COST/ BENEFIT ANALYSIS

END

Y

Figure 41. Overview of the muntermeasure evaluation processin the non-spatial CeserDSS
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The GIS software padkage used to develop the SDSSis ArcView™ | version 3.1(ESRI, 1997, a

widely available PC-based system. The flexibility and user friendliness of the SDSS are key
comporents in ensuring its siccessas a dedsiornrmaking toal. In kegoing with this objedive, theinner
workings of the spatial assesament process are shielded from the dedsion-maker by the use of a
flexible, user-friendy interface creaed using the programming language 'Avenue, available in
ArcView™,

In the SDSSthe ewironmental impads quantified for ead study cachment are wmbined with the
topagraphy, soil and land wse data to creae spatial data coverages depicting the magnitude of ‘impad
risk’ posed by ead countermeasure (see Figures 29-32, page 39-40). For eadr combination o
courtermeasure and asesanent criterion an individual impad map is generated. These maps form the
basis of the suitability scores cdculated using Ided Point Analysis (Salt et al., 1999). Due to a
number of modelli ng, time and data @nstraints, it was necessary to pre-processthese maps.

The impad maps used by the SDSS are raster-based maps resulting from the land suitability and
environmental impad assessnent undertaken for ead combination d courntermeasure and assessmnent
criterion. Land suitability is determined using the set of limiting fadors of the physicd environment
that exclude the implementation d the countermeasure (Table 13 & 14, page 34,39. The defined
thresholds of implementation are used to 'mask out' cdls from within the study areas that are deamed
unsuitable. For example, deg ploughing on slopes > 15° is not recommended. Therefore, all cdls
with a slope greder than this value ae excluded from the spatial assessnent. Figure 47 and 48(page
61) show examples of suitability maps for a Scottish cachment.

The values on the impad maps range from between —1.0(grealy deaeases impad on criterion) and
+1.0 (gredly increases impad on criterion) with a score of zero indicding that no impad has been
incurred (Fig. 26, age 34). Both qualitatively and quantitatively assessed impad maps are portrayed
in thisway. It is necessary to first normali se the results from the quantitatively assessed criteria, such
asthe soil | ossfigures generated by the eosion model in ICECREAM, to fit thisimpad scde.

The counermeasure seledion processwithin the SDSSis atialy spedfic and kegins by asking the
user to seled the -ordinates of their study cachment, the resolution at which they would like to
work and ore of the 4 depasition scenarios (Table 1, page 4). Then, based onthe farm types that occur
within the cachment boundiries and the deposition scenario seleded, the user is presented with alist
of countermeasures that can be gplied. From thislist, the user can ogt to either undertake asuitability
asesament for one or several countermeasures. After this, the user is asked to define the weights and
‘ideds for eat of the assesament criteria. The ided values use the same scde & the impad maps
(Figure 26, pge 33). The ided value for the aiterion ‘soil erosion and sedimentation’, for example,
would most likely be the objedive ‘gredly deaease’. The weights range on a scde of 1-10 and
shoud be used to refled the dedsion-makers own hiases and obedives in the dedsion-making
process For example, afarmer might rate product quality and animal welfare highly in order to refled
apersona objediveto ensure his’her own econamic welfare.

Once the weights and ideds have been defined, the MCDM programme cdculates a final score for
ead dternative (raster cdl) based onits gedfic distance avay from the ided criteria vedor. The
resulting scores for the dternatives are then stored as a raster map for further analysis and dsplay.
Once this processhas been completed, there will be araster map for ead courtermeasure. Each cdl
within these @verages will cortain a value relating to the cdculated suitability based on the
asesament of al impads. By comparing the values of eat o the raster cdls aadossthe wverages, a
map depicting the ‘most suitable’ courtermeasures, i.e. with the lowest overall impad on all criteria,
for the study area ca be aeaed. The final output from the SDSSwill be ather a suitability map for
asingle murtermeasure or a thematic map depicting the ‘most suitable’ countermeasures for a given
areg based onthe outcome of the land suitability and environmental impad assessnent. An overview
of the entire wurntermeasure evaluation processin the SDSSis given in Figure 49 (page 62).
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Figure 47.Land suitability map for soil application of potasdsum in the atchment of the Lugate
Water, south-east Scotland. (Suitable areas are defined on the basis of soil pH and CEC, dope
and height of vegetation. Areas with dwarf shrub communities are defined as 'suitable, with
technical difficulties’ dueto potential difficultiesfor spreading equipment.).

Pasture Improvement
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Figure 48. Land suitability map for pasture improvement in the atchment of the Lugate
Water, south-east Scotland. (The scope for pasture improvement on rough grazing is based on
slope, soil depth, stoniness soil type and water regime.).
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Figure 42 Overview of the muntermeasure evaluation processwithin the CESER Spatial

Dedsion Support System.
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4. MAIN ACHIEVEMENTSAND LIMITATIONS

4.1.Projed Contribution to Radiation Protedion

The CESER projed has made significant progress in the development of hdistic countermeasure
strategies by integrating previously negleded isues of private and environmental costs and benefits,
environmental management, and consumer attitudes and kehaviour into the murtermeasure seledion
process The projed's dedsionraiding tods will asdst dedsion makers in achieving the required
reductions in food contamination, whil st taking acurt of the suitability of countermeasures for locd
conditions, and al owing environmental and socio-econamic impadsto be minimised.

The CESER methoddogy for the assesament of environmental and socio-emnamic side-effeds of
courtermeasures has been succesully applied in redistic case study scenarios for Austria, Finland
and Scotland. Generic aiteriawere seleded to charaderise the most significant side-eff eds on water,
air, soil and landscgpe quality, biodiversity and agricultural productivity. To provide quantitative
estimates of these side-effeds, a mmbination d mathematicad simulation modelling, cdculations,
experimentation, cortingent valuation, landscape structure analysis and expert judgement was
applied. A formal seledion procedure was used to identify the murntermeasure to be included in the
impad quantification. Individual and combined courtermeasures against radiostrontium and
radiocaesium were dlocated to farm types, based on radiologicd effediveness under different
radionucli de depasiti on scenarios and appli cabilit y to spedfic production systems and environments.

Experiments with AFCF demonstrated that in pea soils FCF-boundradiocaesium in animal manure
can migrate more rapidly than caesium chloride. AFCF partially degrades when expaosed to light,
producing toxic hydrocyanide gas, though concentrations under field condtions when animal manure
is goread are unlikely to excead occupational exposure limits. After applicaion d countermeasures
such as liming and doughing, the incressed mineraisation d soil organic matter can promote
leading of fulvic add-bound ntrients, radionuclides and heary metals in sandy and some ped soils.
Geochemicd spedation modelling indicaes that liming and application d potassum fertili ser may
aso imbalanceionic ratios in soil solution thereby interfering with plant nutrition and upake of toxic
metals. Experiments with mycorrhiza showed that potassum had noeffed on mycorrhizal infedion o
host plants but depressed cdcium uptake.

Moded simulations for arable land show that skim and buy ploughing has no major side-effeds
provided a good vegetation cover is subsequently establi shed to minimise aosion. Degp ploughing in
comparison leads to more significant changes. Depending on the nature of the subsoil | ong-term rates
of soil erosion may increase or deaease, while in general phaspharus losses to water bodes and thus
the risk of eutrophication will deaease. Thisislikely to be acompanied by lower crop yields due to
poa soil structure, lower organic matter content and lower nutrient supgies. Modelli ng results also
demonstrate that changesin land use can seriously increase soil erosion when permanent grasdand is
converted to arable production, e.g. when grassin the animal diet is partly replaced with cered fedl.
Inputs of phaspharus and ritrogen to water bodies may also increase depending on the intensity of the
original grasdand production and the mode of fertili sation. Increased feading of concentrates to dairy
cows is likely to increase nitrogen inpus to soils, howvever, if this concentrate is imported negative
side-effeds are offset by lower grass production within a cachment. In areas dominated by dairy
production, incressed feeding of concentrate will incresse anmonia emissons from cows with
potential negative dfeds on locd ecsystems. National emissons would only rise significantly if
feeding countermeasures were gplied to alarge propation o the total herd.

Changes in biodiversity, asessd via landscgpe and habitat structure, were predicted to be negative
when the counermeasures made the landscgoe more monaonots e.g. large scde dforestation o
intensive alltivation d pastures. A more varied mosaic of land wses, e.g. through the introduction o
barley andfall ow into a grassdominated landscape, would most likely increase biodiversity.
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Quantitative estimates of environmental impads were scded up to cachment, regiona or national
level by applying GIS tedhniques. Impad maps were used to identify areas of high and low impad
risk while cachment inventories were used to ill ustrate the net effeds of seleded countermeasure
scenarios. Suitability maps were used to show the geographicd distribution d aress slitable and
unsuitable for a particular courtermeasure.

For al courtermeasures, cdculation methods for onfarm costs and lkenefits were devised and
incorporated into the nonspatial dedsion suppat system (CeserDSS. Environmental costs of
courtermeasures have for the first time been quantified, as follows: a) Cortingent Vauation, wsed to
value changes in landscape quality following aff orestation and pasture improvement, showed clea
differences in people’'s Willi ngness to Pay depending on the type of landscape; b) Transferable
environmental costs in the literature were identified for soil erosion and nurient transport to water.
To quantify the benefits of countermeasures to society the avoided lossof product output, measured
via people's willi ngnessto pay for ‘clean’ food,was chasen in preferenceto hedth detriment costs.

The mnsumer survey in Norway and Scotland showed that the Chernobyl acddent still has a negative
impad on consumption levels of certain foods. Despite Government adions to limit contamination
and asaurances to consumers, people ae still concerned abou these foods and their perceived risk is
higher than the experts cdculated risk. Consumers prefer to buy ‘clean’ food from non-contaminated
aress compared to areas where murtermeasures have been implemented, and are willi ng to pay higher
prices. In a future falout situation the impads on market demand will depend on whether it is
possble to reduce the mnsumers perceived risk by improving information and communicaion. If
not, Governments and food retail ers must take into ac@urt the wnsumers’ 'overestimated' perceived
risk to limit costs. Three @nsumer strategies for dedsion-makers are proposed in the report.

Two computer based dedsion suppat systems have been developed to provide formal procedures for
seleding, evaluating and comparing countermeasures. In order to accommodate varying levels of
gpatial data avail ability and technicd sophisticaion, two types of DSS have been designed: 1) the
CeserDSS anon-gpatial asesament toad for asingle aedfarm using Windows-based software; and 2
the Spatial DSS a more generic aseesament tod for larger, heterogeneous areas using a GIS. Both
systems have been developed for Scottish agriculture to demonstrate the benefits of a wurtry spedfic
courtermeasure evaluation. The @urtermeasure seledion rocess ensures slitability for locd or
regional agricultural and environmental condtions whilst providing atod for judging environmental
and agricultural side-effeds and cdculating onfarm costs and tenefits. The incorporation o a
Multicriteria Dedsion Making technique gives the user the oppatunity to influence the assesament
criteria and generate compromise dternatives. The final outcome is a set of countermeasure suitability
rankings or suitability maps, with which remediation strategies can be optimised.

4.2.Limitations and Opportunities

CESER was the first projed to be dedicated to the study of courtermeasure side-effeds and started
from a poa knowledge base. It was nat posdgble to quantify and spatially represent all side-effeds
from a wide range of courtermeasures in the same detail, due to a ladk of suitable models for al
impads and alimited understanding of the underlying environmental and bologicd processes, as well
as time anstraints. Although the models sleded have been validated for norma agricultural
pradices, espedaly in the US, they have not been validated in terms of their suitability to model the
effeds of courtermeasures. There is sope for major improvements in the validation and testing of
models and the analyses of the arors involved. Despite these limitations the impad assessment
methoddogy developed was $hown to be suitable when applied to a series of case studies. Future
reseach shoud expand it's application to more wurtries.

A full econamic cost-benefit analysis was not posgble since transferable st estimates for many
environmental impads are ladking. Further original work shoud be undertaken to provide these
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estimates and thereby allow environmental costs to be included alongside farm-level costs, in the
Dedsion Suppat System. A more complete picture of courtermeasure benefits could be gained by
investigating Willi ngnessto-Pay for awider range of food prodicts.

The analysis of the Scottish survey was restricted as only 200 people were interviewed. In Scotland
interviews had to be @ndwted since mail surveys are ineffedive, whereas in Norway excdlent
resporse rates are adieved with mail surveys. One disadvantage of mail surveys is the inability to
validate responcents understanding of the questions. The survey indicaed that people had little
confidence in courtermeasures, bu this could be influenced by their level knowledge of
courtermeasures. Further work shoud be cnducted to study whether improved understanding could
pasitively influencethe degreeof acceptability.

Dedsion Suppat Systems, such as the CeserDSS canna truly refled the complexities of a dedsion
making processand require some astradion. The user inpus needed to run the software ae therefore
a mmpromise between what is gientificdly desirable and pradicdly possble. To produce ausedle
system it was necessary to include esential aspeds of the countermeasure seledion process sich as
the prediction d contamination levels in foodstuffs and the radiologicd effediveness of
courtermeasures. These agpeds had to be treded in lessdetail than would have been desirable from a
radiation protedion perspedive. Many fedures in the software ae pre-determined; i.e. the deposition
scenarios and farm types, thereby restricting the gplicability. A magjor improvement would be the
option d entering red measurements of radionuclide deposition. These muld serve & inpu to a
mathematicd simulation model that would predict the level of contamination in food poducts and
thereby determine the required effediveness of any countermeasures. A choice of appropriate
courtermeasures could then be offered with the option d alowing manipulation d the
deoontamination fadors to refled loca condtions. A further significant improvement would be the
incorporation d time-dependent processes. Currently the DSS asaumes that courtermeasures will be
required for 10 yeas. Integration d a dynamic simulation model could provide estimates of the time
over which courtermeasures are required. These could be used to adjust the environmental impad
scores acaordingly.

The Spatial Dedsion Suppat System has smilar wegknesss to the CeserDSS in terms of it's
inflexibility. It was not feasible to dynamicdly link the models, used in the prediction d side-effeds,
with the GIS. This was partly due to the user-unfriendy format of the models but also dwe to the very
large number of parameters a user would have to enter. Therefore dl impad maps for the cae study
areas had to be pre-processed and the spatial assesament is restricted to the geographic aeas included
in the software. Due to time nstraints a working version d the SDSS was not completed but
important lessons have been leant that will help to improve future systems.

The CESER projed has shown that countermeasures can have significant environmental and socio-
emnamic impads and has developed methods that all ow these impads to be evaluated as an integral
part of the countermeasure seledion process The relative importance of environmental impads will
be locdion spedfic and depend on fadors such as existing environmental presaures, ecosystem
sensitivity and environmental pdlicies. It may be possble to mitigate many impads with good
environmental management. Dedsion-makers have the difficult task of balancing environmental costs
to society with the dired costs of countermeasures, the benefits of dose reduction and d avoided loss
of food poduction. The accetability of pdlicies to the wnsumer will be a cucia fador in ensuring
the successof any courtermeasure strategy.

4.3.Dedliverables

Desmet, G., Gutierrez, J. , Vasquez, C., Sdlt, C. A., Vandehove, H., Voigt, G. & Zeevaet, T. (1999.
Tedhniques and Management Strategies for Environmental Restoration. Mid-Term Report of the
EURATOM-CIEMAT Aswciation Contrad. CIEMAT, Madrid. 215 p.
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The following technical deliverableswill be made available over the project web site:

http: //mwww.stir .ac.uk/envsci/ceser/ceser.htm

Grande J., Bjernstand, E., Hanley, N.D. & Wilson, M.D. (1999. Asssanent of Consumer Risk
Attitudes and Behaviour Related to Courntermeasures and Radioadive Contamination d Food.
Nord-Trgndelag Coll ege, Steinkjer, Norway.

Sat, C.A., Culligan Dunsmore, M., Wilson, M., Hansen, H.S., Kirchner, G., Lettner, H. &
Rekolainen, S. (1999. The CESER Dedsion Suppat System. University of Stirling, Stirling, UK.

Sat, C.A., Hansen, H.S., Kirchner,G., Lettner, H., Rekolainen, S. & Culligan Dunsmore, M. (1999.
Impad Assessnent Methoddogy for Side-Effeds of Countermeasures against Radionuclide
Contamination in Food Products. Reseach Report No 1, ISBN 82-7456:119-8, Nord-Troendelag
College, Steinkjer, Norway.

Sdt, C.A., Rekolainen, S., Culligan-Dunsmore, M., Barlund, |. & Tattari, S. (1999. Spatia

Assesament of Courtermeasures. University of Stirling, Stirling, UK.
Wilson, M.D., Hanley, N.D. & Sdlt, CA. (1999. Econamic Asssanent of Countermeasures.
University of Stirling, UK.

4.4.Conference Publications and Reports

Béarlund,l. & Tattari, S. (1998: Can few parameters determine model output? Sensitivity analysis of
ICECREAM. XX Nordic Hydrologicd Conference, Helsinki, Finland, 10-13. August 1998,
Kajander, J. (ed.), NHP-Report 44, Helsinki, Finland, Vol. 2, pp. 459468.1SBN 952-11-03221.

Béarlund, 1., Tattari, S. & Rekolainen S. (1998: Assesanent of agricultural management pradices on
phospharus loads using the ICECREAM modd. In: Foy, R.H. and Dils, R. (eds.), Pradicd and
Innovative Measures for the Control of Agricultural Phosphaus Losss to Water, OECD
Workshop, Greenmourt Coll ege of Agriculture and Horticulture, Northern Ireland, June 1998, pp.
36-37.1SBN 1-85527354-3.

Bérlund, I. & Tattari, S. (1999: Modificaion d USLE for Northern European condtions.
Geophysicd Reseach Abstrads, Vol. 1, No. 2. European Geophysicd Society, 24" General
Assmbly, p. 280.1SSN: 10297006

Béarlund, |., Tattari, S. & Rekolainen, S. (1999: CESER - radioaktiivisen laskeuman vastatoimen-
piteiden pitkaadkaiset ymparistbvaikutukset. Conference dstrad (Finnish). In: Kultima, J. &
Manninen, J. (eds.) XIX Geofysiikan péivéat. Geofysiikan seura, Oulu, pp. 123128. 1SBN 951-
976631-6

Culligan-Dunsmore, M. & Sdt, C.A. (1998. A GlSbased spatiad dedsion suppat system using
multi criteria ded sion making methoddogy for radiologica courtermeasure suitability assesanent.
First International Conference on Geospatial Information in Agriculture and Forestry. 1-3 June
1998,Florida USA. 645652.1SIN 10893155.

Grande, J. (1998. Consumer Risk Perception, Attitudes and Behaviour Related to Food Affeded by
Radioadive Contamination. Working Paper 55, Nord-Trgndel ag Coll ege, Steinkjer, Norway.

Grande, J. (1998. Consumer risk perception, attitudes and kehaviour related to food affeaed by
radioadive @ntamination. Nordic Conference on Consumer Reseach: Forskning om
konsumentarnas vilkor og varderingar i en ny tid. 11-14. November 1998,L.ill ehammer, Norway.

Grande, J (1999. Consumer risk perception, attitudes and kehaviour related to food affeded by
radioadive cmntamination. Nordisk Jordbruksforskning no. 21999,Vol 81. Nordic Association o
Agricultural Scientists XX |1 Congress1999.Agricultural University of Norway, As, 286 - 1/7.

Hanley, N., Sdt, C.A., Wilson, M.D. & Culligan Dunsmore, M. (1999. Evalulating
“courtermeasures’ against nuclea acddents. implicaions for the environment and food
production systems. Agricultural Econamics Society Conference, Belfast , 2629 March 1999.

Hansen, H.S., Grande, J & Sdlt, C.A. (1998. Side dfeds of countermeasures for reducing the transfer
of radioadive isotopes to food poducts (in Norwegian). Proceadings of the Animal Reseach
Corference, Agricultural University of Norway, As, February 10-11.1998. pp 43@33.

Hansen, H. S,, Sdlt, C.A, Kirchner, G., Rekolainen, S., Lettner, H., Grande, J., Wilson, M., Culli gan-
Dunsmore, M., Tattari, S., Barlund,I., Ehlers, H., Hormann, V., Gastberger, M., Hosner, F., Peq.
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T. & Pintaic. M. (1999. Environmental and socio-emnamic impads of agricultural
courtermeasures. Seoond International Symposium on lonizing Radiation. Ottawa, Canada, May
1999.

Hormann, V.& Kirchner,G. (1999. Calculation d the impad of soil-based chemica courtermeasures
on soil solution chemistry. 7" Int. Conf. on the Chemistry and Migration Behaviour of Actinides
and Fisson Products in the Geosphere. Incline Vill age (USA), Sept. 26- Oct. 1, 1999.

Kirchner, G., Sdlt, C.A., Lettner, H., Hansen, H.S., & Rekolainen, S. (1998. Integrated long-term
management of radioadively contaminated land. International Radiologicad Post-Emergency
Resporse Conference, Washington DC, USA. Sept. 1998. pp. 11822. Environmental Protedion
Agency.

Lettner, H., Gastberger, M., Hosner, F., Pee, T., Pintaric, M., & Achleitner, A. (1999: Enhanced Cs-
137mohility in soil s after AFCF application to animals. Book of abstrads. IRPA regional congress
onradiation potedion, 2227 Aug. 1999,Budapest, Hungary.

Sdt, C.A., Hansen, H.S,, Kirchner, G, Lettner, H., Rekolainen, S. & Desmet, G. (1998. Integrating
environmental and socio-econamic impads into courntermeasure dedsion making. IlUR Topicd
meding, Mol, Belgium, 1-5 June 1998.Abstrad.

Salt, C.A. & Rekolainen, S. (1999. Integrated long-term management of radioadively contaminated
land: the CESER projed. In: Contaminated Soil 98, 1721 May, Edinbugh, Thomas Telford,
London, pp.1113114.ISBN 0 7277 2675 7.

Tattari, S. & Bérlund,I. (1998: Moddlling phaspharus transport in agricultural cachments. In: Foy,
R.H. and Dils, R. (eds.), Pradicd and Innovative Measures for the Control of Agricultural
Phosphaus Losses to Water, OECD workshop, Greenmourt College of Agriculture and
Horticulture, Northern Ireland, June 1998, pp. 3435.1SBN 1-85527354-3.

Tattari, S. & Barlund, 1. (1999: The concept of sensitivity in sediment yield modelli ng. Geophysicd
Reseach Abstrads, Vol. 1, No. 2. European Geophysicd Society, 24" General Assmbly, p. 279.
ISSN: 10297006

Tattari, S. and Barlund, 1. (1999: USLE-malli n epdvarmuus-ja herkkyysanalyysi. Conference dstrad

Oulu, pp. 129134.1SBN 951-976631-6

4.5, Scientific Papers Submitted

Bérlund,I. & Tattari, S., (submitted). Can alimited number of parameters determine model output? -
A sensitivity analysis of ICECREAM. Ecologicd Modelling.

Hanley, N., Salt, C.A., Wilson, M.D. & Culligan Dunsmore, M. (submitted). Evaluating the private
and environmental costs of courtermeasures against nuclear acddents. Journal of Agricultural
Econamics.

Luato, M., Rekolainen, S., Salt, C.A. & Hansen, H.S. (submitted). Spatial modelling of changes in
habitat diversity resulting from the management of radioadively contaminated agricultural land.
Environmental Management.

Salt, C.A. & Culligan Dunsmore, M. (submitted). Development of a spatial dedsion suppat system
for post-emergency management of radioadively contaminated land. Journal of Environmental
Management.

Tattari, S. & Béarlund, I. (submitted): The mncept of sensitivity in sediment yield modelli ng. Physics
and Chemistry of the Earth.

4.6.Software

The CESER Dedsion Suppat System has been delivered to the EC on CD-ROM and the software
will be made fredy avalable via the projed web site & the University of Stirling
(http://www.stir.ac uk/envsci/ceser/ceser.htm). It is in a user-friendy format that will allow a wide
range of usersto accessandtest it.
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