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Abstract. Selected activities of the Environ
mental Science and Technology Department 
during 1990 are presented. The research in the 
department is predominantly experimental, and 
the research topics emphasized are introduced 
and reviewed in eight chapters: 1. Introduction, 
2. The Atmospheric Environment, 3. Plant 
Genetics and Biology, 4. Nutrient Efficiency in 
Plant Production, 5. Chemistry of the Geosphere, 
6. Ecology and Mineral Cycling, 7. Other Activi
ties, 8. Large Facilities. 

The department's contribution to national and 
international collaborative research programmes 
is presented together with information about 
large facilities managed and used by the depart
ment as well as activities within education and 
training. 

Lists of scientific and technical staff members, 
visiting scientists, Ph.D. students, publications, 
lectures and poster presentations are included in 
the report. 
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1 Introduction 

This is the first annual report from the Environ
mental Science and Technology Department. 
The department was formed during the reorgani
zation of Risø National Laboratory in March 
1990, and includes the former Agricultural Re
search Department, pan of die former Chemistry 
Department, and the Ecology Ssction from the 
earlier Ecology and Health Physics Department. 

Organization 

The Environmental Science and Technology De
partment comprises approximately 123 scientific 
and technical staff members, and the department 
is organized in four sections with Dr. Arne Jen
sen as department head: 

1. Ecology Section: 
head: Dr. Asker Aarkrog 

2. Chemical Reactivity Section: 
head: Dr. Ole John Nielsen 

3. Chemistry Section: 
head: Dr. Karen Nilsson (const) 

4. Plant Biology Section: 
head of plant nutrition: Dr. Gunnar Gissel 
Nielsen. 
head of plant genetics and molecular bio
logy: (vacant). 

The curriculum of the department comprises re
search programmes over a wide range of subjects: 
atmospheric chemistry, chemical reactivity, geo
chemistry, geochemical modelling, hydrochemi-
stry, analytical chemistry, organic synthesis, 
marine and terrestrial ecology, radioecology, 
trace metal ecology, plant nutrition, plant 
genetics, and plant molecular biology. 

Research objectives 

Through basic and strategic research the depart
ment contributes to the solution of environ
mental problems related to energy production 
and consumption, industrial and agricultural 
production. 

The aim of the department is to develop future 
technologies and methodologies for industrial 

and agricultural production that will exert mini
mal stress on the environment. 

The main research topics are: 

The atmospheric environment 
Nutrient efficiency in plant production 
Plant genetics and biology 
Ecology and mineral cycling 
Waste treatment and recycling of industrial 
waste 

Table 1 shows how diese research topics are allo
cated and interrelated in the department, and 
how each section contributes to the departmental 
research effort. 

The Atmospheric Environment 

The aim of the research programmes is to es
tablish a sound scientific basis for rational legis
lative measures to reduce the industrial pollution 
of the atmosphere. 

The research includes basic atmospheric che
mistry, gas kinetics, transport and dispersion of 
air pollutants, especially nitrogen compounds, 
carbohydrates, PAH's, CFCs, HFCs and HCFCs. 
Atmospheric chemistry influences the climate, 
and the deposition of airborne pollutants can 
give rise to direct injuries to plants and indirect 
damage through bio-accumulation. To model 
and predict changes in the atmospheric composi
tion, a better understanding of the chemical pro
cesses in the atmosphere is needed. In order to 
make the research results operative in environ
mental policy-making, the critical loads need to 
be established for natural and semi-natural eco
systems. 

Nutrient Efficiency in Plant Production 

The aim of this research is to develop plant pro
duction techniques with effective assimilation 
and recycling of nutrients in order to reduce the 
probability for nutrient run off, and avoid losses 
of nutrients to the atmosphere and ground water. 

The research emphasis is on biological, chemi
cal, and physical processes involved in the turn
over of plaru nutrients, especially nitrogen and 
phosphorus. Further, biological nitrogen fixation 
and denitrification are emphasized together with 
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studies of the interaction between VA-mychor-
rhiza, plant roots and the rhizosphere. 

Plaa* Genetics and Biology 

The research aim in this area is to develop crop 
plants with a reduced demand for nutrients and 
greater resistance to diseases and therefore need
ing less protection by use of pesticides. The 
growing of plants that are highly resistant to dis
eases and with less nutrient demand diminisl.es 
damage to the environment caused by high-yield 
plant production. Successful plant breeding re
search and biotechnology relies on attaining pro
ficiency in a number of techniques such as cell 
and tissue culture, regeneration of plants, RFLP, 
RAPD, QTL, genetical analysis, protein chemi
stry, resistance biology and the ability to grow 
plants under controlled conditions. 

Ecology and Minera Cycling 

The aim of the research within ecology and mi
neral cycling is to improve the scientific basis of 
the studies, and attain a better understanding of 
the impacts of environmental pollution on mar
ine and terrestrial ecocystems with emphasis on 
natural and semi-natural ecosystems. Another 
goal of the research is to establish an improved 

knowledge base on the transport and fate of pol
lutants by use of radionuclides and trace metal 
techniques. 

The research depends on concepts and techni
ques derived from radioecology. Concepts of en
vironmental dosimetry and critical loads for eco
systems are developed further together with tech
niques for evaluating ecotoxkology in marine 
and terrestrial ecosystems. 

Waste Treatment and Recycling off Industrial 
Waste 

In this area the department contributes to the 
scientific basis for .evdoping the wet oxidation 
technique and new metheds for conditioning and 
treating polluted soil, sludge, sewage and other 
waste products, including radioactive waste, from 
industrial operations. 

The aim of the research programme is to mod
el the migration of heavy metals and nutrients, 
and predict the fate of deposits in geological 
structures and soils. Existing toxic waste deposits 
have created severe environmental problems in 
industrialized countries, and the department 
plans to drvdop methods to repress the uncon
trolled rrirase of toxic material from waste depo
sits. 

Tabel I.I. Department of Environmental Science and Technology research topics 

Section 

Chemistry 

Chemical 

Reactivity 

Plant 

Biology 

Ecology 

Atmosphere 

environment 

Nitrogen cor"pounds 

Transport and 

dispersal 

Atmospheric chemi

stry methods 

Nitrogen compounds 

Basic atmospheric 
chemistry 

Nitrogen compounds 

Nitrogen compounds 

Contamination 

physics 

Nutnent e?feciencv 

m plant production 

Turnover ol nutrients 

Biological interaction 

in »Oils 

Dertitnfica'ion 

Plant genet.es & 

bio'ogv 

Barley genetics 

Resmance biology 
Protein quality 

Fungal inhibiting 

proteins 

Fungal virulence 

Cell culture 

Ecology and 

mineral cycling 

Marine 

environment 

Terrestrial 

environment 

Marine 

environment 

Terrestrial 

environment 

Environmental 

dosimetry 

Waste use & 

treatment 

Hf 
H 

Technology 

for waste 

treatment 

O r f * -

ae: - . - tes 

Chew ca 

an*->s s 

Synthes s 

MOOECS 
Acce-erarc 

Resonans 

Raman 

DysV.»rg4>s 

(the e*cer n-er-.M' 

farm) 

Radro'og-ca 

control & 

preparedness 
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2 The Atmospheric Environment 

2.1 Introduction 

Dnnng the last decade the effect of human activi
ties on the global atmosphere has become in
creasingly evident. Observations of phenomena 
such as the •Antarctic Ozone Holes »Acid Depo
sitions •Greenhouse Effect« and »Urban Smog« 
have led to increasing public concern about the 
global impact of human made emissions on the 
chemistry of the atmosphere. The key to under
standing these phenomena and predicting future 
effects is the ability to accurate model the chemi
stry of the atmosphere. The basis for this model
ling is dK use of kinetic and mechanistic data 
obained in laboratory studies concerning atmo
spheric reactions of primary and secondary pol
lutants and their products. 

Pan of the department's atmospheric research 
is concerned with rhemiral kinetics in the gas 
and liquid phase and takes place in the Section 
for Chemical Reactivity. One important part of 
this work is our continued laboratory effort to 
investigate the kinetics and mechanisms of the 

reaction of OH radicals with a variety of hydro
carbons and substituted hydrocarbons. This 
work on OH radical kinetics was pan of several 
protects in 1990. 

12 The Gas Phase 
A N e 

The international concern about the effects of 
depleting stratospheric ozone has forced urgent 
consideration of possible alternative substances 
to replace the currently used fully hatogenated 
chlHofiuorocarbons (CFCs) responsible for the 
depletion. The general task is now to determine 
the environmental acceptability of the alterna
tives. In order to evaluate their potential effects it 
is necessary to know the atmospheric chemistry 
of the alternative compounds, to know all rele
vant rate constants at all relevant pressures and 
temperatures, the primary reaction products and 
their further reactions. Even for a small number 
of potential substitutes this is an enormous task. 

Fiptrt 22.L The fkUtMBSWHOCCtUntor in the gas plme kinetic experimental setup. 

*? ** 
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Therefore, it is necessary to create a predictive 
database. Alternative compound* considered or 
in use at the moment are hydrofloorocarbons 
(HFCs) containing only carbon, fluorine and hy
drogen atoms and hydrochtorofluorocarbons 
(HCFCs) containing carbon, fluorine, chlorine 
and hydrogen. 

Because these compounds contain hydrogen 
they react with hydroxy! radicals, OH, in the tro
posphere and hence have shorter atmospheric 
IHrnmre than the fully hatogenated CFCs. As a 
consequence, they have less chance of reaching 
the stratosphere intact. However, this does not 
diminate the compounds from contributing to 
stratospheric 0 2 destruction or other environ-
mental effects. We have dearly demonstrated this 
in a recently published study of the atmospheric 
oxidation of methykhloroform, CHjCQ), per
formed in collaboration with University College 
Dublin. We conduded that it is necessary to 
study the full atmospheric cyde of the degrada
tion products in order to te able to evaluate the 
potential environmental effects of these com
pounds. 

As part of the Danish Environmental Protec-
'ion Agency CFC research programme we have 
measured the rate constant for reactions between 
OH and a series of HCFCs at different tempera
tures, and calculated their atmospheric lifetimes. 
When OH reacts with an HCFC molecule, ~ ha-
logenated alkyl radical is formed, which will re
act with atmospheric oxygen. Investigations of 
this nex step in the atmospheric degradation 
pathway are being pursued. 

Halogenated Organic Compounds in the 
Troposphere 

This is a STEP project involving 9 European 
laboratories concerned with the kinetics and 
mechanisms of oxidation of chlorine and bro
mine containing compounds under atmospheric 
conditions. It is the aim of this study to deter
mine the tropospheric sinks for these halogena-
ted compounds in order to provide the basis for 
calculating the ozone depletion potential for re
leased balogenated species. The pan of this work 
concerned with the spectra and kinetics of peroxy 
radicals is being performed in collaboration with 
Dr. T. Wallington, Ford Motor Co., USA. The 
first result of this work on the peroxy radicals of 
HCFC-Mla and HCFC-142b has been accepted 
for publication. 

Organoautrogen and Sulphur Ataaospheric 
Transformations 

1990 was the third year of this four-year CEC-
funded collaboration with University College, 
Dublin. We have investigated the reactions of O 
atoms and OH radicals with a wide variety of 
compounds: alcohols, ethers, dialkylsulphides, 
nitroalkanes, n-alkyi nitrates and n-alkyl nitrites. 
The part of this work that dealt with the reaction 
of OH radicals with nitroalkanes at low pressure 
and different temperatures -r~i peifoimed at Na
tional Institute of Standards and Technology, 
USA, in collaboration with Dr. M. Kuryio. 

Rate constant data from pulse radiolysis and 
relative rate experiments for the reaction of the 
OH radical with n-alkyl nitrites at 1 aim total 
pressure are in good agreement. The rue con
stant for tee reaction with methyl nitrite is dose 
to that preiously reported for dK OH + CjH* 
reaction. This suggests that replacing a methyl 
group by a nitrite group in ethane has very little 
effect on the »activity with OH radicals. This 
result is somenhat unexpected since if this reac
tion involved only H atom abstraction the pre
sence of the dectron withdrawing ONO group 
would be expected to considerably decrease the 
rate constant for abstraction by the dectrophilic 
OH radical. The rate constant for the reaction of 
CI atoms with CH3ONO determined in this work 
shows a decrease of about a factor of 3 compared 
to the value for the CI + C2Ht reaction. The reac
tion of the electrophilic CI atoms with substitu
ted organics is believed to involve a hydrogen 
atom abstraction process, hence the lack of any 
reduction in the reactivity for the corresponding 
OH radical reaction indicates that there may be 
some mechanistic difference between the two 
systems. 

The reaction between OH radicals and methyl 
nitrite may involve both hydrogen abstraction 
and OH addition followed by rapid decomposi
tion of the adduct. From the above kinetic evi
dence it is proposed that the reaction of OH radi
cals with CHjONO may have an addition com
ponent at atmospheric pressure. 

The rate data determined in this work shows 
that the major loss process in the atmosphere for 
alkyl nitrites is photodecomposition. In daylight 
nitrite rapidly photolyze back to the ordinal re-
actants. Thus alkyl nitrites serve only *s a tem
porary NOy reservoir for alkoxy radicals and NO 
during the night. Recently, methyl nitrite has 
been detected in the exhaust from methanol 
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burning engines, indicating that alcohol-based 
fuels will contribute to alko radical formation 
during daylight hours. 

Reactions of OH radicals with n-alkyl nitrates 
have been shown to involve both hydrogen atom 
abstraction and addition followed by rapid de
composition of the adduct. Previously reported 
data Ljm our laboratories suggested that for 
CHjON02 the addition channel is the main reac
tion process at 1 atm and 291 K while for longer 
chain compounds abstraction is dominant. The 
results obtained in the present study support this 
view. A small negadve activation energy of -2.1 
fccal mol' was obtained for the OH+CH,ON02 

reaction. The activation energy far 
OH+C2HjON02 is somewhat less negative: E, 
» -1.4 fccal mol1, and that of n-propyl nitrate is 
dose to zero. Those results suggest that at least 
for methyl and ethyi nitrate addition is the domi
nant pathway at atmospheric pressure. As the 
length of the side chain increases this pathway 
becomes less important as the deactivating effect 
of die nitrate group on the abstraction process 
becomes less significant. 

Acetone in the Atmosphere 

Acetone is a widespread trace constituent of the 
atmosphere. It originates as a product from the 
oxidation in the atmosphere of a range of hydro
carbon species, as well as from direct emission 
from its use as a solvent. In the lower troposphere 
the lifetime of acetone is controlled r.ainly by 
the reaction with OH to produce water and the 
acetonyl radical: 

OH + CHjCOCH, -* H 20 + CH,COCH, 

In the atmosphere the acetonyl radical reacts 
with 0 2 to give the acetonylperoxy radical: 

CH,COCH2 + 0 2 - CH3COCH202 

We have recorded the ultraviolet absorption 
spectra of these two radicals and studied the ki
netics of their reactions. The work was done in 
collaboration with Dr. R.A. Cox from Harwell 
Laboratories, UK (Chem. Phys. Lett. v.173 
(1990) p. 206). 

Gasoline Additives 

Tetraalkyllead compounds have been added to 
gasoline to prevent pre-ignition since 1923 when 

tetramethyllead and tetraethyllead were first used 
in the United Sates. Most of the organic lead 
compounds are decomposed during the combus
tion process and emitted as a complex mixture of 
lead salts, although incomplete combustion, spil
lage and evaporation results in about 2% of the 
alkyllead content of fuel entering the atmosphere 
being unchanged. For several decades the use of 
tetraalkyllead additives has given rise to enviro-
mentai concern and has led to legislation to limit 
their use. However, they are still extensively em
ployed in m a y countries, and the rate and 
mechanism for their atmospheric degradation are 
of some importance. 

It can be concluded that the main atmospheric 
removal pathway was initiated by reactions with 
OH radicals and that removal by photolysis of 
reaction with Oj and 0('P) atoms was of less 
importance. Rate constant dan for the reactions 
of OH with letramcthyi and tetraethvllead have 
been determined by several investigators includ
ing ourselves. Although the reported rate con
stants for (CH))«Pb are in reasonable agreement, 
those i'or (C2H})4Pb disagree bv a factor of about 
7. 

The aim of this work was to redetermine rate 
constants at atmospheric pressure and room tem
perature for the reactions of OH radicals with 
teiramethyl and tetraethyllead using both the ab
solute technique of pulse radiolysis combined 
with UV kinetic spectroscopy and a conventional 
relative rate method. It was hoped that the results 
would resolve the discrepancy in the previously 
reported rate constants for these reactions and 
provide reliable data in order to evaluate the at
mospheric lifetimes of these species. The reac
tions of OH radicals with the analogous carbon 
compounds (CH,)4C and (C>Hj)4C were also in
vestigated with a view to providing further infor
mation on the reactivity trends for these reac
tions. 

This work was done in collaboration with Dr. 
H. Sidebottom, University College Dublin and 
has now been accepted for publication. The re
sults using two different techniques were in 
agreement within the experimental uncertainties 
and the previous discrepancies now seem to have 
been solved. 

Atmospheric Chemistry of Aromatic 
Compounds 

We are engaged in a joint European research pro
ject on aromatic compounds within the CEC 
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STEP PROGRAMME. 
The degradation of aromatic compounds in 

the atmosphere is initiated by attack of hydroxy! 
radicals which leads to die formation of adduces, 
e-g. in the case of benzene: 

HO + C ^ - H O C J i ; (1) 

Recent laboratory studies indicate that the fate of 
the addua is mainly controlled by tne reaction 
with Of However, the reaction of the adduct 
with NOj is also thought to be of some impor
tance in the polluted troposphere. 

The aim of the experimental work carried out 
at Risø is to record ultraviolet spectra of iLi. 
short-lived OH-adducts of benzene and other 
nremwir compounds. Next we want to study the 
chemical reactmty of the various OH-idducts, 
e£. the reactions with Q2 and N02 . 

We have employed a series* of differeni source 
reactions for hydroxyi radicals. By pulse radioly
sis of Ar/HjO mixtures the hydroxy! radicals are 
produced by the reaction of meustabie Ar-atoms 
with water molecules: 

Ar' + H 2 0 - A r + H + OH 

In the presence of small amounts of benzene 
we observe transient absorption signals around 
300 nm. The transient absorption was tentatively 
assigned to the addua HO-C4H4 produced via 
reaction (1). However, it seemed likely that the 
H-C^Hj addua produced via reaaion (2) might 
also contribute to the observed transient absorp
tion signals: 

H + C ^ - H - C j H « (2) 

The UV-spearum of the H-atom addua was 
obtained by pulse radiolysis of KyC^Hj mixtures 
and it was found that the UV-spectra of H-C^H« 
and HO-CtH* are very similar in shape. 

Thus, the transient absorption signals ob
served by pulse radiolysis of At/ H^O/C r̂l* mix
tures are composed of contributions from both 
types of radicals. 

To overcome these difficulties we have used 
the OH source reaction (3) which was initiated 
by pulse radiolysis of SF^/HjO mixtures: 

F + H j O - H F + OH (3) 

In the presence of small amou-.its of benzene 
we expect to observe die formation of HO-C$Ht 

in accordance with reaaion (IV However, it was 
found that the competir-; reaaion (4) is impor
tant even at high H^O/C^H^ concentration ratios: 

F + Q H ^ - F - Q H * (4) 

The UV-spectrum and kinetics of the self-reac
tion of F-C4H4 were studied by pube radiolysis 
of SF^C^H« muttons. The F-atom addua has a 
very strong absorption band around 300 nm and 
the absorption cross section is at least an order of 
magnitude greater don that of die OH-addua. 
The spectral overlap as well as the experimental 
evidence that the ratio of the rate constants kyk, 
* 20 have made it extremely difficult to obtain 
the UV-speomm of HO-QH* without contribu
tions from the F-atom addua. However, UV-
spectra obtained with a very high H20/CfHi con
centration ratio can certainly be assigned to the 
OH-addsa. 

CECKEENEX-Ca«nco« Project 

This CEC JOULE projea on combustion kine
tics is coordinated by HARWELL, and the ex
perimental stud?« at Risø are carried out in close 
collaboration with Christopher Anastasi at the 
University of York and Anders Lund at the Uni
versity in Linkoping, Sweden. 

The main task of the Chemcom Proiea is to 
obtain fundamental experimental data on the ele
mentary reactions involved in combustion pro
cesses, "aniculatiy those reactions afteaing effi
ciency and pollutant formation. The Chemcom 
Proiea started in August 1990, and it will last 30 
months. 

The experimental studies at Ris* are carried 
out using pulse radiolysis combined with time-
resolved UV- and IR-spearoscopy. Since the 
start of the programme we have been studying 
the chemical reaaion mechanisms involved in 
the oxidation of alkenes initiated by the reactions 
with O-atonts and OH-radicals. In the case of 
ahylcne we have observed the reactions (1) and 
(2). 

O + C2H4 - (0-C2H4)' - CH, + CHO (1) 

HO + C2H4-HO-C2H4 (2) 

The mechanism of reaaion (1) is quite com
plex and we have studied the kinetics by mon
itoring the formation and decay of methyl radi
cals. The reaction has been investigated over a 
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wide range of pressures using IR-spectroscopy in 
the low-pressure regime, 10-100 mbar and UV-
spectroscopy at higher pressures, 100-1000 mbar 
where IR-spectroscopy could not be used because 
of pressure broadening of the vibration-rotation 
lines of CH3. 

The kinetics of reaction (2) has been studied 
and the UV-spectrum of HO-C2H4 has been re
corded. Based on this spectrum we have been 
able to study the kinetics of reaction (3). 

HO-C2H4 + 0 2 — HO-C2H402 (3) 

The peioxy radical produced in reaction (3) 
has an ultraviolet absorption band with a 
maximum at 230 nm. Work is in progress to 
study the kinetics and mechanism of the self-re
action of the peroxy radical. 

Part of the Risø research programme is devo
ted to examining reactions between different 
types of free radicals. The experimental techni
que employed at Risø is more useful than most 
other applied techniques because of the very high 
radical yields obtained by pulse radiolysis. 

The reactions (4) - (8) were initiated by pulse 
radiolysis cf SF6/CH4/H20 mixtures. 

The F-atoms produced initially are converted 
into a mixture of methyl and hydroxyl radicals 
with a concentration ratio controlled by the rela
tive amoum of CH4 and H20 added to the gas 
mixture. 

F + CH4 — HF + CH3 (4) 

F + H20 - HF + OH (5) 

CH3 + CH 3 -C 2 H 6 (6) 

CH3 + OH - CH3OH (7) 

OH + OH — H202 (8) 

The transient absorption signals of CH3 and 
OH were monitored at 216.4 and 309 nm, re
spectively. The rate constant for the cross combi
nation reaction (7) was evaluated by computer 
simulations of the experimental decay curves. 

2.3 The Liquid Phase 
The investigation of the ozone decomposition in 
the aqueous acidic solution initiated by H202 

was continued. The results show that the therm
ally initiated 0 3 decomposition is a heterogenous 

reaction which depends on the surface and vo
lume of the reaction vessel. The initial rate of 0 3 

decomposition is measured as a function of con
centrations of both H202 and 0 3 in vessels with 
different surface-to-volume ratios. In some ex
periments acetic acid was employed as OH-sca-
venger in an attempt to retard the chain decom
position. The results from these experiments also 
indicate a surface initiation of the thermal 0 5 

decomposition. Indications of surface termina
tion of the chain reaction are obtained in experi
ments with low concentrations of H202. 

The rates of the oxidatiou reactions of ferrous 
compounds with ozone were measured in acidic 
solution by a stopped-flow technique. An inter
mediate complex, likely to be the ferryl ion, 
lasting for tens of seconds was discovered. Rate 
constants of the complex reacting with Fe+ + , 0 3 

and H202 were determined and a spectrum of the 
complex has been recorded. From stoichiometric 
measurements and the rate of disappearance of 
the complex, a mechanism involving die release 
of an OH radical may be inferred. The Fe-03 

comple reacts differently in HC104 and H2S04 

probably because of complexatir -1. with sulphate 
ions in H2S04. 

Peroxy radicals play an important role in the 
oxidation of hydrocarbons in the atmosphere. A 
project on the oxidation of methane has been 
initiated by studying the peroxymethyl radical in 
aqueous solution under high pressure of methane 
by pulse radiolysis. 

The work on high-temperature and high-pres
sure aqueous radical chemistry has been conti
nued by studying the reactions : e" + OH, e" 
+ H202 and Fe+ + + H202 including thermal 
degradation of H202, determining the rates and 
activation energies. Some computer simulations 
on the reaction mechanisms at hij n temperature 
have been performed as well. 

The reactivity of the primary water radicals 
towards pyridine derivatives has been measured. 
Rate constants and absorption spectra of radicals 
of several carboxy- and methyl-substituted pyri
dines have been determined. These investiga
tions are carried out in collaboration with the 
University of Vienna. 

Sulphate radical anion, SO} is an important 
species in atmospheric aqueous oxidation of 
S(IV). Reactions of the sulphate radical with 
other relevant radicals like OH, H02, 0 2 have 
been studied by pulse radiolysis. Computer simu
lations necessary to obtain the corresponding 
rate constants are in progress. 
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Investigations have been continued on intra
molecular electron transfer in small peptides be
tween tryptophan and tyrosine units that are se
parated by different spacer sequences. The results 
give further evidence against the existence of the 
postulated through-bond electron transfer. 

Mechanisms of OH-radical-induced decarbox
ylation of small methionine-containing peptides, 
•Y-glutamylmethiontne and S-alkylglutathione 
derivatives have been investigated in cooperation 
with the Polish Academy of Sciences and Hahn 
Meitner Institute in Berlin. 

2.4 PAH and Field Atmospheric 
Chemistry 
Air pollution by PAH (polycyclic aromatic hy
drocarbons) has been investigated for many 
years, one reason being that several PAH are con
sidered to be carcinogenic. The atmospheric che
mistry of PAH has been studied in detail. Analy
tical methods have been developed as well as me
thods for determining the source contributions. 

An investigation into the presence of PAH at 
and in the vicinity of the international airport of 
Copenhagen was completed in 1990. The invest
igation included vapour phase PAH as well as 
particle-adsorbed PAH. The amount of air pollu
tion was estimated at two locations and compared 
with that at other locations. The annual average 
of benzo(a)pyrene at the airport is estimated to be 
in the magnitude of 2 ng/m3. The sources are 
motor traffic and combustion, including that 
from long-distance air transport. The total con
tribution from surface traffic at the airport and 
that from air traffic are estimated to be 15 ±20% 
with surface traffic dominant 80-85% from the 
city. The composition of the PAH varies with the 
composition of the sources. A considerable part 
of the lighter PAH, e.g. phenanthrene, is present 
in vapour phase. The distribution of the lighter 
PAH between vapour phase and particulates de
pends on the ambient temperature and concen
tration of soot particle-. Only a small part of the 
carcinogenic PAH is in vapour phase. The air 
pollution of PAH correlates with the air pollu
tion of mutagenic compounds, particles, NO, 
NOy, CO, SO2 and hydrocarbons. 

The extent of air pollution was relatively min
or at the airport compared with that of busy 
streets in the inner city of Copenhagen. Sources 
of PAH were automobiles, heating systems and 
long-range transport, whereas the contribution 

from aircraft turned out to be small. Three new 
projects have been planned and organized in 
1990. These are: 

a) Within DCAR (Danish Center of Atmo
spheric Research) a traffic PAH project 
providing PAH data from different locations 
in the initial phase of the introduction of 
catalyst-equipped cars in order to be able to 
follow the effect. The project also aims at 
determining the contributions of gasoline 
driven can and diesel-cars, respectively. 

b) Within EUROTRAC, a DCAR-TOR (Tro-
pospheric Ozone Research) project. The aim 
is to determine the budget of the strongly 
increasing ozone, the seasonal variations, 
and the factors influencing the ozone level. 

c) Applying and improving the DOAS (Differ
entiel Optical Absorption Spectroscopy) 
technique for determinations of air pollu
tants. The DOAS technique can be used for 
determining several air pollutants, e.g. it is 
one of the few techniques being applicable 
for continuous specific registration of N02 . 

Figure 2.4.1. Jens Østergaard Larsen and Torben 
Nielsen taking samples at the airport in Copenhagen. 
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Besides, it is the only knovvn technique that 
is applicable for determining N03. The N0 3 

radical is extremely important for its contri
bution to effect on the night time chemistry 
of the atmosphere. 

2.5 Monitoring of Particulate 
Fall-out During Exploratory 
Activities at a Niobium 
Mineralization in Greenland 
The main purpose of the investigation was to 
monitor airborne dispersion of paniculates in 
connection with exploration activities (drilling, 
trenching, blasting) at the Nb-mineralization in 
the Sarfartoq area, SW Greenland. 

Due to the lack of logistic facilities in the Sar
fartoq area the possibilities of operating conven
tional dust monitors are poor. Thus, it is not 
possible to operate dust monitors in the form of 
filters with electric pumps. The only realistic 

Figure 2.5.1 Niobium (iig/gd.w. in moss bags). 

possibility is to use passive dust monitors. There
fore, the biological monitoring technique was 
used in the form of moss bags and samples of 
indigenous mosses and lichens. Following this a 
secondary purpose of the investigation was to 
evaluate the applicability of this technique on 
location. 

Moss bags (comprised of Sphagnum girgensohnii 
from a background area) were placed close to 
nine test sites previously laid out by the Environ
mental Survey of Greenland in the area around 
the ore region in Sarfartoq. In addition, moss 
bags were placed at three background sites. Three 
sets of bags were exposed: one set before major 
dust-producing activities, another during the 
period of drilling, and a third after the work was 
completed. Samples of the indigenous vegetation 
(the lichen Cetraria nivalis and the moss Hylo-
comium splendens) were taken before and after 
the activity. The moss bags and other samples 
were analyzed for the elements Zn, Nb, Cd, 
LREE (light rare earth elements), Pb, Th and U 

X10O) 

fefia4 3<Mi«# t lø i løwtciep) 
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by ICP-MS (Inductively Coupled Plasma Mass 
Spectrometry). Nb, LREE, Th and U are enri
ched in the mineralization; Cd and Pb are inclu
ded because they are toxic and common pollu
tants. 

The analyses of element concentrations in the 
indigenous vegetation showed that the natural 
pollution (i.e. the situation prior to any human 
dust-producing activities) in the area is restricted 
to areas immediately at or on the outcrop. The 
elements found in elevated concentrations are 
Nb, La, Ce, Th and U. These elements are highly 
enriched in the Nb-mineralization. 

The monitor organisms show a rise in the con
centrations of some of these elements following 

Plant Genetics 

The genetic variation in cultivated plants is ex
tended, shaped and utilized by plant breeding to 
produce new crop plant varieties with high yield, 
good quality, and resistance to plant diseases. 
The quality characteristics may be agronomical, 
technological or nutritional. Disease resistance 
adds to a high, stable yield and reduced use of 
pesticides. A basic requirement for efficient plant 
breeding is knowledge about the genes that gov
ern the desired traits, their interaction with other 
genes, the location of the genes on the chromo
somes and genetic recombination. Our aim is to 
provide knowledge on the genetics and biology 
of crop plants, to develop and refine conventional 
and molecular biological techniques applicable to 
plant breeding, and to produce germ plasm with 
genes for the desired traits. 

3.1 Barley Genetics 
The work in 1990 has brought substantial progr
ess in the application of new technologies to our 
main topics: the genetic and molecular analyses 
of the barley genome, particularly quality traits 
an4 disease resistance. 

Cytogenetics 

Giemsa C- and N-banding techniques have made 
possible an unequivocal identification of the se
ven barley chromosomes and their arms. As a 
consequence, it is now possible to estimate reli
ably the length of the individual chromosomes 

14 

the explora ... activities during the summer. 
This shows that some dust has been dispersed in 
the area. The extension of the pollution is how
ever restricted to stations very close to the out
crop, and the magnitude is low. This is in accor
dance with the kind of exploration work carried 
out (trenching and drilling) which does not pro
duce substantial amounts of dust. 

The use of moss bags can be recommended for 
future investigations because they are easily rela
ted to dust-producing activities, and Cetraria can 
be recommended because it reacts effectively to a 
change in aerial deposition. In order to keep the 
methodological variation low, replicates should 
be used at all moss bag stations. 

and chromosome arms. Barley chromosomes 
identified by banding were measured by use of a 
digitizer. Both actual and relative chromosome 
lengths as well as distances between individual 
chromosomal markers were non-normally distri
buted and had to be logarithmically transformed. 
The back-transformed lengths of the chromo
somes are given on the idiogram presented in 
Fig. 3.1.1. The 95 per cent confidence limits of 
the mean lengths are approximately ± 2 per cent 
of the lengths. Chromosome 1 showed arm 
length reversal in 35 of the 100 cells used. In the 
other six chromosomes, this reversal occurred at 
a number of various frequencies, all lower. Thus, 
the chromosomes and their arms in a single cell 
cannot be identified unambiguously by length. 

The traditional use of the designations »short« 

Fig. 3.1.1. Idiogram of the seven chromosomes of bar
ley. 
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and »long« chromosome arms suggests that chro
mosome arms can be identified by their length. 
This is obviously not correct. Therefore, we have 
proposed that: 

1) One chromosome arm with a specific band
ing pattern is designated the »plus« arm and 
is drawn upwards in the idiogram; the other 
arm is designated the »minus« arm; 

2) Total genome length is defined as one 
»GeNome« (symbol GN); 

3) A distance on the idiogram is given in milli-
GeNomes (symbol mGN); 

4) The centromere is assigned the position 0; 
5) Cytological markers on the »plus« and 

»minus« arms are designated by their posi
tive and negative distances (in mGN) from 
the centromere (position 0), respectively, i.e. 
distances between markers are obtained by 
subtraction. 

This system for designating arms and posi
tions of cytological markers on the barley chro
mosomes is illustrated in Fig. 3.1.2. The syscem 
should be applicable to all species in which the 
individual chromosome arms can be identified. 

In collaboration with the Institute for Plant 
Breeding, Quedlinburg, Germany, Giemsa C-
banding was used to identify single Hordeum chi
lense chromosomes in a material of Secale cer-
eale-H. chilense addition lines with 2n = 15. Six 
of the seven H. chilense chromosomes were found 
as individual additions. H. chilense chromosome 
1 was present only in one plant with 2n = 20 
having six H. chilense chromosomes. 

Giemsa C-banding has further been used to 
study the species relationship of the two species 
of the genus Dasypyrum, viz. the diploid D. villo-
sum and the tetraploid D. breviaristatum (syn. D. 
hordeaceum). Both contain genes of interest for 
plant improvement. Some evidence has pointed 
to D. breviaristatum as an autoteu opioid deriva
tive of D. vilbsum. In a Greek material provided 
by Dr. Signe Frederiksen, Botanical Laboratory, 
University of Copenhagen, the Giemsa C-banded 
karyotypes differed significantly both with re
spect to banding patterns and marker chromo
some morphology challenging the role of D. vil-
losum as the sole progenitor of D. breviaristatum. 

The plant Miscanthus sinensis »Giganteus« has 
recently attracted attention as a source of organic 
dry matter and fibre production in northern Eur
ope. A cytological study showed that it is a tri-
ploid with 2n = 57. This and the presence of 

Fig. 3.1.2. Idiogram of the Giemsa C-banded chro
mosomes of barley. Positions of cytological markers in 
mGN (milliGeNomes). 

only one chromosome with a silver nitratestained 
nucleolus organizer region indicate that M. sinen
sis »Giganteus« is an interspecific hybrid with 
one parent having provided two and the other 
parent one genome. 

Genetic Analyses of the Barley Genome 

Barley RFLP (Restriction Fragment Length 
Polymorphism) markers are now routinely deve
loped and 21 have been used in linkage mapping. 
Seventy-two chromosome-doubled haploid 
spring barley lines from a cross between a winter 
and a spring barley variety were used in the 
analysis. The 14 marker gene loci with known 
chromosomal location: v, Mla6, Mlh, Ml(La), 
Horl, Horl, Prx4, Pgd2, Amy I, Est4, EstS, Est9, 
Acp2, and Acol were included. Three linkage 
groups including QTLs (Quantitative Trait 
Loci) for grain yield could be assigned to specific 
chromosomes. One is illustrated in Fig. 3.1.3. 
This linkage map contains two groups of linked 
loci combined by a common QTL for grain yield 
on chromosome 6. As the standard deviation is 
about 10 cM, the order of the loci is preliminary. 

Contact has been made with international 
groups also working on genetic analyses of barley 
using RFLP markers. A set of 50 lines including 
spring and winter forms from our cross will be 
selected for general mapping purposes. In colla
boration with Danish plant breeders two new 
crosses between modern spring barley varieties 
and one cross between winter barley varieties are 
being developed from parents selected for 
maximum variation in hordein and isozyme pat
terns. Chromosome-doubled haploid lines from 
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Fig. 3.1.3. A linkage group of marker genes, RFLP 
loci, and a QTL for grain yield on barley chromosome 
6. 

these crosses will be the basis for our long term 
mapping efforts and analyses of QTLs. 

A study has been initiated to test the potential 
for using RFLPs in accelerating backcross breed
ing. Backcross progeny from a cross between the 
variety »Corgi« and two Ethiopian barley lines 
carrying genetically unidentified powdery mil
dew resistance genes, has been selfed, and further 
backcrosscd to »Corgi«. DNA has been extracted 
from the backcross lines and is being tested with 
RFLP markers to select lines that mostly resem
ble the Ethiopian line and »Corgi«, respectively. 
A population of offspring from second backcross 
lines derived from these plants will be analysed 
by a new set of RFLP markers. Variation in the 
backcross population will be determined in the 
selfed lines. 

One issue of considerable concern to geneti
cists and riant breeders alike is whether disease 
resistance genes have adverse effects when the 
disease is absent. A recently completed study did 
not disclose any negative effects on important 
agronomic properties in disease-free environ
ments of 17 race-specific powdery mildew resis
tance genes in at least five loci in barley. QTLs 
negatively affecting agronomic traits were not de
tected in any of the cases where race-specific 
powdery mildew resistance genes have been 
transferred by backcrossing to high-yielding bar
ley varieties. An exception was the resistance 
genes in locus mlo. They reduce grain yield, 

mainly through reduced grain size, by about 4 
per cent on average, but irrespective of the pre
sence or absence of powdery mildew. This is due 
to necrotic leaf spotting, a well known pleiotropic 
effect of the mlo genes. The necroses and subse
quent early senescence of the barley leaves reduce 
the green leaf area, and the translocation of 
photosynthetic products from leaves to grains. 
This undesirable effect of Mio resistance can, 
however, be eliminated by plant breeding. The 
conclusion is that powdery mildew resistance 
genes in barley have no harmful effects in dis
ease-free environments. 

Quality of Barley Grain Protein 

The storage protein of the barley grain (hordein) 
is poor in the essential aminoacid lysine. The 
nutr.. tonal quality of barley may be improved by 
an increased synthesis of proteins rich in lysine. 
Protein Z is a barley seed storage protein with a 
favourable lysine content. It is coded for by genes 
in two loci, one on chromosome 4, Paz4 (protein 
Z4), and the other on chromosome 7, Pazl (pro
tein Z7). Our aim is to increase the amount of 
protein Z by two different approaches. In one we 
try to duplicate locus Paz4 by classical genetic 
methods. In the other we isolate protein Z genes 
and attempt to increase the number of gene co
pies by genetic transformation. Both procedures 
imply that the increaced number of gene copies 
will lead to an increase in protein Z production 
as well as lysine content in the barley grain. 

Locus Paz4 is the target for duplication using 
reciprocal translocations to duplicate a short 
chromosome segment carrying this locus. One 
hundred crosses have been made between barley 
lines carrying translocations involving chromo
some 4. The F2 seeds are being tested for the 
amount present of protein Z, using antibodies 
raised towards purified protein Z4. Theoretical
ly, among 16 F, seeds one should lack protein 
Z4, and one should carry a duplication with locus 
Paz4. An analysis of the crosses has not revealed 
any no-Z4 seeds, but one cross showed a high 
degree of variation in the amount of protein Z4. 
This material is kept for analyses of future gen
erations. Another cross showed a change in the 
proportion between proteins Z4 and Z7, which 
may suggest the presence of a duplication. 

Two genomic DNA clones and one cDNA 
clone encoding three different proteins each si
milar to protein Z4 have been isolated. The 3286 
nucleotide long sequence of one genomic clone 
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has been established, and the deduced amino 
acid sequence shows approximately 85% se
quence identity to that determined for purified 
protein Z4. Preliminary sequence dan for the 
two other clones also show a high sequence 
identity to protein Z4. This could indicate that 
Pax4 is a complex locus with several closely rela
ted genes. Both nucleotide sequences contain an 
intron in the same position in the coding region, 
but the lengths of the introns are different; the 
nucleotide sequences flanking the introns are, 
however, very similar. 

As a first step towards vector constructions, 
the promotor from one of the protein Z genomic 
clones will be fused to a GUS gene to test its 
activity in protoplasts of barley suspension cul
tures. 

Barley Peroxidases 

Peroxidases are involved in many biological pro
cesses in plants. They are I) tissue specific, deve-
Iopmentally regulated, or modulated by environ
mental stress factors; 2) they are involved in the 
biosynthesis of cell walls, in the regulation of 
auxin level, and in response to microbial attack; 
and they are 3) coded for by genes in at least 
three loci (Prxl, Prx2 and Prx4) which are on 
barley chromosomes S, 2 and 1, respectively. 
However, the exact position of the structural 
genes remains to be identified. 

Three basic peroxidases (BP1, 2, and 3) from 
resting barley grains have been purified and anti
bodies produced. A cDNA clone encoding perox
idase BP1 has been isolated using antibodies. 
Hybridization to RNA from barley seeds collec
ted every day from 10 to 25 days after flowering 
showed maximal expression of BP1 on day 15. A 
full-length cDNA clone was produced and the 
nucleotide sequence deduces 321 amino acids 
which shows less than 50 per cent sequence 
identity to those of dicot plant peroxidase, indi
cating that BPl is a unique peroxidase. In colla
boration with Novo Nordisk Ltd., recombinant 
strains of yeast are constructed to study the pro
duction of recombinant heme containing pro
teins. 

Two cDNAs encoding peroxidases in barley 
leaves hav.- been produced. An analysis of RNA 
from seedling leaves shows increased transcript 
levels for this cDNA four hours after inoculation 
with powdery mildew. The function of this per
oxidase is studied in collaboration with the Plant 
Pathology Section, the Royal Vet.- and Agricul

tural University, Copenhagen. 
Cloning of the genes coding foi the barley per

oxidases aims at a characterization of sequencs 
that specifies their tissue-specific expression, and 
of regions sensitive to stress factors. Weil-charac
terized genes will be used to construct vectors for 
genetic transformation of barley. Genomic DNA 
libraries from barley have been screened for per
oxidase genes using seed- and leaf-specific perox
idase cDNAs. Six genomic clones have been pur
ified and the nucleotide sequence of one of them 
is analysed. The deduced amino acid sequence is 
corroborated by peptide sequences of peroxidase 
BP2. The BP2 peroxidase is 85 per cent similar 
to the amino acid sequence of peroxidase BPl. 

This study is carried out in collaboration with 
J. Hejgaard, Technical University of Denmark, 
on protein purification, and K.G. Welinder, Uni
versity of Copenhagen, on amino acid sequence 
analysis and biochemical analysis cf the barley 
seed peroxidases. 

Regeneration of Plants from Barley Cells 

The regeneration of normal planu from single 
cells is a prerequisite for producing transgenic 
crop plants, i.e. plants into which »foreign« 
genetic material has been transferred experi
mentally. Regeneration is a routine procedure in 
many dicot plant species, but it is difficult in 
monocots including the cereal species. The rege
neration frequency of plants from one type of 
single barley cells viz isolated microspores has 
been improved by using a microblender for isola
ting spores and growing the cells on a solidified 
medium. It is now possible to regenerate plants 
from spring and winter varieties other than the 
model variety »Igri«, where up to 600 green 
plants per spike can be produced. One hundred 
sixty-six anther-derived doubled haplcid »Igri«-
Iines (R2-generation) and chromosome-doubled 
haploid »Igri«-lines from microspore culture 
(Ri-generation) have been grown and evaluated 
in the field. Twenty-nine of the lines were mor
phologically diverging; 24 of them were autote-
traploids. The 1000 kernel weight and grain yield 
of the non-morphologically deviating lines did 
not diverge significantly from that of the seed 
derived control lines. 

Embryogenic Barley Cell Suspension Cultures 

To understand and improve the regeneration 
process, we have aimed at identifying extracellu-
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iar proteins that are accumulated in the cell cul
ture medium during the process where cells con
vert into embryos. These may subsequently deve
lop into plants. Extracts were made from em-
bryofenic and non-embryogenic cell-suspension 
media. The cell suspensions were initiated from 
embryogenic calli of immature embryos or mi-
crospore-derived embryoids. The analysis of the 
extracellular proteins by electrophoresis revealed 
SO bands varying in size from 10 to 90 kD. Three 
of these bands have been identified as chitinase, 
0-1,3-glucanase and peroxidase. Proteins emer
ging only during embryogenesis from barley sus
pension cells have also been found. 

With a monoclonal antibody two proteins with 
molecular weight 17 kD and 29 kD which occur 
only during embryogenesis have been isolated 
and characterized. The antibody can detect em
bryogenic development in ceil cultures even be
fore any differentiation is seen. In cooperation 
with Dianna Bowles, Leeds University, we found 
that the embryospecific antibody generated by 
her group recognized a 17 kD polypeptide differ
ent from that isolated by us. The embryospecific 
proteins are under chromatographic purification 
for sequence analysis. 

Extracts of culture media from embryogenic 
cell cultures were used to »condition« a new cul
ture medium for barley protoplasts. The »condi
tioned« medium optimized protoplast cultures, 
and the frequency of protoplast-colonies were en
hanced up to 400 times. 

The most recent development is the procure
ment of a microparticle accelerator. Isolated mi
crospore cultures and protoplasts are used to 
study transciem expression of introduced genes 
delivered to the cells either by the particle acce
lerator or by PEG (Polyethyleneglycols). 

3.2 Resistance to Plant Diseases 
Control of plant diseases by genetically con
trolled resistance is a cheap and environmentally 
safe protection measure for crop plants. It has 
become increasingly important in modern farm
ing where diseased crop residues may not be re
moved completely from the soil surface and also 
in ecological farming where pesticides are not 
used and where economical and environmental 
concerns reduce the application of pesticides. 
Most of the work on plant diseases is concentra
ted on the resistance of barley to powdery mil
dew, because barley is an important crop plant, 
powdery mildew (Fig. 3.2.1) is an important bar-

Fig. 3.2.1. Colonies of the powdery mildew fungus on 
leaves of barley seedlings. 

ley pathogen, and this host-pathogen system is 
easily amenable to research. In addition, other 
diseases of barley or other crop plants are stu
died. The main purposes of this research are to 
provide knowledge on the genetics and function 
of host-pathogen systems, to develop methods 
and techniques applicable to plant breeding, and 
to provide plant materials with diverse and, if 
possible, durable resistance. 

Resistance to Barley Powdery Mildew 

The work during the past year has dealt mainly 
with the identification of powdery mildew resis
tance genes in new commercial varieties, in 
breeding lines with less-well characterized resis
tance genes and in primitive lines of cultivated 
barley that may possess new resistance genes. 

One hundred and twenty-seven spring barley 
varieties grown in Denmark since 1979 were ana
lysed for the presence of resistance genes using 
30 powdery mildew isolates and the pedigrees of 
the varieties. Eleven different, named genes and 
12 tentatively named genes/resistances plus six 
unknown resistances were detected. Many varie
ties contain several of the earlier used genes in 
addition to new powdery mildew resistances/ 
genes. The following new or relatively new resis
tance genes that are effective to the present powd
ery mildew population were detected: the »Mlo« 
resistance conferred by the recessive mlo gene, 
and »Ricardo« and »Turkish« resistances having 
gene Mla3 in common and »Turkish« with 
Ml(Tu2) in addition. Three barley varieties have 
a new resistance, designated Ml(JM9). The varie
ty »Jarek« has two new so far unidentified resis
tances. 

An analysis of the distribution of different 
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Fig. 3.2.2. Distribution on the Danish spring barley area of varieties grouped according to their powdery mildew 
resistance (La = Laevigatum, Ly = Lyallpur, MC = Monte Cristo, AT = Arabische, Al - Algerian, Ru = 
Rupee, Ri = Ricardo, We = Weihenstephan, Mb = Mb). 

powdery mildew resistances in Denmark (Fig. 
3.2.2) reveals that the former extensive use of one 
or a few resistances (before 1980) has been re
placed by a more diverse and extensive use of 
several resistances. A corresponding analysis of 
the frequencies of the virulences matching the 
above resistances in the Danish powdery mildew 
population revealed a close correlation between 
the frequency of resistance in the plant popula
tion and the frequency of the matching virulence 
in the pathogen population, though with a delay 
of one to five years for the virulenc *. It is note
worthy that the frequency of several virulences 

declined following a drop in the frequency of the 
resistances, suggesting that formerly »defeated« 
resistance genes may become useful again. 

Over the pase seven years about 4,000 primi
tive lines or populations ofcultivated barley have 
been screened for powdery mildew resistance in 
the field (Fig. 3.2.3). At present 19 lines appear to 
possess new, effective resistances; several lines 
have two or more resistance genes. By comparing 
these lines with those having known or formerly 
described powdery mildew resistance genes, we 
find that most of the 19 lines possess previously 
unknown resistance genes. The barley lines 
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Fif. 3.2.3. Severe attack of powdery mildew on bar
ley lints from western Asia. 

HOR 1657 and HOR1402 were found to possess 
two unique resistance genes, Mla22 and Mla23, 
respectively, in locus Mia on barley chromosome 
S. Further, the widely used (cf. Fig. 3.2.2) »Lae-
vigatum« resistance eene Ml(La) is linked to a 
gene for resistance to leaf stripe, but has not 
shown linkage to any of 49 genetic markers with 
known chromosomal locations. 

Biocontrol of Powdery Mildew 

The three-year SJVF-supported project con
cerned with the biocontrol of powdery mildew 
showed that the mirror yeast fungi (Tilletiopsis 
spp. - mainly T. albescens) are facultative hyper-
parasites on powdery mildew fungi. This means 
that, e.g. T. albescens grows on the leaves where it 
attacks and causes the collapse of the parasitic 
powdery mildew fungi when by chance it reaches 
the hyphae and conidia The most effective Tille-
"' psts species exude large amounts of constitu
tionally produced ^-1,3-glucanase which may 
contribute to the collapse, as p-l,3-glucan is a 
cell wall constituent of the powdery mildew 
fungi. The relative humidity around the plants 
plays a decisive role for the use of T. albescens for 
biocontrol. More than 70 per cent relative hu
midity is necessary for a high and stable popula
tion of T. albescens on the leaves and for effective 
control of powdery mildew. For this reason, bio
control with T. albescens in the field is unrealis
tic, whereas biocontrol of cucumber powdery 
mildew in greenhouses appears feasible (Knud
sen and Skou 1990). 

Resistance Mechanisms 

Barley and other plants respond to pathogens or 
physical stress by forming structures called papil
lae between the plant cell wall and plasma mem
brane. Bvley plants with Mlo powdery mildew 
resistance develop very few if any mildew colo
nies when inoculated with powdery mildew. The 
Mlo-resistant plants produce papillae that are 
twice ss large as those in the mother varieties. 
Furthermore, papillae are detectable earlier and 
develop at a higher rate. The main component of 
the papillae is the polysaccaride callose, a 1,3-0-
linked glucan. Callose is synthesized by the plas
ma membrane-associated enzyme 1,3-B-D-glucan 
synthase (1,3-GS) with UDP-glucose as the sub
strate. A time-course study was conducted lasting 
30 hours starting from inoculation with powdery 
mildew of a near-isogenic pair of barley lines 
with and without gene mlo5 . Non-inoculated 
plants served as control. Epidermis strips from 
the barley leaves were collected. Some strips were 
stained with the callose-specific stain lacmoid, 
and the diameter of the papillae was then mea
sured; from other epidermal strips the microso
mal fraction was isolated and the 1,3-GS activity 
was measured. The results showed no difference 
in specific 1,3-GS activity between the inoculated 
Mlo-resistant and the susceptible lines. Nor was 
there any difference in the specific 1,3-GS activ-
i:y between the inoculated and non-inoculated 
plants. The lacmoid staining confirmed that the 
callose is synthesized earlier and with a higher 
rate in the resistant line than in the susceptible 
one. The callose in the papillae thus appears to be 
synthesized by pr.-existing 1,3-GS. A final con
clusion may be drawn when the enzyme is puri
fied and the amounts of the 1,3-GS enzyme pre
sent in both the resistant and susceptible lines 
have been measured. 

1,3-GS was solubilized from barley plasma 
membranes with the detergent digitonin, separa
ted on a S-30 per cent sucrose gradient, and the 
enzyme was purified 5-15 times. Further purifi
cation was achieved by making product entrap
ment. Sucrose gradient fractions with high speci
fic activity were pooled, UDP-glucose was added 
and the enzyme and its product were precipita
ted. Thereby the purification was about 100-150 
times. SDS-PAGE of the product-entrapped en
zyme showed enrichment of 3-6 polypeptides 
with molecular weights ranging from 18 to 170 
kD. Apart from these, some weakly stained poly-
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peptides could be detected. The 1,3-GS has not 
yet been purified to homogenity in any plant spe
cies, but purification is in progress in four other 
laboratories. 

In bariey, expression of chitinase isoforms has 
been concluded to be strictly tissue-specific on 
the basis of purification experiments and immu-
nobbiiing after SDS-PAGE In young healthy 
leaves only chitinase 1 is detected. This isoform 
is localized intracdlularly and is not induced 
upon powdery mildew attack. In contract, a 27 
kD protein which reacts with the chitinase anti
bodies is strongly induced upon powdery mildew 
infection. It is currently being tested whether 
this protein which preferentially is present in the 
intercellular space of the leaves is a chitinase. In 
barley grain the chitinases K, T and C are found, 
but not chitinase 1 nor the 27 kD protein. In a 
barley embryogenic suspension culture chitinase 
K, T, C and 1 were expressed. Stress treatment of 
the suspension cells induced the chitinase K 
and/or T only weakly. In conclusion, expression 
of chitinases in barley appears to be controlled 
deveiopmentally and/or to be stress-induced in a 
tissue-specific manner. The enzymes may serve 
as preformed or induced antifungal defence 
mechanisms, however, alternative endogenous 
functions cannot be excluded. This project was 
performed in association with Susanne Jacobsen, 
Technical University of Denmark, and Jørn D. 
Mikkelsen, DANISCO. 

In another study rapeseed leaves infected with 
Phoma Ungarn, the dry rot and canker fungus, 
siiowed a 14-fold increase in chitinase activity 
over an 8-day period. Crude extract of P. Ungarn 
as well as the liquid growth medium from fungal 
cultures were assayed for chitinase activity, but 
enzyme activity was not found in the medium, 
and only minor activity in the extract from the 
fungus itself. Therefore, the increased chitinase 
activity in infected rapeseed leaves must be due 
to plant synthesis of the enzymes. Four isozymes, 
three minor and one major fraction, have been 
purified from P. Ungarn infected rapeseed leaves 
by affinity and ion exchange chromatography. 
The major fraction, a basic chitinase with a mo
lecular weight of 30 kD was strongly induced 
after infection. A partial amino acid sequence of 
this polypeptide is being determined. A cDNA 
library from P. Ungarn infected leaves has been 
constructed and screened with antibodies specific 
against the 30 kD polypeptide. Five different po
sitive clones have been isolated and partly se

quenced. No homology has been found to known 
chitinase genes. 

Bariey Leaf Stripe 

One hundred and ten modern spring barley var
ieties and breeding lines were tested for resis
tance to barley leaf stripe (DrtcksUra gramuua) in 
order to update former screenings of about 1,000 
mainly European barley varieties and lines. The 
results confirm that a gene for high resistance to 
leaf stripe is frequently present in commercial 
varieties and advanced breeding lines, but is usu
ally unnoticed. In met, 32 per cent of the barley 
area in Denmark in 1990 was grown with resis
tant varieties. We suggest that seed treatment of 
highly leaf stripe-resistant varieties with fungi
cides is superfluous. 

Pathogen Genetics 

In the past few years we have intensified our stu
dies on the genetics and molecular biology of the 
powdery mildew fungus. The present report fo
cuses on five topics: linkage analyses, chromo
some number, gene expression, plasmids and 
Mlo aggressiveness. 

Linkage analyses of 80 progeny isolates from a 
cross between barley powdery mildew fungal iso
lates have been carried out using 31 RFLP mark
ers and five virulence loci. Five linkage groups 
have been established, two of which show linkage 
between RFLP markers and virulence loci. Many 
of the RFLP markers represent multicopy se
quences in the fungal genome and are present on 
different chromosomes. They cannot be used as 
starting points for chromosome-walking in an at
tempt to isolate the specific »virulence genes. 
Single copy sequences have not detected any 
polymorphisms by the conventional method. We 
have adopted a method from a German labora
tory based on long polyacrylamide gels and re
striction enzymes which recognize four base 
pairs. This facilitates the detection of polymor
phism using single copy sequences. Linkage ana
lyses of RFLPs representing single copy se
quences are being carried out in an attempt to 
find a marker very closely linked to an avirulence 
gene. 

The chromosome number of the barley powd
ery mildew fungus has been examined using cy-
tological techniques and pulse field gel electro
phoresis. An improved staining method for the 
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fungal chromosomes has been developed and the 
haptotd chromosomal complement has been esti
mated to be at least seven. Attempts at electro-
phoretk separation of chromosomes resulted in 
the detection of five high molecular weight DNA 
bands in a hybridization experiment using RFLP 
markers; the bands were confin-ed to represent 
chromosomes. Chromosomal DNA isolated from 
pulse field gels has been inserted into YAC 
(Yeast Artificial Chromosome) vectors and used 
for transforming yeast cells. Only few clones have 
been obtained and optimization of the system is 
required. 

A cosmid library of powdery mildew fungal 
DNA has been screened for sequences that were 
expiessed by using labelled mRNA isolated from 
mildew-infected barley plants. All fungal se
quences that were found to be expressed in wis 
way also showed homology to pure barley 
mRNA. These sequences probably represent con
served genes encoding metabolic proteins com
mon to both organisms. This method of selection 
is not sensitive enough to obtain fungal se
quences that are expressed during the early infec
tion process. Attempts are being made to obtain 
pure fungal RNA. All the expressed sequences 
have been found to be bordered by DNA seg
ments repeated many times in tLo fungal gen
ome, but not present in the barley genome. Co
ding and non-coding repetitive sequences have 
been separated by subcloning to examine the di
versity of repeated sequences bordering the co
ding regions. Selected repeated sequences will be 
sequenced to determine whether they show 
homology to transposable «enetical elements 
identified in many fungal genomes. 

A mitochondrial plasmid present in many 
powdery mildew isolates has been cloned and se
quence analysis have shown the presence of ter
minal inverted repeat elements characteristic of 
fungal linear plasmids. The plasmid contains se
quences that are expressed, and sequence analysis 
are presently being carried out to identify the 
expressed genes. Mitochondrial DNA has been 
cloned and a large number of fungal isolates ana
lysed for polymorphism. Only one isolate dif
fered indicating a very conserved mitochondrial 
genome. The inheritance of mitochondria and 
plasmids was studied in a cross between two iso
lates differing both in mitochondrial genotype 
and with respect to the amount of plasmid pre
sent. The results indicated that in the same 
fungal isolate, mitochondria with and without 

Fig. 3.2.4. Seeding loaves of Mlo resistant (left) and 
non-resistant (right) barby inoculated taitk an Mlo-
aggressive powdery muldeur isolate. 

plasmids were present. It also appeared that plas
mids were present in mitochondria of different 
genotypes. 

The ado powdery mildew resistance gene has 
become widely used in European barley breeding 
and production. A 3-year study supported by »In-
ternordic Plant Breeding« on the Mlo aggressive
ness of the powdery mildew fungus was comple
ted. Methods were developed for a routine sur
veying of natural powdery mildew populations 
for the presence of elevated levels of Mlo aggres
siveness (Fig. 3.2.4). No signs of increasing levels 
of Mlo aggressiveness were found, either in Dan
ish or continental European powdery mildew po
pulations. 

Fungal Pathogens on Other Organisms 

The expertise at Risø on fungal pathogens of crop 
plants has since long time been extended to 
fungal pathogens on other organisms, particular
ly on bees that are important for pollination and 
subsequent seed setting in some crop plants. Sev
eral new bee pathogenic fungal species now have 
been identified. In the past, xerophilic Chryso-
sporium species often were isolated along with As-
cosphaera species at the sites of sol-tary bees used 
for pollination. Studies of the physiology reflect 
the special habitat of these fungi. They grow very 
sparsely on common fungal media, but their 
growth rate and sporulation increase with the 
glucose content up to about 40-50 per cent and 
they even grow between the crystals in media so 
concentrated that glucose crystals are formed. 
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4 Nutrient Efficiency in Plant Production 

Agricultural plant production interacts with die 
quality of the water-, soil-, and air environment. 
The decomposition of crop residues and farm
yard manure constitutes a risk of leaching miner
al elements, especially N to the groundwater, 
lakes and seas. Furthermore, die production and 
distribution of fertilizers require large amounts 
of energy resources. A diverse population of soil 
nucroorganisnu is involved in the cycling of mi
neral nutrients. Improved knowledge of die mi
crobial decomposition of crop residues, farmyard 
manure, and other organic matter is important 
not only for maximizing the quantity and quality 
of nutrients given to die plants, but also in order 
to manage die potential loss of nutrients. Certain 
soil microorganisms establish symbiotic relations 
with die crop plant; Rkuobium becteria fix atmo
spheric nitrogen in symbioses with legumes, 
while VA-mycorrhizal fungi establish symbioses, 
widt a range of crop plants supporting die plant 
uptake of mineral elements from die soil. An ex
tensive research effort is required to elucidate die 
many complex processes dut regulate die circu
lation of mineral dements in die soil-plant-air 
environment in agriculture. The aim is to devise 
crop production strategies dut consider crop 
productivity, die quality of plant products, and 
environment. 

4.1 Nitrogen in Soil and Plants 
Our aim is to elucidate die intricate biological, 
physical and chemical processes involved in die 
mineral dement cycles in die soil-plant-air sys
tem. At present, die main emphasis is on proces
ses involved in die cycling of nitrogen (N) in 
crop residues, catch crops, farmyard manure and 
mineral fertilizers-
Fate of N from Crop Residue* and Manure 

Nitrogen mineralized from crop residues and 
farmyard manure contributes to die nitrogen nu
trition of succeeding crops, but may also be lost 
by leaching and denitrification. The release and 
fate of N from ,SN labelled catch crop material, 
incorporated in December, were studied in mi-
croplots in die fidd. In April die following year, 
45 and 85 per cent of the l5N from white mustard 

and perennial ryegrass catch crops, respectivdy, 
remained in organic residues in die top soil. 
Measurement of leaching below 45 cm soil 
showed dut less dun 10 per cent of die ryegrass 
catch crop N was lost by leaching during die 
mild winter 1917/18. After one year of decompo
sition 60 and 47 per cent of die mustard and 
ryegrass N, respectivdy, were released. The faster 
release of N from mustard dun from ryegrass 
material was probably due to die higher N con
tent of mustard dun of ryegrass. Spring barky 
cropped die following dircc years after die incor
poration of ryegrass N recovered 19,4 and 2 per 
cent, respectivdy, of die labelled N. A 2-year rye
grass sward recovered 26 per cent of die labelled 
ryegiass N. A mass balance of labdkd ryegrass N 
after one year of decomposition *n unpianted soil 
indicated gaseous N losses of 13 per cent. 

The mineralization and uptake in succeeding 
crops of "N labelled N from pea and barley straw 
widi 2.8 and 0.9 per cent N, respeciivdy, were 
studied in an outdoor pot experiment. Incorpora
ting pea and barley straw reduced the N accumu
lation in an autumn grown catch crop. The catch 
crop recovered 11 and 3 per cent of die pea and 
barley straw N, respectivdy. A succeeding spring 
barley crop recovered 13 and 10 per cent of the 
pea and barley straw N, respectivdy. If pea straw 
was incorporated in die spring, 18 per cent of the 
N was recovered by spring barley. Straw incor
poration did not influence total N accumulation 
in spring barley. The results confirm results from 
die field, showing that 15 to 20 per cent of the 
pea straw N is recovered in a succeeding crop. 

Studies on die mineralization of N from the 
organic fraction of farmyard manure have been 
initiated. A method for labelling die manure 
with 1JN is bring evaluated. A ruminant is fed 
widi labelled ryegrass for nine days. The uni
formity of labelling is evaluated before the la
belled manure is used in microplot experiments. 

Denitrification 

The microbial reduction of nitrate and nitrite to 
gaseous nitrogen (denitrification) is the major 
biological process in which industrially and bio
logical fixed N is returned from the soil into the 
atmosphere. Growing plants influence denitrifi-
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cation and stay stimulate or depieaa the process 
depending on the environmental conditions. The 
influence of pea (Asm Mmm L.) and spring 
barley (Hmdtum vmlgan L.) on denitrincation 
was investigated in closed pots flushed with air of 
known composition. Denitrifkation was estima
ted by means of the acetylene inhibition techni
que and the effect of plant age, soil nitrate and 
soil aeration status was investigated The highest 
deaitfification rates were measured in soil plan
ted widi pea, followed by soil with barky plants, 
and lowest in unplanted soiL Dcaithfkauon in
creased with increasing plant age. The addition 
of nitrate had only a small effect on denitrifica-
bon ia soil with 3 week-old plants and in unpbn-
ted soil, whereas denirrifkation increased 10 fold 
after nitrate additioa ia soil with 5 week-old 
plants. The results emphashr dm organic car
bon (C) is a major controlling factor in soil deni-
trifkatioa. It is assumed that more available or
ganic C in the root deposits of pea relative to 
barley is responsible for die higher denitrifka-
tion ia soil planted with pea. Higher oxygen (O) 
consumption due to respiration by heterotrophic 
organisms m dK rhizosphere of pea nukes deni
trifkation in anl planted with pea relatively less 
sensitive to the O concentration compared with 
soil planted with barky and unplanted soil. 

Quantification of denitrification in the field is 
very difficult due to the high spatial and tempor
al variability. In a mass balance study "N-U-
bdled nitrate added to soil grown pea or barley 
were compared with respect to , JN unaccounted. 
During the growing season of 1919, which was 
drier than average, only negligible N losses due 
to denitrifkation were measured by means of the 
acetylene inhibition technique. A substantial 
amount of fertilizer N was unaccounted for by 
the ,5N mass balance, especially in the pea plots. 
The loss took place during the period of grain 
filling where no leaching occurred and was ac
companied by a decrease in the I$N content of 
the plants; volatilization of ammonia from the 
aerial pans of the plants is a possible explanation 
of the observed foss. 

42 Root-Microbe Symbioses 
Symbiotic associations between plants and soil-
micmorganisms are of major importance to plant 
nutrition. Our research in this field includes the 
physiology and ecology of the legume Rkizobhim 
symbiosis and VA-mycorrhiza, a symbiosis be
tween plana and fungi. 

Symhialii N Fixation 

The ability of legumes to establish a symbiotic 
relationship with Rkcttam bacteria abk to fix 
atmospheric nitrogen into ammonia accessibk to 
plants has been essential in sustaining the fertil
ity of agricultural land for centuries. Symbiotic 
N fixation is fueled by products from the photo-
synthetic activity of die plant. This input of ni
trogen into the crops is derived from solar ener
gy, rather dan from the fossil energy used to 
produce nitrogen fertilizer. 

In the mature legume nodule, die Rkaettrnm 
bacteroids are enclosed by a plant-derived peri-
bacteroid membrane (PBM). Information on die 
transport of compounds across die PBM is valu
able because it aaay explain how this mutualistic 
relationship differs from a parasitic one. The 
PBM may also be essential for regulating of N > 
fixation by controlling die exchange of com
pounds between die symbionts. In collaboration 
with colleagues from Murdoch University, West
ern Australia, we have made preparations of bac
teroids enclosed by an intact PBM from pea and 
soybean nodules (Fig. 4.2.1) in an anaerobic en
vironment The resulting metabolkally active 
peribacteroid units (PBU) have been used to in
vestigate die ex:hange of compounds between 
die symbionts. The PBUs were incubated in a 
reaction mixture containing a ,4C labelled com
pound as die sok C substrate or supplemented by 
a second unlabelled C substrate. The fate of the 
l4C was determined within die PBUs as well as in 
die reaction mixture. By this technique we have 
demonstrated the existence of an exchange of C 
between die organic arid and die amino acid pool 
associated with die interface of die symbionts. 
Our results indicate a more extensive metabolite 
exchange between the symbionts than originally 
assumed, and suggest that transaminase activity 
is associated with die PBUs. 

Investigations on the ecology of rhizobia 
showed that a Rkaotmm population on pea bad a 
highly correlated variation in genetic markers on 
die symbiotic plasmid and on die bacterial chro
mosome (Engvild it oL 1990). This indicates that 
diere is a limited exchange of plasmids between 
bacterial strains under natural conditions. It is 
consistent with observations lhat most bacterial 
populations nave a clonal population structure, 
shaped primarily by selection, mutation and 
genetic drift. The recently observed transmiss
ible antibiotic resistance in tatural bacterial po-
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Fig. 4.2.1. Electron micrographs ofPBUsfrom A: Pea and B: Soybean ncdules. Large arrows point to PBM, 
small arrows point to the bacteroid membrane. Bars represent 2 \im. 

pulations is caused by a strong selection pressure 
and should not be generalized. 

Myrorrhizas and Plant Nutrition 

The formation of vesicular-arbuscular (VA) my-
corrhiza between plant roots and certain soil 
fungi has a beneficial impact on the nutrient up
take b> the plants. The nutrients in 'he soil are 
absorbed and transported to the roots by the ex
ternal fungal hyphae. The phosphorus and nitro
gen nutrition of VA-mycorrhizas are studied by 
means of a two-compartment system, which 
makes it possible to distinguish hyphal nutrient 
uptake from direct u-ake by the roots. A hyphal 
compartment is separated from the root compart
ment by a fine mesh, which does not restrict 
growth, but allows free passage of the hyphae 
(Fig. 4.2.2). Isotopes placed . the hyphal com
partment are used as tracers. 

The relationship between phosphorus (P) up
take by mycorrhizal Trifolium subterraneum and 
the spatial distribution of the external hyphae of 
three mycorrhizal fungi, Scutellospora calospora 
(SC), Acaulospora hum (AL), and Glomus sp. 
(GL), has been studied in collaboration with re
searchers in Department of Soil Science and 
Plant Nutrition, the University of Western Au
stralia. Soil samples labelled with 32P were placed 
at different distances from the roots and the 

radioactivity in hyphae and plant components 
was measured after five weeks. The spread of hy
phae differed considerabW between the three 

Fig. 4.2.2. Two-compartment system used to study 
32P uptake by external hyphae of VA-mycorrhizas. 
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fungi used. The hyphal density of SC declined 
exponentially with distance from the roots, 
whereas AL maintained a constant hyphal dens
ity over the full distance of spread. Hyphae of GL 
were formed at a constant plateau close to the 
roots and then declined exponentially with dis
tance. The rate of spread of AL was approximate
ly 3 mm day-1. The P uptake by AL and GL was 
closely related to the distribution of the external 
hyphae. Significant amounts of radioactivity 
were detected in the host piant when the 32P was 
placed 70 mm from the roots. Plants colonized by 
SC contained very little radioactivity, but the 
specific content of 32P in SC hyphae was three 
times as high as in AL and GL hyphae. This 
indicates that either hyphal P translocation or P 
transfer across the host-fungus interface was inef
ficient in the association with SC. These results 
show that the capacity of a VA-mycorrhizal 
fungus for supplying P to the plant is influenced 
both by die rate of hyphal spread, and by the 
capacity of the hyphae to uanslocate or transfer P 
to the host Qakobsen et al 1990). 

In contrast to the well-established importance 
of VA-mycorrhizas in phosphorus nutrition the 
hyphal uptake and transport of soil nitrogen have 
been investigated only slightly. Cucumber was 
grown with or without the VA-mycorrhizal 
fungus Glomus fasciculatum in a two-compart
ment system. After the establishment of a hyphal 
network, ,5N labelled ammonium was added to 
the soil in the hyphal compartment 5 cm from 
the roots, and the presence of 15N in the hyphae 
and plant parts was subsequently measured. Pre
vious problems with lateral movements of 15N to 
non-mycorrhizal plants were avoided by using 
N-serve, a nitrification inhibitor. In mycorrhizal 
plants, 6 % of the added 15N was translocated to 
the plant via the hyphae. Purified external my
celium had an enrichment of 1.2 atm. per cent 
15N showing that a considerable part of the la
belled N source was localized in the external my
celium. The atm. per cent ,5N in the hyphae was 
only 0.3 when nitrification was not inhibited in
dicating a preference for ammonium over nitrate. 
The N uptake by hyphae could also be detected 
as a depletion of inorganic N in the root-free 
compartment. In the presence and absence of 
mycorrhiza, soil 5 cm from the root system con
tained 2 and 35 ppm inorganic N, respectively. 
Experiments with barley showed an N uptake 
pattern close to that of cucumber. This demon
stration of a significant absorption and transloca

tion of soil nitrogen by VA mycorrhizal hyphae 
and the subsequent transfer of nitrogen to the 
host plant was obtained with a suboptimal N sup
ply to the plants. 

Our work on mycorrhizas is carried out as part 
of a joint research programme on microbial pro
cesses in the root zone. The programme was in
itiated by the Danish Agricultural and Veteri
nary Research Council and involves seven differ
ent research laboratories in Denmark. 

4.3 Influence of Plant Variety on 
the Root Uptake of Radiocaesium 
Elements other than plant nutrients, such as hea
vy metals and fall-out products, are taken up by 
crop plants. The study of these processes is there
fore necessary in the elucidation of the plant-soil 
environment. Studies of genetic differences in 
plant uptake of radiocaecium, in collaboration 
with the Section cr Plant Biology at Risø, were 
concluded with a pot experiment. 

Four varieties of spring barley and three varie
ties of rye-grass have been tested for their sensi
tivity to indirect caesium contamination, i.e. an 
absorption through the root system of caesium 
that has entered the soil. Ten different combina
tions of soil type, caesium isotope and age of 
caesium contamination were studied in this ex
periment during the years 1988,1989 and 1990. 

The results for barley grain are shown in the 
Table 4.3.1. Analyses of variance of these results 
showed a significant difference between the four 
varieties in each type of soil and for each isotope, 
confirming a high root uptake of radiocaesium in 
»Sila« and a significantly lower root uptake in 
»Apex«. The pattern between the different varie
ties was identical in each of the three years. 

Similarly for the grass varieties, one variety, 
the Italian rye grass, was identified in all cases as 
having the relatively highest uptake of radio-
caesium. 

The total uptake decreased over time due to 
fixation of caesium in the soil. 

In summary, it might be possible, to reduce 
the radiological consequences after a nuclear ac
cident by using plant species and varieties with 
low sensitivities to a given contamination. 

The conclusions given here might have a 
wider perspective concerning indirect contami
nation with heavy metals. This should be studied 
further. 
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Table 4.3. J. Root uptake of radiocaesium in barley grain expressed relative to the concentration ratio for the 
variety Apex in each group (year-soil-isotope category). Each value is the mean of four replicates ± ISE 

Soil and isotope Variety 1988 1989 1990 

Organic soil Apex 100± 7% 100± 8% 100 ±15% 
experimentally Golf 101 ±10% 105± 7% 82*12% 
added Ca-134 Anker 128± 7% 150±13% 120±11% 

Sila 136 ± 7% 121 ± 19% 167 ± 20% 

Organic soil Apex 100= 7% 100 ±13% 100 ±20% 
Chernobyl Golf 102±10% 84± 8% 82±11% 
Ca-137 Anker I32± 6% 115±13% 114± 5% 

Sila 154± 9% 112±16% 159*18% 

Sandy-loam Apex 100± 9% 100 ±10% 100± 7% 
experimentally Golf 109± 5% 140± 5% 112± 3% 
added Ca-137 Anker 116± 7% 152± 4% 124± 4% 

Sila 134± 4% 204 ± 7% 139± 5% 

5 Chemistry of the Geosphere 

5.1 Geochemical Modelling 
An interest of long standing in chemical mechan
isms and in processes influencing the spreading 
of contaminating materials, has led to the deve
lopment of PC programs for calculating equili
bria in complicated geochemical systems. 

Two contracts, »Geochemicai Modelling« and 
»Geochemical Databases«, both within the frame 
of the EC nuclear research programme, were con
cluded during 1990 with the completion of the 
following reports: 

PMATCH: A Program to Manage lhermochemi-
cal Data. This program is used for adjusting the 
limited data of varied quality, which is available 
from the literature, to the same frame of refer
ence, and to secure that the data will be internally 
consistent with other data in the database. 

LITTLE JOE, An Expert System to Support 
Geochemical Modelling. This program can be used 
for the evaluation of analytical data for ground 
waters from limestone formations. 

JENSEN, A Program for the Compulation of 
Chemical Equilibria in Aqueous Systems. This pro
gram has now been developed to the stage where 
practical problems can be solved e.g. the specia-
tion of components in moderately saline solu
tions. The program also calculate which minerals 
and how much of each will precipitate under gi
ven circumstances. The program is under contin
uous development as to databases and new pro-
ceses. 

Several minor programs, SOLIDSOL, for the 
computation of equilibria involving solid solu
tions among minerals, and SOLSAT, a rapid me
thod for computation of equilibria where pure 
solid phases are involved, have been developed as 
well as a program for calculation and displaying 
STABILITY DIAGRAMS for redox-active ele
ments like sulphur, iron, manganese and others. 

Two new EC contracts for the period 1991-
1993 have been negotiated and accepted, »The 
Role of Colloids in the Migration of Radioele
ments« and »Uncertainties in the Modelling of 
Migration«. 
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5.2 Applied Geochemistry 
Methods 

The main area of interest is the evaluation of 
geochemical data obtained by various analytical 
techniques at Risø. Most of the work is carried 
out in close cooperation with other, mainly geo
logical institutions. The group commercial ana
lyses (X-ray fluorescence, gamma spectrometry) 
are carried out for customers in Denmark and 
abroad, and with the company Tracechem, a 
joint contribution describing a new instrumental 
neutron activation technique for the analysis of 
large samples was presented at the conference 
EUROANALYSI VII in Vienna. The method 
proposed is based on the direct irradiation of sev
eral 7-ml polyethylene containers followed by 
counting in an array positioned around a Ge(Li) 
detector. The analytical method is especially sui
ted for the analysis of large (up to about 60 g) 
heavy-metal polluted samples. 

Terrestrial Geochemistry 

A systematic stud;' of the uranium geochemistry 
close to the Cretaceous-Tertiary boundary was 
terminated and published in 1990. The boundary 
Fish Clay characterized by high contents of the 
metal iridium and marking the extinction of sev
eral planktonic foraminifera, calcareous nanno-
plankton and dinosaurs is found at several places 
around the Danish territory. The investigation 
which is part of an ongoing joint effort (funded 

Fig. 5.2.1. Distribution of U, Ca, Fe, Sc and Ir with 
depth in the Fish Clay from Stevns Klint (locality 
Harvig). Note that U does not correlate with any of 
the other plotted elements. 
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by SNF) with the Geological Institute of the Uni
versity of Copenhagen (Hans Jørgen Hansen) and 
DGU Gens Morten Hansen) lead among others 
to the conclusion that due to the relatively low U 
contents close to the boundary uranium toxicity 
can be ruled out as a cause of the extinctions. 

Together with the University College Galway, 
Ireland (Martin Feely), a study of the rare earth 
element geochemistry of Irish late-Caledonian 
granites was continued. These granites may be 
characterized according to their normalized rare 
earth element patterns. To some extent the late-
stage overprint of hydrothermal processes is vi
sualized in special REE patterns. 

Marine Geochemistry 

Scientific cooperation with the Kiel University 
(prof. P. Stoffers) and the New Zealand Oceano-
graphic Institute (G.P. Glasby) continued with 
main emphasis on the occurrences of heavy me
tals in marine ferromanganese deposits. Joint pa
pers were written regarding the geochemistry of 
newly discovered manganese crusts and nodules 
from the Philippine Sea. Own input into this 
work was mainly in the form of investigations 
regarding the rare earth element (REE) geoche
mistry in the ferromanganese material. In 1990 
practical work ended with an energy research 
project »Time-temperature variations in North 
Sea Central Trough sediments as revealed by fis
sion track determinations of selected drill cores« 
(EFP-88). A final report will be prepared within 
the firs: part of 1991. The project, which is a 
joint effort with the Institute of Petrology, Uni
versity of Copenhagen, and the Risø reservoir 
group was, in 1990, characterized by analytical 
work on cutf'ng samples from 2 wells from the 
Danish Central Trough, 1 well in an adjacent 
area and 1 well from the deeper parts of the Dan
ish Subbzsin. The technique applied makes use 
of the thermal shortening of tracks generated in 
the mineral apatite during the spontaneous fis
sion of 238U. In this respect, the track length is 
an indicator for the temperature a mineral has 
been opposed to within the sedimentary se
quence. Knowledge of this temperature in turn is 
important for evaluating the hydrocarbon poten
tial of a sedimentary basin. A numerical model 
based on fission track length frequency distribu
tions was developed. In 1990, most of the results 
of the study were presented at international 
meetings in Copenhagen, Germany and Austra
lia. 
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5.3 Geochemical Technology 
Fixation of Heavy Metals in Soil 

It is well-known that clay minerals can bind solu
ble cationic metal ions by functioning as ion ex
changers, and that many of these metal ions can 
become much more firmly bound to the clay by 
entering into the tetrahedral or octahedral layers 
of clay minerals. If an alkaline clayey suspension 
containing heavy metal ions is heated at 260°C 
under pressure such as fixation of the metal ions 
may be produced, and the metal cations can no 
longer be leached from the clay at pH-values > 3. 
However, the presence of organic compounds 
forming negatively charged metal complexes may 
impede the fixation. 

Some cations e.g. Cd+ + fit poorly into the clay 
mineral lattice and they are retained less firmly. 
Also, soil contains other materials with cation-
exchange properties e.g. ferric hydroxide and hy
drous manganese dioxide, and these may com
pete with clay minerals for the metal ions with
out establishing the acid-proof fixation. 

Our current test method only simulates leach
ing at different pH, but plant roots are known to 
takt .p nutrients that are hard to get at. For 
examination of the interaction between treated 
soils and plant roots, pot experiments have been 
envisaged in collaboration with plant biologists. 

An alternative fixation method consists in hy-
drothermal sulphidizing. This process is carried 
out by autoclaving soil under anoxic conditions 
in the presence of a small amount of sulphur. 
Associated with this study are experiments on 
the possible bacterial redissolving of sulphides 
under a different oxygen pressure. 

This long term project is dependent of finan
cial support, e.g. from the EC STEP programme. 

Wet Oxidation of Organic Material 

Our continued collaboration with NKT Ltd. has 
resulted in a number of wet oxidation procedures 
for solving various specified problems. For a bet
ter understanding of the reaction mechanism, a 
series of laboratory tests has been carried out on 
wet oxidation of lower fatty acids with special 
attention to formic acid. Formic acid exhibits a 
parallel decomposition into C02 and H2 which 
seems to explain the intriguing occurrence of hy
drogen during wet oxidation of polymers such as 
polyethene. 

Also the decomposition of PVC has been in
vestigated. The reaction products appear to be 
non-toxic and biodegradable. 

Marine Environmental Technology 

The Applied Geochemistry group in cooperation 
with Roskilde University (RUC, Institute of the 
Environment, Technology and the Society), Cen
ter for Advanced Technology (CAT) and Danish 
industries worked with projects related to the en-
vironmetally safe offshore recovery of sand and 
gravel in Danish sea territories. At present the 
establishment of a Marine Mineral Technology 
Center is envisaged. In 1990, a feasibility project 
regarding optimal and safe offshore exploration 
techniques for heavy minerals was partly funded 
by the Danish authorities (Industri- og Handels
styrelsen). The project work included the con
struction of the prototype of a marine probe in 
cooperation with the Risø Electronics Depart
ment. Project proposals were prepared for forth
coming national and EEC research programs. 

Corrosion Tests of Ceramics Materials 

In collaboration with a private firm Viking Che
micals a series of corrosion tests are being carried 
out on Zr02-based ceramics with reference to 
their application for implants such as artificial 
hip joints. The test conditions are simulating 
body fluids at the temperature of 37°C. Results 
are obtained within a reasonable time tnanks to 
the high sensitivity of the available analytical 
method (ICP/MS). 

SANS-Measurements on Cementitious 
Materials 

A contract within the frame of The Third EC 
R&D programme on »Management and Disposal 
of Radioactive Waste«, titled »Characterization of 
Low- and Medium-Level Waste Forms« was 
completed in 1990. All work was carried out in 
collaboration with the Risø Waste Management 
Section. 

One of the topics in the contract was a study of 
cements using Small Angle Neutron Scattering, 
a useful technique for characterizing microstruc-
tures in the nanometer(nm)-size range. 

Cements when hydrated and hardened contain 
rigid calcium-silicate (CSH) structures of gel-par
ticles, average size about 10 nm with numerous, 
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interstitial sometimes liquid-filled pores varying 
in size between 1 nm and 100 nm. 

A SANS at Harwell on the formation of the 
CSH-phase in various cementitious mixtures 
lead to the suggestion that CSH-gel formation in 
cement is taking place by way of single particle 
difrusion-lim'tcd aggregation of calcium-sili
cate-gel globules, and that a self-similar structure 
with a fractal dimension of -2.4 is the result. 
Our findings are in agreement with this sugges
tion. 

Cements are quite susceptible in time to che
mical and physical changes affecting the micro-
structure of the cement, and the aim of the Risø 
SANS-study is to carry out structural studies of 
cement paste undergoing degradation in various 
ways. The experimental methods are by now well 
established and tentative results indicating coar
sening effects on the gel-structure have been ob
tained. The SANS studies on the degradation of 
the CSH-phase in various cementitious mixtures 
will be continued within the frame of the EC 
R&D programme for 1990-1994 under a new 
contract tided »The Performance of Cementi
tious Barriers in Repositories«. 

Integral Experiments 

A series of year-long experiments determining 
the rate of release of additives as well as other 
components from cement through layers of clay, 
chalk and sand have been carried out, and a PC-
program DIFMIF2, written in C has been valida
ted using the experimental results with kaolin as 
a barrier. DIFMIG2 calculates the one-dimen-
tional diffusive migration of single substances 
through multi-barrier systems according to the 
diffusion equation, 8C/5t = De(t) * 82C/5x2 + 
F(C,t). F(C,t) is a function responsible for time-
dependent changes in the concentration. DIF-
MIG2 is at the moment being expanded to in
clude e.g. precipitation reactions. 

Integral experiments for studying the diffusive 
migration through barriers of inert materials will 
continue under our previously mentioned EC 
contract for 1990-1994. 

5.4 General and Inorganic 
Chemical Analysis 
Chemical analysis have been carried out mainly 
by atomic absorption (AA), ionchromatography 
(IC) and inductively-coupled plasma mass spec

trometry (ICP/MS). The PlasmaQuad from VG 
Elemental Ltd. was until recently the only in
strument of its kind in Denmark and evaluation 
of ICP/MS methods has had a high priority since 
its installation in 1987. The two methods ICI7 
MS and AA supplement each other well and have 
been used in a wide variety of projects being car
ried out at Risø e.g. to gain information of trace 
elements on soil-decontamination processes, in 
processes developed for extraction of elements 
from a variety of matrices, in ecological projects 
on rainwater and in studies on environmental 
samples from Greenland and from Chernobyl. Of 
special interest is the project »Metodik til måling 
af tilgængelighed af sporelementer i levnedsmidler og 
kost« supervised by research professor Brittmarie 
Sandstrom, KVL. The mass spectrometric detec
tion method in ICP/MS opens up the possibility 
of using non- radioactive enriched isotopes in 
risk-free studies involving animals and human 
beings. In the first experiments selected pigs 
have been given fodder with addition of 2SMg, 
65Cu and 67Zn. The element uptakes are followed 
through analysis of isotope ratios in samples of 
ileum, faces, urine and blood. The very small 
concentrations in the samples due to high-priced 
enriched isotopes and strong dilution make the 
investigation a real challenge to analytical me
thods. The project will continue for the next cou
ple of years. 

The widespread interest for better information 
of toxic elements in earth and water has created a 
stable contact to industry and environmental au
thorities for the use of ICP/MS to semiquantita
tive and screening analysis. The quick answer to 
the state of 25 or more elements in a single analy
sis is extremely useful and makes basis for the 
choice of precise analysis, if necessary. 

ICP/MS is basically an instrument for trace 
element analysis, but it has proven important 
also in determining the stoichiometric composi
tion of superconductors. The project has exten
ded from the initial work with Y, Ba and Cu to 
involve e.g. rare earth elements bringing up diffi
cult analytical problems easily solved by ICP/MS. 

Ionchromatography (IC) has proved most suit
able to determine anions in decontamination and 
migration experiments and in organic synthesis, 
and under certain conditions some cations are 
best determined this way. 

In addition to obligations at Risø e.g. analysis 
of samples from the nuclear reactors DR1 and 
DR3 for evidence of corrosion, the presence of 
monitoring the U-concentration, analysis are car-
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Fif. 5.4.1. Spectrum A is from the content of the ileum sampled immediately after a pig had been fed the 
enriched non-radioactive isotopes 65Cu and 67Zn. Spectrum B was samples 10 days later. There are distinct 
differences in the ratios between 63Cu/6SCu, "ZnPZn and ^ZnPZn. 

ried out for other laboratories and for the indu
stry on a commercial basis. 

5.5 Syntheses 
The lack of commercially available chemical 
compounds often presents a hindrance in scienti
fic research and for this reason, the chemistry 
section has also in 1990 carried out the most var
ied kinds of synthesis for customers from inside 
and outside Risø. The syntheses have so-far been 
in the laboratory scale, but a new pilot-scale la
boratory for synthesis, located at the Risø Waste 
Management Section, is now ready for use. 

A fair amount of the time in 1990 was spent on 
synthetic work carried out for a private firm, 
with the results becoming an important element 
in a patent application. Another, project on sen
sors for Radiometer Ltd. was concluded. This 
cooperation is expected to continue at a later 
stage. Metal complexes of the type tetra-aza-cy-
clo-tetradecan, various guanidin compounds and 
dihydroxydinaphtylsulfid have been synthesized 
forMODECS. 

A substantial number of the syntheses in 1990 
were carried out in connection with R&D pro
jects at Risø. 

QO-radicals are generated from high-purity 
dicbloroxid, which was synthesized for use in 
KER section in connection with a Ph.D.-thesis, 
the topic of which was the examination of dimer-
ization velocities associated with studies in the 
ozone layer. Series of alkylnitrater, nitroalkener 
and nitrosoalkaner concerned with atmospheric 
chemistry were synthesized in 1990. The results 
of the kinetic experiments have been published 
in Chemical Physics Letters. 

Methods for the synthesis of nitroacetamid 
and nitramid have been developed for the FBK 
section. The compounds are to be used in a colla
boration with Tech. Univ. Berlin. The work is 
centred on studies of the parent nitrosamine, 
H2NNO, the key-intermediate in the T* .rmal 
DeNO, process. The synthesis of a suitable 15N 
labelled precursor is in the planning in order to 
get a more detailed insight in the chemistry of 
the isolated H2NNO molecule. 

Another project in the FBK section aiming at 
the identification and quantization of allergy re
lated matters, has led to the synthesis of a num
ber of compounds e.g. tert.-butyl-hydroxybenzal-
dehyd. 

Preliminary tests concerned with the develop
ment and possible future production of ceramic 

Risø-R-S88 31 



Fig. S.S.I. The synthesis laboratory. A view. 

materials have been carried out for AFM in con
nection with their DK-SOFC cooperation pro
ject. 

5.6 MODECS 
Among the main achievements in 1990 has been 
the birth of MODECS, a club for industries and 
institutions interested in MOlecular DEsign of 
Chemical Systems. At present, 17 danish firms 
are members of the club and four institutions are 
attached. 

MODECS is managed by a planning group, 
which held five meetings during 1990. Two joint 
sittings were arranged, and two newsletters have 
been distributed and a third is on its way. At the 
meeting in September the main subjects were 

»Supramolecular Chemistry and Interface Struc
ture« and »Interface Structures and Properties«, 
combined with an evening of discussion on re
search policy in theory and in practice. A joint 
sitting is planned at Risø on April, 1991 with the 
subjects »Surface Modification« and »Biocompat-
ibility«. 

The planning group is trying to identify one or 
more research areas of joint interest for possible 
attraction of industrial finances, and is consider
ing whether MODECS ought to sub-finance cer
tain joint projects. The matter will be discussed 
further at the first joint sitting in 1991. 

The meetings have resulted in some agree
ments on cooperation with possible financial 
support from national research programs. 

32 Risø-R-588 



6 Ecology and Mineral Cycling 

6.1 The MARINA Project 
In 198S the Commission of the European Com
munities invited the member states to panicipate 
in a project to evaluate the radiological impact of 
radioactivity in northern European marine wa
ters. The name MARINA was adopted for the 
project which was chaired by Risø. The project 
was concluded at a seminar in Bruges 14-16 June 
1989, where the results of the project were sum
marized and presented to a larger audience. The 
final report and seminar proceedings were pub
lished in 1990. 

The radiological impact has been assessed in 
terms of radiation doses to humans in EC mem
ber states from exposure via marine pathways. 
The results show that the impact is by far domi
nated by the contribution from natural radionu
clides for which the doses contribute more than 
99% of the total. The second largest contribution 
is from civil nuclear site discharges which 
amount to about 0.3% of the total, followed by 
weapons test fallout and Chernobyl fallout of 
which each contributes less than 0.1%. In addi
tion, the contribution from disposals of radioac
tive wastes at the North-east Atlantic dumpsite 
has been assessed at two orders of magnitude 
lower than that from civil nuclear site discharges. 

The measured environmental data collected 
have been compared with model predictions. 
This comparison has shown that the water-circu
lation model describes with reasonable accuracy 
the dispersion of radionuclides in the European 
shelf seas. The predicted concentrations of the 
radionuclides considered were generally well 
within an order of magnitude of their measured 
values. Areas of poor correlation between predic

ted and measured concentrations tended to be at 
some distances from the source, and often occur 
where uncertainties may exist in some of the 
model parameters. These parameters include wa
ter-transfer coefficients, sediment interactions 
and bioindicator concentratiou factors. 

For the natural radionuclides the main contri
butor is the ingestion of 210Po in seafoods which 
accounts for about 80% of the collective dose. 
Around half of the 210Po conuibution arises via 
mollusc ingestion. The major exposure pathway 
of the EC population from civil nuclear dis
charges is fish consumption and the most signif
icant radionuclide is 137Cs. 

6.2 »SENSI«: A Model Describing 
the Accumulation and Time -
Integration in the Bioindicator 
Fucus Vesiculous of Radioactive 
Discharges 
In the process of designing countermeasures 
against anthropogenic effects on natural environ
ments, time series of monitoring data are of cen
tral imponance. All substitutes for actually mea
sured time series, such as sophisticated predic
tion models, are subject to »wishful thinking« or 
»conservatism«. On the other hand, once one has 
access to well-documented monitoring data, 
modelling becomes a central tool in extracting 
general information from such data. 

The SENSI model is designed to compare 
monthly monitoring data on radionuclide con
centrations in a bioindicator sampled near a nu-

Table 6.1.1. Collective exposure of the population of the European Community 
up to the year 2S00from radionuclides in northern European Waters 

Source Collective dose to year 2500 
(man Sv) 

Civil nuclear site discharges 
Weapons test fallout 
Chernobyl fallout 
Sea dumping of solid radioactive waste 
Natural radionuclides 

5300 
1600 
1000 

50 
1,700,000 
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SENSI, Zn-65 
Ringhals, 1983-1985 
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Fig. 6.2.1. Zn-6S discharges from Ringhals Nuclear Power Plant (bars) and calculated (SENSI curve) versus 
measured (m) concentrations in Fucus vesiculosus during 36 months January 1983 - December 1985. 

clear power plant with calculated values based on 
reported discharges. The basic idea has been to 
include accessible parameter values of central im
portance to the measured concentrations and 
their variation. In the present work, these are 
relative accumulation rates describing the up
take, and physical decay, biological loss and bio-
indicator growth which affect a decrease in radio
nuclide concentrations. As each of these para
meters can be measured separately, the model 
improves the knowledge of bioindicator func
tions and their limitations, and helps to identify 
biological parameters that should be studied fur
ther in order to improve the monitoring process. 

The function and performance of the model 
are exemplified with monthly data on the brown 
algae Fucus vesiculosus, but the fundamental 
concept is equally valid in connection with other 
bioindicators and for other sampling intervals. 
Fucus is a much used bioindicator for nuclear 
discharges: it is easy to sample all year, it accu
mulates low metal and radionuclide water con
centrations and it retains the accumulated ele
ments long enough to enable a reasonable time 

integration of fluctuating levels. 
It can be concluded that 

• Fucus is a valuable bioindicator in monitor
ing programmes because it integrates and 
concentrates low levels of metals and radio
nuclides, 

- A dilution due to growth is more important 
than the actual loss of elements in determin
ing the decrease in concentrations of several 
long-lived radionuclides and metals in Fucus, 

- There is a need for studying biological factors 
such as biomass turnover rates and environ
mental parameter effects on pollutant accu
mulation and loss, when bioindicators are 
used in environmental monitoring pro
grammes, 

- The SENSI concept improves the use of Fu
cus as a bioindicator by including ecological 
factors and thereby increasing the correlation 
between expected and measured values. 

- The SENSI model may be used to estimate 
the size of an uncontrolled discharge and to 
evaluate routinely the quality of discharge 
data. The present work indicates that dis-
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charge and to evaluate routinely the quality of 
discharge data. The present work indicate* that 
discharge data from the nuclear power plant 
Ringhals are of a high quality. 

63 Radioactive Contamination of 
Drinking Water 
In the event of a nuclear war or a major nuclear 
accident, it is important to know to what extent 
there is a threat to the quality of drinking water. 
Is it necessary and possible to take any special 
precautions to protect this vital component of the 
human diet? 

A comparison was made between Denmark, 
the Faroe Islands and Greenland of the contami
nation of water resources with strontium-90 from 
nuclear weapons fallout and cesium-137 from the 
nuclear accident at Chernobyl. It was found that 
Danish ground water used as drinking water was 
nearly totally protected by morainic surface soils. 
Faroese drinking water from streams that run 
along a peaty soil surface had a 30 times higher 

Fig. 6.3.1. Strontium-90 measurements in various 
water resources presented as geometric means of va
lues from individual sites. 
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contamination level and contributed about 3% to 
the total contamination of the human diet. The 
drinking water in Greenland was taken from 
streams that run along a morainu soil surface. It 
showed contamination levels that were 100 times 
higher than Denmark and contributed about 15% 
to the total contamination of the human diet dur
ing the last 10 years. 

It could thus be concluded that it is onlv when 
contaminated surface water is used directly as 
drinking water that one need consider any pro
tective measures towards the public. 

6.4 Fish Ecotoxicology 
The response to stress of aquatic organisms is 
characterized by its interaction with a series of 
environmental factors. When dealing with ani
mals captured from the wild there is a risk of 
substantial biological variation at the year-to-
year level. 

In eels captured in Roskilde Fjord in 1972 and 
197S a specially enhanced synthesis was found in 
the gills from ,4C-acetate of I4C-labelled mono-
unsaturated fatty acids (C16:I and Clg;1) relative 
to saturated fatty acids (CI6:0 and C,l:0) in sea-
water, four days after irradiation (10 Gy, 60Co). 
Corresponding experiments in 1976 and 1982 
showed rather the opposite: irradiation resulted 
in more 14C-labelled saturated fatty acids relative 
to unsaturated fatty acids in the gills, both in 
fresh water and in seawater. The latter effect was 
less marked than in 1972 and 1975, but still sta
tistically clearly significant. 

Fig. 6.4.1. A blood sample is taken to assay changes 
in osmoregulation after copper poisoning of rainbow 
trout. 
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Such a lack of biological reproducibility may 
well represent a general trend that is more wide
spread than normally persumed. Nevertheless, it 
is the sublethal, quantifiable biological effects, 
such as described here, that are of special interest 
in ecotoxicology. One may simply have to accept 
that these often have to be assayed in long time 
series. 

6.5 Radioecological Cooperation 
with the USSR 
In May 1990 the Ecology Section participated in 
an international radioecological expedition to the 
USSR. Three areas with enhanced radioactivity 
levels wer- visited. The NW of the Black Sea, the 
Svedlovsk area in the southern Urals and the 
Chernobyl reactor site in the Ukraine- We 
worked together with Soviet radioecologists at 
three locations and brought home a variety of 
interesting and unique samples. 

The most remarkable observations were made 
in the southern Urals. In this area at Kyshtym a 

chemical explosion occurred in 1957 in a tank 
containing nitrate-acetate high-level radioactive 
waste. Radioactive fission products were deposi
ted in parts of the Chelyabinsk, Svedlovsk and 
Tyumea provinces. Among the long-lived fission 
products, the most prominent was Sr-90 of which 
about 2 PBq was released. Suprisingly litde Cs-
137 (~ 14 TBq) arose from this accident. The 
accident had been kept secret by the Soviet au
thorities until the late eighties. 

The analysis of the Ural samples showed that 
die amounts of Cs-137 were incompatible with 
the expected levels arising from global fallout 
from the three sources: nuclear weapons testing, 
Chernobyl debris and the above-mentioned 
Kyshtym accident. Significantly more Cs-137 
than bad been expected from these sources were 
found in the samples. 

In the last year an increasing amount of infor
mation on other sources of radioactive contami
nation in the southern Urals has appeared. Soviet 
scientists have thus mentioned an accident which 
took place in 1967, when a hot summer followed 
a dry winter. Some water evaporated from Lake 

Fig. 6.5.1. (next page) The relative contribution from the four sources to contamination of soils in the Urals tilth 
strontium-90 and cesium-137. 

URAL SOIL SAMPLES 

7.9% 

94.6% 

57.9% 

22.2% 

12% 

TYGISH 
Sr-90:63.4 kBq/m2 

70.3% 

TYGISH 
Cs-137:10.8 kBq/m2 

1.1% 

9.4% 

20.3% 
73.5% 

18.3% 

7.1% 

GLOBAL FALLOUT 

KYSHTYM ACCIDENT 

• OTHER SOURCES 

• CHERNOBYL ACCIDENT 

BOGATENCORO 
Sr-90:13.8 kBq/m2 

BOGATENCORO 
Cs-137: 12 6kBq/m2 

36 Ri$ø-R-588 



Karachay, IS km east of Kyshtym. This lake has 
been used for disposal of about 4 EBq Sr-90 and 
Cs-137. Dust from the lake bed was blown over a 
vast area, up to 75 km lone;. Some 20 PBq Cs-137 
and Sr-90 from the shores of Lake Karachay con
taminated about 1800 km1. This accident seems 
to explain the enhanced Cs-137 found in the en
vironmental samples analysed at Rise. 

A global perspective of the huge amounts of 
Sr-90 and Cs-137 disposed in fi h water systems 
of the southern Urals is the possibility of their 

7 Other Activities 

7.1 Deposition and Removal of 
Radioactive Substances in an 
Urban Area 

Until about S years ago, when studying off-site 
consequences of nuclear accidents by various 
groups of researchers, little or no account was 
taken of the special conditions encountered when 
the contamination reached urban areas. This was 
a remarkable oversight in view of the foci that the 
great majority of the population of Western Eur
ope live in towns. Perhaps the reason was that 
virtually no input data were available to permit 
reasonable calculations and predictions. 

The accident at Chernobyl in 1986 presented 
an opportunity to study the behaviour of radioac
tive fallout in the urban area. It appears that very 
few of the data applicable to a contaminated rural 
area are also valid for an urban area. Further
more, the distribution ,actern of fallout in an 
urban area is very dependent on whether the de
position took place in dry or wet weather. 

It was found that the degree of interception of 
the fallout varies according to the type of urban 
surface and the physico-chemical form of the 
radionuclides. Only little iodine is retained on 
hard surfaces, while the retention of cesium and 
ruthenium is very significant on these surfaces. 

In-situ measurements following wet deposition 
have shown that in the first few days after deposi
tion about 60% of the cesium are removed from 
asphalt, concrete and granite pavements by run
off and street cleaning. 

Dry deposition velocities of cesium to vertical 

transfer by the Siberian rivers to the Arctk 
Ocean. Studies of the inventories of anthropo
genic radionuclides in the oceans suggest that the 
Arctic Ocean contains significantly father levels 
of Sr-90, Cs-134, Cs-137 and Pu-239, 240 than 
expected from the known sources, notably global 
fallout, waterborne discharges from nuclear re
processing in western Europe and the Chernobyl 
accident. The surplus activity may have its origin 
in the southern Urals. (kBq : lOHlq, 
TBq : 10"Bq,PBq : 10»Bq,EBq : 10"Bq). 

walls have been found to be very low, whaeas 
they were 5-10 times greater on roads. On rough 
surfaces, such as corrugated roofs and grass, the 
deposition velocities are even higher. 

Deposition indoors depends on the furnishing 
in the room. Deposition indoors has now been 
shown to be a relatively important source of ra
diation in houses that are well-shielded by their 
walls towards radiation from the outside. 

People present in contaminated areas are shiel
ded by various obstacles. The shielding factor, 
relative to the dose rate measured one meter 
above a grassed area can range from 0.S to 10,000. 
The low figure refers to a case where trees and 
bushes are present. The highest figure should be 
used for well shielded basements. This range illu
strates the importance of using accurate shielding 
factors in dose calculations. 

The investigations have confirmed that a 
marked reduction in inhalation dose during the 
passage of a radioactive cloud can be achieved by 
remaining indoors. For modern Scandinavian 
houses, this reduction is about a factor of 3. 

Using numerical values for the various para
meters studied, it has been possible to illustrate 
how different surfaces contribute to dose rates to 
people present in an urban area. Generally, in the 
case of dry deposition, a garden with trees and 
bushes presents the main source of radiation. 
Roofs are also important, especially in an envir
onment in which small houses are prevalent. In 
the case of wet deposition, the contribution to 
dose comes mainly from the ground (garden sur
face and street surface), but roofs are also impor
tant. 
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12 The Raman Group 
The work was mainly concentrated on studies of 
the potential energy surfaces of electronic excited 
states of organic molecules. Firstly, investiga
tions of polyenes were extended into the region 
of low temperatures, to measurements of activa
tion energies of triplet decay and to cis-o^js 
pbotoisomerizaiion studies in solution. Second
ly, the photophysics of supramolecular com
pounds (crown-ethers) in solution were invest
igated. Thirdly, resonance Raman studies of 
keto- enol- enoluutomcrism in excited electronic 
states were performed. 

In connection with the first topic the colla
boration with Dr. F.W.Langkilde (Pharmaceuti
cal University, Copenhagen), Prof. G. Orlandi 
and F.Negri (Bologna, Italy) and Dr. 
A.M.Brouwer (Amsterdam, The Netherlands) 
was continittd. Molecular systems studied exper
imentally and theoretically wer*. model com
pounds of general interest such as stilbene and 
1,3,5-ncxatrienc. A Ph.D. study (S.M«ller in col
laboration with Dr. F.Duus, Roskilde Univers

ity) was continued. The second topic was pur
sued in a ioint project between CISMI, Univers
ity of Copenhagen (Prof. K. Bechgaard and 
A-M.Byraard) and Radiometer Ltd. (Dr. N.
H.Jensen). Finally, the third project was a colla
boration with the Polish Academy of Sciences. 

73 Dosimetry and Radiation 
Processing 
The calibration, measurement and consulting 
services nave increased during 1990, as a conse
quence of several factors: 
- There is an increased demand for measure

ments that are traceable to national stan
dards in connection with the requirements 
derived from the implementation of the 
ISO-9000 standards on quality assurance. 

- There is an increased use of radiation, parti
cularly for sterilizing medical equipment. 

- Several new accelerator facilities have been 
started or are under construction. 

We have applied for authorization as a High 
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Dose Reference Laboratory according to the 
CEN-45001 standard for testing laboratories. The 
plication, that is a consequence of the require

ments from customers mentioned above, has 
been sent to the Danish Institute of Fundamental 
Metrology: if approved it will give official inter
national recognition of the dosimetry work. It 
was required to write a quality manual that de
scribes the procedures followed in the dosimetry 
work, and the way in which traceability of the 
measurements is obtained. The cooperation with 
National Physical Laboratory, Teddington, UK 
under a Euromet project provides the means for 
establishing traceability for the gamma and elec
tron measurements, and during 1990 the proce
dures to be followed were developed. 

In the fall a training course in dosimetry for 
industrial electron beam users was organized. 
Nine participants from Denmark, Sweden, Belgi
um and Japan followed the 2-week course. 

Irradiation of materials on the 10 MeV elec
tron accelerator has continued to grow in spite of 
the difficulties caused by technical problems at 
the accelerator. The beam power has been re
duced to approximately 50% and the irradiations 
have therefore taken longer time, leaving less 
time for pulse radiolysis experiments. It is expec
ted that the problems will be solved in the begin
ning of 1991. 

8 Large Facilities 
10 MeV Linear Electron Accelerator 

The Risø linear accelerator was manufactured in 
1975 by Haimson Research Corp. Electrons are 
accelerated by an electromagnetic microwave 
field with a frequency of 2856 MHz. The acceler
ator is used for radiation sterilization, plastic 
modification, food treatment, radiation hardness 
testing, semiconductor modification and initiali
zation of chemical processes in kinetic investiga
tions. Products are irradiated on a conveyor belt 
with electrons striking above. Maximum product 
size is normally 80 x 60 x 30 cm3 (1 w h), but 
other sizes may be accommodated. The 
maximum height depends on the product dens
ity. 

Fig. X. The setup for radiation processing on the 10 
MeV electron accelerator. 

Pilot Plant for Met«:! Extraction 

A complete and selfcontained pilot plant was 
established at Risø in 1981 initially to handle 
metal extraction under alkaline and neutral con
ditions from a variety of ore types and minerals. 

The heart of the plant is a 1200 m long pipe 
reactor which makes possible continuous treat
ment of suspensions at 280°C and 100 bar. The 
pilot plant has since intermittently been used to 
implement our wet oxidation process on a semi-
ind'istrial scale. 

Experimental Farm 

DYSKÆRGAARD is an experimental farm with 
approximately 120 hectares of arable land. The 
expc-imental farm is partly used for field experi
ments, and partly for grain and beef production. 
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Open Top Chamber Facility 

In collaboration with the National Environ
mental Research Institute and University of Co
penhagen the Department operate a large Open 
Top Chamber facility situated at Risø. The facil
ity consists of 19 large chambers (3.S meters in 
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barley. • EMBO-workshop on Molecular basis 
of plant embryogenesis, Wageningen, Jun 15-
19,1990. 
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Nielsen, K. Identification and purification of chi-
tinase and $-l,3-glucanase from embryogenic 
cell suspensions of barley. - VII Int. Congress of 
Plant Tissue and Cell Culture, Amsterdam, Jun 
24-29,1990. 

Nielsen, K. Characterization of extracellular pro
teins from the medium of embryogenic cell sus
pensions of barley. - Glasgow University, Scot
land, Aug 27-31,1990. 

Nielsen, K., Kondrup, J., Stilling, B., Nielsen, K., 
Martinsen, L. and Jensen, E.S. Protein turnover 
measured before and after oral hyperalimnenta-
tion of malnourished patients with alcoholic li
ver cirrhosis. - ESPEN, Sep 16-19,1990. 

Nielsen, O.J., Donlon, M., Sidebottom, H. and 
Treaty, J. »Reactions of OH radicals with alkyl 
nitrates and nitroalkanes«. Eurotrac symposium 
'90 in Garmisch-Partenkirchen, Apr 2-5,1990. 

Nielsen O.J., Donlon M., Sidebottom, H. and Jack, 
T. »Reactions of OH radicals with alkyl nitrates 
and nitroalkanes«. Danish Chemical Society 
Annual Meeting, Odense, Jun 7,1990. 

Nielsen, O.J. »Gas phase reactions of OH radicals 
with organic nitrogen compounds«. Xth Pol
ish-Danish Symposium on Radiation Chemi
stry in Siedlce, Jun 23-27,1990. 

Nielsen, O.J., Donlon, M., Sidebottom, H. and 
Treaty, J. »Kinetics and mechanisms for the re
actions of hydroxyl radicals with alkyl nitrates 
and nitroalkanes«. The Xlth International 
Symposium on Gas Kinetics in Assisi, Sep 2-7, 
1990. 

Nielsen, O.J. »Determination of rate constants for 
reactions with OH radicals • a method for testn
ing HCFCs« (in Danish). Danish Center for At
mospheric Research Seminar at the University 
of Copenhagen, Oct 24,1990. 

Nielsen, T. Air pollution of PAH. Rise's and Co
penhagen Environmental Surveillance Office's 
Air Pollution Seminar. Risø National Labora
tory, May 17,1990. 

Nielsen, T. Measurements of polycyclic aromatic 
hydrocarbons (PAH). Danish Society of Envir
onmental Chemistry's Meeting on »Special air 
pollution problems at an airport«. The Institute 
of H.C. Orsted. University of Copenhagen, May 
29,1990 

Nielsen, T. Measurements and presence of nitro-
PAH. Meeting of the DCAR Atmospheric Che
mistry Working Group. Risø National Labora
tory, Aug 13,1990. 

Nielsen, T. Occurrence of polycyclic aromatic hy
drocarbons (PAH) at the international airport 
of Copenhagen. NOSA Aerosolsymposium. 
CTH, Goteborg, Nov 15-16,1990. 

Nibson, K. Mechanisms and Interaction Pheno
mena Influencing Releases in Low- and Medi
um Level Waste Disposal Systems. 8. Progress 
meeting for Task 3.1 of the Third EC Pro
gramme on Radioactive Waste Management. 
Sellafield, GB, Mar 28-30,1990. 

Pedersen, L.H. 1,3-B-D-glucansynthase activity 
and callose synthesis in barley Mlo mutants and 
mother varieties. - Bioteknologisk Center for 
Planter, Annual Meeting, Carlsberg Labora
tory, Jan 29,1990. 

Pedersen, L.H. 1,3-3-D-glucansynthase activity 
and callose synthesis in barley Mlo mutants and 
mother varieties. - 7th Congress of the Federa
tion of European Societies of Plant Physiology, 
Uraea, Aug 5-10,1990. 

Pedersen, L.H. Synthesis of callose in barley 
leaves (in Danish). - Institute for Biochemistry 
and Nutrition, Technical University, 7 Nov and 
Institute of Plant Physiology, University of Co
penhagen, Dec 12,1990. 

Pilegaard, K. 1990. Biological monitoring of hea
vy metal deposition. Seminar. National Center 
of Atmospheric Research (NCAR), Boulder, 
Colorado, Sep 27,1990. 

Pilegaard, K. 1990. Risø's Integrated Environ
mental Project (RIMI). AMS (American Me
teorology Society) Symposium, Roskilde, May 
2,1990. 

Pilegaard, K. 1990. The DCAR working group on 
effects. Yearly assembly of the Danish Centre 
for Atmospheric Research, Nov 27,90-

Rasmussen, H.N. and Rasmussen, S.K. cDNA 
cloning of a barley leaf peroxidase. - Biochemi
cal Society's 20th Annual Meeting, Ebeltoft, 
Oct 25-27,1990. 

Rasmussen, M. Genomic mildew DNA sequences 
expressed at an early suge of hyphal develop
ment. - Bioteknologisk Center for Planter, An
nual Meeting, Carlsberg Laboratory, Jan 29, 
1990. 

Rasmussen, M. Cloning of genes for an obligate 
parasite Erysiphe graminis (in Danish). - Insti
tute for Plant Biology, R<—"i Veterinary and 
Agricultural University, Copenhagen, Mar 14, 
1990. 

Rasmussen, S.K. Impact of biotechnology in agri
culture (in Danish). • Kursus for frøavlere, Den 
Classenske Agerbrugsskole, Næsgård, Feb 5, 
1990. 
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Rasmussen, S.K. Peroxidase genes in barley. - In
stitute for Plant Biology, Royal Veterinary and 
Agricultural University, Copenhagen, Feb 8, 
1990. 

Rasmussen, S.K. Expression of barley peroxidase 
genes. - Bioteknologisk Center for Planter, An
nual Meeting, Carlsberg Laboratory, Jan 29, 
1990. 

Rasmussen, S.K. Expression of barley peroxidase 
genes. - 2nd Int. Symposium Molecular and 
Physiological Aspects of Plant Peroxidase, Lu
blin, Aug 27-29,1990. 

Rasmussen, U. Chitinase in Brassica napus. - Bio
teknologisk Center for Planter, Annual Meet
ing, Carlsberg Laboratory, Jan 29,1990. 

Rasmussen, U. Immuno gold localization of anti-
genes on plasucembedded plant material (in 
Danish). - Department of Biochemistry and 
Nutrition, Technical University of Denmark, 
Copenhagen, Mar 23,1990. 

Rasmussen, U. Molecular characterization of chi
tinase and their genes from pathogen-infected 
rapeseed (Brassica napus L. ssp. deifera). - Nor
dic Ph.D. course, Physiological Plant Patho
logy, Uppsala, Sep 12-19,1990. 

Rosendahl, L Metabolic interactions between the 
legume host plant and nitrogen fixing bacter-
oids. - Australian National University, Canber
ra, Aug 2,1990. 

Roed, J. and Goddard, A.J.H. Ingress of Radioac
tive Material into Dwellings Presented at the 
Seminar on Methods and Codes for Assessing 
the off-site Consequences of Nuclear Accidents. 
May 7-11,1990.17 p. 

Roed, J. and Sandalls, J. Decontamination in an 
Urban Area. Presented at the Seminar on Me
thods and Codes for Assessing the offsite Con
sequences of Nuclear Accidents, Athens, May 
7-11,1990. 

Roed, J. The Skim and Burial Plough, USSR, Sep 
4,1990. 

Roed, J., Andersson, K. and Sandalls,J. Reclama
tion of Nuclear Contaminated Urban Area. Pre
sented at the BIOMOVS Symposium and 
Workshop on the Validity of Environmental 
Transfer Models, Stockholm, Oct. 8-12,1990. 

Skou, J.P. Inheritance of resistance to barley leaf 
stripe (in Danish). - Danish Society for Plant 
Pathology, Dec 11,1990. 

Solar, 5-, Geoff, N., Sekesud, K. and Hokman, J. 
•Pulse radiolysis of carboxypyridines in aqu
eous solutions«. Xth Polish-Danish Symposium 
oc Radiation Chemistry in Siedlce, Jun 23-27, 
1990. 

Solgaard, P. PlasmaQuad, ICP-MS (inductively 
coupled plasmamass spectrometry) for inorga
nic trace element analysis. Danish Society for 
Mass-spektrometry, May 30,1990. 

Theilade, B. Cloning and characterization of bar
ley peroxidase genes. - Bioteknologisk Center 
for Planter, Annual Meeting, Carlsberg Labora
tory, Jan 29,1990. 

Thordal-Ckrisunsen, H., Cho, R.H., Brandt, J., 
Gregersen, P.L., Rasmussen, S.K., Smedegaard, V. 
and Collinge, D.B. Cloning of sucrose synthe
tase, peroxidase and heat shock genes expressed 
amongst resistance response genes in barley in
duced by Erystphe graminis. - Fourth Intern. 
Symp. on the Molecular Genetics of Plant-Mi
crobe Interactions, Interlaken, Switzerland, Sep 
9-14,1990. 

Wilbrandt, R. »Triplet sutes of polyenes: Experi
ment and theory«, Institut de Chimie Physique 
de rUniversité de Fribourg, Oct 4,1990. 

Øhlenschlæger, M. Differences in the Ability for 
Barley and Rye-grass Varieties to Absorb Caesi
um through the Roots. Dep. of Radiology and 
Radiation Biology, Colorado State University, 
Fort Collins, May 2,1990. 
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10 Education 

10.1 Ph.D. Projects 
Anatrmp, B., 1990: »An ultraviolet resonance Ra

man intensity analysis of trans,cis,trans-1,3,5-
hexatriene« Ph.D. Thesis, The Technical Uni
versity, Lyngby. 

Christiansen, S.K., 1990: Establishment of restric
tion fragment length polymorphism (RFLP) 
analysis of the barky powdery mildew fungus 
{Erysipke graminis fsp. kordei) - Ph.D. Thesis, 
59 p., Royal Veterinary and Agricultural Uni
versity, Copenhagen. 

Kngk, KM-J 1990: Chitinases and 0-1,3-gluca-
•ases in barley (Hordaan vmlgare L.). - Ph-D. 
Tbesis, 104 p., Royal Veterinary and Agricul
tural University, Copenhai.en. 

102 At.Sc. Projects 
Betbye, L: The use of pulsed-fidd gd electro

phoresis in genome studies of Erysiphe graminis 
fsp. hordei (in Danish). - M.Sc. thesis, Royal 
Veterinary and Agricultural University, Copen
hagen, 32 p. 

Terkildsen, T. & Christensen, A.T.: Extraction of 
Caesium from soil (in Danish). The Danish En
gineering Academy, Lyngby. 

103 Contribution to Scientific 
Courses 
Dahlgaard, H., IAEA International Training 

Course: Strategies and Methodologies tor Ap
plied Marine Radioactivity Studies, Santa Tere
sa, Italy and Monaco, Three lectures on mon
itoring in the marine environment: Monitoring 
genenl. Monitoring in Scandinavia and Mon
itoring after the Thule accident. 

Jakobsen, I., VA mycorrhua and other endomy-
corrhuas - some general views, and: P acquisi
tion in non-mycorrhizal and mycorrhual 
plants. - Course arrangered by the Universities 
of Copenhagen and Lund on »Soil Microbio
logy and Fertility«, Karlslunde. 

Miller, A., International training course in radia
tion dosimetry. 

Nielsen, O.J., External examiner at a Ph.D. dis
sertation at University College Dublin. 

10.4 University Lectures 
Bernstein, D.i Teacher at experimental courses 

in biochemistry and microbiology (Biology III), 
Roskilde University Centre. 

Jensen, E.S.: Legumes: N2 fixation and residual 
value in the crop rotation (in Danish). - Lec
ture at the course Alternative arming, Royal 
Veterinary and Agricultural University, Copen
hagen, Mar 7,1990. 

Jørgensen, J.H.: Three lectures at the course: 
Plant Breeding (in Danish), Royal Veterinary 
and Agricultural University, Copenhagen. 

Linde-Laursen, I.: External tutor, Institute for 
Botany, Dendrology and Forest Genetics, Royal 
Veterinary and Agricultural University, Copen
hagen. 

Nielsen, S.P., Lectures in radioecology, Techni
cal University of Denmark. 

Roed, J, Lecture in atom physio and instru
ments, Technical University of Denmark. 
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11 Exchange of Scientists 
Anastasi, Dr. Ckriuopktr, University of York, 

England. 
Andersen, K.C., Visiting scientists at UKAEA, 

Harwell, U.K. 
Bi—mfnli, MMc. Mark, University of York, 

England. 
Aaajn, Dr. George, University of Leeds, Eng

land. 
Carton, Dr. Lent, Marine Ecology Load Uni

versity, Sweden. 
Canonist*, Dr. HiOen, Smdsvik Energiteknik 

AB, Sweden. 
Ornat, Dr. *—* H., Pusan, South Korea. 
Outzen, Dr. PauL Max-Planck Institute for Che

mistry, Mainz, Germany. 
Demlon, Michael Dublin Institute of Technology, 

Ireland. 
Getoff, Prof. Nikola, University of Vienna, Au

stria. 
Gmpu, Dr. B.L., Bhabha Atomic Research 

Centre, India. 
Han, Dr. Ed J., Port Angeks, USA. 
Jakobsen, I., Visiting srientist at School of Agri

culture, The University of Western Australia, 
Penh, until 15 Sep 1990. 

Joner, Stud.drscient. Erik, Agricultural University 
of Norway, from 5 Nov 1990. 

12 Cooperative Projects 
Radioactive tracers in the Greenland Sea. Pan of 
the inte iiational Greenland Sea Project. H. 
Dahlgaard. 

Studies on the Transport of Coastal Water from 
the English Channel to the Baltic Sea using 
Radioactive Tracers. Marine Science and Tech
nology Programme (MAST), CEC Cooperative 
prefect including Risø National Laboratory; 
Federal Maritime and Hydrographic Agency, 
Germany (Formerly DHI); Netherlands Energy 
Research Foundation; Commissariat a I'Energie 
Atomic, France; Ministry of Agriculture, Fisher
ies and Food, Lowestoft, UK. Project coordina
tor. 1990 -1993. Henning Dohl£tard, S.P. Nielsen. 

fCoomcs, Dr. Andreas, Institute of Radioisotopes, 
Budapest, Hungaria. 

Locke, MMc. Gmmtt, University College Dublin, 
Ireland. 

Mektm, Dr. Ktsher, AECL Whiteshell, Canada. 
Moréunski, Dr. Andrxej, Institute of Physical 

Chemistry, Polish Academy of Sciences, Po
land. 

Neaoyn, MMc. Rmudkri, University College Du
blin, Ireland. 

Polfkmg, Dr. Pomm, Office of Atomic Energy 
for Peace, Bankok, Thailand. 

Ratajaak, Dr. ErnaL University of Wroclaw, Po
land. 

Rosendahl L., Visiting scientist at Murdoch Uni
versity, Perth, Western Australia, until IS Sep 
1990. 

Sidebomm, Dr. Howard, Univerisity College Du
blin, Ireland. 

Sodean, Dr. John, University of East Anglia, Nor
wich, England. 

Solar, Dr. Sonja, University of Vieanna, Austria. 
WaKngton, Dr. Tm, Ford Motor Co., Dearborn, 
USA. 

OUenscMager, M., Visiting scientists at Colorado 
State University, USA. 

Fucus and Mytilus as bioindicators in monitor
ing for coastal metal and radionuclide pollution. 
Collaborator: IAEA, Monaco Laboratorium. 
Henning Dahlgaard. 

Radioecology of seminatural ecosystems (CEC). 
Cooperative project including Risø National La
boratory, (DKX Nuclear Energy Board (IR) (Co
ordination), Institute of Terrestrial Ecology, 
MerlewoM (UK), Swedish University of Agri
cultural Science, Uppsala (SX University of Thes
saloniki (GlAsherAarkrof, S.P. Nielsen. 

EC-project on Deposition in Urban Areas. Collabor
ators: UKAEA, Harwell, G5F, Munich. Jam Rad. 
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EC-project on Urban Decontamination. Colla
borators: UKAEA Harwell, Catholic University, 
Leu ven, Glasgow University. Jørn Ræd. 

EC-project on Indoor Deposition. Collaborator: Im
perial College. Jørn Ræd. 

EC-project on Weathering and Resuspension. Colla
borators: UKAEA, Colchester, GSF, Munich. 
Jørn Roed. 

EC-project on Development of Skim and Burial 
Plough. Part of RESSAC; Main Collaborator Ca-
darache France. Jørn Roed. 

NKA-project on Deposition and Removal of Radio
active Substances in an Urban Area. Collaborators: 
IFE Norway, Studsvik, Sweden. Jørn Roed. 

NKA-project on Waste Created by Clean U* of an 
Urban Area. Collaborators: Helsinki University, 
Agricultural University, Oslo, SSI Sweden. Jørn 
Roed. 

Radon in Cellars. Collaborators: Danmarks 
Teknologiske Institut. Jørn Roed. 

IAEA project on Validation of Modul Parameters 
V/MP. Jørn Roed. 

Riso's integrated environmental project (RIMI). 
Kim Pilegaard. 

EUROTRAC-TOR Tropospheric Ozone Re
search. Kim Pilegaard. 

EUROTRAC-FATE Formation of Aerosol and 
their transformation over Europe. Kim Pilegaard. 

Uptake of Nitrogen compounds by above ground 
plant parts. Collaborator: National Environ
mental Research Institute DK. Kim Pilegaard. 

Biological monitoring of heavy metals. Collabor
ator: Laboratory of Environmental Research In
stitute. Science and Education, The Technical 
University, Lyngby. Kim Pilegaard. 

EUROMET Collaboration between European 
Metrology Laboratories. Arne Miller. 

EUROTRAC - LACTOZ Laboratory Studies of 
chemistry related to tropospheric ozone. Ole John 
Nielsen. 

IAEA Coordinated Research Programme on Do
simetry for Charged Particles. Arne Miller. 

Danish Centre for Atmospheric Research 
(DCAR) - working group on atmospheric chemi
stry Kim Pilegaard & Arne Jensen. 

NATO Collaborative research grant. Denmark, 
Italy, The Netherlands. 

Evaluating the role of legume cover crops in the 
nitrogen nutrition of rubber. 1989-1993. EEC 
project under The International Scientific Coop
eration Programme. Participants, Malaysia: 
M.N. Sudin, A. Ikram, A.W. Mahmud, The Rub
ber Research Institute of Malaysia, Kuala Lum
pur. /. Jakobsen and E.S. Jensen. 

Kombineret halmnedmuldning og efterafgrøde-
dyrkning 1989-1991 (Combined straw incorpora
tion and cultivation of catch crops 1989-1991). 
Participants: Ingrid Thomsen og Bent T. Christ
ensen, Government Research Station Askov, 
Danish Research Service for Plant and Soil Sci
ence. E.S. Jensen. 

Mikrobielle processer i rodzonen i relation til 
planternes forsyning med næringsstoffer 1988-
1991 (Microbial processes in the root zone in re
lation to supply of plant? with nutrients). Partici
pants: Seven Danish research laboratories. /. Ja
kobsen and A. Johansen. 

Hyphal phosphorus uptake by VA mycorrhizas; 
comparison of different fungal species. Partici
pants: L.K. Abbott and A.D. Robson, The Uni
versity of Western Australia. I. Jakobsen. 

Exchange of metabolites across the peribacteroid 
membrane in legume root nodules 1989-1992. 
Participants. M.J. Dilworth and A.R. Glenn, 
Murdoch University, Western Australia. L. Ro
sendahl. 
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13 Guest Lectures 
Bowles, Dianna J., Biochemistry Department, 

The University of Leeds, England: »Cell sig
nalling events in plant defense responses«. 

Buxton, George, University of Leeds, England. 
»Free radical induced oxidation of sulphur(IV) 
in aqueous solution«. 

Crutzen, Paul, Max-Planck Institute for Chemi
stry, Mainz, Germany. »Human activities and 
their impact on global atmospheric chemistry 
and climate«. 

Islam, M.R., Waite Agricultural Research Insti
tute, Glen Osmond, South Australia: »Present 
status of genetics of rust resistance in flax«. 

Kunoh, Hitoshi, Mie University, Tsu City. Japan: 
»Recognition of a fungal non-pathogen iy bar
ley coleoptile cells at the prepenetration stage«. 

Kiinzel, G., Zentralinstitut fur Genetik, Gatersle-
ben, Germany: »Cytogenetic studies based on 
reciprocal translocation in barley«. 

Mordzinski, Andrzej, Institute of Physical Chemi
stry, Polish Academy of Sciences »Proton trans
fer spectroscopy of some selected molecular sys
tems«. 

Palmgren, Michael, Plantbiochemistry Depart
ment, University of Lund, Sweden: »Plasma-
membrane +-ATPase from higher plants«. 

Sodeau, John, University of East Anglia, Nor
wich, England. »Atmospheric Cryochemistry«. 

Wallington, Tim, Ford Motor Co., Dearborn, 
USA. »Atmospheric chemistry and Ford Motor 
Co.«. 

Wallington, Tim, Ford Motor Co., Dearborn, 
USA. »The atmospheric chemistry of ether fuel 
additives«. 

Warembourg, R, CNRS-CEPE, Montpellier Ce-
dex, Frankrig: »Isotopes, powerful tools for un
derstanding time dependent events occuring in 
the rhizosphere of plants«. 

Wellings, Colin R., Plant Breeding Institute, Uni
versity of Sydney, Australia: »Pathotype evolu
tion and epidemiology of stripe rust in Austra
lia«. 
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14 Committee Membership 

14.1 National 
A. Aarkrog: Danish Contact Forum for Health 

Physics. 
A. Aarkrog: Danish National Council for Oceano-

logy. 
A. Aarkrog: Danish reference group for CEC's 

MAST programme. 
A. Aarkrog: Danish reference group for CEC's 

Radiation protection programme. 
A.J. Andersen: Member of the board of Pajbjerg-

fonden. 
H. Dahlgaard: Greenland Sea Project, Danish 

working group. 
H. Doll: Center leader for Bioteknologisk Center 

for Planter. 
H. Giese: Member of SJVF; Bestyrelsen for Det 

Forstlige Forsøgsvæsen; Miljøfagligt Udvalg i 
Danmarks Naturfredningsforening. 

G. Gissel-Nielsen: Member of SJVF; ATVs Aka
demiråd; Bestyrelsen for Statens Planteavlsfor
søg; Miljøfagligt Udvalg i Danmarks Natur-
fredningsforen ing. 

B. Skytte Jensen: Member of the Lignocellulose 
commitee. 

J.H. Jørgensen: Dansk Genbanknævn; Koordi
neringsgruppen for resistens og virulens i korn 
og kornsygdomme. 

Ole John Nielsen: The National Committee for 
The International Geosphere-Biosphere Pro
gramme (IGBP).. 

T. Nielsen: Working groups on Atmospheric Re
search and Transport and Diffusion within 
Danish Center of Atmospheric Research 
(DCAR). 

K. Pilegaard: Danish Centre for Atmospheric Re
search (DCAR) Working group on effects. 
(Chairmanship). 

P. Solgaard: Dansk Standardiserings Råd. S168-
Vandundersøgelse, FaU 13. 

14.2 International 
A. Aarkrog: IAEA expertgroup on Technical Re

port on the Assessment and Control of Radio
nuclide Discharges to coastal waters. 

A. Aarkrog: IAEA CRP MARDOS (Chairman). 
A. Aarkrog: IAEA VAMP programme (Consul

tant). 

A. Aarkrog: International Union of Radioecolo-
gist (IUR) (Presidency until Oct. 1990). 

A. Aarkrog: Programme Committee for CEC-IUR 
Seminar on Comparative Assessment of the En
vironmental Impact of Radionuclide Released 
During Three Major Nuclear Accidents in 
Kyshrym, Windscale, Chernobyl (Oct. 1990). 

A. Aarkrog: CGC for CEC's Radiation Protection 
Programme. 

A. Aarkrog: Programme Committee for Symposi
um and Workshop on the Validity of Environ
mental Transfer Models (BIOMOVS) (Oct. 
1990). 

A. Aarkrog: NEA/CRESP (member of executive 
groupXOECD). 

A. Aarkrog: Reference group NKS-RAD pro
gramme. 

A. Aarkrog: Group to evaluate the Research pro
gramme on Radioactive Fallout of the Norwe
gian Agricultural Research Council. 

A. Aakrog,J. Roed: SCOPE RADPATH group. 
A. Aarkrog: Editorial Board of J. Environ. Radio

activity. 
H. Dahlgaard: Baltic Marine Env.^oiiment Pro

tection Commission, Helsinki Commission 
(HELCOM). Group of Experts on Monitoring 
of Radioactive Substances in the Baltic Sea 
(MORS). 

H. Dahlgaard: Marine Radioecology Working 
Group (MARECO), International Union of 
Radioecologists (IUR). (Working Group Lea
der). 

H. Dahlgaard: Working group on a Nordic parti
cipation in the World Ocean Circulation Ex
periment. (WOCE). 

H. Dahlgaard: Nordic Nuclear Safety Project 
(NKS), Radioecology programme (RAD) (Co
ordinator). 

H. Doll: Executive committee, 6th International 
Barley Genetics Symposium, 1991. 

K.C. Engvild: Member of Journal Committee of 
'Physiological Plantarum'. 

H. Giese: Executive committee, 6th International 
Barley Genetics Symposium, 1991. 

G. Gissel-Nielsen: OECD committee for plant/ 
soil/microbial interactions. 
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I. Jakobsen: Management committee for COST 
Action 810: The role of VA mycorrhizae in 
transformation of matter in the soil and their 
importance for plant nutrition and plant health. 

E.S. Jensen: Editorial Board of'Plant and Soil'. 
J. Jensen: International coordinator, barley chro

mosome 5; International Barley Nomenclature 
Committee. 

B. Skytte Jensen: Working Groups within the 
EEC R & D Programme Management and Stor
age of Radioactive Waste, MIRAGE, in the sub-
committés CHEMVAL, COCO, and Natural 
Analogues. Member of WP Geological Disposal 
of Radioactive Waste. The Editorial Board of 
»Waste Management«. 

J.H. Jørgensen: Editorial board of 'Euphytica'; 
International coordinator, disease and pest re
sistance genes; Working group on cereal disease 
resistance biology (Chairman), Scandinavian 
Association of Agricultural Scientists; Working 
group cereal (Chairman), Nordic Gene Bank; 
Working group barley, European Coordinated 
Programme Genetic Resources. 

H. Kunzendorf: The Editorial Board of »Marine 
Mining«. Member of the Board of the »Interna
tional Marine Minerals Society«. Member of its 
awards-committee in 1990. Member of the plan
ning group for a new Technological Center for 
Marine Minerals. Reviewer of Marine Chemi
stry, Marine Geology, Marine Mining, Miner-
alium Deposita. 

15 Seminars Organized 

Second European Workshop, »Integrated Con
trol of Cereal Mildew: Virulence Patterns and 
Their Change«, Roskilde, Denmark, 23-25 Jan 
1990 (J. Helms Jørgensen). 

I. Linde-Laursen: Organizing Committee, TRITI-
CEAE,an international symposium, 1991. 

Arne Miller: ASTM Subcommittee on Dosimetry 
for Radiation Processeing, E10.01. 

Ole John Nielsen: COST 611 Concertation Com
mittee on Physico-Chemical Behaviour of At
mospheric Pollutants. 

Ole John Nielsen: COST 611 working party 2 
Steering Committee, Atmospheric Chemical 
and Photochemical Processes. 

S.P. Nielsen: International Committee on Radio
nuclide Metrology. 

S.P. Nielsen: The Group on in-siru measure
ments (ICRU). 

T. Nielsen: Member of the Board of Nordic Socie
ty of Aerosols (NOSA). 

K. Nilsson: Third EC Programme on Radioactive 
Waste Management, Task 3.1 on: Characteriza
tion of Low- and Medium-Level Waste Forms. 

J. Roed: IAEA and EEC VAMP Project Urban 
Group (Chairman). 

J. Roed: The GRECA Group (OECD). 
J. Roed: The Fuel Cycle Safety Group (OECD). 
J. Roed: The MARIA Project (EEC). 

J.P. Skou: Section for Plant Protection (Chair
man), Scandinavian Association of Agricultural 
Scientists. 
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16 Personnel 
Head of Department 
Arne Jensen 

16.1 Scientific Staff 
Aarkrog, Asker 
Andersen, Arna J. 
Andersen, Lars (until 28.02) 
Berenstein, Dvora 
Bjergbakke, Erling 
Bjerre, Anne Belinda 
Christiansen, Solveig Krogh (from 01.04) 
Dahlgaard, Henning 
Doll, Hans 
Engvild, Kjeld C. 
Fengerjørgen 
Giese, Henriette 
Gissel-Nielsen, Gunnar 
Haahr, Vagner 
Hansen, Heinz J.M. 
Hansen, Knud Bent 
Holcman, Jerzy 
Holme, Inger (from 01.10) 
Jakobsen,Iver 
Jensen, Bror Skytte 
Jensen, Erik Steen 
Jensen, Hans Peter 
Jensen, Jens 
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17 Acronyms 
BIOMOVS: Biospheric Model Validation Study. 
CEC: Commission of European Communities. 
CGC: Management and Coordination Advisory 
Committee. 
CRESP: Coordinated Research and Environ
mental Surveillance Programme (under NEA). 
CRP: Coordinated Research Programme. 
DCAR: Danish Centre for Atmospheric Re
search. 
DIA: The Danish Engineering Academy. 
EC: European Communities. 
EEC: European Economic Communities. 
EUROTRAC: European Experiment on Trans
port and Transformation of Environmental Rele
vant Trace Constituents of Anthropogenic and 
Natural Origin. 
FATE: Formation of Aerosol and their Transfor
mation over Europe (under EUROTRAC). 
G3ECA: Group of Experts on accident Conse
quences (under NEA, OECD). 
GSF: Gesellschaft fur Strahlen- und Umweltfor-
schung. 
GSP: Greenland Sea Project. 
HELCOM: Helsinki Commission. 
IAEA: International Atomic Energy Agency. 
IBSS: Institute of Biology of the Southern Seas 
(USSR). 
ICKM: International Commitee on Radionuclide 
Metrology. 
ICRU: International Commission on Radiologi
cal Units. 
IFE: Institute for Energy Technology Norway. 
ICSU: International Council of Scientific Un
ions. 
IUR: International Union of Radioecologists. 
IVL: Swedish Environmental Research Institute. 
MARDOS: IAEA CRP on »Sources of Radioac

tivity in the Marine Environment and their Rela
tive Contributors to Overall Dose Assessment 
from Marine Radioactivity«. 
MARECO: Marine Radioecology Working 
Group (under IUR). 
MARIA: Methods for Assessing the Radiologi-
cal(Impact of Accidents. (Research programme 
under CEC). 
MAST: Marine Science and Technology Pro
gramme (under CEC). 
MORS: Group of Experts Monitoring of Radio
active Substances in the Baltic Sea. 
NEA: Nuclear Energy Agency (under OECD). 
NKA: Nordic Liason Committee for Atomic En
ergy. 
NKS: Nordic Nuclear Safety Project. 
NLVF: Norwegian Agricultural Research Coun
cil. 
OECD: Organisation for Economic Cooperation 
and Development. 
RAD: Radioecology Programme (under NKS). 
RADPATH: Biochemical Pathways of Artificial 
Radionuclides (under SCO*'E). 
RESSAC: The Consequence of a Major Nuclear 
Accident on the Surrounding Environment: Soil 
and Surface Rehabiliution (under CEC). 
RIMI: Risø Intergrated Environmental Project. 
SCOPE: Scientific Committee on Problems of 
the Environment. 
TOR: Tropospheric Ozone Research (under 
EUROTRAC). 
UKAEA: United Kingdom Atomic Energy Au
thorities. 
VAMP: Validation of Model Project (under 
IAEA). 
WOCE: World Ocean Circulation Experiment. 
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