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3. Theoretical concepts and fundamental 
considerations have been left out asfar as 	g.  
possible. 

PREFACE 

The pilot phase of the integrated monitoring 
programme (IMP) has been guided by two 
manuals (1989): the "Field and Laboratory 
Manual" and the "Manual for Input to the 
ECE/IM Data Bank". During the three year 
(1989-1991) pilot phase a number of errors, 
inconsistencies, misinterpretations etc. have 
shown the need for new manuals. At the same 
time it has been apparent that the IMP itself 
needs revision to focus on relevant problems 
and evaluations of data serving present needs 
of environmental policy. This new manual 
therefore includes a revision of both the IMP 
as well as its methodology, as it has become a 
permanent international co-operative 
programme. 

The major changes to the pilot phase and its 
manuals are: 

1. The previous two manuals have been 
"integrated" into one. 

2. The new manual describes sites divided 
into two categories with slightly different 
monitoring strategies, less strict demands 
for their choice, to facilitate a more 
comprehensive network and participation. 

4. The structure has been changed so that it 
is possible to follow consecutive steps 
within each subprogramme from siting of 
stations to sampling technique, sample 
transport and pretreatment, to 
measurement parameters, analytical 
techniques and calculation of results, to 
coding, filing and transmitting 
international data in a more flexible, but 
still standardised way. 

5. Detailed application procedures for field 
work, laboratory analysis and handling 
primary data are not included, but 
references are given to a number of such 
descriptions (when existing) from which 
good applications for local and regional 
practice can be found. 

6. Three new subprogramrrres are described 
(hydrobiology of streams and lakes and 
microbial decomposition) and the water 
subprogramme as well as the epiphyte 
subprogramme have been divided to two 
for practical data handling reasons. The 
subprogramme trees has been dropped -
parametersfor trees have been included 
in the vegetation subprogramme and a 
new subprogramme for forest damage is 
presented. Furthermore, two optional 
subprogrammes on forest and plants are 
included. 

7. The subprogranune parameters have been 
reduced to the essential number needed 
for model applications, mass balance 
calculations and bioindications. The 
reduced parameter set is obligatory (also 
for reasons of data quality assurance). 
Optional parameters (metals and organic 
compounds for irrmission analysis) have 
been omitted from the mandatory 
programme. It is recommended that 
specimen banking and bioniagnification 
research is carried out in national 
programmes on these sites and that 
results from these are reported in 
connection with annual activity reports. A 
few additional parameters which are 
required for modelling have been 
included instead. 

Spatial descriptions of area mosaics are 
reduced to map information. (which may 
be digitized for GIS). 

9. Reporting formats are reduced to simple 
sequential files and to a minimum of rigid 
coding, and the files are examplified. The 
database will be reorganised to meet the 
new format structure and storage 
requirements. 

10. Calculation formulas are given only once; 
trend and model analysis are addressed to 
be organised on a country shared basis; 
and data quality assurance procedures 
are described for different organ isational 
levels. 
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The new manual came into force 10"' 
February 1993 after• the decision of the ICP/ 
IM Task Force. 

We emphasize that the manual is a guide for 
the international level and does not meet all 
demands rising from national specific 
monitoring interests. 

Environment Data Centre 
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1 INTRODUCTION 

During the 1980s four different monitoring 
programmes started within UN/ECE Conven-
tion on Long-range Transboundary Air Pollu-
tion, all with the purpose of monitoring and 
assessing effects from air pollutants in the envi-
ronment. These International Co-operative Pro-
grammes (ICP's) were directed towards forests, 
freshwaters, crops and materials. 

In 1988 UN ECE recommended participat-
ing countries to contribute in a three year Pilot 
Programme of the so called "integrated moni-
toring" (IMP) in reference areas, preferably 
small catchments. The monitoring was initiated 
under the Convention on Long-Range Trans-
boundary Air Pollution on the request of the 
Nordic countries. Participation was voluntary, 
and no official requests could demand data 
delivery from the countries. However, the inter-
est from other countries was high. It was con-
eluded that this type of monitoring would ena-
ble both political and administrative decision-
makers as well as scientists and even initiated 
laymen to understand longterm changes in the 
environment. Special emphasis was put on di-
rect or indirect influence of air pollutants. 

Sweden was appointed as lead country and 
Finland, already talting an active part in the 
Nordic monitoring work, was suggested to take 
responsibility for data handling. An Environ-
ment Data Centre (EDC) was established in 
Helsinki, Finland. During three intensive work-
shops in 1988-1990 monitoring methods were  

agreed upon, to a large extent based on the 
suggestions already existing in the Nordic coun-
tries. These methods were described in detail in 
two manuals (Field and Laboratory Manual, 
1989; Manual for Input to the EDCIIM Data 
Bank, 1989). Other countries were recommend-
ed to start monitoring and to send data to EDC. 
Based on the reported data preliminary evalua-
tions have been performed in "Annual Synoptic 
Reports" in 1990 and 1991. 

An evaluation made by leading environmen-
tal scientists of the pilot phase was performed 
during 1991-92 as a basis for decisions about 
the future of the programme. The evaluation 
stated that IMP was a necessary and comple-
mentary monitoring programme which should 
continue as a permanent international co-oper-
ative programme. The evaluation report (1992) 
suggested several amendments to the pro-
gramme, both in its contents, structure and 
further evaluation procedures, and that there 
was a need for a revised manual. 

The Executive Body decided at a meeting in 
November 1992 on the continuation of the IMP 
under the name "International Co-operative Pro-
gramme on Integrated Monitoring of Air Pollu-
tion Effects on Ecosystems". 

References: 

Workshop on Integrated Monitoring, 23-26 June 
1987, Sweden, Workshop Report. 
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Second Workshop on Integrated Monitoring (WIM2) 
5-8 October 1988, Finland, Workshop Report. 

Workshop on Integrated Monitoring (WIM3) , Work-
shop Report Hindås 28-30 May 1990, Sweden. 

UN/ECE Programme on Integrated Monitoring of 
Air Pollution Effects on Ecosystems: Workshop on 
linking hydrochemical and biological models—their 
use for assessment and prediction (WIM4) , Work-
shop Report Aberdeen 28-31 October 1991, Scot-
land. 

Pilot Programme on Integrated Monitoring, 1 Annu-
al Synoptic Report 1990, Environment Data Centre 
1990. 

Pilot Programme on Integrated Monitoring, 2 Annu-
al Synoptic Report 1991, Environment Data Centre 
1991. 

Pilot Programme on Integrated Monitoring of Air 
Pollution Effects on Ecosystems, Evaluation of Inte-
grated Monitoring in Terrestrial Reference Areas of 
Europe and North America, Environment Data Cen-
tre 1992. 



2 PURPOSE OF THE PROGRAMME 
AND APPROACHES TO MONITORING 

2.1 OBJECTIVES OF THE 
PROGRAMME 

The main aim of integrated monitoring in the 
terrestrial environment is to determine and 
predict the state of ecosystems (or catch- 
ments) and their changes in a long-term per-
spective, with respect to the regional varia-
tion and impact of air pollutants, especially 
nitrogen, sulphur and ozone, and including 
effects on biota. 

Ecologically speaking we might say that the 
aim is to differentiate between natural ecologi-
cal variation plus succession, and anthropoge-
nic perturbations caused by air pollutants in 
natural landscapes and ecosystems. The air pol-
lutants embraced by the Convention on Long-
Range Transboundary Air Pollution should be 
specially emphasised. Hence, acidification 
through sulphur and nitrogen is given priority. 
Monitoring and evaluation of the effects of 
ozone, heavy metals, toxic organic substances 
and climatic change have also been suggested as 
parts of ICP/IM. 

The objectives are: 

1. To monitor the state of ecosystems and pro-
vide an explanation of changes in terms of 
causative environmental factors in order to 

provide a scientific basis for emission cont-
rols. 

2. To develop and validate models for the si-
mulation of ecosystem responses and use 
them; (a) in concert with survey data to make 
regional assessments, (b) to estimate respon-
ses to actual or predicted changes in pollu-
tant stress. 

The model approach is directed towards 
understanding long-term effects on biota. 
Present emphasis is on the determination of 
critical load and target load values of nitro-
gen and sulphur on terrestrial and surface 
water ecosystems. The use of undisturbed 
referance areas should make it possible to 
identify especially the net effects of long-
range transported air pollutants on ecosys-
tems and catchments. 

To carry out biomonitoring for detecting 
natural changes, in particular to assess ef-
fects of air pollutants and climate change. 

In a more long-term perspective the IM 
concept is useful among other things in moni-
toring loss of biodiversity, ecosystem effects of 
climate change and ozone depletion. 
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CONCEPTUAL FRAMEWORK FOR INFORMED POLICY DEVELOPMENT 

\ 	 Modelling 

Process 
Research 

eve o ert 	Increasing Model 
Complexity and Data 

ICP/IM 	 Requirements 

other 
Increasing 	ICP's 	Vol ali n 
Sampling 

Frequency 	Temporal 
National 	 a is 
Networks 

Spatial National 	
statistics Networks 

Multiple 
Effect 

Evaluations 

Site 
> ication 	Specific 

Prediction Increasing 
Evaluation 

Regional, Complexity 

ITernporal 
Prediction 

Empirical status at Single 

one point in time Effect 
Evaluations 

MONITORING 

Increasing 
Number 
of Sites 

ASSESSMENT 

Increasing 
Spatial 
Coverage 

MONITORING -► ASSESSMENT -► POLICY 
Figure 1. Conceptual model of the means by which rational environmental policy isdevelo ed through 
a sequence of monitoring and assessment. The ICP/IM's position in the hierarchy ofpmonitoring 
programmes is indicated. 

2.2 THE ECOSYSTEM 
MONITORING CONCEPT 

Integrated monitoring of ecosystems means 
physical, chemical and biological measurements 
over time of different ecosystem compartments 
simultaneously at the same location. In practice, 
monitoring is divided into a number of compart-
mental subprogrammes which are linked by the 
use of same parameters (cross-media flux ap-
proach) and/or same/close stations (cause-ef-
fect approach). 

Regional development of policy to regulate 
emission of anthropogenic pollutants (e.g. 
through development of critical loads) requires  

evaluation and assessment of environmental 
monitoring data (figure 1). Assessment leading 
to policy definition is linked back to monitoring 
through the development and application of 
ecosystem models. The ICP/IM falls within the 
monitoring component of this overall frame-
work, and the following discussion will focus 
on its specific position and role. 

A national or international monitoring pro-
gramme to evaluate the environmental effects 
of any anthropogenic perturbation (e.g. acidic 
deposition, toxic contaminants, climate change 
etc.) is best organised in an integrated, hierar-
chical manner (represented by the left pyramid 
i n figure 1). At the apex of the pyramid is a small 
number of intensively monitored process re- 
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search sites. Here sufficient information is col-
lected so that time-dependent models may be 
developed to predict future changes in the state 
of the ecosystem. The changes may occur in 
response to increased or decreased pollutant 
inputs. Many ECE countries operate a small 
number (1-10) of such sites. 

Beneath the apex is indicated regional moni-
toring networks, that use progressively less fre-
quent sampling at progressively more sites. The 
base of the monitoring pyramid is composed of 
national "surveys" in which sampling may oc-
cur as infrequently as once or twice per decade. 
The number of hierarchical levels presented in 
figure 1 is probably a minimum for effective 
ecosystem monitoring on an international scale. 

Within the hierarchy, the ICP/IM falls so-
mewhat below the pyramid apex, and represents 
a source of information for comparison of comp-
lex and multiple effects across climatic gradi-
ents as well as geological, ecozone, and political 
boundaries. Much of the data reported to the 
international level are time averaged (e.g. month-
ly volume-weighted runoff concentrations). 
They are very useful for validating models and 
testing "universality". Once confidence in mo-
del performance has been obtained, application 
to lower hierarchical levels produces regional 
assessment, involving either temporal or scenario 
based production. Hence, multiple hierarchical 
levels of monitoring are necessary in order to 
supply the information needed for the model 
development-validation-application process. 
The IM presents the highest level having inter-
national co-operation and therefore, it is in an 
excellent position to respond to the needs of 
international policy makers. On its own, howe-
ver, the ICP/IM can not supply policy related 
information (e.g. critical loads); for political 
decisions we also depend on the simultaneous 
existence of lower hierarchies indicating the 
regional variation. 

Two other features of the monitoring hierar-
chy should be noted. First, there should be some 
overlap between hierarchies to ensure data and 
model transferability among levels. Some ECE 
countries maintain one or more monitoring sites 
that contribute not only to process research but 
also to the ICP/IM and other ICP programmes. 
This is wise. Such sites are the primary source of 
"ground truth" for validating and/or modifying 
ecosystem assessment models. Furthermore, it 
helps to maximise the scientific return obtained  

from the large resource expenditure required to 
operate such sites. Second, there is an inherent 
assumption of the continuing existence of all 
levels of the hierarchy. Piecemeal, intermittent, 
and short-term monitoring does not provide the 
information on temporal or spatial variations 
required to distinguish natural from anthropo-
genically induced effects. Arbitrary disconti-
nuation of any given monitoring hierarchy may 
lead to collapse of the framework and an inabi-
lity to effectively perform environmental as-
sessment on either the national or international 
scales. 

2.3 MASS BALANCE 
PERFORMANCES 

One of the central IM-approaches is to mon-
itor the mass balance of major chemical com-
ponents within the site. The approach consists 
of an open-system analysis of external fluxes 
(figure 2 a). The aim is to quantify fluxes and to 
monitor the speed of changes in them. Simple 
mass balances can further be broken down into 
more complex ones for studying dose-response 
relationships (figures 2 b, c). 

INPUT 
Wet deposition 

INPUT 	 CATCHMENTJ OUTPUT 
Dry deposition 	 AREA 	 Aerosols 

OUTPUT 
Runoff 

and/or leaching to 
groundwater 

Figure 2 a. A simple model showing how nutri-
ents are added to or released from a watershed 
or terrestrial catchment area by way of the 
atmosphere and water. Model 1: Wet deposi-
tion + dry deposition + weathering = runoff + 
leaching to groundwater + accumulation. 
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Cano  cover 

Output losses 

Mass balances show the net accumulation/ 
loss of elements of the ecosystem and indicate 
of nutrient status and of possible elementary 
instabilities. Proton budgets can be derived from 
these which in turn can indicate exceedances of 
critical loads 

Leaf/needle 

content 

.........:...._....._ 

E 	'"'',' Hill 
Soil content, 

B 	Soil water 	exchange of colloids 

C 

Groundwater 
Soil horizons 

Figure 2 b. Flows within the forest ecosystem. 
Model 2: Throughfall + stemflow + litterfall = soil 
water flow + root uptake. 

Precipitation 

NWet deposition 

Dry deposition 

Accumulation 	 '~~A 
Soil water  

Weathering 	~ Groundwater 	Runoff 

V Leaching to groundwater 

Figure 2 c. The parameters of a moderately 
advanced flow model, comprising a watershed 
or other limited catchment area. Model 3: Wet 
deposition + dry deposition + weathering = 
runoff+ leaching to groundwater + accumulation 
+ output aerosols. 

2.4 MODEL APPLICATIONS 

Prediction of the future response of ecosystems 
to changes in pollutant loading and environ-
mental conditions is necessary from both a 
scientific and political viewpoint. These predic-
tions provide the only basis for the formulation 
and quantification of remedial measures. In this 
respect, mathematical simulation models which 
are capable of predicting system response under 
future pollution deposition scenarios represent 
our best tools. These models must be capable of 
describing the physical, chemical and biologi-
cal relationships observed in ecosystems. The 
degree of damage to an ecosystem can then be 
estimated provided the models are based upon 
dose-response principles. Since the output from 
a model is only as good as the input data used to 
drive it, a comprehensive monitoring programme 
to identify the system function and provide 
adequate data for model calibration is essential. 

Currently available models generally focus 
on one aspect of an ecosystem, notably atmos-
pheric deposition, soil/soil solution chemistry 
or biology. Some of such models suitable to the 
ICP/IM for scenario testing are given in figure 
3 although not all can be adequately parameter-
ised at all sites in the ICP/IM. Initially, hydro-
chemical models will be utilised as the core of 
the modelling programme within ICP/IM as 
they have already been the subject of some 
quality control and testing. These models have 
also been validated to some extent and will 
provide reliable forecasts of the future changes 
in water quality which might be expected in 
relation to anthropogenic input of N and S. 
Biological models, on the other hand, are still in 
their infancy and require further development to 
achieve the mechanistic level of the hydro-
chemical and deposition models. Terrestrial 
models, incorporating plant growth, are cur-
rently under construction and will be capable of 
predicting long-term plant and vegetation re-
sponse to changes in pollutant deposition. Aquat-
ic models are currently based on empirical rela-
tionships between species diversity and surviv-
al and physical and chemical parameters of 
water quality. Nevertheless, these models, when 
linked to predictions from hydrochemical mod-
els, provide useful prognoses of future behav-
iour. 

12 



DEPOSITION MODELS 

EMEP 
Harwell/ASAM 
North American Models 
LIK altitude/veget. modifiers (*)(E) 
Forest filtering modifiers (*)(E) 

HYDROCHEMICAL MODELS 

PROFILE (**) 
MAGIC (**) 
SOIL (*)/SOILN (*) 
SAFE (*) 

BIOLOGICAL MODELS 

Forest/Terrestrial 

Ca/Al relationships (*)(E) 
Water stress relationships (*)(E) 
NUCHEM (**) 
DAM (**) 
VEGIE (* *) 
FORVIT (*) 

HYDROLOGICAL MODELS 

Water budget models (*)(E) 
PULSE (*) 
SOIL (*) 
TOPMODEL (**) 

Aquatic 

Diversity indices (*)(E) 
PHABSIM (**) 

Figure 3. Some examples of existing and potential models. Those marked (*) are generally applicable 
to all IM sites whilst those marked (**) will only be applicable at certain sites with a comprehensive 
database. Those marked (E) are simple empirical relationships. 

There is some way to go in model develop-
ment before ozone and heavy metals are incor-
porated as driving variables into ecosystem 
models, and even the role of nitrogen is not fully 
understood. These developments must take pla-
ce outside the ICP/IM. As new models are 
developed, however, they could be widely app-
lied within the ICP/IM framework, as could all 
suitable existing models. The ICP/IM provides 
a unique database for validation and testing of 
such models, presuming complete data sets from 
the participating countries. 

The comprehensive database from a few 
sites within the ICP/IM provides a unique op-
portunity for establishing links between models 
of individual ecosystem components. This will 
provide a powerful tool for the assessment of 
ecosystem response to future environmental 
change and the conceptual framework of the  

feedbacks and linkages of such a scheme are 
demonstrated in figure 4. 

Sufficient data exists from many nominated 
ICP/IM sites to apply certain lumped models, 
for example MAGIC and SAFE. In any case 
only a small amount of additional soil informa-
tion will be required from some of the sites to 
enable application to more sites. The advantage 
of applying the same model to many sites is that 
a consistent approach can be utilised and sensi-
ble comparisons can be made. Once established, 
a model covering many sites can be used to 
evaluate emission control strategies, and long 
term changes in policy, and used to investigate 
trends in the data. It will only be possible to 
apply the more complex models e.g. PROFILE 
at sites where a more detailed database describ-
ing soil mineralogy is available. 
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Deposition Models 

Soil Models 	 j 	I Terrestrial 
(chemistry, 	 fl 	J Biology Models 
biology, water) 

Surface Water Models 	Aquatic 
(chemistry, flow) 	 J Biology Models 

Figure 4. The potential of linking models within 
the framework of the IM programme. 

The widespread coverage of sites in the ICP/ 
IM is ideally designed for the application of 
models rather than model development. This is 
supported by the benefits of the central database 
allowing commonality of approach to data ma-
nipulation and aggregation for model calibrati-
on. Model development requires specific de-
sign of sampling and experimentation and the 
task is better left to more process oriented rese-
arch programmes. The strength of the ICP/IM 
modelling effort lies in scenario assessment 
through widespread site applications and the 
development of technologies for linking mo-
dels for integrated assessment of environmental 
change utilising the integrated data sets availab-
le. 

The critical load concept utilises the conver-
se of the scenario assessment concept within the 
framework of a dose-response relationship. 
Instead of assessing the changes which might 
occur under a pollutant deposition reduction 
scenario the critical load is calculated as the 
maximum pollutant deposition which will not 
cause damage to the ecosystem, or component 
of the ecosystem, in question. In other words, 
instead of setting a dose and predicting response 
(scenario assessment) the acceptable response 
is quantified and the required dose needed to 
achieve that response is calculated (= critical 
load). 

Dynamic models are not necessary for deter-
mining critical loads. However, mechanistic 
soil chemistry models have been necessary for 
understanding the processes involved in acidifi-
cation and soil and runoff chemistry changes, 
such as weathering, ion exchange and nitrogen 
cycling. Dynamic models may be of importance 
for understanding target loads and temporal 
aspects of e.g. acidification processes. These 
models provide the theoretical representation of 
the dose-response relationship with which to 
assess the sensitivity and likely damage to an 
ecosystem. The steady state models like PRO-
FILE or simple mass balance approaches are 
sufficient for determining acidification sensiti-
vity of forest soils, lakes, streams and ground-
water. There is considerable benefit in carrying 
out these modelling exercises at a number of 
sites across a wide region, perhaps most impor-
tantly to validate the critical load mapping exer-
cises currently underway on a national scale 
across Europe. 

The ICP/IM provides an essential database 
for model validation and prediction of ecosys-
tem future response which is not available from 
other research programmes or sources, namely: 

® The internally consistent and integrated hy-
drochemical and biological database will en-
able the future interaction between global 
climate change and atmospheric acidic depo-
sition to be modelled and assessed. 

® The integrated database will provide the plat-
form for development of linked ecosystem 
models. 

® The long time series of data will enable trend 
detection and model validation at a large 
number of sites and over a wide geographical 
area. 

A number of opportunities exist at this stage 
of the ICP/IM to provide for an improved data-
base from the point of view of modelling activi-
ties: 

® Biological surveys will be emphasised and 
must be undertaken on a regular basis if the 
aim of linking models is to be achieved. 
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• The basic data for applying models will be 
determined and must be measured at each 
intensive site and any gaps in the database will 
be addressed at the beginning of the perma-
nent programme. 

• The responsibility for model applications will 
be organised informally by several groups, 
not by a single modelling centre (see chapter 
10). 

Links with other international research and 
monitoring programmes will be formalised 
and maintained. As new models and process-
es are developed and identified this co-opera-
tion will ensure that any new relevant param-
eters are incorporated into the measurement 
programmes at IM sites and into the IM data-
base. 

2.5 BIOINDICATION 

Biological indications of environmental stress 
are important to recognize because they may 
serve as an early warning of ecosystem deterio-
ration. Monitoring of biological variables makes 
it also possible to detect the cause-effect rela-
tionships within the ecosystem. One remarka-
ble advantage of the ICP/IM is the possibility to 
integrate biological variables reliably to a wide 
selection of physico-chemical variables which 
are measured simultaneously. This is necessary 
if one tries to couple biological data in ecosys-
tem modelling. 

As the evaluation report (1992) of IMP states, 
forest growth and nutritional status are the most 
important variables from the modelling point of 
view. In addition to these, a collection of a 
number of self-indicating biological variables 
is also recommended. Thus in the programme, 
a number of biological data are included which 
are not directly used in the models but can be 
used as indicators of changes. 

Some more biological variables are included 
in the optional subprogrammes (see chapter 8) 
in order to encourage the participants of the 
ICP/IM to conduct a more intensive biomoni-
toring in the areas. 

There are also biological indices that may 
suit to the framework of the ICP/IM but which 
are not found in the variable list of the pro-
gramme. The reason is that the suitability of a  

variable for long-term monitoring depends also 
on advancement of methodology, cost of equip-
ment and materials, availability of trained per-
sonnel and potential sources of funding. Still 
underdeveloped methods are one of the main 
problems when applying biological parametres 
to a monitoring system and for this reason many 
good indices can not be used. 

References: 

Guidelines for Integrated Monitoring in the Nordic 
countries, Nordic Council of Ministers, 1988. 

Pilot Programme on Integrated Monitoring, 1 and 2 
Annual Synoptic Report, 1990 and 1991. 

Dynamic models for predicting soil and water acid-
ification: Application to three catchments in Fenno-
Scandinavia, Acid Rain Research report 25/1991, 
Norwegian Institute for Water Research. 

Biological Variables for Monitoring the Effects of 
Pollution in Small Catchment Areas, A Literature 
Survey, NORD 1991:8. 

Pilot Programme of the Air Pollution Effects on the 
Ecosystems, evaluation of Integrated Monitoring in 
Terrestrial Reference Areas of Europe and North 
America, Environment Data Centre, Helsinki 1992. 
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3 PROGRAMME LEVELS AND 
CHOICE OF AREAS 

3.1 DIFFERENT PROGRAMME 
LEVELS 

Improvement of the programme involves both 
improvement of the station network and the 
programme content. In particular, Eastern Eu-
ropean countries have participated in the IMP 
with large-sized areas in Biosphere Reserves, 
originally designed for UNEP/GEMS purpos-
es. Such sites may very well fit into the ICP/IM 
programme, but with a restriction on catchment 
area. The IM-concept has been widely recog-
nised, and efforts have been made in all coun-
tries to supply the correct type of information. 
However, the time has been too short to receive 
all relevant data and to make optimal use of 
them. 

Continuation of the programme implies a 
long-term commitment for each participating 
country. A long-term commitment means that 
integrated monitoring is carried out nationally 
for more than 10 years and preferably, indefini-
tely. This obliges the countries to finance the 
monitoring. Due to its integrated nature, ICP/ 
IM is a costly programme to start and carry out, 
and reasonable ways to limit the costs must be 
sought. Regarding the network and programme 
contents, one way to do this is to accept different 
categories of sites, with slightly different strate-
gies towards models for monitoring and evalu-
ation. 

The most intensively monitored sites in-
clude areas where a complete programme ac-
cording to a mechanistic model is conducted. 
From these sites samples are collected and ob-
servations are made for many compartments in 
the ecosystem with the objective of validating 
hydrochemical, bio-geochemical and biologi-
cal cause-effect models that are important for 
policy reasons. For example, such models have 
been used for sulphur critical load determinati-
on, but this focus will change in the future to 
incorporate critical loads of nitrogen. Intense 
investigations of dose-response relationships 
between the dynamics of chemical transfer and 
effects on biota are carried out also (see figure 2 
c). These sites should be professionally run with 
the best sampling technology available. The 
number of such sites should be at least 1-2 per 
country. For some countries in transition, eco-
nomic support through bilateral financing should 
be investigated, so that every country participa-
ting in the ICP/IM has at least one of these sites. 

Biomonitoring sites have the objective to 
quantify the variation between sites concerning 
some of the more important features like in/out 
mass balance models of elements and models 
for bioindicators on a spatial basis (see figure 2 
b). The models should be specified for either a 
set of or single variables. Biomonitoring for 
detecting natural changes, effects of air pollu-
tants and climate change should be a particular 
aim on these sites. A minimum amount of infor- 
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mation from these sites do not have to meet with 
extremely strict criteria, and the countries can 
themselves choose whatever number of biomo-
nitoring sites they wish to include in the pro-
gramme hence the number can vary between 0-
20 per country. 

The subprogramme contents for the two 
main categories of sites are listed in the follo-
wing table: 

Sampling Intensive Bio-
frequency monitoring rnonito- 

ring 

6.2 Mapping X 
6.3 Inventory of birds and small rodents 3-5 y X 
6.4 Inventory of plants 5-20 y X 

7.1 Subprogramme AM :: Climate d X 
7.2 Subprogramme AC :: Air chemistry d/w X 
7.3 Subprogramme DC :: Precipitation chemistry w/m X 
7.4 Subprogramme MC :: Metal chemistry of mosses 5 y X 
7.5 Subprogramme TF :: Throughfall w/m X 
7.5 Subprogramme SF :: Stemflow w/m X 
7.6 Subprogramme SC :: Soil chemistry 5 y X 
7.7 Subprogramme SW :: Soil water chemistry in X 
7.8 Subprogramme GW :: Groundwater chemistry 2-6 m X 
7.9 Subprogramme RW :: Runoff water chemistry d/w/m X 
7.10 Subprogramme LC :: Lake water chemistry 2-6 m X 
7.11 Subprogramme FC :: Foliage chemistry y X 
7.12 Subprogramme LF 	:: Litterfall chemistry y X 
7.13 Subprogramme RB :: Hydrobiology of streams 6 m X 
7.14 Subprogramme LB :: Hydrobiology of lakes 6 m X 
7.15 Subprogramme FD :: Forest damage y X 
7.16 Subprogramme VG :: Vegetation 1-5 y X 
7.17 Subprogramme EP :: Trunk epiphytes 1-5 y X 
7.18 Subprogramme AL :: Aerial green algae 1-5 y X 
7.19 Subprogramme MB :: Microbial decomposition y X 

8.1 Optional subprogramme AR :: Forest stand inventory 5 y X 
8.2 Optional subprogramme PA :: Plant cover inventory 5 y X 

X, = either subprogramme, preferably 	Sampling intervals: 
throughfall in forested areas 

X2  = soil water flow + chemistry on sites 	d 	= 	daily 
without channelled runoff, 	 w = 	weekly 
otherwise runoff + chemistry + hydro- 	m = 	monthly 
biology of streams 	 y 	= 	yearly 

X3  = included if hydrobiology is monitored 
X4  = included if a forest cause/effect site 

X 
X 
X 

X 

X l  

X l  

X4  
X2  

Xz  
X3  

X2  
X3  
X 
X 
X 
X 
X 

17 



3.2 SITING CRITERIA 

INTENSIVE MONITORING SITES 

Monitoring should take place in a small drain-
age area, where a number of variables can be 
measured simultaneously. A small lake might 
exist inside the catchment area. However, re-
garding the central importance of models on the 
intensive monitoring sites, it is recommended to 
select catchments where the water area does not 
exceed 30 %. The existence of a lake makes 
mass balance calculations and studies of inter-
actions between deposition, soil processes and 
outflow difficult but enables the study of effects 
on the aquatic subsystem. 

The following criteria are set for intensive sites 

1. Land use within the area should be control-
lable. This normally means that the area 
should be protected in some way. 

2. A buffer zone should be present, i.e. the 
closest point pollution source should be > 50 
km away. Where the background level of 
pollutants is high, the distance to the polluti-
on source can be shorter, but the distance 
should be longer when the background level 
is low. 

3. Different habitat types as well as water cour-
ses should be present. It is, however, desirab-
le that the dominant habitat type of the area is 
characteristic for the region. 

4. The catchment area should be no less than a 
few tens of hectares and no more than a few 
square kilometers (range 10-1000 ha). 

5. The catchment area should be hydrologically 
isolated and as geologically homogenous as 
possible. 

6. It is desirable that other scientific research 
related to environmental modelling is carried 
out close to the site. 

7. The catchment must allow for input/output 
measurements. Input measurements mean that 
local meteorology and deposition is measu-
red within the catchment. Output measure-
ments mean that the runoff can be quantified 
and its chemistry analysed. The catchment 
might be defined as a subsurface catchment, 
but the output estimates to groundwater must 
be enabled by modelling soil water flow. 

BIOMONITORING SITES 

Two types of monitoring sites belong to this 
group: sites where the complete monitoring 
programme is not carried out at present and sites 
which do not fulfil the criteria set for intensive 
sites. 

Monitoring should preferably take place at a 
site with a nature of considerable value. Also the 
biomonitoring site should preferably be hydro-
logically well-defined. Otherwise it is not pos-
sible to calculate the output of elements with 
good accuracy. If management takes place within 
the site, it must be historically well-document-
ed. Monitoring sites can spread over typical and 
atypical ecosystems including non-forested sites 
of grasslands, heaths, tundra and high-alpine 
areas, and semiarid regions. Monitoring sites 
can also be spread across managed areas (forest-
ry, agriculture). 

The following criteria are set for biomonitoring 
sites: 

1. Land use should be well documented. 
2. A buffer zone should be present unless the 

monitoring allows for specific environmen-
tal stress factors (agriculture, industry, fo-
restry, tourism). This must then be specifical-
ly reported and demands annual follow-up of 
the stress magnitude (application of fertili-
zers and biocides, emissions, harvesting, 
trampling). 

3. The area might be large in extent (e.g. Biosphe-
re Reserves) but then the measurements and 
observations must be allocated to a limited 
site of notmore than a few square kilometers; 
smaller sites of plot-type nature can also be 
included. 

4. Mass balance performances are recommen-
ded through deposition/throughfall measure-
ments (for input) and soil flux measurements 
in plots (for output). 

5. Sites of biogeographic transitions should be 
preferred to facilitate faster response analysis 
of population/species reactions to possible 
climate change. 

m 



4 PROGRAMME ADMINISTRATION 

4.1 DIVISION OF TASKS 
The organisational levels of the programme are 
as follows (see also figure 5): 

• Expert institutes collect samples, carry out 
analyses, do the ion balancing and report 
primary data to the National Focal Point (NFP). 
The expert institutes must accept their prima-
ry responsibility for data quality. 

• National focal points (NFP) collect data, run 
defined models based on primary data (at 
home if possible/EDC under guidance), eva-
luate the national results and report statistics 
and conclusions to the international centre 
(EDC). 

International centre (EDC, Environment Data 
Centre) collects and stores national statistics, 
performs data quality tests prior to storage in 
the database and gives feed-back to NFP's on 
dubious data, gives guidance to NFP's for 
modelling (through an established internatio-
nal expert group), provides access for resear-
chers to the database and evaluates spatial and 
temporal differences (on a continental scale). 
EDC is responsible for the co-operation among 
the ICP's. 

• Thematic intercalibration groups carry out 
intercalibration programmes and training ses-
sions. 

• Expert panel on modelling coordinates run-
ning of models. 

• Task Force ICP/IM acts as the steering body 
of the programme, specifies the time table for 
performances and reports developments to 
UN/ECE/WGE (Working Group on Effects). 

Executive Body 
Working Group 
on Effects 

Task Force 

Expert Panel 
on Modelling 	 EDC 

National 
Focal Points 

Expert 
Institutes 

Thematic 
Intercalibration 
Groups 

Figure 5. Information and data flow within the 
ICP/IM. 
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Strengthening of the programme particular-
ly includes reporting procedures with two main 
goals: 

• to establish an international "database of ex-
cellence" open to any scientist from participa-
ting countries. This involves including histo-
rical monitoring data (time-series), where such 
exist. 

• to keep the database up-to-date in order to 
improve our ability to react to questions of 
environmental policy. 

It has been recommended that the EDC ini-
tiates an active, centralised quality assurance 
programme for all participating countries. This 
requires that countries give sufficient priority to 
the analyses of samples, so that the data is not 
too old when reported. Part of the quality assur-
ance routine for the EDC will be a periodic 
listing of data that is sent to participants with a 
request to verify that the database holdings are 
correct. This will reduce errors that may have 
occurred during data transcription or may have 
arisen from misunderstanding of file formats. 
Another part is the use of thematic subcentres 
responsible for intercalibration and validation 
of specific data (see chapter 11). 

4.2 NOMINATION OF SITES 

Choice of sites belonging to the intensive 
monitoring category should be agreed upon 
between EDC and NFP:s, since these areas 
must fulfil high demands set by the programme. 
If possible, these sites should be reference sites 
to short-term experimental research carried out 
in nearby manipulated catchments where the 
objective is to improve or develop models (e.g. 
as in ENCORE). 

Choice of sites belonging to the biomonito-
ring category need not be audited through 
the EDC. Each country may add biomonitoring 
sites by reporting (describing) them, sending 
consecutive activity reports and data to the 
EDC. 

4.3 ACTIVITY REPORTS 

National Activity Reports (NAR) are to be 
written in English on the basis of primary 
data analysis by the NFP's. These should as a 
minimum include daily or weekly resolution 
graphs on annual time-series measurements 
(temperature, precipitation, gaseous concentra-
tions, runoff etc.) and simple model analysis 
plus eventually information on additional re-
search findings in the areas (e.g. analysis of 
hazardous compounds in different compart-
ments). The national activity reports need not be 
published and may even represent extracts from 
other publications. Results from these reports 
may well strengthen the interpretation of data 
on the international level and can thus be made 
available to a larger scientific forum. 

National Annual Programme Reports 
(NAPR) are to be given by the NFP's to the 
EDC showing which subprogrammes are 
annually performed at the sites. They should 
further state when the data from the annual 
measurements are made available to the EDC. 

EDC publishes Annual Synoptic Reports 
(ASR). After a 4 year period in 1996 a new 
Programme Evaluation Report will be made. 

International Activity Reports (IAR) are 
annually produced by the Task Force to report to 
UN /ECE on the progress and central findings in 
ICP/IM. 

Additional technical documents (workshop 
reports and intercalibration exercise reports) 
will be distributed as earlier. 

4.4 DATA SUBMISSIONS 

The reporting period to EDC will be changed 
to a calendar year (January—December) ba-
sis (previously hydrological yearbasis, Novem-
ber—October) to harmonize with normalised 
national reporting and data handling proce-
dures. Data from year 1993 (January—Decem-
ber) must be reported before the end of 1994 and 
results will be audited in April 1995, etc. This 
will slow down the possibility to use fresh data 
but will compensate for better compatibility 
when data from all areas can be analysed simul-
taneously. 
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5 GENERAL DATA SPECIFICATIONS 

5.1 FILE TYPES 

INVENTORY FILES: 
column data 

1- 2 file identifier 
3- 6 area 
7- 8 institute 
9-12 date 

13-15 spatial pool 
16-23 species code 
24-25 species list 
26-32 value 
33-33 data quality flag 
34-34 abundance class 

inventory code BB/BV 
country code + area number 
2-letter code for institute 
inventory year (month = 00) 
area size used for inventory 
code (according to NCC code lists) 
code list 
in given unit, max. 3 decimals 
for BB inventories flag V possible 
for BV inventories abundance class 1 to 3 possible 

MEASUREMENT/OBSERVATION FILES: 
column data 
1- 2 subprogramme subprogramme code, file indentifier 
3- 6 area country code + area number 
7- 8 institute 2-letter code for institute 
9-11 station 3-digit code for station 

12-19 medium code codes given in each subprogramme 
20-21 medium list code list (for NCC and IM codes) 
22-25 level measurement level 
26-29 date year + month of the measurements 
30-32 spatial pool number of devices/sampling points 
33-40 parameter parameter code 
41-42 parameter list list code for parameter 
43-49 value in given unit, max. 3 decimals 
50-50 data quality flag (see use offlags) 
51-51 status flag (see use offlags) 
52-52 field method flag (see use offlags) 
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5.2 DATA TRANSFER 
FORMATS 

Data are transfered to the ECE/IM Data Bank as 
ASCII-files. The supported transfer media con-
tains MS-DOS-compatible: 

• 3.5 inch, double sided, high density diskettes 
• 3.5 inch, double sided, double density dis-

kettes 
• 5.25 inch, double sided, double density dis-

kettes 
• via Internet: KLEEMOLAS @ VYH.FI 

Inventory files and measurement/observa-
tion files are to be reported separately. When the 
diskette is sent to EDC, an additional note 
containing a list of files and the number of 
records per file should be submitted. 

5.3 USE OF FLAGS 

Four types of flags are used in the data reporting 
when necessary: data quality flag, status flag, 
field method flag and abundance class. The 
field method flag can be used in the subpro-
gramme Trunk epiphytes and the abundance 
class is used in the vegetation inventories. The 
possible codes for flags are: 

Data quality flags: 

E = Estimated from measured value 
L = Less than detection limit (given as value) 
V = Species verified but no value given (in 

vegetation inventories/trunk epiphytes) 

Status flags: 

X = Arithmetic average, mean 
W = Weighed mean 
S = Sum 
M = Mode 

Field method flags: 

A = Field method A (Line method in chapter 
7.17) 

B = Field method B (Point method in chapter 
7.17) 

C = Field method C (Visual estimate in chap-
ter 7.17) 

Species abundance classes (semiquantitative) 
(in chapter 8.2): 

1 = Insignificant, cover < 1 % 
2 = Intermidiate, cover 1-25 % 
3 = Dominant, cover > 25 % 

5.4 GIS-DATA 

All maps over the area are to be drawn in the 
same scale and on good quality paper with 
high contrast and reference coordinates to 
facilitate later scanning and editions in Desk-
Top Publishing environments. If cartographic 
data exist in digitized format it can be submitted 
if compatible or convertible to ARC/INFO. 

Additional (optional) satellite images (for 
buffer zones) should be either LANDSAT/TM-
based or SPOT-based. The images can be the-
matically interpreted for land use (e.g. using 
CORINE Land Cover classes or similar) or non-
interpreted associated with ground-true analy-
sis (co-analysis between NFP and EDC possible 
in such a case). 

References: 

CORINE Land Cover Project, Technical Guide, Part 
1, European Environment Agency, 1992. 
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6 DESCRIPTION OF AREAS 

6.I BASIC INFORMATION 

All sites 

Basic information of any IM-site should be 
given when it is entered into the monitoring 
network of the programme. The mandatory in-
formation consists of: 

• Country code (ISO alpha-2; see list) 
• Number of the area (running per country) 
• Name of the area 
• Monitoring area type (intensive site, bio-

monitoring site) 
• Geographical coordinates (northing = lat-

itude; easting = longitude, accuracy of min-
utes) 

• Maximum elevation (m.a.s.l), highest point 
• Mimimum elevation (m.a.s.l), lowest point 
• Political jurisdiction (state or province) 
• County (smallest administrative region) 
• Owner type (state, communal or private) 
• Size of the monitoring area (ha) 
• Water area (%) incl. lakes > 50 m across 
• Long-term average precipitation (mm), last 

30 year period 
• Long-term average temperature (°C), last 30 

year period 
• Snow (%), percentage estimate of precipita-

tion 
• Length of hydrological cycle (d/year) 

• Length of vegetation period (d/year), mean 
temperature > 5 °C for 5 consecutive days 

• History of forest (and year of conservation) 
• Earlier investigations 
• Anthropogenic stresses to area (e.g. siting of 

close industry or agriculture, recreation pres-
sure, pasture of reindeers or sheep etc.) 

Previous submitted descriptions need not 
be re-entered. 

Above listed information is given on the 
Area Description Formula (Annex 6). 

ISO-alpha 2 country codes for IMP: 

AT Austria 
BE Belgium 
BG Bulgaria 
BY Belarus 
CA Canada 
CH Switzerland 
CS Czech Republic 
DE Germany 
DK Denmark 
EE Estonia 
ES Spain 
FI Finland 
FR France 
GB United Kingdom 
GE Georgia 
GR Greece 
HU Hungary 
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IE Ireland 
IS Iceland 
IT Italy 
KZ Kazakstan 
LT Lithuania 
LV Latvia 
LX Luxemburg 
MD Moldavia 
NL Netherlands 
NO Norway 
PL Poland 
PO Portugal 
RO Romania 
RU Russia 
SE Sweden 
UA Ukraine 
US United States 

Only intensive sites 

Additional information, if such exist from mod-
el runs or special investigations carried out on 
the sites, should also be reported on: 

• Mean soil thickness (m) 
• Field capacity 
• Weathering rate of Ca, Mg, Na and K (eq/m3/ 

a) 
• Ion exchange coefficients 
• SO4  adsorption capacity 

- half-saturation (me/m3) 
- maximum capacity (me/m3) 

• Baseflow (%) 
• Quickflow (%) 
• Soil texture/porosity of layer 1 (%) 
• Soil texture/porosity of layer 2 (%) 
• Mineralogy (mineral %) 
• Net rate biomass uptake of NO3, NH4, Ca, Mg 

and K (me/m2/a) 

References: 

Neal, C., Robson, A., Reynolds, B. & Jenkins, A. 
1992. Prediction of future short-term stream chem-
istry — a modelling approach. Journal of Hydrology 
130. 

Sverdrup, H., deVries, W. & Henriksen, A. 1990. 
Mapping critical loads. Nord 1990:98. 

6.2 MAPPING 

(Can be excluded if the biomonitoring site is 
plot-monitored.) 

BASE MAP 

A base map of each IM-area should be produced 
in scale 1:2 000-1:10 000 on which contours, 
streams and lakes are depicted. The catchment/ 
monitoring area is outlined on the map and 
reference coordinates are marked. 

All stations (permanent plots, observation 
sites, groups of trees used for measurements 
etc.) are marked on the map (figure 6). Sta-
tions are identified by station code, institute and 
subprogramme (see chapter 5.1). The same 
station code should be used for different 
subprogrammes when the measurements are 
carried out on the same plots or close to one 
another on the same habitat. Additional infor-
mation concerning the stations should be avail-
able at NFP's upon request. 

MAPPING OF BEDROCK 

The geological structure of the area should 
be mapped. Information on the rocks should 
comprise both their geohistory and their type. A 
geological map is drawn, an example is shown 
in figure 7. 

MAPPING OF UNCONSOLIDATED DE-
POSITS 

The overburden of the areas should be 
mapped. Information of the soil should com-
prise both their geohistory and their type. A soil 
map is drawn, an example is shown in figure 8. 

MAPPING OF SOIL TYPES 

A pedological survey should be carried out 
on the area. If a permanentgrid is established for 
vegetation mapping and inventories, the same 
sampling points should be used for determining 
soil types. The classification of pedotypes 
should follow the FAO soil classification sys-
tem (level 2). An example is shown in figure 9. 
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Figure 6. Base map of area F103 Hietajärvi. 
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1 fluvial sediments, predominantly 
sandy clay with pebbles covering 4 [Holocene 

% 	,, 	k solifluction sediments, predominantly 
2 kf fkf clayey sand with stones and blocks 

covering 4 )Pleistocene) 

3 	__:__ coarse muscovitic biotitic granite 
[Proterozoicum - Carboniferous) 

coarse muscovitic biototic or biotitic 4  
orthogneiss )Upper Proterozoicum -  
Carboniferous) 

5 	 assumed Fault 

Figure 7. Geological map of area CS03 Jezeri. 

Figure 8. Map 
of unconsoli-
dated deposits 
from Storesjö 
area (SE01 
Tiveden) . 

924 	Catchment CS03, Jezeri (Chomutov, Czech Republic) 
Coordinates N 50 33 - E 13 28, area 2.67 km2 
A geological map according to V. Skyar, 1969 
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MAPPING OF VEGETATION 

podzols soils and  
podzols

, 
, sands  

gley podzols, sands 

podzolised brown soils, sands and 
sandy looms 

II podzolised brown and podzolized lessive 
soils, fine-sands and loamy fine-sands 

LII acid brown soils, looms 

® leached brown soils, looms 

■

®
pseudogleyed lessive soils, fine-sands 
and fine-sandy looms 
pseudogleyed lessive soils, fine-sands 
and fine-sandy looms 
deluvial and alluvial warp soils, looms 
and loamy fine-sands 

■ typical gleys and alluvial muck-gley soils, 
loamy 

0 water 

Figure 9. Soil type map of area PL03 Ratanica 
catchment (does not correspond to the FAO 
classes)  

References: 

FAO UNESCO 1990. Soil map of the world. Re-
vised legend, world Soil Resources Report 60, Rome 
1990. 

The borders of plant communities and forest 
stands are marked on the base map using infor-
mation from permanent plots and additional 
information obtained on the field. Maps can 
also be based entirely on a figure inventory on 
the field. For mapping of large biomonitoring 
sites satellite images can also be used. 

It is recommended, especially in the inten-
sive monitoring sites, to use surveys based on a 
systematic permanent network of plots. The 
information collected on permanent plots is 
more precise and the measurements can be 
repeated more easily. Inventory of plants (chap-
ter 6.4) also requires establishment of a system-
atic permanent network of plots. 
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OO~ plant communities 

❑
intensive plots for vegetation (V), soil (S) 
and forest damage (F) 

—o— line transect with circular survey plot for 
vegetation and soil observations and 
optional subprogrammes 

'____•\ water divide 
L 	trunk epiphyte plot 

Figure 10. Watershed area where forest stands 
and plant communities are mapped along line 
transects. Special plots for intensive monitoring 
of soil and vegetation have been allocated subjecti-
vely to the figure. 
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Development classes 

❑ open area 

❑
❑

young, developing forest stand 
diameter at breast height <8 cm) 
young, developing forest stand 
(diameter at breast height 8-15 cm) 

❑  mature forest stand 

❑ old, degenerating 
forest stand 

® forest stand with two or 
more age classes 

A permanent network of circular plots (radi-
us ca. 10 m, reduced to 5 m for vegetation 
surveys) can be established along line transects 
over the entire area. A 50,100 or 200 m distance 
between lines is recommended (see figure 10). 

MAPPING OF FOREST STANDS 

The necessary field work for both mapping of 
forest stands and plant communities should be 
carried out at the same time. It is recommended 
that the forest stand survey is based on a perma-
nent network of plots. It is also recommended 
that the measurements are carried out according 
to the optional subprogramme Forest stand in-
ventory (chapter 8. 1) and the results are report-
ed also from this subprogramme. 

Objects of the observation are dominant tree 
layers. Basal area is determined e.g. using rela-
scope. Development class and dominant height 
are estimated. The results are presented on maps, 
examples shown in figures 11 and 12. 

If management is controlled, detailed re-
cordings must be made of percent reduction of 
basal area. 

See also optional subprogramme Forest stand 
inventory (chapter 8.1). 

dominant tree species 
dominant height (m) 
basal area of living trees (m2/ha) 
development class (0-6) (see chapter 8.1) 

Figure 1 1 . Forest stand map (development class-
es) of areas F101 and F102, Valkeakotinen and 
Mustakotinen. 



®]] spruce (Picea) 

pine (Pinur) 

spruce - pine (mixed conifer) 

®ii birch (Betula) 

mixed leaf - conifer 

Figure 12. Forest stand map (dominating tree 
species) of area FIOL Valkeakotinen. 

MAPPING OF PLANT COMMUNITIES 

The necessary field work for both mapping of 
plant communities and forest stands should be 
carried out at the same time. It is recommended 
that mapping of plant communities is based on 
a permanent network of plots. It is also recom-
mended that the measurements are carried out 
according to the optional subprogramme Plant 
cover inventory (chapter 8.2) and the results are 
reported also from this subprogramme. 

It is recommended to use a classification 
generally accepted in the country, but the re-
ported classification of the plant communi-
ties should follow the one created by the EC 
CORINE Biotopes Group. After the classifica-
tion of the plant communities is completed and 
borders of the communities have been estab-
lished, a map is drawn presenting the biotopes 
of the area (figure 13). 

See also optional subprogramme Plant cover 
inventory (chapter 8.2). 

References: 

Conine Biotopes Manual. Habitats of the European 
Community. Data specifications - Parti. EUR 12587/ 
3 EN 1991. 

Habitats of the European Community - Central Eu-
rope - Northern Europe. A preliminary list. Inst. 
Royal des Sciences Naturelles de Belgique. Corine 
Biotopes team, 1991. 

Bråkenhielm, S.: Field Instruction for Vegetation 
Monitoring in the Swedish National Environmental 
Monitoring Programme (PMK) , Draft version April 
1990. 
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Acidophilus oak forests 

Small herb spruce and 
spruce-pine forests 

fflfflll 	
Beech forests 

Boreal grass spruce swamp woods 
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Boreal birch swamp woods 

Ling-crowberry-Sphangnum fuscum bogs, 
flushes, deep hollows and pools 

Boreal Eriophorum 
vaginatum-Sphagnum fens 

European fir, spruce, larch plantations 

Figure 13. Biotopes map of area SE02 Berg. 
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6.3 INVENTORY OF BIRDS 
AND SMALL RODENTS 

Several groups of animals have been used in 
environmental monitoring. For a small catch-
ment area animals with migratory habits or with 
wide ranges are less suitable. Emphasis should 
be laid on animals that breed within the area. 
Suitable groups may therefore be birds, small 
rodents and perhaps some invertebrate groups. 
Cost-effectiveness must be born in mind. Fur-
thermore knowledge of species biology must be 
good and interpretation of changes in breeding 
densities must be fairly easy to make. Breeding 
bird and small rodent censuses are therefore 
recommended. Inventories are repeated every 
3-5 years. 

RECOMMENDED METHODOLOGY 

1. Birds 

The area for bird census should be allocated in 
a representative core of the catchment area and 
should be sufficiently large to incorporate a 
statistically satisfactory sample. Itcan therefore 
slightly extend beyond the IM-area proper. 
Natural habitats should be represented in the 
inventory area in the same proportion as within 
the whole IM-area. For observations the inven-
tory area is divided into a grid with 50 x 50 ml  
meshes (so-called territory mapping method), 
each used as an inventory point. 

The observation area is visited thoroughly 
10 times during the breeding season, April-
June, and all bird observations (species, sex, 
number and behaviour) are marked on a map. 

The data are analysed by species and the 
number of pairs are calculated by the occur-
rence of territorial clusters and nests on a grid 
map. Since analysing species cluster maps re-
quires expertise, it is advantageous if one and 
the same person makes the interpretations from 
time to time. 

Observe, that if a lake occurs within the 
observation area, also species associated with 
the lake must be recorded.  

2. Rodents 

Surveys of small mammals are carried out in 
some well-distributed plots laid out in a regular 
pattern. Each plot is a 100 x 100 m2  square. 
Inventories take place twice a year: one early in 
spring before the first litter of young are old 
enough to be caught, and the other so late in the 
autumn that the last litter can be caught but 
before snow falls. 

When a survey is to be performed, 50 spring-
loaded traps are placed along a diagonal of each 
square. The traps are left out for three days, 
during which time they are checked and emp-
tied at intervals of 24 hours. The animals caught 
are counted and identified. 

VARIABLES 

Birds: 
Species density (number of pairs/ha; 2 deci-
mals) 

Rodents: 
Species density (number of trapped individuals 
per 100 trapnights/ha; 2 decimals) 

DATA REPORTING 

File identifier designates the file type, i.e area 
inventory of birds/small rodents (BB). Date 
corresponds to the inventory year with no spe-
cific month (00). Spatial pool gives the size of 
the area used for the inventory (60 ha in the 
example). The observed species are given with 
a standard abbreviation code associated with an 
organism group code, for codes see Annex 1. 
Species list is Al = birds in the example. Values 
correspond to the number of pairs/ha observed 
during the year. In the case, that a species has 
been observed, but not assessed to have formed 
breeding pairs in the area, no value is given but 
the quality flag V (= species verified but value 
not given). 
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BB FI01 HZ 8900 60 ANTH TRI A 1 0.13 
BB FI01 HZ 8900 60 APUS APU Al 0.07 
BB FIO l HZ 8900 60 BOMB GAR Al 
BB FI01 HZ 8900 60 COLU PMB Al 0,07 
BB F101 HZ 8900 60 ERIT RUB Al 1,27 
BB FI01 HZ 8900 60 FRIN COE A 1 2.70 
BB Fl01 HZ 8900 60 PHYL SIB Al 0.53 
BB FI01 HZ 8900 60 PRUN MOD Al 0.40 

References: 

Koskimies, P. & Väisänen, R.A. 1991. Monitoring 
Bird Populations. Zoological Museum, Finnish 
Museum of Natural History. 
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Note all plants on the observation point 
using abundance scale: 6.4 INVENTORY OF PLANTS 

The aim is to make an inventory of plants within 
the area. Particular attention, both in the field 
and the subsequent data analysis, should be paid 
to indicator species of ecosystem change. 

RECOMMENDED METHODOLOGY 

The inventory of plants should be done using a 
systematic permanent sample plot network over 
the entire monitoring area. The distance be-
tween sample plots should be 50, 100 or 200 m 
and the size of the plots should be ca. 100 m2. If 
a permanent network of circular plots is estab-
lished for mapping (see figure 12) this should 
also be used for this inventory. It is recommend-
ed that the inventory of plants is carried out 
according to the optional subprogramme Plant 
cover inventory (chapter 8.2). 

The inventory should coincide with the max-
imum development period of vegetative and 
reproductive organs of plants. Inventories are 
repeated every 5-20 years depending on the 
dynamics of particularly the indicator species. 

EXAMPLES: Q) 
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I = insignificant, cover < 1 % 
2 = intermediate, cover 1-25 % 
3 = dominant, cover > 25 % 

VARIABLES 

Species (number of plots/abundance class). 

DATA REPORTING 

File identifier designates the vegetation inven-
tory (BV). Date corresponds to the inventory 
year(month=00). Numberof plots (spatialpool) 
should sum up to the total number of assessment 
plots. Value corresponds to the number of plots 
for each abundance class (1, 2 or 3), the abun-
dance class is given in the abundance class field. 
Note that the sum of values for the three abun-
dance classes in many cases is lower than the 
number of total plots. In the below given exam-
ple Blueberry (VACC MYR=Voccinival myr-
tillus) is absent from 14 plots and never occurs 
as a rare species (no class I value present). 

BV FIOI EA 8900 56 CALA EPI B4 1 	1 
BV FI01 EA 8900 56 CALA EPI B4 20 	2 
BV FIOL EA 8900 56 CALA EPI B4 32 	3 
BV FI01 EA 8900 56 VACC MYR B4 7 	2 
BV FI01 EA 8900 56 VACC MYR B4 35 	3 
BV FI01 EA 8900 56 GOOD REP B4 2 	1 

References: 

Bråkenhielm, S.: Field Instruction for Vegetation 
Monitoring in the Swedish National Environmental 
Monitoring Programme (PMK) , Draft version April 
1990. 
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7 METHODOLOGY AND REPORTING 
PROCEDURES OF SUBPROGRAMMES 

7.1 SUBPROGRAMME AM :: 
CLIMATE 

Climate is the most decisive and fast shifting 
driving variable effecting ecosystem change 
and seasonality and the factor guiding external 
deposition input to the area. Meteorological 
observations are used to assess normality and 
extraordinary periodicity of climatic events and 
consequent ecosystem reactions. 

RECOMMENDED METHODOLOGY 

When selecting a place for meteorological equip-
ments WMO site requirements should be fol-
lowed as far as possible. Sometimes meteoro-
logical stations can be found quite close to IM-
sites, but they seldom reflect the climate of the 
monitored area. At least ground and soil tem-
peratures must represent the area itself. 

VARIABLES 

parameter list 

T_A 	DA temperature of air (at 1.50 
m height) (°C; 1 decimal) 

T_L 	IM temperature at ground sur- 
face (°C; 1 decimal)  

T_S 	IM temperature of soil (at 20 
cm depth) (°C; 1 decimal) 

HH_R 	DA relative humidity (%) 
SOLU 	DA insolation, UV-radiation 

(W/m21 

File identifier states the subprogramme. Desig-
nation of medium is left out. Level is given as 
the absolute height/depth of the measuring equip-
ment from the ground (cm). Spatial pool refers 
to the number of individual recording devices 
for each parameter. Values are reported as 
monthly means, status flag is X. Month is given 
as date. 
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0 9004 1 T_L IM 17.1 X 
20 9004 1 T_S IM 6.6 X 

120 9004 2 T_A DA 11.8 X 
120 9004 2 HH_R DA 48 X 

0 9005 1 TL IM 26.6 X 
20 9005 1 TS IM 18.2 X 

120 9005 2 TAM DA 18.5 X 
120 9005 2 HH R DA 49 X 

References 

Guide to meteorological instrument and observing 
practices, 4th edition, WMO No 8 TF 3, Geneva 
1971. 

Guide to climatological practices, 2°d edition, WMO 
No 100, Geneva 1983. 
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7.2 SUBPROGRAMME AC :: 
AIR CHEMISTRY 

Measurements of gases and aerosols give infor-
mation on air concentrations from which it may 
be possible to indirectly estimate the dry depo-
sition. More decisive is, however, effects of 
direct impact of noxious gases and aerosols 
interacting with the flora, for which critical 
levels need to be established by correlation 
analysis. 

RECOMMENDED METHODOLOGY 

Equipments for measuring some gaseous pol-
lutant concentrations are based on continuously 
recording detectors (e.g. O3, NO2, CO2). Gase-
ous pollutant concentrations need therefore to 
be monitored at stations where such equipment 
has been installed, for example at EMEP-sta-
tions. EMEP-stations comprise recording de-
vices described in the EMEP-manuals (1977, 
1985). Data from EMEP-stations may be 
used for IM-purposes provided that the 
EMEP-station lies no further from the area 
than the outer margin of its buffer zone (< 50 
km). 

Sulphur dioxide is recorded as daily or weekly 
values, nitrogen dioxide and carbon dioxide as 
average daily values and ozone as average hour-
ly values. In continuous recording of ozone, 
graphs should be produced for calculation of 
duration of specific value exceedances. 

Particulate sulphate (and sernivolatile com-
pounds like Hg) should be collected as weekly 
samples. 

Nitrogen compounds are collected as daily 
or weekly samples. 

Mercury is accumulated on Ag or Au sorbent 
(amalgamator) by passing ambient air through 
the sorbent (rate 1.5 litre/min for 24 h). The 
sorbent is heated and the accumulated mercury 
is transferred with nitrogen flow to a calibrated 
measuring amalgamator for analysis with cold 
vapour spectrometry. 

VARIABLES 

parameter list 

SO2S_ DA 	sulphur sulphur dioxide (µg/ 
m3; 2 decimals) 

NO2NG_ IM 	nitrogen nitrogen dioxide 
(pg/m3; 2 decimals) 

03_ DA 	ozone (µg/m3) 
CO2_ IM 	carbondioxide(pg/m3;1 de- 

cimal) 
SO4S_ DA 	sulphur sulphate (pg/m3; 1 

decimal) 
NO3N_T IM 	nitrate total [HNO. (g) + 

NO3  (p)] (pg/m3; 2 decimals) 
NH4N_T IM 	ammonium total [NH3  (g) + 

NH4  (p)] (µg/m3; 2 decimals) 
HG_ DA 	mercury (ng/m3; 2 decimals) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to the analysed frac-
tion, i.e. gaseous compound (GAS) or particu-
late compound (PART). Combined media are 
referred to as GASPART. Level is given as the 
distance of the measuring equipment from the 
ground (cm). Spatial pool gives the number of 
recording devices used for each parameter. Val-
ues are reported as monthly means, status flag is 
X. Month is given as date. 
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AC FI04 IL 022 GAS 500 9003 1 NO2NG_ IM 0.41 X 
AC FI04 IL 022 GASPART 500 9003 I NO3N_T IM 0.13 X 
AC FI04 IL 022 GAS 500 9003 I 03 NAL DA 85 X 
AC F104 IL 022 GAS 500 9003 1 SO2SFI DA 0.62 X 
AC FI04 IL 022 PARTICLE 500 9003 2 SO4S RIC DA 0.5 X 

References 

Sulphur dioxide in absorbing solution (EMEP.B. 1.1, 
1977 or West & Gaeke, 1956 in Anal.Chem. 28). 

Sulphurdioxideon impregnated filters (EMEP B.1.4, 
1977). 

Sulphur dioxide on thin filmed sorbent according to 
the West-Gaeke method (WMO/TD 178, 1987). 

Nitrogen dioxide by liquid absorption and the mod-
ified TGS-ANSA method (EMEP.B.2, 1985). 

Nitrogen dioxide absorbed in sulfanilic acid, Salz-
man method (Salzman, Anal. Chem. 26,pages 1949-
1955, 1954). 

Total nitrate on impregnated filters (EMEP 1985 
D.1). 

Total ammonium on impregnated filters (EMEP 
1985 D.1). 

Ozone by calibrated ozone monitors or via chemilu-
minescence monitors (Swedish Environmental Pro-
tection Agency, 83393). 

Particulate sulphate on Whatman 40 filter (diam. of 
25 or 47 mm) as a prefilter in collecting sulphur 
dioxide (EMEP,C.2.3. D.1.1.2 - D.1.1.3, 1977). 

Particulate sulphate on Whatman 40 filters, X-ray-
fluorescence (EMEP,C.2.3., 1977). 

EMEP-Manual for Sampling and Chemical Analy-
sis - Methods for Nitrogen Compounds, Norwegian 
Institute for Air Research 1985. 

Manual for Sampling and Chemical Analysis, Co-
operative Programme for Monitoring and Evalua-
tion of the Long Range Transmission of Air Pollut-
ants in Europe, Norwegian Institute for Air Research 
1977. 
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7.3 SUBPROGRAMME DC:: 
PRECIPITATION CHEMISTRY 

Deposition from the atmosphere forms the input 
of pollutants to the ecosystem. Deposition can 
be divided into dry deposition and wet deposi-
tion. Dry deposition can not be measured direct-
ly. It can be calculated from concentrations of 
gaseous and particulate pollutants and deposi-
tion velocities or for some components as the 
difference between throughfall and deposition 
in open field. Wet deposition can be measured 
from the precipitation. 

RECOMMENDED METHODOLOGY 

Stations for measuring deposition require an 
open glade where adjacent trees or other natural 
obstacles do not prevent rain from entering the 
collectors (figure 14 a). 

Deposition samples are collected as bulk 
deposition samples or as wet-only samples. 

Sampling equipments for bulk deposition 
are shown in (figure 14 b). Sampling bottles are 
recommended to be shielded from sunlight. In 
rain collectors a net is used in order to prevent 
insects, leaves, needles etc. from entering the 
collection bottle. The winter collector is used 
during those months when snowfall is expected. 
Collectors are placed 120 cm above ground. 

Separate samples have to be collected for 
analysing trace metals in atmospheric wet dep-
osition. All sampling and analytical vessels 
have to be submitted to special cleaning proce-
dures (including acid washing). The samples 
are to be acidified immediately in the collection 
bottles (up to 0.5 % HNO3). 

The diameter of the collector opening should 
be between 20 and 40 cm. The volume of the 
collector should be large enough to contain the 
maximum weekly precipitation amount expect-
ed at the sampling location. 

The collection efficiency of a precipitation 
gauge is, especially for snow, dependent on its 
physical shape and dimension, and its height 
above the ground. To determine the amount of 
precipitation, a standard precipitation gauge 
should therefore be used in addition to the snow 
and rain collectors. The precipitation gauge 
should comply with WMO requirements. 

The material of the funnel and the collection 
bottle should not in any way interfere with the  

sampled precipitation, the same applies to mail-
ing bottles. An example of suitable inert mate-
rial is polyethylene (NILU collectors). 

Rain and snow collectors should be equipped 
with a guard ring to avoid bird droppings. When 
using the sample for analysis of ultra-trace 
metals, metallic rings should be avoided. 

Collect the bulk samples or wet-only sam-
ples in two identical collectors at each site. 
Empty the collectors monthly or preferably 
weekly. If bulk samplers are used, parallel col-
lecting with wet-only samplers for at least a 3 
month period is strongly recommended, to show 
the effect of dust fall in the bulk samplers. 

r- 	41  
1tä  

T  

Figure 14 a. Placement of the deposition collec-
tors. 

a) 	 b) 

Figure 14 b. Collectors proposed for sampling 
deposition. 
a) Rain collector 
b) Snow collector 
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Sampling periods are, as a standard, either 
weekly or monthly. At the end of a sampling 
period the sampling bottles are replaced by 
clean bottles. The funnels should always be 
rinsed with deionized water. In the case of snow 
sampling, the collection gauge or snow sack is 
closed tightly and send to the laboratory. Alter-
natively, the snow is melted and the water is 
treated as rain samples. 

Because of the low concentrations of the 
compounds in the samples, all equipment (col-
lector, mailing bottle, funnel) should be washed 
and handled very carefully to avoid contamina-
tion. After a suitable cleaning procedure, the 
equipment is washed in deionized water (for 
trace metals use 0.5 % HNO3) and dried in a 
dustless place and stored in a plastic bag until 
use. 

To avoid sample contamination, a general 
precaution is not to touch the surfaces of the 
equipment that come in direct contact with the 
sample with bare hands. For example, use of 
plastic gloves is recommended when handling 
nets of summer collectors. 

The samples should be transported to the 
laboratory as soon as possible (preferably in 
cold boxes) and kept in a dark and cold store (4 
°C) until analysed. The transport and storage 
period should be kept at the minimum. 

ANALYTICAL TECHNIQUES 

Standard analytical techniques are to be pre-
ferred, e.g. AAS in flame (in graphite furnace 
for trace metals only) and emission spec-
trometry using the inductive coupled plasma 
(ICP) method or ICP-MS. 
S and P are either analysed with automatic 
equipment or using spectrophotometry or ion 
chromatography. 
pH is always analysed in laboratory electro-
metrically. 

(Listed heavy metals Cd, Cu, Pb, Ni, Cr, Zn 
and As need not be analysed if metal chemis-
try of mosses, i.e subprogramme MC, is an-
alysed) 

parameter list 

RR_T DA precipitation total (mm; 1 
decimal) 

PH_L25 DA pH (2 decimals) 
CTY_ DA specific conductivity (mS/ 

m; 1 decimal) 
SO4S_ DA sulphur sulphate (mg/1; 2 

decimals) 
NO3N_ DA nitrogen nitrate (mg/1; 2 de- 

cimals) 
NH4N_ DA nitrogen ammonium (mg/l; 

2 decimals) 
PO4P_ DA phosphorous phosphate (µg/ 

1; 2 decimals) 
CL_ DA chloride (mg/l; 2 decimals) 
NA_ DA sodium (mg/l; 2 decimals) 
K_ DA potassium (mg/1; 2 deci- 

mals) 
CA_ DA calcium (mg/1; 2 decimals) 
MG_ DA magnesium (mg/1; 2 deci- 

mals) 
CD_ DA cadmium (pg/1; 2 decimals) 
CU_ DA copper (pg/1; 2 decimals) 
PB_ DA lead (µg/l; 2 decimals) 
ZN_ DA zinc (µg/1; 2 decimals) 
NI_ DA nickel (µg/1; 2 decimals) 
AS_ DA arsenic (µg/l; 2 decimals) 
CR_ DA chromium (pig/i; 2 decimals) 
AL_ DA alumimium (µg/1;2 deci- 

mals) 
HG_ DA mercury (µg/1; 3 decimals) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to either bulk deposi-
tion (BULK) or wet deposition (WET) of wet-
dry deposition sampler. Level is given as the 
distance of collectors from the ground (cm). 
Spatial pool refers to number of individual 
samplers used for each parameter. Deposition 
values, except precipitation, are always report-
ed as monthly weighed means (see chapter 9), 
status flag is W, monthly samples with no sta-
tus. Precipitation is reported as monthly sum, 
status flag is S. Month is given as date. When 
reporting sulphur, values must strictly be uncor-
rected sulphur values — not sea-salt corrected 
anthropogenic sulphur! 
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EXAMPLES: 
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DC FI01 IL 019 BULK 180 9011 3 CA_NF DA 0.03 W 
DC FIOI IL 019 BULK 180 9011 3 CD_NG DA 0.04 W 
DC FI01 IL 019 BULK 180 9011 3 CL_DIC DA 0.10 W 
DC FI01 IL 019 BULK 180 9011 3 CU_NG DA 0.86 W 
DC FIOL IL 019 BULK 180 9011 3 CTY_25L DA 1.5 W 
DC FI01 IL 019 BULK 180 9011 3 K_NF DA 0.03 W 
DC FI01 IL 019 BULK 180 9011 3 MG_NF DA 0.01 W 
DC FIOI IL 019 BULK 180 9011 3 NA_NF DA 0.09 W 
DC FIOL IL 019 BULK 180 9011 1 NH4N_NS DA 0.10 
DC FI01 IL 019 BULK 180 9011 1 NO3N_DIC DA 0.31 
DC FI01 IL 019 BULK 180 901I 3 PB_NG DA 1.60 W 
DC FIOL IL 019 BULK 180 9011 3 PH_L25 DA 4.55 W 
DC FI01 IL 019 BULK 180 9011 3 RR_TV DA 68.7 S 
DC FIOL IL 019 BULK 180 9011 3 SO4S_DIC DA 0.24 W 
DC FIOL IL 019 BULK 180 9011 3 ZN_NG DA 4.40 W 
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7.4 SUBPROGRAMME MC:: 
METAL CHEMISTRY OF 
MOSSES 

Mosses are especially suitable for analysing 
heavy metal immission and retention since they 
depend solely upon atmospheric water supply. 
Mosses with stratified growing habits enable 
assessment of heavy metal deposition over the 
last 2-3 years. 

RECOMMENDED METHODOLOGY 

Sample mosses in open areas of forests or young 
plantations. The sampling place should be at 
least 5 m from the nearest tree in order not to be 
exposed to direct throughfall water. If such 
sampling places can not be found, sample in 
open heathland orpeatland, where mosses often 
can be found (and should be sampled) in the 
neighbourhood of dwarf shrubs. Avoid a cano-
py of shrubs and large-leaved herbs. Do not 
sample on rocks. 

Two moss species are preferred: Pleuroziurn 
schreberi and Hylocomium splendens. Where 
both are present priority is given to the former 
species. A sample from an area should consist of 
only one of the two species — no mixture. 

The sampling frequency for mosses is every 
5 years. 

Collect at least 3 composite moss samples. 
The most suitable collecting period is early 
summer. One composite sample should consist 
of five to ten subsamples spread around each 
sampling place. In the composite sample only 
one moss species should be represented. About 
2 litres of moss material is needed (the final dry 
weight of the cleaned material will be about 20 
g). Do not smoke during sampling. 

Place the subsamples side by side or top 
against top in large (5 dm3) paper or plastic bags 
and carefully close the bags to prevent contam-
ination during transport. Store the moss materi-
al in paper bags and dry at 40 °C as soon as 
possible. If stored in plastic bags (moist sam-
ples), the material should be moved to paper 
bags after air-drying or stored frozen until fur-
ther treatment can take place. 

Remove all dead material and attached litter 
from the samples so that only green (or brown-
ish green) shoots from the three most recent  

years are included, i.e. three fully developed 
carpet segments of Pleuroziuun schreberi (or a 
corresponding portion of Hylocomium splend-
ens), excluding the half-developed segment from 
the latest growing period. Broken individuals 
are discarded. Handle the mosses on clean lab-
oratory paper, glass shields or clean polyethene 
and avoid contamination from smoke and labo-
ratory tables. 

Dry the samples at 40 °C to a constant 
weight, which is used as a reference in the 
calculations. Carefully close and store the dried 
material not used in the analyses in an environ-
ment specimen bank for later investigations. 

Only wet ashes in closed systems are used 
during digestion of dried and homogenized 
mosses, since some metals (especially As) may 
escape when using dry aching. 

ANALYTICAL TECHNIQUES 

1-5 g of moss is boiled in conc. HNO3  or in a 
4:lmixture of conc. HNO3  and HC1O4. The 
solutions are filtered and kept in polyethylene 
bottles before analysis (AAS in flame and 
graphite furnace or ICP or neutron activation). 

VARIABLES 

parameter list 

CD_ DA cadmium (mg/kg; 1 deci- 
mal) 

CU_ DA copper (mg/kg; I decimal) 
PB_ DA lead (mg/kg) 
ZN_ DA zinc (mg/kg) 
AS_ DA arsenic (mg/kg; 1 decimal) 
NI_ DA nickel (mg/kg; 1 decimal) 
CR_ DA chromium total (mg/kg; 1 

decimal) 
FE_ DA iron (mg/kg) 

DATA REPORTING 

File identifier states the subprogramme. Station 
number is given as 999, it represents the whole 
IM-area. Designation of medium refers to ana-
lysed moss species, i.e. Pleuroziiun schreberi 
(PLEU SCH) or Hylocomiumsplendens (HYLO 
SPL), medium code list is M2 (see Annex 1). 
Sampling month is given as date. Spatial pool 
refers to the number of sampling places from 



which the composite samples are taken (5 in the 
example). 

EXAMPLES: 

E 
o n ~ 

~ 
bA 2 C 2 

7 E 4)  
cC 

 

!!! CN -- 
N 

v~ 
N 

O~ 
N N 

M 
O 
d 

rl 
--~ i 

O~ 
N O 

N 
N 
N 

- 
 rl 

O 
M 

c! 
M d' 1* Vl Vl 

MC FI04 HU 999 HYLO SPL M2 8908 5 CD_AEP DA 0.6 
MC FI04 HU 999 HYLO SPL M2 8908 5 CR_AEP DA 2.5 
MC FI04 HU 999 HYLO SPL M2 8908 5 CUAEP DA 8.4 
MC F104 HU 999 HYLO SPL M2 8908 5 FEAEP DA 227 
MC FI04 HU 999 HYLO SPL M2 8908 5 NI_AEP DA 4.2 
MC FI04 HU 999 HYLO SPL M2 8908 5 PB_AEP DA 7 
MC FI04 HU 999 HYLO SPL M2 8908 5 ZN AEP DA 31 

References: 

Atmospheric Heavy Metal Deposition in the North-
ern Europe 1990. Nord 1992:12. 
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7.5 SUBPROGRAMMES TF:: 
THROUGHFALL AND SF:: 
STEMFLOW 

In forests part of the precipitation falls through 
the canopy without being intercepted and part is 
intercepted. Together the parts are called (crown) 
throughfall. The part running down the tree 
trunk is called stemflow. Together crown 
throughfall and stemflow can be called total 
throughfall or stand precipitation. In areas of 
open land or on treeless patterns in forests, e.g. 
bogs, only bulk deposition needs to be moni-
tored. In forested areas both bulk deposition and 
stand precipitation should be analysed. 

RECOMMENDED METHODOLOGY 

1. Throughfall 

Due to considerable local variations in deposi-
tion to a forest stand, a throughfall collector 
only represents the small area in which it is 
placed. A number of collectors, usually 4-10 
per 0.1 hectare must therefore be used. Through-
fall collectors should be placed near but not on 
the permanent plots used for soil and vegetation 
monitoring. Placing of collectors should be sys-
tematic (figure 15). 

Use collectors of the same design as wet 
deposition collectors for throughfall. Place the 
collectors on a pole to avoid direct soil contam-
ination. The collector bottles are recommended 
to be shielded from sunlight and from warming. 
Funnels, bottles and buckets made of polyethyl-
ene are suitable for ordinary macrocomponent 
studies. Rinse the equipment with warm deion-
ized water before replacement. 

Separate samples have to be collected for 
analysing trace metals in atmospheric wet dep-
osition. All sampling and analytical vessels 
have to be submitted to special cleaning proce-
dure (including acid washing). The samples are 
to be acidified immediately in the collection 
bottles (up to 0.5% HNO3). 

0 
0 

0 0 0 0 0 

0 alternative 
0 

systematic placing 
0 0 0 
0 0 0 

} 10m 
0 0 0 

lOm 

soil plot 	vegetation 
* 	 plot 

40mx40m *. 

0 throughfall collector 
* stemflow collector 

Figure 15. Placing of throughfall (TF) and stem-
flow (SF) collectors in relation to the permanent 
monitoring plots. Two alternatives for the system-
atic placing are given. 

2. Stemflow 

Stemflow collectors are attached to trees of 
the predominant species growing preferably 
adjacent to the permanent plots used for soil and 
vegetation monitoring (figure 14). Some ten to 
twenty trees in one stand is required. Stemflow 
varies substantially between trees with upward 
pointing branches, i.e. deciduous trees (10-40 
% of stand precipitation) and trees with down-
ward pointing branches, e.g. spruce (< 1 % of 
stand precipitation). Pine stemflow is normally 
higher than spruce stemflow. Thus the need for 
stemflow monitoring depends largely on tree 
species composition of the stand. (If the stand 
is predominated by softwood, e.g. beech, stem-
flow must be analysed.) 

Collect stemflow with spiral- or collar-type 
collectors (figure 16). Install the collectors at 
the base of the trunks. 
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a) 	 b) 

Figure 16. Types of stemflow collectors 
a) Spiral-type collector 
b) Collar-type collector 

Throughfall and stemflow sampling periods 
are weekly or monthly. During routine stand 
precipitation monitoring, throughfall samples 
from a number of collectors may be pooled to a 
composite sample representative for a certain 
stand. It is, however, recommended that each 
collector is analysed separately, once or twice, 
so as to get a measure of variability. If stemflow 
samples are to be combined, they can only be 
pooledper tree species. Do not combine through-
fall samples with stemflow samples! 

The sample bottles should be transported to 
the laboratory as soon as possible (preferably in 
cold boxes) and kept in a dark and cold store (4 
°C) until analysed. The transport and storage 
period should be kept at the minimum. 

ANALYTICAL TECHNIQUES 

Standard analytical techniques are to be pre-
ferred, e.g. AAS in flame (in graphite furnace 
for trace metals only) and emission spec-
trometry using the inductive coupled plasma 
(ICP) method or ICP-MS. 
S and P are either analysed with automatic 
equipment or using spectrophotometry or ion 
chromatography. 
pH is always analysed in laboratory electro-
metrically. 

VARIABLES 

(Listed heavy metals Cd, Cu, Pb, Ni, Cr, Zn 
and As need not be analysed if metal chemis-
try of mosses, i.e subprogramme MC, is an-
alysed.) 

parameter list 

RR_P DA precipitation (throughfall/ 
stemflow) (mm; I decimal) 

PH_L25 DA pH (2 decimals) 
CTY_ DA specific conductivity (mS/ 

m; 1 decimal) 
SO4S_ DA sulphur sulphate (mg/l; 2 

decimals) 
NO3N_ DA nitrogen nitrate (mg/1; 2 de- 

cimals) 
NH4N_ DA nitrogen ammonium (mg/1; 

2 decimals) 
PO4P_ DA phosphorous phosphate (µg/ 

1; 2 decimals) 
CL_ DA chloride (mg/l; 2 decimals) 
NA_ DA sodium (mg/l; 2 decimals) 
K_ DA potassium (mg/l; 2 deci- 

mals) 
CA_ DA calcium (mg/1; 2 decimals) 
MG_ DA magnesium (mg/1; 2 deci- 

mals) 
CD_ DA cadmium (µg/l; 2 decimals) 
CU_ DA copper (µg/l; 2 decimals) 
PB_ DA lead (µg/l; 2 decimals) 
ZN_ DA zinc (leg/l; 2 decimals) 
NI_ DA nickel (g/l; 2 decimals) 
AS_ DA arsenic (µg/l; 2 decimals) 
CR_ DA chromium (g/l;  2 decimals) 
AL_ DA alumimium (pg/1; 2 deci- 

mals) 
HG_ DA mercury (µg/l; 3 decimals) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium for throughfall refers to the 
dominating tree species (from MCC code list 
B4) of the stand. If two species are equally 
dominant, the species reported as medium 
for throughfall is the one with the largest 
intercepting leaf area. Designation of medium 
for stemflow refers to the predominating tree 
species, on which the stemflow collectors have 
been mounted. Medium code list in the example 
is B4. Level is given as the distance of sampling 



devices from the ground (cm). Spatial pool 
refers to the number of individual samplers 
used. Values from weekly measurements are 
reported as weighed monthly means (see chap-
ter 9), status flag is W. If the throughfalUstem-
flow amount can not be adequately measured, 
the concentrations for weekly measurements 
are reported as monthly means, status flag is X. 
Monthly measurements are reported without 
status. Throughfall and stemflow amounts are 
reported as monthly sums, status flag is S. 
Sampling month is given as date. 

Codes for most common European tree species 
from NCC code list B4 (see Annex 1): 

ABLE ALB Abies alba 
ABIE NOR Abies nordmanniana 
ACER CAM Acer campestre 
ACER PLA Acer platanoides 
ACER PSE Acer pseudoplatanus 
ALNU GLU Alnus glutinosa 
ALNU INC Alnus incana 
BETU PEN Betula pendula 
BETU PUB Betula pubescens 
BE PU.TO Betula pubescens ssp.tortuosa 
CARP BET Carpinus betulus 
FAGU SYL Fagus sylvatica 
LARI DEC Larix decidua 
LARI SIB Larix sibirica 
PICE ABI Picea abies 
PI AB.OB Picea abies ssp. obovata 
PICE GLA Picea glauca 
PICE OMO Picea omorika 
PINU SYL Pinus sylvestris 
POPU BAL Populus balsamifera 
POPU NIG Populus nigra 
POPU TRA Populus tremula 
PRUN PAD Prunus padus 
QUER PET Quercus petraea 
QUER ROB Quercus robur 
TILI COR Tilia cordata 
TILI PLA Tilia platyphyllos 
ULMU GLA Ulmus glabra 
ULMU LAE Ulmus laevis 
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SF FI01 ME 025 PINU SYL B4 30 9110 5 CA_NEP DA 9.07 
SF FI01 ME 025 PINU SYL B4 30 91 10 5 CD_NEP DA 0.40 
SF FI01 ME 025 PINU SYL B4 30 91 10 5 CL_DIC DA 7.42 
SF FIOI ME 025 PINU SYL B4 30 9110 5 CU_NEP DA 8.40 
SF FI01 ME 025 PINU SYL B4 30 9110 5 CTY_25L DA 15.2 
SF FI01 ME 025 PINU SYL B4 30 9110 5 KNEP DA 14.47 
SF FI01 ME 025 PINU SYL B4 30 91 10 5 MG_NEP DA 2.24 
SF FI01 ME 025 PINU SYL B4 30 91 10 5 NA_NEP DA 3.00 
SF FIOI ME 025 PINU SYL B4 30 9110 5 NH4N_D DA 0.53 
SF FI01 ME 025 PINU SYL B4 30 91 10 5 NO3N_FIC DA 0.16 
SF FI01 ME 025 PINU SYL 134 30 91 10 5 PB_NEP DA 2.50 
SF FI01 ME 025 PINU SYL B4 30 9110 5 PH_L25 DA 3.36 
SF FI01 ME 025 PINU SYL B4 30 9110 5 RR_P DA 13.0 
SF FI01 ME 025 PINU SYL B4 30 9110 5 SO4S_DIC DA 16.24 
SF FIOI ME 025 PILAU SYL B4 30 9110 5 ZN_NEP DA 153.80 
TF FI01 ME 023 PINU SYL B4 I50 9110 16 CA_NEP DA 1.97 
TF FI01 ME 023 PINU SYL B4 150 9110 16 CD_NEP DA 0.10 
TF FI01 ME 023 PINU SYL B4 150 91 10 16 CL_DIC DA 2.51 
TF FI01 ME 023 PINU SYL B4 150 9110 16 CU_NEP DA 1.90 
TF FI01 ME 023 PINU SYL B4 150 91 10 16 CTY_25L DA 6.5 
TF FI01 ME 023 PINU SYL B4 150 9110 16 KNEP DA 5.58 
TF FI01 ME 023 PINU SYL B4 150 91 10 16 MG_NEP DA 0.54 
TF FI01 ME 023 PINU SYL B4 150 9110 16 NA NEP DA 0.83 
TF FI01 ME 023 PINU SYL B4 150 9110 16 NH4N_D DA 0.21 
TF FI01 ME 023 PINU SYL 134 150 91 10 16 NO3N_FIC DA 0.27 
TF FI01 ME 023 PINU SYL B4 150 9110 16 PB_NEP DA 4.60 
TF FI01 ME 023 PINU SYL B4 150 9110 16 PH_L25 DA 4.23 
TF FIOL ME 023 PINU SYL B4 150 91 10 16 RR_P DA 39.9 
TF FI01 ME 023 PINU SYL B4 150 91 10 16 SO4S_DIC DA 3.90 
TF FI01 ME 023 PINU SYL B4 150 91 10 16 ZN NEP DA 24.80 

References: 

Methods for Determination of Atmospheric Deposi-
tion, Preliminary Report WIM2, IVL Swedish Envi-
ronmental Research Institute 1988. 



7.6 SUBPROGRAMME SC:: 
SOIL CHEMISTRY 

Emphasis is placed on acid-base relationships 
and levels of important nutrients. These indi-
cate long-term acidification and eutrophication 
processes. 

The relationships between soil chemistry, 
water flow, and plant-root uptake are complex 
and depend e.g. on the organic content, decom-
position activity, clay content and the amount of 
exchangeable ions attached to colloidal parti-
cles. The variables are in turn affected by the 
ability of the vegetation to influence the soil 
through root uptake/exudation and litter accu-
mulation. 

RECOMMENDED METHODOLOGY 

For sampling delineate one representative soil 
plot (20 x 20 m2-40 x 40 m2), its size depending 
on the heterogeneity of the ground. This soil 
plot is allocated close to, but not coinciding 
with, the plot for vegetation studies (see fig-
ure 15). The subsampling network for soil chem-
istry (and microbial decomposition) should be 
systematic and cover the whole soil plot. It must 
also enable to keep record of places destroyed 
by sampling. An example of a soil plot is shown 
in figure 17. It is divided into 10 x 10 m2  
subplots, which are further divided into 1 x 1 m2  
subplots. For sampling use 12-24 subplots (1 x 
1 m2) , which have not been used earlier, and 
which represent the whole soil plot. In the 
example 16 subplots are used for sampling, one 
1 x 1 m2  subplot from each of the 10 x 10 ml 
plots. The next 1 x 1 m2  subplot can be used for 
microbial decomposition subprogramme. 

Soil samples for nutrient and acid-base chem-
istry are collected once every five years in 
August-September. 

Collect organic horizon samples with a steel 
humus bore/cylinder of known diameter. Record 
humus sample thickness so that bulk density can 
be estimated. 

Collect the mineral soil samples including 
most of the soil profile. The 0-5, 5-20, 20-40 cm 
(and 60-80 cm) layers should be taken, if possi-
ble. If more detailed sampling is used the values 
for the above mentioned layers should be re-
ported. Usea soil auger to minimise destruction. 
If the thickness of a sample is less than half of  

the target thickness of a layer, it is rejected. A set 
of undisturbed samples (for bulk density deter-
mination) for the same layers, as well as a 
sample of the 60-80 cm layer, are taken from a 
soil pit dug near to - but outside - the plot. It is 
also recommended that a profile description is 
made from this pit. 

(Take peat samples from depths of 0-5, 5-20 
and 20-40 cm volymetrically with a core type 
sampler, e.g. 5 x 5 cm2, 50 cm long. General 
description of the peat including humification 
degree, peat type etc. is made from a profile 
taken from one representative point near the 
plot.) 

The soil samples are kept in plastic bags in 
dark and cold (4 °C) until they can be dried. 

Sample pretreatment: Dry the samples at 
40 °C to a constant weight. Sieve the samples 
with a sieve of 2 mm mesh (4 mm for organic 
samples). Organic samples (humus layer and 
peat) should be milled into a fine powder after 
sieving. Keep the samples in dark and cool to 
await analysis. 

ANALYTICAL TECHNIQUES 

Note, that the analyses are carried out on air dry 
(40 °C) soil, but the values are reported on oven 
dry (105 °C) basis. 

Measure pH potentiometrically in suspen-
sion using the soil-solvent ratio 1:5 
(weight: weight), for organic samples 1:20 
(w:w), both for water extraction (distilled 
H2O) and salt extraction (0.01M CaC12, 1 M 
KCl or 0.1 M BaC12). Alternatively volume 
based ratio 1:5 can be used for both mineral 
and organic soils alike. Shake for 2 hours and 
let settle before reading the pH value. Indi-
cate the extraction used in the parameter code 
when the data is reported. 
Exchangeable titratable acidity (H + Al): 
Shake 25 g of mineral soil (10 g of mor) with 
100 ml of lM KCl for 2 hours. A 50 ml 
amount of filtrate is titrated with 0.02M NaOH 
until a solution containing phenolphtalein 
develops a week red colouring or until a pH 
of 8.2 is reached. For calculation of exchange-
able titrable acidity (ACI_ET) see chapter 9. 
Exchangeable cations Na, K, Ca, Mg and Al: 
Shake 2 g of soil with 20 ml of 0.lM BaCl2for 
2 hours. Centrifuge and retain the superna-
tant solution for analysis. Exchangeable cat- 
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Figure 17. Outline of a 40 x 40 m2  soil plot with 
division into smaller units for sampling within 10 
x 10 m2  subplots. progress of soil sampling positions 



VARIABLES 

Values are reported on oven dry (105 °C) 
basis. 

parameter list 

PH_EW20 DA 

PH_EC20 IM 

PH_EK20 DA 

ACI_ET DA 

AL_E 
	

DA 

NA_E 
	

DA 

K_E 
	

DA 

CA_E 
	

DA 

MG_E DA 

BASA_ DA 

ACI_ETB DA 

CEC _E IM 

CEC_P 
	li►~ii 

CD_ 

CU_ DA 
PB_ DA 
ZN_ DA 
AS DA 
NI DA 
CR DA 

FE 
HG 

STOT 
PTOT 

NTOT 
COR T 

BDEN 

pH at 20 °C (water extracti-
on; 2 decimals) 
pH at 20 °C (CaC12 extracti-
on; 2 decimals) 
pH at 20 °C (KC1 extracti-
on; 2 decimals) 
exchangeable titratable aci-
dity (me/kg) 
aluminium exchangeable 
(me/kg) 
sodium exchangeable 
(me/kg; 2 decimals) 
potassium exchangeable 
(me/kg; 2 decimals) 
calcium exchangeable 
(me/kg; 2 decimals) 
magnesium exchangeable 
(me/kg; 2 decimals) 
base saturation (%; 1 deci-
mal) 
total exchangeable acidity 
(me/kg) 
cation exchange capacity 
effective (me/kg) 
cation exchange capacity 
potential (me/kg) 
cadmium (mg/leg; 1 deci-
mal) 
copper (mg/kg; 1 decimal) 
lead (mg/kg) 
zinc (mg/kg) 
arsenic (mg/kg; 1 decimal) 
nickel (mg/kg; 1 decimal) 
chromium total (mg/kg; I 
decimal) 
iron (mg/kg) 
mercury (mg/kg; 3 deci-
mals) 
sulphur total (mg/kg) 
phosphorous total (mg/kg; 
2 decimals) 
nitrogen total (mg/kg) 
total organic carbon 
(mg/kg) 
bulk density (kg/m3) IM 

ions are preferably analysed with either AAS 
in flame or by emission spectrometry using 
the inductive coupled-plasma (ICP) method. 
For calculation of base saturation and cation 
exchange capacities see chapter 9. 
Total exchangeable acidity: 
The sample (10 g of mineral soil/2 g of mor) 
is extracted with 100 ml of buffer solution 
(0.25M BaC12 + 0.2M triethanolamine) by 
shaking for 1 hour, followed by percolation 
of sample on filter by 100 ml of replacement 
solution (0.25M BaCl2 mixed with buffer 
solution in ratio 1:2500). The filtrate is titrat-
ed with 0.2M HCl to an endpoint of green to 
purple with bromocresol green plus a mixed 
indicator. Blank solutions are titrated to the 
same endpoint. For calculation of total ex-
changeable acidity (ACI_ETB) see chapter 
9. 
Metals: 
For metal determination on mineral soils; 
extract 5 g of mineral soil with 50 ml 2M 
HNO3 2 hours on boiling water bath, dilute to 
100 ml and filter. Digest organic soils by 
heating with small amounts of cone. HNO3 + 
HC1O4 (4: 1), dilute to volume (weight: volume 
1:50) and filter (note explosion danger). 
Analyse metals with AAS in flame or graph-
ite furnace or by ICP. 
Total S: 
Digestion by heating with small amounts of 
cone. HNO. + HC1O4 (4:1), dilute to volume 
(weight:volume 1:4 for mineral, 1:10 for 
organic soils) and filter (note explosion dan-
ger), use various methods of sulphate analy-
sis or ICP. Total S can also be determined by 
automated SO7-titration procedure (LECO). 
Total P: 
Digestion by heating with small amounts of 
cone. HNO3 + HC1O4 (4: 1), dilute to volume 
(weight:volume 1:4 for mineral, 1:10 for 
organic soils) and filter (note explosion dan-
ger). Determine colourimetrically or by ICP. 
Total N: 
Determine using automated methods or Kjell-
dahl methods. 
Total organic C: 
Combustion to CO2 by heating to 900 °C, use 
various methods of CO2 detection by auto-
mated procedures. Correct by subtracting 
carbonate-C, if necessary. 

m 



DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium for soil chemistry refers to 
soil type according to FAO classification. 
Level is given as the lower limit of soil sample 
from the interface between humus and mineral 
soil. E.g. level for a 8 cm thick humus layer is 
-8, for mineral soil sample between 0-5 cm 
from the ground level is 5, the mineral layer 
sample between 5-20 cm from the ground level 
is 20 etc. Spatial pool refers to the number of 
individual samples taken for pooled analysis. 
Sampling month is given as date. For calcula-
tion of soil chemistry parameters see chapter 9. 

Soil type codes from the FAO classification: 

OH Organic topsoil 
FAO class!) 

AC Acrisols 
AL Alisols 
AN Andosols 
AT Anthrosols 
AR Arenosols 
CL Calcisols 
CM Cambisols 
CH Chernozems 
FE Ferralsols 
FL Fluvisols 
GL Gleysols 
GR Greyzems 
GY Gypsisols 
HS Histosols 
KS Kastanozems 
LP Leptosols 
LX Lixisols 
LV Luvisols 
NT Nitisols 
PH Phaeozems 
PL Planosols 
PT Plinthosols 
PZ Podzols 
PD Podzoluvisols 
RG Regosols 
SC Solonchaks 
SN Solonetz 
VR Vertisols 

horizon/humus (not a 

References: 

Methods of Soil Chemistry in Integrated Monitor-
ing, Preliminary Report WIM2, Swedish Environ-
mental Protection Board 1988. 

FAO UNESCO 1990. Soil map of the world. Re-
vised legend, World Soil Resources Report 60, Rome 
1990. 

ICP Forests, Flemish soil experts group: Manual on 
methodologies and criteria for harmonized samp-
ling, assesment, monitoring and analysis of the ef-
fects of air pollution on forests for the large scale 
representative survey and assesment and for the 
intensive study of forest soils on permanent plots, 
Brussel, Nov. 1991. 

ISO Standards: 

ISO/CD /10381: Soil quality — Sampling 
ISO/ 11464: Soil quality — Preparation of samples for 
physico-chemical analysis 
ISO/10390: Soil quality — Determination of pH 
ISO/11260: Soil quality — Determination of CEC 
and base saturation 
ISO/11465: Soil quality — Determination of dry 
matter and water content on a mass basis-gravimetric 
method 
ISO/11261: Soil quality — Determination of total 
nitrogen — Kjeldahl method using TiO2  as catalyst 
ISO/11263:Soil quality — Determination of phos-
phorous 
ISO/ 11272: Soil quality — Determination of dry bulk 
density 
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EXAMPLES: 
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Sc FI0l ME 004 OH -8 8907 56 ACI_ET DA 52 
SC FIOI ME 004 OH -8 8907 56 ACI_ETB DA 990 
SC FI01 ME 004 OH -8 8907 56 AL_EKT DA 10 
Sc FI01 ME 004 OH -8 8907 56 BASA_ DA 83.0 
SC FI01 ME 004 OH -8 8907 56 BDEN_ IM 140 
Sc FI01 ME 004 OH -8 8907 56 CA_EAF DA 200.00 
SC FIOI ME 004 OH -8 8907 56 CEC_E DA 307 
SC FI01 ME 004 OH -8 8907 56 CEC_P DA 1245 
Sc FI01 ME 004 OH -8 8907 56 CD_AEP DA 0.52 
SC FI01 ME 004 OH -8 8907 56 COR_T DA 49200 
Sc FIOI ME 004 OH -8 8907 56 CU_AEP DA 6.60 
Sc FI01 ME 004 OH -8 8907 56 I{_EAF DA 17.22 
Sc FI01 ME 004 OH -8 8907 56 MG_EAF DA 36.58 
SC FI01 ME 004 OH -8 8907 56 NA_EAE DA 1.14 
Sc FI01 ME 004 OH -8 8907 56 NTOT_NL DA 1310 
Sc FI01 ME 004 OH -8 8907 56 PB_AEP DA 33.60 
Sc FI01 ME 004 OH -8 8907 56 PH_EK20 DA 2.93 
Sc FI01 ME 004 OH -8 8907 56 PH_EW20 DA 3.84 
SC FI01 ME 004 OH -8 8907 56 PTOT_AEP DA 597.06 
SC Flo I ME 004 OH -8 8907 56 STOT_AL DA 0.18 
Sc FI01 ME 004 OH -8 8907 56 ZN_AEP DA 33.10 
SC FIOI ME 004 PZ 5 8907 64 ACI_ET DA 27 
Sc FI01 ME 004 PZ 5 8907 64 ACI_ETB DA 148 
SC FI01 ME 004 PZ 5 8907 64 AL_EKT DA 23 
SC FI01 ME 004 PZ 5 8907 64 BASA DA 34.8 
SC FI01 ME 004 PZ 5 8907 64 BDEN_ IM 958 
Sc FI01 ME 004 PZ 5 8907 64 CA_EAF DA 10.90 
Sc FI01 ME 004 PZ 5 8907 64 CEC_E DA 41 
SC FI01 ME 004 PZ 5 8907 64 CEC_P DA 162 
SC FIOL ME 004 PZ 5 8907 64 CD_AEP DA 0.97 
SC FI01 ME 004 PZ 5 8907 64 COR_T DA 3.40 
Sc FI01 ME 004 PZ 5 8907 64 CU_AEP DA 5.40 
Sc FI01 ME 004 PZ 5 8907 64 K_EAF DA 1.05 
SC FIoI ME 004 PZ 5 8907 64 MG_EAF DA 2.07 
SC FI0l ME 004 PZ 5 8907 64 NA_EAE DA 0.25 
SC FI01 ME 004 PZ 5 8907 64 NTOT NL DA 130 
SC FI01 ME 004 PZ 5 8907 64 PB_AEP DA 9.50 
SC FI01 ME 004 PZ 5 8907 64 PH_EK20 DA 3.42 
SC FI01 ME 004 PZ 5 8907 64 PH_EW20 DA 4.12 
SC FI01 ME 004 PZ 5 8907 64 PTOT AEP DA 86.08 
SC FI01 ME 004 PZ 5 8907 64 STOT_AL DA 20 
SC FI01 ME 004 PZ 5 8907 64 ZN AEP DA I1.00 
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7.7 SUBPROGRAMME SW:: 
SOIL WATER CHEMISTRY 

Percolation of acid waters through the soil dis-
solves minerals and induces weathering and 
releases basecations to nutrient uptake, seepage 
to deeper layers, outflow to rivers, lakes and 
groundwater. Soil water chemistry is one of the 
most essential subprogrammes for understand-
ing geohydrochemical interaction with biolog-
ical/microbiological effects. 

RECOMMENDED METHODOLOGY 

A randomized pattern should be used for the 
allocation of lysimeters for soil water chemis-
try, although local difficulties (stones, low yield 
of water) may make a more subjective alloca-
tion necessary. Soil watersampling and through-
fall should be associated in the same general 
area of the catchment. Six lysimeters are main-
tained in each of the monitored soil layers. 

Soil water is sampled monthly with a suction 
cup sampler (lysimeter). Cup samplers can be 
applied in a variety of forms, with the porous 
material placed in the bottom, the sides or all 
around. The open end is usually attached to a 
non-porous tubing, through which vacuum is 
applied and water is sampled. At present porous 
cups of different materials must be accepted 
(teflon, porcellain, sintered glass). Fine-porous 
(I µm) ceramic samplers should be avoided 
(affecting i.a. phosphate, heavy metals and hu-
mic substances). 

Install the small suction cup lysimeters in the 
upper soil layer (eluvial horizon ca. -20 cm) and 
below the root zone (B-horizon of podzols ca. 
-40 cm). Installations are made in such a way 
that the disturbances are minimised, e.g. by 
using a soil auger. Ensure good contact with the 
lysimeter and the soil by pouring a slurry made 
of local soil material and distilled water into the 
hole. 

Apply a continous suction of 0.3-0.6 bars 
over a period of 18 hours to two week depending 
on the type of lysimeter cups. Suction lysime-
ters coupled to large vacuum vessels (2 litres) 
are able to maintain such a suction without 
additional pumping. Maintenance of the vacu-
um depends on whether the pores of the cup dry 
out letting air pass in. Therefore, pore size is  

important-the smaller the pores, the more diffi-
cult it is for the cup to dry out. In areas with 
snow accumulation, samples are usually not 
collected during the snow-period. 

Assess the spatial variability of the chemical 
composition in collected soil water samples in 
campaigns of short duration, in which 15-25 
lysimeters in each soil horizon are installed and 
sampled. This is important for comparing the 
relatively few (6) regular lysimeters with the 
average soil solution of the lysimeter area. 

Replace lysimeters if air leakage occurs. 
New lysimeters start new time series, not con-
tinuing the ones from abandoned lysimeters. 
The risk of increased weathering of ceramic 
lysimeters after some years may also be a reason 
for replacements. 

Soil water flow estimates can be obtained by 
hydrological models. For annual budgets any 
simple soil water deficit model is appropriate. 

Use acid-washed collection vessels and re-
place them each time the sample is collected. 

Soil water samples are filtered (membrane 
filter 0.40-0.45 pm) and stored in acid washed 
polyethylene bottles placed inside a plastic bag 
and transported to the laboratory (preferably in 
cold boxes). A subsample for NO3  and dis-
solved carbon should be conserved with HgC12. 

Conserve samples for metal determinations 
with ICP by adding 0.5 ml conc. HNO3  suprapur 
quality / 100 ml sample. The sample bottles are 
kept in a dark and cold store (4 °C) until the 
analysed. The transport and storage period should 
be kept at the minimum. 

ANALYTICAL TECHNIQUES 

Alkalinity must be determined using the Gran-
plot method. 

o Standard analytical techniques are to be pre-
ferred, e.g. AAS in flame (in graphite furnace 
for metals) and emission spectrometry using 
the inductive coupled plasma (ICP) method 
or ICP-MS. 

• S, P and C are either analysed with automatic 
equipment or using spectrophotometry or ion 
chromatography. 

e Labile Al requires chelation/extraction (ox-
ine/MIBK) before analysis or labile Al may 
be analysed using the pyrocatecholviolet 
method with flow injection analysis (FIA). 

0 pH is always analysed in laboratory electro-
metrically. 
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VARIABLES 

parameter list 

SO4S_ 	DA sulphur sulphate (mg/I; 1 
decimal) 

NO3N_ 	DA nitrogen nitrate (mg/1; 2 de- 
cimals) 

NH4N_ 	DA nitrogen ammonium (mg/1; 
2 decimals) 

CA_ 	DA calcium (mg/1; 1 decimal) 
NA_ 	DA sodium (mg/l; I decimal) 
K_ 	DA potassium (mg/l; l decimal) 
MG_ 	DA magnesium (mg/l; 1 deci- 

mal) 
CL_ 	DA chloride (mg/l; 1 decimal) 
PTOT_ 	DA phosphorous total (µg/l; 1 

decimal) 
CORD 	DA dissolved organic carbon 

(µg/l; 1 decimal) 
AL_T 	DA aluminium total (µg/1; 1 de- 

cimal) 
AL_L 	DA aluminium labile (µg/l; 1 

decimal) 
MN_ 	DA manganese (µg/l;1 decimal) 
FE_ 	DA iron (µg/1; 1 decimal) 
SI02_ 	DA silica (mg/l; 1 decimal) 
PH_L25 	DA pH of liquids (2 decimals) 
CTY_ 	DA specific conductivity (mS/ 

m; 1 decimal) 
ALK_NTG DA alkalinity (mg/1; 1 decimal) 
Q_ 	DA soil water flow, note unit (1/ 

(s x km') 
SMS_ 	IM soil moisture saturation (m3/ 

m3  ) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to the type of soil coded 
according to the FAO soil classification (see 
chapter 7.6). Level designates the depth of the 
opening of lysimeters from the ground level 
(cm). Spatial pool refers to the number of indi-
vidual lysimeters used for discrete soil levels. If 
the soil water flow can be measured and the 
sampling is done more than once a month, the 
chemical component values should be given as 
weighed means (see chapter 9), status flag is W. 
Monthly values are reported without status. Soil 
water flow is reported as a monthly mean. 
Sampling month is given as date. 
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EXAMPLES: 

b) 
p 

cV 	~O 

^ 	M 

I-) 
Y 

c 
Co 

N 

o 

— 

Q~ 

E 
'O 

o\ 

1 

. å~ 
in 	> 

- 	n 
N 

i 	I 
O 	N 
N 	N 

a; 
cd 

N 
O 
N 

o 
a' 
;~ 

N M 
I 

O 
M 

o 
~ 
0 
E 
cl 
cC 

o 
r 
I 

M 
M 

N 
I 

d 

r 

N 

iC 

C~ 
i 

SW FIOL ME 028 PZ 10 8910 6 CA_NEP DA 3.2 
SW FIOL ME 028 PZ 10 8910 6 CL_NEP DA 4.2 
SW FI01 ME 028 PZ 10 8910 6 CTY_25L DA 7.0 
SW FI01 ME 028 PZ 10 8910 6 FE_NEP DA 0.0 
SW FIOI ME 028 PZ 10 8910 6 K_NEP DA 6.0 
SW FI01 ME 028 PZ 10 8910 6 MG_NEP DA 1.0 
SW FIOL ME 028 PZ 10 8910 6 MN_NEP DA 194.0 
SW FI01 ME 028 PZ 10 8910 6 NA_NEP DA 0,8 
SW FIOI ME 028 PZ 10 8910 6 NH4N_D DA 0.00 
SW FIOL ME 028 PZ 10 8910 6 NO3NFIC DA 0.00 
SW FI01 ME 028 PZ 10 8910 6 PTOT_NEP DA 0.0 
SW FIOI ME 028 PZ 10 8910 6 SI02_NEP DA 6.3 
SW FI01 ME 028 PZ 10 8910 6 SO4S_DIC DA 4.7 
SW FIOI ME 028 PZ 30 8910 7 CL NEP DA 2.1 
SW FI01 ME 028 PZ 30 8910 7 CTY_25L DA 6.6 
SW FI01 ME 028 PZ 30 8910 7 FE_NEP DA 1203.0 
SW FIOL ME 028 PZ 30 8910 7 I<_NEP DA 12.6 
SW FIOI ME 028 PZ 30 8910 7 MG_NEP DA 14.5 
SW FIOL ME 028 PZ 30 8910 7 MN_NEP DA 1543.0 
SW FIOL ME 028 PZ 30 8910 7 NA_NEP DA 1.2 
SW FI01 ME 028 PZ 30 8910 7 NH4N_D DA 0.01 
SW FI01 ME 028 PZ 30 8910 7 NO3N_FIC DA 0.00 
SW FIOI ME 028 PZ 30 8910 7 PTOT_NEP DA 52.0 
SW FI01 ME 028 PZ 30 8910 7 SIO2 NEP DA 13.2 
SW FI01 ME 028 PZ 30 8910 7 SO4S DIC DA 3.6 

References: 

Monitoring of Soil Water Chemistry and Ion Fluxes 
in Forests, Preliminary Rep.WIM2, Technical Uni-
versity of Denmark 1988. 
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7.8 SUBPROGRAMME GW:: 
GROUNDWATER CHEMISTRY 

Groundwater is one of the output media for 
elements in the ecosystem. Groundwater may 
lie deep in the aquifer or more surficially. Mon-
itoring groundwater chemistry is highly de-
pendent on the definition of the hydrological 
area. It can take place in groundwater outflows 
to the surface in wells or springs. It may also be 
monitored in tubes and bore holes which have 
been set to penetrate the soil mass. 

RECOMMENDED METHODOLOGY 

Allocate groundwater sampling to the ground-
water discharge parts of the catchment (figure 
18) where wells or seepage to surface occur. For 
good monitoring an additional line of ground-
water tubes should be established covering both 
the recharge and discharge sections; this line 
should run perpendicular to slope contours (fig-
ures 18 and 19). 

spring or groundwater tube 

section of 
groundwater tubes 

Figure 18. Siting proposal for groundwater mon-
itoring within a catchment. 

A simple sampling equipment, used for reg-
ular monitoring of the chemical composition of 
groundwater is shown in figure 20. The equip-
ment is adapted for use in areas where no 
electricity is available, and where the sampling 
points are far from roads. A hollow, cylindrical 
body, made of grey PVC plastics is designed to 
be brought through the sampling tube, down 
below the groundwater surface. It is equipped 

Figure 19. Illustration of a slope with positions for 
sampling tubes and lysimeters. 

with a weight embedded in the bottom. Water 
can pass through holes in the cylinder walls. An 
uncoloured silicon tube is connected to the top 
of the cylinder. These parts are kept in a protec-
tion tube of grey PVC during transportation. 
The protection tube is filled with deionized 
water, which is exchanged between the sam-
pling occasions. The silicon tube is connected to 
a longer plastic tube, which is connected to a 
normally cut 2-litre pyrex bottle, equipped with 
a polyethylene plug. The plug has two outlets, 
one for the sampler and one for the air pump, 
which essentially is a converted cycle pump 
with a clack-valve. When the pump is used, a 
vacuum is created and groundwater is sucked 
into the pyrex bottle without making contact 
with the surroundings. When the polyethylene 
plug is not in use, it is placed in an extra 
collecting vessel. 

If the groundwater is on such a deep level 
that it is impossible to suck up, drenchable 
pumps must be used. If metal parts of the pump 
get in direct contact with the sampling water, 
there is a definite risk of contamination. 

A weakness of the described sampling equip-
ment is the unavoidable CO2-escape. 

Water pumped up from a tube in the soil is 
always more or less clouded by clay particles. 
Filtering the sample is necessary considering 
the following acid preservation. If clay particles 
are present when acid is added, metals associat-
ed to it are released or metals in the groundwater 
may adsorb to negatively charged clay particles. 

Dissolved elements are defined as passing a 
0.40-0.45 pm membrane filter. Note that also 
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Figure 20. A simple equipment for groundwater 
sampling. 

colloids, hydroxides and minute clay particles 
may pass through. The filtering equipment 
should be made of teflon, polyethylene, poly-
propene, perspex or polycarbonate which all are 
washable in strong acids. Filters should be 
cleaned in 0.05 M HNO3  solution and rinsed in 
cleanest possible deionized or distilled water. 
Filtering by use of plastic syringes is the best 
method of filtering groundwater samples. 

Ground water sampling should be made 2-6 
times a year, preferably more frequently in 
spring during the snowmelt period. 

1. Sampling in wells or springs 

If the sampling point is a well, the water is 
turned in a natural way and no turnover pump-
ing is necessary. It is, however, of great value to 
the interpretation of the analysis results if they 
can be related to either the well flow or to the 
groundwater level in some up-stream observa-
tion tube. Sample the water which is going to be 
filtered directly from the well into the syringe. 
Avoid the surface film which may be of differ-
ent chemical composition than the rest of the 
water. The filtering is carried out as above. The 
water for analysis of primary constituents is 

sampled by filling the sample bottle directly 
from the well. It is difficult to fill in very shallow 
wells. The bottle can then be filled using the 
syringe (without filter). 

2. Tube or bore hole sampling 

If the sampling point consists of a tube or bore 
hole the following procedure applies: 

Establish the groundwater level by plumb-
ing. The plumbs should be embedded in plas-
tics, but this is not entirely necessary during 
water turnover. Note the groundwater level. 
Calculate the enclosed water volume. 

Pump for turnover. If the sample should 
represent the groundwater closest to the sieve of 
the sampling tube, the enclosed volume is turned 
1.5-2 times. By keeping the end of the flexible 
tube immediately below the groundwater sur-
face in the sampling tube, the further presence 
of "stagnant water" in the sampling tube is 
prevented. If the sample should represent a 
larger portion of the aquifer, the water is turned 
many more times. 

When fresh water has reappeared, the actual 
sampling can begin. Put on disposable plastic 
gloves. Pump some water into the collection 
vessel and rinse it out. Avoid touching the 
bottom with the flexible tube, since the water in 
that case will become more clouded. If possible, 
fill the collecting vessel with pumped-up water. 
Lift the ground-in plastic plug and put in on the 
extra collecting vessel to ensure that it is not 
contaminated. 

Rinse the (generally 250 ml) plastic bottle, 
intended mainly for anion samples, with water 
from the collecting vessel. Fill the bottle care-
fully to the brim and screw on the lid to ensure 
that as few air bubbles as possible are left in the 
bottle. 

The samples are transported to the laboratory as 
soon as possible (preferably in cold boxes). 
Conserve samples for metal determinations with 
ICP by adding 0.5 ml cone. HNO3  suprapur 
quality / 100 ml sample. The sample bottles are 
kept in a dark and cold store (4 °C) until ana-
lysed. The time-lag between sampling and anal-
ysis should be as short as possible, especially for 
the most sensitive constituents like alkalinity 
(max. < 1 day). 
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ANALYTICAL TECHNIQUES 

• Alkalinity must be determined using the Gran-
plot method. 

• Standard analytical techniques are to be pre-
ferred, e.g. AAS in flame (in graphite furnace 
for metals) and emission spectrometry using 
the inductive coupled plasma (ICP) method 
or ICP-MS. 

• S, P and C are either analysed with automatic 
equipment or using spectrophotometry or ion 
chromatography. 

• Labile Al requires chelation/extraction (ox-
ine/MIBK) before analysis or labile Al may 
be analysed using the pyrocatecholviolet 
method with flow injection analysis (FIA). 

• pH is always analysed in laboratory electro-
metrically. 

VARIABLES 

parameter list 

SO4S_D DA 	sulphur sulphate dissolved 
(mg/l; 1 decimal) 

NO3N_D DA 	nitrogen nitrate dissolved 
(mg/l; 2 decimals) 

NH4N_D DA 	nitrogen ammonium dissol- 
ved (ing/l; 2 decimals) 

CA_D DA 	calcium dissolved (mg/l; 1 
decimal) 

NA_D DA 	sodium dissolved (mg/l; 1 
decimal) 

K_D DA 	potassium dissolved (mg/l; 
2 decimals) 

MG_D DA 	magnesium dissolved 
(mg/l; 2 decimals) 

CL_D DA 	chloride dissolved (mg/l; 1 
decimal) 

PTOT_D DA 	phosphorous total dissolved 
(µg/1; 1 decimal) 

CORD DA 	dissolved organic carbon 
(µg/l; 1 decimal) 

AL_T DA 	aluminium total (µg/l; 1 de- 
cimal) 

AL_L DA 	aluminium labile (µg/l; 1 
decimal) 

MN_D DA 	manganese dissolved (µg/l; 
1 decimal) 

FE_D DA 	iron dissolved (µg/l; 1 deci- 
mal) 

SI02_D DA 	silica dissolved (mg/l; 1 de- 
cimal) 

PHL25 	DA pH (2 decimals) 
CTY_ 	DA specific conductivity (mS/ 

m; 1 decimal) 
ALK_NTG DA alkalinity (mg/1; 1 decimal) 
Q_ 	DA groundwater flow, note unit 

(1/(s x km2)) 
WL_ 	DA water level (of groundwa- 

ter; cm from surface) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to either tube sampling 
(TUBE) or spring sampling (SPRING). Level is 
given as sampling depth (cm) from the ground 
(or spring water surface). Spatial pool refers to 
the number of individual sampling points. If 
groundwater flow is calculated and the sam-
pling is done more than once a month, the 
chemical component values should be given as 
weighed means (see chapter 9), status flag is W. 
Monthly values are reported without status. 
Groundwater flow is reported as a monthly 
mean. Sampling month is given as date. 
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GW SE04 IV 009 TUBE IM 40 9010 1 AL_T DA 2500.0 
GW SE04 IV 009 TUBE IM 40 9010 1 CA_DF DA l.7 
GW SE04 IV 009 TUBE IM 40 9010 1 CL_D DA 28.5 
GW SE04 IV 009 TUBE IM 40 9010 1 CTY_25L DA 14.6 
GW SE04 IV 009 TUBE IM 40 9010 1 FE_DF DA 120.0 
GW SE04 IV 009 TUBE IM 40 9010 1 K_DF DA 0.51 
GW SE04 IV 009 TUBE IM 40 9010 l MG_DF DA 2.31 
GW SE04 IV 009 TUBE IM 40 9010 1 MN_DF DA 30.0 
GW SE04 IV 009 TUBE IM 40 9010 1 NA_D DA 14.5 
GW SE04 IV 009 TUBE IM 40 9010 1 NO3N_D DA 0.00 
GW SE04 IV 009 TUBE IM 40 9010 1 PH_L25 DA 4.43 
GW SE04 IV 009 TUBE IM 40 9010 1 SO4S FIC DA 6.0 

References: 

Groundwater Monitoring in Small Catchment Are-
as, Preliminary ReportWIM2, Geological Survey of 
Sweden 1988. 
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7.9 SUBPROGRAMME RW:: 
RUNOFF WATER CHEMISTRY 

Runoff is the main output of solutes from a 
catchment area. The amount of element loss can 
be calculated by measuring the runoff at the 
discharge point and analysing the concentra-
tions of runoff water. 

RECOMMENDED METHODOLOGY 

The discharge must be determined in order to 
calculate catchment budgets. The best approach 
is to establish permanent weirs with continuous 
recording stage height recorders. When this is 
not possible, daily mean values of runoff should 
be provided by measuring the cross-section of 
the stream channel and calculating the dis-
charge. During periods of high flow, hourly 
measurements will then be necessary. 

Allocate the runoff chemistry sampling close 
to the runoff recording device. If a weir is 
present, sampling is done at some distance from 
the weir because of the risk of chemical contam-
ination from the weir material. If no weir is 
present, sample in a deep flowing portion of the 
stream at a depth sufficient to avoid sediment 
and surface contamination. Samples are taken 
with a water sampler from 10-50 cm depth. In 
shallow streams, where this is not possible, 
samples are taken in such a way that contamina-
tion is avoided. 

Runoff water samples are taken at least once 
a month. However, for establishing catchment 
budgets a flow weighed sampling is recom-
mended. 

Special samples in acid washed bottles must 
be taken for analysis of trace metals in runoff 
waters. Immediate acidification as well as filtra-
tion before analysis is recommended for these 
samples. 

Glass bottles are recommended for the sam-
ples for carbon and mercury determinations. 

Rinse the bottles before use carefully with 
deionized water. All other sampling equipment 
must be leached in diluted acid a couple of days 
before being used and stored in plastic bags. 

Virtually all water samples are recommend-
ed to be filtered, but, since this operation at the 
same time is a source of contamination, filtra-
tion can be left out for natural surface water 
samples. For some analytical methods filtration  

is a part of the procedure (carbon). Filters, when 
used, should have a 0.40-0.45 pm membrane 
(Whatman 42 or GFC) and be rinsed with deion-
ized water prior to use. 

The transport and storage period between 
sampling and analysis should be kept at the 
minimum. For some sensitive determinations, 
e.g. alkalinity and nitrogen compounds the 
maximum time lag is 1 day. To prevent chemi-
cal changes, caused by microbial activity or 
contamination, the sampling bottles are trans-
ported in plastic bags, prevented from sunlight 
and preferably in cold boxes. 

The sample bottles are kept in a dark and 
cold store (4 °C) until analysed. 

ANALYTICAL TECHNIQUES 

Normative sample volumes for water analysis 
are either 25 ml (Al, N-compounds, Fe) or 50 ml 
(other compounds). For Al, Mn and Fe analysis 
use H2SO4  or HNO3  as preservative. For Hg use 
5 ml of HNO3+ K2CR207 /100 ml as preserva-
tive. 

• Alkalinity must be determined using the Gran-
plot method. 

• Standard analytical techniques are to be pre-
ferred, e.g. AAS in flame (in graphite furnace 
for trace metals only) and emission spec-
trometry using the inductive coupled plasma 
(ICP) method or ICP-MS. 

• S, P and C are either analysed with automatic 
equipment or u sing spectrophotometry or ion 
chromatography. 

• Labile Al requires chelation/extraction (ox-
ine/MIBK) before analysis or labile Al may 
be analysed using the pyrocatecholviolet 
method with flow injection analysis (FIA). 

• pH is always analysed in laboratory electro-
metrically. 

VARIABLES 

parameter list 

Q_ DA stream runoff, note unit 
(1/(s x km2); 1 decimal) 

PH_L25 DA pH (2 decimals) 
CTY_ DA specific conductivity 

(mS/m; I decimal) 
NA_ DA sodium (mg/1; 2 decimals) 
K_ DA potassium (mg/1; 2 deci- 

mals) 
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CA_ DA calcium (mg/1; 2 decimals) (mg/l; 1 decimal) 
MG_ DA magnesium (mg/l; 2 deci- CNR_ 	DA 	colour number (Pt mg/1) 

mals) HG_ 	DA 	mercury (dug/l; 3 decimals) 
AL_T DA aluminium total (mg/1; 2 SI02_ 	DA 	silica (mg/l; 1 decimal) 

decimals) 
AL_L DA aluminium labile (mg/1; 2 DATA REPORTING decimals) 
NH4N_ DA nitrogen ammonium (mg/l; File identifier states the subprogramme. Desig- 

2 decimals) nation of medium is left out. Level is given as 
NO3N_ DA nitrogen nitrate (mg/1; 2 de- sampling depth from the surface (cm). Spatial 

cimals) pool refers to the number of sampling points. If 
ALK_NTG DA alkalinity (mg/1; 2 decimals) sampli ng is carried out more than once a month, 
CL_ DA chloride (mg/1; 2 decimals) the values should always be given as weighed 
SO4S_ DA sulphur sulphate (mg/l; 2 means (see chapter 9), status flag is W, except 

decimals) for temperature, colour number and conductiv- 
T_W DA temperature(°C; I decimal) ity, which are reported as arithmetic averages 
PO4P_ DA phosphorous phosphate for several sampling dates/month. Monthly val- 

(pg/1) ues are reported without status. Stream runoff is 
PTOT_ DA phosphorous total (pg/1) reported as a monthly mean. Sampling month is 
CORD DA dissolved organic carbon given as date. 
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RW FI01 DH 001 10 9009 I ALK_NTG DA 1.22 W 
RW FIOI DH 001 10 9009 I CNR_NC DA 200 X 
RW F101 DH 001 10 9009 1 CTY_25L DA 3.2 X 
RW FIOI DH 001 10 9009 1 NH4N_NS DA 0.05 W 
RW F101 DH 001 10 9009 1 NO3N NA DA 0.02 W 
RW FI01 DH 001 10 9009 I PH_L25 DA 5.10 W 
RW FIOI DH 001 10 9009 1 PTOT_NS DA 50 W 
RW FI0 t DH 001 10 9009 1 Q_ IM 0.1 X 
RW FI01 DH 001 10 9009 1 T_WM DA 8.6 X 
RW FIOI DH 001 10 9010 2 CNR_NC DA 314 X 
RW FI01 DH 001 10 9010 2 CTY_25L DA 5.9 X 
RW FI01 DH 001 10 9010 2 NH4N_NS DA 0.03 W 
RW F101 DH 001 10 9010 2 NO3N NA DA 0.04 W 
RW FI01 DH 001 10 9010 2 PH_L25 DA 4.30 W 
RW FI01 DH 001 10 9010 2 PTOT_NS DA 30 W 
RW F101 DH 001 10 9010 2 Q_ IM 0.4 X 
RW FI01 DH 001 l0 9010 2 T_WM DA 5.1 X 

References: 

Discharge Measurements in Integrated Environmen-
tal Monitoring in the Nordic Countries, Preliminary 
Report WIM2, Water and Environment Research 
Institute of Finland 1987. 

Programme Manual of the International Co-opera-
tive Programme (ICP) for Assessment and Monitor-
ing of Acidification of Rivers and Lakes, Norwegian 
Institute for Water Research 1987. 



02 D 	DA 

PH L25 DA 
CTY_ DA 

NA_ DA 
K DA 

CA_ DA 
MG DA 

AL_T DA 

AL_L DA 

NH4N_ DA 

NO3N_ DA 

ALK_NTG DA 
CL_ DA 
SO4S DA 

T_W DA 
PO4P_ DA 

PTOT_ DA 
CORD DA 

CNR_ DA 
HG_ DA 
SI02_ DA 

oxygen dissolved (mg/l; 1 
decimal) 
pH (2 decimals) 
specific conductivity 
(mS/m; 1 decimal) 
sodium (mg/l; 2 decimals) 
potassium (mg/1; 2 deci-
mals) 
calcium (mg/1; 2 decimals) 
magnesium (mg/l; 2 deci-
mals) 
aluminium total (mg/1; 2 
decimals) 
aluminium labile (mg/l; 2 
decimals) 
nitrogen ammonium (mg/l; 
2 decimals) 
nitrogen nitrate (mg/l; 2 de-
cimals) 
alkalinity (mg/1; 2 decimals) 
chloride (mg/1; 2 decimals) 
sulphur sulphate (mg/1; 2 
decimals) 
temperature (°C; 1 decimal) 
phosphorous phosphate 
(Ng/l) 
phosphorous total (pg/1) 
dissolved organic carbon 
(mg/l; 1 decimal) 
colour number (Pt mg/1) 
mercury (dug/l; 3 decimals) 
silica (mg/l; 1 decimal) 

7.10 SUBPROGRAMME LC:: 	VARIABLES 

LAKE WATER CHEMISTRY 	parameter list 

Lakes intercept the flow (and fluxes) in an area. 
The chemistry of lake water thus gives an inte-
grated picture of the fluxes from soil and air. 
Processes occurring in lakes, like net sedimen-
tation, turnover and freeze-over in the northern 
latitudes, may change the concentrations in the 
water. Thus the retention of fluxes in lakes 
might affect the values in the output to some 
degree. Lakes as intermediate pools of element 
fluxes are important bodies for compound chang-
es, which in turn might cause reactions in their 
hydrobiological nature. If a lake exists within an 
IM-area the lake water chemistry should be 
monitored for the understanding of the effect of 
internal fluxes. 

RECOMMENDED METHODOLOGY 

Establish a permanent lake water chemistry 
sampling site at the deepest point of the lake 
away from littoral influences. A bathymetric 
survey of the lake helps the allocation of sam-
pling site. 

Lakes are sampled at depths of 0.5 m (or 1 
m), 3 m, 5 m, halfway to the bottom and 1 m 
above the bottom. At the deepest point of the 
lake, a water profile should be established which 
should be followed up annually. 

Lake water samples should be taken 2-6 
times per year. 

Use uncoloured (materials like teflon, poly-
propene and polyethylene) water samplers of 
the cylindrical open-top (e.g. Limnos) type. 
They are hoisted up and down with a rope. The 
polyethylene sampler must be equipped with a 
plastic-embedded weight and the teflon sam-
pler must have a sufficiently thick bottom in 
order to make them sink. 

Glass bottles are recommended for the sam-
ples for carbon and mercury determinations. 

See also chapter 7.9 on runoff water chem-
istry for sampling, transport and storage of 
samples. 

ANALYTICAL TECHNIQUES 

For analytical techniques see chapter 7.9 on 
runoff water chemistry. 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium is left out. Level is given as 
sampling depth from the lake surface (cm). 
Spatial pool refers to the number of sampling 
points. Monthly values are reported without 
status. Values for several sampling dates/month 
are reported as arithmetic averages, status flag 
is X. Sampling month is given as date. Quality 
flag Lis reported for alkalinity determined from 
a monthly sample (L=less than detection limit). 
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LC FI01 DH 002 100 9009 1 	NH4NNS DA 0.00 
LC FI01 DH 002 100 9009 1 	NO3N_NA DA 0.01 
LC FIOL DH 002 100 9009 1 	PTOT_NS DA 20 
LC FI01 DH 002 300 9009 1 	NH4N_NS DA 0.00 
LC FI01 DH 002 300 9009 1 	NO3N_NA DA ' "" 
LC FI01 DH 002 300 9009 1 	PTOT_NS " 
LC FI01 DH 002 500 9009 1 	NH4N_NS 
LC FIOL DH 002 500 9009 1 	NO3N_NA 
LC FI01 DH 002 500 9009 1 	PTOT_NS 
LC FI01 DH 002 100 9010 1 	ALKNTG 
LC FIOL DH 002 100 9010 1 	CL_NP 
LC FIOI DH 002 100 9010 1 	CNR_NC L 
LC FIOL DH 002 100 9010 1 	CTY_25L D 
LC FIOI DH 002 100 9010 1 	NH4NNS D, 
LC FI01 DH 002 100 9010 1 	NG3N_NA DA 
LC FI01 DH 002 100 9010 1 	PHL25 DA 
LC FI01 DH 002 100 9010 1 	PTOT_NS DA 
LC FI0] DH 002 100 9010 1 	SO4S_NTB DA 
LC FIOL DH 002 100 9010 l 	T_WM DA 
LC FI01 DH 002 300 9010 1 	ALK_NTG DA 
LC FI01 DH 002 300 9010 1 	CTY_25L DA 
LC FI01 DH 002 300 9010 1 	PH_L25 DA 
LC F101 DH 002 300 9010 1 	T_WM DA 
LC FIOL DH 002 500 9010 1 	ALI{ NTG DA 
LC FIG] DH 002 500 9010 1 	CL_NP DA 1. 
LC FIOI DH 002 500 9010 1 	CNR_NC DA 
LC FI01 DH 002 500 9010 1 	CTY_25L DA 3. 
LC FIOl DH 002 500 9010 1 	NH4N_NS DA 0.0,1 
LC FI01 DH 002 500 9010 1 	NO3N_NA DA 0.01 
LC FI01 DH 002 500 9010 1 	PH_L25 DA 5.70 
LC FIOL DH 002 500 9010 1 	PTOT_NS DA 20 
LC FI01 DH 002 500 9010 1 	SO4SNTB DA 4.00 
LC FI01 DH 002 500 9010 1 	T_WM DA 3.9 

References: 

Programme Manual of the International Co-opera-
tive Programme (ICP) for Assessment and Monitor-
ing of Acidification of Rivers and Lakes, Norwegian 
Institute for Water Research 1987. 
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'/.11 SUBPROGRAMME FC:: 
	ANALYTICAL TECHNIQUES 

FOLIAGE CHEMISTRY 	 For analytical techniques see chapter 7.6 on soil 
chemistry and guidelines for organic soils. 

Foliar analyses are an effective means of recog-
nizing immission related stress in forest trees. 
Foliar analyses provide the means for assessing 
changes in the content of nutrients and contam-
inants in needles and leaves. Analyses of both 
live material (foliage chemistry) as well as dead 
material (shedded foliage =litter chemistry) are 
important for assessing nutrient fluxes and nu-
tritional status of forest trees. 

RECOMMENDED METHODOLOGY 

Collect foliage samples well outside the perma-
nent vegetation plots (seefigure 15). The number 
of sampled trees should be 5 to 10 of the same 
social class (dominant or codominant trees). 

Suitable sampling time is early winter for 
non-shedding species, for conifers suitable time 
in Central Europe is November—December and 
in Nordic countries it starts already in October. 
Sampling time for shedding species (e.g. broad-
leaves and larch) is in August. 

Take foliage samples by clipping or sawing 
branches. This requires a twig-clipper of some 
sort with a very long handle. Do not fell trees for 
sampling, neither is it advisable to climb trees. 
Shooting off branches is an ultimate alternative, 
if no other way of sampling is possible. Select 
one branch from the 5°i-8'h whorl from the top 
(wind or light exposed). The apical and lateral 
shoots of the current year represent the subsamp-
le. 

Place the shoots immediately in paper bags 
for quick transport to the laboratory. Great care 
must be taken not to contaminate the samples 
with dust or soil. 

Do not wash needles or leaves. Grind the 
neeedles/leaves in a stainless steel mill to a 
particle size < 0.5 mm. To obtain the maximum 
possible information on the existing natural 
variation, samples should not be mixed. If foli-
age samples are mixed, equal amounts of samp-
les of the same age class should be well mixed 
and stored dry. 

As pretreatment samples are dried at the 
temperature of 40 °C. Store dried material not 
used in the analyses in an environment speci-
men bank for later investigations. 

VARIABLES 

Values are reported on oven dry (105 °C) 
basis. 

parameter list 

RE_T DA oven-dry sample weight of 
100 needles/leaves (g; 	1 
decimal) 

STOT_ DA sulphur total (mg/kg) 
NTOT_ DA nitrogen total (mg/kg) 
CA_ DA calcium (mg/kg; 2 decimals) 
NA_ DA sodium (mg/kg; 2 decimals) 
K_ DA potassium (mg/kg; 2 deci- 

mals) 
MG_ DA magnesium (mg/kg; 2 deci- 

mals) 
COR_T DA total organic carbon 

(mg/kg) 
PTOT_ DA phosphorous total (mg/kg; 

2 decimals) 
MN— DA manganese (mg/kg; 2 deci- 

mals) 
ZN_ DA zinc (mg/kg; 1 decimal) 
B_ DA boron (mg/kg; 3 decimals) 
CU_ DA copper (mg/kg; I decimal) 
MO_ DA molybdenium (mg/kg; 3 

decimals) 
PB_ DA lead (mg/kg; 3 decimals) 
CD_ DA cadmium (mg/kg; 3 deci- 

mals) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to the dominating tree 
species of the stand (codes for most common 
tree species listed in chapter 7.5). Level is given 
as the sampling height from the ground (cm). 
Spatial pool refers to the number of individual 
samples taken for pooled analysis. Sampling 
month is given as date. 
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EXAMPLES: 

ön 
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Y ö ö å) 
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FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOI ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FI01 ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 
FC FloI ME 019 PINU SYL B4 2100 8808 
FC FIOL ME 019 PINU SYL B4 2100 8808 
FC FIOl ME 019 PINU SYL B4 2100 8808 

ö o 

ro 

s 
cn r) d-  dt _n 	n 

4 B_AEP DA 12.670 
4 CA_AEP DA 2288.00 
4 CD_AEP DA 0.070 
4 CORTAL DA 54200 
4 CU AEP DA 4.4 
4 K_AEP DA 4963.02 
4 MG_AEP DA 1001.23 
4 MNAEP DA 258.84 
4 MO_AEP DA 12.290 
4 NA_AEP DA 18.49 
4 NTOT_NL DA 1400 
4 PB_AEP DA 1.910 
4 PTOT_AEP DA 1494.35 
4 STOT AL DA 100 
4 ZN AEP DA 38.8 



7.12 SUBPROGRAMME LF:: 
LITTERFALL CHEMISTRY 

Allocate litterfall sampling systematically or 
randomly, not just under the dominating 
tree species. E.g. the litter sacs can be allocated 
inside the permanent soil plot (see figure 21) or 
near the permanent plots for soil and vegetation 
monitoring also in a systematic way (see also 
figure 15). 

X X X X 

X X X X 

0 
X X X X 

X X X X 

0 Centre point of the plot X Litter sac 

Figure 21 . Siting of litter sacs inside a permanent 
soil plot. 

Litterfall is collected with litter sacs. Litter 
sacs should be made of inert material and be 0.5 
m deep to prevent litter from blowing away. 
Attach the sac to a wooden frame of known area 
(0.25-0.5 m2). The frame should be horizontal 
and applied to poles, one in every corner, driven 
into the ground. The level of the opening of the 
sac, i.e. the frame level, should exceed the depth 
of the sac to prevent moisture from entering 
which may speed up the decomposition process 
in advance. 

Five collecting sacs are used as a minimum 
per plot. 

All shedded brown needles/leaves should be 
sorted out from the rest of the fine litter and 
analysed for chemistry. Comparisons with foli-
age concentrations tell about translocations and 
nutrient status. 

Remove the l i tter sacs before expected snow-
fall. Transfer the litter to large paper/plastic 
bags using gloves and transport them to the 
laboratory. 

Avoid all contamination from smoke or la-
boratory tables. Handle the samples on clean 
laboratory paper, glass shields or clean polyet-
hene. 

Dry the samples at 40 °C to a constant 
weight. Alternatively, samples can be cooled 
lower than 5 °C until drying can be performed. 

ANALYTICAL TECHNIQUES 

For analytical techniques see chapter 7.6on soil 
chemistry and guidelines for organic soils. 

VARIABLES 

Values are reported on oven dry (105 °C) 
basis. 

parameter list 

LDEP_ 	IM litterfall amount (g/m2  oven 
dry weight; 1 decimal) 

STOT_ DA sulphur total (mg/kg) 
NTOT_ DA nitrogen total (mg/kg) 
CA_ DA calcium (mg/kg; 2 decimals) 
NA_ DA sodium (mg/kg; 2 decimals) 
K_ DA potassium (mg/kg; 2 deci- 

mals) 
MG_ DA magnesium (mg/kg; 2 deci- 

mals) 
COR_T DA total organic carbon 

(mg/kg) 
PTOT_ DA phosphorous total (mg/kg; 

2 decimals) 
MN_ DA manganese (mg/kg; 2 deci- 

mals) 
ZN_ DA zinc (mg/kg; I decimal) 
B_ DA boron (mg/kg; 3 decimals) 
CU_ DA copper (mg/kg; 1 decimal) 
MO_ DA molybdenium (mg/kg; 3 de- 

cimals) 
PB_ DA lead (mg/kg; 3 decimals) 
CD_ DA cadmium (mg/kg; 3 deci- 

mals) 
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DATA REPORTING 

File identifier states the subprograinme. Desig-
nation of medium refers to the dominating tree 
species of the stand (codes for most common 
tree species listed in chapter 7.5). Level is given 
as sampling height from the ground (cm). Spa- 

tial pool refers to the number of individual 
samples taken for pooled analysis. Date is given 
as the sampling month, in the example as 9100 
when the sampling is assumed to have covered 
a period of 3 months. Litterfall amount is given 
as a sum for the period, status flag is S. 

EXAMPLES: 
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LF DK01 DM 082 FAGU SYL B4 50 9100 5 LDEP_ IM 45.4 S 
LF DKOI DM 082 FAGU SYL B4 50 9100 5 STOT_ DA 4110 
LF DKOl DM 082 FAGU SYL B4 50 9100 5 NTOT_ DA 6453 
LF DKOI DM 082 FAGU SYL B4 50 9100 5 CA_ DA 2.99 
LF DK01 DM 082 FAGU SYL B4 50 9100 5 MG_ DA 0.47 
LF DKOI DM 082 FAGU SYL B4 50 9100 5 NA_ DA 0.14 
LF DK01 DM 082 FAGU SYL B4 50 9100 5 K_ DA 17.72 
LF DK01 DM 082 FAGU SYL B4 50 9100 5 COR T DA 8745 



7.13 SUBPROGRAMME RB:: 
HYDROBIOLOGY OF 
STREAMS 

The biotic composition and biomass of streams 
react differently to acidification due to different 
species tolerance (sc. acidification scores). 
Macroinvertebrates are considered good indi-
cators of acidification and the frequency of acid 
shocks to streamwater. 

RECOMMENDED METHODOLOGY 

Local circumstances, like depth and bottom 
consistency, should be taken into consideration 
when choosing sampling sites. Macrozoo-
benthos samples are preferably taken from hard 
bottoms with rapidly running water. An ade-
quate sampling site often covers a stream length 
of ca. 10 times the width of the stream. 

Macrozoobenthos samples are collected 
twice a year, preferably in spring and autumn. 
Sampling in spring is done immediately after 
snow melt, and sampling in autumn should 
coincide with periods of low flow. 

Sample with the kick-sampling method 
which is suitable for the majority of species 
living on coarse-grained bottoms and submersed 
vegetation as well as in fine material between 
and under stones (sessile species may be under-
represented). Kick-sampling can be performed 
in waters with velocities of 0.1-1 m/s and down 
to 1 m depth. 

Use a sampling net with triangular or square 
opening (sides 25 cm) and a mesh size of 0.5 
mm (figure 22). The net and its handle can be 
cm-graded for recording depth of water. The net 
should be sterilized between use at different 
locations to avoid the spreading of possible 
diseases. This is done by soaking it in formalde-
hyde or ethanol. 

Place the net on the bottom facing stream-
flow. Turn stones and kick the bottom sediment 
within an area of 25 x 40 cm2  during 60 seconds. 
The loose material should pass the net. Take 3-
6 replicate kick-samples at each site. 

Thoroughly rinse every sample and transfer 
the net residue to a plastic vessel by turning and 
brushing the net. Pick attached specimens with 
soft pincers. Transfer the sample to 1 litre jars 
containing 96 % ethanol. 

._)VV 111111 	 JVV 111111 

a) For two conical nets from material 1 m wide. 

seams 10 mm 

._)VV 111111 	._)VV 111111 

b) For bag-shaped nets from material 1 m wide 

Figure 22. Suggested patterns for nets 

Transfer the sample in small portions to 
petridishes and sort them under magnification 
(e.g. 10 x). Handle the animals with soft pincers. 
If the determination of species is done after-
wards, store the animals according to taxonom-
ic groups and keep the material in air-tight glass 
capsules in 70 % ethanol. Count the specimens 
during determination; for fragmented material 
only identifiable parts are counted, e.g. head-
parts of Oligochaeta. Taxonomic identyfica-
tion should be as accurate as possible (species/ 
genus level). 

Measure the biomass as conserved wet-
weight after the animals have been placed in 
clean water for 10 minutes. When measuring 
wet weight of preserved material wait for ca. 1 
month. 

VARIABLES 

parameter list 

Species 	reported as medium (!) 
SPPD_ 	IM specimen density (ind/m2) 
BMASS_ IM biomass (g/m2; 1 decimal) 
DIX_SW IM Shannon-Wiener diversity 

index 
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DATA REPORTING codes see Ampex 1. Level is given as sampling 
depth from the surface (cm). Spatial pool refers 
to the number of individual samples taken for 
analysis. Diversity index is calculated for the 
whole timely sample, see chapter 9 for calcula-
tion. Sampling month is given as date. 

File identifier states the subprogramme. Desig-
nation of medium refers to taxon (species, group 
of species etc.) identified by its standard code 
and list designation. For information on taxon 

EXAMPLES: 
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RB SEOI QL 132 LIMNOPHI OX 90 9110 4 SPPD_ IM 4 
RB SE01 QL 132 BAET CAE OX 90 9110 4 SPPD_ IM 69 
RB SEOI QL 132 BAET HAR OX 90 91 10 4 SPPD_ IM 10 
RB SEOI QL 132 EPHEVUL OX 90 9110 4 SPPD_ IM 53 
RB SEOI QL 132 SIPH LAC OX 90 91 10 4 SPPD_ IM 199 
RB SEOI QL 132 ARTH CON OX 90 91 10 4 SPPD_ IM 2 
RB SEOI QL 132 CALL PRO HX 90 91 10 4 SPPD_ IM 8 
RB SE01 QL 132 DYTI MAR CX 90 91 10 4 SPPD_ IM 2 
RB SEOI QL 132 CHIRONOM DZ 90 91 l0 4 SPPD_ TM 333 
RB SEOI QL 132 LIMNOPHI OX 90 9110 4 BMASS_ IM 0.2 
RB SEOI QL 132 BAST CAE OX 90 91 10 4 BMASS_ IM 0.7 
RB SE01 QL 132 BAET HAR OX 90 9110 4 BMASS_ IM 0.1 
RB SEOI QL 132 EPHE VUL OX 90 9110 4 BMASS_ IM 1.3 
RB SE01 QL 132 SIPH LAC OX 90 9110 4 BMASS IM 9.7 
RB SEOI QL 132 ARTH CON OX 90 9110 4 BMASS_ IM 0.1 
RB SE01 QL 132 CALL PRO HX 90 9110 4 BMASS_ IM 0.1 
RB SE01 QL 132 DYTI MAR CX 90 91 10 4 BMASS_ IM 0.3 
RB SE01 QL 132 CHIRONOM DZ 90 9110 4 BMASS_ IM 2.7 
RB SEOI QL 132 90 9110 4 DIX_SW IM 456 

References: 

ISO/DIS 7828 
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7.14 SUBPROGRAMME LB:: 
HYDROBIOLOGY OF LAKES 

Studies concerning diversity and abundance of 
hydrobiological groups and environments often 
indicate changes of the water quality. Very 
often, all groups must be monitored to under-
stand the changes, but even single groups may 
indicate certain trends of its environment. Inter-
pretation of the changes requires knowledge of 
species tolerance and biology. 

RECOMMENDED METHODOLOGY 

1. Macrozoobenthos 

Local circumstances, like depth and bottom 
consistency, should be taken into consideration 
when choosing sampling sites. Macrozoob-
enthos samples are preferably taken from vege-
tation free soft bottoms of accumulation type. 
These are often found in the deepest parts of the 
lake. Distribution of individual sampling may 
be random or systematic. Chosen sites should 
be marked to ensure revisits (e.g. buoys). 

For sampling macrozoobenthos on soft bot-
toms a bottom-sampler (of the Ekman type or of 
similar design) is needed. Apply a weight and a 
rope to the sampler. Collecting vessels of size 
10-15 litres with lids and a sieve with 0.5 mm 
mesh size as well as preservation jars of size 0.5 
litre with lids and preservative (96 % ethanol) 
are other equipments. 

Sample during late winter or spring. Sam-
pling in spring should take place shortly after 
ice breakup in areas with lake freeze-over. Sam-
pling both during spring and autumn is recom-
mended to receive better documentation of time 
series. Sampling during extreme cold is not 
recommended. Also times with strong winds 
should be avoided. 

Lower the grab-sampler vertically, slowly, 
but steadily to ensure good bottom contact. 
Lock the sampler and retrieve at a steady pace. 
Move the sampler over the collection vessel. 
Take care that the sampler does not leak. Turbid 
water during retrieval of sampler may indicate 
leakage. 

Record the texture, odour etc. for the sedi-
ment if sedimentological research otherwise are 
omitted. Pour the sample on the sieve carefully  

in order not to miss any material. Normally the 
sample is sieved at once. 

Sieve with alternating vertical and horizon-
tal movements just beaneath the water surface 
of the vessel. One to three minutes is normally 
sufficient. Avoid using pressurized water. In 
tight sediments clumps of clay may remain in 
the sieved sample. 

Move the sieving rest to a preservation con-
tainer (e.g. a 0.5 1 plastic jar) using a spraying 
bottle containing 96 % ethanol. Remove large 
animal rests with soft pincers. Wash the sieve 
before reuse. 

2. Chlorophyll a (alpha) 

Chlorophyll a is determined in summer twice a 
month. Samples are taken with a tube sampler 
each covering water layers 0— 1 m,1-2 m, etc. In 
deep waters thicker layers may be appropriate. 
Samples are filtered through Whatman GF/C 
filters and extracted in ethanol no later than a 
day after sampling. Before measuring the ab-
sorbance of chlorophyll a, the extract is filtered 
through Whatman GF/F filter. 

3. Planktic activity 

Phytoplankton primary production is determined 
by the acidification and bubbling modification 
of the radiocarbon method. The sampling fre-
quency should be at least twice a month in 
summer. Samples are collected into glass bot-
tles with a nontoxic PETE coated or plastic 
sampler. Samples are taken from five depths 
covering illuminated epilimnion as a geometric 
series, so that the sample density is highest near 
to the surface. 

Radiocarbon solution is injected into the 
light and dark bottles which are then incubated 
at the depths of sampling. Two control samples 
killed in 1 % formaldehyde are incubated near to 
the surface and at the greatest depth. After 24 h 
the bottles are taken away and biological activ-
ity is stopped by adding 40 % unbuffered for-
maldehyde to 1 % final concentration in each 
bottle. Particular care should be taken to mini-
mise the exposure of dark bottles to the light. In 
the laboratory appropriate subsamples in liquid 
scintillation vials are acidified with phosphoric 
acid and put into a vaacum hood for 2 days to 
exchange inorganic radiocarbon with carbon 
dioxide in the air. Formaldehyde poisoned con- 



trol samples are treated similarly. In the calcu-
lation of primary production dark results are 
substracted from the light ones. 

Respiration of plankton is determined by 
measuring either oxygen consumption or car-
bon dioxide accumulation in dark bottles. The 
choice between the methods depends on the 
methods available and carbon dioxide concen-
tration. Select the method yielding the best 
sensitivity. Samples are taken as described 
above, but particular care should be taken to 
ascertain that the determinations of initial and 
final concentrations, from which the respiration 
is calculated as a difference, are made of the 
same water. This is done by letting water flow 
from the sampler tube into the bottles through a 
Y-shaped divider. 

VARIABLES 

parameter list 

CP_ 	DA chlorophyll a (mg/m') 
CINOA_ IM inorganic assimilated car- 

bon (mg C m3/d) 
CINOD_ IM carbon dark fixation 

(mg C m3/d)  

02R_ 	IM respiration (mg O2 m3/d) 

Profundal benthos: 

parameter list 

Species 	 reported as medium (!) 
SPPD 	IM specimen density (id/m2) 
BMASS_ IM biomass (g/m2; I decimal) 
DIX_SW IM Shannon-Wiener diversity 

index 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium can be left out for planktic 
activity measurements, but not for profundal 
benthos when it refers to taxon (species, group 
of species etc.) identified by its standard code 
and list designation. For information on taxon 
codes see Annex 1. Level is given as sampling 
depth from the surface (cm). Spatial pool refers 
to the number of individual samples taken for 
analysis. Diversity index is calculated for the 
whole timely sample, see chapter 9 for calcula-
tion. Also for carbon calculations see chapter 9. 
Sampling month is given as date. 
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LB F103 PK 302 50 9106 1 CINOA_ IM 65 
LB FI03 PK 302 50 9106 1 CP_ IM 122 
LB FI03 PK 302 50 9106 1 CINOD_ IM 45 
LB F103 PK 302 50 9106 1 02R_ IM 16 
LB FI03 PK 302 LIBE DEP OX 190 9106 1 SPPD_ IM 1 
LB FI03 PK 302 CORD AEN OX 190 9106 1 SPPD_ IM 1 
LB FI03 PK 302 EPHE VUL OX 190 9106 1 SPPD IM 35 
LB FI03 PK 302 LIBE DEP OX 190 9106 1 BMASS_ IM 0.2 
LB F103 PK 302 CORD AEN OX 190 9106 1 BMASS_ IM 0.2 
LB FI03 PK 302 EPHE VUL OX 190 9106 1 BMASS_ IM 0.5 
LB FI03 PK 302 190 9106 1 DIX SW IM 134 

References: 

Keskitalo, J. & Salonen, K.: Manual for Integrated 
Monitoring Subprogramme Hydrobiology of Lakes. 

Publications of National Board of Waters and the 
Environment. Series B. Finland. (to be published in 
1993). 
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7.15 SUBPROGRAMME FD:: 
FOREST DAMAGE 

The aim of assessing a few plots repeatedly 
from year to year is to get faster indications of 
changes and thus information on the necessity 
for more extensive surveys of the forest status 
of the whole monitoring area. 

RECOMMENDED METHODOLOGY 

Select 3 forest stands (forest damage stations) 
representing the typical vegetation type(s) of 
the site. Determine the dominating tree species 
of the stand. Choose 20 trees of this species from 
an area not larger than 1 hectare, e.g. a circular 
plot with radius ca. 50 m. Mark the trees perma-
nently without harming the stem. 

Measure stem diameter at breast height, tree 
height, crown height and crown width of each 
tree. These measurements should be repeated at 
least every 5 years. 

Observe foliage vitality every year by visual 
assessment. This should preferably be done by 
two well-trained observers using binoculars in 
full daylight and changing points of observa-
tion. Both observers must reach a common 
score. Suitable time periods are July for broad-
leaves and September—October for conifers. 

Assessment of defoliation and discoloration 
are made in 10 % classes relative to the tree 
imagined to be fully foliated and healthy. As-
sessment confines to the light-exposed crown-
part. A photo-guide can be consulted in order 
not to change the assessment standards gradu-
ally through time. 

If the dominating tree is a conifer, count the 
remaining number of annual needle fascicles 
and denote the presence of secondary shoots 
(see figure 23 and list a) in the upper crown part 
(figure 24). 

If visual damage is denoted classify the 
cause of damage (see list b). 

List a) Secondary shoots 

0 only normal shoots 
1 secondary shoots less than normal shoots 
2 secondary shoots more than normal shoots 
3 only secondary shoots 

List b) Cause of damage 

E elk/deer/reindeer 
R rodent 
I 	insect 
F fungal disease 
B butt rot 
M mechanical (snow/wind) 
C climate (drought) 
P pollution 
U unknown 

secondary shoots 

secondary shoots 

secondary shoots 

Figure 23. Types of secondary shoots on different 
spruce types. 
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Figure 24. Number of annual needle fascicles on spruce branch. 

VARIABLES 

parameter list 

SECS_ IM 	secondary shoots (conifers 
only) (0 - 3) 

ANF_ IM 	annual needle fascicles (co- 
nifers only) 

DEFO_ IM 	defoliation (%) 
DISC IM 	discoloration (%) 
DAM_(c) IM 	damaged trees, damage 

caused by c (% of all trees, c 
= code for damage) 

DBH_ IM 	diameter of stem (at breast 
height) (cm; 1 decimals) 

HEIG_ IM 	height of trees (m; I deci- 
mal) 

HCROW_ IM 	crown height (m; 1 deci- 
mal) 

WCROW_ IM 	crown width (m; 1 decimal) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to the tree species (for 
list of the most common tree species see chapter 
7.3). Spatial pool refers to the total number of 
trees used for measurements. Defoliation, dis-
coloration, and background information on trees 
are reported as means of the plot per species 
(status can be left out); secondary shoots and 
annual needle fascicles as the mode for the plot, 
status is M. For parameter DAM_c report the 
percentage of damaged trees in each class (cause 
given as c). Observation month is given as date. 
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EXAMPLES: 
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FD FIOI ME 013 PICE ABI B4 
FD FI01 ME 013 PICE ABI B4 
FD FI01 ME 013 PICE ABI B4 
FD FI01 ME 013 PICE ABI B4 
FD FIOL ME 013 PICE ABI B4 
FD FI01 ME 013 PICE ABI B4 
FD FIOL ME 013 PICE ABI B4 
FD FIOL ME 013 PICE ABI B4 
FD FIOL ME 013 PICE ABI B4 
FD FI01 ME 013 PICE ABI B4 
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8710 20 DEFO IM 10 
8710 20 DISC_ IM 0 
8710 20 ANF_ IM 4 M 
8710 20 SECS_ IM 1 M 
8710 20 DAM_F IM 20 
8710 20 DAM_U IM 10 
8710 20 DBH_ IM 28.5 
8710 20 HEIG_ IM 26.8 
8710 20 HCROW_ IM 17.8 
8710 20 WCROW IM 1.6 

References 

Manual on Methodologies and Criteria for Harmo-
nized Sampling, Assessment, Monitoring and Anal-
ysis of the Effects of Air Pollution on Forests, 
Bundesforschungsanstalt fur Forst- und Holzwirt-
schaft 1986. 

Manual on Methodologies and Criteria for Harmo-
nized Sampling, Assessment, Monitoring and Anal-
ysis of the Effects of Air Pollution on Forests, 
Convention on Long-Range Transboundary Air Pol-
lution, ICP on Assesment and Monitoring of Air 
Pollution Effects on Forests, UN-ECE 1989. 
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7.16 SUBPROGRAMME VG:: 
VEGETATION 

Vegetation consists of tree, shrub, field and 
bottom layers. No specific height limits can be 
given to different layers, because they depend 
on the vegetation. Layers should be separated 
by life forms of different plants. Note that a 
woody species, depending on its height, can 
exist in both field, shrub and tree layers on the 
same monitoring plot. 

Fungi are excluded because of their nature as 
decomposers and due to their unpredictable 
appearance. 

Vegetation station: Intensive plot (40 m x 40 m) 

❑  ❑  

❑  ❑  ❑  

❑  ❑  ❑  

❑  ❑ ❑  ❑  

❑  ❑  ❑  ❑  

❑  ❑  ❑  

7 
sample plot (e.g. 50 cm x 50 cm) 

permanent markings 

Figure 25. Sample plot system for vegetation 
monitoring within a vegetation station. The sam-
ple plots should preferably be distributed ran-
domly, mainly for ease of substitution when they 
are invalidated. 

RECOMMENDED METHODOLOGY 

Establish at least one permanent intensive plot 
for vegetation monitoring. The plot should be 
situated as close to the forest damage and soil 
plots as possible.The size of the plot should be 
40 x 40 m2  (figure 25). At least the corner points 
of the plot must be marked by permanent poles 
or other suitable means. Management opera-
tions will not be tolerated within permanent 
plots. 

Sampling intensity should be adequate for 
obtaining the required precision of the commu-
nity and for individual species. The frequency 
should be 1-5 years, but on plots where distur-
bances are noted, e.g. on wetlands, the vegeta-
tion must have time to recover between visits. 
The best time of the year is when the majority of 
species are fully developed as to vegetative and 
reproductive organs. Note that in, e.g. decidu-
ous forests, there may be two peaks of develop-
ment, one before leafing and one later. In that 
case two observation periods are recommended 
for the field (not necessarily the bottom) layer. 

1. Tree measurements 

The aim of the measurements is to monitor 
changes in tree growth and the structure of the 
tree stand. 

Make observations of each individual living 
and dead tree including logs and stumps, do not 
include trees belonging to the shrub layer. Map-
ping of all trees is done when establishing the 
plot and updated later. It is recommended to 
number all trees in the plot permanently e.g. by 
local coordinates using the SW corner point as 
origo. 

Make observations every five years during 
late summer before the shedding of leaves. 

Record the species, condition class and dia-
meter at breast height of each tree. Estimate the 
height, crown length and crown width of the 
living trees per species. 

List of condition classes of trees: 

L 	living tree 
D dead standing tree 
F fallen tree, log 
S stump, height < 1.3 m otherwise a dead 

standing tree 
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2. Shrub, field and bottom layers 	 Calculation of plot frequency values requi- 
res more than 10 sample plots. 

For the field and bottom layers, divide the plot 
into 10 x 10 m2  subplots and select 1-4 sample 
plots (number depends on the size of the inten-
sive plot) randomly on each subplot. The size of 
the sample plots should be 0.25-1 m2. Take care 
that trampling beyond normal level does not 
occur on the sample plots. 

Do not remove specimens from the sample 
plots. If determination requires samples for 
laboratory determination, these must be sought 
outside the plots. 

Permanently mark the sample plots with 
plastic tubes or wooden poles driven into the 
ground at opposite corners (SW and NE). Avoid 
the use of metallic markers in the ground. 

For the shrub layer use the same sample 
plots as for the field and bottom layers or a 
separate larger plot (size e.g. 5 x 5 m2  or 10 x 10 
m2). For the tree layer the whole intensive plot 
is used as the sample plot. 

Estimate the total cover of shrub, field and 
bottom layers and species coverage as the ver-
tical projection of the plant above ground or-
gans on the ground (approximate shade of sun 
in zenit). Count only such parts that shade the 
sample plot, even those plants which are not 
rooted within it. Note that if a specimen of one 
species shades another specimen of the same 
species this is not counted (cover sum of mo-
nospecific communities = 100 %), but if it 
shades another specimen of another species, 
this is counted (cover sum of multispecific 
communities might exceed 100 %). Coverage is 
recorded as simple percentage. It is recommen-
ded to estimate the crown cover of each tree 
species by estimating the cover above each 
vegetation sample plot. 

Estimate fertility and frequency of plants 
belonging to the field and bottom layers. Fertil-
ity is estimated using codes: 

0 = none of the sprouts/individuals fertile 
1 = < 10 % of all sprouts/individuals fertile 
2 = > 10 % of all sprouts/individuals fertile 

Reproduction of bryophytes is noted as cap-
sules, of lichens as apothecia. Note that in most 
hepatics and some lichens, e.g. Cladina, it is 
practically impossible to detect organs of repro-
duction, and fertility is not observed. 

Vegetation layer codes used for reporting: 

T tree layer 
S shrub layer 
F field layer 
B bottom layer 

VARIABLES 

Trees: 

parameter 	list 

NUM_L 	IM number of living trees (/ha) 
per species 

NUM_D 	IM number of dead standing 
trees (/ha) per species 

NUM_F 	IM number of fallen trees (/ha) 
per species 

NUM_S 	IM number of stumps (/ha) per 
species 

HEIG_L 	IM height of living trees (m; 1 
decimal) per species 

HCROW_ IM crown height (m; l decimal) 
per species 

DBH_L 	IM diameter of stem (at breast 
height) of living trees (cm; l 
decimal) per species 

DBH_D 	IM diameter of stem (at breast 
height) of dead standing 
trees (cm; 1 decimal) per 
species 

DBH_F 	IM diameter of stem (at breast 
height) of fallen trees (cm; l 
decimal) per species 

DBH_S 	IM diameter of stem (at stump 
height) of stumps (cm; 1 
decimal) per species 

Layers and plants: 

parameter list 

COVET IM coverage of species/layer 
(%; 1 decimal) in tree layer 

COVES IM coverage of species/layer 
(%;1 decimal) in shrub layer 

COVE_F IM coverage of species/layer 
(%o; 1 decimal) in field layer 
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COVE_B IM coverage of species/layer 
(%; 1 decimal) in bottom 
layer 

FERT 	IM fertility index of field and 
bottom layer species (%) 

FREQ_ 	IM frequency of field and bot- 
tom layer species (%) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to the plant species 
associated with its code list designation (see list 

for most common tree species in chapter 7.3 and 
Annex 1). For total coverage of layers medium 
can be left out. Spatial pool for trees refers to the 
total number of individual trees used for meas-
urements. For some parameters, e.g. numbers of 
trees, it can be left out. Spatial pool for vegeta-
tion layers refers to total number of sample plots 
within the vegetation plot. The date refers to 
observation month. The layers are indicated by 
the parameter. Values are reported as averages 
of tree species or sample plots. For calculation 
of coverage, frequency and vitality see clicnpter 
9. 
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VG FIOL HU 008 PICE ABI B4 9007 NUM_L IM 419 
VG FIOL HU 008 PICE ABI B4 9007 NUM_D IM 43 
VG FI01 HU 008 PICE ABI B4 9007 NUMF IM 106 
VG FLO! HU 008 PICE ABI B4 9007 67 DBH_L IM 25.2 
VG FIOL HU 008 PICE ABI B4 9007 7 DBH_D IM 15.7 
VG FIOL HU 008 PICE ABI B4 9007 67 HEIG_L IM 22.4 
VG FI01 HU 008 PICE ABI B4 9007 7 HEIG_D IM 12.5 
VG FI01 HU 008 PICE ABI B4 9007 67 HCROW_ IM 15.5 
VG FI01 HU 008 PICE ABI B4 9007 24 COVET IM 67.0 
VG FI01 HU 008 PICE ABI B4 9007 4 COVE_S IM 2.2 
VG FI01 HU 008 PICE ABI B4 9007 24 COVE_F IM 0.2 
VG FIOl HU 008 9007 24 COVE_F IM 33.0 
VG FIOI HU 008 BRAG OED M2 9007 24 COVE_F IM 0.1 
VG FIOI HU 008 BRAG OED M2 9007 24 FERT IM 4 
VG FIOL HU 008 BRAG OED M2 9007 24 FREQ_ IM 54 
VG FI01 HU 008 LALA ARU B4 9007 24 COVE_F IM 0.2 
VG FIOL HU 008 CALA ARU B4 9007 24 FERT_ IM 0 
VG FI01 HU 008 LALA ARU B4 9007 24 FREQ_ IM 29 
VG FI01 HU 008 DIOR POL M2 9007 24 COVE_B IM 0.3 
VG FIOL HU 008 DIOR POL M2 9007 24 FERT_ IM 13 
VG FIOI HU 008 DICR POL M2 9007 24 FREQ_ IM 17 

References: 

Bråkenhielm, B.: Field Instruction for Vegetation 
Monitoring in the Swedish National Environmental 
Monitoring Programme (PMK) , Draft version April 
1990. 
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7.17 SUBPROGRAMME EP:: 
TRUNK EPIPHYTES 

Vegetation is influenced directly and indirectly 
by air pollution. Since most species are perenni-
als and are coupled to the relatively stable soil 
system, one should not expect pollution effects 
to show up quickly. The most immediate re-
sponses are shown by epiphytic organisms, like 
mosses, lichens and algae, living in the crown 
and on the stem of trees and bushes. 

Coverage of epiphytes of tree trunks provi-
des bioindication about noxious gases and che-
mistry of precipitation, throughfall, bark and 
stemflow. Trunk epiphytes react to impacts of 
air pollution by the presence/absence and vi-
gour of particular species. Poorly developed, 
discolored and small specimens of lichens and 
mosses may well indicate polluted conditions of 
their natural habitats. 

RECOMMENDED METHODOLOGY 

Choose a group of trees of the same species 
standing close to one another for the trunk 
epiphyte sampling. The minimum number of 
plots is one in each major forest stand type. The 
number should be greater in large reference 
areas. The distance between the sites must ex-
ceed the mean distance between the sample 
trees on a site. If several sites are established in 
one forest stand type, they should be as evenly 
distributed as possible. Avoid extreme habitats, 
e.g. sheltered depressions or windexposed 
heights. 

Any tree species which is well distributed in 
a reference area and the stem of which offers 
suitable conditions for lichens may be used as a 
sample tree species. For comparability at least 
one widespread species should be used throug-
hout the country or region, e.g. Pious sylvestris, 
Betula pendtilo or Queuucus robtiu. Comparison 
through time and between areas for most appli-
cations is only relevant within the same species. 

The minimum number of sample trees should 
be seven on each plot. The number of sample 
trees depends on the method used and the hete-
rogeneity of the plot. Select trees randomly, i.e. 
without regard to epiphyte abundance or spe-
cies occurrence. 

The plot ground should be as horizontal as  

possible. The canopy and the neighbouring trees 
and shrubs should not affect the light conditions 
for the lichens so much that they are seriously 
retarded in growth. Nor should the sample trees 
be exposed to excessive wind, precipitation and 
sunlight. The sample trees should have no vi-
sible damage in crown or bark and be approxi-
mately equal as to height and stem diameter. 
The stem should be perpendicular. Preferably 
select trees with stable bark. Thus e.g. rapidly 
growing pines should be avoided because of the 
short stay of the bark-flakes on the stem. 

The chosen tree may be either permanent or 
temporary. Permanent trees must be substituted 
if they have undergone changes which disquali-
fy them, e.g. grown too thick, become damaged 
or died. Due steps are taken for their easy 
relocation. Temporary trees are sampled ran-
domly afresh each time, no trees are selected on 
which lichen specimens were collected the pre-
vious time. 

The observation interval should be 1-5 yea-
rs. Observe either all epiphyte species (lichens, 
mosses, green algae) or if this is not possible at 
least all hanging, bushlike and foliose species 
plus a few crustose species with indicator value 
(e.g. H)'pocoenomyce scalaris, Lecanora coni-
zaeoides, green algae which are resistant). The 
observations are made on tree trunks between 
about 50-200 cm above the ground, so that e.g. 
exceptional conditions on trunk base are avoi-
ded. 

The cover of each species is measured/esti-
mated by one of the following methods (A—C): 

Method A: LINE METHOD 

If the tree stand and the conditions for the 
lichens in the plot are very homogenous, the 
minimum number (7) of trees could be selected 
and four levels (e.g. 60, 90, 120 and 150 cm, 
Bråkenhielm 1990) read. The amount of sample 
trees and observation lines depends on the het-
erogeneity of tree stand and epiphyte communi-
ties. 

Tie a pliable but not elastic measuring tape 
around the tree with zero to the north and the 
figures increasing clockwise. Note each thallus 
that is crossed by the upper edge of the tape, 
when watched horizontally, to the millimetre. 

The cover of each species is given in rela-
tion to the trunk circumference of the chosen 
levels. Reported cover is mean of these values. 
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Method B: POINT METHOD 

In the point method the presence of each species 
is registered from 100 regularly spaced points. 
It is done with the help of a transparent plastic 
frame (e.g. 30 x 40 cm2) placed on the tree trunk 
in a permanently marked position (recommend-
ed between 120-160 cm) on (at least) two 
opposite sides of the trunk. The cover of each 
species is given as a percentage of points occu-
pied by each species. Reported cover is mean of 
these values. 

Method C: VISUAL ESTIMATE 

The cover of each species on the tree trunk can 
also be reported as a visual estimate between 
selected heights. It can be done with the help of 
smaller sample plots on tree trunk. 

In all cases (A—C) identify also those species 
between 50-200 cm which do not occur on e.g. 
lines or points. These species do not get a cover 
value. In that way you get a species list of the 
sample trees. 

Use a vitality scale for estimating health-
status of a common thallic species (e.g. Hypo-
gymnia physodes in the Nordic countries) if 
such do exist anymore. Estimate the vitality 
class of selected species for every sample tree. 
The reported vitality is mode of these values. 

Vitality classes for epiphytic lichens: 

1 normal 
2 slight damage 
3 distinct damage 
4 severe damage 
5 dead 

Observe also the maximum length of pen-
dulous species by measuring the longest indivi-
dual on each tree. The reported length is mean of 
these values. 

VARIABLES 

With the following variables the lichen species 
is reported as medium (!): 

parameter list 

COVE_ 	IM epiphyte coverage (% of cir- 
cumference or % of points; 
2 decimals) 

LENG_ 	IM maximum length of pendu- 
lous lichens (cm; 1 deci-
mal) 

VITA— 	IM vitality class (code) 

With the following variable the tree species is 
reported as medium (!): 

DBH_ 	IM stem diameter (at breast 
height) of host trees (cm; 1 
decimal) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to epiphyte species or 
host tree species (see above). Codes for the most 
common tree species are listed in chapter 7.3, 
for epiphyte species (list code L2), see Annex I. 
Observation month is given as date. Spatial pool 
refers to the total number of trees used for 
observations. Values refer to spatial averages 
unless codes are used. For vitality mode for the 
station is reported, status flag is M. In the 
example the method flag refers to different 
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EXAMPLES: 
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EP FI04 OU 006 PIRU SYL B4 8908 8 DBH_ IM 29.5 
EP FI04 OU 006 BRY FURC L2 8908 8 COVE IM 1.00 A 
EP FI04 OU 006 BRY FUSE L2 8908 8 COVE IM 2.62 A 
EP FI04 OU 006 BRYORIAZ L2 8908 8 COVE IM 0.02 A 
EP FI04 OU 006 CET CHLO L2 8908 8 COVE IM 0.03 A 
EP FI04 OU 006 HYPPHYS L2 8908 8 COVE IM 1.64 A 
EP FI04 OU 006 IMS ALEU L2 8908 8 COVE IM 2.30 A 
EP FI04 OU 006 PAR AMBI L2 8908 8 COVE IM 6.26 A 
EP FI04 OU 006 PAR HYPE L2 8908 8 COVE IM 0.15 A 
EP FI04 OU 006 ALESARM L2 8908 8 COVE IM 1.53 A 
EP FI04 OU 006 ALESARM L2 8908 8 LENG IM 1.78 A 
EP FI01 HU 013 PICE ABI B4 8808 9 DBH_ IM 30.4 
EP FI01 HU 013 HYPPHYS L2 8808 9 COVE IM 4.43 B 
EP FI01 HU 013 HYPPHYS L2 8808 9 VITA_ IM 2 M 
EP FIOI HU 017 PICE ABI B4 8808 7 DBH_ IM 29.3 
EP FI01 HU 017 HYPPHYS L2 8808 7 COVE IM 7.82 B 
EP FI01 HU 017 HYPPHYS L2 8808 7 VITA_ IM 1 M 
EP FI01 HU 017 PLA GLAU L2 8808 7 COVE IM V 

References: 

Hultengren, S., Martinson, P.-O. & Stenström, J.: 
Lichens and Air Pollution. Classification of Sensi-
tivity and Calculation of Indices in Epiphytic Li-
chens, Swedish Environment Protection Agency 
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7.18 SUBPROGRAMME AL:: 
	VARIABLES 

AERIAL GREEN ALGAE 	With the following variables the tree species is 
reported as medium (!): 

The abundance and colonization of aerial green 
algae (mainly Pleurococcus vulgaris = Proto-
coccus viridis) growing on needles of spruce is 
an indicator of chiefly nitrogen compounds 
from the atmosphere. The more nitrogen fall-
out, the thicker the layer of algae becomes and 
the more rapid is their colonization. 

RECOMMENDED METHODOLOGY 

Select 15-20 small (4-6 m tall) spruces (if not 
found in one place, choose more plots with 
fewer spruces) in a fairly open coniferous stand, 
where broadleaves are sparse or missing. The 
spruces should, if possible, stand more or less 
free from other trees so that their crowns do not 
mingle with one another. They must not stand 
under deciduous trees. They should preferably 
stand on well-drained soil, have a dense needle 
mass and neither be stunted nor excessively fast 
growing. The branches at eye-height must be 
free from needles on the oldest annual shoots to 
permit counting of shoots with needles left. 
Preferably the same trees should be observed 
throung the years until they are disqualified and 
must be substituted. 

On the needles of three opposing branches at 
eye-height (ca. 160 cm) the following observa-
tions are made on the main branch axis: 

• look for the thickest coating of algae and 
estimate the thickness according to the scale 

0 = missing, 
1 = sparse and thin coating, 
2 = intermediate coating, 
3 = very thick coating, 

• look for the youngest shoot where algae can 
be found; note the age of the shoot, 

• note the number of annual shoots which have 
more than 50 % needles left. 

• note the number of annual shoots which have 
more than 5 % needles left. 

The observation interval should be 1-5 years. 
Observe the algae in July-September under good 
light conditions when needles are dry. 

parameter 	list 

DBH_ 	IM stem diameter (at breast 
height) of host trees (cm; 1 
decimal) 

COAT_ 	IM thickest coating of algae 
(code) 

YALG_ 	IM youngest shoot with algae 
(age in years) 

NMED_ 	IM annual shoots with > 50 % 
needles left (number of 
shoots) 

NMAX_ 	IM annual shoots with > 5 % 
needles left (number of 
shoots) 

DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to the host tree species. 
Codes for the most common tree species are 
listed in chapter 7.3. Observation month is 
given as date. Spatial pool refers to the total 
number of trees used for observations. Values 
refer to spatial averages unless codes are used. 
For parameter COAT_ mode for the station is 
reported, status flag is M. 

:1, 
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8808 20 DBH_ IM 15.3 
8808 20 COAT_ IM 2 	M 
8808 20 YALG_ IM 1 
8808 20 NMED_ IM 5 
8808 20 NMAX IM 8 

EXAMPLES: 
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sheets (1 mm thick, 30 mm wide and 50 mm 
long). Each individual sheet is dried at 105 °C, 
stabilized for two hours in room temperature 
and weighed. Four cellulose sheets are placed 
one after another in a bag of inert material (e.g. 
terylene or nylon) with mesh size 1 mm. 

For litter layer studies 3 bags per 10 x 10 ml 
subplots (seefigure 17in chapter7.6) are placed 
horizontally on the surface of moss/litter and 
covered with natural litter. To study cellulose 
decomposition in 0-5 cm layers 3 bags per 10 
x 10 m2  subplots (see figure 17 in chapter 7.6) 
are installed in soil at a 15 ° angle using a sword 
shaped tool with toothed point. 

Bags are installed in September-October in 
the permanent soil plot in sections not used for 
soil sampling. The bags are reserved for collec-
tion after 1, 2 and 3 years. Ingrown roots and 
mosses are cleaned off and the bags are gently 
washed. The cellulose sheets are dried in 105 
°C, stabilized for two hours in room tempera-
ture and weighed. The loss of weight (%) is 
calculated. 

2. MICROBIOLOGICAL ACTIVITY 

7.19 SUBPROGRAMME MB:: 
MICROBIAL DECOMPOSITION 

Microbiological activity determines the net-
mineralisation of nutrients in the ecosystem; 
thus any disturbance in ordinary activity will 
result in a change of decomposition and change 
in nutrient uptake. Lowered decomposition re-
sults in reduced nutrient uptake and also a build-
up of organic material. When the organic mate-
rial has increased to the level of new steady 
state, the nutrient delivery will again be equal to 
nutrient flow in litter input to soil. This new 
steady state with a lot of organic soil material 
could be associated with high or with low diver-
sity of flora and soil fauna. Microbiological 
composition of soil is extremely difficult to 
monitor directly; therefore indications and bio-
chemical indirect measurements have to be ap-
plied. 

RECOMMENDED METHODOLOGY 

1 A. DECOMPOSITION OF STANDARD LITTER 

Collect pine needles from one selected stand of 
young pines. Brown needles are collected from 
the trees each year, at the time of formation of 
brown needles but before the shedding of them. 
Weigh about 1 g of needles and place them in a 
bag of inert material (e.g. terylene or nylon) 
with mesh size 1 mm, a so called litter bag. The 
exact weight in mg and the year is written on a 
tape and placed in the mesh bag, which is closed 
with stitches or staples of inert material. Place 3 
litter bags per 10 x 10m2  subplots (see figure 17 
in chapter 7.6) in September—October on the 
moss/ litter layer in the permanent soil plot in 
sections not used for soil sampling. The bags are 
reserved for collection after 1, 2 and 3 years. 
Having been collected, the litter bags are imme-
diately air-dried to halt the decomposition proc-
ess. Sieve and rinse laborously before drying 
and weighing the remnants of the needle litter. 
Calculate the loss of weight (%) . 

1 B. DECOMPOSITION OF CELLULOSE 
MATERIAL 

Decomposition may be determined using a stand-
ard material such as bleached alfa cellulose 

Soil respiration: 

Every year in autumn, takee.g. 3 samples per 10 
x 10 m2  subplots (see figure 17 in chapter 7.6). 
The diameter of the sampling core should be 8 
cm. A sample consists of the fermentation layer 
down to a maximum depth of 5 cm. Bring the 
samples to the laboratory as quickly as possible 
in a styrox box. Sieve the samples with a 4 mm 
mesh. Analyse them with no replicates. 

Measurement 1: Place 5 g of soil (fresh weight) 
into an incubation vessel. Follow the CO2-
evolution for two weeks in an automized 
respiration machine at 20 °C. 
Measurement 2: Standardize the water con-
tent of each sample to about WHC 60 %. Let 
the samples rest for 5 days at 20 °C (again 
adjust the water content to WHC 60 %) 
before measuring the samples as described 
above. 
Measurement 3: Handle the samples as in 
measurement 2 but induce respiration after 
the 5 days with 0.8 % glucose-C. Calculate 
the respiration result on dry weight basis, 
volume basis, and on easily extractable car-
bon basis. 

M 



Acid phosphatase activity: 

Use the same samples as for soil respiration. 
Sieve the fresh samples, preferably within a few 
days after sampling with a 4 mm mesh (2 mm for 
mineral soils). Store about 150 ml of the sieved 
sample in a refrigerator for two months in order 
to stabilize the enzyme activity. The samples 
should be kept moist, but not anaerobic, e.g. in 
plastic pots with perforated lids. 

• Place 1.00 g-portions of soil in small (ca. 30 
ml) bottles. Add distilled water to make a 
total water content of 2 ml in each bottle, 
including the initial water content. Set up a 
duplicate set of blinds, and treat them in 
exactly the same way as the ordinary samples 
(with exceptions described later). 

• Add 8 ml acetate buffer of pH 5.00. Place the 
bottles in a water bath at 25 °C. While in the 
bath, gently shake the bottles for 5 minutes so 
that they reach equilibrium with the water 
temperature. 

• Add 2.0 ml 0.115 M PNP-P solution to each 
bottle, one by one (except the blinds) with an 
interval of 1 min 30 seconds between the 
bottles. Let each bottle shake for 2 hours in 
the bath. Prepare 12 ml standard solutions of 
PNP-P (0.0131M, 0.0262M, 0.0392M and 
0.0000M) during the incubation. These should 
be treated as the bottles with soil in the 
consecutive steps. 

• Add 2.0 ml 0.5M CaC12  to all bottles, imme-
diately followed by 8.0 ml 2M NaOH, with 
intervals of 1 min 30 seconds. After a resting 
period of approximately 30 seconds, pour the 
samples down into a new set of somewhat 
larger bottles, through funnels with filter 
papers of fine pore quality. 5 ml filtrate will 
be needed for analysis. 

• Add 2.0 ml 0.115M PNP-P solution to the 
blinds after addition of NaOH. 

• Dilute the samples with 0.1M NaOH for the 
spectrophotometric measurements, e.g. 20 
times. 

• Measure the absorbance at 400 nm. Measure 
a standard solution for each 10th sample as a 
check. Cuvettes andpipettes should be rinsed 
between samples. 

• Determine the dry weight of soil samples, 
using dried parallel subsamples. 

• Read PNP concentrations from the obtained 
standard curve. Substract the blind value, 

separately determined for each sample. Cal-
culate the phosphatase activity (see chapter 
9). The solution volume will be 22 ml in the 
described procedure. 

N-mineralization: 

Use the same samples as for soil respiration and 
sieve the samples. Freeze an amount of sample 
corresponding to 10 g dry weight, and keep 
another portion in an open container at 20 °C for 
four weeks. The WHC of the soil should be kept 
at 60 %. After the incubation, measure NO3  and 
NH4  contents of both the frozen control samples 
and the 20 °C-samples using standard proce-
dures. During the incubation period, the change 
in biomass should be measured, and the nitro-
gen content estimated. 

VARIABLES 

parameter 	list 

(L/S)DEC_1 IM weight loss of litter bag/ 
cellulose sheet due to de- 
composition after 1 year 
(%; 1 decimal) 

(L/S)DEC_2 IM 	weight loss of litter bag/ 
cellulose sheet due to de- 
composition after 2 years 
(%; 1 decimal) 

(L/S)DEC_3 IM 	weight loss of litter bag/ 
cellulose sheet due to de- 
composition after 3 years 
(%; 1 decimal) 

(L/S)DEC_(n) IM 	weight loss of litter bag/ 
cellulose sheet due to de- 
composition after n years 
(%; 1 decimal) 

PNP_ DA phosphatase activity of soil 
(pmol(g x h); 1 decimal) 

CO2R_ DA soil respiration 
(mg/(g x h); 1 decimal) 

N_MIN IM 	N-mineralization (mg/kg, 
2 decimals) 



DATA REPORTING 

File identifier states the subprogramme. Desig-
nation of medium refers to either the dominat-
ing tree species of the stand, where standard 
litter/cellulose sheets have been implanted for 
decomposition studies, or the type of pedology 
for soil microbial activity measurements (for 

the most common tree species see chcipter 7.3 
and for FAO soil types see chapter 7.6). Level 
refers to the sampling depth for microbiological 
activity determinations. Observation year (in 
the example 9100) is given as date. Spatial pool 
refers to the number of individual implanted 
bags/implanted sheets/samples used for micro-
bial activity determinations. 

EXAMPLES 

c oA 
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N 

MB DKO 1 DM 623 FAGU SYL B4 9100 20 LDEC_ I IM 12.9 
MB DKOI DM 623 FAGU SYL B4 9100 20 LDEC_2 IM 28.7 
MB DKOI DM 623 FAGU SYL B4 9100 20 LDEC_3 IM 35.8 
MB DKOI DM 623 CM 5 9100 12 PNP_ DA 28.3 
MB DKO1 DM 623 CM 5 9100 12 CO2R DA 9,4 
MB D1(01 DM 623 CM 5 9100 12 N MIN IM 56.78 

References: 

Nordgren, 1988. Soil Biol.Biochemistry 20. 



8 OPTIONAL SUBPROGRAMMES 

The following two subprogrammes on vegeta-
tion monitoring are optional. However, if map-
ping of forest stands and plant communities and 
inventory of plants (chapters 6.2 and 6.4) are 
done using line transects and permanent plots, it 
is recommended that observations are carried 
out according to the optional subprogrammes. It 
is also recommended, that for the both optional 
subprogrammes the same permanent plots or 
plots close to one another, are used to allow for 
comparability of data. However, if the vegeta- 

tion is very vulnerable, the plots should be 
located next to one another (see figure 26). If a 
systematic permanent network of plots is estab-
lished, these plots should be used for optional 
subprogranunes. 

The optional subprogrammes focus a more 
detailed vegetation inventory over the whole 
monitoring area. The inventories according to 
the described methodology produce data which 
will be valuable for detecting changes in biodi-
versity, species abundance and growth over 
time. 

forest stand survey plot 

Figure 26. Circular plots used for forest stand 
and plant cover inventories. 

8.1 SUBPROGRAMME AR:: 
FOREST STAND INVENTORY 

RECOMMENDED METHODOLOGY 

Observations are carried out on permanent plots. 
The forest stand inventories and plant cover 
inventories should use the same plots or plots 
close to one another. Station codes for corre-
sponding plots should be the same. 

If the mapping of forest stands (chapter 6.2) 
is done by line transects and permanent circular 
plots, these plots are also used for the optional 
subprogrammes. Otherwise separate, subjec-
tively selected permanent plots can be estab-
lished. At least 20 plots should be established 



per monitoring area (one plot/hectare recom-
mended). Minimum distance between plots 
should be at least 50 m. Optimal place for a 
permanent plot is a homogenous vegetation 
community. Avoid establishing a permanent 
plot on borders of different vegetation commu-
nities. 

Observations are carried outon circular plots 
with a radius of 10 m. The centre of the plot is 
marked permanently for revisits. 

Two kinds of observations are included in 
this subprogramme; basic and extended obser-
vations. Basic observations give basic informa-
tion about the tree stand, background informa-
tion for plant cover inventory (chapter 8.2) and 
information needed for mapping of forest stands 
(chapter 6.2). Extended observations, which 
give more detailed information about growth 
and species, are optional. Basic observations 
are done either by relascope or from selected 
sample trees inside the plot or estimated from 
the whole plot. Extended observations are done 
by making observations of each individual tree 
(living, dead, log and stump) on the plot. Trees 
belonging to the shrub or field layer should not 
be observed. Extended observations should be 
done on at least 15 plots on each major commu-
nity type. 

The inventory is repeated every five years. 

Forest stands with more than two age classes: 
Different age classes do not form clearly separate 
tree classes. 

7 not possible to classify in classes 1-6 

List of condition classes of individual trees used 
for reporting: 

L living tree 
D dead standing tree 
F fallen tree, log 
S stump, height <1.3 m otherwise a dead 

standing tree 

VARIABLES 

parameter list 

Basic observations: 

BAREA_L IM basal area of living trees 
(m2/ha; 1 decimal) per spe-
cies, measured by relascope 

BAREA_D IM basal area of dead trees 
(m2/ha;1 decimal) per spe-
cies, measured by relascope 

DEVC_ 	IM development class code (0 - 
6) per stand, estimated on 
the plot 
height of living trees (for 
dominant tree layers)(m; 1 
decimal) per species, esti-
mated from sample trees 

List of development classes of forest stands: 
Age, height and diameter limits depend on the 	HEIG_L 	IM 
growing conditions. 

Forest stands with one age class: 

0 open area 
	 Extended observations: 

1 young, developing foreststand (trees <1 .3 m) 
2 young, developing forest stand (trees >1 .3 m) 

	
DBH_L 	IM 

3 mature forest stand 
4 old, degenerating forest stand 

DBH_D IM 
Forest stands with two age classes: 

Age classes form two clearly separate tree class- 	DBH_F 	IM 
es. Younger generation is dominant but there are 
at least 100 trees/ha belonging to the older 
generation. 	 DBH_S 	IM 

5 young and mature or young and old forest 
stand 	 NLTM_L IM 

6 mature and old forest stand 

diameter of stem (at breast 
height) of living trees (cm; 
1 decimal) per species 
diameter of stem (at breast 
height) of dead trees (cm; 1 
decimal) per species 
diameter of stem (at breast 
height) of fallen trees (cm; 
1 decimal) per species 
diameter of stem (at stump 
height) of stumps (cm; 1 
decimal) per species 
number of living trees (/ha) 
per species 

• 



NUM_D 	IM number of dead trees DATA REPORTING 
(/ha) per species 

NUM_F 	IM number of fallen trees (/ha) File identifier states the subprogramme. Station 
per species number refers to the numbered pole of the centre 

NUM_S 	IM number of stumps (/ha) per of the circular plot. Designation of medium 
species refers to either the stand as a total (STAND) or 

HCROW_ IM crown height (m; l decimal) its tree species (most common tree species are 
per species, estimated from listed in chapter 7.5). Some parameters are to be 
sample trees reported for both species and stand. Observa- 

WCROW_ IM crown width (m; 1 decimal) tion year (in the example 9200) is given as date. 
per species, estimated from Spatial pool is reported as the number of trees 
sample trees used for measurements, for values estimated on 

COVET 	IM coverage of species in tree the whole plot or measured by relascope this can 
layer (%), estimated on the be left out. 
plot 

AGE_ 	IM age of trees (years; 10 year 
accuracy) per stand 

EXAMPLES: 
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AR FI01 EA 022 STAND IM 9200 DEVC_ IM 5 
AR FI01 EA 022 STAND IM 9200 AGE_ IM 80 
AR FI01 EA 022 STAND IM 9200 BARER L IM 21.0 
AR F101 EA 022 STAND IM 9200 BAREA_D IM 1.0 
AR FIOI EA 022 STAND IM 9200 COVET IM 67 
AR FI01 EA 022 PICE ABI B4 9200 NUM_L IM 348 
AR FIOI EA 022 PICE ABI B4 9200 NUM_D IM 32 
AR FI01 EA 022 PICE ABI B4 9200 1 I 	DBH_L IM 25.2 
AR FI01 EA 022 PICE ABI B4 9200 1 	DBH_D IM 15.7 
AR FIOI EA 022 PICE ABI B4 9200 11 	HEIG_L IM 22.4 
AR FIOI EA 022 PICE ABI B4 9200 BAREA_L IM 17.0 
AR FIOI EA 022 PICE ABI B4 9200 BAREAD IM 1.0 
AR FI01 EA 022 PINU SYL B4 9200 NUM_L IM 94 
AR FI01 EA 022 PINU SYL B4 9200 3 	DBH_L IM 21.3 
AR FI01 EA 022 PINU SYL B4 9200 BARER L IM 3.0 

References: 

Bråkenhielm, S.: Field Instruction for Vegetation 
Monitoring in the Swedish National Environmental 
Monitoring Programme (PMK) , Draft version April 
1990. 
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8.2 SUBPROGRAMME PA:: 
PLANT COVER INVENTORY 

RECOMMENDED METHODOLOGY 

Observations are carried out on permanent plots. 
The forest stand inventories and plant cover 
inventories should use the same plots or plots 
close to one another. However, if the vegetation 
is very vulnerable, the plots should be located 
next to one another (see figure 26). Station 
codes for corresponding plots should be the 
same. 

If the mapping of plant communities is done 
by line transects and permanent circular plots, 
these plots are also used for the optional subpro-
grammes. Otherwise separate permanent plots 
can be established, at least 20 per monitoring 
area (one plot/hectare recommended). Mini-
mum distance between plots is 50 ni. Optimal 
place for a permanent plot is a homogenous 
vegetation community. Avoid establishing the 
plot on borders of different vegetation commu-
nities. 

Observations are carried out on circular plots 
with a radius of 5 m. The centre of the plot is 
marked permanently for revisits. 

Divide the vegetation into tree, shrub, field 
and bottom layers. No specific limits are given 
to the layers because they can vary depending 
on the vegetation. 

Estimate the total cover of each layer and the 
cover of different species of each vegetation 
layer on the whole plot. It can be done with help 
of smaller sample plots (not permanent). Note 
that plants growing on divergent surfaces e.g. 
on rocks and windthrown objects should not be 
observed. The cover of each species must be 
estimated as a cover percentage of the whole 
plot. 

The inventory is repeated every five years. 

Vegetation layer codes used for reporting: 

T tree layer 
S shrub layer 
F field layer 
B bottom layer 

Note that the plot used for plant cover inven-
tory is also used for forest stand inventory. At  

least the basic measurements of tree stand should 
be reported from the subprogramme Forest stand 
inventory. 

VARIABLES 

parameter list 

Species 	reported as medium (!) 

COVET IM coverage of species/layer 
(%) in tree layer 

COVES IM coverage of species/layer 
(%) in shrub layer 

COVE_F IM coverage of species/layer 
(%) in field layer 

COVE_B IM coverage of species/layer 
(%) in bottom layer 

LITTER_ IM coverage of litter (%) 

DATA REPORTING 

File identifier states the subprogramme. Station 
number refers to the numbered pole of the centre 
of the circular plot. Designation of medium 
refers to the plant species reported, see Annex 1. 
For total coverage of layers and coverage of 
litter medium can be left out. Layers are indicat-
ed by the parameter. Observation year is given 
as date. Spatial pool is 1 (for plot) or the number 
of smaller sample plots used for observations. 
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PA FIOI EA 022 CALA EPI B4 9200 1 COVE_F IM 4 
PA FI01 EA 022 VACC MYR B4 9200 1 COVE_F IM 32 
PA FI01 EA 022 MELA PRA B4 9200 1 COVE_F IM 3 
PA FI01 EA 022 DICR SCP M2 9200 1 COVE_B IM 21 
PA F101 EA 022 9200 1 COVE B IM 45 
PA FI01 EA 022 9200 1 COVE_F IM 35 
PA FI01 EA 022 9200 1 LITTER_ IM 5 
PA Fl01 EA 025 CALA EPI B4 9200 1 COVE_F IM 6 
PA FI01 EA 025 VACC MYR B4 9200 1 COVE_F IM 30 
PA FIoI EA 025 MELA PRA B4 9200 1 COVE_F IM 1 
PA FI01 EA 025 DICR SCP M2 9200 1 COVE _B IM 15 

References 

Bråkenhielm, S.: Field Instruction for Vegetation 
Monitoring in the Swedish National Environmental 
Monitoring Programme (PMK) , Draft version April 
1990. 



9 DATA CALCULATIONS 

1. CONVERSION FROM IONS TO ELE-
MENTS: 

Calculate the results to be reported in S, N and 
P using the formula 

concentration of element = 
factor x concentration of ion 

where 

2. CALCULATION WITH L-FLAGS IN 
DATA SERIES: 

If the primary data-series contains values below 
the detection limit (flag L), these values are 
compensated by 0.5 x the detection limit value 
prior to statistical mean calculations. 

3. CALCULATION OF MEAN OF PH: 

atomic weight of element 
factor = 

formula weight of ion 

e.g. 

cone SO2S = 0.5005 (cone 502) 
cone 5045 = 0.3338 (cone SO4) 
cone NO2N = 0.3045 (cone NO2) 
cone NO3N = 0.2259 (conc NO3) 
cone NH4N = 0.7765 (cone NH4) 
cone PO4P = 0.3261 (cone PO4) 

The original pH values must be converted to 
conc H+ before calculations — the mean conc 
H+ is then reconverted to a pH-value: 

n 

H+= 1/n Y 10 -pH 

i =1 

where: 

H+ = mean proton activity, 
pH. = pH-values of samples, 
n = number of samples. 

pH = — loglo (H+) 



where: 	
5. BIODIVERSITY INDICES: 

pH = mean pH-value 	
Shannon—Wiener index of species diversity 

4. CALCULATION OF WEIGHED 
	 s 

MEANS: 	
DIX—SW = — I (p.) (log, p.) 

• Weighed means for precipitation (precipita- 	 i _ 1 tion, throughfall and stemflow) chemistry are  
calculated using the formula: 	 where: 

I c. m. 	 s = number of species 
X 

—
1 
	 p. = proportion of total sample belonging to i"' 

— 	
: m. 	

species 

i 

where: 

c = measured concentration during a period 
m = precipitation during the period 

• Weighed means for flow (runoff, soil water 
and groundwater) chemistry are calculated us-
ing the formula: 

n 

i c~ Q. 
i =1 

<c> _ 
n 

Y Q; 
i =1 

where: 

<c> = mean concentration weighted with 
respect to discharge 

Q. = discharge at sampling time 
c. = concentration at sampling time 
n = number of samples 

6. CARBON CALCULATIONS: 

• Assimilated inorganic carbon at each sample 
depth is calculated using the formula: 

R —R 
C=1.05xC1 x V p 

R~—R k 

where: 

C = concentration of assimilated inorganic 
carbon (mg m 3) 

1.05= rejection coefficient for radiocarbon, 
C l = concentration of inorganic carbon in the 

sample (mg m 3) 
R, = radioactivity of the light sample (avera-

ge of two determinations, dpm or Bq, 
scientillation count without volume cor-
relation) 

R = activity of the dark sample (dpm or Bq) 
RP = radioactivity added to the sample (dpm 

or Bq) (calculated to the same volume as 
Rv, RP and R1) 

Rk = the mean activity of the two dark control 
samples (surface, deepest sample) (dpm 
or Bq) 

The results are to be expressed as assimilated 
carbon (CINOA_) mg C m 3 d-' (for each ana- 
lysed depth). 
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Note, that species with fertility value 0 % must 
not be left out. 

• Carbon dark fixation at each sample depth is 
calculated using the formula: 

Rr —R~ 
CP = 1.05 x C, x 

R 

where: 

Cp = carbon dark fixation (mg C m 3) 1.05 = 
rejection coefficient for radiocarbon 

C, = inorganic carbon concentration of the 
sample (mg m 3) 

RP = radioactivity of the darkened sample 
(dpm or Bq) 

Rk = mean activity of the two dark control 
samples (surface lowermost depth, dpm 
or Bq) 

R t = activity of radiocarbon added to the samp 
le (dpm or Bq) as calculated for the same 
sample volume as R and Rk 

The results are to be expressed as (CINOD—) mg 
C m-3 d-' (for each depth). 

7. COMPOSITE BIOMETRY: 

• Coverage (COVE—) 

Coverage is reported for the whole vegetation 
plot by summing coverage values for individual 
sample plots and dividing by the number of 
sample plots. 

• Fertility (FERT—) 

Fertility code values are recalculated for the 
whole vegetation plot using the formula: 

(ax0)+(bx0.5)+(cx1) 
EIIIL 

(a + b + c) 

where a,b and c represent the number of sample 
plots in which the species has been found. E. g. 
if a species is found in 8 of 16 sample plots; in 
2 it is classified as non-fertile (a), in 3 as slightly 
fertile (b) and in 3 as normally fertile (c). The 
formula gives: 

100x((2x0)+(3x0.5)+(3x1))/8%=56% 

• Frequency (FREQ_) 

Frequency is reported for the whole vegetation 
plot as the number of sample plots where the 
species is found divided by the total number of 
sample plots. 

• Pollution sensitivity index for an area based 
on lichens (PSI): 

PSI can be calculated using the formula: 

n 

PSI. = Y, {D.. QJ } 

j =1 

where: 

D = mean cover per tree 
Q = an empirical sensitivity factor for each 

lichen species (see references in chapter 
7.17) 

i = plot or area 
j = lichen species 
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8. MICROBIOLOGICAL ACTIVITY: 

conc PNP x dilution factor x solution volume 
Phosphatase activity = 

incubation time x gram wet soil x dry matter content 

9. CALCULATION OF SOIL CHEMISTRY PARAMETERS 

• Exchangeable titrable acidity (ACI_ET) is calculated using the following formula: 

(ml NaOH sample — ml NaOH blank) x N x 100 ml x 1000 
ACI—ET (me/kg) = 

50mlx xg 
where: 

N = normality of the standard NaOH 
x = mass of soil 

• Total exchangeable acidity (ACI—ETB) is calculated using the following formula: 

(ml HC1 blank — ml HC1 sample) x N x 1000 
ACI—ETB(me/kg) _ 

xg 
where: 

N = normality of the standard HC1 
x = mass of soil 

• Cation exchange capacity effective (CEC—E) is calculated using the following formula: 

CEC—E (me/kg) = (Ca + Mg + K + Na) + ACT—ET 

• Cation exchange capacity potential (CEC_P) is calculated using the following formula: 

CEC—P (me/kg) = (Ca + Mg + K + Na) + ACI—ETB 

• 	Base saturation (BASA_) is calculated using the following formula: 

(Ca + Mg + K + Na) x 100 
BASA— (%) = 

(Ca + Mg + K + Na) + ACIET 

where 

base cations and acidity are expressed in me/kg 
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10 TREND AND MODEL ANALYSIS 

Trend analyses include temporal and spatial 
trend analysis. 

Time-series based on stationary prima-
ry data are to be produced by the NFP's (or 
their expert institutes) and be included in the 
National Activity Reports. Special emphasis 
should be paid to studies on enrichment factors, 
parametrical correlation and regression, and 
analysis of seasonality in those subprogrammes 
that produce data suitable for this kind of analy-
sis (high frequency sampling, e.g. monthly or 
more often). Such analyses can be started 2-3 
years after initiation of monitoring (see also 
evaluation report 1992, chapter 2.2.5.3) 

Spatial variability analysis is to be per-
formed when sampling/observations are 
made infrequently (once a year or less often) 
and is being based on several observation subp-
lots/objects. In these cases spatial deviation, 
confidence limits, exceedances etc. form the 
basis for trends in change of patterns. The re-
sults of these comparisons should also be inclu-
ded in the National Activity Reports. 

Trend analysis on the national level will be 
of utmost importance since the international 
analysis done by the EDC will be restricted to 
regional analysis of major trends (element 
budgets) and spatial variability of enrichments, 
indications etc. 

Particular emphasis should be paid to inter-
correlations of cause and effect relations in 
order to answer some specific questions, e.g.  

those presented in the evaluation report 1992 
(chapter 2.3). 

Model performances 

Modelling in the programme will be carried out 
at the national and international level. Simple 
deposition and hydrological models (see chap-
ter 2.3) should be run by the NFP's (or nation-
ally assigned institutes). The results of these 
model applications should be included in the 
National Activity Reports. Complex hydro-
geochemical/linked models can be run on a 
national level following guidelines and strate-
gy established by the expert panel on modelling. 
Data required for this modelling will be of 
aggregated nature and forwarded through the 
EDC for modelling on a consultative basis. 
Following models are examples of models which 
may be run for areas of intensive monitoring. 

• PROFILE 
• MAGIC 
• SMART 
• SOIL 
• BIOLOGICAL MODELS 
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The expert panel on modelling will meet to 
assess the results of national model runs. The 
results will be included in the Annual Synoptic 
Reports published by the EDC (in co-operation 
with the participating institutes). 

References: 

Pilot Programme on Integrated Monitoring of Air 
Pollution Effects on Ecosystems, Evaluation of Inte-
grated Monitoring in Terrestrial Reference Areas of 
Europe and North America, Environment Data Cen-
tre, 1992. 
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11 DATA QUALITY ASSURANCE 
PROGRAMME 

The data quality assurance programme is divid-
ed into two parts: 

1. The field and laboratory part includes 

Inspection of the chosen site and used moni-
toring equipment for evaluation of area suita-
bility and representativeness, applicability of 
used methods, etc. The inspectation is carried 
out by a representant of the Task Force and 
prefereably one from EDC. Some of the sites 
used in the Pilot Programme phase have been 
inspected during such visits of which protocols 
exist at the EDC. Such visits have proved inval-
uable in pre-processing and evaluating data 
submitted from these areas. 

Inspectation visits must be documented and 
stored in EDC's archives. 

Sampling intercalibration programmes car-
ried out by leading thematic intercalibration 
groups. Such intercalibration programmes are 
mostly required for sampling and analysis in 
subprogrammes for Soil chemistry, Foliage 
chemistry, Metal chemistry of mosses and Mi-
crobial decomposition. During the pilot phase a 
preliminary intercalibration was performed on 
soil chemistry which showed the necessity of 
such exercises. For other subprogrammes con-
cerning deposition and water sampling there are 
internationally regularly performed intercali- 

bration procedures in which most participating 
expert institutes take part. Intercalibration pro-
grammes must lead to separate technical reports 
on the intercalibrations. 

Sampling representativeness, i.e. the placing 
of subplots and stations in a manner to be 
statistically or indicatively correct. This requires 
expert institutes to perform statistical analysis 
(variation) of their sampling often by using a 
denser or more frequent sampling during a short 
period. Sampling representativeness analysis 
should preferably be included in the National 
Activity Reports. 

Training sessions for field observations guid-
ed by expert groups for those subprogrammes 
where observations are made or techniques are 
applied in the field. This is in particular neces-
sary for the subprogrammes Hydrobiology of 
streams and lakes, Vegetation and Trunk epi-
phytes and Aerial green algae and Forest dam-
age. Training sessions for experts must lead to 
separate technical reports on the "intercalibra-
tions". 

Consistency of changed action by running 
parallel stations or equipment and keeping 
well documented the inter-site/inter-technical 
differences before changing a station/technique. 
This will to some extent make it possible to 
correct later time series if more than one station/ 



technique has been applied. Documentation of 
paralleled sampling should preferably be in-
cluded in the National Activity Reports. 

Good laboratory practice is to be maintained 
by the laboratories of all expert institutes, in-
cluding within-run precision, between-run con-
trol, accuracy of in-house standards (blanks), 
accuracy of method application (in terms of 
recovery) by their laboratories. 

2. The data handling part includes 

Ion balancing of samples performed by the 
expert institutes themselves (and reported to the 
NFP) according to described procedures (see 
Annual Synoptic Report 1990, chapter 4 and 
Evaluation Report 1992, chapter 2.2.5). 

Technical inspectation of submitted data will 
be performed by EDC through the use of check-
ing programmes created for the IM database 
(see chapter4.1). On the basis of these data runs 
check-lists for verification and requirements for 
corrections will be sent back to the NFP's before 
entering the data into the database. 

Training sessions for data reporting and calm 
culation will be arranged by the EDC for NFP' s 
upon request. 
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ANNEX 1 
Coding principles of biological taxa 

Codes for biological taxa are used widely in this 
programme, in particular in subprogrammes: 
Vegetation, Trunk epiphytes, Hydrobiology of 
streams and lakes and in biodiversity invento-
ries. There exist a number of code lists available 
at the `Nordic Code Centre' (Swedish Museum 
of Natural History, Documentation Center, 
P.O.Box 50007, S -104 05 Stockholm, Sweden, 
telephone + 46 8 6664000). Lists are available 
both as publications and computer files. 

They cover: 

1. Vascular plants (list B4 covering NW-Eu-
rope) 

2. Mosses (list M2 covering Europe) 
3. Lichens (list L2 covering Europe, prelimi-

nary list) 
4. Birds (list Al covering the world) 
5. Mammals (list Dl covering the world) 
6. Phytoplankton (list P4 covering the North-

ern Europe) 
7. Coleoptera (list C2 covering Nordic coun-

tries) 

Codes are formed out of the scientific names 
according to following rules: 

Species 4 first digits of genus name, a blank, 3 
first digits of species epithet; e.g. PICE 
ABI = Picea abies 

Genus 7 first digits of genus name followed 
by Z; e.g. EQUISETZ = Equisetum 
sp.; PICEA Z = Picea sp. 

Family 7 first digits of family name followed 
by X; e.g. CERATIIX = Ceratiidae 

These codes should be used whenever pos-
sible, but there are not lists available for every 
invertebrate group, neither is the geographical 
covering of above listed groups large enough 
which makes own coding necessary. Therefore 
specific groups must be identified with specific 
preliminary code list designators: 

Vascular plants 	BX 
Mosses MX 
Lichens LX 
Coleoptera CX 
Mollusca MZ 
Diptera DZ 
Annelida AX 
Ordines minores OX 
Hemiptera HX 

If codes which are not available on the code 
lists are used, also the full scientific names 
together with naming authority and higher 
taxonomic group should be sent to EDC. 



ANNEX 2 
Coding principles of analytical 

determinands 

It is recommended that Nordic reference codes 
for analytical determinands are used as far as 
possible when reporting the data to EDC. List 
DA, Analytical Determinands, covers codes, 
names, abbreviated method descriptions and 
references for chemical, physical, biochemical 
and microbiological determinands used in envi-
ronmental research. It covers all the main media 
for sampling: air, water, soil and organic matter. 
Tag PARNCC is commonly used when refer-
ring to codes of the list DA. 

The main purpose of the PARNCC-codes is 
to simplify data handling of physico-chemical 
determinands. Codes carry sufficient peripheral 
information about data quality for data users. 
They are not unambiguous if the main inter-
est is analytical methods. 

The PARNCC-code is mnemonic and has a 
maximum length of eight digits. Code (e.g. 

ALASP) consists of the following parts: ele-
ment (AL), delimiter (_), fraction (A) and met-
hod (SP). The PARNCC-code is not specific for 
units. The shortest possible PARNCC-code 
consists of element denotation and the delimiter 
e.g. AL_ (Aluminium). 

If an analytical determinand cannot be 
found in the DA list, it is recommended to 
only report the element, delimiter and the 
fraction. An extract from the present code list 
with the possible elements and fractions is en-
closed as Annex 3. 

A full code list can be ordered from EDC 
(The National Board of Waters and the Environ-
ment, Environment Data Centre, P.O.Box 250, 
SF - 00101 Helsinki, Finland, telephone +358 0 
73144211, telefax +358 0 73144280) as ASCII 
file on magnetic tape or diskette or on paper. 

•~ 



ANNEX 3 
Extract from the DA codelist 

July 27th  1992 

PARNCC LIST NAME 

ACI_ DA ACIDITY 
ACI_E DA ACIDITY EXCHANGEABLE 
ACI_N DA ACIDITY NONFILTERED 
ACI_S DA ACIDITY BY STRONG ACIDS 
ALK_ DA ALKALINITY HCO3 
ALK_N DA ALKALINITY HCO3 NONFILTERED 
AL_ DA ALUMINIUM 
AL_A DA ALUMINIUM DIGESTIBLE 
AL_D DA ALUMINIUM DISSOLVED 
AL_E DA ALUMINIUM EXTRACTABLE 
AL_L DA ALUMINIUM LABILE 
AL_N DA ALUMINIUM NONFILTERED 
AL_T DA ALUMINIUM TOTAL 
AS DA ARSENIC 
AS_A DA ARSENIC DIGESTIBLE 
AS_D DA ARSENIC DISSOLVED 
AS_I DX ARSENIC DISINTEGRATED 
ASN DA ARSENIC NONFILTERED 
AS_T DA ARSENIC TOTAL 
BASA_ DA BASE SATURATION 
BASA_C DA BASE SATURATION CALCULATED 
B_ DA BORON 
B_A DX BORON DIGESTIBLE 
B_N DA BORON NONFILTERED 
CA_ DA CALCIUM 
CA_A DA CALCIUM DIGESTIBLE 
CAC DA CALCIUM CENTRIFUGED 
CA_D DA CALCIUM DISSOLVED 
CA_E DA CALCIUM EXTRACTABLE 
CAN DA CALCIUM NONFILTERED 
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CA_R DA CALCIUM RESPIRABLE SUSPENDED 
CD DA CADMIUM 
CDA DA CADMIUM DIGESTIBLE 
CDD DA CADMIUM DISSOLVED 
CD~E DA CADMIUM EXTRACTABLE 
CDN DA CADMIUM NONFILTERED 
CD_R DA CADMIUM RESPIRABLE SUSPENDED 
CDT DA CADMIUM TOTAL 
CL_ DA CHLORIDE 
CL_A DA CHLORIDE DIGESTIBLE 
CL_D DA CHLORIDE DISSOLVED 
CL_F DA CHLORIDE FILTERED 
CL_N DA CHLORIDE NONFILTERED 
CL_R DA CHLORIDE RESPIRABLE SUSPENDED 
CNR_ DA COLOUR NUMBER 
CNR_C DA COLOUR NUMBER CENTRIFUGED 
CNR_F DA COLOUR NUMBER FILTERED 
CNR_N DA COLOUR NUMBER NONFILTERED 
CO2R_ DA CARBON DIOXIDE RESPIRATION 
CO2R_N DA CARBON DIOXIDE RESPIRATION NONABSORBED 
CO2_ DX CARBON DIOXIDE 
CO2_N DX CARBON DIOXIDE NONFILTERED 
COR_ DA CARBON ORGANIC 
COR_D DA CARBON ORGANIC DISSOLVED 
COR_F DA CARBON ORGANIC FILTERED 
COR_N DA CARBON ORGANIC NONFILTERED 
COR_T DA CARBON ORGANIC TOTAL 
CP_ DA CHLOROPHYLL A 
CP_A DA CHLOROPHYLL A ACETONE EXTRACTABLE 
CP_I DA CHLOROPHYLL A IN VIVO 
CP_M DA CHLOROPHYLL A METHANOL EXTRACTABLE 
CR_ DA CHROMIUM 
CR_A DA CHROMIUM DIGESTIBLE 
CR_D DA CHROMIUM DISSOLVED 
CR_I DX CHROMIUM DISINTEGRATED 
CR_N DA CHROMIUM NONFILTERED 
CR_T DA CHROMIUM TOTAL 
CTY_ DA SPECIFIC CONDUCTIVITY 
CTY_20 DA SPECIFIC CONDUCTIVITY AT 20 C 
CTY_25 DA SPECIFIC CONDUCTIVITY AT 25 C 
CU_ DA COPPER 
CU_A DA COPPER DIGESTIBLE 
CU_D DA COPPER DISSOLVED 
CU_E DA COPPER EXTRACTABLE 
CU_I DX COPPER DISINTEGRATED 
CU_N DA COPPER NONFILTERED 
CU_T DA COPPER TOTAL 
FE_ DA IRON 
FE_A DA IRON DIGESTIBLE 
FE_D DA IRON DISSOLVED 
FE_E DA IRON EXTRACTABLE 
FE_N DA IRON NONFILTERED 
FET DA IRON TOTAL 
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HG DA MERCURY 
HG_A DA MERCURY DIGESTIBLE 
HG_D DA MERCURY DISSOLVED 
HG_N DA MERCURY NONFILTERED 
HG_S DA MERCURY ON SORBENT 
HG_T DA MERCURY TOTAL 
HHR DA HUMIDITY RELATIVE 
K_ DA POTASSIUM 
K_A DA POTASSIUM DIGESTIBLE 
K_C DA POTASSIUM CENTRIFUGED 
K_D DA POTASSIUM DISSOLVED 
K_E DA POTASSIUM EXTRACTABLE 
K_N DA POTASSIUM NONFILTERED 
K_R DA POTASSIUM RESPIRABLE SUSPENDED 
MG_ DA MAGNESIUM 
MG_A DA MAGNESIUM DIGESTIBLE 
MG_C DA MAGNESIUM CENTRIFUGED 
MG_D DA MAGNESIUM DISSOLVED 
MG_E DA MAGNESIUM EXTRACTABLE 
MG_N DA MAGNESIUM NONFILTERED 
MG_R DA MAGNESIUM RESPIRABLE SUSPENDED 
MN DA MANGANESE 
MN_A DA MANGANESE DIGESTIBLE 
MN_D DA MANGANESE DISSOLVED 
MN_E DA MANGANESE EXTRACTABLE 
MN_I DX MANGANESE DISINTEGRATED 
MNN DA MANGANESE NONFILTERED 
MNT DA MANGANESE TOTAL 
MO_ DA MOLYBDENIUM 
MO_A DA MOLYBDENIUM DIGESTIBLE 
NA DA SODIUM 
NA_A DA SODIUM DIGESTIBLE 
NA_C DA SODIUM CENTRIFUGED 
NA_D DA SODIUM DISSOLVED 
NA_E DA SODIUM EXTRACTABLE 
NA_N DA SODIUM NONFILTERED 
NA_R DA SODIUM RESPIRABLE SUSPENDED 
NH4N_ DA NITROGEN AMMONIUM 
NH4N_D DA NITROGEN AMMONIUM DISSOLVED 
NH4N_F DA NITROGEN AMMONIUM FILTERED 
NH4N_N DA NITROGEN AMMONIUM NONFILTERED 
NH4N_R DA NITROGEN AMMONIUM RESPIRABLE SUSPENDED 
NI_ DA NICKEL 
NIA DA NICKEL DIGESTIBLE 
NI_D DA NICKEL DISSOLVED 
NI_E DA NICKEL EXTRACTABLE 
NI_I DX NICKEL DISINTEGRATED 
NI_N DA NICKEL NONFILTERED 
NI_T DA NICKEL TOTAL 
NO3N_ DA NITROGEN NITRATE 
NO3ND DA NITROGEN NITRATE DISSOLVED 
NO3N F DA NITROGEN NITRATE FILTERED 
NO3N_N DA 	NITROGEN NITRATE NONFILTERED 
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NO3N R DA 	NITROGEN NITRATE RESPIRABLE SUSPENDED 
NTOT_ DA NITROGEN TOTAL 
NTOT_D DA NITROGEN TOTAL DISSOLVED 
NTOT_F DA NITROGEN TOTAL FILTERED 
NTOT_L DA NITROGEN TOTAL DESTILLABLE 
NTOT_N DA NITROGEN TOTAL NONFILTERED 
NTOT_R DA NITROGEN TOTAL RESPIRABLE SUSPENDED 
02_ DA OXYGEN 
O2_D DA OXYGEN DISSOLVED 
02_S DA OXYGEN SATURATION 
03_ DA OZONE 
03_N DA OZONE NONABSORBED 
PB_ DA LEAD 
PB_A DA LEAD DIGESTIBLE 
PB_D DA LEAD DISSOLVED 
PB_E DA LEAD EXTRACTABLE 
PBI DX LEAD DISINTEGRATED 
PB_N DA LEAD NONFILTERED 
PB_R DA LEAD RESPIRABLE SUSPENDED 
PB_T DA LEAD TOTAL 
PH DA PH 
PH_E DA PH EXTRACTABLE 
PH_L DA PH OF LIQUIDS 
PNP DA PHOSPHATASE ACTIVITY 
PNP_F DA PHOSPHATASE ACTIVITY FILTERED 
PO4P_ DA PHOSPHOROUS PHOSPHATE 
PO4P_C DA PHOSPHOROUS PHOSPHATE CENTRIFUGED 
PO4P_D DA PHOSPHOROUS PHOSPHATE DISSOLVED 
PO4P_E DA PHOSPHOROUS PHOSPHATE EXTRACTABLE 
PO4P_F DA PHOSPHOROUS PHOSPHATE FILTERED 
PO4P_N DA PHOSPHOROUS PHOSPHATE NONFILTERED 
PTOT_ DA PHOSPHOROUS TOTAL 
PTOT_A DX PHOSPHOROUS TOTAL DIGESTIBLE 
PTOT_D DA PHOSPHOROUS TOTAL DISSOLVED 
PTOT_E DA PHOSPHOROUS TOTAL EXTRACTABLE 
PTOT_F DA PHOSPHOROUS TOTAL FILTERED 
PTOT_I DX PHOSPHOROUS TOTAL DISINTEGRATED 
PTOT_N DA PHOSPHOROUS TOTAL NONFILTERED 
PTOT_R DA PHOSPHOROUS TOTAL RESPIRABLE SUSPENDED 
PTOT_T DA PHOSPHOROUS TOTAL TOTAL 
Q_ DA FLOW 
Q_D DA FLOW DIRECT 
Q_I DA FLOW INDIRECT 
RE_ DA RESIDUE 
RE_F DA RESIDUE FIXED SUSPENDED 
RE_G DA RESIDUE FIXED TOTAL 
RE_S DA RESIDUE SUSPENDED 
RE_T DA RESIDUE TOTAL (DRY WEIGHT) 
RE_V DA RESIDUE VOLATILE SUSPENDED 
RE_Y DA RESIDUE VOLATILE TOTAL 
RR_ DA PRECIPITATION 
RR_P DA PRECIPITATION PARTIAL 
RR_T DA PRECIPITATION TOTAL 
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SI02_ DA SILICA 
SI02_D DA SILICA DISSOLVED 
SIO2_N DA SILICA NONFILTERED 
SO2S_ DA SULPHUR SULPHUR DIOXIDE 
SO2S_A DA SULPHUR SULPHUR DIOXIDE ABSORBED 
SO2S_F DA SULPHUR SULPHUR DIOXIDE FILTERED 
SO2S_N DX SULPHUR SULPHUR DIOXIDE NONABSORBED 
SO4S_ DA SULPHUR SULPHATE 
SO4S_A DA SULPHUR SULPHATE DIGESTIBLE 
SO4S_D DA SULPHUR SULPHATE DISSOLVED 
SO4S_F DA SULPHUR SULPHATE FILTERED 
SO4S_N DA SULPHUR SULPHATE NONFILTERED 
SO4S_R DA SULPHUR SULPHATE RESPIRABLE SUSPENDED 
SOLU DA INSOLATION, UV-RADIATION 
STOT_A DA SULPHUR TOTAL DIGESTIBLE 
T_ DA TEMPERATURE 
T_A DA TEMPERATURE OF AIR 
T_W DA TEMPERATURE OF WATER 
WC_ DA WATER CONTENT 
WC_T DA WATER CONTENT TOTAL 
WL_ DA WATER LEVEL 
WL_F DA WATER LEVEL FREE 
WL_P DA WATER LEVEL UNDER PRESSURE 
ZN_ DA ZINC 
ZN_A DA ZINC DIGESTIBLE 
ZN_D DA ZINC DISSOLVED 
ZNE DA ZINC EXTRACTABLE 
ZN_I DX ZINC DISINTEGRATED 
ZN_N DA ZINC NONFILTERED 
ZN T DA ZINC TOTAL 
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ANNEX 4 
Layout and siting of stations of 

different subprogrammes 

Seppo Tuominen 
National Board of Waters and the Environment 

The Nature Conservation Research Unit 
P.O.BOX 250 

SF-00101 Helsinki 
FINLAND 

The type of stations (plots, groups of trees, 
sampling sites etc.) used for collecting monito-
ring data for different subprogrammes of the IM 
programme varies considerably. With respect 
to the aim of monitoring and the allocation of 
stations within the area, the stations can be 
divided into the following groups: 

1. Permanent plots used for 
mandatory extensive surveys 

Surveys used for mapping patterns of the area 
are mainly carried out as figure inventories, for 
which separate plots are not used. The vegeta-
tion survey (mapping of plant communities and 
inventory of plants), forest stand survey and soil 
survey can, however, also be done using line 
transects and permanent plots. 

Extensive surveys may be inventories made 
once, or repeated only after a long period. Infor-
mation collected from these surveys provides  

basic information about the state of the environ-
ment and is not as such used for monitoring. 
Extensive surveys may also be more frequently 
(once a year) repeated inventories which are 
carried out throughout or in a large part of the 
area, e.g. bird census. 

The vegetation survey can be carried out 
using line transects over the entire area and 
circular plots along the lines. A 50, 100 or 200 
m distance between lines is recommended. A 
closer analysis of the vegetation is done on 
regularly distributed plots along the lines. The 
distance of the plots should also be 50, 100 or 
200 m. Both the lines and the plots should be 
marked permanently for revisits (see figure 1). 

The forest stand survey should preferably 
be carried out using the permanent lines and 
plots for vegetation survey. Basal area can be 
determined using a relascope or it can be meas-
ured on a circular plot with a radius of 10 m. 

The soil survey should preferably be carried 
out using a similar network of plots as for 
vegetation and forest stand surveys. The plots 
used for soil sampling should be situated close 
to the vegetation plots, but not on them. The 
geochemical and pedological surveys can be 
carried out simultaneously, but using a longer 
interval between plots. 
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Figure 1. The permanent lines and plots used for 
vegetation survey. 

The area for bird census is allocated to a sub-
area which well represents the habitats of the 
monitoring area. The size of the inventory area 
should be ca. 60 hectares. For observations the 
inventory area is divided into a grid with 50 m 
x 50 m meshes, each used as an inventory point. 
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Figure 2. Allocation of the area for bird census 

2. Permanent plots used for optional 
extensive surveys 

Optional subprogrammes carried out on the 
monitoring sites include forest stand and plant 
cover inventories. The aim of these subpro-
grammes is to monitor changes in the vegetation 
and tree stands of the whole IM-site in more 
detail than the vegetation surveys. If the vegeta-
tion surveys and forest stand surveys are carried 
out using line transects and permanent plots 
along the lines, it is also recommended to do the 
optional forest stand and plant cover measure-
ments simultaneously. 

The field work for both forest stand and plant 
cover inventories should be carried out at the 
same time using the same plots. The inventories 
are done using a systematic plot network with a 
50, 100 or 200 m distance between plots. The 
shape of the network is equal to the one recom-
mended for mandatory vegetation surveys (see 
figure 1). In the inventories the forest stand 
measurements are carried out on circular plots 
with a radius of 10 m and vegetation measure-
ments on plots with a radius of 5 m. Circular 
plots have a common centre point, but if the 
vegetation is very vulnerable, the plots are loca-
ted next to one another (see figure 3). 

forest stand survey plot 

Figure 3. Circular plots used for forest stand and 
plant cover inventories. 
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3. Stations used for intensive 
surveys 

The aim of the intensive surveys is a more 
thorough monitoring of one or more habitats of 
the monitoring area. The most common habitat 
type is normally chosen (typical vegetation of 
the region, homogenious soil type etc.). The 
permanent plots used for different subpro-
grammes are normally allocated close to one 
another to allow for wider ecosystem monitor-
ing of a particular habitat. A group of these plots 
is called an intensive area and the station codes 
for each subprogramme belonging to the group 
should be the same (see figure 4). The size of an 
intensive area should not exceed 2 hectares. 

An intensive area may contain a varying 
number of stations, not necessary all types of 
plots. Each station can also be allocated apart 
from plots belonging to the other subp-
rogrammes. However, e.g. a soil plot needs to 
be described with reference to its vegetation 
(number of trees, height, diameter etc.). 

The size of a vegetation monitoring plot is 
20 x 20 —50 x 50 m2  (40 x 40 m2  is recommend-
ed). Size depends on the heterogeneity of the 
vegetation and the number of species. Indivi-
dual observations are performed on smaller 
sample plots. It is recommended to allocate the 
sample plots so that on each 10 x 10 ml plot there 
are 1-4 randomly allocated sample plots (see 
figure 4). The number of sample plots depends 
on the heterogeneity of the vegetation. The size 
of each sample plot is 0.25-1 m2. In the vegeta-
tion monitoring also the changes in tree growth 
and structure are monitored. Trees are mapped 
and measurements are carried out on the whole 
plot. 

The size of a soil monitoring plot is 20 x 20-
50 x 50 m2  (40 x 40 m2  is recommended). The 
size depends on the heterogeneity of the soil. 
The sampling network for soil chemistry should 
be systematic and cover the whole soil plot (see 
figure 4 and IM-manualfigure 17, page 48). The 
microbial decomposition studies are carried in 
the permanent soil plot in the sections not used 
for soil sampling. The soil plot should be placed 
close to but not coinciding with the vegetation 
monitoring plot. 

The stations used for each of the subprogram-
mes forest damage, foliage chemistry, trunk 
epiphytes and aerial green algae is a group of 

vegetation monitoring plot 

/ 	I forest damage 
lysimeter 	 sample tree 

soil plot 	 stemflow collector 

Figure 4. An example of the allocation of stations 
on an intensive area. The aim is to allocate the 
plots so that the results obtained from different 
subprogrammes are easily comparable but dis-
turbances are avoided. 

sample trees. 5-20 sample trees are chosen from 
a homogenous tree stand on an area with max-
imum size of 1 hectare (see figure 5). The size 
of stations and the number of sample trees varies 
in these subprogrammes. The sample trees used 
for monitoring aerial green algae are young 
spruces. The sample trees used for other subpro-
grammes belong to the dominant trees. 

A similar group is also used for the following 
subprogrammes: throughfall chemistry, stem-
flow chemistry, soil water chemistry and lit-
terfall chemistry. In these subprogrammes a 
station consists of several collectors placed ran-
domly or systematically on an area with maxi-
mum size of 1 hectare (see figure 4). The size of 
the area and the number of collectors varies in 
these subprogrammes. 
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• sample trees 

■ reference point 

Figure 5. An example of stations used for moni-
toring forest damage, foliage chemistry, trunk 
epiphytes and aerial green algae. In the example 
8 sample trees are selected from the suitable 22 
trees. The location of trees is determined by a 
reference point. 

4. Habitat determined stations used 
for intensive surveys 

Stations for the following subprogrammes: 
groundwater chemistry, runoff water chem-
istry and lake water chemistry, hydrobiology 
of streams and lakes and precipitation chem-
istry are habitat determined and they can only 
be allocated to specific sites in an IM-area. 
These sites are e.g. water courses, lakes, open-
ings etc. 

Precipitation chemistry stations are allo-
cated to an opening which well represents the 
monitoring area and where the surrounding 
trees do not prevent rain from entering the 
collectors (see IMmanualfi:gtirre 14 a,page38). 

Groundwater stations are allocated to the 
groundwater discharge parts of the catchment 
where wells or seepage to surface occur. An 
additional line of groundwater tubes should be  

established covering both the recharge and dis-
charge sections; this line should run perpendic-
ular to the slope contours (see IM manual fig-
ures 18 and 19, page 55). 

The runoff water chemistry station is allo-
cated near the discharge point of the monitoring 
area, close to a runoff recording device. If a weir 
is present, sampling is done at some distance 
from the weir. If no weir is present, the sampling 
should take place in a deep flowing portion of 
the stream. There can also be other stations 
wihin an IM-area for monitoring of sub-catch-
ments. 

A permanent lake water chemistry station 
should be established at the deepest point of the 
lake away from littoral influences. A bathymet-
ric survey of the lake helps to allocate sampling. 
The hydrobiological monitoring station is 
allocated close to the lake water chemistry sta-
tion so that together these two sites form an 
intensive area. 

The hydrobiological samples of streams 
should preferably be taken from vegetation free 
soft bottoms of accumulation type. A good 
station should, if possible, cover a stream length 
of ca. 10 m x width of the stream. The station 
should be chosen so that disturbance to runoff 
water chemistry sampling does not occur. 

5. Auxiliary stations 
Auxiliary stations are stations which can not for 
some reason be allocated within the IM-area. 
Stations for subprogrammes meteorology and 
air chemistry are often allocated outside the 
monitoring area due to technical requirements 
and cost of the equipment. Auxiliary stations 
should, however, be avoided because the data 
are not necessarily representative for the IM-
site. 

When selecting a site for meteorological or 
air chemistry equipment WMO requirements 
should be followed. 

6. Allocation of stations/plots 
within the IM-site 

The overall allocation of stations depends on the 
heterogeneity of forest stands and vegetation. 
The plots used for extensive surveys are allo-
cated throughout the monitoring area (see fig- 



ure 6). The stations used for intensive surveys 
are preferably allocated on the main habitat type 
of the monitoring area or a specific habitat (see 
figures 6 and 7). 

It is recommended to establish at least two 
stations for each subprogramme to be able to  

study the variation of parameters within the 
monitoring area. The stations belonging to diffe-
rent subprogrammes should be grouped to form 
an intensive area to allow for comparability of 
monitoring data. 

intensive area (see also figure 4( 

0 	vegetation and forest stand survey plots (see also figure 3) 

foliage chemistry, forest damage, trunk epiphyte and aerial green algae plots 

Figure 6. Example of the allocation of extensive and intensive forest stand and vegetation monitoring 
plots within the monitoring area. 
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area for bird census 	 lake water station 
station for 

groundwater station 
	 hydrobiology of lake 

intensive area (see also figure 4) 

station for runoff water 	 \ 	precipitation chemistry station 

station for 
hydrobiology of stream 

Figure 7. An example of the allocation of stations within the monitoring area (forest stand and 
vegetation monitoring plots not included). 
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ANNEX 5 
Recommendations for the 

coding of stations 

1. Coding of stations 

National Focal Points (NFP) in each country are 
responsible for the coding of stations. 

All stations belonging to an IM-site are identi-
fied by: 
country + area number, where: 

• country: a 2-letter ISO code for country 
• area number: a 2-digit running number per 

coutry 

Stations within an IM-site are identified by the 
following information: station identification — 
station code + office code + subprogramme 
code, where: 

• station code: a 3-digit code for station 
• office code: a 2-letter code for office/insti-

tute responsible for measurements (com-
plete name also reported to EDC) 

• subprogramme: a 2-letter code for subpro-
gramme 

Stations may represent plots, groups of trees, 
sampling sites etc. Stations belonging to one 
subprogramme can always be identified by the 
2-letter subprogramme code (see figure 1). In 
order to allow for easier comparison of data 

each station should be coded so that the same 3-
digit station code is used for different subp-
rogrammes when the measurements are carried 
out on the same plots or when the stations are 
close to one another on the same habitat type. 

A code belonging to an abandoned station should 
not be used again. 

2. Description of stations 

The following additional information about sta-
tions should be available at NFP's: 

STATION IDENTIFICATION (see above) 

ESTABLISHMENT INFORMATION: 

• Establishment date (yymm) 

• Dismantling date (yymm): Given when 
station is abandoned 

LOCAL COORDINATES: 

Coordinates are given using local coordinates. 
The reference point (origo) is the left lower 
corner of the smallest rectangle enclosing the 
IM-site. The x-axis (S—N-axis) is drawn parallel 
to compass north and the y-axis is drawn perpen-
dicular to x-axis. 
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• Local x coordinate: Distance from the ref-
erence point in the S—N direction, 10 m 
accuracy. 

• Local y coordinate: Distance from the ref-
erence point in the W—E direction, 10 m 
accuracy. 

• Elevation: Elevation above sea level, 10 m 
accuracy 

VEGETATION: 

Information obtained from mapping of forest 
stands and vegetation (see IM manual chapter 
6.2). If the surveys have not been carried out the 
following information should be made availa-
ble: 

• Vegetation type: According to Mapping of 
plant communities (see IM manual chapter 
6.2). 

The following information is given according to 
Mapping of forest stands (see IM manual chap-
ter 6.2): 

• Dominant tree species 

• Basal area 

• Development class 

• Dominant tree height 

SOIL: 

Information obtained from mapping of soil types 
(see IM manual chapter 6.2). If the survey has 
not been carried out the following information 
should be made available: 

• Soil type 

• Pedotype 

STRUCTURE OF THE STATION: 

• Type of the station: 
Inventory type: E.g. area for bird census 

Composite type: E.g. subprogramme metal 
chemistry of mosses, when a composite 

sample is collected from the whole monitor-
ing area. 

Relascope type: Size of the plot and number 
of trees included in the monitoring depend 
on the size of the dominant trees and the 
relascope used. 

Circular type: E.g. plots used for mapping 
and inventories of forest stands and vegeta-
tion. 

Sample tree type: E.g. stations for foliage 
chemistry, forest damage, trunk epiphytes 
and aerial green algae. 

Hierarchical type: E.g. stations for soil che-
mistry and vegetation. The station is a large 
square or circular plot where sampling is 
carried out using smaller sample plots. 

Group type: E.g. stations for air chemistry, 
precipitation chemistry, throughfall and 
stemflow chemistry. The station consists of 
several collectors/devices. 

• Size of the station: Size of the area (m2) 
containing all collectors/sample plots/sam-
ple trees used for monitoring. 

• Number of sample plots/sample trees/ 
collectors: Number of sample plots refers 
to the individual smaller sampling plots 
used for sampling. 

• Size of individual sample plots: E.g in 
subprogramme vegetation size of smaller 
individual sample plots used for sampling 
(m2). 

ADDITIONAL INFORMATION: 

• Any information which might explain chang-
es in the measured values of some parame-
ters. 

•Circumstances possibly affecting the 
measurements. 

• Methods, if different from the recommen-
ded ones. 

• The bases used for dividing vegetation into 
layers/levels. 

• Upper and lower levels used in monitoring 
trunk epiphytes etc. 
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intensive area 002 
	

forest standinventory 
station 101-ME-AR 

plant cover inventory 
station 101-HU-PA 

vegetation station 
002-HU-VG 

• 

litterfall station 
002-ME-LF 

Example: 
station code = 002 
office code = ME 
(Forest Research 

soil chemistry station 	Institute METLA) 
002-ME-SC 	 subprogramme = SC 

Figure 1 . An example of coding. The same 3-
digit station code is used for different subpro-
grammes when the stations are situated on the 
same intensive areas or close to one another on 
the same habitat type. 
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ICP/IM AREA DESCRIPTION FORMULA 	 ANNEX 6 

SUBMITTED BY 

COUNTRY AREA 

MONITORING AREA TYPE (intensive area, biomomitorimg area) 

POLITICAL JURISDICTION COUNTY 

OWNER TYPE GEOGRAPHICAL COORDINATES 

SIZE (ha) WATER AREA (%) PRECIPITATION (mm) SNOW (%) TEMPERATURE (° C) 

HYDROLOGICAL CYCLE 
LENGHT (d) 

VEGETATION PERIOD 
LENGHT (d) 

ELEVATION 	MAX. (m.a.s.l.) MIN. (m.a.s.l.) 

HISTORY OF FOREST 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

EARLIER INVESTIGATIONS 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

POLLUTION LOAD AND OTHER ANTHROPOGENIC STRESS FACTORS 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
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