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Preface 

These Guidelines on Water-quality Monitoring and Assessment of Trans
boundary Rivers have been drawn up as part of the working programme 
1994/1995 of the ECE task force on monitoring and assessment under the 
Convention on the Protection and Use of Transboundary Watercourses and 
International Lakes (Helsinki, 1992). 

The drawing-up of the guidelines was based on a thorough examination of 
current monitoring and assessment practices. The results of this examina
tion are contained in five background reports: 
- Volume 1: Transboundary rivers and international lakes 
- Volume 2: Current practices in monitoring and assessment of rivers and 

lakes 
- Volume 3: Biological assessment methods for watercourses 
- Volume 4: Quality assurance 
- Volume 5: State of the art on monitoring and assessment of rivers 

The guidelines have been prepared by M.Adriaanse (RIZA), in cooperation 
with J.G. Timmerman, J.J. Ottens, M.C.M. van Oirschot, R.M.A. Breukel, 
C. van de Guchte and W.H. Mulder (all of RIZA). The guidance-committee 
for the drafting of guidelines comprised of J. Botterweg, P.B.M. Stortelder, 
E.C.L. Marteijn, T. Bakker, R.W. Uyterlinde (all of RIZA), and J. Dogterom 
(International Centre of Water Studies). Final reviews of the text were made 
by M.T Villars (Delft Hydraulics) and R. Enderlein (UN/ECE secretariat). 

The draft guidelines were discussed and accepted by the Bratislava meeting 
(November 1995) of the task force. Designated experts participating in the 
task force discussions on the draft guidelines were: 
Austria 
Bulgaria 
Czech Republic 
Croatia 
Estonia 
Finland 
Germany 
Hungary 
Latvia 
The Netherlands 
Poland 
Portugal 
Romania 
Russian Federation 
Slovak Republic 
Slovenia 
Ukraine 
UN/ECE 
WMO 

K. Schwaiger 
N. Matev 
J. Plainer, P. Puncochaf 
B. Glumbic, M. Marijanovicf 
V Taal 
S. Antikainen 
M. Schleuter 
Zs. Buzas, E. Poroszlai 
R. Bebris 
A.B. van Luin, M. Adriaanse, J.G. Timmerman 
M. Landsberg-Ucziwek, H. Soszka 
V.M. da Silva 
T.L. Constantinescu, C. Ognean 
VS. Kukosh 
Z. Kelnarova. P. Roncak. M. Matuska 
M. Zupan 
O. Kryjanovskaia, N. Padun, O. Tarasova 
R. Enderlein 
N. Sehmi 

Contributing to the discussions in the task force on the draft guidelines 
were also representatives of the Danube Monitoring, Laboratory and 
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Information Management Sub-group (MLIM): L. Popescu (Romania) and 
P. Literathy (Hungary), and as representative of the European Topic Centre 
on Inland Waters, T. Lack. 

Moreover, a consultation was held with the Chairman of the Task Force on 
the control of water pollution from point sources, with France as lead 
country, to harmonize the recommendations regarding the monitoring of 
effluents. 

The draft guidelines were adopted by the ECE Working Party on Water 
Problems (March 1996) and finally by the ECE Committee on Environmen
tal Policy (May 1996). 
They will also be published in the ECE Water Series (1996). 
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1. General recommendations 

1. Introduction 
The Convention on the Protection and Use of Transboundary Water

courses and International Lakes (Helsinki, 1992) covers, among others, the 
monitoring and assessment of transboundary waters, the assessment of the 
effectiveness of measures taken to prevent, control and reduce transboun
dary impact, the exchange of information between riparian countries and 
public information on the results of water and effluent sampling. Riparian 
parties shall also harmonize rules for setting up and operating monitoring 
programmes, including measurement systems and devices, analytical tech
niques, data processing and evaluation procedures. 

These guidelines are intended to assist ECE Governments and joint bodies 
(e.g. river-basin commissions) in developing and implementing procedures 
for monitoring and assessing transboundary waters in their region'. The 
target group comprises decision-makers in environmental and water minis
tries and agencies and all those who are responsible for managing the 
monitoring and assessment of transboundary rivers. 

The character of these guidelines is strategic rather than technical2. They 
refer to transboundary rivers. Guidelines on the monitoring and assessment 
of other types of transboundary waters, such as groundwaters, lakes and 
estuaries, will be drawn up soon. 

The water-quality aspects of the monitoring and assessment of transboun
dary rivers were emphasized. Where relevant for the assessment of the wa
ter quality and the ecological functioning of the river basin, attention was 
also paid to water-quantity aspects. 

These guidelines will be reviewed after a three years period on the basis of 
experiences with implementation in a number of transboundary river-basins 
in the ECE-region. The results of this pilot project will also serve as a dem
onstration of implementation of the guidelines. 

2. River-basin management 
The Convention fundamentally focuses on the river-basin approach, 

as the issues of pollution, ecological quality and quantitative aspects of a 
transboundary water are common to all riparian countries. Targets, pro
grammes and measures should be drawn up jointly. Monitoring and assess
ment activities to support river-basin management with adequate and reli
able information should involve all riparian countries. 

Note 
' In the guidelines, "region" means - unless otherwise specified (e.g. ECE region) - a geograp

hical area which covers at least one transboundary catchment. 

2 For technical details, the background reports prepared by the task force and leading inter
national literature and handbooks on operational practices of monitoring and assessment (see 
annex 1) should be consulted. 
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Figure 1 
The monitoring cycle. 

3. Downstream estuarine and marine environment 
River systems are considered to include their tidal estuaries with (of

ten dominating) sedimentation problems. Given the intense interaction 
between rivers and the seas into which they discharge, it is essential to har
monize the approaches to monitoring and assessment with those adopted 
under the existing sea treaties. 

4. Integrated approach 
Adequate understanding of the human uses and the ecological 

functioning of a river, the main issues (for a description see para. 2.2 and 
table 1), and the cause-effect relations between issues and uses indicates 
principally that a river is more than just water. River quality should there
fore be assessed in an integrated manner, based on criteria that include wa
ter quality and quantity for different human uses as well as flora and fauna. 
A systematic analysis and assessment of water quality, flow regimes and 
water levels, habitats, biological communities, sources and fate of pollu
tants, as well as mass balance derivations, should be conducted in order to 
provide reliable information (see annex 2). 

5. Monitoring cycle 
The process of monitoring and assessment should principally be seen 

as a sequence of related activities that starts with the definition of informa
tion needs, and ends with the use of the information product. This cycle of 
activities is shown in figure 1. 

Successive activities in this monitoring cycle should be specified and de
signed based on the required information product as well as the preceding 
part of the chain. In drawing up programmes for the monitoring and as
sessment of river basins, riparian countries should jointly consider all stages 
of the monitoring process. 

Water management 

S _ 
Information needs 

^ N S _ 
Information needs Information utilization 

Monitoring strategy 
\ 

Monitoring strategy Reporting 

,_ 1 
Data analysis Network design Data analysis 

Sample collection Data handling 

Na S 
Laboratory analyses 

The evaluation of the obtained information may lead to new or redefined 
information needs, thus starting a new sequence of activities. In this way, 
the monitoring process will be improved. This should enhance one of the 
major objectives of most monitoring programmes, i.e. the accurate identifi
cation of long-term trends in river characteristics. 

UN/ECE Task Force on Monitoring and Assessment 

Guidelines on Monitoring and Assessment 



Water-quality assessment: 
Evaluation of the physical, chemical and biological nature of water 

in relation to natural quality, human effects and intended uses, particular
ly uses which may affect human health and the health of the aquatic ec
osystem itself. 

Water-quality monitoring: 
The collection of information at set locations and at regular inter

vals in order to provide the data which may be used to define current 
conditions, establish trends, etc. 

Survey: 
A finite duration, intensive programme to measure, evaluate and 

report the quality of the aquatic environment for a specific purpose. 

(Source: Chapman, D. (Ed.), 1992. See reference No. 16 in annex 1). 

6. Information sources 
Information for river-basin management can be obtained from pri

mary sources such as monitoring programmes, computations and predic
tions with models and knowledge-based systems (expert systems), and 
other sources (e.g. databases) containing statistical or administrative infor
mation (see figure 2). Using these information sources in combination 
offers optimal conditions for cost-effectiveness. 

Figure 2 
Main sources of information. Water management 
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Monitoring 
network 

Information 
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7. National programmes 

The results of national monitoring programmes carried out under the 
responsibility of national Governments will form the basic information 
sources under the Convention. 

8. Revision of guidelines 
The subsidiary bodies established by the Executive Body for the Con

vention should evaluate and, if necessary, revise these guidelines on a regu
lar basis. 
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9. Structure of the guidelines 
The monitoring cycle (see figure 1) was taken as the basis for 

structuring the guidelines. However, the strategic character of the guide
lines implies that much attention was paid to the first steps, including infor
mation needs and the strategies of monitoring and assessment (chapters 2, 
3 and 4). Network design, sample collection and laboratory analysis will be 
dealt with in more detail in chapter 5 on monitoring programmes. For the 
same reason, data handling, data analysis, reporting and information util
ization are combined in chapter 6 on data management. 
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2. Identification of issues 

1. Water management 
The need for information should be based on the core elements in 

the management of river basins and on the active use of information in the 
decision-making process. These elements can be defined as the func
tions/uses of the river, the issues (problems) and pressures (threats), and 
the impacts of measures on the overall functioning of the river basin. The 
core elements in water management and their interactions are shown in 
figure 3. 

s 
management 

I \ 
I t 

/ 
Z3T" 

2. Functions, issues, pressures and targets 
Riparian countries need to individually identify and collectively agree 

upon: 
(a) Specific human uses and the ecological function of a river basin; 
(b) The issues which have an impact on human uses and the ecological 

functioning of the river (see table 1); 
(c) The existing and future pressures which constitute the issues; 
(d) The relation between the state of the river basin and the functioning 

of receiving water bodies (reservoirs, lakes, estuaries, seas); 
(e) Quantified management targets (e.g. agreed upon water-quality ob

jectives or pollution reduction targets), to be implemented within a 
specified time period. 

This specification of human uses and the ecological functioning of a river 
and the identification of pressures, issues and targets should include the full 
range of qualitative and quantitative aspects of river basin management. 

Figure 3 
Core elements in water management. Functions/use 

Problems/threats Measures 

3. River basin specific issues 
The issues and targets of water management at different levels (glo

bal, ECE regionwide, river-basin level, regional and local levels) should be 
prioritized, as these priority issues and targets determine to a large extent 
the information needs. As the Convention focuses on the river basin ap
proach, riparian countries should identify the issues that are specific to their 
river-basin and indicate priorities. 
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Table 1 
Functions of river basins and most relevant issues. 
x Main potential pressure on function. 
' Includes impacts of the management of water resources, a.o. in case of water diversion or improper construction and/or operation 

of hydropower dams. 
1 Dry/wet deposition, eventually followed by leaching to groundwaters or run-off to surface water. 
' Organic matter and bacteriological pollution by waste-water discharge. 
4 Specific substances e.g. radio-nuclides. heavy metals, pesticides, etc. 
5 Transport of water, ice, sediments and waste water 

FUNCTIONS 

ISSUES 

Safety Eco- Fish- Recreation Drinking Irrigation Industrial Hydro- Mineral Transport Navigation 
system eries water use power abstraction ' 

Flooding x ' 

Scarcity ' 

Sedimentation 
/erosion 

'. K 

Quantitative 
management' 

X X 

Salinization 

Acidification ' X 

Organic 
pollution 3 

X 

Eutrophication X 

Pollution with 
hazardous 
substances * x 
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3. Information needs 

1. Information needs and monitoring objectives 
The most critical step in developing a successful, tailor-made and 

cost-effective monitoring programme is the clear definition and specifica
tion of information needs and monitoring objectives. Information needs 
and monitoring objectives have to be specified to such an extent that de
sign criteria for the various elements of the information system can be de
rived. 

Informal Informal 
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2. Role of information 
Adequate information and public access to the information are neces

sary pre-conditions for the implementation and enforcement of the Con
vention. The ultimate goal of monitoring is to provide information, not only 
data. As in the past many monitoring programmes have been characterized 
by the "data rich, but information poor" syndrome, attention should be di
rected towards the end-product of monitoring, i.e. information. 

3. Information needs per issue 
The information required for the assessment of sustainable water us

es and ecological functioning should be structured on the basis of issues, 
pressures and water management measures. The proper identification of 
information needs principally requires that the concerns and decision-mak
ing processes of information users are defined in advance. 

4. Monitoring objectives 
Monitoring objectives emerge from the core elements of river-basin 

management and from the issues that are in the public interest. The main 
monitoring objectives for both effluents and rivers are: 
(a) The assessment of the actual status of a river basin by regular testing 

for compliance with standards. Standards should be defined for various 
human uses and targets should be established for the ecological func
tioning of the river basin concerned; 

(b) Testing for compliance with discharge permits, or for setting levies; 
(c) Verification of the effectiveness of pollution control strategies, by indi

cating the degree of implementation of measures, by detecting long-
term trends in concentrations and loads, and by demonstrating how 
well the intended targets were reached; 

(d) Provision of early warning to protect the intended water uses in the 
event of accidental pollution; 

(e) Recognition and understanding of water-quality issues through in-depth 
investigations by surveys, for example, related to the presence of toxic 
substances. 

The specification of a monitoring objective should principally make clear 
why the information is needed (e.g. for what decision-making process). It 
should also show the intended use of the information (purpose) and the 
management concern (e.g. protection of a specific use). 
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Ten basic rules for a successful assessment programme: 

1. The objectives must be defined first and the programme adapt
ed to them, and not vice versa (as was often the case for multi
purpose monitoring in the past). Adequate financial support must 
then be obtained. 

2. The type and nature of the water body must be fully understood 
(most frequently through preliminary surveys), particularly the spatial 
and temporal variability within the whole water body. 

3. The appropriate media (water, particulate matter, biota) must be 
chosen. 

4. The variables, type of samples, sampling frequency and station 
location must be chosen carefully with respect to the objectives. 

5. The field, analytical equipment and laboratory facilities must 
be selected in relation to the objectives and not vice versa. 

6. A complete and operational data treatment scheme must be 
established. 

7. The monitoring of the quality of the aquatic environment must 
be coupled with the appropriate hydrological monitoring. 

8. The analytical quality of data must be regularly checked through 
internal and external control. 

9. The data should be given to decision makers, not merely as a 
of variables and their concentrations, but interpreted and assessed by 
experts with relevant recommendations for management action. 

10. The programme must be evaluated periodically, especially if the 
general situation or any particular influence on the environment is 
changed, either naturally or by measures taken in the catchment 
area. 

(Source: Meybeck et al. See reference No. 16 (D. Chapman (Ed.) in annex 1). 

5. Specification of information needs 
Specification of information needs concerns the various aspects of the 

information product: 
(a) Criteria for water-quality assessment should be defined. These should 

lead to the development of a strategy of assessment rather than being a 
simple inventory of arbitrary needs. The assessment criteria, defined for 
each use, determine the choice of assessment methodology (e.g. con
siderations for the setting of standards, or criteria for the choice of 
alarm conditions for early warning); 

(b) Appropriate monitoring variables have to be selected. They should suffi
ciently characterize the pollutant discharge, or represent functions and 
uses of water bodies, or characterize water-quality issues and/or be of 
value for testing the effectiveness of measures; 

(c) Information needs have to be quantified to assess the effectiveness of 
the information product, making clear what detail is relevant for deci
sion-making. Relevant margins have to be specified for each monitoring 
variable. A relevant margin is defined as the information margin that 
the information user is concerned about; 

(d) Requirements for reporting and presentation of the information product 
should be specified (e.g. visualization, the degree of aggregation, indi
ces). 
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Good or bad water quality 
A particular concentration of some chemical dissolved in water may re
flect either good or bad quality water depending on the intended water 
use. For example, a concentration of 2 parts per million boron in a river 
may not affect any present uses of the river, and the river water might be 
considered to be of good quality. However, if the water is subsequently 
required for regular irrigation of certain horticultural crops the boron con
centration will be too high and the water may then be considered to be 
of poor quality (that will certainly be the irrigator's view). 

(Source: CB. Mc Bride, 1986. See reference No. 20 in annex 1). 

6. Indicators 
The use of indicators might facilitate the specification of information 

needs, since they are quantitative and are linked to certain issues. Further
more, indicators are often linked to a set of core variables, thereby direct
ing the monitoring strategy for a certain issue. 

7. Evolving information needs and continuity in monitoring 
Information needs are evolving during monitoring due to develop

ments in water management, attaining of targets or changing policies. 
Consequently, monitoring strategies often need to be adjusted over time. 
Dynamic information needs require a regular re-thinking (revision) of the 
information strategy in order to update the concept. However, one should 
not neglect the need for continuity in time series of measurements. This 
continuity is necessary to detect significant and reliable trends in river basin 
characteristics. 

8. Acknowledged general targets 
As the Convention acknowledges general targets, e.g. the preven

tion, control and reduction of pollution loads, a "core set" of variables per 
issue could be selected for the assessment of the status of transboundary 
rivers in ECE countries. 
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4. Strategies for monitoring and assessment 
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4.1. General strategies 

1. Introduction 
After the specification of the information needs, strategies are re

quired to design and operate monitoring programmes in such a way that 
the desired information is obtained. Strategies define the approach and the 
criteria needed for a proper design of the monitoring programme. Thus 
they imply the translation of information needs into monitoring networks. 

After the general remarks in this section, three categories are considered in 
more detail. These are ambient monitoring of rivers, early warning and ef
fluents. The ambient monitoring of rivers is further subdivided to provide 
recommendations regarding the assessment of the ecological functioning, 
water-quality assessment for human uses, and water-quantity aspects. 

2. Quality of effluent discharges and receiving water bodies 
There is a lack of knowledge on actual concentrations of many chem

icals due to a lack of analytical methods and/or the prohibitive costs of 
sampling and analyses. This makes a monitoring approach based solely on 
ambient water quality inadequate. For this reason, the authorization of dis
charges of hazardous substances is a basic tool for risk management in wa
ter pollution control. Besides, the feed-back obtained from the monitoring 
of the affected surface water has to be used to rationalize and correct the 
approach. 

Trends in chemical monitoring 
The European Inventory of Commercial Chemical Substances (EINECS) 
has identified about 100,000 chemicals. Several thousands of these are 
expected to occur in river basins. Of these, concentrations of only 30-40 
chemicals are regularly monitored in important European aquatic ecosys
tems. 

An increasing interest in monitoring additional chemicals, and at low con
centration levels, may be identified, due to: 
- The increase in the number of chemicals which have to be considered 

in effect assessment, permits and monitoring; 
- Increasing knowledge on the adverse effects of pollutants in extremely 

low concentrations on human health and biota; 
- The decrease in the concentrations of individual chemicals in the efflu

ent, due to a reduction in pollution by industry and improved waste
water treatment; 

- The rapid increase in available chemical and ecotoxicological analytical 
methods. 

3. Integrated assessment by a triad of approaches 
The policy used in water pollution control for the prediction, detec

tion and control of waste loads to the receiving river basin, the assessment 
of the water quality of river basins, and the ecological functioning of the 
aquatic ecosystems requires the integration of three categories of monitor
ing: 
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(a) Physico-chemical analysis of water, suspended matter, sediments and 
organisms; 

(b) Ecotoxicological assessments by bio-assays and biological early-warning 
methods; 

(c) Biological surveys. 

The combined use of biological surveys, bio-assays and chemical analyses 
enhances the interpretation possibilities with respect to cause and effect 
(e.g. media (water/sediment), contaminants and bio-availability). This ap
proach also leads to a more cost-effective strategy for monitoring, com
pared with an approach dominated by the monitoring of a rapidly increas
ing number of individual chemicals. 

4. Inventory and preliminary investigation 
Inventories and preliminary surveys should be carried out by riparian 

countries prior to a monitoring effort in their transboundary river basins. 
These provide information needed to set up the monitoring as effectively 
and efficiently as possible. Inventories and preliminary surveys include a 
general screening of all available information relevant to the aspect under 
consideration, evaluation of site conditions, screening of the occurrence of 
pollutants or toxic effects by surveys (by tiered approach, see below) and 
surveys to determine the variability of monitoring variables in time and 
space. 

5. Tiered approaches 
As monitoring environmental quality serves different aims (e.g. to sig

nal, control and predict) and as the information needs vary from broad 
indications to fine-tuned diagnostic figures, the choice of selected variables 
and methods used (e.g. ecotoxicological indicators) also depends on them. 
Step-wise approaches, which, in general, will lead from coarse to fine as
sessments, are recommended. Each step should be concluded with an eval
uation of whether or not the obtained information is sufficient. Such tiered 
testing strategies can ultimately lead to a reduction in information needs 
for further routine monitoring (see figure 4). 

Figure 4 
Tiered testing strategies. 

S t e p l General screening of 
available information 

if information 
is insufficient v 

Step 2 
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rapid screening tests 
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Step 4 Additional research efforts 
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6. Integration of monitoring efforts 
The inventoried and specified information needs will probably require 

different monitoring networks to fulfil the different monitoring objectives. 
The integration of monitoring activities for reasons of cost-effectiveness in 
an early stage of the monitoring cycle may cause an over- or underdimen-
sioning of monitoring networks. Therefore, it is recommended to develop 
an information strategy per monitoring objective or information need. 
Integration of monitoring efforts may be considered in the implementation 
phase. 

Monitoring strategies 
Developing a strategy involves substantial choices: 
(a) Is information already available from other sources (models, other data 

suppliers) or does information have to be gathered by monitoring? 
(b) If monitoring is needed, is a general screening sufficient, will a single 

survey be sufficient or is more extended monitoring necessary? 
(c) What types of monitoring are best suited to gather the data for the 

specified information need? 

7. Phased approaches 
In general, a phased approach to bringing into operation monitoring 

efforts, going from broad to fine, and from simple to advanced, is advisable 
for reasons of cost-effectiveness. Additionally, for developing countries or 
countries in transition, prioritisation in time is recommended for the intro
duction of new monitoring strategies, going from labour-intensive to tech
nology-intensive methods. In many cases, the lack of appropriate, consis
tent and reliable data and the non-existence of an adequate baseline 
against which progress can be measured make a phased approach realistic. 

8. Cost-effective approaches 
The cost-effectiveness of monitoring should be improved by: 

(a) The specification of objectives and information needs and the proper 
setting-up of accountable monitoring programmes; 

(b) The integration of chemical and biological monitoring (including bio
assays) which can increase both the effectiveness of monitoring (cause 
and effect relations) as well as the efficiency; 

(c) The application of biological methods. Where appropriate, they may 
offer a cheaper option compared to chemical analytical methods. The 
advantages of biological methods for problem indication, however, do 
not eliminate the need for chemical analysis for diagnostic purposes and 
for tracing back the pollution source; 

(d) The use of mixture toxicity variables and other aggregate variables; 
(e) The use of tiered approaches or step-wise procedures for the screening 

of water, sediments and biota to gain more information at lower cost. 

4.2. Ambient monitoring of rivers 

The monitoring and assessment of transboundary rivers are concerned with 
the actual status and trends that are relevant for the functions and uses of 
the river. To provide sufficient information, this involves ecological, physical 
and chemical monitoring. The ecological monitoring variables include pres
ence and trends in different biological variables as representatives of flora 
and fauna. Physical variables include characteristics of the flow regime as 
well as habitat factors, such as the presence of floodplain forests or spawn
ing grounds. The chemical variables provide insight into the chemical status 
of water, suspended solids and sediments. 
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4.2.1. Assessment of ecological functioning 

1. Good ecological quality of river basins 
The management of the water environment should at least aim at 

sustaining or restoring the good ecological quality of river basins where 
substances or structural components from human activities have no signifi
cant detrimental effects on the ecosystem. More ambiguous goals such as 
the conservation and, where possible, restoration of aquatic ecosystems to 
a target state of high ecological (see the ECE Guidelines on the ecosystem 
approach in water management, ECE/ENVWA/31) should also be consid
ered. 

Ecological quality assessment provides a direct measure of the health of ec
osystems and is emphasized as a central element in the management of the 
water environment. 

2. Ecoregions 
The functioning of aquatic ecosystems should be considered over 

catchment areas. Ecoregions (crossing national boundaries) and ecotypes 
should be fully taken into account. The river continuum (river corridor) 
concept should be recognized. 

Habitat: 
Ecological unit in which the composition and development of com

munities are determined by abiotic and biotic characteristics, including 
those resulting from human activities. 

River corridor/river continuum: 
An ecological zonation of communities, both functional and struc

tural, from source to river mouth as a result of longitudinal gradients in 
abiotic determining factors (e.g. width and depth of the river bed, flow 
velocity, substrate grain size, enrichment by nutrients). 

3. Detrimental effects 
The aquatic ecosystem may be affected by: 

(a) Disturbed habitats and/or the absence of characteristic riverine habitats 
as a consequence of obstructions/constructions in the river and riverine 
zone; 

(b) Emissions of toxic substances; 
(c) Organic pollution causing oxygen deficiency; 
(d) Nutrient enrichment causing eutrophication; 
(e) Human use (like navigation, recreation); 
(f) Deposition of airborne pollution (fossil-fuel combustion) causing 

acidification; 
(g) Radioactivity by deposition of airborne pollution (e.g. as a consequence 

of nuclear accidents) and leakages; 
(h) Pollution loads from rivers to receiving waterbodies (e.g. reservoirs and 

seas). 

4. Operational indicators 
The quality of aquatic ecosystems is determined by the state of repre

sentative elements mentioned below (see table 2): 
(a) Concentrations of dissolved oxygen, biochemical oxygen demand 

(BOD), total organic carbon (TOO; 
(b) Concentrations of hazardous substances in water, sediment and 

organisms; 
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(c) Functional variables, e.g. chlorophyll-a, biomass, primary production; 
(d) Communities, among others diversity of plankton, macrozoobenthos, 

vegetation, fish, waterbirds, mammals and, more specifically, the pres
ence of reference species, characteristic of an undisturbed river; 

(e) Diseases and morphological deviations in organisms; 
(f) Physical factors (flow, obstructions, channelisation and meandering, 

structure of sediments, condition of banks and coastal areas). 

Table 2 
Indicative variables per issues. 

ISSUES 

Sanitation 

Salinization 

Acidification 

Eutrophication 

Pollution with 
hazardous substances 

Phase 1: 
core set of indicative variables 

INDICATIVE VARIABLES 

Phase 2: 
additions for extended set 

Dissolved oxygen, BOD 

faecal coliform. faecal streptococcus 

Conductivity 

Acidity (pH) 

Dissolved oxygen, 
nutrients (total nitrogen, total phosphorus), 
chlorophyll-a 

Floating oil. 
heavy metals (cadmium, mercury), 
radioactivity (total o-activity. residual P-activity. 
tritium), 
organochlorine pesticides (EOX, AOX). 
chlorinated hydrocarbons (VOX), 
acetylcholinesterase inhibition 

COD, TOC, 
viruses, salmonella 

Major ions. Cl 

Alkalinity 

Ammonium, Kjeldahl-nitrogen. nitrate, ortho-phosphate 

characteristics of oil 
other heavy metals of relevance. 
Y-nuclides (Cs-137). Sr-90. Po-210 

endosulphan. Y-HCH.organo-P-esters 

atrazine, 
benzene, 
pentachlorophenol, 
organotin, 

characteristics of sediments: 
PAHs (Bornef 6) in sediment and/or biota, 
PC8 (indicator 6) in sediment and/or biota 

5. Selection of assessment tools 
Biological assessment tools should be carefully chosen with respect to 

the intrinsic - actual or potential - ecological value, the designated func
tional uses of the riverine ecosystem as well as the character and size of the 
watercourse. The introduction of a reference state provides a standard 
against which the ecological condition of a system can be assessed. 

6. Biological assessment 
The benthic macroinvertebrate community is considered to be a good 

practical tool for routine assessment of the biological quality of the aquatic 
zone of rivers. Determination on species level is essential. Assessments in
clude the following indices: 
(a) Biotic index: Regional differentiation may be necessary. The establish

ment of a database of well-defined unaffected reference communities is 
a prerequisite for the implementation of a biotic index; 

(b) Saprobic index: If the organic load is the factor which dominates the 
water quality, the saprobic index may be used. The purpose of this 
index is to classify the saprobic state of the running waters, covering 
the full range from unpolluted to extremely polluted waters. 
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7. Integrated ecological assessment 
Because of the importance of biotic as well as abiotic factors for the 

functioning of the ecosystem, integrated ecological assessment methods 
should be applied. Such methods would be composed of selected "smart" 
variables (see the above paragraph on operational indicators) that have 
proven to be representative for a community, and are sensitive for general 
or specific impacts on riverine ecosystem elements. Depending on the im
pact, an integrated ecological assessment should comprise: 
(a) A biological assessment, i.e. an assessment of the biological status of 

the river (water body only) with respect to community structure and 
functioning; 

(b) An ecotoxicological assessment, i.e. the application of ecotoxicological 
tools, such as field experiments and laboratory tests; 

(c) An ecological assessment, i.e. an assessment of the interaction of biotic 
communities with abiotic factors and habitats; 

(d) A "whole river" assessment, i.e. the analysis of a river as part of a 
whole riverine ecosystem with an intrinsic ecological value in which 

biotic groups such as vegetation, amphibians, water birds and mammals in 
related compartments such as banks, marshes and floodplains are consid
ered. 

4.2.2. Water-quality assessment for human uses 

1. Sustainable water use 
Sustained human use of the river-basin have to be based on a multi

functional approach in water management. Demands of various uses can 
be characterized by the specific water-quality requirements (criteria, objec
tives, targets). The threatening of issues and pressures should be identified 
in their consequences for these requirements. This specifies the information 
that is required for the assessment of water-quality for sustained water use. 

2. Indicators and indicative variables 
Variables which are indicative of identified issues (see table 2) or hu

man uses should be selected. Aggregate variables should be included, if 
suitable. Specific chemical variables are included in monitoring programmes 
if they are the subject of special concern in the river basin (e.g. to test 
compliance with standards for hazardous substances). 

Indicative variables 
An information need concerning the pressure from organo-phosphorus 
pesticides may be satisfied with the analysis of the individual pesticides or 
with the (less expensive) variable acetylcholinesterase inhibition. Both 
methods would provide the required information. However, the differ
ence in costs may be a factor 5 or more. 

3. Inventory 
Preliminary investigation aims to set up the routine monitoring as ef

fectively and efficiently as possible. Inventories based on in-depth surveys 
should provide relevant background information with respect to water us
es, (possibility of) presence of pollutants not monitored before, toxicologi-
cal relevance, variability of pollutants in time and space, and planning of 
routine chemical monitoring programmes. 

4. Appropriate media 
Pollutants may occur in several different media, including water, 

suspended matter, sediment and organisms. Appropriate media for moni-
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toring variables should be identified considering the following criteria: 
(a) Distribution of pollutants over the various media; 
(b) Existing objectives and standards (for specific media); 
(c) Ability to detect substances (in the various media) within the relevant margin. 

5. Sediment quality 
Monitoring of sediment quality is recommended if human and envi

ronmental health may be harmed by polluted sediments and when dredg
ing is scheduled. Sediment-quality problems arise especially in sedimenta
tion areas (such as reservoirs, floodplains, harbours, lower river reaches and 
estuaries) of river basins with substantial pollution and in the case of bank 
filtration (e.g. for drinking-water production) through polluted sediments. 
Material, which will be dredged, should be monitored beforehand. An as
sessment is needed in order to manage the disposal, storage or re-use in an 
environmentally safe way. 

6. Identification of hot spots 
Hot spots of polluted sediments should be identified through prelimi

nary investigations (inventories). Polluted sediments should be assessed 
through tiered approaches, using (especially for sediments contaminated 
with various toxic substances) a combination of chemical, ecotoxicological 
and biological data. 

4.2.3. Water-quantity aspects 

1. Water-quality and water-quantity relationship 
There is a close relationship between the quality of a water body and 

its quantitative characteristics. Water-quantity variables influence: 
(a) The water quality as such; 
(b) The interpretation of water-quality characteristics; 
(c) The combined use of water-quantity and water-quality data, for 

example, for computation of loads, mass balances and early warnings. 

2. Characteristics 
The frequent measurement of water-quantity characteristics, such as 

water levels and river flow, is of the utmost importance for the manage
ment of a river basin. These characteristics play an important role for many 
functions/uses, like water-supply, navigation, ecological functions, protec
tion against flooding, etc. 

3. Forecasting 
Daily forecasting of water levels and flows should be performed in 

view of the many functions and uses mentioned before. Especially in the 
case of high river flows, forecasting is very important. Forecasting is also 
required during periods of drought when river flows are low and the supply 
of water is inadequate to satisfy different water uses. As the transit time of 
an accidental pollution in a river mainly depends on the flow characteristics, 
provision should be made to use hydrological forecasts when accident 
emergency warnings are prepared for a river basin. 

4. River regulation 
The impacts of river regulation works and human activities on the hy

drological characteristics of a river basin should be evaluated. Changes in 
water levels, flow characteristics, and sedimentation or erosion may affect 
the ecological functioning, water-supply, navigation, protection against 
flooding, and other functions/uses. 
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5. Exchange of information 
Riparian countries should jointly agree upon the exchange of hydro-

logical and meteorological information and its time-scale (e.g. real-time 
data in emergency situations; daily, yearly and/or long-term average data). 
There may also be a need for sharing information on operational control 
programmes of river regulation works. The agreed upon information should 
be comprehensive enough to attain the required reliability of hydrological 
forecasts, water balances, hydrological evaluations and water-quality man
agement. 

4.3. Early warning 

1. Need for early warning 
It is recommended to set up an early-warning system (or accident 

emergency warning system) if the direct use of water (e.g. the intake of 
water from the transboundary river by drinking-water companies) is threat
ened by accidental pollution and if the concerned use of water can be pro
tected by emergency measures. Measures could include the closure of 
drinking-water intakes or water management measures, such as directing 
polluted water by weirs and locks to less vulnerable areas. 

An end-of-pipe installation of an automated effluent early-warning system 
should be used for high-risk industries, if an acute danger of accidental pol
lution of the river exists and if such a system can prevent the direct threat 
to river functions by fast corrective action (e.g. to hold up discharges if ef
fluent storage and clean-up facilities are available, or to intervene in indus
trial processes). 

2. Elements of river-basin early-warning system 
Four elements can be recognized in river-basin early-warning 

systems: a communicative accident emergency warning system, hazard 
identification by using a database, the use of an alarm model, and the local 
screening of river water (early-warning monitoring stations). 

3. Accident emergency warning system 
The setting-up of an accident emergency warning system is recom

mended as a first step in river-basin early warning. This includes: 
(a) The establishment of a network of (international) alert centres in the 

river basin, where emergency messages from national or regional 
authorities can be received and handled without delay on a 24-hour 
basis; 

(b) Agreements on international alerting procedures; 
(c) The availability of a reliable international communication system 

through which emergency messages are forwarded to the alert centres 
of riparian countries along the river basin (e.g. the tributaries and the 
main river). 

4. Hazard identification and alarm model 
The following items should be taken up as the following steps when 

establishing a river-basin early-warning system: 
(a) The setting-up of a system of hazard identification, based on a database 

system for retrieving information on hazardous substances; 
(b) The development of a computational model to make fast predictions 

and forecasts of the propagation of a pollutant plume in the transboun
dary river or its main tributaries. 
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5. Early warning stations 

The initial detection of high concentrations of pollutants or toxic ef

fects at river sites can be performed by regular (e.g. daily) analysis of river 

water in a nearby laboratory. The establishment of in situ (automatic) 

measurement equipment in an early-warning station may be feasible if fre

quent measurements and/or a fast reaction t ime are required. 

6. Objectives of early-warning stations 

The two objectives of an early-warning station also indicate the suc

cessive steps in an early-warning system: 

(a) To trigger an alarm (accidental pollutants are signalled by regular measure

ment of biological effects or indicative variables at the monitoring station); 

(b) To make a diagnosis for tracing the cause (if pollution is measured or a 

toxic effect is signalled, water samples taken regularly should be ana

lysed to precisely identify the pollutant using more advanced equipment 

in a supporting laboratory). 

7. Inventory 

Prior to the establishment of an early-warning station, an inventory 
of potential sources of accidental pol lut ion and available emission data in 
the upstream river basin ( f rom industries, waste-water treatment, use of 
pesticides and herbicides in agriculture, etc.) should make clear what acci
dental pollutants may be expected to occur. A risk analysis should highlight 
the critical risk factors to functions and uses of the river (substances and 
critical levels for early warning). Such an inventory should indicate the 
choice of monitor ing variables and measurement systems. 

8. Early-warning variables 

Appropriate indicative variables for early warning are specific for each 

river basin, and should be selected on the basis of: 

(a) The dominating pollutants in past emergency situations (frequently oc

curring local risk substances); 
(b) Variables indicative of issues that are specific to the river basin (e.g. dis

solved oxygen. pH); 

(c) Further needs to detect specific micropollutants (heavy metals, pesti
cides) using advanced technologies. 

The selection of monitor ing variables is also determined by the availability 

of equipment for measurements in situ and cost-benefit considerations due 

to the high investment costs and high operation and maintenance costs for 

automatic monitor ing devices. 

9. Biological early-warning systems 

Acute toxic effects can be recognized wi th the help of biological early 
warning systems which use species f rom different trophic levels and func
tionality, e.g. fish, water fleas, algae and bacteria. 

10. Effluent early warning 

For eff luent early-warning systems, installation of extensive in-plant 

process control measures (e.g. the installation of safety systems) is often a 

more efficient strategy than end-of-pipe monitor ing and alarm systems. 

4.4. Effluents 

1 . Policy of prevention, control and reduction 

According to the Convention, waste-water discharges have to be 
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licensed by the competent national authorities and authorized discharges 
should be monitored and controlled in order to protect transboundary wa
ters against pollution from point sources. Limits for discharges of hazardous 
substances have to be based on the best available technologies. Stricter re
quirements are imposed when the quality of the receiving water or the eco
system so requires. In addition, the risk and impact of accidental pollution 
should be minimized by adequate early-warning procedures. 

2. Objectives of effluent assessment 
The objectives of effluent assessment may be identified as: 

(a) Effluent screening in preparing discharge permits; 
(b) Supervision of authorized discharge permits (measurement obligations 

are on the dischargers; they should, for example, carry out self-monitor
ing); 

(c) Testing for compliance with discharge limits and the setting of actual 
effluent charges (inspections by authorities are to be carried out for the 
purpose of enforcement and control); 

(d) Estimation of loads, comparison with envisaged pollution reduction or 
evaluation of remediation activities, getting knowledge on the respons
es of the receiving water body to the reduced loads; 

(e) Early warning to indicate malfunctioning or accidental spills in the pro
duction process. 

3. Factors affecting the strategy 
The strategy in effluent assessment depends on the identified objectives, 

the characteristics of the discharge (e.g. thermal discharges; oxygen-consuming, 
saline, toxic substances), the number of discharged substances, the complexity 
of the mixture discharged and the variability (irregularity) of the discharge. 

4. Inventory 
A general screening of the discharge is required prior to discharge li

censing. A tiered approach is recommended. The first steps involve an in
ventory of all available information, followed by a broad chemical analysis 
and risk assessment screening to determine whether or not the use of fur
ther tests is necessary. 

5. Choice of variables 
In a pollution charging system, levies will commonly be based on the 

pollution load. The pollutant load is usually specified by oxygen-consuming 
substances (COD, BOD) and nutrients. Priority pollutants are not common
ly included, though developments are tending towards the inclusion of 
toxicity to organisms. 

In licences for simple discharges, the chemical analysis of specific variables 
may suffice. In complex mixtures, chemical-specific analyses give only in
formation on the "tip of the iceberg". Thus a large number of toxic com
pounds remain unidentified. For complex mixtures, whole effluent assess
ment including toxicity tests may be required in addition to 
chemical-specific analyses and aggregate variables. Inclusion of these tests 
in discharge permits is recommended. 

6. Aggregate variables 
The analysis of aggregate variables provides an efficient means for 

rapid pre-screening and may be selected per industrial category. Examples 
of feasible aggregate variables include organic halogens and acetylcholines
terase inhibition. In general, determinations of organic extractions of water 
samples (EOX, EOP) should be made (in view of bioavailability) rather than 
total elemental determinations (AOX). 
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7. Whole effluent testing 
Whole effluent testing may include tests for the following character

istics: (a) acute and chronic toxicity; (b) persistence (of toxicity); (c) bioac-
cumulation properties; (d) genotoxicity. 

Screening for acute aquatic toxicity and mutagenicity forms a first and rela
tively cheap step in a tiered approach. Current methods for toxicity testing 
are listed in annex 3. The relative investment costs and response and labour 
time are also given. 

8. Continuous effluent monitoring 
Continuous monitoring is recommended for early warning of large 

pollution discharges or for surveys of short duration to get insight into the 
variability of the effluent discharge. Variables for continuous monitoring in 
effluents may be COD (and other oxygen balance associated variables), to
tal organic carbon (TOO, oil, suspended solids and general variables, de
pending on priorities and characteristics of the discharge 
(e.g. specific industries). Recently developed equipment for continuous 
monitoring of heavy metals, various organic micro-pollutants and toxicity 
may be applicable in the future. 
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5. Monitoring programmes 

The design and operation of monitoring programmes includes many field 
aspects and many aspects of laboratory work also have to be considered. 
The design of monitoring networks include the selection of variables, loca
tions and sampling frequency. 
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5.1. General aspects of monitoring programmes 

1. Selection of variables 
In general, the selection of monitoring variables is based on their in

dicative character (for uses/functioning, issues and impacts), their occur
rence and their hazardous character. Selected chemical variables should 
have a demonstrable source or effect manageability. The availability of reli
able and affordable analytical methods may restrict the selection of moni
toring variables. For efficiency reasons, the number of variables should be 
restricted to those whose uses are explicitly identified. The surplus value of 
any additionally selected variable should be subject to cost-effectiveness 
consideration. The selection of variables, objectives and standards, should 
be undertaken jointly by riparian countries. 

2. Selection of sites 
For the combined use of quantity and quality data (e.g. in case of 

load computations), the hydrological measurements and water-quality sam
pling should be carried out, as far as possible, at the same location. If these 
are different, the relationship between hydrological characteristics of both 
sites should be clearly understood. 

3. Sampling 
A variability over different time and space scales exists for water-

quality and sediment-quality characteristics and for biota. The monitoring 
objectives strongly influence the time-scale of interest (e.g. long-term vari
ations for trend detection, short-term changes for early warning). There
fore, the required frequencies, locations and methods of sampling (e.g. 
grab sampling, composite sampling) should be determined on the basis of 
the temporal and spatial variability as well as the monitoring objectives. 

4. Sampling methods 
The necessity of integrated versus differentiated water-quality infor

mation over time and space should determine the various possible methods 
of sampling, such as grab sampling, depth integrated grab sampling, time 
proportional composite sampling and space composite sampling. Protocols 
to avoid potential risk of contamination should be included in all sampling 
methods. 

5. Transport and storage 
To avoid changes in the quality of samples during transport and stor

age before analysis, sufficient attention should be paid to conservation and 
rapid analysis. Conditioning and pre-treatment of samples should follow 
standardized procedures. 
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6. Analytical methods 
Analytical methods should be well validated, described and standard

ized and be sufficiently selective and robust. The required sensitivity, accu
racy and precision of analytical methods depends on the defined relevant 
margins for information use. Standardization is especially important for var
iables with method dependent results, such as chemical oxygen demand 
(COD), biochemical oxygen demand (BOD) and adsorbable organic halo
gen (AOX). The development and use of analytical techniques with higher 
performances (e.g. detection limits, accuracy) should be initiated only if de
fined relevant margins cannot be met, and if this is sufficient cost-effective. 

7. Inter-laboratory testing and analytical quality control 
Inter-laboratory testing should be performed at the national level to 

ensure that laboratories involved in a monitoring network achieve an ac
ceptable standard of accuracy and precision. To ensure the comparability of 
data of a transboundary river, inter-laboratory testing on the level of the 
whole river basin is inevitable. Riparian countries should agree on criteria 
for equal performance of analytical results rather than on equal analytical 
methods. 

5.2. Ambient monitoring 

1. Variables 
Variables should be indicative of functions and issues of river basins. 

In table 2, a core set of indicative variables is listed per issue. The selection 
of hazardous pollutants as monitoring variables depends on: 
(a) Noxious, cumulative and persistence characteristics; 
(b) Specific problem substances (specific for a river basin); 
(c) The probability of occurrence (in practice this should be based on results 

of, for example, site-specific preliminary surveys). 

For specific human uses, standards should be formulated, making monitor
ing variables explicit. For ecological functioning, variables are specified by 
the selected method of assessment (indices, habitat factors) and regional 
reference communities. 

2. Appropriate media 
Ambient monitoring should be performed by using the most appro

priate media for sampling (water, suspended matter, sediments or biota). 
The method of pre-treatment should also be sufficiently specified (e.g. the 
need for filtration). 

3. Sampling locations 
In general, the selection of sampling sites in a river basin is based on 

their representativeness for the river reach concerned. The required dis
tance between sampling locations can be critically evaluated from their de
gree of correlation on the basis of statistical analysis of time series of vari
ables. However, this is possible only if these time series are available. 

In transboundary rivers, sampling should preferably be performed at or 
near to border crossings (e.g. to be able to show the contribution towards 
reduction targets per country). Sampling downstream of the confluence of 
main tributaries is important to show the contribution (e.g. pollution load) 
of different tributaries. 
Considerations of the local representativeness of the sampling point at the 
river site are to be based on preliminary surveys, taking into account the 
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hydrology and morphology of the river. In general, locations in the main 
flow of the river will be chosen. Joint monitoring at the border is recom
mended to improve cost-effectiveness and comparability of results. 

4. Sampling frequency 
The selection of the sampling frequency should be based on: 

(a) The variability in concentrations of variables related to relevant margins 
(in practice based on statistical analysis of time series for variables rep
resentative of groups of variables); 

(b) The statistical significance and accuracy required for specific objectives 
(trend detection, load estimation, compliance testing). 

5.3. Early-warning 

1. Variables and measurement equipment 
Early-warning equipment puts high demands on operation character

istics such as speed of analysis, capability to identify certain chemicals and 
reliability of operation. Characteristics such as the precision and reproduc-
tivity of the analysis are less critical. Pollutants frequently occurring in the 
river basin in hazardous concentrations should be measured by regular 
analysis of samples. Simple indicative variables such as dissolved oxygen or 
pH can be measured by automatic in situ sensors. If the detection of specif
ic problematic micropollutants (e.g. pesticides) is needed, advanced analyti
cal systems based on gas chromatography with mass spectrometry (GC-
MS), high performance liquid chromatography (HPLC) and others can be 
used. However, the investment, operation and maintenance costs are high. 
Toxicological effects in organisms on various trophic levels can be measured 
with the help of automated biological early-warning systems. 

2. Sampling locations 
In early-warning systems, one should have enough time to undertake 

emergency measures. Thus, the location of an early-warning station should 
be determined by the relation between response time (the time interval 
between the moment of sampling and the alarm) and the transit time of 
the pollution plume in the river from the warning station to the site where 
the water is used (e.g. water intake for drinking-water production). High 
river discharges are decisive for the latter. Furthermore, the location should 
obviously be representative of the intended water use. 

3. Sampling frequencies 
The measurement frequency should be determined on the basis of 

the expected dimensions of pollutant plumes (elapsed time for the plume 
to pass the station) so that no significant pollutant is missed. A dispersion 
of the plume occurs between the discharge location and the sampling loca
tion due to the discharge characteristics of the river. Furthermore, the fre
quencies should also allow for sufficient time to take actions in the event of 
a critical situation. 

5.4. Water-quantity monitoring aspects 

1. Frequency 
The frequency of measurements and forecasting depends on the 

variability of the hydrological characteristics and the response time 
requirements to fulfil the monitoring objective. 
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2. Methods of measurement 
Many international standards exist for the establishment of measure

ment stations and for direct and indirect methods for measuring water lev
els, velocities, flows and sediment transport in rivers (see references No. 14, 
15, 16 in annex 1). 

3. Methods of evaluation 
Riparian countries should jointly agree on the methods for the joint 

evaluation of hydrological variables. 

5.5. Effluent monitoring 

1. Variables 
The selection of monitoring variables should be based on the actual 

possibility of the occurrence of specific pollutants in an effluent discharge, 
based on their application and creation in production processes or their 
presence in used raw materials. In addition to specific pollutants, increasing 
emphasis should be placed on aggregate variables and total effluent toxic
ity testing. 

2. Sampling frequency and sampling method 
Sampling frequencies and sampling methods for effluent discharges 

should be based on the amount and variability of the discharged effluent. 
Surveys of restricted duration (using continuous or high-frequency sam
pling) should be performed to gain the required insight into discharge char
acteristics. 
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6. Data management 

Data produced by water quality monitoring programmes should be validat
ed, archived, and made accessible. It is the actual goal of the monitoring 
programme to convert data into information that will meet the specified in
formation needs. The main objectives of the monitoring programmes are 
given in chapter 3, and may include the identification of status and trends, 
the calculation of loads, testing of compliance with standards, early warn
ing and the detection of possible hazards. 
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1 1. Data management steps 
To safeguard a valuable, future use of the collected data, four data 

management steps are required before the data can be properly used: 
(a) Data should be validated or approved before they are made accessible 

to any user or entered in any data archive; 
(b) Data should be analysed, interpreted and converted into a priori defined 

forms of information using the appropriate data analysis techniques; 
(c) Information should be reported to those who need to use it for deci

sion-making, management evaluation or in-depth investigation. The 
information should also be presented in a tailor-made format for differ
ent target groups; 

(d) Data necessary for future use should be stored, and the data exchange 
should be facilitated not only at the level of the monitoring body itself, 
but also at all other appropriate levels (international, ECE region wide, 
river-basin level, etc.). 

Data storage 
Probably the weakest link within the data management chain is the prop
er storage of data. If data are not accessible and complete with respect to 
the conditions and qualifiers pertaining to their collection and analysis or 
properly validated, the data will never be able to satisfy any information 
need. 

2. Data dictionary 
The first archiving of monitoring data generally takes place at the 

monitoring agency. International cooperation will often involve the ex
change of data. To facilitate the international comparability of data, strict 
and clear agreements should be made on the coding of both data and 
meta-information. If data are to be stored, more attention should be given 
to standardized software for data management and data storage formats to 
improve possibilities for data exchange. Furthermore, framework agree
ments regarding the availability and distribution of data may facilitate the 
data exchange. A data dictionary containing this information and agree
ments on the definition of terms used for the exchange of information or 
data should be agreed and jointly drawn up. 

3. Data validation 
Notwithstanding the quality protocol of analytical procedures, data 

validation should be an intrinsic part of data handling. Such a regular con
trol of the newly produced data should include the detection of outliers, 
missing values and other obvious mistakes (e.g. dissolved concentrations 
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higher than total concentrations). Computer software can help to perform 
the various control functions, such as correlation analysis and application of 
limit pairs. However, expert judgement and thorough knowledge of the 
water systems are indispensable for this validation. After data have been 
thoroughly checked, and the necessary corrections and additions have 
been made, the data can be approved and made accessible. 

4. Data storage and meta-information 
To be available for future use, data have to be stored in such a man

ner that they are accessible and complete with respect to all the conditions 
and qualifiers pertaining to data collection and analysis. Information on the 
dimensions and appearance should be stored (e.g. phosphate in mg P/l or 

Mg pcyi). 

Furthermore, a sufficient amount of secondary data ('meta-information'), 
which is necessary to interpret the data, has to be stored. Characteristics 
regarding time and place of sampling, type of sample, pre-conditioning and 
analytical techniques are commonly stored. If monitoring is performed in 
media other than the water phase (e.g. suspended solids, biota), relevant 
meta-information such as total amount of substances in different media, 
particle size, distribution, etc. should be recorded. 

It is essential that any database system is safeguarded against the entering 
of data without proper meta-information. 

5. Data analysis 
Data conversion into information involves data analysis and interpre

tation. The data analysis should be embedded in a data analysis protocol 
(DAP) that clearly defines a data analysis strategy and takes into account 
the specific characteristics of the data concerned, such as missing data, de
tection limits, censored data, data outliers, non-normality and serial correla
tion. The adoption of DAPs gives the data-gathering organization or coun
try a certain flexibility in its data analysis procedures, but requires that 
these procedures should be documented. 

In general, data will be stored on computers and the data analysis, mostly a 
statistical operation, can make use of generic software packages. To ascer
tain standard automated data analysis, the use of tailor-made software is 
recommended. 

6. Data interpretation 
A DAP should comprise procedures for processing the monitoring 

data in order to meet the specific needs for data interpretation. These pro
cedures should include accepted methods for data interpretation (e.g. cal
culations based on individual measurement data or yearly averages, and 
statistical techniques used to remove non-relevant deterministic influences). 
Such procedures should also include accepted methods for trend detection, 
testing for compliance with standards, load calculation and calculation of 
quality indices. 

7. Data exchange 
There is a need for an exchange standard (or format) for the purpose 

of exchanging digital data. The data dictionary should be the basts for the 
definition of such a format. Data storage systems of riparian countries 
should be able to handle the agreed data exchange format. For interna
tional data storage purposes, a central system may be considered. This 
could be a task of a joint body, which includes representatives of national 
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authorities of the concerned riparian countries (see also chapter 8 on insti
tutional aspects). 

8. Reporting Protocol 
The DAP may be extended to reporting formats for the resulting in

formation. A reporting protocol can help to define the different characteris
tics for each use or audience and should include certain guidelines regard
ing frequency of production, information content/detail and presentation 
format. Monitoring objectives should always be presented as part of the re
ported information. Standardization of reports is encouraged per catch
ment area and/or at the international level (e.g. ECE region). Reliable re
ports of countries, Parties to the Convention, describing the state of river 
basins as regards safe human uses and ecological functioning will require 
improvements regarding data comparability (i.e. standardization of labora
tory analyses), and the development of a DAP. 

9. Reporting 
The reporting of information is the final step in the data management 

programme and links the gathering of information with the information us
ers. To distribute the information, reports should be prepared on a regular 
basis. The frequency and the level of detail depend on the use of informa
tion. Technical staff will need detailed reports more frequently than policy 
makers. 

It is recommended to provide (annual) status reports per catchment area to 
focus on the link between policy measures (societal response) and the stat
us of the water body of concern. A convention-wide reporting which 
would cover all catchment areas of Parties to the Convention is also recom
mended (e.g. every three years) to encourage the evaluation of progress 
made under the Convention, stimulate commitment of the members in
volved, and make results available to the public. 
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7. Quality management 

1. Goals of quality management 

The primary goal of quality management in monitor ing and assess

ment can be expressed in the terms 'effectiveness' and 'efficiency'. 

Effectiveness is the extent to which the information obtained from the 

monitor ing system meets the information need. Efficiency is concerned 

with obtaining the information at as low a financial and personnel cost as 

possible. 

Traceability, the secondary goal of quality management, is concerned wi th 

defining the processes and activities that lead to the information and how 

the results are achieved. When the processes are known, measures can be 

taken to improve these processes. 

2. Quality policy 
Quali ty management in moni tor ing and assessment should be based 

on the quality policy as declared by the joint body. The quality policy de
fines the level of quality to be reached. This implies that the joint body 
should set the prerequisites for the quality management. Quali ty manage
ment can only be put into practice when the management level of respon
sible monitor ing organizations is commit ted to it. 

Qual i ty policy 
At the international level, a clear quality policy covering all elements of 
the monitor ing process needs to be formulated. This policy needs to be 
adopted by all countries involved and has to be elaborated into a quality 
system. Important elements of a quality policy are a clear description of 
guidelines, procedures and criteria that all Parties have to adhere to or 
fulf i l , arrangements to control and verify the quality of the information 
supplied, and a communicat ion programme to ensure adequate f low of 
information between the organizing body and participants about criteria, 
procedures, guidelines and difficulties encountered. 

(Source. W. Cofino, 1995. See reference No. 17 (Adriaanse et al.) in annex 1). 

3. Quality system 
The quality system should document the agreements, in the form of 

procedures and protocols, of the relevant processes and products, dealing 
wi th every element of the monitor ing cycle. The quality system should also 
document the responsibilities wi th regard to the distinguished procedures. 
Regular evaluations and, if required, adjustments of the quality system 
should take place. In drawing up procedures, special emphasis should be 
laid on responsibilities at points of decision, such as approval of the moni 
tor ing strategy or acceptance of samples at a laboratory. 

4. Protocols 
Protocols for sampling, sample transport, sample storage, laboratory 

analysis, data validation, data storage, data analysis and data presentation 
should be drawn up and agreed upon by the riparian countries. 
These protocols are the operational steps in a process where insufficient 
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quality control may lead to unreliable data. By following protocols, mis
takes are minimized, and any mistake made may be traced back and un
done. 

5. Product requirements 
Requirements for all relevant information products should be made 

explicit and documented. The quality system describes how the require
ments are integrated in the processes and how deviations from the require
ments are dealt with. Standard requirements on recurrent products are set 
out in the quality system. 

6. Standardization 
Standards should be used for methods and techniques for, among 

others, sampling, transport and storage of samples, laboratory analysis, 
data validation, data storage and exchange, calculation methods and statis
tical methods. Preferably, international standards should be used. Especially 
in sampling and laboratory analysis, international standards are abundant. 
If international standards are not available, or, for whatever reason, the use 
of an international standard is not adequate, national or local standards 
should be applied, or, if not available, developed. 

Standards used in riparian countries should be comparable. Standards used 
should not necessarily be the same, but for the sake of the exchange of in
formation, the standards used should provide comparable data. The joint 
body should agree upon the standards to be used by the different riparian 
countries. 

7. Harmonization 
The activities under the joint body should be harmonized. Riparian 

countries should cooperate when choosing the locations, variables, etc., to 
avoid duplications and reduce the monitoring effort. 
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8. Institutional aspects 

The formulation and implementation of strategies and methodologies for 
river basin management significantly rely upon institutional aspects. These 
include the organization structures, cooperation structures and responsibil
ities of involved Parties and experienced staff. In transboundary river basin 
management, international cooperation is stimulated by the Convention 
and is indispensable, although socio-economic differences in the ECE region 
should be taken into account. 

1. Strategic action plan 
Riparian countries should agree on quantified management targets. 

These targets can be worked out in a strategic action plan for the river ba
sin together with measures aiming at ecologically sound and rational water 
management, conservation of water resources and environmental protec
tion. The strategic action plan should be based on national programmes 
and on mutual assistance, and should be confirmed on a ministerial level. 

2. Joint body 
According to the Convention, a joint body set up by riparian Parties 

for one or more transboundary river basin(s) should coordinate the execu
tion of the relevant provisions of the Convention and of the applicable bi
lateral and/or multilateral agreements. As concerns monitoring and assess
ment, this includes: 

(a) The collection, compilation and evaluation of data; 
(b) The drawing-up of joint monitoring programmes concerning water 

quality and quantity; 
(c) The drawing-up of inventories and the exchange of information on pol

lution sources; 
(d) The setting of emission limits for waste water and the evaluation of the 

effectiveness of control programmes; 
(e) The setting of joint water-quality objectives; 
(f) The establishment of warning and alarm procedures; 
(g) The function as a forum for information exchange; 
(h) The drawing-up of proposals for joint research and development. 

The joint body should have an independent secretariat. 

3. Permanent working group 
It is useful to establish a technical working group under the joint 

body which is responsible for ongoing investigations under the action plan 
related to monitoring and assessment as well as for defining and imple
menting the monitoring and assessment strategy, including technical, finan
cial and organizational aspects. The monitoring programme should be em
bedded in the existing national or regional monitoring programmes and 
should be carried out by national or regional organizations. The working 
group should coordinate the different programmes. 

4. Quality assurance 
To set up, implement and subsequently manage the quality system 

and carry out the quality assurance, a quality assurance function under the 
joint body should be implemented. All activities performed under the joint 
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body's programme should be subject to quality assurance and regular in
spections of these activities and recommendations for improvement should 
be made. 

5. Process of cooperation 
Procedures for cooperation should be drawn up per river basin in reg

ulations of the joint body. These should include rotation of the chairman
ship of the joint body and of the working groups. 

It should be further recognized that experience of existing river commis
sions clearly shows that cooperation between riparian countries has to be 
based on confidence and needs time to grow. In this respect, a phased ap
proach to cooperation seems most favourable. 

6. National arrangements 
At the national level, institutional aspects should be arranged by each 

country as the lack of these arrangements may considerable hamper inter
national cooperation. Such arrangements include the cooperation between 
local governments, the coordination of quality and quantity monitoring by 
various national institutes and the appointment of a national reference la
boratory. 

7. Access to information 
Riparian countries should mutually provide access to relevant water-

quality and water-quantity information. This includes, for example, infor
mation on the operation of hydraulic structures in relation to flow forecast
ing and ice drifts. The public should also have access to relevant 
information. If progress in water management is made clear, both Govern
ments and the public will support measures. 

8. Funding 
Riparian countries should provide sufficient funding for the execution 

of the monitoring and assessment and joint research in the framework of 
the Convention. This funding should be part of the regular budget. Each 
country should take care of its own inquiries. Funding can, for example, be 
based on pollution charges or fees. The establishment of an environmental 
fund, from which companies can take loans for investments, may acceler
ate improvements. 
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3. 
4. 
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Current Practises in Monitoring and Assessment of Rivers 
and Lakes 
Biological Assessment Methods for Watercourses 
Quality Assurance 
State of the Art in Monitoring and Assessment of Rivers 
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of the project "Monitoring Water Quality in the Future". This project was 
co-funded by the European Commission (EC, DG XI, C5), the Netherlands 
Ministry of Housing, Spatial Planning and Environment (VROM/DGM-SVS) 
and the Institute for Inland Water Management and Waste Water Treatment 
(RIZA) of the Netherlands Ministry of Transport, Public Works and Water 
Management: 

6. Volume 1 Chemical Monitoring 
7. Volume 2 Mixture Toxicity Parameters 
8. Volume 3 Biomonitoring 
9. Volume 4 Monitoring Strategies for Complex Mixtures 
10. Volume 5 Organizational Aspects 
11. Executive Summary Monitoring Water Quality in the Future 
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12. WHO, 1992. GEMS/WATER Operational Guide. Third Edition. 
GEMS/W.92.1 WHO, UNEP, UNESCO, WMO. 

13. WMO, 1994. Guide to Hydrological Practices. Fifth edition. 
WMO-No. 168. Geneva. 

14. WMO, 1996. Technical Regulations. Volume III, Hydrology. 
WMO-No.49. Geneva. 

15. UN/ECE, 1993. Guidelines on the ecosystem approach in Water 
Management. ECE/ENVWA/31. New York. 

16. Chapman D. (Ed.), (1992). Water Quality Assessments. A guide to the 
use of biota, sediments and water in environmental monitoring. 
UNESCO, WHO, UNEP. 

17. Adriaanse, M., J. van de Kraats, P.G. Stoks, and R.C. Ward (Eds), 
1995. Proceedings, Monitoring Tailor-made, an international work
shop on monitoring and assessment in water management. 
20-23 September 1994. Beekbergen (Netherlands). 

18. ISO Standards Handbook 16, 1983. Measurement of Liquid Flow in 
Open Channels. 
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19. ISO Standards Compendium, 1994. Environment, Water Quality, 
Volumes 1, 2, 3. First edition. 

Use was also made of publications, such as: 

20. G. B. McBride, 1986. Requirements of a water-quality information 
system for New Zealand. In: Lemer, D. (Ed.) Monitoring to detect 
changes in water-quality series. Proceedings of a Symposium held dur
ing the 2nd Scientific Assembly of the IAHS (Budapest, July 1986). 
IAHS Publication No. 157. 
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Annex 2. Integrated management of rivers basins 

An integrated approach is a prerequisite to meet information needs for riv
er-basin management in a balanced way. The various aspects of integration 
in river-basin management are highlighted below. 

Multi-functional approach 
Various functions and uses of water bodies can be identified from ex

isting policy frameworks, international and regional conventions and strate
gic action plans for river basins and seas, both for human activities as well 
as the ecological functioning. Table 3 presents an example of water-quality 
requirements set by human uses and ecological functioning. 

Table 3 Category 1: 
Water quality requirements of uses of Uses without quality standards 1 Safety against flooding 
water resources. 2 Navigation (shipping) 

3 Transport system (water, ice, sediments, waste water) 
4. Mineral extraction (sand, gravel, natural gas, oil) 
5 Power generation (hydropower dams) 

Category 2: 
Uses with defined quality standards 6. Process/cooling water in industry 

7. Irngation 
8 Fisheries 
9. Recreation and tourism 

10. Domestic water supply 

Category 3: 
"Use" with "undisturbed" quality 11. Ecosystem functioning 

Uses may compete or even conflict, in particular, in situations of scarcity 
and deteriorating quality. A multi-functional approach tries to find the bal
ance between all desired uses, including the ecosystem functioning. It al
lows the introduction of a hierarchy in uses and provides the flexibility to 
be applied at different levels of development of water resources manage
ment policies and for prioritisation in time. This could be important for 
those countries where basic needs like supply of healthy drinking-water are 
so urgent that other uses have lower priority, or for countries where water 
resources have deteriorated to such an extent that uses with higher re
quirements can only be gradually restored over a long period of time and in 
priority order. 

Ecosystem approach 
Functions and uses of water bodies, issues and pressures, impacts of 

measures in river basin management and the information needs to manage 
this complexity are to be viewed in an ecosystem context. Instead of frac
turing the environment into manageable parts, the focus should be on the 
broad "systems" perspective of the behaviour of water in the environment. 

A multi-disciplinary approach is a prerequisite because issues and the im
pact of measures may have physico-chemical, biological, morphological, 
hydrological and ecological components. The appropriate media which can 
identify issues and impacts should be considered. It depends on the nature 
of the issue whether or not information on the liquid phase, suspended 
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matter, sediments, biota is relevant. Interactions of surface waters with 
groundwaters, air and soil also require an integrated approach. 
An ecosystem concept is a prerequisite for a full understanding of cause 
and effect relations within the issues of river basin management. 

Multiple sources 
The multiple sources of water pollution require an integrated, bal

anced, and site-specific approach. If water pollution is dominated by well 
defined point sources, monitoring of the discharged effluents may be the 
best approach. Generally, effluents enter the waters from a great number 
of point sources, the location of which is not well known. Moreover, diffuse 
sources form a substantial and growing part of the problem. In addition, 
the relative contribution of many different sources (agriculture, households, 
industries, atmospheric deposition) may be relevant to verify the effective
ness of measures. 

Integrated approach in water pollution control 
Two approaches frequently used in water pollution control are the 

emission-based and water-quality based approach. Discharge limits in the 
emission-based approach are technology based (the use of best available 
technology). In this case, monitoring is end-of-pipe oriented. The water-
quality based approach starts with the actual or desirable state of the re
ceiving water body (e.g. use of environmental quality standards, water-
quality objectives) and may lead to site-specific discharge limits. In this 
case, monitoring of receiving water is of utmost importance. 

Both methods have their advantages and disadvantages. A combined ap
proach as followed by the Convention makes optimal use of the advantag
es of both methods. 

Watershed management 
Ecosystems do not respect human boundaries between local govern

ments or countries. The Convention underlines the need for an integrated 
watershed approach in river-basin management and adequate monitoring 
and assessment of transboundary waters. 

Institutional collaboration 
In many countries, responsibilities for the collection of water informa

tion are dispersed over various ministries, executive boards, agencies, etc. 
Thus, there is a risk of duplications. Often, a lack of coordination may pre
vent an integrated approach. The establishment of collaborative partner
ships and coordination of monitoring efforts of "competing" ministries or 
institutions may remarkably enhance the quality of the information product 
and makes better use of available resources. 
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Annex 3. Ecotoxicological indicators and laboratory testing 

For pollution with toxic substances, ecotoxicological indicators and labora
tory testing by bioassays can be used for monitoring ambient water, sedi
ment, effluent, and for early warning. 

Rules of thumb to be considered when choosing ecotoxicological test 
methods to assess the quality of environmental samples include: 
(a) Short-term acute testing is less sensitive then long-term chronic testing. 

The discriminatory power needed to distinguish differences in time or 
space is essential; 

(b) Species having different physiology and feeding strategies will also have 
a different sensitivity to various pollutants. In general, representatives of 
algae, crustaceans and fish together can cover a wide variety of chemi
cals, when concentrations are high enough to elicit responses; 

(c) Instead of long-term chronic testing, an alternative approach to 
enhance detection levels is the pre-concentration of environmental 
samples and a subsequent short-term acute testing. The extraction 
techniques available, however, will lose some of the chemicals present. 

UN/ECE Task Force on Monitoring and Assessment 

Guidelines on Monitoring and Assessment 45 



The following freshwater test methods are recommended for use in differ
ent monitoring strategies, as they are well described in test protocols: 

(a) Effluents 

Simple' Intermediate Advanced 

Toxicity 
Daphnia acute 
Photobacterium (Microtox) 
Brachionus (Toxkit) 
Guppy acute 

Mutagenicity/carcinogenicity 
Ames 
Mutatox 
SOS Chromotest 

Daphnia chronic 
Scenedesmus (algae) 

Notobranchius SCE 

Zebra fish ELS 

Persistence/ 
biodegradation 
BOD/COD 
toxicity test following 
biodegradation procedure 

(b) Ambient water 

See effluents. 
Often the more sensitive chronic test methods (or preconcentration proce
dures) are needed to enhance the discriminatory power. 

(c) Sediment toxicity 

Simple 

Chironomus 10 d 
(whole sediment) 
Daphnia acute 
(pore water) 
Microtox (pore water) 
Toxkits (pore water) 

Intermediate 

Chironomus 28 d 
(whole sediment) 
Daphnia chronic 
(pore water) 

Advanced 

Zebra fish ELS (pore water) 
Branchiura 
(whole sediment) 

(d) Early warning 

Simple 

Artificial substrate with 
regular sampling 

Intermediate 

Flow through aquaria with fish 

Advanced 

Automatically operating BEWS 
using fish, daphnias or algea 

Note 
' Technologically simple, easy to per

form, rapid screening, low costs 
(see table 4 below). 
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Indication of relative costs of equipment, and the response and labour time 

for the above-mentioned bioassays 

(a) Effluents 

Chironomus acute 
Daphnia acute (porewater) 
Microtox (pore water) 
Toxkits (pore water) 
Chironomus chronic 
Daphnia (pore water) 
Zebra fish ELS 
(pore water) 
Branchiura chronic low high 

Investments Response time Labour time 

Daphnia acute low low low 
algae intermediate intermediate intermediate 
guppy low intermediate low 
Microtox high low low 
Toxkits low low low 
Daphnia chronic low high high 
Zebra fish ELS intermediate intermediate high 
Ames intermediate low low 
Mutatox high low intermediate 
SOS Chromotest high low low 
Noto intermediate intermediate high 
branchius SCE 

BOD/COD low intermediate low 
toxicity and intermediate high intermediate 
biodegradation 

(b) Surface waters 

see effluents 

(c) Sediments 

Investments Response time Labour time 

low intermediate low 
high low low 
high low low 
high low low 
low high intermediate 
high high high 
high intermediate high 

high 

Investments in sediment assessment apply e.g. to centrifuges of high 
capacity. 

Daphnia and Chironomus are preferred above Microtox and Toxkits. when
ever cause-effect relations are valuable in the assessment strategy (i.e. 
specificity of response to certain (groups of) chemicals). When only simple 
screening is of relevance, the latter simple tests are suitable. 

(d) Early warning 

Artificial substrate 
Flow through aquaria 
Automatic early warning 

Investments 

low 
intermediate 
high 

Response time Labour time 

intermediate 
intermediate 
intermediate 
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Annex 4. Analytical costs of water-quality variables 

Indicative variables 
For the indicative variables, included in table 2, this annex 4 gives an 

indication of analytical techniques, investment costs, labour time and oper
ational costs. An extended list of variables gives additional information on 
some variables which are often applied in inventory studies and for screen
ing purposes. 

(a) Water 

Parameter Technique Investment' Labour time Operational costs 

Dissolved 
oxygen electrode < 5.000 ECU low low 
conductivity electrode < 5,000 ECU low low 
acidity electrode < 5.000 ECU lowl ow 
Cl electrode < 5.000 ECU low low 
major ions electrode < 5,000 ECU low low 

ionchrom. 40,000 ECU intermediate intermediate 

BOD manual < 10,000 ECU intermediate low 
COD and/or 50,000 ECU low low 
TOC automated 50,000 ECU intermediate intermediate 

Total N colorimetric 30,000 ECU low intermediate 
ammonium CM 
Kj-N titrimetric 30,000 ECU low intermediate 
nitrate or 
total P ionchrom. 40,000 ECU intermediate intermediate 
ortho-P methods 

Chlorophyll a < 10,000 ECU intermediate low 
faecal coliform < 5.000 ECU intermediate low 
faecal streptoccus < 5,000 ECU intermediate low 
salmonella < 5,000 ECU intermediate low 
viruses < 5.000 ECU high low 

floating oil visual ... intermediate intermediate 
oil IR 50,000 ECU intermediate low 

Cd.Hg AAS 100,000 ECU high high 
ICP 150,000 ECU high high 

other metals AAS/ICP no additional 
devices required 

intermediate intermediate 

AOX coulometric 75,000 ECU high high 
EOX coulometric no additional high high 
VOX coulometric devices required high high 

acetylcholinesterase 
inhibition colorimetric 40,000 ECU intermediate high 
organo-CI-pesbcides CG3 75,000 ECU intermediate high 
organo-P-pesticides (CO 75.000 ECU intermediate high 
atrazine (CO 75.000 ECU intermediate high 
benzene (CC) 75,000 ECU intermediate high 
pentachloro-
phenol (CC) 75.000 ECU intermediate high 

PAH's (GC/HPLO 75,000 ECU intermediate high 
PCB's (GO 75,000 ECU intermediate high 

total-n 50,000 ECU high intermediate 
total-p 50,000 ECU high intermediate 
tritium 50,000 ECU high intermediate 
y-nuclides y-counter high high intermediate 
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(b) Suspended solids 

Parameter 

Particle size 
part.sizer 

organic carbon in 

Technique 

pipet 

Investment 

< 10,000 ECU 
60,000 ECU 

colorimetric 30,000 ECU 

Labour time 

high 
high 

Operational costs 

low 
intermediate 

intermediate 

Extension 

(a) Indicator 

Parameter Technique Investment Labour time Operational costs 

EOP 
immunoassays 

(b) Screening 

colorimetric 100,000 ECU 
25,000 ECU 

low 
low 

intermediate 
high 

Parameter Technique Investment Labour time Operational costs 

GC-MS: water 
CC-MS: 
suspended solid 
LC-ms 
ICP-MS 

150,000 ECU' 
150,000 ECU 

200,000 ECU 
200,000 ECU 

high 
high 

high 
high 

high 
high 

high 
high 

Note 
' Investment and operational costs are 

based on west European standards. 
These costs can differ within the ECE 
region by a factor of 1 to 10. 

' A standard instrumentation should be 
available to perform routine GC anal
ysis. This instrumentation can be used 
for different variables, but enough 
capacity should be available to ac
count for maintenance and method 
development 

• Minimum standard equipment for la
boratories includes GC-MS identifica
tion and confirmation. LC-MS and 
ICP-MS is not to be considered as 
standard equipment 
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