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PREFACE 

The Global Environment Monitoring System (GEMS) Programme Activity 
Centre of the United Nations Environment Programme (UNEP) is responsible 
for coordinating United Nations endeavours in environmental monitoring, 
particularly of pollution, climate and renewable natural resources. These 
three fields are fundamentally different. Therefore, in order to tackle 
comprehensively and globally the problems of the effects of pollutants on 
man, his natural resources and the climate, it is necessary to integrate 
concepts, methods and logistics from all three. 

Integrated monitoring is now defined as the repeated measurement of a 
range of environmental variables in a number of environmental 
compartments, such as water, soil, plants and animals (see page 2 of 
Document 1 for definition). It is a concept which is motivating 
international cooperative monitoring ventures and which may prove key in 
understanding and controlling the effect of pollutants on the environment. 

GEMS feels it is important at this stage to make a compendium of the 
latest thinking on integrated monitoring, in order to provide under one 
cover the basis for future development of the concept and its associated 
methodologies. 
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INTER-AGENCY CONSULTATION ON I NTEG RATED MONITORING 

Nairobi 14 - 16 January 1980 

REPORT OF THE MEPING 

I. 	OPENING OF METING 

1. 	The meeting was opened at 10 a.m. on 14 January 1980 by Mr. F. Sella, 
Director of the Global Environment Monitoring System (GEr) Programme 

14 	 Activity Centre of the United Nations Environment Programme (UNEP). 

II. PARTICIPATION 

2. 	The meeting was attended by representatives of UNEP, WMO and U}ThSCO, 
which are the three main United Nations organizations so far concerned 
with integrated monitoring. In addition consultants were present from 
Canada, China, the Union of Soviet Socialist Republics, the United Kingdom 
of Great Britain and Northern Ireland and the United States of America 
(see Annex I). 

III. BACKGI)UND TO INTFXRATEJ) MONITORING 

Early in the 1970s the WMO Executive Committee suggested that it 
would be more efficient if member nations expanded the use of World Weather 
Watch stations established in their territory for the monitoring of 
background air-pollution (BAPMoN J stations) to include pollution 
monitoring in other environmental compartments such as surface water and 
oceans. 

In a resolution of the twenty-sixth Session of the WMD Executive 
Committee in 1974, Members were officially urged, for scientific as well 
as economic reasons, to establish "multi-media" monitoring stations and 
to include in the functions of such stations the monitoring of pollution 
in soil and biota. 

Such multi-media monitoring was advocated on a number of occasions 
in WMO by the Soviet Union, where various relevant activities had been 
initiated during the latter part of the 1970s. The idea was further 
discussed in several sessions of the WMO Executive Committee Panel of Experts 
on Environmental Pollution, which recommended that the scientific and 
technical aspects of multi-media monitoring be examined in expert meetings 
or seminars. 

A meeting of experts on siting criteria for BAPMoN stations was held 
at Mainz in 1976. A background paper on ecological monitoring was prepared 
by the Monitoring Research and Assessment Centre (MARC) at the request of 
UNEP and WMO (See Document 2), and the possibility of monitoring biota 
at BAPMoN stations was discussed. 

In 1978, the thirtieth session of the WMO Executive Committee passed 
a general resolution about W)[) activities in the field of environmental 
pollution. It was emphasized that data emanating from BAPIIoN stations.- in 
particular those monitoring in several media - would be useful for studying 
not only problems related to climate and its changes, but also many other 
problems concerned with the exohaxie of pollutants between different compart-
ments of the environment. 

J 	UNEP/WMO Background Air Pollution Monitoring Network 
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In December, 1978, multi-media monitoring was the subject of a 
symposium held at Riga, Latvian SSR, which was organized by the 
State Committee of the USSR for Hydrometeoroloy and Environmental 
Monitoring, and sponsored by UNEP, WMO and the Latvian Acadeiay of 
Sciences. A number of papers on the problem were presented, and the 
scientific benefits of an integrated approach to monitoring of pollution 
at the background level were discussed. The symposium recommended that 
multi-media monitoring should in future be referred to as "integrated 
monitoring", and, in order to develop the required methodolorj pilot 
projects should be organized in suitable ecosystems in countries which 
had shown special interest in the subject, e.g. the Soviet Union and 
the United States of America. 

A Workshop on Long-term Ecological Monitoring in Biosphere Reserves, 
held at Oak Ridge, United. States in October 1978, was sponsored by the 
United States Man and the Biosphere (MAB) Committee. It explored in 
some depth the theoretical and operational aspects of both multi-
discipline and integrated monitoring in relation to their application 
within biosphere reserves. 

An inter-agency consultation on monitoring in biosphere reserves 
and integrated monitoring was held in Geneva in September 1979  (see 
Document 3). A programme proposal for ecological monitoring in temperate 
broadleafed forests, preferably in biosphere reserves was discussed in 
some detail, and it was noted that an ecosystem approach to monitoring 
and research could provide a valuable background and data base for 
integrated monitoring. Since the USSR delegates were unable to participate, 
the September meeting called for the current consultation to be held. in 
Nairobi in January 1980 to discuss further co-ordination of existing 
and proposed approaches to integrated monitoring and the relationship 
between integrated monitoring and monitoring in biosphere reserves. 

A glossary of selected terms is provided with this document for 
clarification (Annex II), 

IV 	POINTS ARISING FROM DISCUSSION 

A. 	Definition of integrated, monitoring 

Integrated monitoring is defined as the repeated measurement of 
a range of related environmental variables or indicators in the 
living and non-living compartments of the environment, and the 
investigation of the transfer of substances or energy- from one 
environmental compartment to another. 

Monitoring becomes truly integrated when the measurements of 
d.ifferent variables or of the same variables in different compartments 
are co-ordinated in time and space to provide a comprehensive picture 
of the system under study. The variables might include chemical 
substances (e.g. pollutants), geophysical processes (e.g. wind, ocean 
currents), biological processes (e.g. primary productivity) or other 
variables as may affect man, his natural resources and the climate. 
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B. 	Objectives and uses of integrated monitoring 

14. Integrated monitoring is for the general purpose of comprehensive 
assessment and prediction of environmental states and processes. 
In particular, the objectives may include: 

a The description of present environmental conditions; 
b The detection of variability and trends; 
c The determination of significant changes caused by man; 
d The modelling and prediction of future environmental 

states and processes. 

15. It is necessary for the data obtained from individual monitoring 
projects to be collated and standardized so that they will be useful 
to environmental managers and research workers. The uses may include: 

a Climate prediction; 
b Resource management; 
c Pollution control; 
(d Environmental impact assessment; 
(e Research, such as the establishment of baselines, the study of 

pathways, global biogeochemical cycles and dose-response 
relationships. 

C. 	Special features of integrated monitoring 

I. 	Some specific outcomes 

16. Integrated monitoring may lead, among others, to the following 
results: 

A general scanning for the presence of substances produces 
valuable data on baselines and trends and can give early warning 
concerning the distribution of significant substances; 

A specific investigation to trace the pathways of one or more 
substances from sources through the environment and its compartments 
and, where applicable, the food chains to specific targets, can 
give insights for improved monitoring and control measures; 

Such investigations of pathways may also contribute to the 
knowledge of the chemical, physical and biological components of 
the environment, to the understanding of biogeochemical cycles 
and thus particularly to the modelling of climate. 

2. 	Location of integrated monitoring 

17. 	It is recognised that integrated monitoring is cost-effective 
conducted at sites which m'et the requirements and offer the facilities 
of the UN/WMO regional BAPMoN stations. These sites should preferably 
be located in biosphere reserves. 

3. 	Apjlicability of integrated monitoring 

18. Integrated monitoring may be appropriately conducted in any major 
biome and at any site representative of a major ecosystem important to 
man, either aquatic and oceanic (e.g. lake, estuarine, open ocean and 
coastal waters) or terrestrial (e.g. tundra, forest, grassland). 
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4. 	Integrated monitorint operations 

The operational details of an integrated monitoring project 
must be specified with respect to siting criteria, frequency of 
sampling, data types, data collection and handling, analytical methods, 
and quality control. Useful guidelines and lists are given by Israel' 
(Document 4), Munn (Document 5), Wierama and Brown (Document 6) for 
pollution monitoring, and by the report of the inter-agency consultation 
on monitoring in biosphere reserves and integrated monitoring (Document 3) 
for renewable natural resources. However, operations will have to be 
worked out for specific integrated monitoring projects. The references 
are appended and should be used as sources for further detailed planning. 
The operations are carried out in the field by national services 
supported by, or in co-operation with, international agencies. 

Integrated monitoring may be highly complex and costly at 
the outset. However, it is a valuable tool for producing information 
for management and control, and, as correlations are found, pathways 
understood, variability determined and transfer coefficients estimated, 
attention may be focused on monitoring of a few key elements at rationally 
established intervals. 

	

5. 	Ecosystems and integrated monitoring 

21. The philosophy and approach of ecosystem monitoring as outlined 
during the inter-agency consultation on monitoring in biosphere reserves 
in September 1979  (see Document 3)  are compatible with both the objectives 
and operations of integrated monitoring. Such ecological monitoring 
can provide information on likely baseline states, trends and pathways 
again8t which to judge the significance of a change in the ecosystem. 
However, relating pollutant levels even to qualitative effects in the 
ecosystem may require experimental data. The data generated by 
ecosystem monitoring and analysis are essential to the understanding 
of pathways. For example, the estimation of biomass and productivity 
are necessary for the mass balance calculation of a pathway analysis. 

	

6. 	Effects of deleterious trace substances 

22. Understanding of the effects of pollutants on climate, ecosystems 
and man is the subject of research (e.g. epidemiological investigations) 
and experiments. Identification of both the target and the consequence 
of the pollutant acting on it may arise from chance observations or 
from routine monitoring which may detect changes in levels of a certain 
substance at critical points. Targets and consequences may also 
sometimes be pinpointed or predicted through experimental research 
under controlled environmental conditions (e.g. in the ecoatat, microcosm 
or phytotron). This approach is very useful for estimating transfer 
rates of substances between environmental compartments, determining 
distribution patterns and assessing or estimating effects, for example, 
by using high dose levels and appropriate assumptions to extrapolate 
down to the levels observed in the field. 
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V 	CONCLUSIONS AND RECOMMJDkTIONS 

23. Integrated monitoring is an important research and management 
tool, and should be developed for environmental managers initially 
in conjunction with the UNEP/WMO BAPMoN stations in pilot projects. 

24. WW) and UNCO should inform Iteaber States through their 
executive bodies of the objectives and uses of integrated monitoring 
as defined by this meeting, and UNEP should assist in the develop-
ment and co-ordination of relevant activities. 

25. Taking into account the recommendations of the September 
consultation as appropriate, a UNEP/WMO/UNZCO international pilot 
project of integrated monitoring should be established, which would, 
ideally, have the following characteristics: 

It should be sited in study areas which meet the 
requirements of the UNFP/WMO regional background stations 
and which are representative of ecosystems belonging 
to a mixed deciduous/coniferous temperate woodland type, 
preferably within biosphere reserves under the MAD programme; 

Recognizing that the Soviet Union has offered to 
participate in such a pilot project and that research 
very closely related to integrated monitoring has been 
conducted for several years in the United States of America, 
the pilot project should take advantage of existing 
co-operation and be linked to more than one study area, 
for example, one in the European part of the USSR and one in 
the eastern United States. The possibility of adding an 
appropriate study area in a third country should be explored. 

26. The meeting recommends that steps be taken by the countries 
concerned to call on their MAB national committees and national 
meteorological services to finalize the choice of appropriate study 
areas for the project. 

27. The meeting further recommends that a small technical expert 
consultation be convened at W?'V headquarters during 1980 to formulate 
the operation details of the pilot project, as referred, to in 
paragraph 19.  This consultation would specify the necessary technical 
inputs for the particular study areas, define the data types and 
monitoring sequences to be followed, consider any experimental 
approaches which may be necessary, and finalize logistic and 
institutional details for the preparation of a UNEP/WMO/UNESCO 
project document for a project to be initiated in January 1981. 

VI 	CLOSURE OF THE MEETING 

28. After the customary and heartfelt exchange of courtesies, 
Mr. Sella declared the meeting closed at 1 p.m. on 16 January, 1980. 

Nairobi 
25 January 1980 
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A GLSSARY OF SLBCTKD ?ki 

Definitions of selected terms which appear in the report or which 
arose repeatedly during the Jeeting are provided below. 

Baokound 

An adjective referring to the state of a compartment of the 
environment (q.v.) in which levels or concentrations of substances 
are little or not at all affected by man's activities owing to 
distance from pollution sources. 

Biogeochemical cycle 

The cyclical passage of elements through the compsrtaents of 
the environment (q.v.). 

Ceupsrtnent f the environment) 

One of the major components of the environment - soil, air, mater, 
plants, consumers, decomposers - between which materials, ener, 
and hence pollutants may pass. 

oostat, microcosm, phytetron 

Terms for experimental chambers of varying sites, or coll.otione 
of such chambers, in which biological systems or parts thereof are 
emulated or replicated to determine the effects on biological 
processes (usually in plant systems) of differing degrees of 
exposure to extraneous substances or of controlled changes in the 
chamber's environment. 

Boosystem 

A functional biological imit, which includes an assemblage of 
interdependent animals and plants linked by nutrient and .n.r-
flow., together with the physical and chemical features in a 
particular geographical area. 

Invent cry 

A survey or its iediate product which indicates the instantaneous 
state of a system. 1&ples are: the current level of heavy metals 
in hn blood, or the number of cattle in a particular area. 

Monitoring 

The process of collection of a time—series of data to measure 
trends as well as to understand how a system works. A major aim is 
to establish correlations between parts of the system (both internally 
and with exogenous elements) in order to make recomaendationa to 
management bodies on where and how to impose the most effective control. 

V 
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Transfer rate 

The rate (assumed constant) at which a substance transfers from 
one compartment of the environment to another. 

Transfer coefficient 

The ratio between the steady state concentration of a substance 
in two environmental compartments. It is used in equations to predict 
the total accumulation of substances in one or more environmental 
compartments (q.v.). 

Baseline station 

An observation site within the UNFP/WMO Background Atmospheric 
Pollution Monitoring Network (BAPMON) which is not influenced by local 
and regional man-made or natural air pollution sources, so that surface 
measurements represent composition throughout the depth of the tropo-
sphere and for horizontal extension of the order of 1000 km at least. 
Changes in land-use should not be likely to influence collection of 
background data for several decades. The observation programme includes 
gaseous constituents (002, 0-,CH 3 ,S0 2 , N0,N20),  aerosols (suspended 
particulate matter and selected physical and chemical parameters), the 
chemistry of wet precipitation (acidity, conductivity, pH, Na, Ca, Cl, 
504, NO3, N44, K, Mg and heavy metals) as well as turbidity and sun 
radiation measurements. The term "global" is also used instead of 
"baseline". Suitable sites usually are small islands and/or high 
mountain peaks. 

Continental station 

A station within the UNEP/WW Background Atmospheric Pollution 
Monitoring Network (BAPMON) which carries out a somewhat reduced 
observation programme compared to a baseline station, but which meets 
in principle the same siting criteria. It will usually be located in 
land masses at higher altitudes. The representativity of observations 
in time and space may be slightly less than for a baseline station. 
Continental and baseline stations together should cover all major biomes. 

Regional station 

The category of station within the UNP/WMO Background Atmospheric 
Pollution Monitoring Network (BAPMoN), which forms the large majority 
of BAPMoN stations. It will in general be located within the surface 
boundary layer of the troposphere at a site representative for distances 
from ca. 100 to 1000 km. Local influences of man-made pollution or 
natural surface exchange must be absent or avoidable. The reduced 
observation programme (compared to a baseline station q.v.) includes 
turbidity measurements, wet precipitation chemistry and sampling of 
suspended particulate mattr A main purpose of the Regional station 
network is to determine typical levels of air pollutants and possible 
long-term changes in atmospheric composition within regions significantly 
influenced b' man. At appropriate Regional stations, measurements will 
also be carried out in media other than air. 



Dooent 2 

WORLD METEOROLOGICAL ORGANIZATION 

REPORT OP E)a'RT MEETING 

ON SITING CRITERIA 

(ximz, 26-28 OCTOBER 1976) 

JVJ 
'4 ls 

A 



OPENING OF TEE SESSION 

1.1 	The session was convened by Mr. G. Kronebacb, representing 
the WMO Secretariat, in the office of Dr. C. Junge at the Max-Planok 
Institute for Chemistry in Mainz. He commented that the siting criteria 
for WMO's Background Air Pollution Network had remained essentially 
unchanged since their adoption in 1970.  The task of this group was, 
therefore, to review each criterion to determine-if i-t.was still valid 
in the light_of six years of experience. He concluded, his remarks by 
thanking UflF for providing the funds to convene the session. 

1.2 	Dr. R. B. Munn (Canada) was elected Chairman of the Bession. 
He noted that, in reviewing the siting criteria, the group had also to 
consider the Biting aspects of monitoring in other media. 

1.3 	All experts present (except the Chairman) had participated 
in an informal WMO meeting convened at the Institute the previous day 
to review the BCE plan for investigating the transport of pollution 
in Europe. A list of participants is attached (see Appendix A). 

1.4 	The agenda, as adopted, corresoonds to the major subject 
headings of this report and is not reproduced. separately. 

OBJECTIVES OF TEE WHO NETWORK STATIONS 

2.1 	Before the group could review and comment on siting criteria 
for the liMO Background Air Pollution Network, it was agreed that the 
objectives of the network had to be redefined. 

2.2 	After a thorough review of the objectives as documented in 
WHO 0:perations  Manual for Sampling and Analysis Techniaues for Chemical 
Constituents in Air and Precipitation (wHo No.299),  the group decided 
that there, was one basic or fundamental objective: 

To obtain, on a global and regional basis, background 
concentration levels of atmospheric constituents, their variability 
and possible long-term changes, from which the influence of human 
activities on the comoosition of the atmosphere can be judged. This 
will permit studies of: 

a Possible effects on climate, 
b Transport and deposition-of potentially toxic:substances,, 
c The atmospherit part of .biogeochemical cycles (including 

exchange rates). 

2.3 	Raving defined the objectives of the network, the group then 
identified the various steps which had to be carried out to make the 
network a viable (on-going) project. These are enumerated below under 
the heading "Design of the system". 

Design of the System 

a) Establishment of siting criteria for three types of 
stations: baseline; regional; and regional stations with 
extended programmes, 

b Identify variables to be monitored, 
c Develop methodology for monitoring, 
d Arrange for standardization and intercalibration within 

the network (quality control), 
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• Training component, 
f Publish data, 
g Evaluate data and develop improved methodology, 
h Review network design. 

3. 	REVIEW OP EXISTING SITING CRITERIA 

3.1 	Having revised the original objectives of the network and 
Bet down a plan for achieving the ultimate goal of WHO in this 
endeavour, the group then carefully reviewed the existing criteria. 	* 
The discussion and proposals which follow are restricted to achieving 
WM objectives only. 

3.2 	Criteria for Baseline Stations 

3.2.1 	These criteria have been set down In paragraph 2 of the 
General Introduction of WHO Manual No. 299. In their discussions 
the group was aware of the problems involved when criteria must be 
formulated which have to remain valid for a long period. Some criticism 
has been expressed that the existing criteria are too stringent. In 
this regard, it was noted that criteria a) which states that there should 
be no chan€es in land-use practices within 100 km from the station 
could be relaxed for mountain stations well above the surface mixed 
layer. The group wished to retain criteria b) and c). The remaining 
sub-paragraphs a), e) and r) are not siting criteria and, rather, 
pertain to the operation of the station. They should be placed 
elsewhere in the Manual. 

3.2.2 	To further reinforce its stand - to retain the existing 
criteria - the group considered the siting criteria used in the last 
century to site meteorological and astronomical observatories. These 
observatories were considered to he located far from cities. In most 
cases, an inspection will reveal that they have now been enveloped by 
urban growth. 

3.2.3 	Another aspect of relaxing the established criteria concerns 
the amount of time that "clean" air is expected to pass over a station. 
The experience of countries operating baseline stations has indicated 
that, no matter how good the site, one can expect that a fraction of 
the data will be contaminated from local (or "nearby") sources. It was 
therefore decided to incorporate the material in Part 11, paragraph 2.1 
into the discussion. It was also agreed that, under all circumstances, 
sampling sites should be chosen so that regional contamination and the 
local effects of vegetation or of heating, cooking, generation of 
electricity and transportation involving the use of fossil fuels should 
be downwind, during a minimum of 60% of the year. 

3.2.4 	Changes in the wording of the General Introduction, paragraph 
2 (b) were deemed necessary. The idea that islands should not be under 
the direct influence of sea spray was agreed, as was the elimination of 
the word "major" to qualify population centres and highways. 

3.2.5 	The final selection of. a site requires a careful evaluation 
of the levels of significant consituents of the atmosphere actually 
found at the site. To ascertain this, an elaborate prograwme of 



feasibility studies was required. Details on how to conduct a 
feasibility study should be described in the Manual. Some views on 
this appear in Appendix B. 

3.2.6 	The desirability of locating a baseline station in a 
UMESCO/14A3 Biosphere Reserve or national reserve was suggested. This 
type of sitegould meet thesiting specifications for abas1jne 
station and, in addition, permit monitoring in the biota (see iim 4). 
Other types of stations which might qualify.were those established in 
IEP hydrological basins. 

3.2.7 	When discussing "Variables to be monitored" (see paragraph 1.3 
Part. II of the Manual), th,/group proposed the following breakdown: 

Pollutants with potential effects on climate (e.g., 
carbon dioxide, ozone, aerosols), 
Toxic substances (e.g., pesticides, reactive trace 
gases, heavy metals), 
Substances useful for determining the atmospheric part 
of the biogeochemical cycles (e.g., nitrates, stilphates) 

3.3 	Criteria for Rezional Stations 

3.3.1 	The criteria as described in paragraph 4  of the General 
Introduction were discussed. Since these criteria were formulated in 
1970, important new aspects have become apparent. These concern the 
establishment of stations for various special purposes, for example, 
to determine the rate of development of urbanization. It was recognized 
that all stations established for various national purposes might not 
meet the WMO siting criteria for regional stations. However, it was 
suggested that Members could be invited to identify those stations in 
a national network which would fulfill the necessary criteria. 

3.3.2 	The Manual (paragraph 5, Part I) says that stations should be 
sited as much as 60 km from a large pollution source. The group agreed 
that experience has shown that this could be reduced to "40  to 60 kin". 

3.3.3 	In paragraph 9, Part I, a forest clearing is proposed as an 
"ideal site for measurements of most atmosheric constituents". The 
group considered that a forest clearing would be a good site for 
measurements of the minimum Drogramme of a regional station (i.e., 
turbidity and precipitation), but not for stations where other 
constituents are included in the monitoring programme. 

3.4 	Criteria for Regional Stations with Extended Programmes 

3.4.1 	The group proposed that comments be inserted, between the 
paragraph dealing with this category of station and regional stations 
to explain the philosophy or "transition" from one type of station to 
the other. It would also thention the possibility Lnd desirability of 
monitoring additional constituents at WMO regional stations as various 
national or international purposes may require. 

The Du.rpose of a regional station with extended programme 
would be to provide background level measurements which would be 
representative of a much larger area than a regional station. In this 
respect, it would closely resemble a baseline station. 
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3.4.3 	Inclusion in the programme of additional constituents would 
however not qualify a stationto be a regional station with extended 
programmes. In other words a regional station which was monitoring 
more variables than those of the minimum programme might or might not 
qualify as a regional station with extended programme; the key factor 
would be the degree to which it met the specified siting criteria. 

3.4.4 - 	The sitingcriteria concerning the Iocátion"ábove the 
surface boundary layer" was changed to "remote location, preferably 
in a mountainous area" (see paragraph 11 (a), Part II). 

3.4.5 	The sense of paragraph 3.1.3 of this report, which refers 
to the 114R4  criteria", should be incorporated, into paragraph 12 of 
Part II. In addition, the words "normally can" should be replaced 
with "might". Reference to the material on selection of sites should 
also be made for these stations. 

4. 	- SITING ASPECTS OF MONITORING IN OTHER MEDIA 

4.1 	The expert group noted that the WMO Executive Committee on 
several occasions had passed resolutions to the effect that WHO background 
air pollution stations should as fax as possible be sited to allow for 
monitoring of pollutants in other media than air, i.e., oceans, fresh 
water and biota. 

• 4.2 	For discussion of this problem, the group considered a 
document prepared in London at the request of DNEP by MARC and titled: 
Monitoring Requirements for Biological Systems (see Appendix c) and a 
document submitted to the WMO Executive Committee by the U.S.S.R. (see 
Appendix D). 

4.3 	It was concluded that there was nothing in the WMO criteria 
for siting of baseline stations and regional stations as discussed 
during the earlier part of the expert meeting which would make 
impossible the monitoring in other media provided suitable conditions 
for such monitoring would exist at the sites of the stations. It was 
noted, however, that for biological purposes intakes for samples of 
atmospheric chemistry constituents should be at least ten metres above 
the vegetation surface with a uniform fetch of 500 metres. This would 
make "fcres -t clearings" mentioned in the present version of the liMO 
Manual (paragraph 9, Part I) quite unsuitable for siting purposes. 

4.4 	It was generally agreed that criteria for siting of stations 
for monitoring in other media need to be develoDed so as to make 
possible a comparison with the criteria developed by WNO for monitoring 
in air. It was clear, however, that monitoring in biota and ecosystems 
would be desirable at background air pollution stations in order to 
allow for a -better understanding of the deposition of pollutants from 
the atmosphere. For certain pollutants, the level of concentration in 
the atmosphere at the background level might not be sufficient for 
monitoring with present techniques while it might be possible to follow 
trends of the build up of pollutants in soil and biota; in fact, a 
whole ecosystem can often be used as an indicator for changes of the 
baseline for pollutants. 	 - 
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4.5 	The group considered the suggestions for variables to be 
monitored in air and other media at background air pollution stations 
as well as criteria for selection of such variables as presented in 
the MLRC document (Appendix C). It was agreed that arrangements 
should be made by WMO. for pilot studies in integrated monitoring to 
be carried out at some regional stations on the lines proposed in 
that document. 

	

4.6 	It was noted that certain ecological attributes of the 
region may be usefully employed to support the atmospheric and other 
criteria during the process of preliminary survey prior to choosing a 
suitable site for a regional station. The prevailing regime of 
airborne sulphur oxides and of acid rain is known to determine the 
species composition of the lichen flora of the districts. Similarly, 
epiphytic mosses, growing naturally or placed artificially in the 
region, accumulate airborne trace metals in proportion to prevailing 
aospheric regimes. Lichen surveys and moss analyses can help by 
indicating representative  sites where gradients for these airborne 
substances are lea8t sharp. Likewise, trace metals surveys, 
particularly for Pb, Zn and Cd, of the top centimetre of undisturbed 
soils are also useful but much less sensitive than lichens and mosses. 

	

4.7 	The group listened with great interest to the presentation 
by Dr. Popov of the plans for integrated monitoring to be organized at 
some stations in the U.S.S.R. Two stations in Kazakhstan and in 
Siberia are planned for such purposes and the plans for monitoring of 
various variables are given in Appendix D which show great similarities 
with some of the proposals in the MARC document. 

	

4.8 	The expert group further proposed that WMO invite some 
countries with a. number of regional stations already in operation to 
arrange on a pilot basis integrated monitoring at one of their stations 
located in an ecosystem of special interest; details about criteria for 
siting, variables, etc., would be drawn from the experience in the U.S.S.R. 
and the suggestions made in the MARC document. 

	

4.9 	The group further suggested that, at the appropriate time, the 
whole problem of organising integrated monitoring be considered within 
the framework of G2S. In the meantime, it was proposed that WMO 
contact UNESCO and PLO to discuss problems of common concern in this area 
and.to  design suitable-joint pilot projectsin integrated monitoring 
which could be carried out in biosphere reserves or at WMO background 
air pollution stations. It was hoped that this could be done prior to 
the next Panel session. 

	

5. 	SITING ASPECTS OP MONITORING ADDITIONAL MTVIRONMENTAL 
POLLUTAITS FOR SPECIPIC PU?..POSES 

	

5.1 	The YNO Executive Committee has expressed concern about the 
need for a better understanding of the cycling, of pollutants throughout 
the environmental media, including the meteorological and hydrological 
aspects of their transformation, long-range transport and pathways. 

	

5.2 	The group recalled that the newly drafted objectiies now 
included studies of (i) the transoort and deposition of potentially 
toxic substances and (ii) the atmospheric part of the biogeochemicel 
cycles. 



5.3 	It was also noted that the recent APOMET technical 
con1erence urged that the following variables be includd in the 
WMO network: 

a 	Pesticides and PCB's, 
b 	Reactive gases, 	 S 

c 	Aerosols, 
d 	Kalogenated hydrocarbotis 

Sampling and analyses procedures for the above variables were also 	
$ 

specified. 	 - 

5.4 	The group considered that stations established with the 
siting criteria as proposed could add any of these variables to their 
programme. 

S 
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APPENDIX B 

SELECTION OF SITES FOR BASELINE STATIONS AND 

REGIONAL STATIONS WITh EXTENDED PROGRAMMES 

(Revised paragraph 1.2 of Part II of the Manual) 

The criteria for baseline stations and regional stations 
with extended programmes discussed in the general introduction of 
this Manual should be considered when choosing potentially suitable 
locations. The final selection of sites among all potentially 
suitable locations requires a careful evaluation of the levels of 
certain significant constituents of the atmosphere actually found 
at the site. A review of any past data collected in the vicinity 
of the site is an essential starting point for this evaluation. 
If this review shows no serious fault in the location, an interim 
sampling programme (feasibility study) at the actual site must be 
carried out. This programme must provide records of the daily 
cycle under different meteorological conditions and for all seasons 
of the year, documenting the levels of the key constituents and the 
variations in these levels, along with an appropriate supporting 
meteorological record. The choice of suitable constituents to be 
included in the programme will depend on the type of location 
considered. For sites in an oceanic environment measurements of 
the concentration of Aitken nuclei may be suitable. Other variables 
which can be used for this purpose are: the light scattering 
coefficient, the voltage of the electrical field and the chemical 
composition of precipitation and aerosols. For sites on a high 
mountain carbon dioxide may also be included. It can be expected 
that for certain periods of the day or for certain weather 
situationE or wind directions, the site will be influenced by local 
or regional anthropogenic sources. If an evaluation of these 
preliminary data suggests that the site can- provide background 
information f or at least 60% of the time and that all considerations 
lead to the conclusion that this situation will remain long 
enough to warrant the installation of a station, and if, furthermore 
the -geographic location of the station contributes to the global 
distribution of sites, the station may be considered part of the 
baseline network. A continual programme for testing the validity 
of the record for each siteis necessary (see-paragraph 2.-i). 
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1. 	Introduction 

Establishment of the WMO global network of baseline and regional 
stations for the monitoring of variables related to-cl irna-te prey-i-des -an---, 
oppot'tunity.th review how useful these might be as sites from which 
monitoring information related to living organisms and soils could be 
collected. 	A subject of this complexity covers many fields where current 
understanding is inadequate and where controversial views abound, so that 
'the topic deserves a much more detailed technical report than is presented 
here. The present discussion paper may however be regarded as a starting 
point for a working session in which the range of problems and possibilities 
for biological monitoring can be explored. 

individual plant and animal populations and their characteristic species 
assemblages,which together with the supporting media (air, soil and water) 
typify the various ecosystems, can all be more or less valuable potential 
resources for man. 	These ecosystem components may also be sensitive 
indicators of environmental change. 	They may respond to chemical pollutants 
by accumulating the contaminant substance in anounts proportionally related 
to ambient levels or supply rates. 	On occasions, these amounts are more 
easily measured from accumulating biota or soils than they are by the direct 
measurement of air or water concentrations, 	Additionally, the performance 
of the various species (growth, benaviour, longevity, productivity, abundance 
and survival) may be affected favourably or adversely by various levels of 
chical dosage or by meteorological changes. 

Thus, a knowledge of the levels and flux rates of physical and chemical 
variables in the amoient env1ronent is useful in f&llowinq ecosystem response 
ano chance. 	lfl aition a Knoweoce or cerz3in onysica!, cnernicai ana 
prformance features of soils ano Uvng organisms is useful in characterizi 
overall environmental change. 

2. 	Objectives 

Considered In terms of feasibility and of biological requirements, the 
objectives are, accordingly: 

(1) to assess what atmospheric variables (especially chemical 
variables) need to be monitored; 

to assess what can be predicted in biological terms from 
such knowledge; 	 - 

to determine what measurements (particularly chemical) in 
soils, water and biota and also what biological performance 
measurements are needed to indicate environmental or ecosystem 
states and trends. 

3. 	Types of change in ecosystems 

• The problems of measuring physical and chemical variables in air, 
water, soils and biota, although often difficult enough, are relatively 
straightforward comoared with the problems encountered when trying to measure 
performance characteristics of biota and ecosystems. 

For any one species, the impact of changes in ambient physical or 
chemical variables can be reflected by an increase or decrease in one or 
more of the following: biomass; embryo (or seed) production;' embryo 
(or seed) survival; growth; longevity; animal migratiCn; mortality; 
inutaton. 	in extreme cases, population explosions or extincti'ons result. 
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It is most likely that certain genotypes in the species-population will be 
affected by these impacts more than others (sensitive genotypes), so that 
selection pressures will change the frequency composition of the gene-pool 
by intra-specific competition. 	This may well lead to differential competitive 
relationships between species and hence to an alteration in the species corn- 

- position-of-the whole- cosysten.  —This -has three --important implictions 

(1) a change in one species can affect the whole ecosystem; 

a change at the ecosystem level cannot readily be traced to a 
- 	causal change at a lower level of organization; 

as the species complexity of the ecosystem increases, the ease 
- 	of interpreting or predicting change falls. 	Precise prediction 

is easiest in crop (monoculture) situations, and almost impossible 
in complex comunities such as temperate and tropical forests. 

The prediction of crop growth in a varying environment is becoming 
increasingly precise, using deterministic simulation models (Milthorpe and 
Moorby, 1974; Monteith, 1975; Thornley, 1976). 	Such models could be 
extended to include the impact of atmospheric contaminants (Mukammal, 1976; 
Waggoner, 1975) and other pollution sources and it is to be expected that 
only then will pollution work attain a -high -predictive value; 	Uptake -of 
pollutants by plant canopies can be considered as analogous to other types 
of transfer processes, models of which are widely used in agronomy (Lake 1972; 
J1onteith 1973, 1975). 	Work with pollutants both in the field (Garland, 1975; 
Waggoner, 1975) and in the laboratory (Bennett and Hill, 1973) has used this 
approach. 	Simulation modelling of the movement of pollutants through eco- 
systems is also conceivable, and this would facilitate prediction of the 
responses of other parts of the ecosystem to the pollutant 1  but much basic 
research is needed. 

Changes in genetic constitution, by mutation or selection, are much 
less easy to predict (Bradshaw, 1976), and here it would seem there is no 
alternative to direct monitoring. 

4. 	Criteria for selection of air chemistry variables for monitoring 

The following criteria have been used to identify a potentially harmful 
contaminant (Goodman 1974, criteria 1 - 4 being the most important: 

'(1) toxic in larger amounts (acceptable daily intake-cca. 
100 mg/kg body mass) 

(2) non-essential for life-processes (N.B. all active allochemicals) 

W. accumulates with age (i.e. incompletely excreted or detoxified) 

environmentally persistent (poorly biodegradable; thermo-stable 
in air below 2000  C) 
biochemically active (e.g. modifying: enzyme activity; protein 
synthesis, redox states) 

rate of sequestration (deposition in fat or bone 1  etc..) similar 
to absorption rate (i.e. pool of active chemical in tissues and 
body fluids) 

wide variation in toxicity with age or genotype or nutritional - 
state (i.e. susceptible groups within population) 

environmentally mobile (i.e. relatively low boiling-point cr 



àielting-point; -relatively high vapour pressure at s.t.p.) 

does not form relatively stable (inert) coiplexes with organic 
matter, clay-colloids, sediments, acid soils 

pronounced Increase n human environment in last 2000 to 3000 
years or in environm.nt of target species-duri-ng-i-ts -la-st--1-O0 
generationsTM 

It is Important to bear in mind that measurement of chemical substances 
In ecosystems can be undertaken for two purposes: 

(I) to assess their potential for harm to that ecosystem; 

(ii) to use the measurements as an indication of the partitioning 
and turnover in the whole enviroment of the chemicals which 
are being injected into the biosphere and to which It is 
coniaitted through time. 

Accordingly, Baseline and Regional Stations should adopt two criteria 
for the selection of an air chemistry variable to be monitored: 

If it occurs at rural sites (say, 1-00 km from source) at levels 
more than 0.1 of those shown to produce frank effects on plants 
or animals, it should be monitored. 

If it occurs in rural sites at atmospheric levels which either 
cause accumulation in plants in concentrations above 0.1 of 
those known to harm animals or will become concentrated in food 
chains to levels affecting target animals, it should be monitored. 

The need for backup research is illustrated by the fact that present 
data on harm levels are not sufficiently comprehensive or comparable to enable 
a rigid application of these criteria. 	In table 1 literature references to 
'rural levels have been applied irrespective of distance from source. 	The 
figures for distance and level are open to alteration; 0.1 has been chosen 
of the level known to affect organisms to allow for (a) possible increases 
in pollution lev1, and (b) uncertainty in the levels known to be biologically 
effective (safety factors). 

5.0 	Value of the existing progranine at t140 Regional Stations 

5.1 	The present measurements 

Measurements of precipitation considered at regional stations are 
adequate by the criteria outlined above (section 4). 	Atmospheric turbidity 
Is of little use to the biologist, but direct measurement of total radiation 
(Szeicz, in Wadsworth 1968) is most important. 	At Regional Stations, the 
following measurements would be considered necessary: SO2, 03, NO R , and 
particulates. 	Of the other variables mentioned, CO and metals do not normally 
fulfil the first of the two criteria and need not normally be measured. 
Although metals may be important after food-chain concentration in the eco- 
system, they may be better monitored in other ways. 	SO4 and NH3 should be 
measured due to their relevance to the atmospheric chemistry of 502,  although 
they do not fulfil the above criteria. 

Physical measurements needed to make full use of pollutant data are 
radiation (total and quantum flux over the waveband 400 - 700 nsa, the region 



of importance in photosynthesis flux), temperature, water vapour, and wind. 
The present regional progranrie covers these parameters, with the possible 
exception of photon flux. 

5.2 Nature and, presentation of the measurements 

For biological purposes, intake to samplers for atmospheric chemistry 
constituents should be above the normal surface boundary layer, well away 
from vegetation which will absorb some pollutants (1artin and Barber, 1971; 
Bennett and Hill, 1973) and have a large (200 - 400 in) fetch over homogeneous 
vegetation (Biscoe et al., 1975; Lake, 1972). 	It is not clear if all 
these factors .are at present considered; the suggestion of siting in 'forest 
clearings' (40, 1974) clearly does not fulfil these criteria. 

The time over which measurements are integrated and thus data are 
presented Is also Of importance. 	Crop simulation models use measurements 
over 30min -I b photoperiod (variable from ca. 8 - 16 h) and this is clearly 
an ideal to be aimed at. 	Both pollutants and associated physical measurements 
should be presented together, integrated over the same time period. 	Since It 
is not clear, for many pollutants,if plants respond to mean concentrations, 
peaks of concentration, or dose, if longer integration times than I h are 
used, a periodic sampling prograrrne to determine the variability of the 
pollutant levels should be incorporated. 

5.3 Use of the data 

In order to predict the effect of a pollutant on an organism it is 
insufficient to establish a relationship between the level of the pollutant 
and growth. 	Not only would such a relationship rarely be sufficiently 
precise, it will also be restricted in use to the set of environmental con-
ditions under which it was established, as environmental variables interact 
In a non-additive manner to affect growth (Milthorpe and Moorby, 1974). 	As 
suggested under 2. above, simulation modelling is the most suitable approach, 
for both uptake 'and effect of the pollutant. 

Given the measurements listed above, integrated over as short a time 
as possible, we consider that the effects of the pollutant measured could be 

'assessed in two ways, if backup research were available: 

(1) deposition to the plant canopy;' 

(ii) effect on primary productivity. 

Movement through, the ecosystem, and effect on consumers, still need basic 
research, and direct monitoring must be considered here. 

It is also hoped that biologists would use these figures as a standard 
reference in providing 'a perspective for their work. 	A facility for checking 
the performa'nce of instruments used by biologists could also be usefully 
developed. 

6.0 Supplementary air chemistry measurements 

6.1 - The supplementary measurements required 

Using the criteria given in 4. above, ethylene (C2H2) is the only 
desirable addition to the total list suggested for regional stations. 
However, all of this list should be run at as many regional stations as 

possible. 
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CO2 should be measured at all regional stations. 	It is a major 
substrate for plant growth, and even small changes in its level can appreciably 
affect the rate of photosynthesis and growth (Milthorpe and Moorby, 1974). 
To minimize-local -effects--oft -vegetation -on-CO2 level, intake-t -o- samplers--
should be well above the normal boundary layer and away from trees, etc. 

Applying the second criterion given under 4. above, a large number of 
metals and organic compounds such as pesticides would have to be considered. 
Problems of atmospheric sampling and of tracing the fate of these compounds in 
the ecosystem indicate that they are best monitored by sampling target 
organisms where applicable (see 7.3 below). 	- 

6.2 	Nature and.use of the data 

The coments under 5.2 and 5.3 above, apply. 

7.0 	Chemical measurements in other media 

7.1 	The need for chemical measurements 

Chemical measurements in other media are essential in tracina 
the path and eventual fate of a pollutant in an ecosystem; they provide the 
key to the first stages in establishing causality where there are suspected 
changes in an ecosystem due to pollutants. 	Such information cannot at 
present be deduced from air chemistry measurements. 

The media in which chemical measurements might be taken are: water in 
seas and oceans, water in rivers and lakes, snow and ice, soils, vegetation 
and animal tissues e.g. bones or livers. 	It seems likely that there will be 
at least some regional stations sited to cover all of these situations. A 
suggested study proposal ideally carried out jointly between MAB 14 and WMO 
Is outlined in.Annex 1 to cover measurements in other media. Projects 
similar to this are under discussion in UNESCO. 	- 

7.2 	Variability and sampling 

- Whereas the fluid medium of air is able to pass over a static sensor, 
soils and vegetation are themselves static so that the sensor must be moved 
over them along transects or grids. 	This means that time resolution used 
for air variables must be replaced by spatial resolutions for soils and 
biota. 	Thus, from the viewpoint of soil characteristics, plant growth and 
animal performance, measurements of these media are less critical in time 
but much more critical in space. 	There is no value in reducing figures to 
a time interval smaller than a month or perhaps a season as only slow change 
Is to be expected. 	Occasional situations may require more frequent sampling 
but since the work would involve extra manpower, this could presumably be 
provided as required by particular research projects. 	The siting of the 
regional station should attempt to cinimize the spatial sampling errors but 
the variability is likely to depend largely on the material involved e.g. 
samples in snow and ice can be expected to be much more representative because 
of a previous history of mixing. 

7.3 Useful measurements 

The monitoring of pollutants in media other than air is nece4sarily more 

labour intensive and therefore less likely to be undertaken so extensively--at 
regional sites. The need for particular measurements varies considerably, 

depending on the site and the material to be measured. 
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In each case, metals,pesticides etc. with long half-lives in ec.s-
systems and which accumulate up food chains or in sediments etc. should be 
measured. 	Of the many possible, Pb, Cd, Hg,EDDT (CDT + DOD + DDE) and 
PCB's have been selected as particularly important. 	Additionally, sulphur 
should be measured to trace the fate of this major atzospheric pollutant. 
Under each headi-ng-  below -compounds--of parti-ctt1ar-iiiportanruiw that 
envirorinent are listed. 

7.3.1 Oceans and seas 

It can be envisaged that some sites will be on seashores, on 
islands or even on weather ships. it is outside the competence of 
the authors to assess the requirements for such sites critically and 
liaison with the programes of international oceanographic agencies 
would be particularly appropriate in this field, e.g. IOC or IGOSS. 
There would clearly be problems in relating atmospheric -  measurements 
undertaken at a regional station to oceanic measurements because of 
the uncertainty of the source and transport of materials by currents. 

7.3.2 Rivers and lakes 

in these two systems, it is possible to envisage a regional 
station which could include a whole-catchment area or less satisfactorily, 
an area known to be representative. 

The required measurements would be flow rate or input into a lake, 
weekly measurements of pH, nitrates, nitrites, phosphates, salinity, 
monthly B.O.D. and temperature. 

7.3.3 Snow and ice 

Seasonal or yearly measurements of the following would be required: 
pH, nitrates and phosphates. 

Evidence exists that abnormally high accumujation of certain 
volatile pollutants occurs in northern latitudes at sites where they 
have not been introduced by man. 	Chemicals such as ZDDT. PCB, 
polynuclear aromatic hydrocarbons (PAH), organic phthalates and others 
may be volatilizing from hotter regions and condensing out in snowfall 
In colder areas. 	There is merit in a thorough study of the chemistry 
of pollutant accumulation at selected Baseline or Regional stations 
in polar latitudes or high snowy mountains of tropical regions. 	This 
might be carried out in collaboration with UNESCO/MAB which has included 
such a scheme at the planning stage of Project 14. 

7.3.4 SoIls 

Seasonal measurements of pH, nitrates, nitrites, phosphates, K, 
Ca, Mg and Na. 

7.3.5 Vegetation 

Seasonal measurements of nitrates, phosphates K, Ca, Mg and Na. The 
artificial exposure of mosses, e.g. to monitor metals (Goodman and 
Roberts 1971, Roberts 1972) should be encouraged. 

7.3.6 Animal tissues 

Measurements in organs such as the bones Or liver or fatty tissue 
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of the metals and organic residues listed above from animals captured on 
a yearly basis. 	The animals should be representative of the various 
trophic levels of predator, herbivore, decomposer etc. 

7,4 .---Planning for retrospective measurements 

It is recognized that the extent of chemical analysis in thi various 
materials listed in 7.3 may not be possible in a number of cases; it is 
therefore necessary to ensure that sites contain material which is itsel.f a 
record of past pollution history. Tree rings can sometimes be used as a 
fairly accurate means of dating and modern microanalysis techniques allow 
each ring to be analysed for a variety of pollutants (Lepp, 1976). Sediments 
and ice-cores contain a history of past pollution. 	Pollen profiles can be 
used to give a good picture of the past vegetation of an area (Watts, 1973) 
and of pollution history (Lee and Talus, 1973). 	Additionally there could 
be a prograniiie of collection of material on a yearly basis to build up a bank 
which could be analysed retrospectively. 	Animal hair is an example; the 
yearly sampling of leaves from a particularly ubiquitous plant such as a 
moss or lichen could be another. 	There would have to be detailed consideration 
given to the particular material but the idea would appear to have much merit. 
It is especially difficult to assign a set of measurements that are likely to 
be of future use; this strategy would provide an insurance policy. 

8.0 Biological measurements 

8.1 	The need for biological measurements 

It was concluded above that air chemistry measurements cannot yet be 
readily used to assess: 

(1) changes in complex ecosystems (2, 3, 4); 

(ii) genetic changes (2.). 

These therefore need to be monitored biologically. 	Additionally, there is 
the possibility that some parameters not yet appreciated are having an effect 
on ecosystems. 

8.2 Variability and sampling 

The apparent stability of a mature ecosystem and its apparent continuity 
with time, can conceal a rapid turnover of its component species-populations 
and accompanying fluctuations in their numbers and biomass. 	More fundamentally, 
in the time scale of quaternary ecology the so-called 'climax' vegetation shows 
continual change (Watts, 1973). Periodic introduction of new species into an 
established cumvnity is a major cause of perturbation and permanent change 
(Elton, 1957; Watts, 1973). 	Biological monitoring must therefore attempt 
to separate a possibly small pollutant effect from a noisy and drifting baseline, 
in the absence of any control observations. 	In addition, vegetation is 
geographically heterogeneous, in response to changing soils and climate. 

Methods of ecosystem description take account of these factors, but at 
the expense of nich time and effort in taking the measurements; nor is there 
any satisfactory means of ascribing causality to any changes. 	Detailed 
description of coninunities of populations of animals (Seber, 1971; Southwood, 
1966) and plants (Dawkins, 1971; Goldsmith and Harrison, 1976) are still 
subject to controversy. 	Selection of a small number of species from an 
ecosystem carries the possibility that the chosen species are not representative 
of the whole system, and the probability that they will be subject to greater 
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natural variability in time and space than the ecosystem as a whole. 
Further, genetic diversity of a population adds to the .variabillty. 
Thus, dominant species often possess a wide range of tolerance to widely 
different physico-chemical conditions and therefore have poor diagnostic 
value. 

It is only feasible to look for large changes in ecosystems', and 
monitoring at the single species level is too onerous a task. 	A possible 
exception is the use of carnivores at the top of a food chain - large 
predatory rnanrls and birds - as indicators of accumulating metals and 
pesticides, and.other types of ecosystem disturbance. 

8.3 Useful measurements 

There are 5 basic types of measurement: 

(1) mapping 3f coffliunity types 

(ii) productivity 	- 

(ill) ecosystem composition (species diversity, abundance, age 
structures. etc.) 

(lv) retrospective monitoring (see under 8.4 below) 

(v) exposure of organisms for specific. purposes 

Aerial photography as a means of mapping can show changes in ecosystem 
type, particularly forest advance or retreat, and the use of infra-red 
photography can increase the information content of such an approach. 
it Is a comparatively rapid method and provides a permanent and 
detailed record. 	This is a basic biological reasurement that should be 
made at frequent (1 - Sy) intervals at Regional Stations; it would have 
the additional advantage of documenting changes in land use etc. around 
these stations. 	Its feasibility is being studied under the UNEP/FAO pro- 
graeme. 

Productivity measurements need a good deal of time and personnel, 
are destructive (see various IBP method books) and thus could prove 
detrimental to the basic monitoring prograrne if large areas of vegetation 
were affected. 	For these reasons they are desirable only in very special 
instances. 

Goldsmith and Harrison (1976) indicate that for long term effects of 
management etc. a suitable approach to option iii) above is regular monitoring 
of performance and abundance in permanent quadrats. 	It is difficult to see 
how suitable sites could be selected in the present context. Dawkins (1971) 
details the 'exhaustive measurements necessary to monitor and predict forest 
growth. 	Measurements of the quality.artd consistency required cannot readily 
be made under the present prograne. The identification of many species is 
still a major difficulty in many countries. 	Perhaps one or two dominant 
species could be measured in terms of density, age structure and performance, 
if suitable data could not be retrieved-from aerial photographs (but see 
8.2 above). 

Exposure of plants and animals for purposes such as mutation rates 
(Aeurbach, 1976; Sutton and Harris, 1971) should be encouraged. 
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8.4 	Planning for retrospective monitoring 

The major problem with ecosystem mensuratipn is that specific problems 
require specific methods of data collection, and a programme started no 
may not help solve a future problem;- Addit4enally,- the -ti-me--span-of basic 
data will be short relative to natural variability if programes start now. 
One solution to both of these difficulties is to preserve sites that accumulate 
information over many years, and which can be examined retrospectively in the 
future. 	Examples are: tree ring analysis, peat profiles and rr.acrofossils, 
and plant pollen profiles. 	It is recomended that siting of stations includes 
areas suitable for such analyses. 

9.0 	Implications for siting criteria 

9.1 	Air chemistry and meteorological measurements 

The prime need for biological purposes is to have a reliable set of 
background data against which measurements in biological systems can be 
compared. 	It is envisaged that the investigations will be subject to 
alteration in the face of particular requirements, but the basic measurements 
will retain continuity. 

The air chemistry and physical measurements (detailed in sections 5 and 
6 above) are regarded as being of greatest priority (that is, SO2, COP, 03, 
NOx, PAN, C2H2 and particulates together with radiation (total and pFioton 
flux), temperature, water vapour and wind. 

The siting of regional stations must firstly conform to meteorological 
criteria; additionally, consideration of biological factors would lead to 
the following 5 criteria (and see 5.2 above): 

no changes in land use anticipated 

no influences from local (10 Km) pollution 

above the normal surface boundary layer and clear of trees etc. 

-site to be representative of the area 

a fetch of Ca. 400 m over homogeneous vegetation 

9.2 Measurements in other media 

Measurements in other media have requirements which vary greatly, both 
between media and according to the complexity of the associated ecosystem. 
All the parameters said to be worth monitoring under sections 4 and 5 above, 
should be considered priority measurements. 

Oceans and seas. 	Because of mixing, these are unlikely to present 
special problems. 	If the site is an island, criteria (j),(ii) and 
(iv) above must be applied. 

Rivers and lakes. 	Those representative of a small catchment area 
should be selected; the cat..ent could then be taken as the boundary 
of the regional station. 	I sill be essential to record flow rates 
in relation to concentration n. : - ',rements. 	 - 

Snow and ice. 	The area of the site could here be much smaller because 
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it can be assumed that .these media will have been efficiently 
mixed in the atmosphere; 5 km2 is suggested as a minimum area. 

Soils. 	It must be stressed that soils can be highly variab1e,. 
and sites should be chosen to minimize this, or be of sufficient 
area to ensure that sufficient sampling will be possible. 	1t 
shouldbenote'dtatover pet9od of many years disturbance of the 
site may become serious. 	it is therefore proposed that a site has 
an area of not less than 10 km2. 

Vegetation. 	The site must again aim at uniformity and being 
representative of the vegetation type. 	To obtain a suitable area, 
it may be possible to use species/area curves (Greig Smith, 1964) 
and take an area containing a certain percentage of the species 
found in that ecosystem. 	The need for a minimum area because of 
possible damage from repeated sampling must also be considered, and 
a minimum area of 10 kjn would again seem suitable. 	Monitoring 
sites should be chosen to cover examples of all the main global 
vegetation types. 

Animals. 	One of the major problems in selecting a suitable area 
for animal studies lies in a definition of objectives. 	For example, 
are DOT or PCB's to be measured either in one or two conuon species, 
or in rare animals which may become extinct in the near future? The 
fwst alternative woula be favoured as the territories of some animals 
are very large and opportunities to relate measurements in air, plants 
and animals will be decreased. 	It would seem a more practical 
proposition to select an animal comon in an area, and to relate 
specific studies on rarer animals to this. 	Sites should be selected 
to include the whole migration range of the chosen species, to avoid 
external influences. 

10. 	Conclusion 

it is considered that measurements on pollution .undertaken by WMO 
will be of ininense value to biologists. 	It is urged that maximum integration 
with already existing prograriiies (e.g. MAB 14 and the IBP) be sought. 
Co-operation with already existing sites should prove useful In determining 
the precise areas and siting required of monitoring sites. 	Consideration 
should be given to creating an integrated site list so that wherever possible 
the WMO Regional Station is located inside a UNESCO/MAB Biosphere Reserve. 
it is also recoiriiended that biologists be made fully aware of the opportunities 
which this sampling prograrne affords. 	It should become standard practice 
for work on pollution to include suninaries of the relevant data from Regional 
Sites to set experimental work in proper perspective. 

In preparing this report, several areas have been found where existing 
data are not adequate for rational decisions to be taken, it is to be hoped 
that a more detailed review of these areas will precede attempts at specific 
research projects aimed at changing this situation. 



pollutant 	typical transport 
distance, km 

CO2  throughout 
troposphere 

Co no data 

so2  >100 

03  >100 

N0  >100 

PAN >100 
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Table 1. 	Dispersal and air concentrations of some pollutants 

typical rural 
concentration, ppb 

1000 - 3000( 2 ) 

20 - 5Q (8) 

30 - 160( 2 ) 

2 - 30( 2 ) 

0.5 - 3 (2) 

particulates 	ca.100 8 	20 - 50 ug 

metals; Pb 	>ioo(8) 	 0.05 - 0.4 ug m 38  

F 	>100 	0.050)  

C 2  H  2 	no data 	04 5(2) 

Notes: 

I one part in 10 

2 Eggleton in IRC (1976) 

3 IRC (1976) 

4 Mansfield in IRC (1976) 

5 DOE (1976) 

6 if SO2  is present 

7 the lack of data makes monitoring desirable in this case 
8 Hey and Davies (1975) 

9. Davison et al., (1973) 

10 Davison and BlakEnore (1976) 

11 Mukana1 (1976) 

lowest air 
concentratip 
with bio1ogç 
effect, ppb' 

any change 

1000 -  10,000(2) 

5 (5) 

5 (3) 

no data 7  

no data 

i(b 0 ) 

10 - 1000 01)  

Where no reference is given, the judgment made on appropriate level would 
probably be generally accepted. 
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Annex 1. 
Outline proposal for a collaborative (MAB 14/WH0) Project 

Pollutant dynamics and biotic response in ecosystems * 

I ntioducti on 
	

by G.T. Goodman 

The Project is intended to elucidate the uptake accumulation partitioning 
and loss relationships of selected environmental pollutants in ecosystems 
within the MAB biornes and WHO Baseline and Regional Stations. 	Ways will 
also be sought of characterizing any responses which the ecosystems may show 
as a result of pollutant impact. 

The Project will be a collaborative effort over a fixed period of time. 
Any scientific group wishing to participate must be prepared to carry out a 
basic. (minimum) progranme according to procedures agreed beforehand by 
the Project Co-ordination Group (PCG). 	More elaborate 
programes may be carried out which involve larger amounts of innovative 
research as they become more complex. 	This is particularly true of the 
highly complicated studies required to elucidate those performance features 
of ecosystem components (trophic levels, species etc.) which may best indicate 
and describe ecosystem-response to-various levels of pollutantimpact. 	Any 
collaborating laboratory or scientific group can operate a programe at any 
predetermined level of complexity. 	The programe is hierarchical so that if 
a complex study is selected, all simpler studies must also be carried out 
according to the schedu1e agreed beforehand. 

The two classes of pollutant selected for study are organochiorines and 
trace metals (see below). 

Sites for study should -be within the M.AB biomes especially - in UNESCO 
Biosphere Reserves or at WHO Baseline or Regional Stations where essential 
meteorological information is already available. 

Collaborating Groups working at approximately similar Progranrne levels 
and with similar pollutant substances will be required to develop their pro-
grannes jointly by mutual information exchange leading to state-of-the-art 
reviews. 	These should be followed by draft designs for pilot-studies to be 
discussed and agreed at workshops prior to endorsement by the PCG and the 
start of the work itself. 	These must include sampling, analysis, inter- 
calibration, data handling, and other techniques. 

Project Components - The following are suggestions indicating how the 
structure of the project may be designed. 	They should be regarded as a 
guide to thinking at the pilot-project design stage rather than as a fixed 
plan. 

* This proposal represents the author's views, based on his knowledge 
of the MAB 14 project and WHO interest in this area. 
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I. Pollutants 

01 tOOT (DOT + DDE + 000) 

02 PCBs 

03 Oleidrin 

04 BHC 

05 Heptachlor 

05 et seq other D.C. cpas 

Ii Pb 

12 Hg 

13 Cd (these choices will have to be justified) 

14 Ca 

15 Mg 

16 Na 

17 Fe 

18 Al 

19 et seq other trace metals 

NB Either 01 !DDT or 11 Pb is the basic pollutant. Others may be included 
as desired. 	- 

2 Biomes 

01 Tropical Forest 

02 Temperate Forest 

03 Grazing lands 

04 Arid zones 

05 Aquatic ecosystems 

06 Mountain ecosystems 

07 Island ecosystems 

08 Urban systems 

These will need subdividing, e.g. 

021 Coniferous 

022 Northern deciduous 

023 Sclerophyll 

etc. 

MB One ecosystem subdivision is the minimum progranmie. 

3. Ecosystem components 

01 Top predator (bird, manznal species etc.) 

02 Soil (topi cm & A layer mean) 

03 Dominant herbivore 
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04 Dominant plant species 

05 Litter 

06 Earthworm or equivalent organism 

07 Sol1 profile (A, 3 C -horizons) 

08 Vegetation strata (tree, shrub, herb, moss) 

09 Soil organisms 

10 Sediments 

11 et seq Other ecosystem components 

NBI 01 Top predator and 02 Soil are minimum prograrne components 

N82 Each needs sub-dividing on tissue examined 

e.g. for EDOT 011 Body fat 
012 Pectoral muscle etc. 

4. Pollutant processes 

01 Pollutant level In ecosystem component 

02 Pollutant interception by vegetation (dry and wet deposition) 

03 Pollutant 'partition coefficients' between related ecosystem 
components on dry matter (DM), fresh weight (FW), volume (V) and 
per unit area (UA) bases 

04 Pollutant loss rate per annum, on D.M. F.W., V. & U.A. bases 
05 Pollutant degradation and/or transformation rates per annum on D.M. 

F.W., V. & U.A. bases. 

06 Pollutant quantitative pathway dynamics study 

NB 01 Pollutant level is minimum prograirme. 

5. Sampling density 

01 Low (20 samples) 

02 Medium (100 samples) 

03 High (100 - 500 samples) 

04 Very high (>500 samples) 

NB 01 low is minimum progranine 

6. Sampling frequency 

01 Once 

02 Twice 

03 Full frequency as decided by PCG 

04 Special studies !2.  Seasonal change study 

NB 01 Once is minimum progranine 

7. Ecosystem description 

01 Geographic location, aspect, Species list 
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02 Plant cover/abundance scales 8 

03 Animal counts, historical data on site and former impact episodes 

04 Ecosystem analysis using multivariate or other appropriate methods 

05 Biomass study 

NB 01, 02 & 03 are minimum progranmes 

* 	8. Ecosystem performance 

This is to be studied by basic research but should include population 
statistics, diversity indices, mortality, missing species, "indicator" 
species. 	Cellular, physiological, biochemical response. 

NB This section may be omitted. 

9. Associated meteorological variables 

01 Daily minimum and maximum temperatures 

02 Rainfall 

03 Wind direction & strength daily 

04 Percent relative humidity daily 

05 Sunshine hours 

06 Solar radiation receipt 

NB 01 & 02 are minimum programe 

10. Soil variables 

MpH 

02 Percentage base saturation 

03 Percent organic matter in A layer 

04 Field capacity 

05 Redox potential 

06 Mechanical composition 

W Available NO3 ,P043 9 
 K. Ca, Mg, etc. 

NB 01 and 02 are minimum prograntne 

11. Rainfall Chemistry 

MpH 

02 SO42  

03 NO3  + NH4  

01 Kl,Ca24,  Mg2 , po43  
05 radionuclides 

NBl 01 Is minimum progranre 

NB2 Where an aquatic system is studied 02 is B.O.D.; 03 is suspended 
particulate; 04 is ruacronutrients 
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7. Genera') Camrients 

7.1 	It is to be hoped that as many collaborating groups as possible will 
carry out the programe at a level sufficient to provide data on 'partition 
coefficients' between ecosystem components. 

7.2 Ecosystems undergoing man-indued changes(urban-indutrial or 
agricultural impacts) would reoresent special cases as would those 
recovering from any such stresses. 

7.3 Since the range of ecosystems is very wide and the specialist skills 
needed to examine them very diverse, it is essential that excellent 
conrnunication links be established between all components of the overall 
investigation. 	This implies that a considerable effort be made to 
exchange information, reference samples of material, in cross-checking 
and, wnerever possible, in the standardization of procedures. 

S 
S 



LPPENDIX D 

NATIONAL PROGRAMME FOR COMPREHENSIVE MONITORING 

OF ENVIRONMENTAL POLLUTION IN THE U.S.S.R. 

A comprehensive programme for observations and research into environmental 
pollution has been developed and accepted in the U.S.S.R., the practical implement-.. 
tion of which is due to start in June 1976. The programme is based on the recommenda-
tions of the Inter-governmental Meeting on Monitoring, held in Nairobi in 1974 
Document 1tEP/GS/24), as well as the programme of observations at the network of 

background WMO stations. The observations relating to impact monitoring were however 
excluded from the UNEP programme since they did not serve the objective of global 
monitoring. The site of the comprehensive monitoring station considered meets the 
requirements made on regional WMO stations. The programme of observations includes 
the following measurements: 

I. 	Air 

Sulphur dioxide 

Suspended particles (concentr,..'zon by moss) 

Sulphotes in the suspendo particles 

Lead, merctry, arsenic and codmiwn in the suspended particles 

Turbidity of the atmosphere 

Total ozone content. 

II. 	Atmospheric precipitations (wet ant cry) 

DOT and other organochloz'ine cempovnds (PCBs) 

Cadmium, mercury., lead, orsenc 

All other onions and cct:ons recrn.nded For determination at back-
ground WMO stotion (suiphates, nitrates, chlorides, etc.). 

III. Water in lakes and reservoirs 

Minerals and gas content, bioqenic substances 

Mercury (including methy merctry), arsenic, 1ed, camium 

DOT and other orgar,ochlorine hycrocorbons (PCVs) 

IV. 	Soil 

Mercury, lead, codmiur, arsenic 

DOT and other orgonochorine corounds (PCVc) 

Carcinogenic substances (benzopyime) 



V. 	Biosphere (including cultivated crops, wild grosses, etc.) 

DOT and other orgonochiorine compounds (PCB) 

Cadmium, mercury. lead,._arssn.Lc- 

VI. 	Measurement of the set of meteorological parameters, as well as solo: 
radiation (especially its IN component). 

VII. Moreover, in the region of the station for background observations it is 
advisable to carry out field expeditions for measuring certain atmospheric 
pollutants (sulphur dioxide, suspended sulphate particles) for the purpose 
of studying the effect of nearby towns and industrial complexes on the 
selected observation point. 

The next phase of background observotions will broaden their programme as 
regards meosurements in the air of a number of little-studied components, such as 
nitrogen oxide and dioxide, corbon monoxide, the total of reactive hydrocarbons and 
possibly others. 

At all stages of the work a great deal of cttention will be given to improving 
methods of determining the vitro-micro-concentrations of pollutants at various sites. 

The results of all this research and these observations will be used fe 
evaluating the state of the environment and for estoblishing the trend5 of itz change 
and forecasting its state in the future. 

- 
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INT-AGENCY CONSULPATION ON MONIT(RING IN BIOSPHE 

RZFRVEZ AND INTEGRATED NONIING 

Geneva, 18-20 September 1979 

I. INTRODUCTION 

The cc.r.sultation was convened by UNEP to advise the participating 

Agencies about the monitoring activities that might be undertaken in these 

two areas in co-operation with UNP as part of the GEMS programme. Five 

meetings were held and chaired by Mr. F. Sella (U)TEP). Two consultants, 

Mr. R. E. !4unn and Mr. C. B. Wiersma, took part in the discussions and 

their contribution to the debate was gratefully acknowledged by the represen-

tatives of the Agencies. The list of participants is attached as Annex I, 

It was recalled that the two subjects of the consultation had 

both been discussed informally among agencies for a number of years and 

discussed recently at international meetings. Aspects of environmental 

monitoring in media other than air (within BAPMoN) had been discussed at 

a UNEF/WMO meeting in Mainz (Federal Republic of Germany) in October 1976. 

Monitoring in Biosphere Reserves had also been the subject of a meeting 

convened at (hk Ridge, Penn. (USA) by the US MkB Committee in October 
1978. The report of that meeting served as background material for the 

present consultation. 

On integrated monitoring, an international conference sponsored 

by UNEP and WMO had been organized by the State Committee for Hydrometeoro-

logy and Environmental Monitoring of the Soviet Union in December 1978 at 

Riga (LSsR). While the proceedings of that conference i'ere not yet 

available, a document ehtitled "Programme for the First Sta-ge of the 

Conduct of Comprehensive Global Monitoring of BckEroimd Pollution of 

the &ivironment" had been prepared by Soviet scientists as a result of 

that conference, and was also used as backgrour.d to the ccrsultation. 

ihi3e the two subjects had had a separate history, a sinie consultation 

bDth had been cal]ed h&'ause of the likely interactions betweefl the 

t;o tyres of activities. 
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it was noted that internationally co-ordinated monitoring in 

Biosphere Reserves under a project that would contribute both to the )IAB 

and to the GEMS programnes would raise a number of complex issues - 

ecological, methodological, political and ultimately organizational - 

and could therefore only be undertaken on a pilot basis, and that the 

paucity of the resources available at this stage suggested the initiation 

of a project of very limited scope. Various alternatives were discussed 

and the participants decided to recommend the start of a project of the 

type outlined in section u.k. 

With regard to integrated monitoring, the discussion was seriously 

hampered by the absence of the consultant from the Soviet Union, 

Dr. Ryaboshapko, whom illness had prevented from attending. The partici-

pants, however, gave as much attention to the problem as the available 

information permitted and noted the similarities, but also some of the 

differences between environmental monitoring as carried out for instance in 

the Great Smoky Nountains National Park Biosphere Reserve in the USA on the 

one hand, and the activities that Soviet scientists proposed to undertake 

3 integrated monitoring on the other. Accordingly, the participants 

formulated the recommendations contained in section IIA.3. 

II. RECOMMENDATIONS 

A. Monitoring in biosDhere reserves 

1. General 

Ecological monitoring is a powerful tool for providing information 

useful in the management of biologically-based production systems. The 

operations of monitoring focus largely at the level of the ecosystem. 

Biosphere Reserves are conceived of as containing at least representative 

ecosystems from majorclimatic vegetation types. They may therefore alter 

ideal opportunities for siting eeolo-icaI monitoring projects. 

It was recommended that: 

- Ecclogical moi -toring be carried out in i.ree to four 

representative areas of the icr1d's 	erate broaleaved 

fcres-t ecosystems. 

- These areas shou)d be located, thitally at least, in 
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(a). Eastern Airope, (b) Eastern North America and 

(c) Temperate South America. 

- This forest ecological monitoring programme be both part 

of the renewable natural resources monitoring programme 
of GIS. and an activity within the MAB-8 programme. 

- The forest monitoring programme be designed in such a way 

that it may allow further similar projects to be added in 

the future. 

- The forest ir - nitoring projects be located, wherever possible, 

in Biosphere Reserves since some of these appear to be among 

the most suitable locations for such monitoring. 

- The initial emphasis of the forest monitoring programme be 

on the monitoring of ecological processes in order to 

provide basic background information for other siThsequent or 

concurrent research and monitoring activities, such as 

pollution monitoring that might be undertaken in the future. 

2. Selection of the temperate broadleaved forest type 

(a) Importance of the type 

8. The argument for selecting the temperate broad:Ieaved forest as 

the type most su.table for locating an initial series of monitoring pro-

jects includes the following reasons: 

- Temperate broadleaved forest is a vegetation type which is 

frequently physically close to the world's heaviest 

industrial development, and there are, therefore, many 

examples of the type which are subjected to severe 

pollution. 

- An understanding of the ecosystem dynamics of the type 

will contri'bute to understanding, when reuired, the 

movement and impact of pollutants. 

- The type supports a number of economically important 

activities, vz., lrrerir, paper pulpir.g, hunting, 

etc. 
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- The type provides recreation areas for large urban populations. 

- The -type is a poteirtial source of fuel wood in less industrial 

countries. 

- The type has a high genetic and Species diversity. 

- Development and improvement of monitoring methodologies 

for the -type may well be of use for future monitoring of 

more complex types, such as tropical forest ecosystems. 

- A large amount of work has already been done on selected 

examples of the type, e.g., the Great Smokr Mountains 

National Park in the USA. 

(b) criteria for project area selection 

The following are criteria for selection of temperate broadleaved 

forest areas suitable for ecological monitoring projects. The existing 

biosphere reserves will be examined carefully to determine if any fulfill 

the criteria. These criteria are not absolute conditions, but are those 

factors to weigh and optimise when making the decision on which area to 

choose. The first three criteria have been modified from the document by 

Soviet scientists referred to in paragraph 3. 

The projects area: 

- Should be typical of the region in terms of the following 

pbysio-geographical characteristics: relief, climatic 

factors, (nature of atmospheric circulation, thermal regime 

in the atmosphere, amount of precipitation, etc.), nature 

and state of the soil and plant cover and the water regime. 

- Should not be subject to the direct influence of any 

major pollution sources (industrial centres, urban agglo-

merations). The impact of small local pollution sources 

(small human settlements, agricultural holdings, roads, 

air routes, etc.) should also be minimal. 

- Should be located, in an area of a minimum aount of economic 

activity, and there should be no substantia cLange in the 

nature of this activity in the cocir.r decaes. 
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- Shouldpreferably have a reasonably untouched core area. 

- Should be in a region that is readily accessible. 

- Should have a relevant research institute nearby, or have a 

history of research and/or monitoring steu!ning from country-

baBed institutions. 

- Should have a good set of eñsting background data. Of 

particular impoi tariôe is an extensive rim of.meteorological 

data (e.go fifty years) including precipitation and temperature. 

3. The monitoring orogramme 

(a) Objectives 

(i) General objectives of ecolpgical monitoring 

11. To provide information (see B) on the state, trend, variability 

and functioning of entire, or selected components of, production systems in 

order that policy makers may make the most effective decisions for the 

management of those systems. Such production systems may comprise both 

natural and altered ecosystems, while the selected components may include 

economically important natural resources. Management may involve the 

assessment and mitigation of impacts, both man-made (e.ga pollutants) and 

natural (e.ge pests), as well as of biological production, such as for 

food, recreation, timber, pulp, etc. 

(ii) Specific objectives of the proposed monitorinc projects 

12. The following objectives were identified: 

- To contribute to the MAB Programme a tightly co-ordinated 

set of monitoring and research activities, possibly within 

MkB Biosphere Reserves, by establishing monitoring projects 

in three or four selected areas of temperate broadleaved 

forests. 

- To contribute to the development of a set of methodologies 

which may have futur? apDlicability to monitoring and 

research in other forest ecosystems, iDcluing tropical 

forests. 

- Where applicable, to encender co-ordiatiot at the ecosystem 

c.itorii.- ar 
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- To produce, as a result of basic inventories of the ecosystems 

involved, a baseline data Bet against which to measure future 

cbaiges. 

- To establish, as a result of monitoring activities, the trends 

and correlations leading to an understanding of ecosystem 

dynamics at a level sufficient to provide the basis for 
understanding, among other things, pollution pathways and 
impacts. 

- 'To produce from the data, statements which are of direct use 
to managers and policy makers concerned with the management 

or alternate use of temperate broadleaved forests. 

(b) Outputs 

(i) Technical 

Static features: 

- Maps of non-living (e.g. geolor, climate, soils, etc.) 

and living (e.g* vegetation) ecosystem elements. 

- Lists and tables of species, numbers and biomass, levels of 

certain pollutants, etc. 

Dynamic features 

- Maps of seasonal production (e.g. biomass) and seasonal 
occupance (eig. animal distribution). 

- Tables, etce showing trends in production, cross correlations 

between ecosystem components, trace element input-output 

date, etc. 

(ii) Ececujive 

15. Assessment statements on: 

- Current states of key elezDer.ts. 

- cuirent trends of key elements 

- T'incipal caue/effect links. 

- Sets of 	 aeent plan opicr. 
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(c) Operations 

16. The ecosystem is the domain of the monitoring project activities, 

and its compartments may be represented schematically in the following 

diagran: 

\ 
\ 

\ 

17. There are three levels at which the ecosystem may be investigated. 

These levels represent increasing complexity of operations, increasing costs, 

and increasing information concerning ecosystem processes. They may be 

outlined as foil owe: 

- First level: The iwctivities occur within one or several 

'compartments of the ecosystem. The prirary activities 

are inventories, which produce statements concerning baseline 

states and spatial variability. 

- Second level: The activities also occur within compartments, 

but include the time-serieE data coflection of monitoring. 

The monitorinE activtieE prcu information on trerds (for 

exaple, in biological yields or pollutant levels) and on 

temporal variability. 



- Third level: At this level, the activities occur between 

compartments, for example, between soil and the plants, the 

air and the water, or along the entire nutrient cycle. 

Monitoring, or in some cases short time—series inventories, 

produce information on ecosystem functioning, cause/effect 

chains, pollutant pathways, etc. 

The division into the three operational levels is useful in two 

situations: if funds or time are limted, valuable information may be 

collected by concentrating on level one or levels one and two only; if a 

full monitoring operation is possible, then the levels provide a logical 

sequence for the project operations to follow. The aims of the proposed 

projects could be to include all three levels. 

A selection of the minimum requirements for key ecosystems 

attributes for the monitoring project is given in Table I. Esily applica-

ble, relatively inexpensive and tested techniques already exist for collecting 

data on all of the listed attributes. The Darticular combinations and 

perhaps sequence of data collection will have to be devised when the study 

areas are selected. The system is also readily adaptable to labour intensive 

situations. 

B. Integrated Monitoring 

It was recommended that, to make possible a proper understanding 

of the details of integrated monitoring as proposed by the Soviet scientists, 

and of its possible relations with similar activities already under way, a 

further consultation be held with adequate participation of Soviet scientists. 

Such consultation should be held at a sufficiently early date to enable the 

WMO Executive Committee Panel on Environmental Pollution, which will meet 

in early Spring 1980, to consider the report of the consultation. 

It is further recommended that throuEh a general review of 

inteErated monitoring proposals, the concultation give special attention 



S 

to (a) the me-thos pronosed by the Soviet scientists for relating low 

concentrations of pollutants in the environment to the effect that they 

may have on the ecosystems concerned; (b) the possibilities of co—ord.inating 

the project activities with similar ones already under way; (c) the 

possible relations between integrated monitoring as proposed, and monitoring 

in Biosphere Reserves. 
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Participants in the Multi—Agency Consultation on 

Monitoring in Biosphere Resers and Interrated Monitoring 

Geneva, 18-20 September 1979 

Harvey Croze 
	 UIP/GflS, !airobi 

M.D. Gwyririe 	 Ditto 

Sella 	 Ditto 

C.C. Wallen 	 UNEP/GMS, Geneva 

L. Teller 	 Division of Ecological Sciences (MA.B). 

WSC0, Paris 

H.J. de Koning 	Division of Environnental Health, 

H0, Geneva 

A. K5h1er 	 'I7110 (C/E?P), Box e, CH-1211 Geneva 20 

V. Srnagi.n 	 WNO, Environmental Pollution Branch, 

Geneva 

R.E. Murin 	 Institute for nvironnental Studies, 
(Consultant) 

The University of Toronto, 

Toronto, Ontario, Carada 11155  1A4 

Bruce Wierrra 	viron -.ntalor:itoring 2ysterns Laborato 
(Consultant) 

P.O. Boy. 15027, Upa, 

Ls Ves, 	r'Li 9114, USA. 
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ELLIS/fernand.ee 
	 Na. 79-3861 
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RueeianJngli.h 

State Committee of the USSR for 
Hydrometeorolor and Environmental 
Monitoring 

123376 MosCow 

No. M-357 
	

3 May 1979 

Dear Mr. Sella, 

In accordance with the decision of the Riga Symposium, 

a working group of Soviet experts has prepared proposals for 

the programme for the first stage of the conduct of comprehensive 

global monitoring, criteria for location of stations and 

metboda and instrumentat ions for use in the background 

monitoring system. 

This material is fairly brief, but I assume that all 

the detaila and questions that may arise should be discussed 

at the international expert group meeting about which we talked 

during your stay in Moscow. 

I take the opportunity to inform you that the work on 

the report of the Riga Symposium is proceeding in accordance 

with the planned time-table. 

Yours sincerely, 

(Signed) 

Y.A. Izrael 
Chairman, State Committee of the USSR 
for Hydrometeorolo' and Environmental 

Monitoring 

Mr. F. Sella 
Director of GEMS 
UNEP 



PROGRAM FOR THE FIRST STAGE OF THE CONflICT OP 

I(PRSITE GLOBAL JIONlR DIG OF BACOUND 

POLlUTION OP THE INVIRONMT 

Objectives of comprehensive global monitoring of 

Study of pollution of the natural environment and its ecological 

consequences at the global and regional background levels. 

Detection of changes in the natural environment caused by the 

action of man-made pollutants. 

Assessment of the current state of the abiotic and biotic 

elements of ecosystems and identification of their most vulnerable 

components. 

Prediction of changes in the state of ecosystems through the 

action of pollutants on the global scale. 

Basic principles 

Comprehensive global monitoring of background pollution of the 

environment forms part of the Global Environmental Monitoring System 

(GEMs). 

The monitoring is comprehensive in nature and provides for 

observation on the content of priority pollutants in all media 1  as 

well as study of the responses of natural systems to anthropogenic 

impact. Accordingly, the programme consists of two sub-programmes, 

one on abiotic monitoring and another on biotic monitoring. 

Maximum use is made of monitoring stations and systems 

already established or being established under the auspices of 
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(I) to describe present envi ronniental conditions and to determin, trends; 

to study and model regional and global climate; 

to study and model the regional and global biogeochemical cycling. of 

trace substances; 

to describe and model the movements of pollutants across : tid1!al bound-

aries and in international waters; 

to study dose-response relations, e.g., with respect to acid rains and 

regional photochemical episodes 

to parame.jz.e some complex physical and biological processes. 

The optimal network design may be different in each case. 

• 	.ce. the dbjectives have been chosen, there is need to agree upon 

criteria relatthg o the efficacy of the monitorin system. For exanipleL  if 

an objective .is to determine trend, whit prcision is required in .ordé to 

detect a change of X% in y years with 95% confidence? For biogeochemical. 

models, how many significant figures need to be determined for each of the 

transfer coefficien€s? Is one of the coefficients so difficult to estimate 

that there is no point in striving for more than order-of-magnitude accuracy 

in the others? These comments imply that it would be very desirable if the 

models could be specified at the station design stage. This is of course 

difficult, and more often than not, data 'and model development move forward 

together. - 

3. 	)iOt1ITORING OF ASSOCIATED VARIABLES AND PiCESSES 

In order to achieve the objectives listed above, there will often 

be need to monitor the behaviour of associated yariables and processes. The 

meteorological, limnological and oceanographic elements come immediately to 

mind. In addition, there may be a requirement to monitor compounds that 
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Basic criteria for determining the list of pol 
round_monitori 

The priorities for study are: 

Substances of man-made origin. It is desirable to study all 

sources (types of economic activity) from which they enter the 

environment, their cycles and migrationa in the environment and their 

overall global balance; 

Substances or transformation products having a substantial 

impact on human health or on the state of ecosystems and other 

natural systems - climate, the ozone layer, etc.; 

Substances participating in natural migration processes and 

extending through the atmosphere or the hydrosphere to considerable 

distances commensurate with major regions of the earth; 

Substances which are resistant to the action of natural 

factors (temperature variation, oxygen, micro-organisms, etc.) and 

which are found in any part of the world. 

A sample list of priority pollutants and a draft of the 

sub-programme for monitoring of background levels of environmental 

pollution (abiotic monitoring) are given in Table 1. 

Draft sub-programme for monitoring the response of biota to the 
action of background pollutants (biotic monitoring)j/ 

The basic aim of the sub-programme is to predict changes in 

the species composition of ecosystems and the size of the species 

populations as a result of predicted pollution levels. 

jJ 	Since it is as yet untried in practice, the biotic monitoring 
sub-programme should in the initial stage be conducted as 
a pilot project in one of the biosphere reserves. 



diurnal and annual cycles. These rhythms are partly obscured by 8nal1-scale 

• fluctuations in all of the environmental signals due, for .ample, to micro-

scale irregularities in ground cover. In the case of vegetatIon, for ewple, 

there is considerable difficulty in specifying species diversity and density 

because plants are often not randomly distributed; some species tend to occur 

in cliinps. 

These considerations should be included in the design of a MMMS, 

and some indication of the Variability in each monitoring element should be 

obtaized, through pilot studies for example, before making a decision about 

the monitoring programme. The objectj.ve is to ensure that the-time and 

èpace.;esolutionsWf all coixnents of the system are compatible; The 

j.mpo4ntwork of Sóviet scientist-L. S. Gandin (1.963, 1970, etc.) should be 

mentioned 'hee in connexion with the space resolution problei. 

These problems are reasonably well understood in the physical 

sciences, and the possibility is good that the physical components of the 

)*4MS can be reconciled. For biological monitoring, on the other hand, a 

nunber of difficulties remain. Horizontal transects of perhaps 100 m or 

even 1 ki may be necessary although in some cases, acctmtulator species may 

be found that integrate the space-time variability in some meaningful way. 

............. 

5. 	CRITERIA FOR SITING A ?V4NS STATION 

The WHO has established siting criteria for regional and baseline 

air quality monitoring stations (WHO, 1974). A WHO Expert Meeting on siting 

Criteria, meeting in Mainz in October 1976, reviewed these criteria in the 

light of biological applications, e.g., the impact of photochemicàl. pollu-

tion on vegetation, and made the following suggestions for additional 
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Concomitant types of monitoring 

Measurement of the background level of various substances of 

natural origin. 

Measurements conducted in the context of climate monitoring. 

J(eaamrement of solar radiation as the main ener&y source for 

biosphere processes, including observations of direct, scattered and 

twilight radiation, radiation balance and albed. 

Measurement of the heat balance. 

Aerological and meteorological observations. 

Hydrological observations. 

Supplementary types of monitoring 

Monitoring of the past includes determination of certain 

priority pollutants in datable specimens (bottom samples, samples of 

peat, glacier material, tree rings, museum exhibits, etc.). 

Monitoring of the future involves the creation of banks of 

samples of different objects in the environment in order to make it 

possible in the future, if necessary, to conduct more detailed stud]es 

of the samples using more advanced methods. 

These types of monitoring serve for the deeper study of the 

nature of global pollution of the earth. 

RECOMMENDATIONS ON CRITERIA PDR LOCATION OF 

COMPREHENSIVE BACKGROUND MONITORING STATIONS 

The network of observation stations for comprehensive background 

monitoring should be based as far as possible on existing systems 

organized under the following international programmes: 

The WMO background air pollution monitoring network; 

The network of biosphere reserves under U1ESCO's MAB programme; 

The background monitoring network under the programme of the 

CMEA member countries in conjunction with GEMS. 
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The stations available in these networks need to be reviewed 

from the standpoint of suitability for carrying out comprehensive 

observations, i..., their ability to conthict observations of pollution 

of the atmosphere, surface waters, soil and biota, as well as to 

study the responses of biota to background pollution. 

In view of the recoendations of WhO and other international 

organizations, as well as of experience in the establishment of back-

ground stations in the US, tho following criteria should be appli.d 

in selecting the regions for location of the comprehensive background 

monitoring stations: 

The natural conditions in the observation zone should be typical, 

on the regional scale, in terms of the following physio—geographical 

characteristics: relief, climatic factors (nature of ataoapheric 

circulation, thermal regime in the atmosphe!s, amount of precipitation, 

etc), nature and state of the soil and plant cover and the water 

regime. 

The zone in which the background station is located should not 
be subject to the influence of any major local pollution sources 

(industrial centres, urban agglomerations). The impact of small 

local pollution sources (small human settlements, agricultural holdings, 

roads, air routes and sea lanes) should &lso be minimal. 

The zone in which the background station is located should be 

the scene of a minimum amount of economic activity, and there should 

be no substantial change in the nature of this activity in the coming 

decades: this condition is best met by biosphere reserves, reserves 

and protected areas. 

Background monitoring stations sb.. id be located at points from 

which the broadest range of observations of pollution of all natural 

media - air, natural waters, soil and biota, as well as the response 

of ecosystems to its impacts - can be conducted. 

The points selected for standing observations of pollution of 

the environment at the background station should meet the requirements 

of representativiiy of the data obtained at them and of uninterrupted 

conduct of observations for an extended period of time. 
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RECOMMENDkTIONS ON METHODS AND INSTRUMENTATION 

PDR COMPRENSIVE GLOBAL MONITORING 

Introduction 

The comprehensive global monitoring programme provides for 

systematic observation of the weight content of aerosols and turbidity 

of the atmosphere, determination of the chemical composition of 

precipitates and the content of priority pollutants in natural 
media. In the conduct of comprehensive global monitoring, maximum 

use must be made of the relevant international exerience in the 

monitoring of pollutants in different media. In its observations 

of air pollution, the comprehensive global monitoring programme 

includes, as an integral part, the monitoring programme established 

by WMO for the global background monitoring network. 

Air and wet deposition from the atmosphere will be sampled 

in -accordance with the WMO recommendations. Surface and ground 

waters, bottom deposits, suspended matter, soil and biological 

objects will be sampled at selected representative sites, using 

standard sampling methods and equipment. 

The conservation of samples and the permissible storage period 

will depend on the type of ingredients to be determined and the 

structure of the chemical laboratory network, i.e., on whether the 

analysis can be carried out on site or needs to be performed at a 

central national or international laboratory. 

In the chemical laboratories, there must be no interference 

effects between different analyses, or measures must be taken to 

prvent them. Work on the determination of gaseous components in 

the air and on the processing of natural samples to determine heavy 

metals cannot be carried out in the same laboratory, since in the 

latter instance a large quantity of mineral acids is given off, 

causing an increased content of sulphur oxides and oxides of 

nitrogen in the laboratory premises. 

Methods and instrumentation for comprehensive global monitoring 

2.1 	Sulphur dioxide 

Method: Photocolorimetric 

Equipment: Low-resolution spectral photometer for UV and the 
visible region of the spectrum 

Sensitivity: 0.1 ug/m3 



2.2 	Carbon monoxide 

Method: Gas chromatography 

Equipment: Gas chromatograph with flame ionization detector 

Columns thermostatically controlled to 50-60 °C 

Carbon monoxide hydrogenation attachment 

Sensitivity: 0.05 mg/in 3  

2.3 	Carbon dioxide 

Method: IR spectrophotometry 

Equipment: High—resolution infra—red spectrophotometer 

Sensitivity: 0.03% 

2.4 	Ozone 

Method: Chemiluminescent spectrophotometry 

Equipment: Ozone analysers operating on the chemiluniinescence 
principle 

Sensitivity: 1 ug/m 3  

2.5 	3, 4—benzopyrene and other polycyclic aromatic hydrocarbons 

Method: Low—temperature quasilinear luminescent 
spectrophot ometry 

Equipment: Spectrofluorimeter with a double monochromator, 
a xenon source and a low—temperature attachment 
permitting work at the temperature of liquid 
nitrogen. üiininescence spectrum monochromator 
with variable slit: resolution not inferior to 
10 A/mm, aperture ratio 1:3 

Sensitivity: Not inferior to 10 10g. 

2.6 	Organochlorine compounds (pesticides) 

Method.: Gas chromatography 

Equipment: Gas chromatograph with a two—column system, 
isothermic temperature control and an electron 
capture detector 

Sensitivity: Not inferior to 10 	g• 

2.7 

	

	Heavy metals (Hg, Pb, Cd, As and other) 

Method: Atomic absorption 
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Equipment: Twa—beam atomic absorption spectrophotometer 
with automatic background correction. The 
monoobromator should alloV work in the 185-900um 
range, and should have standard outlets to 
computer printout systems, an automatic recorder 
and a system of sigi detectors allowing both 
area and peak height to be measured. The 
equipment must be fitted with systems for 
atomising metals from solution., by the flame 
method or in a graphite oven, an well as 
arsenic hydride and mercury vaporizers for 
determining arsenic and mercury effectively. 

Sensitivity: 0.04 mg/i for Hg and Cd and 0.2 mg/i for Pb 
and As 

2.8 	Asseemnent of the response of biota to pollutants close to 

The response of biota is assessed by the change in the 

multiplication rate of largegroups of individuals in 

appropriate (close to backgroun pollution conditions. 

Method: Director count of number of individuals in 
subsequent generations 

Equipment: Ecostatic vegetation chambers with a wide 
range of controllable environmental parameters 
and an automatic device for determining the 
number of individuals in the test group 
(Microvideomat and/or coulter counter attached 
to a computer). 

3. Metrological support 

In view of the need to analyse for ultraznicro constituents 

and ensure high accuracy of the results, metrological support with 

the monitoring progranme, standardization and intercalibration of 

methods and instruments are particularly important. To this end, 

the work of WMO, UNEP, CML and other international organizations 

on the conduct of joint studies, exchange of specimens and samples 

and the conduct of intercalibration exercises, seminars and 

symposiums should continue. Agreements should be concluded on the 

exchange of experts, staff training, the development of standard 

specimens and the development of methods and instrumentation. 
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In view of the pez'ticipst ion of couatries with their oum  

.ci.nt ific traditions, specific conditices at slyti1 prsat.ion 

and ranges of .quint, the work of working groups and exper 

on methods and inati,antat ion in of particular i.portanoe in 

order that unified standards 	qbs.rvat ion asthods, and 

intercalibrat ion proaes promis jug devslo."t and itraantal 

methods, etc • can be recomeended. 
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BASIC PRINCIPLES AND SITING CRITERIA FOR 

}IULTI -MEDIA MONITORING 

R. E. Munn 
Institute for Environmental Studies, 

University of Toronto 
Toronto, Ont., Canada. 

WMO INTERNATIONAL SYMPOSI.Th1 ON THE MULTI-MEDIA GLOBAL MONITORING 
OF ENVIRONMENTAL POLLUTION 

R.iga, USSR, 12-15 December 1978 
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IN!IT4DUCTION 

In principle, the idea of a multi-media i nitoring system (tMs) is 

very attractive. As the term indicates, MMMS is an integrated approach to 

environmental monitoring, in which several elements are measured at the same 

place and time, but in various mediain the atmosphere, land biosphere, snow 

cover, soil and ground water, as well as in adjacent lakes, rivers and seas. 

The main benefits of such a system are twofold: 

(a) Usefulness in the development and testing of environmental 

models, e.g., for the biogeochemical cycling of trace 

substances; 

• (b) Cost effectiveness. 

The second point needs no asnpliftcation. In the first case, it should be 

stated that the itmósphere is only one of several environmental compartments 

and that the transfer of trace substances and energy between media and along 

food chains is of great importance. There is no sense, for example, in 

measuring the chemical constituents of precipitation at one station, the 

chemical constituents of lake waters at another, and the effects on marine 

organisms at still a third site. The atmospheric scientists must work with 

their colleagues in related disciplines to achieve optimal enviror.mental 

monitoring systems. 

In this short contribution, a few criteria that should he.p in the 

design and siting of a multi-media monitoring station will be discussed. 

OBJECTIVES OF MONITORING 

The most important factor to be considered in designing a monitoring 

system is the objective(s). Some possibilities include: 



WE, liNE?, UNESCO, IOC, EEC, the United Nations, C1A and other 

international as well as national progrs.s and project., including 

information collection, storage and analysis Centres, oine  

links, observation instrumentation and facilities, eta; in the 

first stage, monitoring is conducted by background stations in the 

baseline series and by VItO background stations. 

The information obtained serves to provide national 

governmental organs, international organizations and the population 

with information and reco.endatione for protection of the health 

and well-being of present and future generation., as well as for 

rational management of the environment and natural resources. 

Considerable significance is attached to global and regional 

problems optimizing man's activity and conserving the environment, 

including the earliest possible notification of substantial changes 

in the environment for the purpose of developing protective measures. 

Assistance is to be provided to developing countries in 

establishing GEMS background stations and in environmental conservation 

in parts of their territories. 

All types of monitoring are to be combined in time and space 

to the maximum extent possible, and comparable methods are to be 

used for the observations and for processing and interpreting the 

results. Considerable importance is attached to international 

co-operation in intercalibration of the methods and means of monitoring, 

and in the training of personnel. 
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affect the concentrations of the substances of principal interest. In this 

class are various catalysts and precursors. Sometimes, too, an estimate of 

the concentrations of a substance can be inferred as the remainder in a mass 

balance equation if all of the other terms are measured. A further interest-

ing example is given by the heavy metals whose availability to freshwater 

organisms is dependent-on pH. If a lake were to become more acid, the con-

centrations of heavy metals in fish would increase, even in the absence of 

addjtional inputs of trace metals to the lake, so that pH should be monitored. 

Finally, there are cases in which a surrogate substance (e.g., oceanic 

tritium) is preferred to a substance (e.g., oceanic 002)  of interest. The 

tritium measurements show less variability than do CO 2  measurements, and thus 

provide better estimates of the exchage coefficients between the atmosphere, 

tle surface mixed layer and the deep ocean: •These exchange coefficients are 

subsequently used in models of the carbon cycle. 

One of the important reasons for monitoring the associated variables 

and processes is to permit parameterization of complex systems. For example, 

latent and sensible heat transfers from the oceans are extremely difficult 

to measure directly but they can be estimated from shipboard observations of 

wind, temperature and humidity. The parameterization is through mass transfer 

coefficients. Similarly, there is a possibility that CO2  fluxes could be 

estimated from a knowledge of 002  concentrations, although a few monitoring 

stations for 002  fluxes (using the eddy-correlation method, for example) would 

still be required. 

4. 	ENVIRONMENTAL VARIABILITY 

A characteristic of the environment is its somewhat organized 

variability in space and time. Not only are.there spatial gradients in 

most of the physical and biological elements and species but also there are 
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Prediction is carried out by constructing a mathematical 

modal of the succession of ecosystems under the impact of man-made 

pollutants. 

The data required for the model on the sensitivity of biota 

to the action of background pollutants are obtained by: 

Experiments on examples of selected species in ecostata 

which afford a stale abiotic environment; 

Extrapolation of the data obtained to other types of ecosystems. 

Selection of species for the ecostat experiments and extrapolation of 

the data to all the types of ecosystems are performed on the co-ordinates 

of a phylogenetic tree. 

As the overall index of the response of biota to the action of 

background pollutants measured in experimental conditions, use is made 

of the multiplication rate of individuals, irrespective of popullation 

density. 

The set of species to be studied in the initial stages should 

include autotrophic forms representative of the variety of ways in 

which living matter is organized. For purposes of planning and even 

distribution of the -test objects on the co-ordinates of the phylogenetic 

tree, it would be desirable on technical grounds to begin the programme 

by testing representatives of the principle classes of lower plants 

(one per class). 

As a result of the conduct of the abiotic and biotic 

monitoring sub-programmes, information will be fed into the modal on 

level of environmental pollution bu the priority poliutants, and 

the corresponding change in the multiplication rate of species, 

and the model will yield information on how species may disappear, or, 

initially, become reduced in numbers at given levels of impact. 
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criteria for regional stations with expanded prograxrmes (WMO, 1976): 

there should be no influence from local (within 10 km) 

pollution sources; 

sampler intakes should be above the surface boundary 

layer and clear of trees, etc. (a forest clearing would 

not be suitable'); 

the site should be representative of the area; 

a fetch of about 400 m over homogeneous vegetation is 

desirable. 

Point 3 requires special connent. Open countryside is usually quite 

irregular on the microscale, and the question is 'often asked whether a isite 

should be chosen such that the surrounding land is unusually homogeneous 

(thus reducing variability in the measurements) or such that the surroundings 

are typically irregular. For example, Canadian wéathe stations in the 

sub-arctic are sited on relatively high ground near airports, locations that 

are not representative of theswamp, muskegand spruce forests that surround 

them. This type of difficulty should not be swept under the rug, and an 

attempt should be made in the case of each proposed M1MS, to estimate: 

the area that contributes significantly to the behaviour 

of the envirozxnental elements measured at the station; 

the area that the station can be said to represent. 

The siting criteria should, of course, depend on the objectives 

for monitoring. 

6. 	)*'IMS STATIONS IN CITIES 

An urban area is an example of a most irrecTular surface. Partly 
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for this reason, first-order synoptic weather stations are usually sited at 

airports or in open countryside. But as was first suggested at a WHO Syznpos-

ium in Brussels ten years ago, there is a need for urban reference stations 

for long-term studies of the environment (WHO, 1970). These stations would 

be located in large urban parks and would have pogranmes rather like those 

of the Observatories that flourished in the last century. The goal would be 

to provide precision measurements of a large number of physical and biologi-

cal elements, the data having long-term value for research and early warning 

purposes. One objective that might be included would be the study of bio-

geochemical cycles at the impact level. The core programme at each reference 

station would require creful specification, perhaps by a joint WHOWMO Expert 

Group, and bu1d ±equire a c2ear definition of. goals (as mentioxed above in 

Section 2).. 

7. 	CONCLUSION 

The idea of a Z4MMS is supported. However, the design of such a 

system needs careful specification, which cannot be undertaken by atmospheric 

scientists alone. Close collaboration is required with plant physiologists, 

soil scientists, linuiologists, hydrologists and others. Happily this process 

has already begun in the USS. 
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ABSTRACT 

Biosphere reserves have been established worldwide as 
part of the Man and Biosphere program of uNEScO. Part of 
this program is the development of a pollutant monitoring 
system applicable to a large number of different biosphere 
reserves. The system must be able to produce data that are 
canparable between reserves. In addition, it must be 
relatively inexpensive. The Environmental Monitoring 
Systems Laboratory of the U.S. Environmental Protection 
Agency, in cooperation with the U.S. Park Service, has been 
working on the development of such a system for the last 2 
years. This paper presents some conclusions and 
recanmendationa for the design of a pollutant monitoring 
system. Pollutants of concern were primarily those which 
had a real or suspected long-term transport characteristic. 

Types of samples collected on the reserves studied to 
date include air, water, soil, vegetation, and forest floor. 
Sampling design is covered, including layout of sampling 
•blocks, subsainp]ing, sample handling, and preservation. 

Analytical procedures were chosen not only for their 
ability- to detect suspected pollutants but also for their 
cost-effective nature • Multi-elemental analytical 
techniques were used whenever possible. Multi-organic 
analytical techniques were also used where available. 

Mathematical models were applied to help determine the 
optimum monitoring system design. A brief description of 
the modeling technique is given and results are shown using 
lead as an example. 

Finally, a review of current international cooperative 
efforts in the area of pollutant monitoring on biosphere 
reserves is given. 
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INTRDDUCTIOI4 

The Enviroonental Monitoring Systems Laboratory is developing * 
aultimedi*, integrated pollutant monitoring system for biosphere 
reserves. This system, which will eventually be used as part of the 
Global Environmental Monitoring System (GEMS) (Wierame at al. 1975* 
and 1978b), is based on the basic principle of moaftoriag syts 
design as 1*14 down by Schuck and Morgan (1975), Morgam at ii. (079), 
and ?mn (1973). We have used their systems approach to desigs a 
monitoring system for individual biøsph.r. r.s*rves. 

Mimn stresses the need for a systems approach to tb. design of a 
global monitoring systas and expands on the need for background 
monitoring stations: 

The point of view has stimes been advanced that then, is no 
point in monitoring insignificant concentrations of even 
potentially harmful substances at remote stations. This 
philosophy is not always valid, however, because threshold 
concentrations that cause biological effects are not absolutes. 
In many parts of the world, biological systems are in delicate 
equilibrium with their natural environments through the proces, of 
adaptation. Minute increases in the concentrations of particular 
substances may have significant effects, particularly if there are 
accumulating organisms in the food chains . 

Another justification for measuring on the global scale is in 
connection with trends and cycles. In the first place, there is 
likely to be less day-to-day variability at remote stations, so 
that bug-term trends and seasonal, cycles are easier to detect. 
Secondly-, a network limited to a single region does not permit 
separation of regional from global effects. This separation is of 
particular Importance if the trends are due to natural geochemical 
phenomena . . .. 

Our reasons for using biosphere reserves for pollutant monitoring 
are: 

They serve as locales for background reference levels of 
certain pollutants. 

They provide a frame of reference against which changes in 
impacted areas can be measured. 

They may reflect changes of a global nature long before such 
changes are obvious in more impacted areas. In other words, they cam 
serve as an early warning sytem for pollutants transported over long 
distances. 
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THE CLOBAL FRANEWORK 

An understanding of both the Man and Biosphere program and the 
Global Environmental Monitoring System will help to establish the 
context within which a pollutant monitoring system will operate on the 
reserves. 

Man and Biosphere Program 

The Man and Biosphere program (NAB) was authorized at the 16th 
General Conference of the United Nations Educational Scientific and 
Cultural Organization (UNESCO) in 1970. The United Statea National 
Man and Biosphere ccziunittee was established in 1972. The MiLE program 
has four major objectives: 

Study the general structure and functioning of the biosphere 
and its ecological regions. 

Make systematic observations of changes brought about by man 
on the biosphere and its resources. 

Study the overall effect of changes upon humans. 

Provide public information and education needed about these 
subjects (Kisser and Cornelison, 1979). 

The NAB program is divided into 14 project areas of which project 
area 8 (NAB 8) is the Biosphere Reserve Program. The need for 
biosphere reserves was outlined by an expert panel in 1973 (Progritmine 
on Man and the Biosphere 1973). The panel recommended that a set of 
criteria be developed for selecting and establishing a network of 
baseline stations in undisturbed, representative biome areas. 

In May 1974, a task force set up the criteria for selecting and 
establish1tg biosphere reserves and defined the objectives: 

1. to conserve for present and future human use the diversity and 
integrity of biotic counities of.plants and animals within natural 
ecosystems, and to safeguard the genetic diversity of species on which 
their continuing evolution depends; 

2* to provide areas for ecological and environmental research 
consistent with objective (1.) above, including particularly, baseline 
studies, both within and adjacent to these reserves; and 

3. to provide facilities for education and training (Progrmin, on 
Man and the Biosphere, 1974). 

To date, over 144 reserves have been established in 35 countries, 
including 33 in the United States. 
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Global Environment Monitoring System 

The recognition of the need for a global monitoring system for 
pollutants in remote or background areas preceded the establishment of 
biosphere reserves by several years. Lundho].m (1968) defined the need 
for such global stations as follows: 

Society is to an ever-increasing degree demanding information on 
how production in the natural environment is and will be affected 
by pollution. One reason why the value of the ecologist has not 
been sufficiently recognized by governments is that often he did 
not have the basic environmental information on which he can 
assess changes and base reccznmendations for action or advance 
warnings on the effects of man's activities on the natural 
habitats. 	 - 

There is an urgent need to create a kind of an early warning 
syBtem based on long time series of environmental data from 
strategically situated stations_or sampling areas. In order to 
follow the changing situation in the biosphere we need a network 
covering the globe. -As the interest is focusing not on the local 
variations, but on the background levels and changes, the number 
of stations -(-or- sampling--areas) -in -such-a-network - can be - - kept 
rather low . . .. The aim is to erect a global network of 
baseline stations (sampling areas) devoted to monitoring biotic as 
well as abiotic factors in the environment. The purpose is to have 
a means of assessing short term and long term changes caused by a 
selection of factors, including many forms of pollution. The 
erection of network is motivated mainly by the threat of 
pollutants . . .. 

The Swedish Natural Science Research Council (Ecological Research 
Ccznmittee, 1970) and the United States Ad Hoc Task Force on the Global 
Network for Environmental Monitoring (GNEM, 1970) also called for the 
establishment of a global monitoring system. The administrative 
framework for the Global Environmental Monitoring System (GEMS) was 
established in Stockholm, Sweden, at the UN Conference on the Human 
Environment. GEMS was part of Earthwatch, an activity of the United 
Nations Environment Program (UNEP). 

An interagency working group (Task Force II - Ccxnmittee on 
International Environmental Affairs, 1976) was established in 1974 to 
list what should be monitored, including recnmmendationa for the 
structure and operation of a United Nations global environment 
program. This working group set up Earthwatch with four integral 
conponenta: 	 - 

Monitoring (GEMS) 

Research 

Evaluation 
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4. Information exchange 

This working group also established the principle that these 
activities were to be carried out, wherever possible, in cooperation 
with ongoing and planned activities: Earthwatch reference sites 
would be expected to provide a coherent, integrated base of benchmark 
data and information on physical, chemical, and biological conditions 
for determining long—term trends of environmental processes. These 
sitee should include selections from ongoing and planned activities, 
such as, (a) World Meteorological Organization (WMO) baseline and 
upper atmospheric programs; (b) hydrology stations; (c) lake biczse 
programs; (d) Man and the Biosphere (M&B) biome programs; (e) open 
ocean baseline sites; (f) river outflow stations; and (g) inventory 
programs including those for deserts, forests, wet lands, and grazing 
landa. 

From the above, it is obvious that the MAR program was conceived 
to serve an important component of Earthwatch. Martin and Sella 
(1976) listed the goals of GEMS: 

Establish an expanded human health warning system. 

Assess global atmospheric pollution and its impact on climate. 

Assess the extent and distribution of contaminants in 
biological systems, particularly food chains. 

Assess critical environmental problems related to agriculture 
and land and water use. 

Assess the response of terrestrial ecosystems to pressures 
exerted on the environment. 

Assess the state of ocean pollution and its impact on marine 
ecosystems. 

Develop an improved international system, allowing for the 
monitoring of factors necessary for understanding and forecasting 
disasters and for implementing an efficient warning system. 

The incorporation of the biosphere reserve concept (or remote 
reas set away in perpetuity) with the terrestrial component of GEMS 

was specifically called for by the International Environmental 
Programs Committee (1976) of the National Research Council of the 
United States. Franklin (1977) also listed the Biosphere Reserves as 
a component of GEMS. The International Coordinating Council of the 
Programme on Monitoring and the Biosphere (Anon, 1978) officially 
recognized the link between GEMS and the Biosphere Reserve system. 
They recommended the following: 

1. that co-ordinated monitoring activities in biosphere reserves 
be developed in conjunction with the Global Environmental Monitoring 
System (GEMS) of UNEP, and with associated worldwide monitoring 
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activities in the fields 'of climatology, atmospheric pollution and 
environmental health sponsored by WMO and WHO; and 

2. that UNEP provide support to developing countries to enable 
them to undertake appropriate monitoring activities in selected 
biosphere reserves. 

Recently at a UN interagency meeting in Geneva, steps to effect 
these recommendations were taken. UNEP/GEMS agreed to establish three 
biosphere reserves as part of the terrestrial component of GEMS. 
These reserves were to be located respectively in the United States, 
the Union of Soviet Socialist Republics (USSR), and possibly in Chile 
as representative of a developing country. A tentative design for 
monitoring was established including monitoring basic ecological 
processe8 as well as pollutants. 

In simimary, GEMS is using the biosphere reserves as part of its 
terrestrial monitoring component. The program is designed to monitor' 
pollutants and basic ecological processeB. 

RECOMMENDED DESIGN PRINCIPLES 

This paper sets out recommended design criteria for a pollutant 
monitoring system for Biosphere Reserves. The specific design 
principles we applied are discussed below and include the following: 

The monitoring system is multimedia. 

A systems approach is used to relate the environmental media 
and aid in final design recommendations. 

The monitoring system is pollutant oriented. 

Every effort is made to eliminate the influences of local 
pollution sourc3 on the reserve. 

Quality assurance procedures will apply at all phases of the 
project. 

Multimedia 

A monitoring system should be able to trace a pollutant from a 
source to a sink or exit point. On most terrestrial remote areas the 
pollutant input to the reserve site is via the air route. The 
ultimate sources, while in most cases easily associated with man's 
activity in general, are currently difficult to locate. Therefore, 
input should be measured in the form of atmospheric concentrations, 
deposition and rain. Output from most biosphere reserves will be 
streams and rivers draining the area and the loss of pollutants via 
this route can be determined by sampling representative drainages. 
The identification of the potential si'nks and pathways of movement of 
the pollutants requires sampling in other environmental media. 
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Currently, our sampling covers air, deposition phenomena, water, 
8oil, forest litter and a variety of vegetative species. Animal 
specimens, terrestrial as well as aquatic, were not collected because 
of the difficulty of collecton and of getting a representative 
sample. This does not mean that under more intensive monitoring 
programs, such samples would not be appropriate. Different species of 
plants are collected to determine if one or more species stand out as 
effective biomonitors of pollutants. 

Finally, the multimedia monitoring approach sets the stage for 
interpreting man's impact on his environment, particularly when 
detailed data on ecological processes on the various sites become 
available. 

Sms Approach 

)bjnn(1973)- states that it is essential that GEMS be designed in 
such a way that interactions between media can be studied, permitting 
delineation of the pathways of blogeocheinical cycling. This requires 
a system approach and is as applicable to the design of a system on a 
reserve as it is to putting the entire GEMS system together. A 
promising technique for accomplishing this is the use of kinetic 
models. Theoretical bases of these models have been described in 
detail by O'Brien (1979), Miller and Buchanan (1979), and Barry 
(1979). Wiersma (1979) applied this approach to the analysis of the 
biosphere reserve monitoring project in the Great Smoky Mountains 
National Park. 

This approach starts with a schematic representation of the system 
to be monitored. It must be emphasized at the outset that what is 
intended is not a predictive model, but merely a heuristic tool to 
help design and evaluate the system of interest. The kinetic analysis 
approach does this by forcing one to consider the system as a whole at 
the time the monitoring program is being conceived. Doing this also 
sets up a procedure for carrying out the data analysis. 

Figure 1 is a schematic representation of the Smoky Mountain 
System. It represents a cross between what is practical to monitor 
and an approximation of the system of interest. Once this is done the 
components of the environment that need to be sampled are readily 
apparent. Basic statistical procedures are now employed to design 
representative sampling in each identified compartment. The specifics 
of the sampling that was carried out for the various canpartinents 
identified are described by Wiersma et al. (1978b and 1979). 

Once a schematic representation of the system is in hand, the 
equations approximating the 4ynamics of the system are derived. The 
differential equations for the Smoky Mountain Biosphere Reserve, 
represented in Figure 1, are given below: 

dQA - q2  + K4Q - A 1 + K2) 	 (1) 
dt 
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dQB- q1 + K1QA +K3QE-  KSQB 	(2) 
- 

dt 

dQc 

	

- 3+K7(4+K9QD.K8QC 	(3) 
dt 

dO  -;KQjQj(XjX 	K+K) 	(4) 
j—t 

dQ 	
K2 A - 13E 	

(5) 
-- 
dt 

K6 D - K7QF 	
(6) 

--  
dt 

• These equations-can be solved in several ways. Ccaputer 
simulation - techniques are applicable under both steady-state -  and 
non-steady-a tate conditions. Matrix algebra can also be used to solve 
the system ofequations.- If-- steady-state conditiäsire assumed, 
conventional algebraic techniques are applicable. The system in the 
Smoky Mountain Biosphere Reserve was run using lead as a test case, 
and assumed steady-state conditions. The steady-state equations. 
(expressed as concentrations) are given below: 

• '2 (K9  + K6  + K10) + K4  (q1  + q2) 
(1) 

A 	= MA (K1  + K2)- (K9  + K6  + K10) 

- (K + K9  + K6  + K10) (q1  + q2) 	- 
(2) 

B 	K5MB(K9+K6+X10) 

________________ 
-  

C 	K8M(K9+X6+Kio) 	
(3). 

- 	 (4) 
D 	MD(K.9+K6+Klo) 

- q2  K2  (K9  + K6  + K10) + K4K2  (q1  + 
(5) 

E 	K3M (K1  + K2) (K9  + K6  + K10) 

K6  (q1  + q2) 
-(6) 

K7X (K9  + K4  + K10)  
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Symbols used are defint. .a follows: 

C 

	

	- Steady-state concentration of lead in ccpartment i 

- Nasa of compartment i 

iQuantity of lead in compartment i - 

Mount of lead deposited on grouud surface per hectare 
per year 

q2 - Mount of lead deposited on overatory leaf surface per 
bectare per year 

q3 - Mount of lead deposited on open surface water per 
bectare per par. 

The r&te constaâts (Xj) in estimated frcà literature. When 
unavailable from the literature, laboratory techniques such as 
aicrocosins are useful. 

The equations are solved and the calculated, values compared 
against the measured values from the monitoring program. The results 
of this exercise for lead are shown in Table 1. In this case there is 
close agreement between calculated and measured values. 

TABLE 1. COMPARISON OP CALCULATED STEADY-STATE LEVELS WITH YIELD 
MEASUREMENTS FROM THE GREAT SMOKY MOU1TAINS NATIONAL PARK 

Copouent 	Calcuieted ].aj.l 	Measured level 

C* - V.g.tatios 	14$ &ul 	34 to 40 ssr4  
£ 	 (floes aaoplea from mdaratorey) 

CO - Yoreet litter 	239 ,ar4 	273 igg-4 

Ce - Surface water 
C 

Ce - Soil 
D 

c - H.terotropbi 

0.002 as I-i 	None dstect.4 by IES 
(Detection hit • 0.05 
None detected by S 
(D.t.ctioo hit - 0.001 *gt. 1) 

15.3 igg-1 	16 usirl 

Not calculated 	Not measured 

ri 

Ce - Ground water 	0.0005 ag L.1 	Non, detected by  ICM 
(Detection limit - 0.05 .i14) 
None detected by SSMS  
(Detection Unit • 0.001 .15 L1) 
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Certain facts stand out frcethig analysis concerning the final 
design of the monitoring systei. First, if plasma emission were the 
analytical technique of choice for water analyses, then water sampling 
for lead may be discontinued because the input to the Smoky Mountain 
Biosphere Reserve would have to increase 25 times before the lower 
detection limit of the plasma emission system is exceeded. On the 
other hand, forest litter appears to be a good sampling medium because 
it appears to concentrate lead. Similar types of analyses would 
have to be run for other representative pollutants before a final 
monitoring program can be designed. The advantages of this systems 
approach are: 

It forces the designer to consider the system as a whole 
rather than series of distinct environmental components. - 

It forces an analysis and consideration of the physical, 
chemical and biological factors affecting pollutant transport and 
distribution in the system. 	0 .  

It sets up an analytical procedur. for data analysis at the 
time the monitoring system is designed. 

It shows the functional relationship between pollutnt levels 
in different environmental media. 

It identifies points where sampling design could be changed to 
provide for a more efficient monitoring system. 

It identifies gaps in the current knowledge of physical, 
chemical and biological factors influencing transfer of pollutants and 
provides guidance to controlled studies addressing pollutant kinetics. 

Pollutants 

The selection of a limited number of pollutants to-measure on 
background-areas has been a con recommendation by many scientists 
concerned with monitoring systems development on background areas 
(Munn, 1973; Task Force II - Committee on Ipt)national Environmental 
Affairs, 1976; and Ad Hoc Task Force on GN2(, 1970). Virtually all 
the pollutants suggested bad a potentialfor. long-term transport. 
However, advances in chemical analytical techniques allow us - to 	- 
reconsider this approach. For example, trace element techniques for a 
variety of media are now multi-elemental (Jakievic et al. 1973, 1976; 
Dzubay and Stevens, 1975; and Anderson et al 1975). 

Spark source emission spectroscopy will give 26 elements per - 
sample at one analysis. It is primarily useful for samples such as 
vegetation and forest litter. X-ray flourescence will measure over 20 
trace elements on air filter pads at one time, and inductively coupled 
plasma emission spectroscopy will give 26 elements at one analysis for 
water samples. Spark source mass spectrometry will give estimates for 
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virtually all elements in water samples. Neutron activation is 
another useful multi-elamental technique. 

When using these techniques, speed of analysis is greatly 
increased, thereby reducing coats significantly. In addition, data 
analysis is simplified because the data output from these 
mult i-elemental analytical systems can be readily placed on computer 
tape. However, detection limits are sometimes slightly higher t1'an 
detèctión limits for thE lame eleiuentmualyiàl by aomicabsórptián 
spectrometry. In addition, precision may be less with multi-elemental 
techniques. The initial purpose of measuring poUutanti on reserves 
may allow for a decreased degree of analytical precision as well as 
decreased detection limits in the interest of cost. 

Certain trace elements may still have to be analyzed with 
specialized,, highly sensitive techniques. These would be elewents of 
proven long range transport- capabilities and significant toxicity to 
ecosystems. 

Multi-residue techniqu..foc trace organics are not as. advanced as 
multi-elemental techniques. Also, they are more expensive than multi-
elemental techniques. Multi-residue techniques are available for the 
major types of pesticides in most enviroomental samples. The 
techniques are routine enough that they can be recommended for use as 
part of a biosphere reserve monitoring pragram and were used in onr 
studies. 

Multi-organic residue techniques (non-pesticide) are currently 
available for media such as air, meter and fish tissues. However, 
they are proably not suitable for biosphere reserve monitoring at this 
time because of their limited availability, the rapid development and 
evolution of these techniques, and their high costs ($900.00 to 
$1500.00 per sample). 

The number of samples required is dependent on the desired 
confidence limits and the amount in sampling error. In our studies we 
arbitrarily desired a sampling error of plus or minua 10 percent at 
the 95 percent confidence level. For example, if witch hobble, shown 
in Table 2, were chosen as a sample •pecies and strontium as the 
elemeüt, it voüld be necesary to collect approximately 23 samples. 
Similar estimates can be made for all species and elements. During 
field sampling and analysie, the number of samples used would probably 
be controlled by the sample/element combination with the greatest 
variability tempered by the resources available. 

For samples that exhibit a large coefficient of variation such as 
the manganese in rhododendron, the number of samples required to meet 
precision levels as stated would be approximately 100. A decreae in 
precisioá of only 2 percent would reduce the number of samples 
required to 71.. Our conclusion concerning the required number of 
vegetation samples for a biosphete reserve monitoring system is that 
the number required for our desired confidence level is reasonable, 
and a cost-effective system can be designed. 

12 



BT,E 2. COEFIICIENTS OF VARIATION FOR ELEENTAL LEVEIS IN 
VEGETATION SAMPLES COLLECTED IN THE (REAT SMOKY 

MOUNTAINS BIOSPHERE RESERVE (Z) 

Sai.pl. Mn MS Al 
ee n t$  

Sr Be 

ahododendron 	- sit. 11 21.4 38.5 51.4 30.4 22.3 
Rhododendron 	- site 12 13.5 39.5 25.9 26.0 22.1 
Rhododendron 	- site 14 15.3 50.4 22.3 37.8 17.3 
Witch flobbis 	- site 13 20.5 30.9 22.6 23.9 11.9 
settle 	- site 11 27.2 34.2 66.8 28.7 31.1 
Christes Fern - site 12 18.3 10.8 21.9 23.2 26.1 
Wood Fern 	- site 13 10.6 64.6 20.0 34.6 12.1 
Ysilov lirch 	- site 14 34.2 45.4 30.9 24.9 26.6 

Anot4er consideration in determining the number of samples 
collected is the interaction of analytical error with field sampling 
error. All vegetation and litter samples in our studies were analyzed 
In triplicate and replicated nine or ten times on each sample site. 
With this type of design, analysis of variance techniques to determine 
the variability from the analytical error versus that from field 
sampling was accomplished (Snedecor and Cochran 1967). The estimated 
variance of the sample mean per determination Is given by the mean 
square between blocks divided by the total number of determinations. 
This In turn can be partitioned Into the various components that 
contribute to this variance of the individual sample mean per 
determination. For example, for cobalt in forest litter, 2.2 percent 
of the variation per determination is due to analytical error, 11.1 
percent Is due to subsamplesfromwIthIn each site, and 86.7 percent 
is due to variation between the sites. For lead In forest litter, the 
estimated variance of the sample mean per determination Is broken Into - 
the following relative contributions: 1.9 percent from analytical - 
error, 7.4 percent from variability within a site, and 90.7 percent 
from variability.betweensites, Inspiteof_the factthat the_ 
precision limits of acceptance for lead are plug or minus 50 percent. 
This is an example that, as large as the analytical error may be,- the 
field error Is much greater. Therefore, to reduce fIeld study.error 
and to increase the reliability of estimating trace element levels, 
more effort should be expended on collecting samples in the field and 
less on reducing or improving analytical precision. Similar types of 
calculations were made for all elements in the forest litter; however, 
no deviations from the above pattern were noted. 

Remote Sites 

Selected sampling sites should be free of local contaminatipn. 
Sampling should be at least 5 kilometers from the nearest road used by 
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autcnooi1es and other vehicles. Special care should be used in 
selecting the air monitoring sites. Suggested criteria for air 
sampling sites used in a previous study (Wiersma et al. 1979) were: 

At least 8 kilometers from the nearest road that had any 
automobile traffic. 

Located at as high an elevation as possible. - - 

Located in a cleared area whose diameter was at least five 
times the height of the surrounding forest. 

Quality Assurance 

Field sampling must be as representative as possible. Terrain 
considerations sometimes preclude ttally random sampling. In these. 
cases, a grid sample is sufficient. Soil samples collected should be - 
made up of a composite of a number of subsamples. Details on how this 
sampling was accomplished in the field are given by Wiersma (1979) and 
Wiersma et al. (1978a, 1979a). 

Randliug of samples should be minimized. Vegetation and forest 
litter samples collected for trace element analyses are processed in 
the following manner to avoid excessive handling. Clean* 
polyethylene bags were used to collect samples in the field. These 
were then placed inside another bag and sealed. They were shipped to 
the laboratory where immediately upon receipt the bags were opened 
(sample not removed) and placed in a drying oven at about 60C for 
approximately 24 hours After drying, the samples were taken into the 
laboratory and the vegetation broken up by hand. The technician used 
a new pair of surgical gloves to handle each sample. A subsample was 
placed in an unused 73—cubic centimeter plastic vial. Two Teflon 
bals were put in the vial and the vial placed in a Spex mill. The 
vegetation sample was ground to a powder inside the vial. The Teflon 
balls were removed and washed. An aliquot of the powder sample was 
sent to the analytical laboratory where it was analyzed directly. The 
remainder of the powdered sample (in the same vial) was archived. 

This procedure obviously would not work for organic samples. 
Samples for pesticide analyses were placed in prewasbed Teflon bottles 
but, because of the requirement for extraction, the sample handling is 
unavoidably increased. 

Sciil samples were composites of 10 subsamples. They were placed 
in élean bags when possible. Soil samples for pesticide analyses were 
placed in Teflon containers. More handling of soil samples was 
required because they required sieving and acid digestion. Specific 
details are given in Viersina et al. (1979a). 

*supplied by "Clean Room Products" 
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Water samples for trace element analyses were dipped from streams 
and small rivers. Polyethlene bottles were used that had previously 
been cleaned. Samples were acidified in the field with a small amount 
of ultrex nitric acid. Trace organic analyses were sampled with 
special resin filters operated in the field or collected in 5-gallon 
carboys and extracted in the laboratory. The specific procedures are 
described by Wiersma et al. (1979a). 

Air samples were primarily for trace metals. Details of this 
sampling are given by Wiersma et al. (1979b). To check for trace 
elements on air filters, three different analytical techniques were 
used: X-ray fluorescence, atomic absorption spectrometry, and --
scanning electron microscopy (SEM). Since the air sampling locations 
were remote, low trace element concentrations were expected. 	The low 
sample flow rates (1,000 cc/mm) dictated special care in handling the 
sampling heads. Wbeneverpossible, stainless steel filter holders 
were used. Filter holders and filters were washed and cleaned in a 
laboratory facility designed to have ini-nfmal- trace element --
contaminants. They were triple-bagged in clean bags and not opened 
until ready to be used in the field. The sample heads were sent for 
Ak analyses wrapped in clean plastic bags. They were not disassembled 
until in the laboratory. This type of handling was not necessary for 
samples sent for SEN analyses. 

All phases of sampling are interrelated. While the extreme 
measures instituted above are good sampling procedure for any remote 
area, they were necessitated in part by the low volumes of air 
sampled. This was a direct result of the need to use low power 
consumption air pumps that were operated by batteries (Brown et al. 
1979). Therefore, if flow rates could be increased or sample times 
lengthened, the reliability of the sample could be increased. New 
power sources are currently being investigated. These include 
remotely located solar panels and metal hydride fuel cells. 

Wherever possible, quality assurance procedures were applied to 
samples submitted for analyses. The soil sample extracts were 
submitted with a minimum of 10 percent quality assurance samples. 
These included spiked samples, acid blanks and replicates. Vegetation 
and litter samples also contained up to 10 percent quality assurance 
samples. Samples were submitted in ascending numerical order. The 
contractor was required to analyze the samples in the order submitted. 
Every tenth sample alternated between a National Buteu of Standards 
(NBS) certified sample or a replicate sample. This latter. sample was 
always taken from a large quantity of dried, powdered lettuce. The 
purpose of the repeated use of the same sample was to detect 
instrument drIft. Prior to the submission of field samples, 
vegetative standards obtained from NBS with certified trace element 
levels were submitted as quality assurance samples. Based.upon the 
results of these standards, expected precision limits were calculated 
for this analytical technique. The precision limits for spark source 
emission spectrcxnetry are presented on the following page. 
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Ptaxisua Allowable 2 Deviatios From a Kowa 

	

ZleaaDts 	 Valu, or CDV of Replicate. 

£, Ca, Hg, Cu, HM O  1, Sr. Ia, Li 	 202 

P, Na, Za, V., Cr, Ag, Ti, V 	 401 

Li,Fb 	 501 

Hisi.m 4.t.cti.t -lisieg irS: -- 

El.a.ut 	M 	Eles.et 	 El.s.ut 

P 50.0 1 0.2 Sr 0.2 
OR 1.0 Al 0.1 Be 0.2 
C 130.0 Si 1.0 Li 0.3 
Ci 100 Ti 0.3 AS 0.1 
Mg 30.0 V 1.0 SQ 0.3 
Za 5.0 co 1.3 Pb 1.0 
ci 0.2 Ni 0.5 Be 0.2 
Pa 0.6 	- No 0.2 CS 3.0 
Mi 0.1 Cc 0.2 

These limits and precision values were accepted for our projects. 

Similar quality assurance procedures were applied to other media. 
Where known value samples were difficult to obtain, two different 
analytical procedures were used on the same sample or on paired 
samples collected at the same location. 	 - 

Data handling is also an essential part of quality assurance. 
Where possible, manual handling of data was avoided, particularly if 
largquantitiei of data iere involved. For some of the analyses 
(trace elements in litter and vegetation), data were placed directly 
on magnetic tape. This included all field samples, all quality 
assurance samples and internal machine check samples. These were then 
placed on an interactive computer system. Data files could be edited 
and analyzed from remote terminals. This procedure eliminates several 
data—transcribing steps and immeasurably speeds up the analysis of 
data. 

CONCLUS IONS 

1.. Monitoring pollutants in background areas (i.e. biosphere 
reserves) is of value for both U.S.  governmental environmental 
agencies and international environmental agencies. -- 

Pollutant monitoring on biosphere reserves can serve as an 
early warning of pollutant dispersal. 

Pollutant monitoring on biosphere reserves can give background 
estimates of pollutants and serve as a technique for determining long 
term environmental trends. 

4 Biosphere reserves are beginning to fulfill the terrestrial 
monitoring requirements of GEMS. 
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Monitoring of pollutants on biosphere reserves is practical. 
and can be carried out in a cost-effective manner. 

Monitoring on biosphere reserves should be multi-media. 

A systems approach is useful in designing and analyzing a 
monitoring project on biosphere reserves. 

- - -6 ---Pol1uant - kiieticaarezn- essentiaipartof the systems 
• 	approach to monitoring. 

Extreme care is necessary to ensure sample representativeness. 

Extreme care should be taken to prevent sample contamination. 

Sample variability is manageable on biosphere reserves. 

• 12. Multi-elemental techniques are cost-effective when semi-
quantitative screening of pollutants is desired. 

13. Multi-residue techniques for organic compounds are suitable 
for routine use when -pesticides are measured, but are not ready. for 
other organic compounds. 
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