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Абстракт 
 
В большинстве стран Балтийского моря созданы системы мониторинга в целях 
отслеживания воздействия сельского хозяйства на качество наземных и грунтовых вод 
на разных масштабных уровнях: на небольших участках, на полях, на небольших и 
обширных площадях водосбора рек. 
К сожалению, пространственно- временной охват участков мониторинга весьма 
различен. К тому же, прозрачность данных не всегда удовлетворительна, и могут 
возникнуть трудности с составлением общей картины о том, что именно описывают 
полученные данные. По этой причине сравнение результатов мониторинга может быть 
весьма ограничено.  Разработанные методические руководства пытаются разрешить эти 
проблемы, выделив сильные стороны, пробелы и недостатки в оценке результатов 
мониторинга на разных масштабных уровнях. Методические руководства также 
включают в себя список выводов и рекомендаций по дальнейшему совершенствованию 
существующих процедур и методик для мониторинга качества наземных и грунтовых 
вод в районах с доминирующим сельским хозяйством.  
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1   Introduction

Monitoring of agricultural impacts on the chemical quality of surface and drain-
age waters can serve many purposes including trend analyses, forecasting “what 
if” scenarios, determination of fate and transport of nutrients and other pollutants, 
definition of critical areas, assessment of compliance with water quality standards, 
evaluation of program effectiveness, and validation and calibration of models to local 
conditions (Clausen, 1996, USDA, 2003). Monitoring of shallow or deep groundwater 
can also provide valuable information for decision makers.   

Assessment of diffuse pollution from agriculture can usually be carried out on 
three scales: plot scale, field scale and/or small catchment scale. It is well known 
that monitoring of larger rivers and watersheds could also provide data for source 
apportionment of different pathways, including diffuse and point load from agricul-
ture. The actual scale of monitoring depends on the objectives, available resources, 
and presumed duration of monitoring program that can vary depending on the scale, 
i.e. from often rather short term (few years) plot or field scale study to continuous 
monitoring of larger rivers. Despite of the scale all monitoring programmes must 
be based on a scientifically credible design that will allow the testing of hypotheses 
regarding the effects of agricultural practices on the quantity and quality of surface 
and drainage waters (The Wageningen statement, 2002). 

The existing monitoring systems in the Baltic Sea catchment area (Fig. 1) have 
already produced and will continue to provide valuable data for the assessment of 

Fig. 1. The location of small agricultural catchments and experimental field plots in the Baltic Sea 
Region. 

Catchments Fields
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diffuse load of nutrients from agriculture dominated landscapes. This data has also 
been widely used as an input for modelling and calibration and testing of mod-
els. Moreover, in most countries of the Baltic Sea region (BSR) monitoring systems 
have been developed to provide information on agricultural impacts on surface and 
ground water quality on different levels, i.e. plot, field, small catchment and larger 
rivers scale. Unfortunately, the spatial and temporal coverage of monitoring sites is 
rather varying over the Baltic Sea catchment. Transparency of the data is not always 
sufficient and it can be difficult to draw a clear picture on what is actually described 
by the provided data. Therefore, comparison of monitoring results can be restricted, 
including the data produced for the HELCOM PLC reporting purposes. HELCOM 
also recognises that “Source apportionment of the nutrient loads is incomplete; in 
particular, the precision of estimating agricultural loads does not reflect the severity 
of the problem of agricultural nutrient inputs” (HELCOM, 2009).

The guidelines, therefore, attempt to find answers to some important questions 
that will highlight the gaps and weaknesses when assessing the results of monitoring 
on different levels and will allow us to draw some major conclusions and recom-
mendations to further improve the existing monitoring procedures and methodolo-
gies. The proposals are based on a SWOT analysis aiming to define major strengths, 
weaknesses, opportunities and threats of the existing monitoring systems on various 
monitoring scales in the BSR.

The main aspects to indicate the transparency and comparability of monitoring sys-
tems involve:

•	 Sampling	strategies	(coverage,	frequency,	sampling	methods,	methods	for	
discharge measurement and laboratory methods used) and the ability of 
monitoring systems to provide an input for the assessment of diffuse load of 
nutrients from agricultural land cover types as well as from background areas 
and other sources; 

•	 Definition	of	agricultural	and	arable	land	cover	types,	managed	forestry	areas	
and land-cover types for background load estimation; 

•	 Methods	for	source	apportionment	by	loading	pathways;
•	 Assessment	of	retention	in	soil-water	systems;
•	 Use	of in situ sensors for automatic water quality monitoring.

Previous attempts to compile information on monitoring procedures and methodolo-
gies include reporting within the pollution load compilation  (PLC) framework based 
on the HELCOM PLC-water monitoring requirements (HELCOM, 2006) to provide 
comparable and more transparent data for the assessment of anthropogenic diffuse 
load of nutrients. This assessment also involves quantification of background load 
and retention in river systems (i.e. load oriented approach). Additionally the source-
oriented approach requires assessment of pollution pathways into inland surface 
waters that includes:

•	 Agricultural	land
•	 Managed	forestry	and	other	managed	land
•	 Atmospheric	deposition	directly	on	inland	surface	waters
•	 Scattered	dwellings
•	 Urban	runoff.

Again, to predict nutrient losses into river systems in relation to their sources, con-
sideration of transformation and retention is required. PLC water guidelines do not 
provide a methodology for quantifying diffuse sources or delivery pathways (e.g. 
surface run-off, erosion, groundwater, tile drainage, interflow) on inland surface 
waters. Reporting by pathways is not required either.
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Harmonized monitoring, especially on small catchment scale started already as 
early as in 1993 through the Gulf of Riga Project – Drainage Basin and the Load of the 
Gulf of Riga (1993–1997) in cooperation between Latvia, Estonia, Sweden and Nor-
way. One main aspect of this project was to quantify nutrient losses from agriculture 
dominated catchments. In this respect small catchment scale monitoring programs 
were initiated both in Latvia and Estonia which very much were developed/designed 
according to the principles as applied in the Norwegian Agricultural Environmental 
Monitoring Programme (JOVA), which had been established in Norway in 1992. At 
the same time and as part of the cooperation between Nordic and Baltic countries, 
harmonized methods for plot and field scale monitoring have also been developed 
within the Swedish funded Baltic Agricultural Run-off Action Program (BAAP) in the 
1990s. A compilation and comparison of different monitoring programmes to assess 
nutrient losses from agriculture in the Nordic and Baltic countries was carried out 
through the project: “Environmental Monitoring in Agriculture – A Nordic/Baltic Co-
operative (1997–2000)”, financed by the Council of Nordic Ministers. The main results 
and conclusions from the project were presented in the report (Vagstad et al., 2001c). 

In 2000 at the initiative of the World Bank, the preparation for the Baltic Sea Re-
gional Project (BSRP) started, resulting in a detailed plan for the design and moni-
toring of non-point source pollution and a manual for environmental monitoring, 
prepared by Bioforsk: “Environmental Monitoring Programme in Estonia, Latvia, 
Lithuania and Kaliningrad. (Main report: www.natnet.no/english/36-01.pdf and 
Annex:  www.natnet.no/english/36-01annex.pdf) (Vagstad et al., 2001a, 2001b).  At 
a later stage, Bioforsk was also involved in the initiation of monitoring activities in 
the Leningrad Oblast of Russia in cooperation with Niras AB (formerly Scanagri 
Sweden). The project initiated a monitoring programme in line with those used in 
the Baltic and Scandinavian countries.

The recommendations are based on gathered information on the monitoring meth-
ods and procedures used to describe the impact of agriculture on water systems in all 
countries of the BSR. Additionally HELCOM PLC Water guidelines for assessment of 
pollution load and country reports were used as a basis for the evaluation of monitor-
ing systems in larger watersheds.  
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2   Plot and field scale monitoring

Plot scale monitoring of agricultural impacts is appropriate if the objective is to study 
leaching as well as overland flow of nutrients due to replicated several treatments 
(USDA, 2003), i.e. crop rotation and fertilization rates.  Monitoring can provide valu-
able input data for modelling of nutrient losses on larger scales.  

2.1  
Monitoring of percolation water
Field plots are small areas that are replicated on the landscape. Generally, smaller 
homogeneous plots that have many replicates are preferred to larger plots with fewer 
replicates (LeClerg et al., 1962). Assessment of the impact of replicated treatments 
requires data about the situation before testing different practices. Usually at least 
three replicate plots are needed to monitor the impact of different treatments, e.g. 
fertilization rates and crop rotation on losses of nutrients through soil layer or for 
the assessment of surface runoff of chemicals and erosion. The number of plots and 
different treatments can be considerably larger depending on the study objectives 
and available resources (Fig. 2). All plots are treated alike (i.e. the same crop) except 
for the factor under study, i.e. application rate of manure or fertilizers, etc. Untreated 
control plots serve for comparison of treatments and they should remain unchanged 
during the study period. Selection of plot site as well as the monitoring process usu-
ally involves cooperation with the landowner.

The treatments should be assigned to plots randomly to minimize the effect of 
differences in the field (i.e. soil properties). The treatment on each plot should not 
impact any of the other plots (USDA, 2003).

Traditionally, the deepest extent of most roots for a given type of crop where bio-
logical processes, especially plant uptake, do not impede the delivery of nutrients to 
groundwater has been used as a convincing hypothetical boundary for measuring 
vertical losses of pollutants (Magette, 2001). This level is usually 80 - 120 cm from 
the ground surface.

The samplers to collect soil water can generally be classified as tension and zero-
tension samplers (USDA, 2003). Tension samplers extract a sample of soil water at 
some suction. These techniques include porous ceramic suction cups (Fig. 3), plate 
lysimeters, and capillary-wick samplers (ibid.). When using the zero-tension technique 
lysimeters collect gravitational water. 

Usually at least three suction cups per plot are needed because not all cups will 
get proper capillary contact to soil and are not always working properly. When using 
a lysimeter, discharge can be measured, allowing the assessment of mass fluxes by 
using chemical data of soil water analysis.
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Figure 2. A schematic set up  of field plot trials on 24 plots with 12 different treatments and three 
replications by using suction cups for collection of soil water (by T. Tamm, modified).

Without any 
application

Mineral 
fertiliser

Solid manure

Slurry

Figure 3. Installation of suction cups and sampling (Figure and photo by T. Tamm).

vac
pressure
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Treatments
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2.1.1  
Analysis of plot scale monitoring

Advantages (strengths): 
•	 Provides	data	for	testing	the	effects	of	different	tillage	methods	and	subse-

quent nutrient losses through the root zone.
•	 Provides	data	on	real	losses	of	nutrients	not	influenced	by	retention	pro-

cesses in a water system.
•	 Replicated	treatments	allow	to	minimise	the	variability	in	soil	type	giving	

an advantage compared to studies on larger scales. 
•	 Monitoring	area	is	small	enough	for	weather	conditions,	e.g.	precipita-

tion, to be uniform over the area. 
•	 A	control	plot	that	does	not	receive	treatment	allows	real	assessment	of	

different crop rotations and fertilization rates and impact on soil water 
quality and leaching.

•	 Use	of	suction	cups	allows	continuous	sampling	during	any	period	and,	
if necessary, at different depths of a soil profile (Grossmann and Udluft, 
1991)

Disadvantages (weaknesses):
•	 Usually, the size of plots is too small to adequately represent real land use and 

management practices.
•	 Extrapolation	(scaling	up)	of	the	collected	data	to	describe	larger	areas	is	

questionable and the results from plot scale monitoring cannot be transferred 
to other locations and watersheds where both the geographical properties as 
well as treatments can be, and usually are, different (Striffler, 1965).

•	 Soil	structure	is	often	damaged	by	e.g.	using	lysimeters.	Therefore,		suction	
cups can be used as an alternative to avoid soil disturbance during subse-
quent sampling. 

•	 Installation	of	lysimeters	or	ceramic	suction	cups	deep	enough	to	collect	
leachate water through the entire soil profile is technically difficult and time 
consuming, especially in heavy soils.

•	 The	size	of	the	water	sample	is	small	and,	therefore,	only	limited	number	of	
variables (usually only nitrates) can be analysed. 

•	 It	is	not	possible	to	determine	the	specific	origin	of	the	collected	water	and	it	
is therefore impossible to translate concentration data into mass data. Column 
or monolithic lysimeters provide an opportunity to collect all the drainage but 
usually the soil mass in the lysimeter is not natural to be representative of the 
actual conditions. 

•	 It	can	be	difficult	to	achieve	good	contact	between	the	ceramic	samplers	and	
the bulk soil.

•	 The	number	of	water	collection	devices	(lysimeters,	suction	cups)	should	be	
rather large due to the high seasonal variability in collected water and to col-
lect representative soil water samples. 
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Opportunities: 
•	 Provides	a	link	for	an	aggregated	monitoring	approach	on	different	scales.
•	 Provides	valuable	input	data	for	field	scale	modelling	(nutrient	runoff,	nutri-

ent transformation and retention in soil) as well as for model calibration and 
testing.  

•	 Use	of	suction	cup	systems	can	give	an	opportunity	to	increase	the	number	of	
plots and improve the coverage of plots by collected soil water. 

•	 Use	of	tipping	bucket	allows	precise	assessment	of	the	amount	of	overland	as	
well as subsurface flow of nutrients.

•	 The	volume	of	leachates	besides	the	concentration	can	also	be	measured	by	
using the lysimeter system, making it possible to estimate nutrient leaching. 

Threats: 
•	 Monitoring	is	often	carried	out	only	as	a	short	term	study	that	can	cover	only	

a limited number of treatments, e.g. crop rotations, cultivation practices and 
fertilisation rates. Therefore, temporary field or plot scale studies can actually 
be called monitoring only if the history of the site (agricultural practices, crop 
rotations, earlier monitoing rounds) is well known.

•	 Plot	scale	experiments	may	require	greater	resources	of	personnel	time	than	
field or catchment scale studies. Particularly during leaching periods sam-
pling can be intensive, making it time consuming and expensive.

•	 Restricted	resources	can	reduce	the	number	of	replicated	plots	and	replica-
tions, giving us insufficient data to determine the effects of the treatment and 
to distinguish between the differences as a result of the treatment. However, 
a lower number of treatments is probably a better option compared to the 
diminished number of replications. 

•	 The	number	of	samples	per	plot	can	be	too	low	(e.g.	when	using	lysimeters)	to	
draw conclusions. 
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2.2  
Monitoring of drainage water and surface runoff 
Field scale monitoring is appropriate for the assessment of the effect of different crop 
rotations and fertilization rates or the effectiveness of pollution control measures 
on the transport of nutrients. Monitoring of overland flow and drainage water also 
provide an input for modelling of nutrient losses and retention and for calibration 
of models. 

A monitored field is assumed to be more or less homogeneous inside. The size of a 
field can vary depending on land-use, management practices and sampling strategy. 

Water sampling in drainage pipes or ditches can involve manual grab sampling 
or automatic sampling by using a tipping bucket. Manual or automatic sampling 
systems can also be utilized when collecting surface and sub-surface runoff waters 
(Fig. 4). These systems can involve a collection tank for water samples. 

Assessment of the impact of different practices should account for effects of weath-
er conditions over time. Selection of a field site as well as the monitoring process 
usually involves cooperation with the landowner.

Figure 4. Monitoring of surface and sub-surface runoff by using v-notch weir, limnigraph and tipping 
bucket system (upper, Øygarden, 1996) and tipping bucket system for collection of sub-surface 
runoff from monitored field plots in the Miellupite catchment, Latvia (lower, photo by J. Deelstra).

watersampling

tipping bucket

V-notch

limnigraph

inletpipe
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2.2.1  
Analysis of field scale monitoring

Advantages (strengths): 
•	 Relatively easy to set up and maintain. 
•	 Not	as	expensive	as	plot	and	watershed	scale	studies	because	monitoring	is	

tied to field treatment measures during the restricted seasons. 
•	 Describes	both	losses	through	root	zone	(to	drainage	pipes)	and	surface	and	

sub-surface runoff (open ditch or surface water collectors).
•	 Possible	to	link	water	quality	variables	precisely	with	field	treatment	meas-

ures and various agricultural practices.

Disadvantages (weaknesses): 
•	 Field scale monitoring projects are often of a short duration (few years), re-

stricting the assessment of long-term trends in water quality and the impact of 
changed management measures. 

•	 It	is	difficult	to	cover	all	major	crops,	cultivation	methods	and	soils	by	moni-
toring. 

•	 Intensive	monitoring	during	wet	periods	is	required	when	aiming	to	assess	
the variability in concentrations as well as loadings. 

•	 It	may	be	difficult	to	define	the	drained	area	(and	the	impact	of	varying	land-
uses) behind the underground drainage system when old and new drainage 
systems exist together. 

Opportunities: 
•	 Possible	to	use	automatic	systems	(e.g	tipping	bucket,	automatic	sensors)	for	

discharge measurement, water collection and analysis. 
•	 Allow	analysis	of	impacts	of	different	land-uses	in	different	years.
•	 Possible	to	analyse	the	impact	of	different	cultivation	methods.

Threats: 
•	 Sampling and flow measurement can be restricted if drainage pipes and 

ditches are not maintained properly. 
•	 Drainage	pipes	outlets	can	be	flooded	during	high	flow	periods.	
•	 The	treatment	effect	to	drainage	water	quality	on	field	level	may	be	gradual	in	

time. 
•	 Meteorological	station	can	be	too	far	to	provide	precise	precipitation	data	for	

calculating the water and nutrient budget. 
•	 Long-term	changes	in	soil	or	vegetation	may	occur	in	the	control	watershed.
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3   Monitoring in small catchments

Catchment scale monitoring has an advantage compared to either plot or field scale 
monitoring if the objectives are to determine long-term trends, identify critical areas, 
and examine standard compliance and variety of management practices (USDA, 
2003). In addition, small watershed scale monitoring allows collection of data for 
verification of watershed scale models. Thus, whenever the monitoring objective 
is to evaluate water quality impacts of diffuse pollution, surface water sampling is 
unavoidable (except in case the focus is solely on groundwater) (Magette, 2001). 

Monitoring sites in a small watershed should be representative for appropriate 
agricultural practices and soil, and should not be influenced by point source pollu-
tion. The location must be accessible all the year round. Often cooperation with the 
landowner to set up a station and to carry out monitoring is needed. 

The choice of methodology for monitoring at catchment scale regarding the accu-
racy and precision of the collected data presents many challenges. Higher frequency 
of monitoring will increase equipment, operation and maintenance costs. Therefore, it 
is usually a compromise between the end-users (e.g. authorities, managers, research-
ers) demands and available resources (Magette, 2001). 

The size of a monitored catchment can vary from tens of hectares to tens of km2. 
The selection of watershed is influenced by the availability of suitable catchments with 
agricultural activities, the type of land use, watershed hydro-geographical properties, 
stream permanence, drainage pattern, the goal of monitoring, etc. Usually moni-
tored catchments should have a sufficiently high share (preferably more than 50%) 
of agricultural land cover types and a proportionately low share of other land cover 
types including natural. Ideally these catchments should not involve any municipal 
or industrial point sources of pollution. The probability of presence of point source 
pollution as well as diffuse pollution from urban areas, clear cutting and peat extrac-
tion areas will increase if the catchment is too large.  The export of phosphorus from 
agricultural watersheds can decrease per unit area as the watershed size increases 
(Prairie and Kalff, 1986) due to a combination of decreasing sediment delivery ratios, 
a reduction of drainage density, and decreasing slope with increasing watershed area. 
Also the share of natural background area, especially forest area affects the export of 
phosphorus per unit area.  Similarly, different processes occurring in the water system 
could decrease per unit area diffuse nitrogen load along the way downstream from 
drainage ditches, particularly in agriculture dominated catchments. 

Considering these basic requirements the size of the catchment of the first or second 
order streams should usually be rather small (not exceed 25-50 km2 in the Nordic-
Baltic conditions). In practice, rather large watersheds (up to several hundred km2) 
are also used for monitoring of diffuse losses of nutrients from agriculture in the BSR. 
Land uses in these catchments are usually rather heterogeneous. Different manage-
ment practices as well as measures to decrease nutrient losses are typically used at 
different parts of the catchment over several years and it can be difficult to separate 
the impact of agriculture from other anthropogenic activities. Monitoring in a too 
small catchment can, in turn, cause problems with water sampling during dry periods. 
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Remarkably elevated concentrations of nutrients after extended dry periods could 
give a wrong signal about the impact of agricultural practices. Therefore, use of rather 
long-term designs, both for smaller as well as for larger catchments are needed and a 
longer calibration period to detect causal factors may be required. Only catchments 
in which land use and land management is more or less the same throughout surface 
water monitoring can offer reasonable means of assessing the impact of management 
over the entire catchment (Magette, 2001).

3.1  
Flow measurement 
Correct measurements of nutrient losses at catchment scale require both reliable and 
precise data on concentrations as well as on water level/discharge. Understanding 
of hydrological properties in nutrient loss processes is of utmost importance (see e.g. 
Deelstra and Iital, 2008). Therefore, the large differences in hydrological characteris-
tics between small and large catchments and the influence of time resolution on the 
hydrological characteristics (Deelstra et al., 2010) should also be taken into account.  
Different methods used to measure stream discharge are often based on the combi-
nation of direct measurement of the water level and a known head-discharge relation 
for the measurement location (Deelstra et al, 1998). A head-discharge function has to 
be established also when natural profiles are used for discharge measurement. 

Major options for discharge measurement include flumes, weirs, and natural chan-
nels. Discharge measuring profiles of “fixed” structures are much more accurate 
compared to natural profiles. A wide variety of measurement structures is available 
for discharge measurement (e.g. Bos, 1978; Brakensiek et al., 1979) and selection of 
the type depends on the accuracy/quality demands, specific conditions, stream size, 
topography, vegetation and sediment load, maintenance requirements and cost. When 
soil erosion is a serious problem, the capacity of V-notch weir (Fig. 5) may be too low 
to transport sediments. Use of this structure can also be limited in a flat terrain where 
it is difficult to operate under free flow conditions. Nevertheless, V- notch and also 
Crump type weirs (Fig. 5 and 6) are probably the more widely used measurement 
structures in the BSR. Whatever option for discharge measurement is selected it 
should be remembered that most of the losses of compounds occur during the rather 
short high flow period when concentrations of nutrients are also higher. Therefore, 
in order to obtain accurate loss estimates water runoff measurement should include 
peak flows (Rekolainen et al., 1991).

The use of flume requires sufficient slope in the streambed to prevent backwater 
into the flume. Existing culverts can also be used but generally should be avoided 
(Magette, 2001). They can be submerged at high flows that yield false stage values 
and present problems by collecting debris and icing in winter. 
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Figure 5. V-notch measurement weir for discharge monitoring. Photo: Sirkka Tattari.

Figure 6. Crump type weir and automatic monitoring station in Rägna agriculture dominated 
catchment in Estonia. Photo: Enn Loigu.



17The Finnish Environment  6 | 2012

3.2  
Water sampling at small catchment scale
Water sampling and analysing procedures are largely standardised in all countries 
in the BSR. Nevertheless, different specific water sampling strategies can be applied 
and can lead to rather different results. 

Both runoff and concentrations can show large variations over time, especially in 
small streams in agricultural landscapes. Therefore, water sampling routines allowing 
maximum handling of these variations should be selected. In general, grab sampling 
with variable or fixed time interval and/or flow or time proportional sampling strat-
egy can be applied. 

If sampling is carried out randomly probably not all rainfall- and snow melt events 
are caught, making the assessment of water quality and nutrient losses biased. A grab 
sampling system based on equal time intervals (e.g. weekly, bi-monthly, monthly) 
often results in oversampling of baseflow conditions and undersampling of storm-
flow periods. As a result a smaller variability will be observed than actually exists 
(Clausen, 1996). Detection of trends in water quality data could also be problematic. 
Therefore, more frequent sampling could give a better accuracy but the number of 
collected samples is often limited by available resources. Grab sampling with variable 
time interval, when manually collected water samples are collected randomly or more 
often during the high flood period is not applied frequently (Deelstra et al., 1998).

Compared to point samples, integrated samples represent more of the changes 
that may occur during the sampling period. The flow proportional composite sam-
ple represents the average concentration of the river water over the sampling period 
and suits well for load estimation if the entire time interval is properly sampled.  
Consequently, when using automatic water sampling systems (Fig. 7) variability in 
concentrations cannot be well described (e.g. minimum and maximum concentration 
cannot be detected).  Therefore, flow or time proportional sampling can be aggregated 
with grab sampling in one station when the objective is to describe variability in con-
centrations more precisely. Continuous monitoring by using water quality sensors 
also provides high frequency water quality data.

Figure 7. The ISCO automatic sampling system used in Finland. Sampling typically concentrated on high flow periods  
(March-May, September-November). Photos: Jarmo Linjama.
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The sampling frequency for random samples largely determines the reliability of 
collected data, e.g. higher precision and accuracy due to variability in discharge and 
chemical data. The sampling frequency is often limited by financial resources, labora-
tory capabilities and time. More frequent sampling or even a continuous recording 
may be an option for a study aimed at understanding a mechanism of water quality 
changes, e.g. usually for research objectives. 

Therefore, a continuous real time automatic measurement method for water qual-
ity variables has been rather rarely used in nonpoint source pollution monitoring. 
The methodology for continuous sampling and automatic real time measurements 
is discussed in chapter 5. 

3.3  
Analysis of small catchment scale monitoring

Advantages (strengths): 
•	 A	long-term	monitoring	station	is	technically	relatively	easy	to	establish	and	

maintain.
•	 Provides	data	to	establish	a	causal	link	between	the	implemented	practices	

and load reduction measures and water quality as well as for modelling, 
model calibration and validation. 

•	 Provides	data	for	internal	and	international	comparison	if	harmonized	meth-
ods are used. 

•	 Automatic	monitoring	(discharge	measurement	and	sampling)	is	relatively	
easy to establish, giving a possibility to consider different hydrological cycles 
and to cover low, high and medium flow periods.

•	 Impact	of	point	sources	can	be	rejected	or	minimized	which	may	not	be	the	
case with regard to larger catchments. 

•	 The	results	are	transferable	to	other	catchments	to	describe	the	impact	of	man-
agement practices on water quality in more or less similar hydro-geographical 
regions. 

Disadvantages (weaknesses): 
•	 Watershed	scale	monitoring	can	be	rather	costly	depending	on	the	technology	

used and monitoring aims, e.g. when installing automatic devices and data-
loggers and if connection to electric power is needed. 

•	 Freezing	of	piping	systems	for	water	sampling	in	wintertime	may	require	
proper heating of pipes.  

•	 Usually	provides	very	little	information	about	transformation	of	nutrients	
along the water course and in soil. 

•	 Grab	sampling	could	miss	different	hydrological	periods	and	provides	water	
quality data that is not perfect for e.g. nutrient runoff assessment.  Flow or 
time proportional sampling system, in turn, provides only limited informa-
tion about the processes in a water body and does not allow detection of 
trends in concentrations.

•	 Flow	conditions	in	small	streams	can	change	over	time	due	to	intensive	
vegetative growth and/or ice cover that can lead to large uncertainties in the 
head discharge relation and consequently errors in discharge measurements 
and assessment of nutrient loadings.



19The Finnish Environment  6 | 2012

Opportunities: 
•	 All	major	agricultural	management	and	crop	types	and	hydro-geographical	

regions can be covered and represented by the monitored catchments.
•	 High	accuracy	of	especially	high	flow	measurement	is	important	when	aim-

ing to assess nutrient losses more precisely.
•	 The	sensitivity	of	discharge	measurements	at	low	discharges	can	be	increased	

by using a V–notch weir. Crump type of weir is more suitable when aiming to 
minimal accumulation of sediments and thus more precise discharge meas-
urement. 

•	 Water	level	can	be	measured	automatically	by	using	a	limnigraph,	pressure	
transducer or other devices and data-logger.

•	 Use	of	automated	devices	for	water	quality	parameters	when	aiming	to	collect	
high frequency water quality data.

•	 Data	can	be	transferred	on-line.	Possible	to	install	flow-proportional	or	time	
proportional sampling systems allowing an increase in sampling frequency 
for sub-samples if needed. Laboratory and field costs can also be lowered by 
using composite sampling.

•	 Assessment	of	transformation	of	nutrients	along	the	water	course	and	reten-
tion in soil-water system may be possible when implementing a complex 
monitoring system that includes besides the watershed scale monitoring also 
plot and field scale monitoring 

•	 Interregional	or	international	comparison	of	nutrient	loading	data	from	agri-
cultural land-cover types requires harmonized definition of agricultural and 
arable land areas. Similarly the definition of natural background land-cover 
types should be harmonized.

Threats: 
•	 Manually	organised	sampling	systems	may	not	provide	the	needed	runoff	

samples during critical rainfall episodes.
•	 Adjustment	of	sampling	frequency	when	applying	grab	sampling	technique	

can be limited by the available resources as well as the capacity of chemical 
laboratory. 

•	 Accumulation	of	sediments,	ice	conditions,	algae	or	macrophytes	that	cover	
overflow can cause errors in discharge measurements and bias nutrient load-
ing assessment results. Therefore, regular maintenance is needed.

•	 When	collecting	composite	samples	and	frequent	analysis	is	not	possible,	
some changes in their composition through chemical, physical, and biologi-
cal processes occur. The problem can partly be solved by using preservation 
techniques or storing samples in a refrigerator at the monitoring site (Fig. 7). 

•	 Assessment	of	the	impact	of	agricultural	practices	on	small	catchment	scale	
requires consideration of background load from agricultural land. 

•	 In	complex	watersheds	it	may	be	difficult	to	separate	the	effect	of	agricultural	
practices from other confounding effects or from year-to-year hydro-meteoro-
logical differences.

•	 Badly	established	cooperation	with	landowners	or	poor	quality	of	agricul-
tural statistics will not provide a basis for assessment of possible pressures on 
catchment scale and information on land-uses. 

•	 Trends	in	water	quality	cannot	be	analysed	if	hydrologic	data	and	land	use	
data are not collected.
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4    Monitoring of large rivers to assess 
impact of agriculture

Many larger rivers are monitored for different purposes as a part of the national 
monitoring system and therefore, long term data sets are often available to describe 
trends in nutrient concentrations and loadings. Some of the monitored watersheds 
may be suitable for the assessment of agriculture impacts. Selection of locations for 
monitoring, sampling procedures, analytical methods, etc. are usually prescribed in 
guidelines/manuals in all countries as well as in the relevant HELCOM and OSPAR 
recommendations (HELCOM, 2006, OSPAR, 2003, 2004). 

The HELCOM PLC water guidelines also provide a basis for use of more harmo-
nised calculation methods. Nevertheless, they do not provide a specific methodology 
for quantifying diffuse sources or delivery pathways for agriculture and managed 
forestry (surface run-off, erosion, groundwater, tile drainage, interflow), atmospheric 
deposition on inland surface waters, urban runoff and scattered dwellings.  

Managed forests are not clearly defined in any HELCOM document. At the same 
time HELCOM has set a rather broad range of recommendations (20/3, 25/3, 26/11) 
related to prevention of pollution from forestry areas, where certain human manage-
ment practices are applied, including drainage, clear-cut felling, deep ploughing, 
prescribed burning (site preparation), fertilization, spreading of pesticides, etc. Thus 
only virgin forests are left alone and not accounted as managed forests (personal com-
ment by M. Durkin, HELCOM). These natural forests are, of course, also impacted 
by air borne nitrogen. Probably quite many monitoring authorities and practitioners 
will face problems when following the definition for managed forests provided here, 
especially in light of the fact that load from agriculture and managed forestry is not 
separated in the HELCOM PLC reporting. 

Due to the abovementioned methodological difficulties and restricted capacity 
of several countries, reporting by pathways is not obligatory by the HELCOM PLC 
water guidelines. The guidelines require consideration of transformation and reten-
tion to predict nutrient losses into river systems in relation to their sources as well as 
when following load oriented approach. In the absence of harmonized quantification 
procedures, the most appropriate method/model should be applied. The models 
must be calibrated with monitoring data and afterwards validated by another set of 
monitoring data. When using the modelling approach, it would be worthwhile to 
know how well the modelled concentration/load corresponds to the measured ones. 

Whatever methodology is adopted, it is essential that certain minimum require-
ments are fulfilled (i.e. HELCOM PLC5 guidelines). In particular, the methodology 
should be based on measurements or upon objectively determined loss coefficients 
which should be sensitive to variations in losses associated with different land use 
types (e.g. different agricultural crops, forestry practises and livestock densities). The 
question is how to achieve real comparability and transparency of nutrient runoff 
results and whether agricultural statistics and available GIS-data provide background 
information about land uses and land management for such an assessment? 
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Load oriented approach requires assessment of background load. All countries in 
the BSR provide this information although it is not always clear how natural back-
ground areas have been defined. According to the HELCOM PLC water guidelines 
natural background includes losses from unmanaged land; and that part of the losses 
from managed land that would occur irrespective of anthropogenic, e.g. agricultural 
activities (HELCOM, 2006). In reality, rather variable definitions for background 
areas are used. In some cases background areas can include variable land cover 
types including those with some anthropogenic impact. There are also differences 
in defining background load from managed land that would occur irrespective of 
anthropogenic activities. Denmark, Estonia, Finland, Germany, Latvia, Lithuania 
and Poland define natural background areas as undisturbed or nearly undisturbed, 
to describe background load both from agricultural as well as natural areas. These 
naturally covered areas are usually forests, accounted as representative for unman-
aged land also in Belarus. In Sweden, forests, mountain mire and unforested land 
and other natural land is accounted as natural background but for agricultural land 
extensive ley for N and sown fallow for P is assumed to represent natural conditions. 
Natural areas in Estonia, Latvia and Poland can include up to 10% of other land cover 
types including agricultural. This approach can be misleading knowing that in some 
catchments where the share of agricultural area is very low (only a few percentage) 
agriculture has been accounted as the largest source of load if background load from 
both natural as well as agricultural landscapes was excluded (Rankinen et al., 2002).  

Agricultural and arable lands are usually  defined as proposed by FAO*, but there 
are some different approaches in Denmark where kitchen gardens are separated from 
agricultural land cover types, in Estonia where abandoned lands are accounted as 
agricultural lands and in Latvia where permanent pastures and abandoned land are 
accounted as arable land. Especially for large scale modelling, GIS-based CORINE 
data is typically used as input data and the CORINE agricultural land cover classes 
differ from FAO classification.    

* Agricultural area is the sum of areas under a) arable land; b) permanent crops; and c) 
permanent meadows and pastures. Arable land is the land under temporary agricultural crops 
(multiple-cropped areas are counted only once), temporary meadows for mowing or pasture, 
land under market and kitchen gardens and land temporarily fallow (less than five years). The 
abandoned land resulting from shifting cultivation is not included in this category. “Arable 
land” is not meant to indicate the amount of land that is potentially cultivable.

4.1  
Analysis of large catchment scale monitoring

Advantages (strengths): 
•	 Assessment	of	nutrient	content	in	streams	has	been	part	of	monitoring	on	

regional or national level for a long time.  
•	 Quite	often	daily	discharge	data	is	available	from	hydrological	monitoring.	
•	 Monitoring,	quantification,	analysis	and	reporting	procedures	are	often	har-

monised within e.g. HELCOM.
•	 Provides	a	possibility	to	assess	transboundary	actions	to	decrease	the	impact	

of agriculture on water systems.
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Disadvantages (weaknesses): 
• Difficult to separate actual impact of agriculture on water quality and nutrient 

loading.
•	 Definition	of	agricultural	land	and	background	areas	of	river	catchments	vary	

in different countries. Therefore comparison of agricultural loading data can 
be difficult.

•	 Source	apportionment	of	diffuse	load	in	river	mouth	depends	on	the	accuracy	
of assessment of point source load which can be questionable in some cases.

•	 Source	apportionment	of	agricultural	diffuse	load	in	river	mouth	depends	on	
the accuracy of assessment of natural background load which can be ques-
tionable in some cases.

•	 Source	apportionment	of	agricultural	diffuse	load	in	river	mouth	depends	on	
the accuracy of assessment of forestry actions, peat area loading and urban 
runoff which can be questionable in some cases.

•	 It	is	not	always	clear	whether	the	background	load	from	agricultural	land	
cover types is separated from the load from agricultural areas or not. 

•	 It	is	not	always	clear	whether	the	load	from	unused	agricultural	land	is	sepa-
rated from the agricultural load or not. 

•	 Methodological	weaknesses	in	assessment	of	retention	in	main	river/lake	
systems and in groundwater to define the flow paths.

Opportunities: 
• Use of automatic water level or flow measurement provides much more ac-

curate data for assessment of nutrient losses.
•	 Use	of	automatic	(more	frequent)	water	quality	sampling	and	on-line	devices	

for water quality parameters gives better accuracy for assessment of nutrient 
variability and losses . 

•	 Harmonized	monitoring	and	assessment	procedures	provide	a	way	for	better	
comparison of monitoring results.

•	 Common	understanding	of	definition	of	agricultural	and	natural	land	cover	
types.

Threats:
•	 Both spatially and temporarily insufficient monitoring data to assess the share 

of different pathways and particularly the share of agriculture on the total 
riverine load. 

•	 Collected	water	quality	and	discharge	data	are	not	freely	available	in	some	
countries and thus results are not transferable, especially in the case of trans-
boundary rivers.

•	 Comparison	of	monitoring	results	is	difficult	if	total	N	and	total	P	are	not	
included in the list of chemical analysis.

•	 Problems	with	dividing	loads	of	transboundary	rivers	and	consequent	assess-
ment of the share of agricultural load from the shared catchment. 

•	 Large	areas	can	remain	unmonitored	and	often	the	method	of	comparable	
river basins is used for assessment of loads from agriculture. Based on the 
selection of river basins for comparison, loads can be underestimated or over-
estimated. 
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5    On-line continuous water quality 
monitoring

New approaches with more intensive, high-frequency measurements are increasingly 
required in water quality monitoring and in research for water protection (Hart and 
Martinez 2006; Lepistö et al. 2008; Koskiaho et al, 2010) due to the large seasonal and 
inter-seasonal variation in both water discharge as well as its chemical properties. 
The present monitoring schemes, e.g. 12 grab water samplings per year as recom-
mended by HELCOM (2006) very likely miss most of the high flow (Fig. 8) and 
eventually result in faulty loading estimates. The error is probably higher in smaller 
basins where the flow peaks are sharper than in the case of large river basins. With 
the current monitoring systems, the impact of certain protection measures is almost 
impossible to assess. The new water quality sensors provide a way to estimate the 
impact of high flow events on the load with much better accuracy than the traditional 
monitoring systems. However, more innovation is needed for monitoring the effects 
of water protection measures at general.  

Sensors for turbidity measurement work either by emitting near-infrared light 
into the water and then measuring the light that bounces back from the suspended 
particles or by a continuous optical spectrum reaching from low ultraviolet to visible 
light which makes it possible to measure NO3-N concentration simultaneously with 
turbidity (Fig.9). Some sensors are equipped with battery-powered mechanical wiper 
brushes while other sensor lenses are cleaned by bursts of compressed air generated 
by either electric-powered compressor or exchangeable bottle of pressurized air. 
OBS3+ sensor works by emitting a near-infrared light into the water, whereas the 
functioning of s::can nitro::lyser is based on a continuous optical spectrum reaching 
from low ultraviolet to visible light.       

Figure 8. An example of the timing of water sampling (dots) compared to high frequency turbidity data (curves). 
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Figure 9. A highly effective spectrometer measures turbidity and nitrate concentration (left). Photo: Sirkka Tattari.  
Installation of a sensor in the Vantaanjoki River in southern Finland (right). Photo: Helena Rosenlew.

5.1  
Analysis of continuous water quality monitoring

Advantages (strengths):
•	 Provides	high	frequency	water	quality	data	and	all	peak	events	can	be	cov-

ered. 
•	 Provides	more	accurate	data	for	modeling	and	model	calibration.
•	 Provides	better	conception	of	transport	and	leaching	processes.
•	 Contributes	to	a	better	understanding	of	how	effective	different	management	

actions and mitigation measures are.

Disadvantages (weaknesses):
•	 The	existing	measuring	methods	differ	in	their	functioning	principle,	meas-

urement range and accuracy and therefore no harmonized method is avail-
able.

•	 Manual	sampling	is	still	needed	for	calibration	and	to	fill	in	possible	gaps	in	
the sensor-recorded data.

•	 Careful	maintenance	(especially	cleaning	of	sensors)	is	needed.
•	 Limited	number	of	variables	can	be	measured	with	the	presently	available	

sensors, e.g. dissolved P cannot be accurately measured and its correlation 
with turbidity requires further studies. Permanent quality control of data is 
needed to detect possible failure of sensors. 

•	 Icy	conditions	can	destroy	sensor	or	cause	gaps	in	data	records.	Therefore,	
measurements in winter time can be questionable.
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Opportunities:
• Possible to set up on-line access to station and data that allow quick reaction if 

something goes wrong.
•	 Provides	high-frequency	data	in	a	cost-efficient	way	(taking	into	account	the	

number of measurements).
•	 Turbidity	is	often	highly	correlated	with	suspended	solids	and	total	P	concen-

trations, enabling load calculations of these substances
•	 Nitrate	concentration,	which	is	often	the	major	N	fraction	in	agricultural	run-

off, can be directly measured.
•	 Improves	understanding	of	nutrient	transport	and	retention	processes.
•	 High	quality	data	may	lead	to	development	of	better	models	in	the	future.
•	 More	accurate	load	estimates	for	certain	variables	if	precise	flow	data	is	avail-

able.
•	 The	number	of	measured	variables	might	be	broader	in	the	future,	including	

accurate on-site analysis of dissolved P.

Threats
•	 Improper	maintenance	can	cause	errors	in	data	which	cannot	be	detected	and	

rectified during the monitoring. Therefore, permanent quality control of data 
is of high importance to detect possible failure of sensors. 

•	 Monitoring	programmes	might	include	a	narrower	list	of	measured	variables	
in the future due to widely introduced water quality sensors. 

•	 High	price	of	the	sensors	limits	a	more	extensive	collection	of	on-line	high-
frequency data. 

•	 Development	of	new	sensor	technology	focuses	on	waste	waters	and	the	
measuring range is not suitable for natural waters. 
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6				Quality	assurance	and	 
quality control

Monitoring of diffuse pollution is prone to errors that can occur due to improper 
design of the monitoring system, management and operating procedures, unskilled 
staff, insufficient laboratory capacity and maintenance of flow gauges and equipment, 
sampling and handling of samples, interpretation of data and upscaling of results. 
The errors contribute to unrealistic input for modelling and unreliable modelling 
results. Therefore a proper quality assurance and quality control system is needed to 
be sure that monitoring provides reliable and transparent results that are objectively 
interpreted.	Quality	 assurance	and	quality	 control	procedures	 should	be	applied	
to the whole chain of monitoring activities from the design of monitoring up to the 
control and interpretation of data.

Design of monitoring 

•	 Definition	of	monitoring	objectives.
•	 Definition	of	level	of	monitoring	(plot,	field,	catchment	scale).
•	 Assessment	of	the	required	frequency	of	monitoring.
•	 Assessment	of	the	required	equipment	and	maintenance	to	operate.
•	 Selection	of	method	for	discharge	measurement.	
•	 	Availability	of	reliable	information	about	land	uses	and	management	 

practices.
•	 Assessment	of	available	resources	(including	skilled	staff).
•	 	Compliance	to	the	basic	standards	(e.g.	established	by	the	ISO)	for	sampling,	

analysis and data handling
•	 Delivery	of	data	to	national	databases.	

Laboratory

•	 Selection	of	certified	and	accredited	laboratory.
•	 Participates	in	intercalibration.
•	 Required	analysing	capacity	(parameters,	accuracy).
•	 Flexibility	of	analysis	(time,	parameters).
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Flow gauges and automatic equipment 

•	 	Procedures	for	checking	and	maintenance	of	equipment	(cleaning,	drying,	
power supply, calibration).

•	 	Cleaning	of	flow	gauges	and	optical	devices	(algae,	plants,	debris,	sediments,	
ice).

•	 Downloading	of	data	and	procedures	for	checking	raw	data.
•	 Procedures	for	keeping	field	logs.
•	 On-line	systems	and	delivery	of	data	to	national	databases.

Sampling and handling of samples

•	 Trained	and	certified	field	staff.	
•	 Required	mobility	of	field	staff.
•	 Calibration	of	field	equipment.
•	 Calibration	of	stage	recorders	against	an	outside	staff	gage.
•	 Calibration	of	well	pressure	transducers.	
•	 	Field	logs	that	include	date	and	time,	name	of	staff	member,	operating	status,	

equipment and gauges checks, readings, and additional notes about calibrati-
on and maintenance.

Control and interpretation of data

•		 Availability	of	data	for	interpretation.				
•		 Procedures	for	dealing	with	missing	values.	
•		 Checking	of	data	for	analytical	or	transfer	errors.
•		 Statistical	programs	for	analysis,	statistical	significance.
•		 Upscaling/downscaling	of	results.
•		 	Systematic	comparison	of	different	monitoring	methods	(grab	sampling,	 

flow-proportional sampling, new automatic high frequency techniques).
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7   Conclusions and recommendations

Selection of monitoring sites

•		There are several factors contributing to variability in water quality data. 
Therefore hydrologic and weather conditions, spatial and temporal variability, 
differences in land use and land management practices should be considered 
when designing a monitoring system, chemical analyses and data processing. 
This variability requires monitoring of agricultural impacts on different scales: 
plot scale, field scale, small catchment scale and larger river scale. 

•	 No	matter	which	monitoring	scale	is	used,	sites	should	provide	representa-
tive and reliable samples and must be accessible in any weather. The number 
of samples should be sufficient for scientifically credible conclusions. Assess-
ment of characteristics of the watershed depends on the monitoring objective. 

•	 One	of	the	criteria	for	the	selection	of	a	small	catchment	for	monitoring	is,	
evidently, typical agricultural land-uses in the area. The share of required 
agricultural land in the watershed depends on the local hydro-geographical 
conditions and agricultural activities as well as the goal of monitoring. Often 
the share of agricultural land should be reasonably large (preferably > 50%) to 
really represent agricultural impacts on water quality. This approach will also 
produce the required input for modelling.

•	 Selection	criteria	also	include	proximity	of	the	monitoring	site	to	specific	
agricultural practices, providing a better way to assess pollution losses. 
Therefore, root zone and field scale monitoring systems are often preferred 
in agricultural non-point pollution monitoring programmes. If the objectives 
include assessment of the variety of agricultural management practices, small 
catchment or ground water monitoring of pollutants in typical watersheds is 
needed. 

•	 In	respect	to	agriculture	dominated	catchments,	evaluation	of	human	impact	
is easier in small watersheds (usually less than 50 km2) that are more homo-
geneous and allow consideration of inputs and outputs of different compo-
nents. 

Monitoring of background conditions

•	 Assessment	of	agricultural	impact	on	water	quality	requires	collection	of	data	
about reference conditions in small, entirely forested or other catchments 
where natural land cover types are prevailing. 

•	 When	assessing	agricultural	impacts,	background	load	from	agricultural	land	
uses without any human impact should also be considered. For these pur-
poses specific load data from non-forested areas like natural grasslands, ley or 
fallow should be used.
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•	 Preciseness	in	assessment	of	background	load	from	natural	areas	representing	
chemical, physical and biological conditions that would result from natural 
processes, such as weathering, dissolution, mineralization and precipita-
tion that always include some contamination, can considerably impact the 
definition of loss coefficients for agricultural land-uses. Therefore, this aspect 
should be remembered when source-apportionment by different pathways is 
carried out. 

•	 The	share	of	anthropogenic	land	cover	types	should	be	reasonably	low	when	
defining representative natural areas for assessment of background load. The 
actual level depends on the local hydro-geographical conditions (i.e. forest 
and wetland type) and availability of typical watersheds for monitoring and 
should be taken into account in calculations of the background load.

•	 Comparison	and	quantification	of	natural	background	nutrient	losses	requires	
common understanding and harmonized definition of unmanaged land with 
regard to different management practices of forests and wetlands. 

•	 When	defining	natural	areas	the	HELCOM	approach	should	be	followed,	i.e.	
managed forests and peat extraction areas should not be included as natural 
areas. Natural forested catchments should not be fertilized.

Monitoring of agricultural impacts 

•	 Managed forest can be defined as a forest producing commercial timber ac-
cording to harvesting regulations, which is controlled by cutting, coppicing, 
and planting of trees. Moreover, silvicultural treatments to maximize tree 
growth and to protect trees from fires and diseases (e.g. drainage, prescribed 
burning for site preparation, deep ploughing, fertilization, spreading of 
pesticides) are implemented. Forests in which management has substantially 
altered the structure and ecological processes but in which growth is still 
mainly a natural process with no regular and continuous human intervention 
can be defined semi-natural managed forests (OECD).

•	 Comparison	of	nutrient	loading	data	from	agricultural	land-cover	types	
requires a harmonized definition of agricultural and arable land areas. There-
fore relevant FAO definitions should be followed. 

•	 Export	coefficients	of	different	compounds	based	on	monitoring	results	is	a	
good tool to compare pollution loads from different watersheds. However, be-
ing strongly influenced by runoff volume due to climatic factors and pollutant 
delivery, different water quality parameters may behave differently depend-
ing on watershed size or scale. Thus, export coefficients cannot give us the 
necessary qualitative information about the causes that determine variability 
in e.g. nutrient runoff. 

Sampling frequency and monitoring scale

•	 Strengths	and	weaknesses	of	different	sampling	systems	(manual	sampling,	
collection by automatic sampler, samplers that collect and integrate and 
real-time automatic measurements) should be considered when setting up a 
monitoring system. 

•	 The	required	sampling	frequency	varies	depending	on	the	objectives	and	
scale of monitoring, runoff events, soil properties, agricultural practices, etc. It 
should follow runoff events on all scales, especially on plot scale monitoring, 
and be carried out usually as weekly or biweekly sampling on field and small 
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watershed scale. The sampling frequency for larger catchments should be at 
least 12 times a year assuming that all major hydrological cycles are covered. 
Different methods described by e.g. Snedecor and Cochran (1989), Sanders et 
al. (1983) and Kohonen (1983) can be used for a more precise estimation of the 
required sampling frequency. These methods are based on the variability of 
chemical properties and the required confidence level considering the statisti-
cal objective of the monitoring study. 

•	 Monthly	sampling	often	does	not	account	for	seasonal	discharge	differences,	
i.e. if sampling frequency is even throughout the year. Therefore, to meet the 
needs for a more precise evaluation of nutrient runoff in areas representing 
different land-uses, soils, hydro-geological conditions and agricultural sys-
tems as well as for meeting international obligations, more precise and reli-
able automatic monitoring should be conducted.

•	 Grab	samples	may	not	be	representative	of	the	water	quality	of	stream	water	
and the results are very much influenced by the sampling frequency. Often a 
smaller variability would be observed than actually exists. Therefore, a higher 
sampling frequency gives better accuracy. If more precise data about annual 
or seasonal nutrient runoff is needed, discharge measurements should be car-
ried out by using preferably automatic flow measurement and flow propor-
tional sampling systems.

•	 Sampling	frequency	when	applying	the	grab	sampling	technique	can	be	lim-
ited by the capacity of chemical laboratory. Therefore, adjustment of sampling 
by using  preservation techniques or cooling can be used. The problem can 
partly be solved by storing samples in a refrigerator at the monitoring site. 
This is possible only if power connection is available. Some changes in nitro-
gen compounds can occur that should be kept in mind.

•	 Flow-weighted	compositing	is	a	good	alternative	to	time-compositing	includ-
ing grab sampling. When using automatic flow-weighted water sampling 
systems variability in concentrations cannot be well described (e.g. minimum 
and maximum concentrations cannot be detected). 

Assessment of monitoring data

•	 The	role	of	base	flow	in	the	formation	of	water	quality	is	seasonally	varying.	
Therefore, sampling of surface water during drier periods (summertime) 
can provide information about the ground water quality assuming there is 
no impact from point sources. Sampling of stormflow, also in wintertime, 
can provide valuable input for the assessment of the immediate impact of an 
increased discharge and human impact, e.g. agriculture on water quality.  

•	 In	order	to	compare	nitrogen	and	phosphorus	losses	in	individual	years	or	
with other reported data nitrogen and phosphorus losses may need to be nor-
malised.

•	 When	developing	a	plot	scale	monitoring	programme	one	should	remember	
that the volume of a water sample from a plot scale study is small and there-
fore only a limited number of variables (usually only nitrates) can be ana-
lysed. 

•	 A	flat	–	sharp-crested	V-notch	weir	has	good	accuracy,	both	at	low	and	high	
discharge. If accumulation of sediments is a problem the use of a Crump type 
weir can provide more precise discharge measurement results. 

•	 Application	of	statistical	methods	for	trend	assessment	requires	time	series	
that comprise measurements/estimates over a period of at least seven years 
to minimize the impact of climatological variation (OSPAR, 2003).
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•	 Trend	assessment	of	nutrient	concentrations	and	loads	is	possible	only	if	
hydrologic data is collected. Trend analyses also require the collection of land 
use data. 

•	 The	methodology	for	source	apportionment	of	loads	should	be	based	on	
measurements or upon objectively determined loss coefficients by using mod-
elling results which should be sensitive to variations in losses associated with 
different land use types (e.g. different agricultural crops, forestry practises 
and livestock densities).

•	 Small	catchment	scale	monitoring	usually	provides	very	little	information	
about transformation of nutrients along the water course and in soil. There-
fore, a multi-scale monitoring approach may be needed at the same location 
to obtain more detailed information about the processes leading to the loss of 
nutrients.

Automated monitoring

•	 Automated	monitoring	provides	high	frequency	water	quality	data	enabling	
to detect all peak events resulting in more accurate load estimates. It also pro-
vides a better conception of transport and leaching processes. 

•	 Since	no	harmonized	methodologies	exist,	comparability	between	different	
sites and countries is needed.  

•	 There	is	a	risk	that	widely	implemented	monitoring	programmes	based	on	
automatic continuous monitoring will reduce the number of measured vari-
ables in the future. 

Quality control and sustainability 
of monitoring programme

•	 Only	a	proper	quality	assurance	and	quality	control	system	provides	reliable	
and transparent monitoring results that are objectively interpreted. 

•	 Usually	the	use	of	rather	long-term	designs	on	all	monitoring	scales,	especial-
ly for catchment scale monitoring, are needed, and a longer calibration period 
may be required to detect causal factors. Monitoring programmes conducted 
over a sufficient amount of time allow quantification of the changes in wa-
ter quality caused by changes in agricultural practices. Usually at least two 
or three years of data about the situation before the implementation of new 
practices is needed to determine if any significant change in water quality has 
occurred. 

•	 When	designing	a	monitoring	network,	available	resources	for	equipment,	
sample collection, transportation of samples, and analytical costs should be 
taken into account. The frequency of sampling depends on whether it is nec-
essary to characterize the range of conditions (e.g. peak flow and base flow), 
long-term trends or transport of compounds. Sampling frequency could be 
limited by available manpower and costs related to transportation of samples 
as well as by analytical costs, therefore the type and number of variables to be 
analyzed should be carefully considered. 
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