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PREFACE

This report comprises the results from the work accomplished under task 1.5 of the Collective
Research project BIOPROS “Solutions for the safe application of wastewater and sludge for
high efficient biomass production in Short-Rotation-Plantations” which is co-financed by
European Union’s the 6th Framework Programme. The report was elaborated under
leadership of the Swedish University of Agricultural Sciences (SLU) with assistance from the
following partners:

TTZ (Germany)
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IEES (International organisation)
Uppsala, Sweden
February 2006
Par Aronsson, loannis Dimitriou and Hakan Rosengvist
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1 EXECUTIVE SUMMARY

In this report guidelines on safety issues for growing Short-Rotation-Plantations (SRPs) for
wastewater treatment are presented. The report focuses on practical issues which could make
a difference in the "real" situation. Much of the environmental impact of growing SRPs for
wastewater treatment is set at the planning phase. There are mainly four aspects that need to
be considered while designing SRPs for wastewater application in order to minimize their
potentialy negative environmental impact; water quality, biodiversity, soil conservation, and
hygienic risks. These topics are addressed in this report. Presently, solid guidelines on
management of SRPs for wastewater treatment are difficult to find, but much is available on
conventional SRPs. One important environmental issue is the proper use of herbicides and
pesticides. If applied improperly, such chemicals could cause substantial negative effects both
on humans and on the flora and fauna. Thus, utmost cautions must be made to avoid misuse
of these chemicals. The treatment system must also be properly monitored in order to detect
problems related to excess irrigation or damages of the plants in time. Another crucia factor
that must be considered is the hygienic risks associated with the handling and spreading of
wastewater and sewage sludge. There are some country specific regulations and risk
assessments that need to be adopted for this.

Very large quantities of wastewater and sewage sludge are potentially available for reuse in
SRPs in Europe. However, since definite standards regulating the quality (both
microbiologically and chemically) of wastewater and sludge for use in SRPs are lacking in
many cases the quantities actually available for reuse in SRPs could presently not be
calculated.
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2 INTRODUCTION

In this report guidelines on safety issues for growing SRP for wastewater treatment are
presented. The report focuses on practical issues which could make a difference in the "real"
situation.

Within the BIOPROS project a definition of SRP has been adopted which implies that also
non-woody crops such as perennia grasses (e.g. Arundo donax, Phalaris and Miscanthus)
could be regarded as SRPs. However, the work within the project has a very strong focus on
woody crops (e.g. Salix, Populus and Eucalyptus), and therefore, this report deals only with
woody SRPs.

Very large research efforts and investments have been put into the development of SRPs for

pulp and timber. Substantial parts of these efforts are applicable aso for SRPs used for
combined wastewater treatment and renewabl e energy crop production.
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3 DESIGN AND MANAGEMENT OF SRPSFOR MINIMISING
NEGATIVE ENVIRONMENTAL IMPACTS

3.1 Design

Much of the environmental impact of certain activitiesis set at the planning phase. In the case
of planning SRPs for wastewater treatment, the design phase is crucial in this respect. There
are mainly four aspects that need to be considered while designing SRPs for wastewater
application in order to minimize their potentially negative environmental impact:

Water quality
Biodiversity

Soil conservation
Hygienic risks

The last aspect is specifically addressed in section 6 in this report. In addition to these four
factors, also landscape aesthetical as well as archaeological aspects need to be addressed in
order to maximize the benefit from SRPs. However, the latter aspects are not included in this
report.

3.1.1 Water quality

The protection of water quality within EU is governed by the Water Framework Directive
(WFD; http://europa.eu.int/comm/environment/water/water-framework/overview.html). The
EU Water Framework Directive - integrated river basin management for Europe - was
established in 2000 as the "Directive 2000/60/EC of the European Parliament and of the
Council establishing a framework for the Community action in the field of water policy”. The
WFD covers most aspects of water quality management and includes surface waters as well as
groundwater. It aims at achieving "good quality status' for al waters by a set deadline by the
year 2015. The water management work within WFD is based on river basins combining
emission limit values and quality standards. The WFD is divided into surface water protection
(ecological protection and chemical protection), and groundwater protection (chemical and
guantitative status).

If trying to trandlate the WFD directive into solid action, there are principally three aspects of
water quality that are applicable in the design phase of a SRP project; groundwater protection,
the risk of soil erosion polluting surface waters, and the risk of technical problems potentially
resulting in unwanted discharge of untreated or partly treated wastewater into water courses.
First, in order to prevent substantial nitrate leaching to groundwater the irrigation load must
be adjusted to the trees requirement for nutrients and to the efficiency of other processes (e.g.
microbial loop) responsible for retention/transformation of elements in the irrigation water.
This implies that when designing an SRP for wastewater irrigation, sufficient areas must be
assigned to a certain anticipated load of wastewater. In this context, the risk of nitrate
leaching is not related to the nitrogen load only but aso to the hydraulic load, i.e. the water
surplus responsible for transporting the nitrate down through the soil profile. A water balance
includes the water losses from the site through evapotranspiration, and drainage (including
surface runoff), and input from precipitation and wastewater irrigation. Average figures for
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precipitation could reasonably easy be obtained from various sources. The average values
should then also be compared with extreme values in order to be able to consider worst-case
scenarios. The main problem is that al planning of area requirements must be made
beforehand, while the actual precipitation pattern may vary dramatically between years. Thus,
the worst-case scenario should not only consider heavy rainfal occasions, but also situations
with dry summers with hardly any precipitation. Otherwise the SRP may suffer irreparable
damages from drought if grown in Mediterranean or similar climate, which in turn will reduce
the treatment efficiency of the system. What is a reasonable large water surplus in order to
achieve a sufficient leaching of salts from the soil surface remains to be determined. It varies
with:

soil type (which affects the way and speed water moves through the soil matrix)

soil depth

depth to groundwater

type and nutrient uptake efficiency of the SRP (incl. trees demand and microbial
uptake)

nitrate concentration in the percolating water

The lower the water surplus, the lower the risk for nitrate leaching. However, in a situation
with zero water surplus, there is a risk for salinisation of the soil severely threatening the
plantsin the long run.

The load of plant nutrients applied through the irrigation needs to be considered. In many
countries there are regulations on the amount of nitrogen which could be applied annually to
certain crops in order not to have substantial nitrate leaching. However, denitrification, the
microbial conversion of nitrate to dinitrogen gases (N2> or N>,O which are produced under
certain conditions), may contribute to the nitrogen treatment efficiency of the system.
Denitrification rates are difficult to predict, but could be as high as in the order of 100 kg
N/hayr if the soil is kept wet and if the denitrifying bacteria have access to easily degradable
carbon e.g. through root litter and root exudates. It has been shown that the roots of SRPs
efficiently "filtrate” water percolating through the root zone. This implies that a moderate
water surplus may not pose a substantial threat in terms of nitrate leaching to groundwater
since nitrate is efficiently taken up by the roots. This is valid up to a certain threshold above
which leaching increases.

Protection of groundwater quality also includes considerations of the risk of chemica (i.e.
mainly pesticides) and microbial contamination of aquifers used for consumption. These
issues are dealt with more extensively in section 3.2 of this report. However, from a design
point of view, the issue must be addressed. The easiest approach is to completely avoid the
concept of wastewater irrigated SRPs in groundwater protection areas or in areas of known
importance as groundwater recharge areas. Otherwise a microbia risk assessment must be
made based mainly on the sanitary standard of the wastewater intended for irrigation, and on
soil properties of the site intended for SRP plantation In addition, the use of herbicides when
establishing the SRP should be avoided or kept at a minimum.

Erosion of soil particles into water courses should be considered when designing a SRP for
wastewater irrigation. The risk of erosion is closdly linked to soil type, sope, rain intensity
and irrigation load respectively. Additionally annual ground covering co-plants can reduce
potential erosion during the establishment phase of the plantation (see section 3.1.3).
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3.1.2 Biodiversity

When designing SRPs for wastewater treatment the shape and position in the landscape could
significantly affect their ecological impact (e.g. run-off prevention, importance as bird habitat,
microclimate stabilisation, etc.). SRPs are potentially beneficial for the biodiversity, and if
correctly positioned they could contribute to an improved biodiversity on a landscape level.
The biodiversity aspects of SRPs were thoroughly evaluated in a special issue of Biomass &
Bioenergy (Gustafsson ed., 1994). Practical guidelines on how to maximize the ecological
benefits from SRPs were aso published by SLU in 1995 (Perttu & Aronsson). These
guidelines covers topics such as position of SRPs in relation to other landscape e ements,
mixing of clones, and consideration of aesthetical aspects:

Figure 1. The position of SRPs in the landscape can be optimized for biodiversity purposes. (extract from Perttu
& Aronsson, 1995).

Figure 2. Aesthetical considerations should be made when designing SRPs. (extract from Perttu & Aronsson,
1995).
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The guidelines however, are not available digitaly but could be ordered from SLU, Uppsaa
(par.aronsson@Ito.gu.se).

Practical guidelines on how to grow and manage SRPs (without wastewater irrigation) were
developed by the UK DEFRA "Growing Short Rotation Coppice, Best Practice Guidelines for
applicants to DEFRA’S Energy Crops Scheme'
(http://www.defra.gov.uk/farm/acu/energy/src-quide.pdf). These guidelines include aso
suggestions for maximizing the biodiversity when establishing SRPs. Practical guidelines
concerning e.g. biodiversity and design of SRPs can also be found in the report "Short
Rotation Coppice for Energy Production” produced by British BioGen and hosted by the
Renewable Power Association (http://www.r-p-a.org.uk/content/images/arti cles/srcgpg.pdf).

Some advice on biodiversity issues when designing SRPs is also given in "Establishment and
Management of Short Rotation Coppice' by |. Tubby and A. Armstrong, Forestry
Commission, UK  (http://www.forestry.gov.uk/PDF/fcpn7.pdf/$FILE/fcpn7.pdf).  This
publication also discusses the importance of considering archaeological aspects when
choosing sites for SRPs.

3.1.3 Soil conservation

Erosion of soil particles into water courses should be considered when designing a SRP for
wastewater irrigation. The risk of erosion is closdly linked to soil type, sope, rain intensity
and irrigation load respectively. Additionally annual ground covering co-plants can reduce
potential erosion during the establishment phase of the plantation. T there is no clear
relationship between erodibility and currently recognized soil types. Large research efforts
have been made to develop empirica models. An overview of soil erosion is presented by
FAO at:

http://www.fao.org/documents/show_cdr.asp?url_file=/docrep/T1765E/t1765e0f.htm.

One of the main factors controlling erosion is the boundary between flow velocity and soil
particle size described by the "Hjulstrom diagram”:

Figure 3. The Hjulstrdm diagram showing the span of water flow velocity at which soil particles of different size
are dispersed in water.
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This diagram provides some very important information; The material most easily dislodged
by runoff has a texture close to that of fine sand (100 m). More clayey materia is stickier.
The coarser material has heavy particles which can only be moved at higher water speed. As
long as the flow is slow (25 cm/sec), it cannot erode. Measures will therefore have to be taken
to spread and slow down the flow, in order to prevent erosion. Fine clay and loam particles
are easily transported, even at low speeds, but in the case of anything coarser than fine sand, it
Isashort distance from erosion site to sedimentation site.

The flow velocity is determined by the water application rate (i.e. precipitation and irrigation),
and the slope of the ground. Other factors controlling erosion are the content of soil organic
matter, and structure. This issue is discussed in practical guidelines on soil erosion control
that have been produced by the state of Florida, USA
(http://www.dep.state.fl.us/water/nonpoint/ero_man.htm). In these guidelines, focus lay on
soil properties which influence erosion by rainfall and runoff, which to a large degree
corresponds with those factors influencing the infiltration capacity of a soil and the resistance
of the soil to detachment and transport by flowing or falling water. More explicitly the
following soil properties are discussed:

Soil texture

Percentage of organic content
Soil structure

Soil permeability.

Soils that contain high percentages of silt and very fine sand are generally the most erodible.
As the clay and organic matter content of these soils increase, the erodibility decreases. Clays
act as a binder of soil particles and reduce erodibility. However, while clays have a tendency
to resist erosion, once detached from the soil they are easily transported by water and settle
out very slowly. Soils high in organic matter have a more stable structure which improves
their permeability. Such soils resist raindrop detachment and absorb more rainwater, thus
minimizing erosion. Well-drained, gravels, and gravel-sand mixtures are the least erodible
soils. Coarse gravel soils are highly permeable and have a good absorption capacity which
either prevents or delays, and thereby reduces, the amount of surface runoff

In order to enable predictions of soil erosion the "Universal Soil Loss Equation (USLE)" was
developed by the USDA (http://www.dep.state.fl.us/water/nonpoint/ero_man.htm). The USLE
is an empirical model that states that the average annual soil loss (A) could be estimated
according to:

A=RXKXLXSXCxP

where:

A = Average annual soil loss,

R = Rainfall erosion index,

K = Sail erodibility factor, per unit of R

L = Slope factor for length of slope, dimensionless

S = Slope factor for percentage of slope, dimensionless
C = Vegetative cover factor, dimensionless

P = Erosion control practice factor, dimensionless

The risks for technical failures need to be considered in the design phase of SRPs for
wastewater treatment. Such considerations are by nature very site and case specific and could
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hardly be covered in an overview of this kind. In principle, it is about testing scenarios where
the results (in terms of water quality impact) of possible technical failures are predicted. This
could be pumps or valves braking down, severe flooding after heavy rainfall or clogging of
irrigation equipment. What will be the environmental consequences of such failures and are
there counter measures?

When planning to apply wastewater and sewage sludge to SRPs, other soil conservation
aspects such as soil contamination need to be addressed. The potential problems in this
respect are the heavy metal input, input of persistent organic compounds, the soil salinity, and
the soil sodicity. The European Union has developed the draft of a “Working document on
sludge” (EU, 2000), to promote the use of sewage sludge in agriculture while improving the
safety and harmonize quality standards. It proposes limit values for concentrations of heavy
metals and organic compounds that should restrict the use of sewage sludge in agriculture if
the limits are exceeded and provides suggestions for good practice in treatment and
agricultural use (European Commission, Joint Research Centre, Institute for Environment and
Sustainability, Soil and Waste Unit, 2001;

"Organic contaminants in sewage sludge for agricultural use";
http://europa.eu.int/comm/environment/waste/sludge/organics_in_sludge.pdf). The organic
compounds or respectively groups of compounds that are suggested for regulation are:

AOX, the so-called *sum of halogenated organic compounds

LAS, linear alkylbenzene sulphonates

DEHP, di(2-ethylhexyl)phthal ate

NP/NPE, (nonylphenole and nonylphenol e ethoxylates with 1 or 2 ethoxy groups)
PAH, polynuclear aromatic hydrocarbons

PCB, polychlorinated biphenyls

PCDD/F, polychlorinated dibenzo-p-dioxins and -furans

The recommended limits for these elements in sludge used in agriculture are shown in table 1
together with national limitsin Denmark, Sweden and Germany.

Table 1. Limits for organic compounds in sludge (expressed per unit of dry sludge). From EU (2001)

AOX DEHP LAS NP/NPE  PAH PCB PCDD/F
(mgkg) (mg/kg) (mg/kg) (mgkg)  (mg/kg) (mg/kg)  (mg TEg/kg)
EU 500 100 2600 50 6 0.8 100
Denmark 50 1300 10 3
Sweden 50 3 0.4
Germany 500 0.2 100

It is very difficult to predict the environmental effects of these elements if applied to
agricultural land, but actions should be taken to reduce the input and apply to EU and national
limits.

It is common that repeated application of sewage sludge leads to a build-up of the soil pool of
heavy metals. This jeopardizes the sustainability of the system and must be considered.
However, the view on what are reasonable amounts of heavy metals that might be allowed to
be applied to agricultural land varies drastically. In USA, for example, the permitted amounts
of cadmium (Cd) applied annually to agricultural soils are in the order of 1000 times higher
than those allowed in Sweden (i.e. 1900 and 0.75 g Cd/ha yr, respectively; SNV, 1994;
(http://www.naturvardsverket.se/dokument/l agar/f oreskri/snfstext/nfs1994/SNFS1994 02k.pdf)), and
the European legidation forms a baseline substantially less restrictive than many of the
national directives followed by the individual member states (Council Directive 86/278/EEC;
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http://europa.eu.int/smartapi/cgi/sga_doc?smartapi! celexapi! prod! CEL EXnumdoc& [g=EN&n
umdoc=31986L 0278& model=quichett). Thus, in the planning phase, the national legislation
must be followed.

In order to prevent soil salinisation of the root-zone, leaching is essential. However, since
there will usualy be excess nitrate in the root-zone, leaching will result in some leaching of
nitrate to the groundwater. As increased recharge to groundwater is usualy regarded as an
inevitable consequence of irrigation, and maintaining a low salinity in the root-zone is an
overriding short-term consideration, then it is inevitable that when irrigating SRPs with
wastewater there will be salt- and nitrate-containing water percolating from the root-zone to
the groundwater. The aternative is not an option since zero water surplus will eventually
result in soil salinisation, which will severely affect the plant vitality and thus the
performance of the entire treatment system. Guidelines on irrigation of crops and calculating
evapotranspiration have been published by FAO
(http://www.fao.org/docrep/X 0490E/x0490e00.htm).

The level of sodium relative to other cations in irrigation water is quantified by the sodium
adsorption ratio (SAR). Treated sewage effluents, for example, typically have SAR in the
range 4-8 (Bond, 1998). The combination of relatively high salinity and SAR is expected to
cause the exchangeable sodium percentage (ESP, the percentage of the cation exchange
capacity occupied by sodium) in the soil to increase. Elevated ESP increases the risk of
deterioration of the soil physical properties, mainly dispersion of clay with subsequent
breakdown of soil structure, blocking of pores, and decrease in soil permeability. Thisin turn
may lead to water logging, impaired plant performance, decreased leaching, and salinisation.
An overview of Australian experiences on sodicity could be found at
http://agnews.tamu.edu/drought/ DRGHTPAK/SALINITY .htm, and the FAO report "Land
evaluation for irrigated agriculture - FAO soils bulletin 55"
(http://www.fao.org/docrep/ X 5648E/x5648e0e.htm#a. 10%20sodicity) gives extensive
information on the topic.

A "leaching fraction" expressed as the amount of water that must be added in order to leach
salts from the soil profile can be calculated. The calculation is based on the effluent EC
(electrical conductivity), the amount of effluent applied annually, the average annua rainfall,
and the threshold soil EC at which plant growth declines; this threshold is crop specific. If the
water balance of the site includes a drainage volume greater than the required leaching
fraction, then salinity problems will not occur (Whitehouse, Wang & Tomer (eds), 2000;
"Guidelines for utilization of sewage effluent on land. Part two: issues for design and
management”, New Zedland land treatment collective;
http://www.smf.govt.nz/results/9018 Tomer_Part2.pdf).

3.2 Management of SRPsfor minimizing environmental impact

Management of conventional SRPs, mainly willow, has been studied since the early 1970s,
and there exists a broad understanding of many aspects of the ecological, economical and
technical aspects of the cropping system. Several very useful publications have been
published on the topic, most of them are available only as hard copies. Research and
development of the use of SRPs for wastewater treatment has been carried out during 20 years
and has resulted in a substantial know-how on this topic. However, for European conditions
guidelines on the topic are scarce, especially in the context of environmental issues.
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Therefore, in this section we mainly refer to available guidelines for conventional SRPs and
for wastewater irrigation of both conventional agricultural crops and SRPs mainly for regions
outside Europe. Much of the information is however valid also for European conditions.

3.2.1 Existing guidelines on management

Solid advice on conventional willow and poplar SRP are found in "Establishment and
Management of Short Rotation Coppice® by |. Tubby and A. Armstrong, Forestry
Commission  (http://www.forestry.gov.uk/PDF/fcpn7.pdf/$FILE/fcpn7.pdf).  Additional
practical guides are found in "Growing Short Rotation Coppice, Best Practice Guidelines for

applicants to DEFRA’S Energy Crops Scheme"
(http://www.defra.gov.uk/farm/acu/energy/src-quide.pdf), and from "Energy from Willow"
Boyd, Christersson and Dinkelbach (2000;

(http://www1.sac.ac.uk/envsci/External/WillowPower/Willow p.pdf).

Extensive guidelines on wastewater irrigation of various agricultural crops have been
published by FAO ("Wastewater treatment and use in agriculture® - FAO irrigation and
drainage paper 47; http://www.fao.org/docrep/T0551E/t0551e00.htm#Contents) which covers
wastewater irrigation from a very broad perspective. Guidelines and practical examples from
Sweden on wastewater irrigation of SRPs were produced by Hasselgren and co-workers 2004.
These guidelines can be found at http://www.biomatnet.org/publications/salix_se.pdf. In
addition, the final report of a EU-funded project on wastewater irrigation of SRPs including
research results and practical considerations ("Short-rotation Willow Biomass Plantations
Irrigated and Fertilised with Wastewaters') can be found a
http://www.sweco.se/upl oad/bwcwsl ut.pdf.

For wastewater irrigation explicitly, there exist several guidelines for management and
monitoring based on the Australian experiences, e.g. "Customer site management plan
(CSMP)" by Gippsan and Southern Rura  Water  Authority, Australia
(http://www.srw.com.au/updated info/information_sheets CSMP_020505.pdf), and
"Management/monitoring of irrigation reuse” by A. Kdliher and R. Rendell
(http://www.wioa.org.au/conf _papers/2002/pdf/paper16.pdf). A very thorough guideline on
wastewater irrigation for Australian conditions was recently launched by CSIRO Forestry and
Forest Products; " Sustainable Effluent-Irrigated Plantations. An Australian Guideline - 1999"
written by B.J. Myers et al. (ordering information a
http://www.ffp.csiro.au/pff/effluent_guideline/index.htm). For the New Zealand perspective
extensive guidelines have been published by Whitehouse, Wang & Tomer (2000 eds);
"Guidelines for utilization of sewage effluent on land. Part two: issues for design and
management, New Zedand land treatment collective";
http://www.smf.govt.nz/results/9018 Tomer_Part2.pdf

From the US perspective, solid advice on wastewater irrigation are given in "Reuse Of
Reclaimed Wastewater Through Irrigation”, Bulletin 860 from the Ohio State University
(http://ohioline.osu.edu/b860/).

In guidelines produced by WRc in UK the specific issue of landfill leachate irrigation of SRPs
is addressed ("Landfill leachate management using short rotation coppice - operational guide”
by J. Hallett, G. Alker and A. R. Godley, 2002; WRc Report No.. CO5127;
http://www.wrcplc.co.uk/downloads/Operational_Guidelines Leachate SR-CO5127-

Version 2.pdf).
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These guidelines offer in deep information on SRP and wastewater irrigation athough not
specifically wastewater irrigation of SRPsin Europe.

3.2.2 Handling of herbicides and pesticidesin SRPs

Herbicides and pesticides sold within EU must be approved by the regulatory bodies. A
chemical substance can be approved if it is effective and if it doesn® brings unacceptable
consequences for plants or the environment. It must also not be harmful to humans and
animals. An approva is valid maximum 10 years. The active substances are tested and
approved by the EU authorities. Thereafter, the herbicide or pesticide including the substances
is approved by the authorities in each member country. Some active substances have been
judged to be too harmful for use within the EU, and al trading and use is forbidden. Thisis
the case with mercury and some persistent organic compounds such as DDT. There are also
international treaties concerning herbicides and pesticides; "The International Code of
Conduct on the Distribution and Use of Pesticides'
(http://www.fao.org/documents/show_cdr.asp?url_file=/DOCREP/005/Y 4544E/Y 4544E00.ht
m) is the worldwide guidance document on pesticide management for al public and private
entities engaged in, or associated with, the distribution and use of pesticides. It was adopted
for the first time in 1985 by FAO. The Code was designed to provide standards of conduct
and to serve as a point of reference in relation to sound pesticide management practices, in
particular for government authorities and the pesticide industry. The code was revised in
2002. The objectives of the Code are to establish voluntary standards of conduct for all public
and private entities engaged in or associated with the distribution and use of pesticides,
particularly where there is inadequate or no national legislation to regulate pesticides. The
Code is designed for use within the context of national legidation as a basis whereby
government authorities, pesticide manufacturers, those engaged in trade and any citizens
concerned may judge whether their proposed actions and the actions of others constitute
acceptable practices. The code states the role of authorities in the work towards the safe use of
pesticides. More information on the FAO actions concerning pesticides could be found at
http://www.fao.org/ag/A GP/agpp/Pesticid/Default.htm. However, the FAO code does not give
practical guides on the use of pesticides. Such could be found in the UK "Best Practice
Guides' for the use and handling of pesticides have been developed by the "Voluntary
Initiative" (http://www.voluntaryinitiative.org.uk/Content/Agr_BP.asp#bottom). The initiative
was put forward by seven signatory organisations led by the Crop Protection Association
(CPA). The Best Practice Guides targets users of pesticides and consists of information
leaflets covering various aspects of pesticide use:

Pesticide Handling Areas
Container Cleaning
Sprayer Cleaning
Emergency Procedures
Hand Protection
Container Incineration
Pesticide Training
Protective Equipment
Pesticide Disposal
Pesticide Storage
Avoiding Drift

Record Keeping
Pesticides & Conservation
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Nozzles
Biobeds

Similar, very practica guidelines on the use of pesticides have been produced for Swedish
conditions (in Swedish) and could be found a
http://www.Irf.se/L rfNodeServlet?command=layout& n=1054. The use of certain pesticidesis
usually restricted to certain crops or cropping system, and only a few pesticides (herbicides)
are alowed to be used in European SRPs. Presently, there is no search engine available for
finding out which substances are approved in which country and for what purpose.

3.2.3 Approaches for monitoring of wastewater application rates and their
environmental impact

Wastewater application rates should be controlled in order to reduce risks of over irrigation
resulting from technical problems or heavy rainfals. There are numerous systems for
monitoring flow in pipes or through pumps. However, in situ monitoring of soil moisture as
an indirect measure of irrigation rates is less common and far more complicated. One of the
most suitable and technically advanced systems for in situ monitoring of soil moisture and
soil sdinity is manufactured by the Australian company Sentek Sensor Technologies
(www.sentek.com.au). The company manufactures several different complete monitoring
systems for a range of applications. The sensors utilize Frequency Domain Reflectometry
(FDR), which in some applications enable the user to distinguish between moisture and
salinity. Sentek sensors is currently being tested for monitoring wastewater application of
SRPs in the EU-funded project WACOSY S. Another approach to monitor soil moisture is
Time Domain Reflectometry (TDR), which has been widely adopted in numerous
applications. One of the largest manufacturers of TDR monitoring systems for research
purposes is Campbell Scientific (http://www.campbellsci.com/index.cfm).

Monitoring of treatment efficiency is much more difficult than monitoring application rates.
One reason for this is that there is usually no end-of-pipe monitoring point available for the
measurements. Instead, leaching of nitrate or soil erosion are typically non-point sources.
Thus, alternative approaches need to be adopted. Since nitrate is easily leached if present in
excess and water input is higher than evapotranspiration, this is one of the key elements to
monitor. Other forms of nitrogen, e.g. ammonium or organically bound nitrogen, are far much
less easily leached beyond the rooting zone of plants. In addition, nitrification of ammonium
to nitrate is usualy both rapid and efficient and this results in only small quantities of
ammonium available for leaching.

Leaching estimates of nitrate could be made either from nitrate concentration in the shallow
groundwater or from nitrate concentrations in soil water at certain depths. If present within a
few meters depth, the nitrate concentration in the shallow groundwater would represent the
nitrate concentration in the soil water just above the saturated zone. The influence of
wastewater irrigation on the groundwater at a site could most often easily be proven by the
additional analyses of chloride in the groundwater. Wastewater, irrespective of degree of pre
treatment contains elevated concentrations of chloride compared to fresh water or unaffected
groundwater (i.e. in the order of 50-200 mg Cl/I). Chloride is neither subject to precipitation
in the soil nor to microbial transformation. Thus, in most cases it could be used as a tracer for
wastewater.
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Example:
The drainage from afield could be cal culated from the Cl-balance:
[Cl]irr* Irrigation volume + [Cl]prec * Precipitation = [Cl]arain* Drainage volume

Where [Cl] xxx denotes the mean Cl-concentration during the sampling period in irrigation
water, precipitation, and drainage water, respectively. By inserting the corresponding values,
the drainage volumes are easily calculated. The Cl-concentration of precipitation is usualy
quite low, but could be significant in coastal areas. By applying this drainage volume and
multiply it with the corresponding mean concentration of nitrate or any other element, the
leaching losses of that element is calculated. The chloride balance gives a rough estimate of
the water balance for a site, and it should be applied with some care. If it resultsin unrealistic
drainage estimates, a water balance could instead be made based on evaporation estimates.
Such estimates could be established using the FAO model
(http://www.fao.org/docrep/X 0490E/x0490e00.htm).

The Cl-balance approach could be used for leaching estimates when suction cups are used for
extracting soil water. If the groundwater is too deep for sampling and/or if the travel time for
excess water to reach the saturated zone is too long, groundwater sampling is not an option
except for very long-term studies. Instead soil water from the vadoze zone needs to be
sampled for leaching estimates. This could be made using ceramic suction cups. The problem
with this technique is that it will not work on structured soils since it usualy results in
sampling of stagnant pore water that is not part of the mass flow through the soil. However,
on non-structured (sandy) soils, the technique is applicable.

On tile drained soils with rather shallow groundwater, sampling of drainage water could be an
option. It requires access to a sampling point (e.g. drainage outlet or inspection well) which
collects drainage from a known and well defined area representative of the field of interest.
Flow estimates are usually hard to make and then, again, a chloride balance could be made for
estimates of the transport of elements.

3.2.4 Handling of wastewater and sludgesfor minimizing hygienic risks

One of the most common objections against wastewater irrigation or spreading of sewage
sludge is the microbiological risks associated with the presence of various pathogens in
wastewater and sludge. The actual risks to public heath that occur through reuse of
wastewater and sludges can be divided into three categories - those affecting consumers of the
crops grown with the waste, those affecting the agricultural and pond workers who are
exposed to the waste, and those affecting populations living near to a wastewater irrigated
field (Strauss, 2000). It is possible to design, implement or upgrade human wastewater reuse
that do not pose any risk to public health, but this requires an understanding of the occurrence
of excreted infections in the area of concern, of the epidemiological or quantitative risk
assessment in relation to the management of the system and exposure patterns. A broad and
very useful report covering the issue of hygienic risks related to reuse of wastewater and
sludges in agriculture is written by Strauss (2000); "Human waste (excreta and wastewater)
reuse" and could be found at:

http://www.sandec.ch/UrbanA griculture/documents/reuse_health/Human_waste use ETC Sl
DA_UA_bibl.pdf
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Following the recommendations by a WHO Scientific Group, WHO published guidelines for
wastewater use in agriculture and aquaculture 1989 (WHO, 1989; "Guidelines for the safe use
of wastewater and excreta in agriculture and aguaculture: Measures for public heath
protection”;  http://www.who.int/water sanitation_health/wastewater/wastreusexecsum.pdf).
These replaced the previous guidelines from 1973, which by WHO were considered too strict
with respect to the suggested quality parameter for pathogenic bacteria, and in the new
guideline the value was relaxed to 1000 faecal coliforms/100 ml for unrestricted irrigation, i.e.
the irrigation of crops which may be consumed uncooked. However, roundworm egg
guidelinewas (i.e. 1 egg/l). The guideline levels were derived from the results of the available
epidemiological studies of wastewater use, along with a consideration of what was achievable
by wastewater treatment processes. A great deal of evidence was available on the risk of
exposure to raw wastewater and excreta, and on the risks to farmworkers and populations
living nearby wastewater spray-irrigated areas (Shuval et a. 1986). In the WHO guideline the
crop and use of the crop decides the sanitary quality of the wastewater that might be applied
through irrigation. For each of these crop types separate limits for hygienic standards are set:

A. Irrigation of crops likely to be eaten uncooked, sports public fields, public parks,

B. Irrigation of cereal crops, industrial crops, fodder crops, pasture or equivalent,

C. Locdized irrigation of crops in category B if exposure to workers and the public does
not occur.

The WHO guidelines were revised again in 2005, and during first half of 2006, suggestions
for new thresholds will be published in "Guidelines for the safe use of wastewater, excreta
and greywater, vol 2. Wastewater use in agriculture". This document will be available at
http://www.who.int/water sanitation health/wastewater/en/.

FAO applies the WHO microbiological quality standards in its extensive guideline on
irrigation of agricultural crops "Wastewater treatment and use in agriculture” (FAQO irrigation
and drainage paper 47, 1992 by M.B. Pescod,;
http://www.fao.org/docrep/T0551E/t0551e00.htm#Contents).

For the EU, there are no clear rules covering sanitary aspects of wastewater irrigation. In
some countries recommendations have been published in order to facilitate the process of
approving wastewater irrigation practice, but clear rulesin this respect remain to be produced.
This is mainly due to the fact that in most EU member states conventional wastewater
treatment technologies are favoured over cheaper biological reuse strategies because of low
knowledge about the new approaches’ efficiency.
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4 APPLICABLE QUALITIES AND QUANTITIES OF
WASTEWATER AND SLUDGESTO BE APPLIED TO SRPS

In Europe, the percentage of urban wastewater collection varies considerably between
countries (Fig. 4). Once collected, most wastewater is treated to some degree (Fig. 4). Thus,
access to wastewater streams for improved and/or alternative treatment approaches including
irrigation of SRPs is apparently not a substantial problem in most countries within EU (esp. in
the former EU15). The production of sewage sludge in European wastewater treatment plants
is huge (Tab. 2), but the amount of sludge produced per person varies considerably between
countries. In some countries (e.g. France and UK) the percentage of the sludge that is used in
agriculture is fairly high (Fig. 5) probably replacing to some extent commercia P-fertilizers.
If applying the average production figure of 27 kg sSludge per person and year to the
population of EU 15 (382 million), the annual sludge production in EU would be
approximately 10 million tonnes DM per year. The content of phosphorus (P) in this sludge
could then be estimated to around 206000 tonnes per year if assuming a P content of 2% and a
dry matter content of 20% (estimate based on Eriksson, 2001). This amount corresponds to
16% of the annual input of P-fertilizersto agriculture in EU 15 (EUROSTAT). The long-term
need of P-input to SRPs rarely exceeds 10 kg P/ha yr. Thus, the estimated amount of P in the
sawage sludge produced within EU 15 would be sufficient to supply at least 20 million ha of
SRPs with P, an area which corresponds to more than 50% of the EU 15 farmland used for
growing cereals.

OUrban Wastewater collecting system

B Urban wastewater treatment system
100

60 +—

Percent

40 +—

20 +—

ES Fl FR NL SE

Figure 4. Percentage of population connected to urban wastewater collecting and treatment facilities,
respectively in some European countries 2001-2002. Source: EUROSTAT.

18 of 22



BIOPROS - Collective Research Project

Table 2. Population, sludge production, and sludge reuse in EU 15 (from EU, 2001)

Sludge destination Sludge
Population (1000 ton DM/yr) production
(Million) Density (o/km?®) total  reuse percentage  (kKg/person yr)

FIN 51 15 160 115 72% 31
S 8.9 20 - - - -

IRL 3.7 53 113 84 74% 31
E 394 78 1088 589 54% 28
GR 105 80 99 7 7% 9

A 8.1 91 196 68 35% 24
F 60.4 110 1172 765 65% 19
P 10.8 117 359 108 30% 33
DK 53 123 200 125 63% 38
L 0.4 166 14 9 64% 35
I 57.6 191 - - - -

D 82.0 230 2786 1391 50% 34
UK 58.6 242 1583 1118 71% 27
B 10.2 338 160 47 29% 16
NL 15.8 377 401 110 27% 25
Average 49% 27

Figure 5. Annual production of sewage sludge (bars) and percentage reuse of sudge in agriculture (line) 2001
in some European countries. Source: EUROSTAT.

To what degree the European wastewater and sewage sludge meets the requirements in terms
of sanitary standards, and input of heavy metals and persistent organic compounds remains to
investigate. For EU, there are no clear rules covering sanitary aspects of wastewater irrigation.
In some countries recommendations have been published in order to facilitate the process of
approving wastewater irrigation practice, but clear rulesin this respect remain to be produced.
The existing directive on sludge quality for use of sludge in agriculture allows input of heavy
metals in amounts far higher than allowed according to most nationa legislation, and could
therefore not be used for estimations of the applicable amounts of sludge to European
agriculture. Thereis aso alack of information on the quality of sludge produced in different
countries or in EU as a whole. This aso hinders estimates on applicable quantities from the
point of view of the sludge content of persistent organic compounds. Thus, solid calculations
of applicable quantities of sewage sludge to SRPsin EU or within the BIOPROS region could
presently not be made.
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Digital publications and links

Water quality

http://europa.eu.int/comm/environment/water/water-framework/overview.html
http://www.fao.org/documents/show cdr.asp?url file=/docrep/T1765E/t1765e0f.htm

http://www.dep.state.fl.us/water/nonpoint/ero_ man.htm

http://www.dep.state.fl.us/water/nonpoint/ero man.htm

Biodiversity

http://www.vpe.slu.se/ ShowPage.cfm?0rgenhetSida |D=4678
http://www.defra.gov.uk/farm/acu/energy/src-quide.pdf

http://www.defra.gov.uk/farm/acu/energy/src-quide.pdf

http://www.r-p-a.org.uk/content/images/arti cles/srcgpg.pdf

http://www.r-p-a.org.uk/content/images/arti cles/srcgpg.pdf
http://www.forestry.gov.uk/PDF/fcpn7.pdf/$FI L E/fcpn?.pdf

Soil conservation

http://www.naturvardsverket.se/dokument/lagar/f oreskri/snfstext/nf s1994/SNFS1994  02k.ppdf

http://europa.eu.int/smartapi/cgi/sga doc?smartapi! cel exapi! prod! CEL EXnumdoc& |lg=EN& numdoc=
31986L.0278& model =qgui chett

http://europa.eu.int/comm/environment/waste/d udge/organics in_sludge.pdf).
http://www.fao.org/docrep/X 0490E/x0490e00.htm
http://agnews.tamu.edu/drought/DRGHTPAK/SALINITY .htm
http://www.fao.org/docrep/X 5648E/x5648e0e.htmi#a. 10%20sodicity
http://www.smf.govt.nz/results/9018 Tomer Part2.pdf

Management of SRPsfor minimizing environmental impact

http://www.forestry.gov.uk/PDF/fcpn7.pdf/$FI L E/fcpn7.pdf
http://www.defra.gov.uk/farm/acu/energy/src-quide.pdf

http://www1.sac.ac.uk/envsci/External/WillowPower/Willow p.pdf
http://www.fao.org/docrep/T 0551E/t0551e00.htm#Contents
http://www.biomatnet.org/publications/salix se.pdf

http://www.sweco.se/upl oad/bwcwsl ut. pdf
http://www.srw.com.au/updated_info/information_sheetCSMP_020505.pdf
http://www.wioa.org.au/conf_papers/2002/pdf/paper16.pdf
http://www.ffp.csiro.au/pff/effluent _guideline/index.htm
http://www.smf.govt.nz/results/9018 Tomer_Part2.pdf
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http://ohioline.osu.edu/b860/
http://www.wrcpl c.co.uk/downloads/Operational Guidelines Leachate SR-CO5127-Version 2.pdf

Handling of herbicides and pesticidesin SRPs

http://www.fao.org/documents/show cdr.asp?url file=/DOCREP/005/Y 4544E/Y 4544E00.htm
http://www.fao.ora/ag/A GP/agpp/Pesticid/Defaul t.htm
http://www.Irf.se/L rf NodeServl et?command=Il ayout& n=1054

Approaches for monitoring of wastewater application rates and their environmental
impact

www.sentek.com.au

http://www.campbel I sci.com/index.cfm)
http://www.fao.org/docrep/X 0490E/x0490e00.htm

Handling of wastewater and sludges for minimizing hygienic risks

http://www.sandec.ch/UrbanAgri culture/documents/reuse health/Human waste use ETC SIDA UA
bibl.pdf

http://www.who.int/water sanitation health/wastewater/wastreusexecsum.pdf

http://www.who.int/water sanitation health/wastewater/en/
http://www.fao.org/docrep/T0551E/t0551e00.htm#Contents

Applicable qualities and quantities of wastewater and sludgesto be applied to SRPs

http://epp.eurostat.cec.eu.int/portal/page? pageid=1090,30070682,1090 33076576& dad=portal& sc
hema=PORTAL

http://europa.eu.int/comm/environment/waste/sludge/organics in sludge.pdf

22 of 22



