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EXECUTIVE SUMMARY

Milieu Ltd is, together with partners WRc and Risk & Policy Ayss Ltd (RPA) working on a
contract for the European Commi ssi o$t@pgonher ect or
environmental, economic and social impacts of the use of sewage sludge on(D@&nd
ENV.G.4/ETU/2008/0076r).

The aim of the study i provide the Commission with the necessary elements for assessing the
environmental, economic and social impaatsluding health impaci®of present practices of sewage

sludge use on land and prospective risks/opportunities and policy options teldieduse of sewage

sludge on land. This could lay the basis for the possible revision of Community legiSthi®report

summarise information on sludge recycling to landt is the first deliverable of the study on
AEnvironmental, economic and sdcimpacts of the use of sewage sludge ondandf or t he Eur o
Commission (DG Environment). The repéotusson work reported since 2000 but taking account

of important earlier studies. The aim of the report is to ideké&fyinformation that would beslevant

for updating the Directive 86/278/EECh er ei naft er |, t he fvwhelwiathbee Sl ud
principal legislation underpinning the control of sludge recycling to land in the EU.

Topics covered in this report include: sludge production, legs, economics and some social
considerations but the emphasis is on environmental factors. In this way, the report has identified
from the very extensive literature on sludge recycling to,l&rel key factors on which the review of
Directive 86/278/EEC needs to fo@i Thetopicscovered are

Current sludge Production andsposal in the EU

EU andRelatedL egislationon the Use of Sludge on Land
Economicof sludge Treatment and Disposal
Agricultural Value

Contaminants and Pathogens

Water and Air Polltion

Greenhouse Gas Emissions and Carbon Footprint
Stakeholder Interests and Public Perception

Future Trends

Monitoring, Record Keeping and Reporting

Summary of Areas of Uncertainty and Knowledge Gaps
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1 Introduction

The Sewage SludgBirective 86/278/EC was set upto encourage the use of sewage sludge in
agriculture and to regulate its use in such a way as to prevent harmful effects on soil, vegetation,
animals and man. To this end, it prohibited the use of untreated sludge on agricultural lanidlisnless
injected or incorporated into the soil. The Directive also required that sludge should be used in such a
way that account is taken of the nutrient requirements of plants and that the quality of the soil and of
the surface and groundwater is not innedi

Directive 86/278/EC on sewage sludgas based on the knowledge available at the time, including

the evaluation of the risks provided by the COST 68mpragnme dur i ng tSihceitsear | y
adoption, many Member States have, on the basis of cientific insight in the effects of sludge use

on land, enacted and implemented stricter limit values for heavy metals as well as for contaminants
which are not addressed in the Directive.

The most recent estimates reported to the Commission by the M&talbes suggest that more than

10 millions tons DS were poduced in 26 EU Member Stateso(estimate for Maltg of which
approximately 3%, almost 3.7 milliondnsDS, was recycled in agriculture. In the last 10 years, the
total amount of sludge producedshincreased in most of the 15 EU Member States, due primarily to
the implementation of the Urban Waste Water Treatment Directive 91/271/EEC. The quality of the
sludge has also improved quite substantially in the EU 15. The proportion of waste recyatet to
has also changed dramatically. For example, in Finland, SloesigFlandergjuantities going to

land has decreased significantly in recent years while they have increased in countries like Bulgaria.

2 Current Sudge Production and Management inthe EU

This sectio reviews recent information on the production and disposal of sewage sludge in the EU. In
particular, it presents information that can be used in the next stage of the study to develop a baseline
scenario for future production and disgosa

2.1 Sludge quantity and disposal

According tothe figures providedto the European Commissidor the period20032006 personal
communication, 200Table 1), about10 million tonsDM of sewage sludgevere producedn the

EU; 8.7 million t DM in the EU15 and an additional 1.2 million t DM for the 12 new Member States.
This is probably underestimating the total quantities produsetbiaall of the Membe States ha
provided up to datefigures for the latest Commissionsurvey (20032006) and figures from the
previous survey (19992002) (EC, 2006) or from other sources wergduded in the Table. No data
was reported foMalta.

According tothe same sources of informatjoB7%, about3.6 million t DM, was recycled in
agriculture(Table 1) However, he poportionof sludgerecycledin agriculturevaries widely between
different Member Stateand regionsin the Walloon Regior(Belgium), Denmark, Spain, France,
Ireland,andthe UK, 50% or more of the sludge generaseappliedto agricultural landvhile in other
Member stateshere isless than % (i.e. Finland Flemish Region of Belgiumpr no application
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(Greece, Netherlands, Romania, Slovenia, Slovakiaewagesludge to landEC, 2006 Alabaster
and LeBlanc, 2008)

Compared with figureg¢Table 2) provided in the previous Commission survdgs 19951997 and
19982000 EC, 2006) dudge prodution has steadilyincreasedbetween 1995 and 2006 most
Member StatesThis can be attributedhainly to the implementation of the Urban WaswWater
Treatment Drective 91/271/EEC (CEC, 199Bnd alsq in some cases (i.e. Italy and Portygéd
better reporting.However, in some Member States (i.e. Germany, Denmark, Finawede,
although sludge quantittee ad i ncr eas ed , sludge preductioh egears $o8have s
stabilised or even slightly decreaseder the last 5 yeardhis has been attributed to a reduced
consumption of water and an increased treatment of sludge (Jensenl2QI®)4 and 20Q7there
was alsahe enlargement dhe EU with the acession of 10, the2, morenewMember Statesyhich
added another 12% the total sludge production in the EBor the next 5 yeardis trendshould
continuewith furtherinvestment in sewer connectiand wastewater treatmecdapacity especiallyin
the newMember States.

The proportion of waste recycled to land has also changed dramaticaltein yeargTables 1 and

2). While in some Member States, such as France, Portugal, Spain and the UK, quantities recycled to
agriculturehave continued to arease, gricultural application has effectivelyeenbannedin some
countries,e.g. the Netherlandsnd some regions of Belgium (Flanders), of Austria and of Germany,
due to growingpublic concerns abouthe safety of the outleind competition with otheorganic
materials going to land such as animal mantitee Global Atlas (Alabaster and LeGrand 2Q08)
however estimates that there is more than a 50% chance that the benchmark sludge in a European city
would be treated and recycled to land

Incinerationand landfilling are the main alternative methods to agricultural recycling for sludge
managementMost Member Stateigseata proportion of their sludge by incineratiand the residual
ash is usuallglisposed ofo landfill. The amount of sludge that iscinerated significantly increases
when recycling isdiscouragedr banned In Flanderg(Belgium), for instancemore than 70% of
sludge productiors now incinerated(Table 3). Inthe Netherlang about 60% of sewage sludge is
incinerated(Smith 2008)ard in Austria, Denmark and Germany approximately 40 % of sludge is
incineratedSlovenia dries and then sends 50% out of the country to be incinerated.

The total amount oludge destined forlandfills is relatively small overall,and as theLandfill
Directive 99/31/EC (CEC, 199%ets mandatory targets for the reduction of biodegradable waste to
landfill, landfilling of sewage sludgeill be effectively banned Some countriegmainly in the new
Member Stateshowever still depend heavily, or entirely ohis outlet as a means of sluddjeposal
(e.g.GreeceHungary Poland’ see Table 3

Table 1 Recent sewagelgdge production and quantities recycled to agriculture in the 27 EU
Member States Poujak 2007,EC, 2006 EC, persmal communication, 2009 IRGT 2005)

Member State Year Sludge production Agriculture

(tDS) (tDS) (%)
Austria(a) 2005 266,100 47,190 18
Belgium
e Flemishregion 2006 76,254(b) 1,981 3
e Walloon region 2003 23,520 11,787 50
e Brussels regiofiic) 2002 2,792 878 31
Denmark 2002 140,021 82,029 59
Finland 206 147,000 4,200 3
France 2002 910,255 524,290 58
Germany 2006 2,059,351 613,476 30
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Greece 2006 125,977 56.4 0
Ireland 2003 42,147 26,743 63
Italy 2006 1,070,080 189,554 18
Luxembourg 2003 7,750 3,300 43
Netherlands 2003 550,000 34 <0
Portugal 2002 408,710 189,758 46
Spain 2006 1,064,972 687,037 65
Sweden(e) 2006 210,000 30,000 14
United Kingdom 2006 1,544,919 1,050,526 68
Sub-total EU 15 8,649,848 3,462,839 40
Bulgaria 2006 29,987 11,856 40
Cyprus 2006 7,586 3,116 41
Czech republic 2006 22,0700 8,300 25,400 4-12
Estonia(d) 2005 nd 3,316 ?
Hungary 2006 128,380 32,813 26
Latvia 2006 23,942 8,936 37
Lithuania 2006 71,252 16,376 23
Malta nd nd nd
Poland 2006 523,674 88,501 17
Romania 2006 137,145 0 0
Slovakia 2006 54,780 0 0
Slovenia 2006 19,434 27 <0
Sub-total for EU 12 1,216,880 190,341(f) 17
Total 9,866,728 3,653,180 37

a) Austria has not submittefigures to the Commissidor thelasttwo surve)s. Figures presented above
are fromDoujak (2007) from UBA: total sludge production amounts to 420,000 t DM in 2005. This
includes238,100 t DMmunicipal sewage sludge28,000 t DM exportednd 155,000 t DM of
industrial sludge (mainly frometlulose and paper industry

b) Figure for previous year (2008¥for total sludge produceab figure was providedor 2006

¢) No figures submitted to the Commissidtigures from IRGT 2003n the Brussels Regiothere are
now 2 STEswastewater treatmestarted in one STW in 2000 for 360,006 and a second STW was
commissioned for 1.1 M pand started operating in 200& 2002,sludge production in the Brussels
Region amounted to 2800 t DM66% was incinerated, 32% recycled to agriculture and 2% evdd®s
landfill.

d) No figures reported for total sludge production.

e) Estimates

f) Taking into account the highest figure for the Czech Republic.

Table 2 Past(1995and 2000 Sludge production inthe EU-15 (EC 2009

Year 1995 2000
Member State Sludge Sludge used in Sludge Sludge used in
production agriculture production agriculture
(tDS) (%) (tDS) (%)
Austria(a) 390,000 12 401,867 10
Belgium

e Flemishregion 73,325 13 80,708 0 (b)

e Walloon region 14,311 75 18,228 59
Denmak ( c) 166,584 67 155,621 (1999) 61 (1999)
Finland 141,000 33 160,000 12
France 750,000 66 855,000 (1999) 65 (1999)
Germany 2,248,647 42 2,297,460 37
Greece 51,624 0 66,335 0
Ireland 38,290 (199y 11(1997) 35,039 40
Italy 609,256 26 850,504(d) 26
Luxembourg nd nd 7,000 (1999) 80 (1999)
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Netherlandgf) nd 0 nd 0
Portugal(e) 145,855 30 238,680 16
Spain 685,669 (199y 46 (1997) 853,482 53
Sweden(e) 230,000 29 220,000 16
United Kingdom 1,120,00(€) 49 1,066,176 55
Total EU-15 6,664781 42 7,306,342 40
a) Includessludge from municipal treatment plants (60%) and commercial/indust&ment plants (40%)

b)
c)

(especially from cellulose and paper industry)
Since December 1999, municipal sewage sludge is no longer used in agriculture.
Since 1994, annual sludge production in Denmark has been between 160,60@00 t DM with a drop

to 140,000 t DM in 2002.
d) Data not complete for all regions

e) Estimates

f)  Figures reported to the Commission in 1995 and 1999 only covierggesproduced by priva treatment
plants(220 t DM and 242 t DM respectively as since 1995), as since 1995 municipal sewage sludge was no

longer used in agriculture in the Netherlands

Nd no data

Table 3 Disposalmethodsfor sewage sludge in EU MembeStatesas percentage/AMF 2007,
Doujak 2007,Eureau 2006 reported by Smith 2008IRGT 2005, Leonard 2008,COM personal

communication, 2009

Member State Year Agriculture | Landfill | Incineration | Other
of data
Austria(a) 2005 18 1 47 34
Belgium
e Flenish 2005 9 76 14
Region(b)
e Walloon 2005 32 6 62
Region(c)
e Brussels 2002 32 2 66
region (d)
Denmark(e) 2002 55 2 43
Finland 2000 12 6 80 (f)
France(g) 2002 62 16 20 3
Germany(h) 2003 30 3 38 29 (i)
Greecd(j) >90%
Ireland 2003 63 35 3
Italy 32 37 8 22 (K
Luxembourg 2004 47 20 33(l)
Netherlandgm) 2006 0 60 40
Sweden 10-15 2 90-85 (n)
UK 2004 64 1 19.5 15.5 (o)
Bulgaria(p) 2006 40 60
Czech  republig 2004 45 28 26
(@
Hungary(r) 2006 26 74
Poland (s) 2000 14 87 7
Romania(t) 0
Slovenia(u) 2006 >1 50 49
Slovakia(v) 2006 17 83
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a Figures from Doujak2007 from UBA. In 2005, nunicipal sewage sludge production amounted to
238,100 t DM + 28,000 t DM exportecsludge used in agriculture has to meeedsfic legal
requirements which differ from federal state to federal stateeveralfederal statesthere is a ban on
sewage sludge application in agricultufée legal prescriptions and the restrictions for use of sludge
and compost for land reclamari or landscaping are much legsingent; therefore an increasing part
of sewage sludge is used for this purp&ace 2001, thermal treatment has increased from about 30%
to nearly50% . While in 2001, 11% of municipal sewage sludge was sent to lgnol§il2005, this
outlet represented only 1%ludge disposal to landfillasbasicallybannedn 2004 asnew legislation
required thabnly materialmeeting the following criteria ballowed for landfill disposal©5 % TOC
related to total dry solidand 05000 MJ/kg dry solids. These criteria cannot be met by conventional
sludge treatment. Only the ashes afterriacationare meeting these requiremerut of 91,700 t DM
disposed of by thersroutes- 77% are cmposted, 12.3% used in landscapi@gi% intemporay
storageand8.2% in unknown outlets
b The Flemish Region has discouraged the recycling of sewage sludge to land through stricter limit
values due to the large volume of animal manure produced in tioe réghile in 2005, 31% 076,250
t DS were still used in agriculture, land spreagliof sludge in agriculture wastopped in 2006 due to
increasing costs of complying with the recent regional restrict@tieer meansandfill cover.
¢ While landspreadingni agriculture(82% in 1998, 56% in 2008nd landfilling(18% in 1998 and 37%
in 2001) have been the prefed options for yearsthese outlets have now been supplanted by
incineration which was first used in 1999 (2%%6 in 2001) (IRGT 2005, Leonard 2008
d According to IRGT (2005), in 2002, 66% of sludge in the Brussels region was incinerated, 32%
recycled to agriculture and 2% was sent to landfill.
e Denmark has a targdor 2008 to sent 50% of enage sludge taagriculture, 45%to incineration
correspondig t o 25% incineration with recycling of ash
incineration. Agriculture includessludge mineralisation plants, composting, long tst@rage.
Incinerationincludesrecovery, . cement or sand blasting agents (56%tincinerated sludge is
recovered by alternative methodSjudge recycling to agricultural land has been encouraged as a way
of recycling nutrientsFrom 1995 to 2002, however, the relative fraction of sludge recycled to land has
decreased from 70% dovio 60%. Since 1994, the relative proportion of sludge incinerated has stayed
fairly constant at around 20%, while landfilling has decreased to less than 5% (Jensen, 2004).
While in 2004, there was still 9% of sludge recycled to agriculture, it was dodfoton 2005. In
2000,0ther outlets include 27% as landfill cover and 53%dodscaping
g FromAMF 2007 (Data from Agences de | 6Eau for 2002/ 2
h Three of 16 federal states intend to stop agricultural sludge use.
i
J

—h

26% as landscaping and 3 % as other
No regycled to agriculture Stated that most goes to landfill due to joint ownership of WWTP and
landfills by municipalities.

k Includes 19% asomposting, no final outlet given.

I As composting no final outlet given

m Since 1995, in the Netherlandsunicipal sewagsludge is o longer used in agriculturdn 1996, the
majority of municipal sewage sludgeas sent to landfill (82%). Nownost sewage sludge goes to
incineration in the Netherlands or in Germasyme of it after composting or heat drying.

n Including60-65% as construction soil and 1G% vegetation material.

0 Including11% for land reclamation and 4% @smpost and industrial crops

p While there was no recycling to agriculture in previous yéar2004 and 2005/40% of sludge was
reported to be used ig@Aculture in 2006.

g Inthe Czech Republic, in 2001, 48% of sludge was recycled to agriculture, in 2002 and 2003, there
was no sludge sent to agriculture and in 2004, 16% of 206,000 t DM was again recycled to land.

r Recentlegislation regarding maximurwater content of landfilled sludg@t least 25% DM)could
limit this outlet No incineration of sludge.

s Data from Twardowska 2005

t  Fromthe literature review (Crac 20pdlthough Romania does not yet recycled sludge to agriculture, is
intending to do so irthe near future as well as other recovery methods such-eigeration in
cement kilns

u Inthe past, the majority of sewage sludge was disposed of in landfills; however, following the adoption
of a Decree on landfilling of waste, the volume should sjdvd reduced as the landfilling of sludge
from 2008is only authorised for waste withOC < 18% d.m. and calorific value < 6 MJ/kg d.im.
2001, 2002 and 2003, Slovenia recycled 6%, 16% and 9% respectively to agriculture. Since 2003, the
guantities of sluge recycled into compost and on agricultural land have been reduced down to about
one per cent due to concerns about the content in hazardous substances when produced from combined
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wastewater treatment plants in urban and industrial afides.remaining sidge is exported for the
preparation of artificial soil and other recovery methods (not specified but could include co
incineration).

Figures reported are estimates. In Slovakia, in 2004, 23% of sludge was directly spread 5#%and,
was composted and aher 3% was used in land reclamatid®s was landfilled and 11% were placed

in temporary storagdn 2006 there was no direct land spreading in agriculture but 61% was composted
(no final outlet mentioned) and 10% was used in land reclamédtit¥ landfiled and 11% placed in
temporary storagéNo suitable incineration capacity for sewage sludge, but potentiacoeeration in
cement plants.

2.2 Sludge quality

Member States have to provide information to the Commissioth@raverage quality of sludge
recyded toagriculture regarding PTEs (Potentially Toxic Elements) and nutrients (Total nitrogen and
total phosphorus). The information submitted during the latest survey for period 2@006 is
presented in the Table 4 below. The following comments carable:m

The threehighest values for each metallic elements have been highlighted;

There are some large differences in quality between 18 Member States which have provided
information depending on the elements;

Cyprus, ltaly, Latvia, Poland have the sludgataining the highest concentratsdor at least

3 elements.

Sewage sludge contains potentially toxic elements (PTES), including heavy metals, which are from
domestic (i.e. plumbing, body care products, etc.), surfaceffuand/orcommercial andndustrial

origins (see chapter 6 below).has been confirmed by several studies (Smith 2008) that shece

mi d &ofcéndrations oheavy metals in sewage sludge has steathislinedin the EUdue to
regulatory controls on the use and discharge of damge substancewoluntary agreementand
improved industrial practices; all measures leading toc#ssation or phasing out of discharges,
emissions and losses of these PTEs t@thvronment.

Table 4 Quality of sewage sludge fodry solids) recycled to agriculture (2006)(CEC, personnel
communication 2009

Parameter BE DE ES FI IT PT SE UK BG CY Ccz EE HU LT LV PT Sl SK
a,b) b) a) b) b)
Zinc 337 | 713 | 744 | 332 | 879 | 341 | 481 | 574 | 465 1188 809 783 | 824 | 534 | 1232 996 | 410 123
5
Copper 72 300 252 | 244 | 283 | 12 349 | 295 | 136 180 173 127 | 185 | 204 | 356 153 | 190 221
Lead 93 37 68 8.9 101 | 27 24 112 | 55 23 40 41 36 21 114 51 29 57
Nickel 11 25 30 30 66 15 15 30 13 21 29 19 26 25 47 32 29 26
Chromium 20 37 72 18 86 20 26 61 20 37 53 14 57 34 105 127 | 37 73
Mercury 0.2 0.4 0.8 0.4 1.4 <1l 0.6 1.2 1.2 3.1 1.7 0.6 1.7 0.5 4.2 4.6 0.8 2.7
Cadmium 1 1 2.1 0.6 1.3 <04 | 0.9 1.3 1.6 6.9 1.5 2.8 1.4 1.3 3.6 4 0.7 2.5
Total 3.9 4.3 45 34 4.1 1.7 4.5 2.8 7.2 4.1 3.6 4.9 3 2.3 3.9 0.9 3.2 3.8
Nitrogen
Total 6.7 | 3.7 3.6 2.4 2.1 2 2.7 22 |43 4.9 1.9 34 14 0.9 13 0.6 3.9 1.8
Phosplorus

a) Data from the Flemish Region
b) data for 2005 as no values available for 2006

2.3 Sludge Treatment and current practice in EU Member States

Directive 86/278/EECequires that sewagdudgebe treated before it is used in agriculture (Member
States may authorise the injection or working of untreated sludge in soil in certain conditions,
including that human and animal health are not at rishé Directive specifies that for sludge to be
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defined as treated it should have undergone biological, chemical or heat treatmetgtrfoatprage
or any other appropriate process so as to significantly reduce its fermentability and the health hazards
associated with its use.

These overall requireentshave beerinterpreted and implemented within individual Member States
differently, in part based on specifiocal conditions and circumstancd3etailed descriptios of
sewage sludge managemefatr each Member States can be found in the latest adlail
Commi ssi onbds i mpl e me mtgendrdl umtreatad slypdgeristno 16nNget apgli@d0 6 ) .
the Czech Republic Denmark Spain Finland Germany Hungary, Italy Luxembourg the
NetherlandsSlovakia, Slovenia, and in the UKis prohibitedto soreadanyuntreated sludge on land

(EC 2006)

Where sludge igo be used on land, its usually stabilised by mesophilic anaerobic digestion,
aerobicdigestionand then treated with polymers amkchanically dewateredsing filter presses,
vacuum fiters or centrifugs. Other treatment processes for sluggeg to landinclude long-term
storage conditioning with lime,hiermal dying and compsting

In the UK, land spreading of raw, untreated sludge to food crops was banned by the Safe Sludge
Matrix from December 1999, and on land used to growfeod crops from December 2005 (ADAS,
2001).

In the UK, most sludge is stabilisedby anaerobic digestion and must meet other management
restrictions. A site permit is not required but regulatiomtably the Code of Good Practices (CoGP)

and Safe Sludge Matrix (SSMinust be followed. Treatment processes for sludge in the UK are
managed according to the principles of HACCP (Hazard Analysis and Critical Control Point
management(Water UK, 2004). HACCPmplies risk management and control procedures to manage

and reduce potential risks to human health and the environment. The approach has been adopted and
applied to sludge treatment for agricultural application to provide assurance that the microbiological
requirements set out in the Safe Sludge Matrix are andtthat risk management and reduction
combined with appropriate quality assurance procedures are in fhasprevening the useon
farmlandof sludge that does not comply with the microbiologgtahdards.

The periods of prohibition between sludge spreading and grazing or harvesting vary according to the
Member State (EC 2006n Ireland, Spain, Luxembourg, the Netherlands, Portugal and the United
Kingdom the provisions of the Directive applie. sludge must be spread at letdwste weeks before
grazing or harvesting and on soil in which fruit and vegetable crops are growiag,leastten
monthsfor soils where fruit and vegetable crdpat are eaten raare cultivated in direct contact tivi

soil. In the other Member States the rulase generally stricter than those provided for by the
Directive For more detailed information, please refer to the Commission report (EC 2006).

3 EU Legislation, other EU Acquis and Member State  Controls on
the Use of Sudge on Land

3.1 EC legislation

The recycling of sewage sludge in agriculture has been regulated by Directive 86/278/EEC since
1986. The Directiveboth addresses pathogen reduction and the potential for accumulation of
persistent pollutants in 8. The Directivesets maximum limit values for Potentially Toxic Elements
(PTEs) in sludge (Tabl&) or sludgetreated soil (Tabl®) and specifies general land use, harvesting,
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and grazing restrictions, to provide protection against health risks freitua¢ pathogens. The

Directive allows untreated sludge to be used on agricultural l&nidis injected or worked into the

soil. Otherwisesludge shall be treated before being used in agriculture; howbeebirectivedoes

not specify treatment processbut rathed e f i nes Atreated sludgedo as 0fAs
biological, chemical or heat treatment, leiegm storage or any other appropriate process so as
significantly to reduce its ferment(arb2a)i ty and t

The Commissiomow plans to undertake a comprehensive review of the provisions contained in the
Directive. There have been previoeviews ofthis Directive which producediraft proposalghat
included Imit values for Organic Compound®Cs) (TableB).

When considering a review of the Directive 86/278/EEC, it is also necessary to consider other
(especially more recent) directives and how they might regafaitherwise affedthe production and
use of sludge on larak well agestrictother outletdor sludge

e Directive 91/271/EECCouncil Directive 91/271/EEC of 21 May 1991 concerning urban
wastewater treatment
The Urban Waste Water Treatment Directive 91/271/K#B6Gcerns the collection, treatment and
discharge of urban waste watedahe treatment and discharge of waste water from certain industrial
sectors. The Urban Waste Water Treatment Directive 91/271/EEC sets the following targets for
secondary treatment of waste waters coming from agglomerations:
e at the latest by 31 Decemb2000 for agglomerations of more than 15,000 p.e. (population
equivalent);
e at the latest by 31 December 2005 for agglomerations between 10,000 and 15,000 p.e.;
e atthe latest by 31 December 2005 for agglomerations of between 2,000 and 10,000 p.e.
dischargng to fresh waters and estuaries.

Since the implementation of these requirements quantities of sewage sludge requiring disposal have
increased dramatically in Member States. Foreseeing such issue, the Urban Waste Water Treatment
Directive 91/271/EEC encwages the recycling of sludge arising from waste water treatmstdtds

that sludge arising from waste water treatment shall hesed whenever appropriate. Under the
Directive, Member States authorities must also publish situation reports on phesalisof urban

waste water and sludge in their areas.

e Directive 91/676/EEC of 12 December 1991 concerning the protection of waters against
pollution caused by nitrates from agricultural sources

This Directive has the objective of reducing wapetlution caused or induced by nitrates from
agricultural sources and preventing such pollution. To that aim the Directive requires Member States
to designate vulnerable zones that contribute to the pollution of water by nitrates. Within these
vulnerable zonesa code of good agricultural practice should be applied by farm8teh acode
could for example provide periods when the land application of fertilizer is inappropriate ban the land
application of fertilizer to steeply sloping ground or to wataturated flooded, frozen or snow
covered ground. Since the Directive considers that sewage sludge falls within the definition of
fertilizers, such code of agricultural practice should also apply to the spreading of sewage sludge.

e Directive 99/31EC Council Directive 99/31/EC pf 26 April 1999 on the landfill of waste
(Landfill Directive)
EU policy for waste managemeg€CEC 1999)aims to encourage the recovery of value from waste
productsand to reduce the disposal of biodegradable wastes in landfié Landfill Directive
(99/31/EQ implements by obliging Member States to reduce the amount of biodegradable waste that
they send to landfills to 35% of 1995 levels by 20MGis implies thatand filling is not considered a
sustainable approach to sludge managemeheifongterm.
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¢ Directive 2000/76/ECof the European Parliament and the Council of 4 December 2000
on the incineration of waste
Dry sewage sludge can be incinerated to produce energy. Sewage sludge falls within the category of
waste andhus falls undethe scope of Directive 2000/76/E@h the incineration of wastelhis
Directive sets several standards and technical requirements (air emissions, water discharges
contamination, plant designs) that have to be respected by the operators of the plantscineicite
dry sewage sludge.

¢ Directive 2000/60/ECof the European Parliament and the Councilof 23 October 2000
establishing a framework for Community action in the field of water policy Water
Framework Directive (WFD))

CadmiumJead andnercury are degnated Priority Hazardous Substances under the Water
Framework Directive 2000/60/EC, atitlis aresubject to further measures leading to the cessation or
phasing out of discharges, emissions and losses ofgshbstance® the environment as far as

possble. Directive 2008/10%C implements these provisions in the Water Framework Directive. The
Water Framework Directive is discussed further in section 9.

o Directive 2008/105%0n environmental quality standards in the field of water policy
This Directive lgs down environmental quality standards (EQS) for priority substances and certain
other pollutants with the aim of achieving good surface water chemical status and in accordance with
the provisions and objectives of Article 4 of Directive 2000/60/EC. Timg@renmental quality
standardsetin Annex | part A of Directive 2008/10%re tobe applied by Member States for bodies
of surface water. Member States have also the option to apply environmental quality standards for
sediment and/or biota. Member Stataight thus apply stricter measures to sewage sludge in order to
respect these environmental quality standards.

e Directive 2006/118/EC on the protection of groundwater against pollution and
deterioration

This directive complements the Water FrameworkeBlive with additional rules to protect
groundwater. It establishes a regime which sets underground water quality standards and introduces
measures to prevent or limit inputs of pollutants into groundwater. It establishes quality criteria that
take into acount local characteristics and allows for further improvements to be made based on
monitoring data and new scientific knowledge. This Directive might have an impact on the practise of
the spreading of sludge since it provides that the protection of grat@dmay in some areas require
a change in farming or forestry practices. Annex 1 of the Directive sets some groundwater quality
standardsthe spreading of sewage sludge will need to ensure that contaminants do not contaminate
groundwater

e Directive 2008/98EC of the European Parliament and of the Council of 19 November
2008on waste and repealing certain Directives

Directive 2008/98/E€is the new Waste framework Directive tiiays down measures to protect the
environment and human health by prevegtor reducing the adverse impacts of the generation and
management of waste and by reducthg overall impacts of resource use and improving the
efficiency of such useDirective 2008/98/ECdoes not mention sewage sludge. However, it provides
that wastewvaters are excluded from its scdpethe extent that they are covereddblyer Community
legislation (Article 2(2(a).).

Since Directive2008/98/ECentered into force recently, the ECJ has not yet ruled whether sewage
sludge falls within the scope of thDirective as waste or was excluded from it as waste waters.
However,the Directives that refer b s e wa g e assnelllaghg eommission working papeitsis

! Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste and
repealing certain Directives (Text with EEA relevance)
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not mentioned thafi s e wa g e isdéfined gsewaste waterSor example the report fromeh
commissiononthe mp|l ement ati on of the fAcommunity "waste |
of July 2006 only provides that waste oils, sewage sludge, and packaging avasspecific waste
streamseach with different characteristics and managetnssues.

Furthermore the European Court of Justica t h e i L djudgnient, Befiredeyvage sludge
as afn r e s framuhe reatment of waste watdrus making a distinction between waste wsaaed
the products that are generated from itattreent

Finally, in case sewage sludge is considered as waste waters, a preliminary ruling of the ECJ
mentioned that waste waters were to be excluded from Directive 75/442/EC (the former waste
framework Directive) only if such waste waters were covdmgdother legislation (national or
European) that guarantee at least the same level of environmental protection as Directive 75/442/EC.
For example, the Court mentioned that the Urban Waste Water Treatment Directive did not say
anything about disposal of wat e or decontamination of soils and
of environmental protection as high as Directi¥®442/EC This interpretation of the ECJ was

partially taken into consideration by Directive 2008/98/EC which providesvihate wagrs are

excluded from its scope the extat that they are covered by other Community legislation.

Thus, it is probable that sewage sludge when discarded or intended to be discarded is waste that falls
within the scope of the Directiva008/98/EChecaus as the ECJ stressed, it is not waste water but a
residue of it. In case sewage sludge is included into the definition of waste waters it might anyway be
covered by the new framework Directiveoither Community legislation dealing with waste waters

do rot guarantee at least the same level of environmental protection as this Directive

Requirements that must be applied to sewage sludge if sewage sludge falls within the scope of
Directive 2008/98/EC as waste:

First of all, under Article 6 of Directive2008/98/EC certain specified waste shall cease to be waste
when it has undergone a recovery, including recycling, operation and complies with specific criteria

to be developed in accordance with the following conditions: the substance or object is commonly
used for specific purposes; a market or demand exists for such a substance or object; the substance or
object fulfils the technical requirements for the specific purposes and meets the existing legislation
and standards applicable to products; and theofiflee substance or object will not lead to overall
adverse environmental or human health impalkite. criteria shall include limit values for pollutants

where necessary and shall take into account any possible adverse environmental effects of the
substaoe or objeciThus, sewage sludge that fulfils these criteria might not be considered waste
anymore under Directive008/98/EC

Secondly, under articles 10 and 11 Member States shall take the necessary measures as to ensure that
waste is recycled or rased. When it is not possible to do so, under article 12, waste must undergo
safe disposal operations, which meet a certain number of conditions regarding human health and the
environment (article 13). These disposal operations must occur without riskey sa@l, plants or

animals, must not cause noise or odour nuisances, and must not adversely affect the countryside or
places of special interest. Their costs lie with the producer of the waste. Under Article 16, disposal of
waste must answer to the priples of selfsufficiency and proximity, meaning that MS shall
cooperate to set up a network of waste disposal installations.If sewage sludge falls within the scope of
this directive, all these measures will have to be taken into account when dealiiig gigphosal.

2

http://eur
lex.europa.eu/Result.do?arg0=Lahti+Energia&argl=&arg2=_&titne&.chlang=en&RechType=RECH_mot&i
dRoot=10&refinecode=JUR*T1%3DV100%3BT2%3D%3BT3%3DV1&Submit=Search
® http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:62005J0252:EN:HTML
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Thirdly, article 15 deals with management responsibility. Member States must ensure that any original
waste producer or other holder carries out the treatment of waste himself or has the treatment handled
by a dealer or an establishment. Mmmn states may specify the conditions of responsibility for the
whole treatment chain and decide that it is to be borne partly or wholly by the producer of the product.

Fourthly, Member States must require any establishment intending to carry out iwastesnt to

obtain a permit from the competent authority, which shall specify the types and quantities of waste
that may be treated, the technical requirements relevant to the site concerned, the safety and
precautionary measures to be taken, etc. MS maynpt from these requirements establishments
intending to carry out recovery of waste. Under article 34, establishments which carry out waste
treatment operations, or collect or transport waste on a professional basis or produce hazardous waste,
shall besubject to appropriate periodic inspections by the competent authdfgiadlishments that

treat sewage sludge will have to fulfil these requirements if sewage sludge falls into the scope of the
directive.

Finally it is worth mentioning thaDirective 2008/98/EC defineiowa st ed as bi odegr ad
and park waste, food and kitchen waste from households, restaurants, caterers and retail premises and
comparable waste frofiood processing plants. Thus, sewage sludge cannot fall within thrtidefi

of bio-waste.Under Article 22 of Directive 2008/98/EGnember States shall take measures to
encourage, the separate collection ofwaste with a view to the composting andestion of bie

waste, lhe treatment of bigvaste in a way that fulfils a highvel of environmental protection; the use

of environmentally safe materials produced froimwaste.The Commission shall also carry out an
assessment on the management ofwaste with a view to submitting a proposal if appropriéitee
Comrzlission hagome up with a Green paper on the management efvidte in the European

Union'’.

The current measures on bi@ste under Directive 2008/98/EC and the probable future EC
legislation on biewaste will increase the treatment of iaste into compost thato be spread on
agricultural fields. Compost from biwaste might conflict with sewage sludge since compost from
bio-waste might have a better environmental reputation. Indeed there are fewer probabilities that it
contains hazardous substances comparsevtage sludge.

e EC Regulation 1907/2006, concerning the Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH)
The purpose of REACH is to ensure a high level of protection of human health and the environment,
including the promotiomf alternative methods for assessment of hazards of chemical substances, as
well as the free circulation of the substances on the internal market while enhancing competitiveness
and innovation.The Regulatiorapplies to the manufacture, placing on the keaior use of such
substances on their own, in preparations or in articles and to the placing on the market of preparations.

Under the REACH Regulatiorwaste des not fall within the definition of a chemical substance,
preparation or article. Thus, sluelgsewages produceese not directly affected by the REACH
Regulation. However REACH will have an indirect impact on the sewage sludge compastion
may lead to a reduction in the levels of chemicals contained.

e Commission Regulation (EC) No 466/2001
This regulation setgnaximum levels for certain contaminants in foodstuffs set limits for Cd in
foodstuffs 6éas | ow as reasonably achievableb fc
close to background levels which occur naturally in fodfstirom uncontaminated sources. The
spreading of sewage sludge thus needs to respect these requirements (see section 6).

* http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0811:EM{PDF
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e Council Regulation (EC) No 834/2007 of 28 June 2007 on organic production and
labelling of organic products and repealing RegulatiofEEC) N0o2092/91

Regulation No 834/200provides the basis for the sustainable development of organic production
while ensuring the effective functioning of the internal market, guaranteeing fair competition,
ensuring consumer confidence and protectingsamer interests. It establishes common objectives
and principles concerning all stages of production, preparation and distribution of organic products
and their control, and the use of indications referring to organic production in labelling and
advertishg.

This Regulation does not directly refer to sewage slutigavever, @ the requirementfor soll,
aticle 12 of this Regulation provides that 60t h
maintainedand increased by multiannual crop raatincluding legumes andther green manure

crops, and by the application of livestock manure or organic material, both preferablysteonpo

from organic production. o6 It is clear from this
norrorganc production, including sewa sludge, is not allowedr organic production

o Decision 2006/799 establishing revised ecological criteria and the related assessment and
verification requirements for the award of the Community ecelabel to soil improvers

Deci sion 2006/ 799 defines soil i mprovers as Omat
maintain or improve its physical properties, and which may improve its chemical anulfagidal
properties or activity. 6 ylEcolabel do# imprdavess shak complyar d e d
with the criteria set in out in the Annex to Decision 2000/799.
1.1 of the Annex mentions that soils improvers containing sewage sludge shall not be awarded an eco
label.

e Decision 2007/64stablishing revised eological criteria and the related assessment and
verification requirements for the award of the Community ecelabel to growing media
Decision2007/799 defines growing media dsmat er i al other than soil s i
grownd In order to beawarded the Community Eco label, growing media shall comply with the
criteria set in out in the Annex of this Decision. 1.2 of the Annex mentions that growing media
containing sewage sludge shall not be awarded atabeb

e Proposal for a Directive esthlishing a framework for the protection of soil and
amending Directive 2004/35/EC
The Commission adopted a Soil Thematic Strategy (COM(2006) 231) and a proposal for a Soil
Framework Directive(COM(2006) 232) on 22 September 2006 with the objective ttegrrcoils
across the EU. Sewage sludge contains organic matters which reduce soil degradation but can also
contain pollutants that affect the quality of the soil.

Article 3 of the proposd directiveprovides that in the development of sectoral polidiesly to
exacerbate or reduce soil degradation processes, Member States shall identify, describe and assess the
impacts of such policies on these processes, in particular in the areas of regional and urban spatial
planning, transport, energy, agricultunesal development, forestry, raw material extraction, trade and
industry, product policy, tourism, climate change, environment, nature and landscape. Thus, under
this proposal Member States would have to identify, describe and assess the impacts dflsdgage
spreading in agricultural fields on the exacerbation or reduction of soil degradation.

® http://ec.europa.eu/environment/soil/pdf/com_2006_0232_en.pdf
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e Proposal for aDirective on the promotion of renewable energy sourcés.
Biogas can be produced from sewage sludge treatment, via a process called anagrsinn.d
Article 2 of theproposed wlective on the promotion of renewable energy considers that sewage
treatment plant gas is energy from renewable energy sources.

The proposedlirective sets mandatory national targets for the overall share of enengyenewable

sources in gross final consumption of energy and for the share of energy from renewable sources in
transport. Overall, in 2020 there shall be at least a 20% share of energy from renewable sources in the
Community's gross final energy consuropti Such targetare likely tocreate incentivefor the use

of renewable energy sources of biogas from sewage slAggecrease in the production ofdgas

from sewage sludgs expected teontribute tcareductionin greenhouses gas emissions.

3.2 Membe r State legislation and policy

The development of guidelinesodes of practicand statutory controls has been an ongoing process

at national level since the 1986 Directive was implemertedome Member States (i.e. Sweden and

UK), voluntary agreemeatset more stringent requirements than those in the Directive or in national
regulations. Other initiatives have been the development of quality assurance systems, such as in
Germany and Sweden. (This section also provides some information freELhdemters, notably
Switzerland and the US.)

A comprehensive review of national regulatory frameworks has been carried out for the European
Commission by Sede and Andersen (2002). This study reported thaEbSthad adopted more
stringent limits and managentepractices than were originally specified by the Directigiher

through binding rules or via codes or practice and other voluntary agreements (Sede and Andersen,
2002).

For example,he standards for PTEs adopted in different countries vary corsigé€fables5 and
6). In addition, sandards for compounds not included in Dieective (i.e.pathogens andrganics)
have beeset bysome national regulations (Tablgéand §.

For the limit values of ataminants in soitreated sludge (Table 5), ntazational requirements are
similar to the ones specified in the Directive, apart from Denmark, Finland and the Netherlands which
have more stringent limits. Some Member States (Spain, Portugal and the UK) have defined limit
values for different categoried soil pH, while the regulations set by Latvia and Poland and the new
proposed standards in Germany have defined different categories of soil based on their granulometry
(Table 5). In addition, several Member States (Finland, France, Hungary, LuxeniKetirgrlands,
Sweden, Belgium (Flanders) and three Lander in Austria) have introduce limitations in terms of
maximum annual load of heavy metals on a ten year basis.

A comparison of heavy metal concentrations in sewage sludge (Table 6) between Meatdser St
shows that most Member States have more stringent limits than the ones in the Directive.

Agricultural application has been effectively prevented in some countries due to prohibitively
stringent national limit values for heavy metals (e.g. the Nethdsl, Belgium (Flemish region)).
Concerns about the potential consequences for human health and the environment of potentially toxic
substances and harmful microorganisms in sludge have even led to the banning of the use of sludge in
agriculture in some amtries including Switzerland, despite the recognition that there is no
conclusive scientific evidence that the practice is harr(fi@dEN, 2003).

® European Parliament legislative resolution of 17 December 2008 on the proposal for a directive of the
European Parliament and of the Council on the promotion of the use of energefi@rable sources
(COM(2008)0019 C6-0046/2008 2008/0016(COD)
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Table 5 Maximum permissible concentrations of potentially toxic elements in sludggeated
soils(mg kg* dry soil) in EC Member States ad US, (SEDE and Andersen, 2002

Cd Cr Cu Hg Ni Pb Zn

Directive 86/278/EEC | 4 5 100 50140 | 1-15 3075 50300 | 150-300
150(4)

Austria
Lower Austria 1.5/1h) 100 60 1 50 100 200
Upper Austria 1 100 100 1 60 100 300/150(9)
Burgenland 2 100 100 15 60 100 300
Vorarlberg 2 100 100 1 60 100 300
Steiermark 2 100 100 1 60 100 300
Carinthia
if 5<pH<5.5 0.5 50 40 0.2 30 50 100
if 5.5<pH<6.5 1 75 50 0.5 50 70 150
if pH>6.5 15 100 100 1 70 100 200
Belgium, Flanders 0.9 46 49 1.3 18 56 170
Belgium, Walloon 2 100 50 1 50 100 200
Bulgaria
pH=6-7.4 2 200 100 1 60 80 250
pH>7.4 3 200 140 1 75 100 300
Cyprus 1-3 100150 50-140 115 3075 50-300 150:300
Denmark 0.5 30 40 0.5 15 40 100
Finland 0.5 200 100 0.2 60 60 150
France 2 150 100 1 50 100 300
Germany (6) 15 100 60 1 50 100 200
Germany (7)
Clay 15 100 60 1 70 100 200
Loam/silt 1 60 40 0.5 50 70 150
Sand 0.4 30 20 0.1 15 40 60
Greece 3 - 140 1.5 75 300 300
Ireland 1 - 50 1 30 50 150
Italy 15 - 100 1 75 100 300
Luxembourg 1-3 100200 50-140 115 3075 50-300 150300
Estonia (10) 3 100 50 1.5 50 100 300
Hungary 1 751 (8) |75 0.5 40 100 200
Latvia 0.50.9 40-90 1570 0.1-0.5 1570 20-40 50-100
Lithuania 15 80 80 1 60 80 260
Malta
pH 5<6 0.5 30 20 0.1 15 70 60
pH 6-7 1 60 50 0.5 50 70 150
pH >7 1.5 100 100 1 70 100 200
Netherland 0.8 | 10 | 36 | 0.3 | 30 | 35 [ 140
Portugal
Soil ph<5.5 1 50 50 1 30 50 150
5.5<s0il<7 3 200 100 1.5 75 300 300
Soil ph>7 4 300 200 2 110 450 450
Poland
Light soil 1 50 25 0.8 20 40 80
Medium soil 2 75 50 1.2 35 60 120
Heavy soil 3 100 75 1.5 50 80 180
Romania 3 100 100 1 50 50 300
Slovakia 1 60 50 0.5 50 70 150
Slovenia 1 100 60 0.8 50 85 200
Spain
Soil ph<7 1 100 50 1 30 50 150
Soil ph>7 3 150 210 1.5 112 300 450
Sweden 0.4 60 40 0.3 30 40 100
UK(1) 3 400 (5) 135 1 75 300 (3) 20
USA (2) 20 1450 775 9 230 190 1500
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1) For

soi l

pH O5. 0,

(38) Reduction to 200 mg kbproposed as a precautionary measure;
(4) EC (1990)i proposed but not adopted;
(5) Provisional value (DoE,1989).
(6) Regulatory limits as presented in the German 1992 Sewage Sludge Ordinance (BMU, 2002)
(7) Proposed new German limits (BMU, 2007)

(8) Chromium VI
(9) For ph<6

(10) In soilswhere 5<ph<6 it is permitted to use ligerilised sludge

Other elements only restricted in some countries or regions:

e x ¢ ie7@tabo@eupH .61 Zzh = BDO mgikgse(DoE,dl996)p H
(2) Approximate values calculated from the cumulative pollutant loading rates from Final Part 503 Rule (US, EPA 1993);

Arsenic Molybdenum Cobalt
Steiermark 10 50
Belgium (Flanders) 22
Hungary 15 7 30

Table 6 Maximum level of heavy metals (mg per kg of dry substance) in sewagkidgeused for

agricultural purposes. (SEDE and Andersen, 20Q2Alabaster and LeBlanc, 2008

Cd Cr Cu Hg Ni Pb Zn
Directive 86/276/EEC 2040 | - iggg 1625 | 300400 | 7501200 | 25004000
Austria
Lower Austria 2 50 300 2 25 100 1500
Upper Austria 10 500 500 10 100 400 2000
Burgenland 10 500 500 10 100 500 2000
Voralberg 4 300 500 4 100 150 1800
Steiermark 10 500 500 10 100 500 2000
Carinthia 25 100 300 25 80 150 1800
Belgium (Flanders) 6 250 375 5 100 300 900
Belgium (Walloon) 10 500 600 10 100 500 2000
Bulgaria 30 500 1600 16 350 800 3000
Cyprus 20-40 - iggg 1625 300400 | 750-1200 | 25004000
Czech republic 5 200 500 4 100 200 2500
Denmark 0.8 100 1000 0.8 30 120 4000
Estonia 15 1200 800 16 400 900 2900
Finland 3 300 600 2 100 150 1500
France 20 1000 1000 10 200 800 3000
Germany (1) 10 900 800 8 200 900 2500
Germany (2) 2 80 (600) 14 60 100 (1500)
Greece 20-40 500 18?8 1625 300400 | 750-1200 | 25004000
Hungary 10 1000/1(3) | 1000 10 200 750 2500
Ireland 20 1000 16 300 750 2500
Italy 20 1000 10 300 750 2500
Latvia 20 2000 1000 16 300 750 2500
Lithuania ; ; ; ; ; ; ;
Luxembourg 2040 | 10001750 iggg 1625 | 300400 | 7501200 | 25004000
Malta 5 800 800 5 200 500 2000
Netherlands 1.25 75 75 0.75 30 100 300
Poland 10 500 800 5 100 500 2500
Portugal 20 1000 1000 16 300 750 2500
Romania 10 500 500 5 100 300 2000
Slovakia 10 1000 1000 10 300 750 2500
Slovenia 05 40 30 0.2 30 40 100
Spain 20 1000 1000 16 300 750 2500
Spain 40 1750 1750 25 400 1200 4000
Sweden 2 100 600 25 50 100 800

United Kingdom

PTE regulated through limits in soil
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(1) Regulatory limits as presented in the German 1992 Sewage Sludge Ordinance (BMU, 2002)
(2) Proposed new limits (BMU, 2007)
(3) Chromum VI

Other elements only restricted in some countries or regions:

Arsenic Molybdenum Cobalt
Lower Austria 10
Steiermark 20 20 100
Belgium (Flanders) 150
Denmark 25
Netherlands 15
Czech republic 30
Hungary 75 20 50
Slovakia 20

For organic ontaminants(OCs) there is no consistent approach in setting limit values in sludge
between different countries (Tak8g (Smith 2008) Some countries, such as the UK, US and Canada,
have argued that there is no technical justification for gelitimits on OCs in sludge, on the basis that
research has shown that the concentrations present are not hazardous to soil quality, human health or
the environment (US Environmental Protection Agency, 1992b,c; WEAO, 2001; Blackmore et al.,
2006). However, ther countries have established limits for different groups of OCs. For example, in
Germany, limits are set for the persistent compouA@sK (total adsorbable orgarmalogen), PCBs
(polychlorinated bipheny)s and PCDD/Fs (plychlorinated dibenzodioxins and Polychlorinated
dibenzofurans), but ndPAHs (mlycyclic aromatic hydrocarbons) However , Ger manyo6s
revised regulation (BMU, 2007) includes a lirfor one PAH, benzo(a)pyrenand France regulates

PAHs and PCBs, but not PCDD/Fs. Denmark, on the other, hasdestablished controls fobulk

volume chemicals including DEHRBIs(2-ethylhexyl)phthalate), LAS(Linear Alkylbenzene
Sulfonate) and NP/NP@&onylphenol/Nonylphenol Boxylate).

Table 7 Standards for maximum concentations of pathogensin sewage sludge(Sede and
Andersen, 20@; Alabaster and LeBlanc, 2008)

Salmonella Other pathogens
Denmark a) No occurrence Faecalktreptococci:< 100/g
France 8 MPN/10 g DM Enterovirus: 3 MPCN/10 g of DM
Helminths eggs: 3/10 g of DM
Finland (539/2006) | Not detected in 25 g Escherichia coli <1000 cfu
Italy 1000 MPN/g DM
Luxembourg Enterobacteria: 100/go eggs of worm likely to é
contagious
Poland Sludge cannot be used in agriculture if
contains salmonella

a) applies to advanced treated sludge only
b) tbci need to be checked
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Table 8 Standards for maximum concentrations of organic contaminants in sewage sludge

(mgkg-1 DS excet PCDD/F: ng TEQ kg-1 DS) (CEC 1986,EC, 2000and 2003; SEDE and

Andersen, 2002 Alabaster and LeBlanc, 2008 and Smith, 2008;)

Absorbable | Bis(2- Linear Nonylphenol/ | Polycyclic Polychlori | Dioxins/Fu | others
organic ethylhexyl) Alkylbenzene | Nonylphenol | aromatic nated rans
halides phthalate Sulfonate ethoxylate hydrocarbon | biphenyls (PCDD/F)
(AOX) (DEHP) (LAS) (NP/NPE) (PAH) (PCB)
Directive ) ) ) ) ) ) )
86/278/EEC
EC (2000)a) | 500 100 2600 50 6b 0.8c 100
EC (2003)a) 5000 450 6b 0.8c 100
Austria
Lower
Austria 500 - - - - 0.2 d) 100
Upper
Austria 500 0.2 d) 100
Vorarlberg - 0.2d) 100
Carinthia 500 6 1 50
Denmark
(2002) 50 1300 10 3b
France Fluoranthene:
4
Benzo(b)fluor
anthene: 2.5 0.8¢)
Benzo(a)pyre
ne: 1.5
Germany
(BMU 2002) 500 0.2¢e) 100
Germany MBT+O
(BMU 2007) BT:0.6
f) Benzo(a)pyre Tonalid:
400 ne: 1 0.1e) 30 15
Glalaxoli
de:10
Sweden - - - 50 3b) 0.4c) -
Czech
Republic 500 0.6
a proposed but withdrawn
b sum of 9 congeners: acenapthene, flnerghenanthrene, fluoranthene, pyrene, benzo(b+j+k)fluoranthene,
benzo(a)pyrene, benzo(ghi)perylene, indeno(iciFpyrene
¢ sum of 7 congeners: PCB 28, 52, 101, 118, 138, 153, 180
d sum of 6 congeners:PCB28,52,101,138,153,180
e Per congener
f  Proposed new ling in Germany (BMU 2007)

The remainder of this sectioaviews the rules and requirements in selected Member States.

In Swedenthe Swedish Environmental Protection Agency (Naturvardsve(&&EPA) by mandate

from the Government has implemented the Divecthrough theRegulation regarding protection of

the environment, and in particular of the soil, when sewage sludge is used in agrifkiingrelse

SNFS (1994:2) med foreskrifter om skydd for miljon, sarskilt marken, nar avloppsslam anvands i
jordbrulet). The Regulation is more stringent than Bieective in that it bans the usage of sewage
sludge on pastureland aitdegulates the necessary analyses for toxins in soil and sludge. Besides the
Regulation, Sweden has adopted legislation on several e8pects of sewage sludge such as
maximum permissible concentrations of potentially toxic elements in sewage sludge for commercial
use, management of fertilizers (including sludge) in agriculture, requirements and permissions for
sewage water treatmentaplks, deposit of sludge eto. 1994, SEPA, the Federation of Swedish
Farmers (LRF) and the Swedish Water and Waste Water Association (VAV) signed a voluntary
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agreement regarding quality assurance. This has primarily led to additional requirementsnios orga
and the creation of a consultative grourp.Sweden a quality assurance system (ReVAQ) has been
designedn concertby the concerned parties, water companies, farmers, nature conservation and the
food industry. These stakeholders studied the riskstlagwl agreed the standards that they would
endorse for using treated sludge on land. Aspects of the DIN ISO certification are included in the
system.A pilot implementation has been successful and the next phaseesélmpit as a national
schemeTwo main drives have been the need to heighten acceptance of and trust in the use of sludge
in agriculture ando aid the achieving of national environmental targets (EWA 2008).

In the UK, a voluntary code was agreed in 2001 between the UK Water IndustBritistd Retail

Consortium, known as the Safe Sludge Matrix (ADAS, 2001), that requires more rigorous control over
sludge treatment, pathogen removal and use on land than was previously required by the guidelines in
the Code of Practice for Agricultural Usef Sewage Sludgend the Statutory Instrument (DoE, 1989;

UK SlI, 1989) implementing the Directive. Importantly, the Matrix also introduced a two tier system of
treatment for sludge with regard to the extent of pathogen removasktactdand use contrsl that
wereanal ogous to the US EPAOGs Class A and B path
Standards for the Use or Disposal of Sewage Sludge for agricultural use of sludge (US EPA, 1993).

In France, agricultural use of sludge is regulated by Decree No. 1133 of December 8, 186d@ by

the Enforcement Order dated January 8, 1998. This recent legislation was implemented in the broader
context of the 1992 Water Act, the 1975 and 1992 Wastealckshe Health Code. In particular, the

1992 WasteAct restricts the landfilling of sewage sludge from 2002 onwards: from this date,
landfilling is Ilimited to waste that cannot be
wasteo) .

Francedbds 97/ 1133 Decree estsutige ondamc s prefinhinary studye f or e
must be carried out by the sludge producer identifying the sludge treatment and quality as well as the

soil quality. In addition, a land spreading forecast must be established each year, specifying the
guantities of sldge to be spread on land, the scheduling of each spreading operation as well as the
parcels which will receive sludge. A report on the sludge spread on land and on the resulting impacts

on soil qualities must be prepared at the end of the year (definechas end of the fa
campai gno) . Both the | and spreading forecast ar
authorities by the sludge producer.

The spreading on land of more than 800 tonnes of sludge (DM) per year is subject to &iotiorisa

For industrial sludge a preliminary studyrequired forsuch a permit and must include an evaluation

of health risks. The French association of land spreading operators have developed a methodology to
evaluate health risks of spreading operati@$RREA 2007)Since March 2004 there are standards

of quality regarding composted sludge approved by national authorities. The compost which reaches
this quality standard is being considered as a protareover a quality assurance scheme regarding

the teneficial reuse of sludge in agricultureshHaeen set out by the SYPREA. Thigigvencriteria

which are controlled every year by an independent bgualgrantee the respect of the best practices of
sludge land spreading

The French legislation on the spding of sewage sludge is globally more stringent than Directive
86/278/CEE. For example, it provides that minimal distances should be respected between housings,
river banks, bathing places, water wells, shellfish zones and the place where sewage sludgel.
Furthermore, unlike Directive 86/278/CEE, the French legislation bans the spreading of sewage sludge
when the ail is covered by snow or frost oluring periods of strong rainfall, atidbans application
onslopes.

In Germany the applicatiorof sewage sludge on land is regulated bySheage Sludge regulatiof
15 April 1992 (Klarschlammverordnung, AbfKi&rlast amended 20.10.200@BMU, 1992) This
1992 regulatiorstrengthened an earlier (1982) versionirodudgng more stringent limitvalues for
heavy metal The use of untreated sludge is generally forbiddes is he use of sludge on
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horticultural, grassland, forestry larahland in protected areagnland in water proteatn areas, and

on river banksField vegetables may not beogm on land if sludge has been applied that year or the
year before. If crops are used as fodder, sludge can only be applied before seeding and has to be
incorporated into the soilAlthough there are a number of restrictions governing the spreading of
sewage sludge in agriculture, there are still concerns in some parts of Germany that the law governing
this outlet is not strict enough.

In 2007,a draft for a new ordinance for sewage sludge (BMU, 2007) was issued by the Ministry of
Environment (BMU), folbwing an expert seminar held in December 2006 at the BMU in Bonn
(www.bmu.de/abfallwirtschaft/fb/klaerschlamni)elegates from some Federal States wanted to ban

the agricultural use of sewage sludge, mainly because of concerns over the accumulatiomof orga
contaminants in the soil (e.g. Bad@firttemberg (Kaimer (2006)), but recognised that this would not

be possible under existing EU and German national legislaitrough the Federal Ministry for the
Environment (BMU) as well as most Lander do ngiprt a total ban of the use of sludge on land,
some of the Lander think that the currently discussed revision of the German sewage sludge regulation
does not go far enough and a total ban should be made possible. In June 2008 the Bavarian Minister
for the Environment requested an EU wide ban of the use of sewage sludge on land or a provision in
the directive for Member States to allow a ban. Bavaria has already reduced the amount of sludge used
from 55% in 1997 to 20% in 2008. Thandwants to further redce this amount by buildingeveral
incineration plants at waste water treatment plants. Baddirttemberg alsdvas proposedn end to

the use of sludge on agricultural laadd hasa | r eady i ni t i ahyeestricting cérthie f act
agricultural sbsidies to farmers that do not use sewage sludge on their fields

The main issues of the 2007 draft revision are a significant reduction of existing limit values for heavy
metals and new limit values for organic substances (lower limits for dioxins/difoeaas, and some

PCB congeners, and the introduction of a limit for benzo(a)pyrene). It was envisaged that the process
of adopting the revised ordinance would be initiated in autumn 2008.

In theNetherlands, Directive 86/278 has been transposed inteonat legislation mainly through the
iDecree on the quality and wuse of ot her organi
organi sche meststoffen), abbreviated as fABoomod |
1st of January 1998 after the Commission concludeuh the failure of a timely transposition of the

directive in 1990. In 1998, the original decree was replacgd a new fADecree on t he
of other organic fertilisersdo (BOOM 1998).

In sum, the mvisions of Chapter Il of the Decree concern the quality of organic fertilizers other than

of animal origin such as compost, mud and other sediments, comjmogirticle 8 includes measures

for analysing and certifying these substances. The producers of the fertilizing substances are obliged to
keep a register in which the information specified in Article 9 is inserted. Chapter |l establishes rules
with respect to the use of the fertilizing substances concerned. The use of fertilizing substances other
than those which are in conformity with requirements laid down in the attachments is prohibited by
Article 12. Articles 281 36 contain rules respecting the tdisution on the land of fertilizing
substances concernebhe 1998 Boom Decree sets more stringent limit values for heavy metals in
sludge and in soil than the Directive. This has essentially ended the spreading of sewage sludge on
agricultural land in th Netherlands. In principle, the use of sewage sludge is not allowed on land that

is not used for agricultural purposes (Article 14 of the Decree). The requirements of quality are based

on the Fertilisers Law (Meststoffenwet, 1986), whereas the normearasased in the Law on soil
protection of the (Wet bodembescherming, 1986 and amendments). The 1998 Decree has been
amended in 1996, 2001 and 2005 éawing the Decree use of Fertilizers of Animal Origin 1998, the
Decree Quality and Use of Remaining @ngc Fertilising Substances, and the Decree Discharge Open
Cultivation and Livestock Breedingbtrengthening of norms regarding the use of nitrogen in the
Netherlands is mainly based on laws transposing both the Nitrates and Water Framework Directive.
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4 Economics of Sudge Treatmentand Disposal

Agricultureapplication, incineration or landfilling are the main routes for sludge management across
Europe The amount of sludge that is incinerated significantly increases agranlturalrecycling is
disoourageddr bannedincreasingly, the landfill option is becoming restricted to the disposal of ash
from theincineration of sludge. Minor routes include land reclamation and incorporation, usually of
ash, into building materials. The incorporation of whallelge into bricks has also been tried. These
minor routes will not be considered further at this point.

Of the developing processes, pyrolysis is probably the most significant. This can be viewed as an
alternative to incineration and may prove to bdowsfer cost. The solid char that is produced may,
however, not prove that easy to dispose of. Sometimes the char is incinerated which would appear to
remove much of the advantage claimed for pyrolysis. Pyrolysis will not be considered further in this
sectbn but new technology options will be considered in ileat stage of reporting (Task. Dried

sludge can be used as a fuel in e.g. power stations. This could be viewed as incineration in stages,
though in this case the ultimate disposal route may nai k@andfill. In the UK, power stations are not
allowed to burn waste material without meeting the stricter flue gas requirements applicable to waste
incinerators, which makes this option unattractive to the electricity generators. No costs are given for
this route.

Any disposal option/route requires the sludge to be treated in a range of unit processes which
contribute to the overall cost. These include:

e Mechanical thickening and dewatering with the aid of polyelectrolytes for sludge
conditioning.

Anaerdic digestion

Drying.

Lime treatment

Heating for pasteurisation.

Incineration

Composting

Landfilling. Also land reclamation.

Use in agriculture. A variant is silviculture where sludge is used in a fast rotation coppice.
Transport

Storage

Many sludgdreatment processes require odour control plant.

As well as the capital costs, there are operating costs which include:

e Labour

e Energy. Drying in particular is a major user of energy and composting is a moderate user.
Anaerobic digestion produces meatieawhich is usually used in combined heat and power
engines to produce a significant surplus of electricity, which can be sold. Incineration also
generates electricity but less than used within the process.

e Transport fuel

e Chemicals such as polyelectr@yand lime. Lime is used for lime treatment and also to treat
incinerator flue gas.

¢ When a sludge product is used in agriculture, the farmer requires less chemical fertiliser. This
is a monetary benefit, whether it accrues to the farmer as is usuatiggher to the operator
responsible for the sludge.
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e Even when the use of chemical nitrogen and phosphorus is reduced according to the levels of
available nitrogen and phosphorus in sludge, crop yields can be higher. This could be due to a
portion of the Nor P in the sludge classed as unavailable, actually having some availability, or
to other nutrients in the sludge or to the organic matter acting as a beneficial soil conditioner.
The extra crop yield can be given a value.

¢ Instrumentation and analysis asmted with regulatory requirements.

o Landfill tax and landfill gate fees.

A costing exercise for the European Commi ssi on
s ewage (SetleandAndedsen, 2002 Where costs have been obtained by WRese have been
in broad agreement.

These costs are shown in Figdrén 2002 Euros.
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Figure 1 Average internal costs of sludge disposal and recycling in Europe (Euro/ tonne dry
matter)

(From SEDE AND ARTHUR ANDERSEN (2002pisposal and Recycling Routes for Sewage Sludfigropean
Commission, DG EnvironmeiitB2, 2002 Available at: http://ec.europa.eu/environment/waste/sludge/sludge_disposal.htm)

The costs in Figuré include operating costs and annualised investment costagdal items. Two of

the most commonly employed options are Route #3, the use of sludge cake, usually digested, in
agriculture at 0210/t DM, and Route #6, inciner
that were not costed included limedmment and any that involved drying. The use of limed raw

sludge cake in agriculture in the UK, is cheaper than the use of digested sludge cake (Route #3).
Drying is very energy intensive and any route that involves drying would be at least as expensive as
dedicated incineration. Despite its expense, drying is used quite frequently since it offers great
flexibility to the operator in terms of storage and final destination.

Costs for routes based on use in agriculture assumed that extended storagepepdds9 months

were required. I f these were not required, cost
with the situation in the UK, where with 3 months storage, the costs for using digested sludge cake in
agriculture are around 50% those @ditated incineration. If additional storage is required this is
assumed to be carried out by the farmer at the-§iield at no extra cost.
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Incinerators require extensive maintenance. If full throughput is required at all times, extra standby
capacity § required, increasing costs by 50%.

The costs in Figurd include any benefits from energy recovery but not the value of displaced
chemical fertiliser, which was costed separately. The value of displaced chemical fertiliser plus
additional crop yield foa range of sludge products is shown in Fidure
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Figure 2 Internal benefitsofs | udge recycled to | and (uU/tDM)

(From SEDE AND ARTHUR ANDERSEN (2002pisposal and Recycling Routes for Sewage Sludfigopean
Commission, DG Envonmenti B2, 2002 Available at: http://ec.europa.eu/environment/waste/sludge/sludge_disposal.htm)

When comparing routes, the appropriate benefits from Figusbould be added to the costs in

Figurel. As an exampl e, to t befslugesdke indgricultard, Boute #3DM f o
shoul d b5S/tDMdfat thel benefit of reduced fertiliser requirement and increased crop yield
resul ting i n DN, whch coulchredace furthdr gienh the low storage assumption. This
isverymuth | ess than the 0320/t DM for dedicated inc

In the Sede andAndersen(2002 study a range of external impacts was quantified. Some of the
impacts from airborne pollutants are quantified in monetary terms but this goes beyond the scope of
this setion.

Current estimates are that 45% of the EU15 total of 9 million tDM of sewage sludge are used in
agriculture CEC 2006b, Alabaster and LeBlanc, 2D0B this route was lost, to be replaced by
incineration, the cost liengerlyshr. Anéersenfsugdestesl a poficd & r o f
pollution prevention, needed to maintain the agricultural route in the light of the draft revisions to the
regulations regarding the use of sewage sludge in agriculture, would cost a similar amount.
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5 Agricul tural Value of Sewage Sudge

Application of sewage sludge to land recycles nitrogen (N), phosphorus (P), other macronutrients
(such as calcium, potassium and sulphur), micronutrients (such as copper and zinc) and organic matter
and so confers very posié agricultural benefit Sewage sludge has also been used successfully in
land reclamation, on forest land and in other land applications.

The focus of investigations into the agricultural value of sewage sludge has been on the availability to
crops ofthe N and P it contains and the soil conditioning capability of its organic matter content. The
availability factor is the key to determining the fertiliser replacement value of sludge and thereby
guantifying its agricultural benefit to farmers.

The avdiability of sludge N to crops is broadly in the range8B8%6 compared with the availability of

N in inorganic fertiliser. The availability of N in sludge is largely determined by the treatment process
given to the sludge before application to the lande@ien of sludge treatment process is concerned
principally with factors such as stabilisation, sanitisation and volume control but it is also important, if
the sludge is for agricultural use, to have a sludge product which farmers will want to apgiy to th
land. In general terms the N in anaerobically digested, dewatered sludge c&420y solids
content) will be at the low end of the scale-@®%o available) whilst liquid digested sludge8% dry

solids content), which contains readily plaviilable ammonia, will be at the high end of the scale

(up to 85% available). Dewatered sludge cake has logistical advantages over liquid sludge and is the
sludge product most widely used in agriculture. Sludge cake has the positive attribute that much of its
N content is combined with organic matter and will be slowly released to the growing crop roots in the
soil as the organic matter decays. Also, the dry solids: N content of sludge cake is comparatively high
so an application of sludge cake will add morgaoic matter to the land before the N limit is reached.

P availability is less influenced by sludge treatment process is likely to be about 50% available in most
sludge products. In the case of advantedted thermally dried sludge products nutriergilability

may be influenced by the physical properties of the dried material. Hard dry sludge pellets of 90%-+
dry solids content will break down only gradually in the soil causing very slow release of nutrients.

Thus the agricultural benefit of sludgeoducts has been defined as effectively as is possible for an
organic material and many farmers use sludge products, recognising their value and economic benefit.
Sludge may be supplied free to the farmer or there may be a charge for a service whidhakaldd
derivation of rate of application (usually based on the N requirement of the crop and often in the range
5-10 tonne dry solids of sludge per hectare), supply and incorporation of sludge andufollow
monitoring. Demand for sewage sludge in agrimaltand for other land uses would undoubtedly be
enhanced if it was clearly recognised as a product not a waste, and was accepted as being suitable for
use in organic farming and other organic growing practices.

The limiting factor determining the ratd application of sewage sludge to the land is usually the
maximum permissible addition of total N which for most purposes is 250 kg N/ha per year as set out
in the Nitrates Directive 91/676/EEC. This figure will be reduced in Nitrate Vulnerable ZoneS to 17

kg N/ha per year. In some circumstances it may be permissible to apply 500 kg N/ha every 2 years if
the N availability of the material is low as could be the case for dewatered sludge cake and sludge
compost. This would be good for soil conditioning megs as such an application would supply a
beneficial quantity of organic matter to the land. In particular, effective land reclamation operations
often require heavy applications of organic matter and nutrients to itageigmpoverished substrates.

Ratke of application of sludge may also be limited or not permissible where the P index of the soil is
comparatively high (3+) and the P restriction may extend as the requirements of the Water
Framework Directive are implemented. Sewage sludge ig&hPertiliser product in terms of its P/N
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content in relation to the P/N requirements of crops. Thus an application of sludge to the land to meet
the N requirement of the crop will exceed its requirement for P. Any move to change the permissible
rate of applicion of sludge to land away from the N factor to a baseline determined by the crop
requirement for P would have serious implications for the operational viability of the agricultural
outlet for sludge because the rate of application would be significautlyced. Smith (2008) in his
review noted that P concentrations in sludge are increasing with the expansion of P removal during
wastewatertreatmentand so careful management of nutrient inputs to soil in sludge is necessary to
avoid excessive Rapplicaton. Smith (2008) considered that more information was required on the
long-term fate and release of P in sludgsated agricultural soil in order to assess the agronomic
benefit of P and the efficiency of P utilisation by crops. This information is neasledbasis for
controlling P accumulation in soil and for minimising risk to the water environment.

Directive 86/278/EEC states thatVhereas sludge can have valuable agronomic properties and it is
therefore justified to encourage its application in@gdture provided it is used correctly; whereas the

use of sewage sludge must not i mpair the qual.
Directives at es al s o ithe sluligetshaltbe esedSin stich a way thai account is taken of

the nutrient needs of the plantdatat the quality of the saéind of the surface and ground water is

not i mpairedo. These broad requirements remain
have available more detailed guidance on how to utiféectively the nutrient and organic matter
content of sludge in agriculture, based on information obtained from field trials carried out on local
farms. In view of this, it would seem to be unnecessary to alter 86/278/EEC as regards sludge
utilisation andnutrient management with the proviso that a watching brief is kept on P and more
information is obtained about the accumulation and fakeio sludgetreated soils.

6 Contaminants and Pathogens

6.1 Potentially Toxic Elements

The potentially toxic elemas (PTES) include heavy metals and other inorganic elements which may

be found in sewage sludge. When sludge is applied to the land the PTEs will tend to accumulate in the
cultivated layer of topsoil and following repeated applications of sludge the Rlistheoretically

accumulate to toxic concentrations which might adversely affect for example crop growth and quality,

sdl fertility and thefood chain Directive 86/278/EEC sets limits for cadmium, copper, nickel, lead,

zinc and mercury. Chromium was tre list but was not given a limit. Some Member States have set

limits for more PTEs e.g. in the UK there are additional guideline limits for arsenic, fluoride,
molybdenum and seleniuifsee sectior8). The way in which Directive 86/278/EEC sets the PTE

limits is flexible because they are given as permissible ranges in both soil and sludge and
implementationThe Directive states 6 Wher eas, moreover, it is neces
from being exceeded as a result of the use of sludge; whevdhasgs end, it is necessary to limit the

amount of heavy metals added to cultivated soil either by setting maximum quantities for the amounts

of sludge used per annum and ensuring that the limit values for the concentration of heavy metals in

the sludgeused are not exceeded or by seeking to ensure that limit values for the quantities of heavy
metals that can be added to the soil on the basisclaela r aver age are not exceeée

New developments on PTEs in sludge recycled to land include the dffatioo soil microorganisms

and soil fertility, and the impact of Cd in soil on Cd concentrations in certain foods. Effects of PTEs
on soil microorganisms and soil fertility have been the subject of detailed field investigations in the
UK (DEFRA 2002, DEFR 2007) Definitive effects requiring changes to the soil metal limits have
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yet to be identified but the findings confirm that the precautipohange for Zn from 300 mg/kg
200 mg/kg for soils of pH value 5i57.0 was appropriate.

Commission Regulain (EC) No 466/2001 setting maximum levels for certain contaminants in
foodstuffs set |limits for Cd in foodstuffs das
principle. The limits are close to background levels which occur naturally adsfoffs from
uncontaminated sources. The levels for Cd in cereal grains and offal may not be demgttithe

existing soil limitof 3 mg Cd/kg where sludge is recycled to land. This needs further evaluation
however,concentrations of Cd (and indeetiother PTES) in sludge have declined substantially over

the yearsdue totighter controls on discharges from industrial premises and reduction in the use of
PTEs in industryIn practice, it is unlikely that applications of sludge to the land, at ratesntined

as they are by N content, would increase the concentration of Cd in the soil to the extent that the limits
for Cd in grain or offal would be exceeded.

A recent risk assessment of sludge in soil conducted by INERIS for EFAR considered theepoése

the metals, cadmium, chromium Ill, copper, mercurgkel, lead and zinc (together with the organic
compounds, mentioned in drafts related to revision of the Sludge Directive in EFRSIR,(2008).

They evaluated the potential hazard of each saobstto derive a toxicological reference value (TRF),
which they compared with an exposure value to give a hazard quotient (Exposure + TRF), a value over
1 being considered concern for human health. The exposure value considered consumers, neighbours
and famers as receptors, and ingestion via soil, water, animals, vegetables and fish for a 70 year
lifespan. The results confirmed that the major exposure pathway is the ingestion of plants and animals.
The major substances were the heavy metals, zinc, ledmhiwgza, copper and nickellhe study
concluded that the contribution of sludge spreading to land to the global risk is low compared to the
ingestion of food produced on ngpread lands. Nevertheless, teport suggested reduction in the
permissible Pb ancentration in sludge for recycling from a maximum of 750 mg/kg ds (in
86/278/EEC) to 500 mg/kg. This would achieve an acceptable level of risk with 70 years of exposure
based on very conservative assumptions.

Smith (2008) points out that there remaingher scope to reduce the concentrations of problematic
contaminants, and PTEs in particular, in sludge. He suggests that this should continue to be a priority
and pursued proactively by environmental regulators and the water industry as improvirgnmitalch
quality of sludge as far as practicable is central to ensuring thedomgsustainability of recycling
sewage sludge in agriculture.

Monitoring and research needs to continue to assess the significance of new developments (including
PTEs of newinterest e.g. tungsten) as they arise.

6.2 Organic Contaminants

The presence of organic contaminants (OCs) in sludge has been considered to a much greater extent in
recent yearsthe European Commission and JRC has launched their own review in 2001 (BC 200

The list of potential contaminants that have been detected in sludge is now extensive and includes:
products of incomplete combustion (polycyclic aromatic hydrocarbons (PAHSs), polychlorinated
biphenyls (PCBs) and dioxins), solvents (e.g. chlorinatedafinas), flame retardants (e.g.
polybrominated diphenyl ethers), plasticisers (e.g. phthalates), agricultural chemicals (e.g. pesticides),
detergent residues (e.g. linear alkyl sulphonates, nonylphenol ethoxylates), pharmaceuticals and
personal care prodts (e.g. antibiotics, endogenous and synthetic hormones, triclosan) (Smith, 2008).

Some countries such as UK, USA and Canada have not set any limit on OCs in sludge suggesting that
research indicates that concentrations present are not hazardous toheatttanthe environment or

soil quality. However, other countries have set limits for some OC groups. For example, Germany has
set limits for PCBs and dioxins but not PAHs while France has limits for PAHs and PCBs but not
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dioxins. Denmark has set limiterfa range of OCs including linear alkyl sulphonates, nonylphenol
and nonylphenol ethoxylates and the phthalate, di(ethylhexyl)phthalate (DEHP). Therefore, agreement
on which OCs should be regulated in sludge could prove to be a major point of discussiothay
Sludge Directive is considered for revision.

A considerable amount of information is known on the fate and behaviour of these substances to
enable assessment of their potential effects on human health. Ingestion of crop plants and grazing
livestok that have taken up OCs from sludge is a potential exposure route for humans. OCs have a
number of physicochemical properties which may affect their behaviour in sludge and potential uptake
into plants and animals. OCs include volatile compounds whichiagidly lost to the atmosphere

from sludge and sludeeeated soil; compounds with little persistence which are mineralised by
microorganisms; and persistent compounds which are strongly absorbed to sludge and the soil organic
matrix. Compounds with somegater solubility have a greater potential for plant uptake but are also
more susceptible to rapid degradation or lost through volatilisation or leaching. For example,
nonylphenol and nonylphenol ethoxylates have the potential for uptake by crops bupidhe ra
degraded in soil (halife of 20-60 days for nonylphenol). The principal concern for livestock grazing

on sludgetreated pasture is the potential accumulation of lipophilic OCs in meat fat and milk. Of the
main OCs, only the chlorinated hydrocarbomeet this criterion. The review of Smith (2008) suggests

that the potential impact of OCs on grazing animals, in terms of subtle physiological responses is very
difficult to measure in practice.

The polymer, polyacrylamide, is used extensively as agmtyrolyte to aid mechanical dewatering of

sludge and may constitute up to 1% of the dry sludge. Small amounts of the unchanged monomeric,
acrylamide, may be present with the polymer and this has the potential to Nerm
nitrosodimethylamine. While the poher is inert, both acrylamide amdnitrosodimethylamine are

under assessment as potential carcinogens (both classified as 2A, probable human carcinogens, by the
International Agency for Research on Cancer (IARC)). However, rapid degradation in soil and
absence of plant uptake and accumulation suggests no transmission to the human foodchain via
sludge.

Pharmaceuticals and personal care products have been increasingly detectedvimteadtowever,
although less is known about their behaviour in thdrenment, it is envisaged that their fate and
behaviour will depend on their physicochemical properties as for other OCs described above. There
are particular concerns about the presence of antibiotics and the antimicrobial agent, triclosan and their
potertial indirect effects on human health through effects and resistance in the microbial environment.
The present of antibiotic populations of bacteria in soil has been linked to the use of antibiotic in
livestock. Although the concentrations of pharmaceldioawastewater appear to be low, as more
knowledge is gained on their presence in sludge, further assessment of their potential effects on human
health may need to be made.

There is also concern over the presence of endocrine disrupting chemicatinoahatural and
synthetic hormones and the much less potent industrial agents such as phthalates and their presence in
sludge. Endogenous and synthetic oestrogenic compounds do patrtition to particulates and may be
associated with sludge but there is dimyited information at present on levels and biodegradation. It
appears likely that oestrogenic substances excreted from farm livestock waste will constitute a greater
load to the soil than sludge.

Another emerging group of potential contaminants alduch nothing is known at present in terms

of fate and behaviour in wasteter processes are nanoparticles. These are being increasingly used in
a range of technologies from personal care products to industrial processes. As more is known about
their fatein the environment, assessment will have to be made on their potential presence in sludge
spread to land.

There have been a number of risk assessments conducted on the presence of OCs in sludge (reviewed
by Smith, 2008). These have concluded that exgosu©OCs from the agricultural use of sludge is no
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greater than background levels. A recent risk assessment of sludge in soil conducted by
INERIS(EFAR, 2008) considered the presence of the PTE together with the OCs mentioned in drafts
related to revision fothe Sludge Directive in 2003, PAHs (with benzo[a]pyrene considered
separately), dioxins, PCBs, nonylphenols and nonylphenol ethoxylates and linear alkyl sulphonates,
together with DEHP. They evaluated the potential hazard of each substance to dexivel@gtoal
reference value (TRF), which they compared with an exposure value to give a hazard quotient
(Exposure + TRF), a value over 1 being considered concern for human health. The exposure value
considered consumers, neighbours and farmers as recemtdrsngestion via soil, water, animals,
vegetables and fish for a 70 year lifespan. The results confirmed that the major exposure pathway is
the ingestion of plants and animals and that heavy metals were the major substances, with PAHs and
PCBs being thenly major OCs. The study concluded that the contribution of sludge spreading to land
to the global risk is low compared to the ingestion of food produced ospread lands. OCs such as
linear alkyl sulphonates, DEHP and nonylphenols did not contréigiéficantly to global risk.

Another consideration when assessing the need for OCs to be considered for regulation in any revision
of the Sludge Directive is that many of the potential contaminants are already being controlled under
other legislation andso the potential levels in sludge are already decreasing. For example,
nonylphenols, DEHP, polybrominated diphenyl ethers and other flame retardants, some pesticides and
some chlorinated solvents are on the Priority Hazardous Substances or other pdikisafar the

Water Framework Directive. So it appears likely that the majority of the known pollutants will be
increasingly controlled at source.

In summary, the reviews of the research on OCs in sludge conducted so far have concluded that they
are unikely to have an adverse effect on human health and will be increasingly controlled by
regulation. However, contaminants such as DEHP and chlorinated paraffins, found in sludge at higher
levels will need to be further assessed. Further vigilance is ajsired on emerging contaminants

such as pharmaceuticals, where the potential fate and behaviour inweaste sludge and soil is
unclear at present.

6.3 Pathogens, Treatment of Sudge and Land Uses Practices

6.3.1 Current situation

Sludges produced from the tegment of wastavater contain a broad range of pathogenic organisms,
including viruses, bacteria, parasitic protozoa and helminths. Human, animal and plant populations are
exposed to the risk of contact with pathogens in sewage effluents and sewagénsthddellowing

main ways:

e discharge of sewage into watercourses and bathing waters;
e recycling of sludge onto agricultural land, or renovated land.

Of these only discharge of sewage into bathing wateibject tospecific microbial controlst
Eurgpean level, undethe Directive on Bathing Water$2006/7/EQ, whose requirements were
developedollowing extensive human exposure trials.

The risk of pathogen transmission from sewage sludge into human, animal or plant receptors continues
to be a majorconcern to the public, which has been reflected in individual country regulations and
codes of practice, and in the significant reduction or complete elimination of agricultural use of
sewage sludge in some countries in the EU.

Implementation of therequrements of Drective 86/278/EEC provides effective barriers to the
transmission of disease. These have been implemented in different ways in different countries.
Although theDirective provided no specification of microbial quality or guidance on aptepri
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treatment methods the only clear evidence for transfer of disease from sewage sludge has been in a
few instances wheris requirementdiave not been properly implemented or where operators may
have been using unhygienic practices.

This has not allagd public concerns over the potential for disease transfer. In some countries, for
example the UK, regulatory requirements stemming fronbihective, with guidance provided on the

types of processes that have been regarded as providing appropriatefidvetdment have been

suppl emented by fAvoluntaryo agreements that enhese
fSafe Sludge Matrixo in the UK was devised after
in treatment and recycling process

The Safe SudgeMatrix provides descriptions of two levels of treatment to achieve specified numbers
of E.coliandSalmonellaspp in sludge. The enhanced treated sludge quality standard is only achieved
as a result of a degree of treatment that aelsieat least some additional pasteurisation, usually
involving a thermophilic stage, and potentially also multistage treatment that reduces the likelihood of
significant amounts of sludge failing to be retained for a minimum period in the process.

By ingituting this and also developing a control and monitoring philosophy for sludge treatment
processes that identify critical points in a process stream and ensuring that these are measured and
have to meet previously agreed criteria in order for sludgeetoebarded as treated or enhanced
treated sludge, there appears to be improved acceptance that sludge may be beneficially used on
agricultural land without unacceptable hazards to public health.

6.3.2 Pathogen exposure and consequences

Direct exposure is corggred a occupational health risk to those producing and applying sludge to
land. Epidemiological evidence indicates risks of illness are low from this route when sludge has been
treated. There have been some examples of illness resulting from poor tipgéenice (e.g. failure to

wash hands, lack of protective equipment).

Various studies have assessed the health risk of workers and other populations in theglinitge
operations as a result aérosol dispersioaf pathogens and residues in thedge. Some findings (for
example Tanner et al, 2008)ave suggested that there may be a significantly increased risk of illness
in close proximity to loading operations from field site storage of treated sludge to the spreader trucks.
Other findingson the health effects on populations residing nearby have not shown any unequivocal
evidence for increased riskBhese studies are difficult to carry out andny of then suffer from low
population numbers and lack of equivalent fexposed populations, asellv as difficulties in
assessing measurable illnedisis possible thata combination of endotoxins and pathogens may
enhance infectivity.

Various indirect transmission routes exist. The most obviousladgeapplied to land and subsequent

use of theland for food production, either for crops or animal husbandry. These routes have been
widely studied(Carrington et al, 1998)ith attempts to carry out risk assessments using assumptions
about ingestion and infection rates. There have been no cleanlyfietk public infections resulting

from agricultural use of sewage sludge when it has been used in accordance with the provisions in the
Directive, including local additional controls. Gae al. (2003) applied Quantitative Microbial Risk
Assessment (QMR) to assess human exposure to a range of pathogenslfrdge applied to land
subsequently used to cultivate a range of agricultural crops. Generally, the risks were toailoavto
although a number of uncertainties were recognised, particularly negdhdi lack of reliable data on

the long term decay characteristics of pathogens in the environment.

Run-off from land on whichdudge has been used is another possible route, with discharges into
recreational water, or sources of water used for produdiimking water or longer term contamination
of groundwater. This also ties into requirements under the Water Framework Directive. Some workers
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have reported that faecal indicators and viruses can be detected at a considerable distance in
groundwater fronpossible sources of contamination.

The risk of presence of animal pathogens in sewage sludge cannot be excluded where waste from
abattoirs or other animal processing may enter sewer system. Bacteria and parasites may infect
humans and animals. Virusent to be host specific although there have been recent concerns over
zoonotic transmission of certain viruses. Helminths have well definedyiifes and host specificities

but animal to animal transmission may occur where the land is used for grazing.

Plant pathogens may also be present, derived for example, from vegetable washings. Most washing is
probably now carried out immediately post harvest, and is likely to be in the vicinity of the producer,
so that there may now be a reduced likelihood ofsimrdssion of significant levels of pathogens into
uninfected areas. Increased use of food waste disposal into sewers may be an additional route for
introduction of plant pathogens into sewage and sludge.

6.3.3 Pathogen risk minimisation

TheDirective 86/278/EE includes:

e Arequirement for treatment of sludge to reduce its health hazards before using it in agriculture

e A permit, on certain conditions, to use untreated sludge, without risk to human or animal health, if
it is injected or worked into the soil;

e Redrictions on applications to sensitive crops and on use of the soil for periods after application.

These conditions provide barriers to the transmission of risks of infection.

In the UK extensive studi¢€EC, 1992pn use of sewage sludge on agrictland were carried out

that led to guidance documents and codes of practice to control use and operations, prior to the
implementation of the 1986 directive. Risks of animal, plant and human infections were recognised,
although there was a lack of cleawidence that for recorded outbreaks of salmonellosis in animals
sewage sludge was the route of infection, as most routes for infection were within existing agricultural
activities. Other animal infections were also more closely related to agriculttixdlies than to the

water industry.

The EU COST 68 working group studi@EC, 1992¥ound some limited evidence for viral hepatitis
due to use on vegetables, +offi from fields with incorrect application, and direct contamination of
operators using vg poor personal hygiene. The 1986 restrictions on planting, grazing and cropping,
in conjunction with local additional controls have been considered appropriate to allow time for
sufficient viral inactivation.

Time is not necessarily a secure barriers@se parasites are capable of surviving-timrmophilic
sludge treatments and persist in the environment for long periods of time. These include
CryptosporidiumandAscarisspp.

Many plant pathogens could be present in sewage sludge. In the UK, 1@88restudieg¢Carrington

et al, 1998)dentified the potato cyst nematode as a significant sludge related hazard which resulted in
a specific ban on sludge use on land to be used for seed potato growth in thed&éf €ractice

Some other plant diseas@ay also be transferred into sewage sludge but have not been considered to
have sufficient risk to justify exceptional treatment or recycling restrictions.

The SewageSludge Directiveprovides no examples of appropriate treatment processedefiues
treated sludgas sludge thdtas undergonéiological, chemical or heat treatment, lotgrm storage

or any other appropriate process so as significantly to reduce its fermentability and the health hazards
resulting from its use".
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The appropriatenes®f sludge treatments for individual applications is derogated to individual
countries to regulate, with an exemption to report on the treatments required for treatment works of
less than 500Qopulation equivalent.

The use of untreated sewage sludge iy permitted in the directive under specific conditions of
requiring injection or working into the soil and under regulation by each country (Art.6).

Treatment processes used include biological (digestion), chemical (lime treatment), and physical (high
temperature drying). All these have different pathogen removal or inactivation characteristics, which
vary from the relatively modest capability of mesophilic anaerobic digestion to reduce measurable
E.coli concentrations by one hundrbmld with significant variation in effectiveness, to the
substantially complete inactivation of vegetative cells achieved by thermal drying.

Variants of treatment methods that include thermal stages and multiple barriers to inhibit short
circuiting enable greatly improved ligility and confidence in the expected pathogen content of
treated sludge. HACCP is also now used in the UK to manage treatment processes in conjunction with
the Safe Sludge Matrix to provide assurance that processes are well managed.

There are areasfauncertainty in pathogen inactivation in treatment processes. For example,
inactivation mechanisms in the widely used anaerobic digestion process are poorly understood, with
potential for improvements; measurementsEofoli after dewatering processasmnetimes show
unexpected increases in concentration; and thermal inactivation may be linked to development of
viable but norculturable vegetative cells, also leading to difficulty in assessing the true pathogen
quality of a treated sludge.

6.3.4 Pathogens of gre atest risk

The occurrence of human pathogens is of most concern and has been the subject of a considerable
amount of researclio assess the health risks associated with the land applicatisioslgé Largely,

the organisms responsible are those patt®ghat infect through the faeeaaal route, although
respiratory and blood borne organisms may occur although prevalence generally low.

The nature and extent of human pathogens present largely depends on prevailing levels of infection in
the community Were the wastavater is derived and the treatment used to produceShhdge
Demographic variation of illness across the EU will influence the pathogen composition in waste
water and may place a greater burden on the treatment barriers.

Potential issuemclude:

¢ new and emerging organisms, including antibiotic resistance,
e impact of climate change.

There are no widely accepted new risk pathogens in sewage sludge, although from time to time there
are new public concerns about individual human pathod&inse the work carried out for the 1986
Directive there have been developmeimtaunderstanding quantitative microbial risk assessments and
new assessments have been carried out for some pathogens including new variant EJDoand
0157;H7, in responge particular topical concerns.

6.3.5 Areas of uncertainty

e Since the 1986 directive some animal health issues have been recognised to be due to a range
of pathogens potentially present in sludgerotaviruses, cryptosporidium, and various
bacteria
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e Full review of wide range of pathogens was not included during development of the studies
associated with the 1986 directive, and whilst information was developed for the UK
implementation of the safe sludge matrix this may need to be validated for other EJ states

e Sludgetreatment is a crucial barrier to prevent disease transmission and requires better
regulation and improved monitoring. The current indicators of process perforntanca]
and Salmonella are vegetative bacteria and are not sufficiently rolmuatt as surrogates for
the fate and behaviour of all pathogens of concern. Other organisms have been considered
(e.g. enterococci and spore forming bacteria). However, consideration should be given to
process verification by monitoring time and tempemttgquirements and relegate indicator
and pathogen monitoring to process validation. This approach fits very much alongside the
strategy being adopted in the forthcoming revision to the Drinking Water Directive and the
adoption of Water Safety Plans. Onisttbasis, a number of specific issues should be
considered, such as;

e Should all EU be regulated in the same way, with the same sludge qualities required,;

e What are suitable indicator organismssee bathing waters enquiriésE.coli has been
considered tde a good indicator as it is usually present at high concentrations, has similar
sensitivities to treatments as a range of pathogens, and inexpensive measurement methods are
well establishedSalmonellais also used in the UK to monitor enhanced treatmédfascal
streptococci, used for bathing water standards, and Clostridia, as an indicator for spore
forming pathogens have both been considered as additional or alternative indicators.

o Alternatively, should treatment processes be defined on the basigcesprmperformance and
validation;

e Should the impact of regrowth / reinfection potential be taken into acéqs#udo stabilised
versus stabilised sludges (CEN standard) on process verification if the existing indicator
organisms continued to be used ;

e Should all sludges be fully safe for all handling at all stages subsequent to leaving a treatment
works, without requiring any knowledge and training of operators or applying a degree of
training to reduce occupational exposure ;

¢ Is the importance of the dgultural outlet sufficiently great for all sludge to be treated to the
extent that there is no significant risk of further fermentation and odour generation;

e Are there newly understood exposure pathways; the improved knowledge of quantitative
microbial risk assessment methods may be beneficial in improved assessments of a wider
range of pathogens than so far carried out.

e Sustainabilityi long term decay of pathogens; build up of pathogen pool? Has land with long
term sludge application greater backgroohaide range of pathogens

e Aerosol measuremenissome have been carried out to assess the extent of distribution of
indicator organisms in air during sludge recycling, and have so far indicated that risks of
transmission through this route are relativldy, but the extent of the studies has been
limited. These studies are difficult to carry out and need to berdinated with other
epidemiological studies.

¢ How will changing compositions of sewage sludge affect pathogen content; for example, co
treatmem of food wastes, and other biodegradable materials either as a result of deliberate
diversion from less beneficial routes, including household diversion to drains and sewers of
materials hitherto treated as domestic solid wastes.
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7 Water and Air Pollution

The preamble to Directive 86/ 278/ EEC states thai
which ensure that the soil and surface and ground water are protected, in accordance with Directives
75/440/EEC (OJ No L194,25.7.1975, p.26) and 80/66/EBJ No L 20, 26.1.1980, p¥8. One of t &

rules in Article 8 of 86/ 278/ EEC which shal/l be
be used in such a way that account is taken of the nutrient needs of the plants and that the quality of
theso | and of the surface and ground water i s not

possible, the plant nutrient requirements of the crop then the potential for leaching or runoff of excess
nutrients will be reduced. In short, the contoblwater pollution where sludge is recycled to land is
managed by adjusting the rate of application to be compatible with crop requirements for nutrients and
applying land use practices which restrict or prohibit sludge application where there is akigh ri
water pollution.

The principles for water pollution control set out in Directive 86/278/EEC remain sound but a revision
could take account of updates in water pollution control legislation and guidelines for land use
practices where sludge is used the land. Domestic guidelines in some Member States already work
to these updates which include the Nitrates Directive 91/676/ EEC and The Water Framework
Directive 2000/60/EC.

In order to provide a perspective on the potential for water pollutiatradrom landspreading of
sewage sludge it can be estimated that in the EU, sludge contributes <5% annually of the total amount
of organic manure recycled to land (most of which is of farm animal origin) and is applied to <5% of
the availableagriculturad land bank Sludge represents a minor input of nutrients to the land compared
with farm animal manure and inorganic fertilisers.

The Nitrates Directive 91/676/EEC was designed to protect waters against pollution caused by nitrates
from agriculture. It ans to reduce the level of nitrate losses in the catchments of polluted waters, and
to prevent further new pollution. The Directive requires Member States to designate areas at risk from
nitrate pollution as Nitrate Vulnerable Zones (NVZs) and to estaisishn d at ory fiacti on p
measures within them. The Action Programmes control both the timing and rate of applications of
both inorganic (chemical) nitrogen fertilisers and organic manures (including sewage sludge). For
organic manures, faribased limis of 250 kg N/ha on grassland and 170 kg N/ha on arable land will
apply to the overall area of the farm within the NVZ. A fiblased limit of 25kg N/ha will apply to
dressings of organic manure todividual fields. Sludge is applied to land in accordanwith
91/676/EEC, usually at a rate supplying 250 kg N/ha. In addition, farmers are required to maintain
adequate records of their cropping and stocking, together with details, in the form of fertiliser and
manure plans, of all applications of in organitogen and organic manures.

The Water Framework Directive 2000/60/EC was designed to provide an integrated approach to
managing water bodies in the EU by considering in an holistic manner all the environmental drivers
and pressures within river basinehe WFD legislation supersedes and updates existing legislation,
and although this will not include the sludge Directive 86/278/EECi|lipatentially have an impact

on the application of sludge to land. Nitrogen and phosphorus are under scrutingebeCaleir
potentially significant impact on surface waters in causing eutrophicdi@nneed to reduce diffuse

N and P from agricultural routes may result in further limitations being placed on N and P inputs to
soils, this will affect landspreading &Il fertilising materials. The WFD may resuh higher
concentrations of P in sludge as concentrations of P in final effluent from weaistetreatment works

are further restricted (see Section 4 on Agricultural Value of Sewage Sludge).

Apart from nutients, sewage sludge sganicmanure with a significant chemical oxygen demand
(COD) and which contains enteric microorganisms which further demonstrate the need to manage
sludge recycling operations so that runoff into surface water in particulapigedyv This requires
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attention to farm and fieldside storage, imposition of buffer zones adjacent to banksides and water
sources, and takingccount oftopography, application rates and prevailing soil and weather
conditions. Operational guidance on langsuling of sewagesludge is included in the domestic
guidelines for sludge recycling in some Member States and in more general guidance on good
agricultural practice.

While the emphasis of control on water pollution where sludge is used on land lieeamifige ment

of N and P, PTEs, organic micropollutants and pathogens have also been investigated in this context
especially as regards leaching into groundwater. A watching briek nedue kept on leaching of
persistent organic micropollutants from sludggated soil.

Odour is usually the issue immediately noticed by the general population during distribution of sludge
onto agricultural land (see Stakeholdieterests, section 9). Odour is also a very important factor at
sewage treatment works and ieasingly works have to meet control requirements, including covers
on tanks and limiting the storage of raw and treated sludges at the avatkappropriate emission
controls and treatment process&&ry many chemicals are present in odour plumes, inwudi
ammonia, hydrogen sulphide and mercaptans.

8 Greenhouse Gas Emissions and Carbon Footprint

Responsible operators will generally wish to report their emissions of greenhouse gases. This will
often include a list of their egite emissions and ceitaoff-site emissions for which they are
particularly responsible such as those associated with the use of electricity and, in the case of sludge,
emissions associated with its use in agriculture. Carbon footprints are more likely to be used to assist
in the selection of sludge treatment processes or routes. A carbon footprint is based -opctelife
analysis and draws a wider envelope around a process, such that in addition to the emissions above it
will also include emissions embodied in materials ofstaction and consumables such as chemicals,
emissions associated with transport and perhaps a wider rangesité @fnissions.

The major greenhouse gases associated with sludge processing and disposeleocaree carbon
dioxide, CQ, methane, Cllard nitrous oxide, BO. Sludge solids contain from 3®% carbon, most

of which is converted to carbon dioxide during treatment and disposal or use. This carbon dioxide is
considered to be 06s hdathe atmgsphere that wak withdraby plargstiur ni n g
the recent past. This GQ@oes not contribute to global warming. The Intergovernmental Panel on
Climate Change, IPCC, does not require countries to report such short cyclan@@x is not
considered further in this section. There aré stic onsi der abl e emi ssions of
cycl e assofdked with energy use, transport and embodied in materials of construction and
consumables and which does contribute to global warming. Emissions ofwlie technically
containingshortcycle carbon, are considered to be as a result of the anthropogenic conversign of CO
to CH,. Since the latter has a much greater global warming potential this should be reported or
included in any assessment of carbon footprint.

CGO, emissions arassociated with:

e The use of energy. Most countries will have produced country specific emissions factors for
major sources of energy such as electricity and natural gas. The former, in particular will be
based on the particular mix of electricity genenatinstalled in a country.

e Transport. IPCC publish default CO2 emission factors for transport based on vehicle type and
miles travelled or on quantities of fuel used.
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e CO2 emissions are associated with materials of construction and consumables used. These
embodied emissionmclude that associated with the energy consumed during manufacture,
particular process emissions such as the @@duced during the manufacture of cement and
the carbon contained within materials such as plastics. Embodied emisstors fare
obtainable from databases associated with LCA software.

When a process generates useful net energy, this is seen as displacing the requirement for fossil fuel
and the CQassociated with the generated energy is considered to be a negativerermltss largest
generation of electricity is associated with the use of biogas from the anaerobic digestion of sludge in
combined heat and power plant, CHP. Significant amounts of energy are generated in steam turbines
on sludge incinerators. Frequentlthe electricity generated is less than that consumed by the
incineration process. The incineration of a well dewatered raw sludge is most likely to lead to a small
surplus of energy for export but less than from the digestion of the equivalent amowrigef Jihe
incineration of dried sludge may produce much larger amounts of electricity but this would be
balanced by the energy requirements for drying.

When a product is beneficially used, such as sludge in agriculture, thertiodied in displaced

chenical fertiliser is considered to be a negative emission. If the carbon in sludge was prevented from
being converted to C{ver a sufficiently long time, this would be considered to be sequestration, and
could be ascribed a negative emission. IPCC alldvsestimation of sequestration of carbon in soll

due to change of use, but not due to the addition of manure or sludge. Some researchers consider that a
portion of the carbon in sludge used in agriculture will be sequestered in the soil but it is vetdbelie

that any national inventories of greenhouse gas emissions consider sequestered carbon from sludge
used in agriculture.

Significant amounts of methane are generated during the processing, storage and disposal or use of
sewage sludge. Gsite emission@ the UK have been estimated, as shown in T@ble

Table 9 Methane losses associated with anaerobic digestion and application of cake to land

Source Loss as % of total Loss (kg Loss as % of total Loss (kg
gas produced CHytonne DS) gas produced CHy/tonne DS)
Existing plant with secondary digestiof New plant with buffer storage
Losses via annular 2.5% 3.3 0.0% 0.0
space of floating roof
digesters
Venting due to ignition 0.21% 0.29 0.21% 0.29

failure and downtime
at flare stacks

Incomplete 1% 1.45 1.0% 1.45
combustion

Fugitive emissions 3.8% 5.1 1.0% 1.3
Secondary 5.9% 8 1.5% 2.0
digestion/buffer

storage

Total 13.4% 18.1 3.7% 51

The first two columns are considered applicable to typical existing plant and form the basis for the UK
to report emisions of methane from sludge treatment. The second two columns are applicable to new
plant which are all of fixed roof type, will have a lower level of fugitive emissions and whetayl4
secondary digestion is replaced by a much shorter period of sfmiagéo dewatering. There are no
further emissions of methane if the digested sludge is incinerated and considerable further emissions if
the sludge is sent to landfill, a disposal route which has almost ceased in the UK. When sludge is used
in agricultue there are further emissions from the emissions of storage of solid cake, which might be
from within a sewage treatment works or from fislde storage. Further methane emissions are
associated with the spreading of sludge cake on land, which, howevenjramal in a cool climate
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such as the UK. IPCC Good Practice Guidelines contains emission factors for the storage and
spreading of sludge.

When sewage sludge is used in agriculture, there are associated emissions of nitrous oxide as nitrogen
mineraliss and oxidises. These can be broken down into direct emissions from the soil following
application of sludge, and indirect emissions. The indirect emissions come from both nitrogen other
than NO which is volatilised (mostly ammonia) and which later dapdsck onto the land leading to

further NO emissions and from ammonia in leachate which ends up in rivers where it stimulates
further NO emissions. The direct emissions gfONfrom the use of sewage sludge in agriculture are
equal to 0.01 times the rogen content in the sludge.

When sludge is used in agriculture it will replace the use of chemical fertiliser. The nitrous oxide
emissions associated with that fertiliser are considered to be a negative emission. If all of the nitrogen
in the sludge weravailable to plants the J emissions from the soil after application would be
balanced by the reduced®l emissions from the chemical fertiliser. In fact as little as 20% of the
nitrogen in digested sludge cake is considered to be readily availablat® siahe emissions oL®

from its spreading are greater than the reduction( fikbm the displaced fertiliser.

There are also significant emissions gONresulting from the incineration of sewage sludge.

Table 10 compares the estimated greenhogas emissions from a UK study between incineration
(TD-thermal destruction) and the use of digested sludge cake {Madgdphilic anaerobic digestion)

in agriculture. The greatest single emission comes from methane lost during anaerobic digestion. As a
resut the total emissions from the agricultural route appear greater than from incineration. If,
however, the reduced methane emissions appropriate to modern digestion plant without secondary
digestion had been used, the methane losses from the procesdallduicbver 300 kg Cgeg/tonne

raw DS, reducing emissions to around zero, significantly better than from incineration.

Table 10 A comparison of greenhouse gas emissions between incineration of raw sludge and the
use of digeted sludge cake in agricultue

Treatment Contributions from different operational sources (all expressed as kgCgq/tRawDS)
/ Disposal | Natural | Electrical | Consumables| Transport | CH,from N,O from Fertiliser Total
Option gas energy process & | process & | displacanent
usage agriculture | agriculture
1. TD of 0 -156 84 1 0 308 0 236
raw sludge
2. MAD 0 -267 106 11 465 101 -137 279
and
recycle
dewatered
digested
sludge
cake to AL
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9 Stakeholder Interests and Public Perception

The principal stakeholders in the sewage sludge recyclilagtboperation are:

e Sludge producers Recycling of sewage sludge to land is the main outlet for sindhe EU
where suitable land is accessible. The recycling to land option is therefore central to the sludge
management strategy of most sludge produddowever, there are differencebetween
Member Statesin the extent of use of the outlgtor instance, the Netherlands does not
recycle sludge to landrhe reasons for these differences are discussed in the next phase of
reporting on thigroject

e Farmers. Sludge has proven agricultural value and is usually aeffesttive alternative to
other fertilisers so there is a steady demand from farmemsost Member State® recycle
sludge on their land.

e Far mer s 6. Advibord ase@ensrally suppiod of sludge recycling so long as they are
reassured that the operation is efficient and properly regulated and does not affect the
acceptability of farm products to customers.

e Landowners. There may be some concerns about {emm effects of contaminasin sludge
on soil fertility where repeated applications of sludge to the land have been made.

¢ Regulators Sludge recycling to land is established as the BPEO for sludge management and
Regulators are generally supportive of sludge recycling providedogrerations are carried
out in accordance with the appropriate rules and guidelines.

e F ar mecuswrders, foodprocessors and retailers There should be no problem here so
long as regulations and guidelines for sludge recycling have been followed famrthand
t he recycling operation i s seen to be ent
processor/retailer perceives that the acceptance of products may be jeopardised if customers
are aware that they have been grown on land treated with sewage sludge.

e The public. Studies have shown that the public are generally supportive of sludge recycling
when the process of sewage treatment has been explained to them and the options for sludge
disposal described (Davis, 2006). However, public nuisance factaiggjavdour) are of key
importance and must be controlled and preferably avoided if the confidence of the public in
sludge recycling is to be retained. There is definite public sensitivity to odour nuisance from
sewage treatment works and from sludge rigmymperations in the field. Every effort must
be made to avoid odour nuisance and the negative public response which can escalate to
threaten the recycling outlet at least on a local basis.

e Specialinterestgroups |In t he UK, thesprAgasunse GreaoamedS
out a survey of public attitudes to sewage sludge disposal in south West England (Davis,
2004) . The report concluded that the O0bestd

England were spreading on agricultural ldadfood or norfood crops. Or should either of

these two routes become unusable, pyrolysis and gasification was viewed as the main viable
largescale option for sludge disposal in the area. During focus group sessions, when attendees
listened to a 2&ninute presentation and had the chance to ask questions about sludge
disposal, most people agreed that sludge disposal to land was the best option, with 98% of
those surveyed happy for sludge to be disposed of in this way and to eat crops grown on
sludgefertilised soil.

e The media Wastewater treatment and safe disposal of sludge are central to the protection of
public health and should thereby have a very positive public image. However, because of their
faecal association sewage treatment and sewage digfgesal are prone to a negative and
sometimes sensational press response often triggered by odour nuisance.
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10 Future Trends

Large increases iguantities of sludge producddive taken place since B@80% overall between

19% and 2005) in the ELb members, as a result of the UWWTD. The increase was not the same
proportion in all countriesAlthough , much of the development required under the UWWTD has now
taken placean the existing 19Member States, the new 12 Member Staéesl some of the EW5
membershave still a long way to go before complying with the UWWT Directive andithigdikely

thata similar rate of increase will continue

Based on an annual average sludge production rate and population prediction, future sludge quantities
prodwced in the ELR7 can be estimated. In the B8, in countries with a high connection rape
sewerageand high level of treatment complying with the UWWT Directive, sludge productios rate
areabout 25 kg per pers@nd per year

Overall it is predictedhat 50 % of sludge is likely to be recycled to lgidabaster and Leblanc
2008).The situation in the existing 15 member States should not change dramatically over the next 5
years. There are some indications in the new Member States which have nogeayierience in this
sludge management route, that agriculture recycling may become a more significant outlet in the
future.

The concentrations of metals in sewage sludge in Western Europe have signifiesmheduecd

si nce @asacomBifatiowetween increased management of industrial effluents and a reduction
of heavy industrial production. The extent of further reductions is unclear, although the range of
loadings may be significantly different between different parts of the EU (includingMember
states).

Changes in composition as a result of increasingly rigorous nutrient removal requirements may
become more significant. This is most likely to increase phosphorus concentration. This may be linked
to changes in metal concentration iféoval is carried out using metal salts (aluminium or iron).

Recovery ofenergy from biodegradable materieEdl®ncouraged by theU energy policy, in particular

to increase the use of biofuel$here ispotential to increase sludge production if rsmwage
biodegradable materials become incorporated into the sludge treatment route. In contradiction to this,
treatment processes are increasing their capability to convert organic solids to transferable fuels with
less residual solids. The balance betweerei@se and decrease of mass of residual solids from sewage
sludge treatment is therefore unclear.

It is likely that processes that provide enhanced pathogen removal will become more widely used, as
they also commonly produce a sludge that is less feahknand so less odorous and will attract less
public concern or criticism. Processes that can reliabty coseffectively demonstrate substantially
reduced pathogen concentrations are likely tmmbee widelyused

There is a continual desire to redusludge volumes during treatment and intensify process
operations.

Cotreatment of sewage sludge with a variety of other imported organic materials, particularly with
reference to digestion processes, is currently not generally carried out, for réasomsclude
regulatory constraints. There are potential advantafje-treatmentin terms of asset utilisation
(access to energy conversion systautifisation ofexisting infrastructure).
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A considerable amount of work is underway at research lawel,with some individual treatment

works on recovery of nutrients from sewage sludge. These are particularly linked to phosphorus, as
complexes such as struvite, or in purified forms, but there are also methods to separate metals, such as
iron from chemichP removal sludges, and to produce organic acids by fermentation to supplement
biological nutrient removal plants. It is likely that sludges will increasingly be required to meet more
rigorous compositional standards to justify their use as fertilsarumber of Member States have
introduced stricter controls on sludge recycling to land than those required by Directive 86/278/EEC
and this trend is likely to continuen parallel with developments in sludge treatment process
technology

Pyrolysis is stl not an established process for sewage, but would offer increased energy recovery with
a reduced cost and environmental impact compared to incineration.

Other sources adudge food waste, organic fractions of municipal waste, might compete for deailab
land.

Though the carbon in sewage sludge is short cycle, the prevention of its releasg vasultiCbe
c onsi sequestratiach6 ( s e elO)Sleacdlidble mute to sequestration could be developed, this
might be more valuable than use in agtiard.

The subject of future trends will be considered further in the next stage of reporting fwojbes(.

11 Monitoring, record keeping and reporting

Information on sludge operations is primarily collated by the sludge prochmeever, therenay be
several sources of the pertinent information:

e The occupier of the land receiving the sludge
e The person that applied the sludge to the land
e The sludge producer which supplied the sludge

The collated results required to be made available to a gogdsady would ideally relate to:

1. The location of the land receiving sludge
2. Sludge treatment, quantity and quality
3. Soil quality

The frequency of monitoring sludgpuantity depends on the amounts applied to land units (each
location), totalled over eactegr followed for example by the EPAl&baster and LeBlan€008).

Thus ideally, records need to be kept of sludge quantity per land unit and per unit time and this is
specified inDirective 86/278/EEC. Amounts of sludge need to be recorded in metres merbpear

(total and amount to agriculture) and if possible metres cubed per land unit.

Table 11 Operational sludge data

Record Total produced Quantity to Quantity to land unit
agriculture
Units m° per year m° per year m° per land unit per
year
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Data quality will depend on following standard procedures of measurement, sampling and analysis,
and once more, observing the correct frequency of the analyses to be carried out.

11.1 Sludge analysis

Sludge quality will reflect original inputs to sewers and sdabdlity can be assessed taking into
account this background. Also subsequent quality will affect efficient treatment process operation.
Knowledge of inputs of synthetic organic compounds and other undesirable contaminants can signal
seeking specialist athe before use in agriculture (CoGAED09).

Table 12 Sludge quality parameters

Parameter Dry matter Organic pH Nitrogen and | Heavy Metals
(DM) matter Phosphorus | (6+)
Units % (W/w) % of DM 6Uni t s d mgkg DM mg kg' DM

Parameters currently covered dhyective 86/278/EEC are as above, where the heavy metals are; Cd,
Cu, Hg, Ni, Pb and Zn. In the UK, further detail on crop nutrient analyses is advisory, for example
total nitrogen and total phosphorus and, ammoniacal nitrogen (CoZ®AP). Also additioal metals

are currently included in UK guidelines; Cr, Mo, Se and As, and fluoride. All these additional

parameters would be expressed as concentration in the sludge dry mattet* (dd)kg

Limit values for the amounts of heavy metals (seven, as abavieh may be added annually to
agricultural land, based on a-y8ar average (kg Hayr™) are given in directive 86/278/EEC in annex

1C. These additions of metal have to be estimated from the sludge quantities and sludge metal
analyses.

The frequency ofinalysis of the parameters in TabRabove is recommended every six months for

the provisions of the directive 86/278/EEC, but more frequently if sludge is found to be particularly
variable and, only annually if it is thought consistent over a full.yldawever, consideration of the

size of the wast&vater treatment plant is also made when deciding on frequency of analysis (CEC
2006). Because it has been shown that sludge quality varies widely even on a daily basis, it is
imperativethat the adopted s#ling procedure be validated by experimentation and that the sample
errorbe established (Beckett980).

11.2 Soil analysis

For sludge recycled to agricultural land from small sewage treatment plants ( < 300 kg BOD/day,
equivalent to 5000 population) desagh primarily for the treatment of domestic waste water, soil
analysis isnot required according t®irective 86/278/EEC. When sludge is from plants larger than
this soil should be analysed prior to the use of sludge and, at a suitable frequency theneaftent

soil metal concentrations from being exceeded. Currently only soil metals and pH are included as limit
values in soil receiving sludge in tigrective 86/278/EEC. Heavy metals included are; Cd, Cu, Hg,

Ni, Pb and Zn, as for sludge analysis.|9#i is also recorded as this is related to the limit values for
concentrations of heavy metal in soil.

Table 13 Soil Quality parameters

Parameter | pH Cd Cu Hg Ni Pb Zn
Units mg kg" mg kg® | mgkg" | mgkg mg kg | mgkg' | mgkg"
DM DM DM DM DM DM DM
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11.3 Sampling and analysis methods

In the UK both sampling and analytical methods are specifically listed from those by the Standing
Committee of Analysts: Methods for the Examination of Waters and Associated Materials, in the code
of good agricultural practe (CoGAP 2009). IDirective 86/278/EEConly brief details of soil and
sludge sampling are given, and it is recommended simply that strong acid digestion followed by
atomic absorption spectrometry are used for analysis of heavy metals in sludge &idcothen the
Comité Européen de Normalisation (CEN) have published national standards for sludge
characterisation through their technical committee; TC 308 and these bheutdst to follow for
sludgesRelevant examples of the CEN published methodslimiges are given in Tabld below.

Table 14 CEN/TC 308- Sludge analyses selected published standards

Standard reference Title Citation in OJ Directive
CR 13097:2001 Characterization of sludge$sood No -
practice for utilisation in agriculture
EN 12176:1998 Characterization of sludge No -
Determination of pHsalue

EN 12879:2000 Characterization of sludges No -
Determination of the loss on ignition of
dry mass

EN 12880:2000 Characterization of sludges No -
Determination of dry residugnd water
content

EN 13342:2000 Characterization of sludges No -
Determination of Kjeldahl nitrogen

EN 13346:2000 Characterization of sludges No -

Determination of trace elements and
phosphorus Aqua regia extraction
methods

EN 14671:2006 Characterization of sludge®re No -
treatment for the determination of
extractable ammonia using 2 mol/l
potassium chloride

EN 14672:2005 Characterization of sludges No 86/278/EE(
Determination of total phosphorus
EN ISO 566713:1997 |Water quality- Sampling- Part 13: No

Guidance on sampling of sludges from
sewage and water treatment works (IS
566713:1997)

Note: selected from list published on CEN website:
http://www.cen.eu/cenorm/sectors/sectors/environment/tcs/index.asp

In the full list of published standards for sludge characterisation on the CEN website, standards for
microbial analyses are also included. Also included in TaBlis a standat on sampling of sludges
from sewage and water treatment works.
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Soil analyses methods are under development by CEN but none are yet published covering the
relevant parameters. Methods for the standard six heavy metals in soil (total begigusirong ed)
are in practicdroadlythe same as those for sludges.

Representative soil samples are describeDiractive 86/278/EEC as samples made up by mixing

together 25 core samples taken over an area not exceeding 5 hectares which is farmed for the same
pur pose. I n UK methods it is also recommended th
the field (Standing Committee of Analysi®86).

The directive designates soil samples are to be taken to a depth of 25 cm, (or less when the surface soil
is below this but not less than 10 cm). In the UK, however, a plough depth of 20 cm is typical for
arable land, hence soil sampling to 15 cm is recommended, to avoid edge effects (UN 2008 pp344)
and, if land is under permanent or sggairmanent grass soiése sampled to 7.5 cm.

Detailed quality assurance procedures on reporting are now being followed by many of the UK water
companies in line with those recommended by Water UK (Water2084).

12 Summary of areas of uncertainty and knowledge gaps

12.1 Sludge production and management and quality inthe EU

Although it is expected that sludge production in the EU27 difitinueto increase apopulation
grow andthe new Member State®ntinueto implementthe UWWT Directivetowards2010, there is
no guaranteéhat all countries will béully complyingby thattime. There is also aoticeabletrend in
some Member Statewhich have high level of connection and treatmeftsludge quantities
decreasingThe reasons for thiwill need to be further investigatedthgs couldadd uncertainties to
our future sludge estimates.

Although overall it is predicted thatt0 % of sludge is likely to be recycled to larttiere are
uncertainties abouhe future sustainability of this outlelue topublic opinionand the compéion for

land with other organic waste$he main alternative to landspreading is likely to continue to be
incineration with energy recovery for sludge produced at sites where land suitable for recycling is
unavailable. Sludge management may continuevéwy widely between Member States according to
their particular circumstances. A number of other important factors which could influence sludge
management in the futureed to be evaluated.

Developments in sludge treatment will continue and there reaypdve towards enhanced treatment
for sludge going to land so that the product to be recycled is effectively odour and pathogEnefree.
subject of future trends will be considered further in the next stage of reporting for this project
(Section 3).

The concentrations of metals in sewage sludge in Western Europe have signifiiemiseducd

si nce @adadcomBifation between increased management of industrial effluents and a reduction
of heavy industrial production. The extent of further redustien unclear, although the range of
loadings may be significantly different between different parts of the EU (includiag Member
states).

Service contract No 070307/2008/517358/ETU/G4 46 AEnvironment al , economi
the use of sewage sl udg



12.2 EU legislation, other EU acquis and Member State controls on the use of sludge
on land

Directive 86/278/EECcould be said to havestood the test of time in that sludge recycling has
expanded without environmental problems arising since it was addiiteeever, several Member
States have adopted strictequirements since. Moreover, EC legislation has evolved in nedatgd

fields, such as chemicals regulatidmy revision should aim to retain the flexibility of the original
Directive which has permitted sludge recycling to operate effectively across the wide range of
agricultural and other environmental conditidognd within the EU.

12.3 Economics of sludge treatment and disposal.

The baseline and future analysis of sludge management must take account ahddsfermation in
Section 3 provides the basis to do this.

12.4 Agricultural value of sewage sludge.

Application of sewage sludge to land provides positive agricultural benefit. Demand for sewage sludge
in agriculture and for other land uses would undoubtedigrbeinced ift was clearly recognised as a
productinstead ofa waste, andf it were accepted abeing suitable for use in organic farming and
other organic growing practiceslowever, awatching brief needs to be kept on P in soils receiving
sludge and more information obtained about the accumulation and fate of P in soils.

12.5 Potentially toxic elemen ts

Consideration needto be given to adjusting thmaximum permissible soil metal limits in Directive
86/278/EEC for cadmium and zinc in soil and for lead in sludge.

12.6 Organic _contaminants (OCs )

Directive 86/278/EEC does not include specific limits &mganic contaminants. Sorvkember States

have set limits for OC groupw/hile others have not. In summary, the reviews of the research on OCs

in sludge conducted so far have concluded that they are unlikely to have an adverse effect on human
health and wllbe increasingly controlled by regulation. However, contaminants such as DEHP and
chlorinated paraffins, found in sludge at higher levels will need to be further assessed. Further
vigilance is also required on contaminants such as pharmaceuticals, Wwhepeténtial fate and
behaviour in wastwater, sludge and soil is unclear at present.

12.7 Pathogens , treatment of sludge and land use practices

There is scope to update the controls set out in 86/278/EEC as regards the use of untreated sludge on
the landthroughthe introduction of microbiological standards related to degree of sludge treatment
Such an update should take into accouedv developments in quality control of sludge treatment
processes (such as HACCP) and in the safe management of sludgdaomith

Alist of 13 areas of uncertainty about pathogens is identified in paragraph 6.3.5
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12.8 Water and air pollution

The principles for water pollution control set out in Directive 86/278/EEC remain snandtheless,

a revision could take accountthie developmenin EC water pollution control legislatiombtably the
Nitrates Directive 91/676/ EEC and Water Framework Directive 2000/60/ECkvision of the
Directive might alsaall for guidelines for land use practices where sludge is used on thdrigoth
cases, one area femphasishould be theontrolsof nitrogen and phosphorus. Apart from nutrients,
sewage sludge is arganic manure with a significant chemical oxygen demand (COD) and which
contains enteric microorganisnis this further underlines the need to manage sludge recycling
operations so that runoff into surface water in particular is avoidedvision of the Directive could
draw on the perational guidance on landspreading of sewage sluggeredn some Member States

as well @ more generahationalguidance on good agricultural practice.

While the emphasis of control on water pollution where sludge is used on land lies with management
of N and P, PTEs, organic micropollutants and pathogens have also been investigatecbimekis
especially as regards leaching into groundwater. A watching briek nedme kept on leaching of
persistent organic micropollutants from sludggated soil.

Odoursi see stakeholder interests below

12.9 Greenhouse _gas emissions and carbon footprint

The informationpresented in this repoprovides the basis for quantifying these factors for different
sludge treatment and disposal options as part of their overall environmental assessment.

12.10 Stakeholder _interests and public perception

Ten principalstakeholder groups have been identified and their interests listed.

For the general publichére isa strongsensitivity to odour nuisance from sewage treatment works and
from sludge recycling operations in the field. Every effort must be made to adoid nuisance and

the negative public response which can escalate to threaten the recycling outlet at least on a local
basis.

F a r meust@m@rs, foogrocessors and retailers may also be affectealg®rceptionthat the use of

sewage sludge could l@&o environmental and healtioncerns. There should be no problem here so

long as regulations and guidelines for sludge recycling have been followed on the farm and the
recycling operation is seen t o be orketaileiperecivgs 6 s af €
that the acceptance of products may be jeopardised if customers are aware that they have been grown

on land treated with sewage sludge.

12.11 Monitoring, record keeping and reporting

The requirements in this area included in Direc®#278/EEC need to be updated with particular
reference to the Standards prepared by CENT C/308.
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