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Introduction
The collection and utilisation of biowaste (e.g.
waste from slaughterhouses, households,
restaurants, food and beverage industry and
from toilets) is a central component in the de-
velopment of a sustainable society. The outlet
of nitrogen to water and air, the use of petrol
and commercial fertilisers and the negative im-
pact on the environment of waste handling can
be reduced if increasing amounts of biowaste is
to be recycled. For agriculture it may be attrac-
tive to use recycled biowaste, mainly as a fer-
tiliser but also for energy and as feedstuff.
Farmers, especially organic farmers need alter-
natives to mineral fertilisers (KRAV 2001). Ma-
nure and crop wastes are not enough to com-

pensate for meat, milk, vegetables and other
products that are taken away from the farm.
Sewage sludge and other biowastes have been
extensively used in conventional agriculture in
all Nordic countries except Iceland, (Petersen
& Petersen, 1998), however, for organic farm-
ing sewage sludge is not accepted. But, recy-
cling of biowaste has to be regulated and con-
trolled in such a way that harmful effects on
soil, vegetation, animals and man are prevented
(Feachem et al. 1983, Inger et al. 1997, Witter
et al. 1994). 

Heavy metals and organic contaminants
The problems with heavy metals and organic
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contaminants in agriculture are known since
long. There is evidence of serious adverse ef-
fects on soil microbial processes of increasing
soil metal concentrations (Bååth 1989, Witter et
al. 1994). As in other Nordic countries central
authorities are regulating the maximum thresh-
olds of heavy metals in sewage sludge. In Swe-
den 7 metals are controlled; lead, cadmium,
copper, chromium, mercury, nickel and zinc
(Swedish EPA 1994, Swedish EPA 1998). Even
so, maximum thresholds and annual loading
rates to ensure that the soil concentrations will
not be exceeded are continuously discussed. 
For cadmium we may already have passed that
threshold (Järup et al. 1998). Calculations
show that the accepted loading rates for cad-
mium will add many new cases of injured kid-
neys in humans (Drake et al. 1997). For some of
these metals the accepted loading rates are be-
lieved to allow a rapid accumulation in soil
(Wallgren 1999). For many other metals as
vanadium, cobalt, wolfram, platinum, uranium
and silver there are no regulations. Especially
for silver which is toxic for soil micro-organ-
isms, there is a risk for an extremely fast in-
crease in soil (Wallgren 1999).
Brominated flame-retardants are another con-
taminant that has been focused on. There has
been an increase of this substance in sewage
sludge over the last years which in October
1999, caused the Federation of Swedish farm-
ers to recommend that sewage sludge should
not be used on agricultural land (Eksvärd
1999). To ensure sustainable agriculture it is
important to bear in mind that only waste that
could be traced back to arable land should be
recycled for agricultural purposes.
The Swedish certification body for organic
farming (KRAV 2001) has set up regulation for
maximal annual loading rates for many metals
in fertilisers, soil conditioners, pesticides and
all other products which may be applied to soil.
Its somewhat surprising that the maximal load-

ing rates for six out of seven metals are higher
for organic farming than for sewage sludge
(Swedish EPA 1994; Swedish EPA 1998) (table
1). 

Residues from medical use
The human and animal medical consumption
results in residues of pharmaceuticals or
metabolites thereof in faeces and urine. Antibi-
otics are most probable the main problem but
hormones and anti-parasite drugs have also
been focused on (Swedish EPA 1996). During
the past decades, micro-organisms have devel-
oped resistance to many of the antibiotics com-
monly used for treatment of infectious diseases
(Witte 1998). Bacteria residing in the soil ex-
posed to manure, the phytoshere or the animal
gut may encounter selection by antibiotics used
for either disease treatment, disease prevention
or as growth promoters (Witte 1998, 2000, Mc-
Manus 2000). By recycling biowaste there is
risk for a spread in the environment of such mi-
crobial resistance and then back to humans and
animals. 
Gene transfer occurs readily in almost any en-
vironment. It has been shown that gene transfer
can occur in soil between different bacteria, by
various mechanisms (Cresswell & Wellinton
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Table 1. Annually accepted metal loading rates.

Metal (g)/hectar/year KRAV SNFS

Lead (Pb) 50 25
Cadmium (Cd) 1 0.75
Copper (Cu) 500 300
Chromium (Cr) 50 40
Mercury (Hg) 1.5 1.5
Nickel (Ni) 50 25
Zinc (Zi) 700 600

KRAV: Swedish certification body for organic farming,
loading rates apply to fertilisers, soil conditioners, pesti-
cides and all other products applied to soil
SNFS: Regulation from Swedish EPA, loading rates ap-
plies to sewage sludge (SNFS 1994:2 and 1998:4)



1992, Top et al. 1990, Bale et al. 1988). Even so
the antimicrobial resistant bacteria do not sur-
vive itself the resistant genes may be picked up
by other species of bacteria, more suitable to
persist in the present environment (Cresswell &
Wellington 1992). In addition, naked DNA can
persist in the environment and possibly be
picked up by soil bacteria. Transferable genetic
elements carrying resistance genes may also
carry other traits of advantage (Bale et al.
1993). Co-transfer of genes encoding resistance
to copper, sulphur or mercury together with an-
timicrobial resistance should be considered. Fi-
lali and co-workers (2000) have in a study
found micro-organisms highly resistant to cad-
mium, mercury and antibiotics in sewage water
of Casablanca. Mercury and its compounds are
distributed widely around the world. The genes
encoding for mercury resistance can be located
on transposons, plasmids and the bacterial
chromosome (Osborn et al. 1997). For exam-
ple, the widespread transposon Tn21 and its
close relatives (Liebert et al. 1999) carry resis-
tance to mercuric chloride, sulfonamide and
streptomycin/spectinomycin. It is important to
have in mind that presence of heavy metals can
possibly select for antibiotic resistance and vice
versa. 
Transmission of resistant genes between differ-
ent species of bacteria is not uncommon. These
bacteria may in turn be transmitted between dif-
ferent species of animals or between animal and
man (Witte 1998). Therefore the problem with
antibiotic resistance that readily crosses bound-
aries may be compared with the transmission of
zoonotic pathogens. Also in the same manner
as for pathogens antibiotic resistance may be
transported long distances with vector animals.
For example, multiresistant Salmonella ty-
phimurium has been detected in the south of
Sweden in faecal samples from black-headed
gull migrating from south Europe (Palmgren et
al. 1997).

Pathogens
A variety of pathogens can be found in biowaste
(Löfgren et al. 1978). The use of biowaste on
arable land may facilitate the spread of infec-
tious diseases. Hence, new possible routes of
disease transmission between urban and rural
areas are created. Pathogenic micro-organisms
may have long post-spreading survival time in
the environment (Mitscherlich & Marth 1984).
Micro-organisms may also have the ability to
multiply and wind, water, harvested food- or
feedstuff may spread them (Feachem 1983, Al-
bihn & Stenström 1999). Vector animals, i.e. in-
sects, birds or mammals may transport
pathogens long distances (Bö 1980, Sveum &
Sendstad 1982) and then introduce infections to
humans or domestic animals. 
Some of these pathogen bacteria cause zoonotic
diseases, such as verotoxin producing Escheri-
cia coli O157, Salmonella and Campylobacter
and is of relevance for public health. Sal-
monella is almost always present in convention-
ally treated wastewater and sewage sludge in
Sweden (Danielsson 1975, Sahlström 2001).
Zoonotic parasites as Taenia saginata and
Cryptosporidium parvum are also of great con-
cern when recycling biowaste (Feachem 1983,
Marshall et al. 1997). Some pathogens cause
epizootic diseases in livestock and are of enor-
mous importance for animal production. Clas-
sical swine fever (CFS) is caused by a very re-
sistant virus, this virus may stay infectious e.g.
in food waste and faeces for several months
(Van Oirschot & Terpstra 1989). In Sweden
wild boars are a potential reservoir for CFS. A
reservoir among wild animals may be impossi-
ble to eliminate. Newcastle disease virus that
affects birds is another example of an epizootic
disease relevant when discussing the handling
of biowaste. It is also here a risk for a reservoir
building up in the wild population. In organic
animal production, particularly pig and poultry,
animals should be kept outdoors to a greater ex-
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tent than what is prefered in conventional pro-
duction (KRAV 2001). Thereby the risk for dis-
ease transmission between wild and domestic
animals increases.
BSE (bovine spongiform encephalopathy) or
“mad cow disease” is the most frightening ex-
ample of what can happen when insufficiently
treated biowaste is recycled. The enormous in-
fluence the BSEissue has on the political and
economical EU-work can not be over-esti-
mated. The problem has passed the stage only
being a question of food and feed safety. At pre-
sent it is a practical problem how to get rid of
animal by-products (entire bodies, parts of ani-
mals or products of animal origin). The feed
ban for meat and bone meal (MBM) have
caused growing quantities of this product
stored all around Europe. The possibility to use
animal risk waste, including MBM as a fer-
tiliser on arable land is restricted. Based on the
BSE issue a new EU-regulation is under prepa-
ration (COD 2000/0259) laying down how all
animal by-products should be handled. Com-
pared with conventional microorganisms, pri-
ons are much more difficult to inactivate by
both chemical and physical methods. It is likely
that significant levels of infectivity will survive
if let out in the natural environment, and there
is some evidence to support this (SSC 2001).
In the Nordic countries the very good health
status of domestic animals (Hopp 1996) as well
as the society’s generally high sanitary stan-
dards must be maintained. Import regulations
for animals and animal products have been re-
laxed during the last period of time, both within
the EU as well as between EU-countries and
EU-associated countries. Which infectious dis-
eases that are present in a country may quickly
change. There is a risk that pathogens recently
introduced into a country will be further spread
when biowaste is used on arable land. Every
year several new disease agents are found in
Sweden (Wierup 1989). Effective systems for

disease surveillance and control as well as for
maintaining a high level of biosecurity are im-
portant.
The biosecurity-related legislation regulating
the use of biowaste on land differs between the
Nordic countries. In Norway and Denmark this
regulation includes most kinds of biowaste, in
Sweden however it is entirely lacking. An EU-
legislation exists for animal risk waste
(90/667/EEC), however, a new and extended
version is under preparation (COD 2000/0259).
Some ongoing work in EU is of great interest,
one draft document on biological treatment of
biowaste and one on the treatment and use of
sludge. In both these documents the biosecurity
point of view has been noticed. For organic
farmers the use of source separated human
urine as a fertiliser has been discussed and re-
jected in EU, mainly due to ethical reasons,
while composted household waste has been ac-
cepted. Compost is however a very diverging
waste category and no hygienic treatment is
specified. In the year 2001 digested residues
from biogas plants were accepted, but the kind
of biowastes that are allowed to enter the plant
is restricted.
The hygienic standard of biowaste should be
based on a treatment of known and controlled
efficacy, on a microbiological analysis or
preferably a combination of these two methods.
A balance needs to be maintained between
treatment cost and biosecurity. The risk for dis-
ease transmission from biowaste should be re-
lated to where and how it is to be used. Also an
occasional spread of a specific pathogens from
other sources in society must be taken into ac-
count. Hygienic treatments of biowaste mostly
aim at marked reduction of pathogens
(Bendixen 1995). However, for high-risk ani-
mal waste the BSE problem has caused a need
for sterilisation (90/667/EEC). Swedish biogas
plants use 70°C in 60 minutes, which gives a
marked reduction of indicator organisms and of
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the pathogenic bacteria tested (Bagge 2001).
However, bacterial spores, some heat-resistant
viruses as parvovirus (Bendixen & Ammendrup
1992, Bendixen 1995) and prions (SSC 2001)
persist such treatment. 

Conclusion
Recirculation of nutrients from urban areas to
agricultural land is one of the big challenges of
our time. If biowaste is to gain general accep-
tance as a fertiliser in agriculture both a mini-
mal contamination of noxious elements and the
hygienic standard must be assured. For organic
farming with more reliance on out-door pro-
duction and less reliance on medication, these
animals may be more vulnerable for disease
transmission from sources in the environment
than animals in conventional farming. Also or-
ganic farming relay more on “home-produced”
feed and these farms are also more dependent
than other farms on alternative fertilisers, for
example biowaste. However, the aim is that the
hygienic standard of all biowaste either used as
fertiliser or as feed should be assured in such a
way that the biowaste could be acceptable to use
both for conventional and organic farming. 
The adverse effects on arable land of increased
heavy metal loading and of organic contami-
nants are mainly dose-dependent and accumu-
lative. The adverse effects of drug residues and
pathogenic micro-organisms however, is more
dose-independent and may give an instant ef-
fect but also long term effects can not be ruled
out. 
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Sammanfattning
Biologiskt avfall från livsmedelskedjan kan vara av
stort värde för lantbruket. Hela jordbruket i allmän-
het, men ekologisk produktion i synnerhet behöver
alternativa gödselmedel. Dock måste kvalitén säkras
avseende hygien och oönskade ämnen. 
För ekologisk produktion där djuren vistas mer utom-
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hus och mindre medicinering görs är djuren mer sår-
bara för smittspridning från källor i miljön än djur
som hålls i konventionellt jordbruk. Vidare så bygger
ekologisk produktion i större utsträckning på “hem-
maproducerat” foder och är mer beroende av alterna-
tiva gödselmedel än konventionellt jordbruk, t.ex. bi-
ologiskt avfall. Dock är målet att den hygieniska
standarden på biologiskt avfall, för gödsling eller ut-
fodring, ska säkras på ett sådant sätt att detta avfall
kan accepteras både av konventionellt och ekologiskt
lantbruk.
Problemet med tungmetaller och oönskade ämnen
har uppmärksammats länge. Dock diskuteras konti-
nuerligt de maximala gränsvärdena för att undvika
att en anrikning sker i jord. 
Effekterna på ekosystemen av medicinrester behöver

uppmärksammas ytterligare. Här finns också en risk
för spridning av antibiotikaresistens i miljön och se-
dan vidare till djur och människor. Även infek-
tionssjukdomar kan spridas med biologiskt avfall.
Nya vägar för smittspridning mellan djur och männi-
ska kan skapas. Zoonotiska sjukdomar har här en
central roll. Patogener som nyligen introducerats i ett
land kan spridas vidare med biologiskt avfall i
kretslopp. Det mycket goda hälsoläget för animalie-
produktionen i de Nordiska länderna kan då snabbt
ändras. 
En säkrad kvalitet på det biologiska avfallet är av
enorm betydelse för en generell acceptans  för an-
vändning i jordbruket i synnerhet för ekologisk pro-
duktion. En balans måste upprätthållas mellan risken
och nyttan med ett kretslopp av biologiskt avfall.
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