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Putting the safety of organic food into perspective
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The demand for organic foods is constantly increasing mainly due to consumers’ perception that
they are healthier and safer than conventional foods. There is a need for information related to
food safety to inform consumers of the health benefits and/or hazards of food products of both
origins, in order to optimise the impact on health and minimise the risks. Several gaps and limi-
tations in scientific knowledge with regard to food risk evaluation make it difficult to draw gen-
eralised conclusions. Still, some organic foods can be expected to contain fewer agrochemical
residues and lower levels of nitrate than conventionally grown alternatives. On the other hand,
environmental contaminants are equally present in foods of both origins. With regard to other
food hazards, such as natural chemicals, microbial pathogens and mycotoxins, no clear conclu-
sions can be drawn, although several interesting points can be highlighted. It is difficult, there-
fore, to weigh the risks, but what should be made clear to consumers is that ‘organic’ does not
equal ‘safe’. If producers adopt proper agricultural practices and consumers maintain hygienic
conditions, risks associated with food contaminants can be minimised, regardless of the food’s
organic or conventional origin.
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Introduction

Organic farming is a topic of marked interest in the USA
(Greene, 2000) and Europe (Food and Agriculture
Organization, 1999) today. Although only a small market
sector until recently, it became one of the fastest growing
segments of US and European agriculture during the 1990s,
and is rapidly gaining ground in many other parts of the
world as well (Yussefi & Willer, 2002). Many surveys of
consumer attitudes have been conducted to identify the rea-
sons for this increased trend; among those stated, notions
about food safety are fundamental for purchasing organic
food (Lohr, 2001).

The past decade has been characterised by escalating
public concern towards nutrition and health (Crutchfield &
Roberts, 2000) and food safety issues, such as the use of
genetically modified organisms and irradiation in food pro-
duction, as well as the outbreaks of bovine spongiform
encephalopathy and Escherichia coli infections. All con-
tribute to increased awareness and stimulate the interest for
organically grown food (Mitchell & Normile, 1999;
Birchard, 2001). As a result, at present, consumers perceive
relatively high risks associated with the consumption of
conventionally grown produce compared with other public
health hazards (Williams & Hammitt, 2000, 2001).

On the contrary, there is a widespread belief that organic
foods are healthier and safer than conventional foods. This
perception is mainly due to the principles associated with
organic food production that are difficult to dispute. The
absence of synthetic chemicals and a number of other envi-
ronmentally sound techniques (Soil Association, 1997)
remain part of the allure of the organic movement and
underlie consumer belief that organic foods are virtually
free of the hazards found in conventional produce (Marcus,
2001). It is true that many supporters of organic farming
rely on personal experiences and beliefs that make them
more receptive to the idea that organic food is indeed
superior (Morkeberg & Porter, 2001). This perception,
however, has historically led to several unsubstantiated
claims, most notably the ability of organic foods to cure
cancer (Jukes, 1974, 1975).

Nevertheless, scientific evidence for such claims is
scarce, and the information available rarely finds its way
into public discussions. In the face of such consumer
expectations, it is important to carefully consider the ques-
tion of safety of organic food in order to identify problems
and issues that require attention. The present paper does not
make a value judgement about the best approach to agricul-
tural development; the objective is to present a critical and
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transparent overview of issues that relate to the safety of
organic food. The main focus is targeted towards organic
food safety and existing or potential problems associated
with organic food production. An extensive referral to the
well-documented food safety issues related to conventional
systems is avoided.

Synthetic agrochemicals

Modern conventional agriculture uses a wide range of syn-
thetic chemicals that inevitably leave residues in the pro-
duce. Without proper control, some pesticide residues that
remain on food can create potential health risks (Fan &
Jackson, 1989). Although hard evidence is scarce, some
scientists report that certain residues in conventional food
could, over many years, raise the risk of cancer and other
diseases in man (Marcus, 2001). Organic production stan-
dards do not allow the use of synthetic agrochemicals (Soil
Association, 1997), and carefully designed long-term
experiments under controlled conditions have verified that
synthetic pesticide input in organically cultivated fields can
be approximately 97 % lower than in conventional ones
(Mader et al. 2002).

Organic foods grown and processed properly, however,
are not necessarily free from pesticides and other synthetic
chemicals of conventional farming (Jukes, 1977). Indeed,
such produce can be contaminated due to cultivation on
previously contaminated soil, percolation of chemicals
through soil, especially on sloping fields, unauthorised use
of pesticides, cross-contamination with wind drift, spray
drift from nearby conventional farms, groundwater, or even
during transport, processing and storage (American Dietetic
Association, 1990a,b). For example, recent evidence con-
firms that a number of organochlorine pesticide residues are
present in the soil environment and tomato tissues from
organic farming, although such pesticides have never been
applied on the farm (Gonzalez et al. 2003). Wind disper-
sion, surface runoff and volatilisation and subsequent
redeposition by precipitation of pesticides applied in the
surrounding areas have been suggested to contribute to
pollution of ‘non-target’ areas such as organic farms
(Gonzalez et al. 2003). In additon, while regulations
demand that farms should be free from use of prohibited
substances for a time period of 2 or 3 years in order to be
certified suitable for organic farming, the Organic Trade
Association argues that the soil of some land is so contami-
nated from previous use that even after 3 years it may not
be appropriate for organic production (Fisher, 1999).

Pesticide residues and/or other contaminants can occa-
sionally be found in certified organic food. Presence, how-
ever, does not necessarily preclude the food from being
labelled organic, providing all requirements related to the
production process have been fulfilled (Greene, 2001).
Several studies that verify the presence of synthetic agro-
chemicals in organic foods can be found in the literature; in
most cases, pesticide residues were lower in organic than in
conventional produce, although no difference could be
identified in some studies (Lecerf, 1995; Woese et al. 1997;
Bourn & Prescott, 2002). While more recent data support a
clear trend towards lower levels (Kumpulainen, 2001;
Baker et al. 2002) and less frequent presence (Baker et al.

2002) of residues in both vegetables and fruit produced
organically (Fig. 1), this conclusion cannot be generalised
for other organic foods, whether cereal, potatoes, milk or
meat, due to the limited number of studies and shortcom-
ings in test design and evaluation. Regardless of these
trends, and despite the fact that concerns about pesticide
residues in food have resulted in extensive toxicological
testing from very early on (Duggan et al. 1966), the poten-
tial long-term risks of dietary pesticides to man remain
unresolved. At low levels of human exposure, however, and
despite the lack of a single methodological approach that
would allow for health risk assessment of low-dose chemi-
cal mixtures, it has been suggested that no real cause for
concern exists (Carpy et al. 2000).

Environmental pollutants

Chemical contaminants resulting from general environ-
mental pollution can occasionally be found in both organic
and conventional food products. These compounds are also
potent and may pose serious health risks (Table 1). This
should be expected since persistent pollutants in the soil
such as chlorinated hydrocarbons, polychlorinated biphenyls
and certain heavy metals cannot be avoided through organic
farming practices. Therefore, the presence or absence and
the relative amount of these toxic agents in food, organic or
not, will depend mainly on farm location. Areas of high
contamination may occur due to industrial activity (for
example, chemical manufacturing, mining and smelting
operations), agricultural practices, energy production, and
disposal of hazardous toxic wastes (Food and Agriculture
Organization/World Health Organization, 2001b). In agree-
ment with this assumption, most studies indicate similar
levels of these pollutants in a variety of both organic and
conventional foods (Lecerf, 1995; Woese et al. 1997;
Kumpulainen, 2001; Worthington, 2001). Similarities are to
be expected in the future, as well, given the opportunities
for uptake into both types of agricultural produce.
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Fig. 1. Frequency of detection of at least one type (left panel) or
two types (right panel) of pesticide residues in organic (�) and
conventional (�) fruits and vegetables. Data on pesticide residues
in organically grown foods and foods with no market claim
(assumed to be conventionally grown) were obtained from three
independent US sources: the Pesticide Data Program of the US
Department of Agriculture (PDP), the Marketplace Surveillance
Program of the California Department of Pesticide Regulation
(MSP), and private tests conducted by the Consumers Union (CU).
The collected data represent tests of over 94 000 food samples
(derived from Baker et al. 2002).
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Food contamination with Cd, a known carcinogen, is
widely debated and controversial. The main sources of Cd
in soils are phosphate fertilisers, particulates from atmos-
pheric pollution, sewage sludge, and farmyard manure
(Linden et al. 2001). Use of phosphate fertilisers has
declined in organic farming, which may result in lower Cd
levels in the long term. Still, organic farmers are permitted
to use crude phosphate rock containing variable amounts of
Cd, while inorganic phosphate fertilisers are cleaned of
most Cd before application on conventional crops (Witter,
1996; Kirchmann & Thorvaldsson, 2000). The use of
sewage sludge in conventional agriculture creates further
concern about possible contamination by Cd of convention-
ally grown crops and especially vegetables. Surprisingly
though, soil chemical analysis often cannot fully account
for the Cd added with sludge (Jones et al. 1987). Moreover,
trace-element accumulation, particularly of Cd, has been
reported to be higher in the soil of organic farmland
(Moolenaar, 1999), while pig manure from organic produc-
tion was shown to contain higher levels of Cd than that
from conventional production (Linden et al. 2001).
Increased metal levels in soils, however, do not necessarily
result in increased metal contents in the plants grown in the
fields (Moolenaar & Lexmond, 1999), and thus in foods
produced by these plants. Indeed, although comparative
analyses of organic and conventional foods are limited, the
few studies published to date show no consistent difference
in Cd levels (Lecerf, 1995; Woese et al. 1997; Jorhem &
Slanina, 2000; Worthington, 2001; Malmauret et al. 2002).
Nevertheless, some preliminary data point towards higher
Cd concentrations in conventional foodstuffs compared
with organic ones (Karavoltsos et al. 2002).

Another issue of attention is the use of Bordeaux mix-
ture (an aqueous solution of copper sulfate) and other Cu
salts as fungicides in organic agriculture. It has been sug-
gested that organic growers apply more frequent treatments
with Cu-based fungicides on their crops than conventional
farmers do (Trewavas, 2001). Despite the fact that their use
was banned after 2002, Cu salts remain persistent in soil
and thus raise concern over food contamination with Cu.
Relevant in this respect, in reviewing a limited number of
studies regarding the micronutrient content of organic and

conventional foods, it was concluded that organic fruits,
vegetables and grains contain on average approximately 10
% more Cu than conventional ones (Worthington, 2001).
However, only the percentage difference was considered
and no actual contents were provided. Therefore, whether
this finding implies a beneficial or hazardous effect on
human health remains at present unclear, especially since
dietary requirements and upper tolerable levels of Cu intake
are still subject to conjecture (Buttriss & Hughes, 2000).

Nitrate

Nitrate is the main form of N supplied to crops from soil,
and its content in food is an issue of some concern. A highly
publicised side effect from nitrate contamination is infant
methamoglobinaemia (Avery, 2001). Nitrate, per se, has not
been shown to produce a carcinogenic effect in animals, but
can be converted into nitrite and finally into nitrosamines by
bacteria in human saliva and in the intestine (Havender,
1993). Whether or not dietary nitrate indeed constitutes a
threat to human health, however, and at what level of con-
sumption, is a matter of continuous and rigorous debate
(Vallance, 1997; McKnight et al. 1999; Vermeer & van
Maanen, 2001). For instance, there is no hard evidence of a
significant association between nitrate intake and gastric
cancer risk in man (Van Loon et al. 1998), while consump-
tion of vegetables is highly protective and independent of
their estimated nitrate content (Pobel et al. 1995).

Regardless of the above-mentioned uncertainties, several
studies have addressed the question of nitrate content in
organically and conventionally grown foods. Evidence con-
firms a significant difference in some types of produce; organ-
ically cultivated nitrophillic vegetables (i.e. those with a high
nitrate-accumulating potential), such as leaf, root and tuber
vegetables, have a lower nitrate content than the convention-
ally grown ones, while a trend towards the same difference
can also be identified in the case of potatoes (Bourn, 1994;
Lecerf, 1995; Woese et al. 1997; Worthington, 1998; Bourn &
Prescott, 2002). It has been estimated that organic vegetables
are approximately three times more likely to contain a lesser
amount of nitrates than conventional crops and, on average,
their nitrate levels are approximately 15 % lower
(Worthington, 2001). In contrast, organic milk has been
shown to contain more nitrates than conventional milk
(Woese et al. 1997). Available data with regard to other crops,
such as fruit, seed and bulb vegetables, which have a low
nitrate-accumulating potential, do not indicate any difference.
Still, there remains a high level of uncertainty regarding the
aforementioned conclusions, taking into account the large
number of factors that are irrelevant to the farming system
and may affect the nitrate content of crops (Table 2).

Animal feeds and veterinary drugs

Contaminants in animal feeds, such as pesticide residues,
agricultural and industrial chemicals, heavy metals and
radioactive nuclides, can give rise to safety hazards in
foods of animal origin. Organic livestock are fed on organi-
cally produced feedstuffs; thus the potential for contamina-
tion with pesticide residues and other agricultural
chemicals is reduced compared with conventional farming
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Table 1. Some environmental pollutants that may occasionally be
found in foods*

Contaminant Adverse effect

As Carcinogenesis 
Cd Carcinogenesis

Osteoporosis
Cu Toxicity, poisoning
Dioxins Carcinogenesis 
Pb Hypertension

Kidney failure
Reproductive disturbances

Hg Neurotoxicity
Polychlorinated biphenyls Hepatic cancer

Other cancers
Neurotoxicity

Radioactive nuclides Carcinogenesis 
Zn Toxicity at high concentrations

* Most of these pollutants are highly carcinogenic in laboratory animals; how-
ever, the predicted adverse effects on human health due to diet-related
exposure have not yet been substantiated.
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methods. On the other hand, several synthetic but highly
unstable chemicals are currently available to guarantee safe
feed for conventional livestock. Still, neither organic nor
conventional farm management can reduce the levels of
persistent environmental pollutants; these may be found
equally in feedstuffs and, hence, in the endproducts of ani-
mal origin of both farming systems. An educative example
is a recent incident of large-scale contamination of organic
meat products in Germany, due to improper storage of ani-
mal feedstuff (Tuffs, 2002). This demonstrates the consid-
erable influence that several other aspects of the production
chain may have on food safety, beyond the production sys-
tem, per se.

With regard to veterinary drugs (for example, antibiotics,
growth hormones), animal management in organic farms
precludes the use of chemically synthesised allopathic
medicines, although vaccines are conditionally permitted
(Food and Agriculture Organization/World Health
Organization, 2001a). Animal health in organic systems
should be maintained and promoted mainly through pre-
ventive measures, such as the appropriate selection of breeds
and strains, a balanced high-quality diet, and a favourable
environment (Food and Agriculture Organization/World
Health Organization, 2001a). These practices, however,
demand precise knowledge, extensive experience and
constant inspection in order to meet the desired conditions.
In other words, demands on management are greater in
organic than in conventional systems (Gade, 2002). Hence, it
can be argued that the avoidance of animal disease in organic
farms and the safety of food originating from these animals
are much more dependent on individual farmers than in con-
ventional systems. In addition, refraining from vaccines and
antibiotics gives rise to concerns about animal disease out-
breaks and zoonoses, should other contributing factors be
present. Indeed, there are documented incidences of contami-
nation with various pathogens in organic fish (Ogbondeminu
& Okaeme, 1986) and poultry (Engvall, 2001).

With regard to animal health in organic and conventional
dairy farms, comparative studies show no fundamental dif-
ferences between the two production methods (Sundrum,
2001). When animals in organic farms become sick or
injured, they are treated by giving preference to phytothera-
peutic or homeopathic medicinal products. The therapeutic
use of synthetic allopathic medicines is not prohibited, but
their use is restricted to the minimum possible (Food and
Agriculture Organization/World Health Organization,
2001a). Nevertheless, the efficiency of homeopathic and
phytotherapeutic medicinal products for animal treatment is
mostly undocumented and under debate (Loken, 2001),

thus giving cause for concern regarding increased use of
synthetic medicines. In general, however, the use of syn-
thetic veterinary drugs and growth promoters is more
extensive in conventional livestock farming. As a result, the
levels of such chemicals in organic foods of animal origin
are expected to be lower, although comparative research in
this area is absent. In addition, it should be noted that fear
that livestock drug residues may remain in final food prod-
ucts and cause human illness is probably unsubstantiated
(Mathews et al. 2001). The major concern associated with
the administration of low levels of antimicrobial drugs to
food-producing animals is the potential development of
multidrug-resistant micro-organisms (Hamer & Gill, 2002),
an issue that has repeatedly raised doubts over the continu-
ation of their use (Gorbach, 2001).

Natural toxins

Plants have endogenous defence mechanisms that result in
toxin production, which in turn serves to protect them against
predators. There is a wide range of such natural toxins, but
only a few have been tested in high-dose animal cancer
tests. Of those tested, almost half have shown carcinogenic
action in rodents (Ames & Gold, 1990). Moreover, it has
been estimated that nearly all pesticide residues (carcino-
genic or not) in diet are of natural origin (99·99 v. 0·01 %
synthetic); thus the daily average consumption of natural
pesticides exceeds that of synthetic by almost 10 000 times
(Ames et al. 1990a). Decision-making bodies and legisla-
tive authorities, however, seem to be concerned about the
health risks associated with synthetic chemicals only,
regardless of their proportional contribution to the total
human exposure, and regulate on the basis of such concerns
(Silkworth & Brown, 1996). Consequently, the assertion
that natural pesticides do not jeopardise human health is pre-
sumably a fallacy, especially when taking into consideration
that natural chemicals are equally as potent carcinogens as
their synthetic counterparts (Ames et al. 1990b).

Comparative studies have not been conducted, however,
to investigate the relative presence of such chemicals in
organic and conventional foods. The above point notwith-
standing, indirect evidence can lead to interesting implica-
tions. When plants are stressed from infection and/or
predation, they characteristically respond with a rapid
increase in defensive chemicals, and synthetic pesticides are
used to reduce plant stress (Mattsson, 2000). Consequently,
it can be argued that natural toxin production is suppressed
in the presence of synthetic chemicals, while induced in
their absence, in order to maintain defensive integrity.
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Table 2. Factors affecting the nitrate content of foods*

Study variables Production method Farm location

Duration Cultivar Geographical location
Replication Soil type Climate (sunlight, temperature, 

rainfall, moisture)
Statistical design Organic matter Seasonal variations
Sampling of plant Planting date Storage conditions
Sample size Harvest date Post-harvest processing
Nutritional analyses Trace elements Plant disease

Nitrates in irrigation water Nitrates in groundwater

* Derived from Bourn, 1994; Crutchfield & Cooper, 1997.
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Moreover, the mechanical damage caused by insects, birds,
reptiles and rodents leads to a significant increase in sec-
ondary metabolites that act as precursors of natural toxins
(Harborne, 1990). It is obvious, however, that elimination of
synthetic agrochemicals in arable fields leads to increased
populations of insects and other biota (MacKerron et al.
1999). Indeed, increased populations of insects, arthropods,
earthworms and birds have been reported on organic farms
(Chamberlain et al. 1999; Soil Association, 2000; Mader et
al. 2002). Although clearly beneficial for the environment and
the biodiversity of the ecosystem, they may also serve as an
additional source of stress to plants and, hence, are additional
causes for toxin production. Another fundamental practice of
organic agriculture is the use of resistant crop varieties in
order to minimise damage and avoid disease. Resistance,
however, is mediated by primary plant attributes, especially
improved physical structure, and defence-related products,
such as secondary chemicals and natural toxins (Agrawal,
2000). Thus, the selection of pest-resistant varieties in organic
farming could also mean that these varieties have higher lev-
els of natural toxins, or toxins of greater potency. In contrast,
it may be assumed that conventional agriculture leads to a
shift of the plant’s energy use towards growth and higher
yield, rather than the production of natural chemicals.

These lines of reasoning seem to support the hypothesis
that organic crops have higher levels of natural toxins.
Nevertheless, in the absence of comparative data, one can
only speculate. Additionally, it should not be forgotten that
knowledge of the specific naturally occurring chemicals that
are involved in cancer causation, the mechanisms by which
they act, which types of cancer they affect and the magnitude
of these effects, is inadequate (Committee on Comparative
Toxicity of Naturally Occurring Carcinogens, 1996). On the
other hand, it is certainly true that some plant defence-related
secondary metabolites may instead be beneficial to human
health (Brandt & Molgaard, 2001). Information regarding
such non-nutrient food components with potential protective
health effects (polyphenols, flavonoids, phyto-oestrogens,
and glucosinolates) could provide some further insight into
the safety of the produce but, unfortunately, it is disappoint-
ing to note the almost complete lack of comparative studies

between organic and conventional food products in this area
of research (Williams, 2002). It is, therefore, difficult to eval-
uate the significance of their presence in the diet, irrespective
of the potential differences between organic and conven-
tional crops. Nevertheless, a recent report prepared for the
Soil Association of the UK concluded that certain organic
crops appear to be higher in phytonutrients (lycopene in
tomatoes, polyphenols in potatoes, flavonols in apples and
resveratrol in red wine) (Heaton, 2001). While some organi-
cally cultivated vegetables (Welsh onion, Chinese cabbage,
carrot, green pepper and Japanese radish) demonstrated sig-
nificantly higher antimutagenic activity than the respective
conventional crops (Ren et al. 2001)

Organic pesticides

Little attention has been paid to various other organic farming
treatments. While organic proponents claim that synthetic
pesticides are dangerous, it has been reported that nearly
twenty different chemicals are used to maintain the safety of
processed organic food (Trewavas, 2001). Nevertheless, it is
asserted that organic pesticides are unstable, biodegradable,
environmentally friendly, and that their external application
on crops is a safe practice. Most such chemicals, however,
have not received proper biological investigation in terms of
their impact on human health (Dewhurst, 2001), although
some may carry previously unrecognised risks (Table 3). The
use of these chemicals by the organic community for many
years indicates the power of ‘assertion’ rather than scientific
knowledge. Unfortunately, biological pesticides have not
been tested in  respect of their influence on food safety and
the risks, if any, remain unknown.

Microbiological hazards

Although both publicity and research have focused on pre-
harvest food safety in animal foods, fresh produce has been
implicated in major food-borne illness outbreaks (Keene,
1999). An increasing number of these cases have been
directly linked to faecal contamination of fresh or mini-
mally processed foods. Manure may contribute several
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Table 3. The health risks of some organic pesticides

Properties and/or adverse effects Reference

Rotenone (insecticide)
Causes death in fish MacKenzie (1993)
Inhibits the electron transport chain Bashan et al. (1993)
Induces hepatocyte apoptosis Isenberg & Klaunig (2000)
Induces Parkinson’s disease Betarbet et al. (2000)

Bacillus thuringiensis spores (insecticide)
Long-term environmental persistence Smith & Barry (1998)
Cause lung inflammation, internal bleeding and death in laboratory mice MacKenzie (1999)
Infect wounds and damage human cells in culture MacKenzie (1999)
Produce Bacillus cereus-like cytolytic toxins Tayabali & Seligy (2000)

Natural pyrethrins (insecticide)
Some are as neurotoxic as synthetic pyrethroids Dorman & Beasley (1991)
Residues of both types have been detected in foods Nakamura et al. (1993)
They are less effective than pyrethroids and have to be used at higher doses Trewavas (2001)

Sodium fluoride (pesticide)
Accumulates in soil, plants, wildlife, and human consumers, and may be toxic for 
sensitive human populations Connett & Connett (2001)
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disease agents to soil, and while some die off in time,
others persist for long periods (Pell, 1997). Use of
untreated manure on produce crops carries a higher risk of
contamination as compared with treated manure, which has
markedly reduced levels of pathogens (Pell, 1997).
Nevertheless, composted manure is not free of microbes,
since new emerging pathogens with changing epidemiolog-
ical characteristics are difficult to control (Tauxe, 1997).
Contamination with faecal pathogens poses a potential
threat for food-borne illness if sufficient levels of viable
pathogens are contained in the produce.

Use of manure rather than chemical fertilisers con-
tributes to an increased risk of food contamination (Beuchat
& Ryu, 1997). Utilisation of treated and untreated manure,
however, as a source of crop fertiliser is common in both
organic and conventional agriculture; hence potential risks
apply equally. Nevertheless, ‘conventional’ farmers have a
variety of effective synthetic fertilisers at their disposal,
along with manure, while ‘organic’ farmers do not. Thus, it
is generally accepted that the importance of manure as an
alternative source of plant nutrients is greater in organic
production than in conventional systems (Albihn, 2001).
Additionally, the increased population of several species on
organic farms (Chamberlain et al. 1999; Soil Association,
2000; Mader et al. 2002) may serve as additional contami-
nation sources, since contact with reptiles, rodents, insects
and birds may offer other portals through which pathogens
can access produce (Beuchat & Ryu, 1997).

Decontamination of food by means such as irradiation,
antimicrobial agents, chemical washes and other synthetic
disinfectants is prohibited in organic production, while more
widely accepted practices, for instance, pasteurisation and
use of chlorinated water, are only optional. Adoption of
organic practices varies widely among growers (Magleby,
1998) and it cannot be ruled out that some do not practice
proper disinfection techniques. Taking all this indirect infor-
mation into consideration, it may be hypothesised that
organic food carries a relatively higher risk of microbial con-
tamination than conventional food, due to the increased pres-
ence of pathogens via manure and plant predators, in
addition to fewer decontamination alternatives. Although this
does not seem to be the case so far, as discussed later (p.
216), these considerations clearly stress the importance of
potential safety drawbacks and problems encountered in
organic food production, which should be pursued with both
better management and more extensive microbiological testing.

Still, limited data show no significant differences in the
bacterial status of organically and conventionally grown

food (Marx et al. 1994; Hamilton-Miller & Shah, 2001;
Moreira et al. 2003). Nevertheless, food-borne disease out-
breaks and contamination incidents have indeed been asso-
ciated with organic foods, or foods produced in the organic
fashion (Table 4). It is unknown, however, whether organic
farming practices, per se, are to blame since contamination
of produce can occur in the field or orchard during harvest-
ing, post-harvest handling, processing, shipping, marketing
or at home (Beuchat & Ryu, 1997). In addition, caution is
warranted when interpreting the results from some studies.
An illustrative example is a study carried out in the UK
(Gilbert & Shepherd, 1985) that is often cited as a case of
higher aflatoxin (see later; pp. 216–217) contamination in
organic cereal crops. The contaminated samples, however,
stocked by health-food shops in the UK, were not labelled
organic (Bourn & Prescott, 2002).

Mycotoxins

The presence of fungi gives cause for another serious con-
cern regarding food safety. Mycotoxins are toxic by-prod-
ucts of certain moulds. There are several subgroups of
mycotoxins, of which the major one is aflatoxins. The most
toxic and carcinogenic member of this family, aflatoxin B1,
is acutely poisonous, highly mutagenic and intensely car-
cinogenic in rodents and other animals (Havender, 1993).
In man, aflatoxin B1 can induce liver cancer at very low
doses if ingested over a prolonged period of time. Aflatoxin
M1 is the major animal metabolite of aflatoxin B1. Other
mould toxins sometimes found in specific foods include
fumonisins, sterigmatocystin, deoxynivalenol, ochratoxin
A, T-2 toxin, patulin, penicillic acid and griseofulvin
(Havender, 1993). All have shown carcinogenic activity in
animal tests.

Since synthetic fungicides are not allowed in organic
production, the assertion that organic crops may be more
susceptible to fungi contamination seems to be based on
logical, yet unproven, grounds. Interestingly, there is a neg-
ative correlation between N availability and sugar content
in many arable crops (Eppendorfer & Eggum, 1992;
Poulsen et al. 1995). Therefore, lower N application in
organic crops could possibly increase their sugar content,
and thus make them more susceptible to fungal attack.
Recent work has indeed demonstrated that organic crops
may sometimes act as reservoirs for fungi and secondary
sources of infection (Eltun, 1996; Zwankhuizen et al.
1998), and it has been proposed that organic farms are pro-
tected from the full effects of a disease outbreak because
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Table 4. Food-borne disease outbreaks and/or contamination incidents that have been associated with organic foods or foods produced in line
with organic standards

Food vehicle Pathogen Adverse effects on health Reference

Raw vegetables Not identified Ascariasis Oppenheim (1971)

Raw vegetables Escherichia coli O157:H7 Gastrointestinal problems Cieslak et al. (1993)

Parsley in butter Verotoxinogenic Citrobacter freundii Gastroenteritis, haemolytic uraemic Tschape et al. (1995)
syndrome, thrombotic 
thrombocytopenic purpura, death

Lucerne sprouts, mesclun lettuce E. coli O157:H7, Salmonella spp. Not reported Doyle (2000)

Raw vegetables Aeromonas spp. Not reported McMahon & Wilson (2001)
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they are surrounded by conventional farms that use effec-
tive fungicides (MacKerron et al. 1999).

Given that mycotoxins constitute a major health hazard,
their relative presence in foods produced organically or
conventionally has been the subject of many studies. From
a review of the evidence, however, it cannot be concluded
that one type of farming or the other leads to an increased
risk of mycotoxin contamination, even though the results
vary greatly. In about half of the studies, certain types of
organic produce, such as cereals, cereal-based products,
fresh apples and apple cider, were found to be more suscep-
tible to fungal contamination than the conventionally
grown alternatives (Jukes, 1990; Lovejoy, 1994; Marx et al.
1995; Eltun, 1996; Malmauret et al. 2002). However, about
an equal number of studies failed to confirm such a finding.
Their results showed no consistent difference in either the
total viable fungal content or the number of different mould
species encountered, and respective toxin production did
not differ (Mislivec et al. 1979; Marx et al. 1994;
Jorgensen et al. 1996; Woese et al. 1997; Moreira et al.
2003). There are also documented cases of higher myco-
toxin contamination in conventional food products
(Schollenberger et al. 1999, 2002). The inconsistency of
these data and the lack of conclusive evidence preclude
drawing unequivocal conclusions. In addition, frequency
and actual levels of contamination do not always coincide.
For instance, a recent study has demonstrated that the rate
of contamination of organic wheat samples with deoxyni-
valenol was approximately 40 % lower than that of conven-
tional ones, but median and maximum levels of this
mycotoxin were more than 2-fold higher in organic than in
conventional crops (Fig. 2) (Malmauret et al. 2002). These
findings clearly illustrate that consumption patterns of spe-
cific foods have to be taken into account, as well, when
attempting to evaluate consumer exposure.

Conclusions and discussion

Addressing safety issues of organic v. conventional food is
quite complex, especially in the face of scarce and conflict-
ing data. Therefore, overrating or generalising identified
trends is neither scientifically defensible nor a prudent public
health position. Such an interpretative limitation, however, is

not surprising or unexpected. For reasons of comparison, the
reader should recall that the determination of differences in
the nutritional content of crops originating from organic or
conventional cultivation has been the objective of scientific
research since the first quarter of the 20th century
(McCarrison, 1926). Still, several reviews on the nutritional
value of these crops published during the past decade have
failed to reach clear or even unanimous conclusions (Bourn,
1994; Lecerf, 1995; Woese et al. 1997; Worthington, 1998,
2001; Bourn & Prescott, 2002; Williams, 2002; Magkos et
al. 2003). Taking into consideration the substantially less
extensive testing of organic crops with regard to their safety
characteristics, one readily realises the inadequacy of current
knowledge. Despite these limitations and difficulties, how-
ever, some differences can be identified (Table 5).

Organic fruit and vegetables can be expected to contain a
smaller amount of agrochemical residues than their conven-
tional alternatives. This statement, however, cannot be
applied so far to other types of produce. Furthermore, organi-
cally cultivated nitrophillic vegetables, such as leaf, root and
tuber vegetables, have a lower nitrate content than the respec-
tive conventional ones; no differentiation is evident for other
crops with low nitrate-accumulating potential. Organic foods
of animal origin would be expected to contain lower amounts
of veterinary drugs and pesticide residues than those from
conventional production, although relevant research to sup-
port this assumption is lacking. Environmental contaminants,
on the other hand, are equally found in food products of both
origins. Regarding natural toxicants, conclusions remain ten-
tative in the absence of comparative research. Yet, it may be
hypothesised that foods produced organically have elevated
levels of these compounds. There is no hard evidence to date
to support the notion that organic crops are more subjected to
microbial contamination than conventional ones. Finally, with
regard to fungal disease and subsequent mycotoxin produc-
tion, there remains a high level of uncertainty in the presence
of divergent data.

Weighing the risks is therefore difficult, considering the
significant gaps in scientific knowledge with regard to eval-
uating the presence of synthetic chemicals, nitrates, patho-
genic microbes, natural toxins, environmental pollutants,
and mycotoxins. In fact, no clear picture has emerged
regarding the most potent food hazards, such as microbial
pathogens and mycotoxins (Table 5). On the other hand,
knowledge of the differences between organic and conven-
tional produce is mainly limited to risks (synthetic toxi-
cants, nitrate) whose importance in terms of human health
is negligible and/or questionable. Therefore, in order to
draw meaningful conclusions, recognised and/or potential
differences between organic and conventional products
have to be considered within the context of the relative
impact of each food hazard on human health (Fig. 3).

In contrast to the popular perception that chemical
residues in food are the major source of food contamination,
recent food-borne disease outbreaks have demonstrated that
microbial hazards are much more significant for food safety
(Cliver, 1999). The risks due to pesticide residues and food
additives are relatively minor, compared with both acute and
chronic effects caused by microbiological and other
naturally occurring toxicants (Fig. 3) (Cliver, 1999). In
general, food-borne diseases appear to cause more illnesses
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Fig. 2. Frequency of detection (�), and median (�) and maximum
(�) levels of deoxynivalenol contamination in organic and
conventional wheat (derived from Malmauret et al. 2002).
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but fewer deaths than previously estimated (Mead et al.
1999). In the past decade, outbreaks of human diseases
associated with the consumption of raw vegetables and
fruits, or unpasteurised products originating from them,
have significantly increased in number (Beuchat & Ryu,
1997; Keene, 1999). There is no evidence, however, to indi-
cate whether or not this increase is related to the significant
increase in organic food consumption during the same
period. Nonetheless, consumers’ demand of minimally
processed foods has had an apparent adverse influence on
food safety (Zink, 1997).

During the post World War II era of synthetic agrochem-
icals and despite the year-on-year increase in the worldwide
rate of application, there has been little overall increase of
cancer incidence and mortality in the USA (Fisher &
Worth, 1995) or in Europe (Coggon & Inskip, 1994)
(exceptions being lung and AIDS-related cancers).
Moreover, stomach cancer mortality has significantly
decreased (Coggon & Inskip, 1994; Fisher & Worth, 1995),
and a contributing factor to the declining incidence may
have been the greater year-round availability of fresh fruits
and vegetables, provided by conventional agriculture.
Furthermore, there is no evidence that toxic hazards such as
pesticides have had a major impact on total cancer mortal-
ity (Fisher & Worth, 1995); populations with diets rich in
fruits and vegetables have a substantially lower risk of
many types of cancer (Centers for Disease Control, 1999),
despite the use of synthetic agrochemicals in conventional

farming. Hence, the benefits may outweigh the risks. In
fact, although pesticide residues are more frequently
detected (approximately three times more often; Fig. 1) in
conventional than in organic food (Baker et al. 2002),
actual levels in both types of produce are generally below
detection limits (Kumpulainen, 2001). For example, while
approximately 30 % of the food consumed in the UK
between 1994 and 1998 contained measurable residues,
only < 1 % contained violative levels (Shaw, 2000). Taking
also into account that regulatory systems for agricultural
chemicals are gradually becoming more stringent, it has
been suggested that in the foreseeable future no meaningful
difference between residue levels in organic and conven-
tional foods will be evident (Bourn & Prescott, 2002).

It should be emphasised, therefore, that the current food
supply in the USA and Europe is much safer and healthier
than in the past, and that agricultural technological achieve-
ments have greatly contributed to reduced malnutrition and
improved health (Centers for Disease Control, 1999).
Organic food may offer the same or even greater protection,
but it is unknown whether price premiums ranging from
over 40 % to as high as 175 % (Greene, 2001) will compro-
mise consumption levels. A decrease in fruit and vegetable
consumption due to higher prices would probably have a
detrimental impact on public health status, especially since
the ‘five-a-day’ recommendation for vegetables and fruits
cannot be met by a large proportion of the population in the
USA (Subar et al. 1995) or Europe (Naska et al. 2000).

In general, provided that growers adopt proper agricul-
tural practices, both farming systems have the potential to
produce safe food. Organic standards will not exempt pro-
ducers and processors from compliance with general regula-
tory requirements such as food safety regulations, pesticide
registrations and general food and nutrition labelling rules.
But neither is the organic label a seal of food safety. Organic
refers only to a product that has been produced in accor-
dance with certain standards throughout the production,
handling, processing and marketing stages; it does not refer
to the characteristics and properties of the finished product.
The asserted health benefits are impossible to quantify and
do not seem, as yet, to compensate for the increased price. It
is also important to note that, at present, there is no scientifi-
cally tenable evidence that any differences observed
between organic and conventional food would lead to any
objectively measurable effects on human health.
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Table 5. Comparison of organic and conventional products with respect to food hazards

Food hazard Org < Con Org = Con Org > Con Unknown

Synthetic agrochemicals +*
Environmental pollutants +
Nitrate +§

Contaminants in feedstuffs +¶

Veterinary drugs +¶

Natural toxins +
Organic pesticides +
Pathogenic microbes +
Mycotoxins +

Org, organic food; Con, conventional food.
* Vegetables and fruits.
§ Nitrophillic vegetables.
¶ Foods of animal origin.

Increased health risk

Microbial agents
Phycotoxins
Some phytotoxins
Mycotoxins
Anthropogenic contaminants
Food additives
Pesticide residues

Mycotoxins
Anthropogenic contaminants

Some phytotoxins
Unbalanced diet

Phycotoxins
Microbial agents

Food additives
Pesticide residues

Acute Chronic

Fig. 3. Ranking health risks from food (modified after Kuiper-
Goodman, 1999).

https://doi.org/10.1079/NRR200361 Published online by Cambridge University Press

https://doi.org/10.1079/NRR200361


Summing up, no hard evidence currently exists to support
or refute claims that organic food is healthier and safer than
conventional food, or vice versa, and assertions of such kind
are inappropriate and not justified. They remain groundless,
not only due to ethical considerations but also due to limited
scientific data. The selective and partial presentation of evi-
dence serves no useful purpose and does not promote public
health. Rather, it raises fears about unsafe food. In the mean-
time, consumers are left in confusion and ignorance, count-
ing the widely publicised food scares; complete fasting
seems to be the only solution and ‘truth’ remains elusive.
Still, it is logical to assume that food is healthier if not cont-
aminated by pesticides, microbes and other toxic agents, and
the possibility that some consumers draw psychological
benefits from their food choices cannot be ruled out.

The main health-promoting properties of food, however,
lie in their ability to provide the human organism with car-
bohydrates, proteins, fats, vitamins, minerals, fibre and pro-
tective factors needed for growth, repair, reproduction,
energy and good health. Plants produce these complex nutri-
ents from water, air, soil and sunlight. How well they do so
is under the influence of many environmental and genetic
factors, and the type of agriculture is only one variable.
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