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10. TOXIC COMPOUNDS IN FOOD 
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INTRODUCTION 
 

The magnitude of the toxicological effect of a given compound is  
influenced by several factors: 
- The age, state of health, consumption habits of the individual. 
- The synergistic effects of the other materials present in the included food. 
 

Assessment of toxicity by animal tests: 
- Acute toxicity (LD50) 
- Subacute toxicity (4 weeks) 
- Chronic toxicity (6 months – 2 years) → observation of mutagenic, 
teratogenic and carcinogenic symptoms. 
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NOEL (mg∙kg–1 BW–1) No Observed Effect Level  
In this dosage there is a lack of any effects during the lifespan of several 
generations of test animals. 
 
ADI (mg∙kg–1 BW–1day–1) Acceptable Daily Intake 
The NOEL value is multiplied by an empirical uncertainty factor (10–2) → 
toxicologically acceptable dose. 
 
Individual deviations could be significant at particularly sensitive organisms. 
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PC (mg/kg) Permissible Concentration 

ASFCA
BW

SF
FVNOELPC

⋅
⋅

⋅
=

FV = daily intake of feed (kg feed/kg body weight) of test animal 
SF = uncertainty factor (100) 
BW = body weight of an adult  
CA = the daily consumption of food for which the PC is being calculated. 
ASF = additional safety factor for sensitive persons (2.5) 

The harmless intake (mg) of test animal referred to BW unit. 

Permissible intake (mg) for a 
person divided by the amount 
of consumed food (kg). 
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Examples for the origin of food contaminants 
 
- Pesticides (agricultural chemicals for crop protections). 
 

- Feed additives, veterinary medicines (livestock and poultry husbandry). 
 

- Mycotoxins, enterotoxins (toxic metabolites of microbes). 
 

- Toxic compounds originated from packaging materials of food (polymer 
stabilizers, monomers, PCBs) 
 

- Pollutans derived from industrial contaminations (PAH, toxic elements, 
dioxines…) 
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PESTICIDES: PLANT-PROTECTIVE AGENTS 
 

Rewarding use:  
- Moderate losses in crop yield and stocks.  
E. g. rice cultivation losses with pesticides: 14%, without: 24%. 
Storage losses due to pests: 15% of the world harvest is lost. 
- Control of insect spread diseases. 
 

Their toxicological properties are assessed during the registration 
procedure.  
- Effect on different organisms: aquatic, birds, mammals. 
- Decomposition rate in the plant/in the soil. 
 

Direct contamination: the plant food is treated before storage or 
distribution.  
(E. g. fungicides in fruits and vegetables, insecticides in cereals.)  
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Indirect contamination: the pesticide residue in the soil is uptaked by the 
subsequent crop.  
Other sources of residues: air, water in soil – PPA penetrates from the 
neighbouring fields; contaminated storage spaces. 
 
Herbicides 
 

Non-specific: used before sowing (weeds and cultivated plants are also 
eliminated). 
Introduction of resistance genes (e. g. in soybean) 
→ non-specific herbicides can be applied during the life cycle of plant (e. g. 
during growth). 
 

Selective: only the growth of weeds is inhibited. 
2,4-dichlorophenoxyacetic acid: the growth of dicotyledon weeds are 
inhibited, but not monocotyledon cereal plants. 
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Sulfonyl ureas: amidosulfuron, mesosulfuron, methyl-, nicosulfuron. 
Small amount is needed (high activity).  
 
Fungicides 
 

This group of PPAs are found most often as an unwanted residue in  
fruits and vegetables. 
 

Fungal contamination (real or lower fungi) → the whole harvests can be 
spoiled.  
Plant diseases: stem rot, mildew, rust, leaf blight, botrytis… 
 

Systemic fungicides:  
- penetrate into the plant, 
- eliminate hidden seats of disease. 
 

Contact fungicides: 
Prevention of fungal attack (germination) on the surface of plant. 
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Classification of fungicides on the basis of chemical composition  
 

1. Inorganic fungicides: e. g. Bordeaux mixture, lime sulfur, colloidal 
Sulfur, copper chloride oxide. 
 

2. Organometallic compounds: e. g. dithiocarbamates of zinc and 
manganese (Maneb group). Often found as residue in foods. 
 

3. Organic fungicides: the most numerous group. 
 

The development of resistance → new effective agents have to be 
synthesized.  
- Valinamides (iprovalicarb) 
 

- Strobilurin A (found in fungi) → synthetic modification → new 
compounds with fungicidal activity  

- azoxystrobin  
- epoxyconazole  
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Insecticides 
 

Chlorinated hydrocarbons  
 

Persistence in the environment  
- Half-lives are long (stable) 
Dichlorodiphenyltrichloroethane (DDT) - 4–30 years. 
- Accumulate in human beings and animals. 
 Their use is banned in the EU and the USA. 
 
Organophosphate compounds, carbamates and pyrethroids  
 

Half-lives are in the range of days to a few months (e.g., carbofuran 30–60 
days). 
 

Pyrethrin→ synthetic modifications → pyrethroids (pyrethrum). 
Pyrethrum:  natural insecticide (isolated from different varieties of 
chrysanthemums). 
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The possible ways of action: 
- Most of them are nerve poisons.  
- Hampering the respiratory chain. 
- Hindering the development of pests (e. g. blocked chitin biosynthesis). 
Some of the insecticides registrated long time ago are very toxic to 
mammals e. g. chlorpyriphos, methidation, parathion. 
 
 
The development of resistance is a matter of concern. 
→ New agents: improved activity – lower dose is required.  
→ Less toxic effect. Trends for herbicides, fungicides and insecticides. 
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Pesticide residues in food 
 

Pesticide monitoring program in EU (2002) 
- Quantification of 41 pesticides. 
- Food samples: beans, pears, peaches, oranges/mandarins 
bananas, spinach potatoes and carrots.  
- Agents that most often exceed the limits: members of the maneb 
(dithiocarbamate) group.  
- Quantities higher than the permissible concentrations: 

- Spinach 13%  
- Beans 7%  
- Oranges/mandarins (4%)  
- Peaches 3% 

 

Insecticide monitoring program (USA) 
DDT was found in 21% of the samples in 2002! 
Most frequently occured in samples in the range of 0.0001– 0.025 mg/kg. 
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Risk assessment 
 

Based on the results of food monitoring programs (30,682 samples 
between 1995–2002) the target compounds for the risk assessment were 
selected. 
Compounds that were included: 
- Being present at least 5% of the samples 
- At least 3 or more foodstuffs are affected. 
 
- Analytical results of food samples 
- National consumption studies 
 
 
The utilization ((estimated daily intake/ADI) × 100)  of the selected 
pesticides was mostly less than 1%. 

Assessment of pesticide intake. 

ADI values 
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Exception: dithiocarbamates. Utilization: 7.7 – 18.3%.  
- Women: 9.6%. 
- Upper value: children! 
 

Explanation: 
Dithiocarbamates in fruit against fungal diseases → residues.  
Differences in fruit consumption.  

FEED ADDITIVES, VETENARY MEDICINES 
 

The primary application goals: 
- Therapy 
- Prophylaxis 
- Economic aims (e. g. to diminish the risk of losses in intensive animal 
farming).  
Low, but continuous burden → could be a health hazard for human beings.  
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Antibiotics  
 

Used in the therapy of infectious diseases. 
 

Growth promoter application – banned EU from January 1, 2006. 
(Appearance of microbes resistant to antibiotics which are used to treat 
human and animal infections.) 
 
Anthelmintics 
 

Applied against worms caused diseases. 
 
Coccidiostats 
 

Fighting against coccidiosis diseases (e.g. enteritis) caused by parasite 
protozoans.  
Mainly for poultry and rabbits.  
 

Coccidiostat residues may be quantified in eggs. 
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Determination of feed additive residues 
 
1. Screening for not approved therapeutic agent.  
E. g. fattening aids with estrogenic activity (17-estradiol), 
chloramphenicol, nitrofurans.  
- Antibiotics – detection of growth inhibition 
- Preliminary separation with electrophoretic methods. 
- Identification with mass spectrometric techniques.  
 
2. Quantitation of approved medicines.  
The concentration should be below the permissible upper limit.  
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MICROBIAL TOXINES 
 

Mycotoxines 
 

Fungi from Aspergillus and Penicillium genus: 
- Aflatoxins (nuts, corn, milk; liver cancer). 
- Ochratoxins (Barley, corn; kidney damage, fatty liver). 
- Patulin (fruit juices; cellular poison). 
 

Fungi from Fusarium genus: 
- Zearalenone (F2) (corn, animal feed; estrogen infertility, cancer). 
- Fusariotoxin T2 (cereals, animal feed; hemorrhagic syndrome). 
- Vomitoxin, deoxynivalenol (DON) (cereals, animal feed; vomiting). 
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Growth conditions:  
- aw > 0.65 
- neutral pH  
- Relative air humidity > 80% 
- Temperature optimum: 20–30 °C 
 
Claviceps purpurea (ergot) → ergot alkaloids  
→ ergotism (gangrene and convulsions). Substrate: mostly rye (other 
cereal grains).  
In the past the food made from infected rye was consumed.  
Today this infection is supressed: 
- Treating of seeds with fungicides 
- Grain cleaning before milling. 
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Aflatoxin B1 was assess to exert carcinogen activity at the concentration of 
10 μg/kg body weight/day (in rats). 
- The most powerful known carcinogen agent – damage 
DNA. 
- The most important source is plant material (primarily nuts and fruit).  
- Aflatoxin passes from feed to animal products, primarily milk.  
 
Aflatoxins have no threshold below which no harmful effects are observed. 
(NOEL) 
 
Ochratoxin A is nephrotoxic. 
Fodder → blood and kidney tissue (found to a less extent in muscle, liver, 
adipose tissue). 
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Food monitoring (1995–2002): 
 

- The mycotoxin content of 40 foods were determined. 
- Mycotoxins under investigation: aflatoxins, ochratoxin A, patulin, 
zearalenone, deoxynivalenol, fumosins. 
- Relatively large ratio of the samples (21%) contained some of the above 
components.  
- Pistachio was severely affected. 
 

Toxicological threshold value assessment: 
- Is not meaningful for aflatoxins.  
- Was accomplished in the case of deoxynivalenol and ochratoxin A. 
 

There is unsufficient data available for the exact evaluation of the effects of 
these mycotoxines for human health. 
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Deoxynivalenol: 
The utilization of the reference value (ADI): 34.1–82.5%.  
Upper value: children at the age of 4–6 years. 
Possible explanation: higher ratio of cereal product consumption. 
 
Ochratoxin A: also high intake by children. 
Emerged cereal product and fruit juice consumption. 
 
Bacterial toxines 
 

Enterotoxins: synthetized in the digestive tract (intestine) by bacteria. 
 

Exotoxins: the microorganisms release the toxin into the environment. 
 

Endotoxines: the toxin produced remains firmly bound to the bacterial cell 
wall but after the cell dies and disintegrates the toxin is excreted.   
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Exotoxins 
- Source: primarily gram-positive bacteria. 
- Thermostable/labile proteins. 
- Antigenic and very toxic. 
 

Botulin toxin (Clostridium botulinum)  
- Neurotoxin. 
- Symptoms: diarrhea, vomiting, paralysis, death.  
- Meat products canned with improper technology. 

- Inadequate heat penetration. 
(Inactivation of botulin toxin at 80 °C, 30 min or at 100 °C, 5 min.) 
- Insufficient use of antimicrobial agents.  
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Toxin released by Staphylococcus aureus 
- Relative thermostable. 
- Symptoms: Stomach ache, vomiting, diarrhea (1–3 days). 
- Occurrence: mainly in food of animal origin (meat products, poultry, 
cheese, mayonnaise). 
 
Endotoxins 
 

- Source: primarily gram-negative bacteria.  
- Structure: protein, polysaccharide, lipid. 
- Relatively heat stable. 
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Toxins of Salmonella sp. (toxins of ~300 closely related organisms) cause 
salmonellosis (enteritis?) 
 
Typhoid fevers – enteric illness caused by Salmonella typhi. 
 
Paratyphoid fevers –  Salmonella paratyphi. 
Sources of infections: egg, poultry, ground beef, confectionery products. 
 
E. coli sp. in gereral are used to indicate the fecal contamination. 
Toxins of enterotoxic strains of E. coli  
Symptoms: severe diarrhoe. 
Occurrence: insufficiently heat treated milk, meat, apple juice, unwashed 
fruits and vegetables. 



25 

INDUSTRIAL CONTAMINANTS 
Polychlorinated biphenyls (PCBs) 
 

Worldwide use since 1950 (plasticizer, dielectric fluid in condensers, 
printing ink additive…) → PCBs entered into the food chain. 
 

- Persistent  
- Soluble in fat 
 

More frequent occurrence and increasing concentrations in fatty foods. 
Thermal processes → highly toxic dioxins are formed. 
 
 
Manufacture and application of PCBs are banned (1989). 
 

    PCB in milk fat (Germany) 
   - 0.012 mg/kg (1986)  
   - 0.007 mg/kg (1992)  
  - 0.003 mg/kg (2001) 

→ accumulation 
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Polychlorinated Dibenzodioxins (PCDD) 
 
 

Polychlorinated Dibenzofurans (PCDF)  
”dioxins” 

- Accompanying components (impurities) of chemicals.  
 

- Result of combustion processes (chemicals containing inorganic or 
organic halogens) 

- Large number of congeners (isomers). 
 

- The most toxic congener for rodents: 
2,3,7,8-tetrachlorodibenzodioxin (2,3,7,8-TCDD, “Seveso dioxin”)   
LD50 = 0.6 μg/kg guinea-pig 
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HEALTH ENDANGERING COMPOUNDS  
ORIGINATED FROM HEAT TREATMENTS 
 

Polycyclic aromatic hydrocarbons (PAHs) 
 

Carcinogenic properties. 
Three or more linearly or angularly fused benzene rings.  
Several congeners (~250).  
Indicator component:benzo[a]pyrene (Bap). 
 

Formation: pyrolytic reactions during combustion 
 of organic materials: 
 

1. Wood (smoke, semi-dry distillation).  
Smoking of fish, sausage, ham… 
Modern smoking techniques: significant reduction of Bap. 
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2. Fossil fuels (fuel oil, coal). 
- Contamination fall-out from the atmosphere → concentrate on the 
surface of leafy vegetables, fruits… 
- Drying of cereals directly with the combustion gases. 
- Roasting of   - meat and vegetables (barbecuing), 

           - coffee.  
 
Acrylamide  
 

Used to be applied in drinking water treatment. 
Carcinogenic, binds to hemoglobin in the blood. 
→ the use of acrylamide is not permitted. 
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It is also present in: 
- Tobacco smoke  
- Thermally treated foods (e. g. chips, cakes).  
In potato products: great fluctuations in concentration  
- depending on the process conditions, potato varieties. 
 
The amount of acrylamide formed is proportional to the fructose and 
glucose concentration of potatoes before frying. 
Promoters: asparagine and reductive carbohydrates. 
 
In gingerbread NH4HCO3 in baking powder proved to be also a precursor. 
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Efforts to suppress the formation of acrylamide: 
- Lowering the heating temperature. 
- Reducing pH values. 
- Enzymatic cleavage of the amino group from asparagine. 
 
Furan 
Carcinogenic. 
Thermal decomposition of amino acids → acetaldehyde and 
glycolaldehyde → furan. 
Other possible precursors: PUFA, carbohydrates, carotinoids, ascorbic acid 
Occurrence: roasted coffee, carrot mash and potato/spinach mash (baby 
food). 
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RESIDUES OF DISINFECTANTS AND CLEANSING 
AGENTS  
 

Investigation is especially important in the area of:  
 

1.Milking in large-scale animal husbandry. 
   Disinfection of the udder with iodine-containing chemicals 
   → the milk can be  contaminated with iodine. 
 

2. Processed meat production – chemicals remaining back on the     
surfaces of the equipment could be transferred into the products. 
 

3. Chlorine is used as antimicrobial agent for fruits and vegetables. 
- Its efficiency in unadequate. 
- Pesticide residues and chlorine reacts → new artifacts: their biological 
impact is unknown. 
Alternative: ozone (exterminate microbes and destroys pesticide residues.) 



32 

OTHER HARMFUL SUBSTANCES 
Nitrate, nitrite 
 

Nitrite is toxic: methemoglobin (with Fe3+) cannot transport oxygen.  
In case of infants methemoglobin reductase has low activity → not 
efficient enough to convert methemoglobin to hemoglobin → 
cyanosis. 

nitrate Uptaken by food 

Endogen synthesis 
in human from Arg 

nitrite methemoglobin 

hemoglobin 

methemoglobin 
reductase 

Mostly from vegetables 

Mainly from cured meat 
bacteria 
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Nitrate in itself is not toxic to animals.  
- Bacteria reduces nitrate to nitrite in the digestive tract. 
- The most part (90%) of the nitrite present in the digestive tract can be 
originated from nitrate reduction. 
 

Nitrosamines, nitrosamides 
 

- Very strong carcinogenic properties. 
- Promotors of their formation: secondary amines, N-substituted amides 
and nitrous acid. 

Primary and tertiary amines could also be precursors to a less extent. 
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Dimethylnitrosamine is the most often found compound (in 30% of the 
samples of  cured meat.  
 

Roasting/frying of meat products: 
Proline → nitrosation → decarboxylation → nitrosopyrrolidine 
Ten-fold increment. 
 
Endogen nitrosamine synthesis? 
Assumption: in parallel with bacterial nitrite formation  
→ nitrosation of amines. 
The danger was overestimated. 
 
Inhibition of nitrosation reaction: tocopherols, ascorbic acid. 
Blocking substitution reactions. 
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Actions to diminish the exo- and endogenic formation of nitrosamines: 
 
1. Application of inhibitors 
 
2. Decrease the incorporated amount of nitrite and nitrate 
into processed meat – limited possibility due to the health hazard of toxin-
forming bacteria (especially Clostridium botulinum).  
 
3. Diminish the nitrate content of vegetables (appropriate agriculture, 
reducing the amount of nitrogen fertilizer). 
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TOXIC TRACE ELEMENTS 
 

Mercury 
 

Source: fungicides, seed dressing → organomercury compounds  
(e. g. dimethyl mercury (CH3-Hg-CH3)  
phenyl mercury salts (C6H5HgX;   X = chloride or acetate). 
Lipid soluble compounds → absorption and accumulation → highly toxic 
compounds.  
 

Industrial waste water with inorganic mercury salt:  
→ sedimentation (in lakes, rivers),  
→ microorganisms convert them into methyl mercury compounds,  
→ organomercury compound can concentrate in fish, 
→ FOOD POISONING. 
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Arsenic 
 

Very dangerous from the viewpoint of  
- Toxical activity, 
- Frequency of occurrence, 
- Probability of man’s exposure.  
 
More toxic than mercury, lead, PCBs and benzo[α]pyrene, vinyl chloride, 
benzene, cadmium.  
 
The oral consumption of more than 0.3 μg/kg body weight/day is still 
dangerous! 
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Cadmium 
Source: waste water e. g. from milling industry: 
The sludge of plant clarifiers is used as a fertilizer. 
 

Cadmium ions can be absorbed easily by the plant. 
They evenly distributed throughout the organs → decontamination by 
dehulling is not achievable (than in the case of mercury and lead).  
 

Foods most often affected: peanuts, linseed, some wild mushrooms. 
 

Intake throughout a longer period → accumulation in liver and kidney. 
Lesions in kidney. 
 

Lead 
Unleaded gasoline → emission from the internal combustion engines of 
cars has dropped. 
Contamination from other industrial sources → the level of lead in food 
increased. 
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Plants that are mostly contaminated:  
- Cultivated close to the emission sources (lead is rather immobilized in 
soil).  
- Having larger leaves e. g. cabbage, spinach. 
 

The lead uptake of animals from contaminated forage is low: the absorption 
of lead is minimal.  
 

Other, less important sources: lead containing tin cookware, cans. 
 

The lead burden of man in preindustrialized times was higher than 
nowadays.  
 
On the whole, the level of the toxic trace elements (lead, mercury and 
cadmium) in food seems to be shown a decreasing tendency. 
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