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Abstract 

Until the first decade of 2000, isoproturon (IPU), a controversial and potentially hazardous chemical substance for 
animals, was one of the herbicides most commonly used in agriculture around the world. The current scarcity of 
scientific studies about its toxicity is evident, especially as regards the possible dangerous consequences on higher 
mammals and humans and the long-term effects on environment, other animals and plant organisms. Contrary to 
what happened for other categories of herbicides (in particular, clomazone and glyphosate), in some States the 
precautionary principle prevailed, prohibiting its use. However, this prohibition does not seem sufficient because 
IPU is still used in many countries and it also reaches other nations where it is banned in the form of contaminated 
agro-food products. This is one of the lesser-known consequences of the global markets. 

Keywords: Isoproturon, IPU, urea, herbicide, hazardous, properties, toxicity, animals, mammals, health, EU 
regulations, agriculture, prohibition 

1. Introduction 

Polyurea, phenylurea, thiourea or, generally as a whole, urea are a group of compounds, derived from urea, which 
find different uses. Some of them are used for the general control of weeds in agricultural practices (Gupta, 2019). 
“N,N-dimethyl-N'-(4-chlorophenyl)-urea” was the first of these herbicides, introduced in 1952 by the 
multinational DuPont as Monuron (Parette et al., 2015). Giessbuhler et al. (1975) published the first complete 
review of ureas, showing the possibility of using some of them as herbicides. On 1992, Giessbuhler and Voss 
showed that some ureas had similar pathways of transformation in soils, plants and animals, especially for the 
reactions of phase I. Due to the possibility of using them as herbicides, in the following years, they were 
synthesized many other compounds derived from urea. Currently more than 20 types of ureas are available, 
proposed as herbicides, with different names (Gupta, 2019). Isoproturon (IPU) was introduced as herbicide for 
controlling the selective germination of broadleaf weeds and long leaf herbs, in crops such as wheat, cereals, sugar 
cane, citrus fruits, cotton and asparagus (Liu, 2010). 

Until the first decade of 2000, IPU was one of the herbicides most commonly used in agriculture around the world 
(Sørensen et al., 2003; Yin et al., 2008). Until the late 1900s it was used in the United States to control weeds. Its 
use was then prohibited. Until 2016 it was sold in 22 European countries. IPU consumption in France exceeded 
one thousand tons per year, placing it among the fifteen most used plant protection products in the country. In Italy, 
the registration decrees of all isoproturon-based products (eg Arelon, Clonel, Tolkan, Graminon, Erbogil, Isolin, 
Protugan, etc.), marketed by many companies (Aventis Cropscience, Sygenta, Sipcam, Griffin, Bayer Cropscience, 
Du Pont De Nemours, Basf, etc.) were revoked between 1991 and 2015. The Protugan marketed by the company 
Adama Italy and revoked 2015, was produced until 2017 to run out its stocks (Adama, 2016; Muller & Applebyki, 
2018). 

The scarcity of studies about its toxicity is evident, especially as regards the possible dangerous consequences on 
higher mammals and humans and the long-term effects on environment, other animals and plant organisms. 
Contrary to what happened for other categories of herbicides (in particular, clomazone and glyphosate), in some 
States the precautionary principle prevailed, prohibiting its use. However, this prohibition does not seem sufficient 
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because IPU, a controversial and potentially hazardous chemical substance, is still used in many countries and it 
also reaches other nations where it is banned in the form of contaminated agro-food products. This is one of the 
lesser-known consequences of the global markets. 

2. Chemical and Physical Characteristics 

Isoproturon (IPU) or “N,N-dimethyl-N'-[4-(1-methylethyl)phenyl]urea” also “3-(4-isopropylphenyl)-1, 1-
dimethylurea”, of the family of ureas, has the following structural formula: 

 
After phenol, IPU is one of the few derivatives of cumene of industrial importance. Cumene (isopropylbenzene) 
is obtained from benzene and propylene (Franck & Stadelhofer, 1987). However, many other sources and processes 
are known to obtain IPU. Urea is usually obtained from carbon dioxide and ammonia. Typically, dimethylamine 
is produced by carrying out the reaction between methanol and ammonia in the gas phase at high temperature 
(about 400 °C), by catalysts such as alumina or alumina silica, capable of causing dehydration and amination. 
Phosgene is obtained by reacting chlorine and carbon monoxide (Ryan et al., 2020). The latter is mainly obtained 
from methane steam reforming. Chlorine is obtained in turn by various methods from a sodium chloride solution 
(chlorine-soda process). Methanol is normally obtained by methane reforming (Crompton, 2019). In summary, the 
starting raw materials to produce IPU are methane and sodium chloride. Nitrogen (and therefore ammonia) is 
obtained from the air (Haber-Bosch synthesis), sodium chloride from the sea (Zhang et al., 2019). 

The processes for the industrial production of IPU are covered by many patents: US Patents: 2655447 (1953 at du 
Pont), 4295877 (1981 at Philagro), 4840661 (1989 at Bayer Aktiengesellschaft), 4840661A (1992 at Bayer AG), 
5847146A (1998 at Rainer Schutze Hoechst Schering Agrevo); Belgium Patent 770928 (1971 to Pepro); Canadian 
Patent no. 1115720A (1977 to Fisons Ltd.). Interesting is a method (CN1063279A) issued in 1992 to Shandong 
Normal University (China). Application CN92106419 proposed a process without the use of phosgene that is a 
very toxic and dangerous substance. The only raw material provided is urea and the process is considered even 
less expensive than that based on phosgene. 

IPU occurs in the solid state in the form of colourless or white crystals tending to yellow. It has a melting point of 
155 °C and a vapour pressure of 0.003 × 10-3 Pa at 20 °C. The solubility in water, at 22 °C, is 65 mg/L. Still in 
water, the half-life is 1,210 days (at pH 5), 1,560 days (at pH 7) and 540 days (at pH 9). Others (DoE, 1989) report 
15 days as half-life in water (pH 7). At 20 °C the dissolution in methanol is 75 g/L (in dichloromethane), 63 g/L 
(in acetone), 38 g/L (in benzene), 5 g/L (in xylene), 4 g/L (in n-hexane). Subjected to combustion, IPU emits toxic 
fumes containing nitrogen oxides (NOx) and carbon oxides (CO and CO2). It is extremely stable to the action of 
acids, alkalis and light (MacBean, 2009). It decomposes if subjected to the action of alkalis and heat (Loccufier et 
al., 2020). 

This herbicide does not stay on plants and in the soil for long time. There are many studies (El-Sebai et al., 2011; 
Grundmann et al., 2011; Si et al., 2011; Hussain et al., 2015) on degradation processes in different environmental 
conditions and in various types of soils: it fragments giving different metabolites. Degradation occurs first through 
demethylation that leads to “monodemethyl isoproturon” (MDIPU) and “didemethyl isoproturon” (DDIPU) 
(Renyi et al., 2017). Furthermore, the side chain of phenylurea hydrolyzes giving rise to 4-IA, the aniline 
metabolite of the IPU (Hussain et al., 2009). 

When it is introduced into the different types of soils, it degrades under the action of different factors (hydrolysis, 
photodegradation, biodegradation, etc.): i.e., by hydrolysis of phenylurea and demethylation of urea nitrogen. On 
soils, its half-life is around 40 days at an average ambient temperature of 20 °C (Kulshrestha & Muckerjee, 1986). 

Also for this herbicide, the “logKoc value” was calculated for 17 different types of soils (Boivin et al., 2005). IPU 
impregnates and retains organic colloids in solution up to a certain threshold. Below this threshold, it appears to 
mainly involve clays (Stangroom et al., 2000). The adsorption of IPU in soils occurs in three ways: in solution; 
linked to insoluble matter; adsorbed to suspended organic colloids (Worrall et al., 1997). The most frequent Koc 
value (1.5) suggests that the herbicide has moderate mobility in the soil (Tahir et al., 2016). 

3. Authorizations 

It should be remembered that pesticides derive from significant Research&Development efforts by big 
multinational agro-pharmaceutical companies. Their trade is subject to authorization by public administrations of 
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many countries, which regulate their safe use in agricultural practices, identifying, for each active ingredient or 
formulation prepared for commercial purposes, any hazards for humans, animals and environment. 

In Europe, the evaluation of pesticides was regulated by Directive 91/414/EEC, updated several times and finally 
replaced by Regulation 2009/1107/EC, that harmonizes the certification procedures between the member countries. 
EFSA (European Food Safety Authority) is responsible for evaluating pesticides at EU level. If EFSA’s opinion is 
favourable, the product is included in Annex I of Regulation 1107/2009/EC. However, the trade authorization is 
under the responsibility of each EU Member State, which issues it on the basis of EU recommendations and of 
EFSA valuation. Three dossiers must be attached to the applications for authorization of pesticides: (i) the scientific 
dossier, according to the Regulation 1107/2009/EC following the standard methods of control and testing; (ii) the 
toxicological dossier which provides information on the toxicity of pesticides; (iii) the biological file which 
provides residual information about efficiency, resistance by weeds and selectivity. 

As regards IPU, for registration in Annex I to Directive 91/414/EEC, then in force, according to the provisions of 
Regulations 3600/92/EEC and 993/94/EC, Germany as a Member State prepared at the time a Monograph (EU, 
1999). The applicants for registration were Rhône-Poulenc Agrochimie S.A. of Lyone, Hoechst Schering AgrEvo 
GmbH in Frankfurt am Main, the Makhteshim, ICC AGAN Brussels, the Barclay Chemicals (R&D) Ltd. of Dublin, 
the Griffin (Europe) S.A. Neuchatel, Oxon’s Dow AgroSciences, Phytorus S.A. of Emerainville, Montari 
Industries Ltd. of New Delhi and Gharda Chemicals Ltd. of Croydon Surrey. The manufacturers were Rhône-
Poulenc/AgrEvo, Hoechst Schering AgrEvo GmbH, the Makhteshim Ashdod (Agan Chemical Manufacturers Ltd), 
the Barclay/Griffin (Prochrom Indústrias Químicas S/A Petroquimico de Camaçari, Copec, Camaçari, Brazil), 
Sanachem (PTY) Ltd. of Durban South Africa, Phytorus/Montari (Prochrom Industries Quimicas SA, of Camaraci 
- Bahia - Brazil and Montari Industries Ltd, Bhai Mohan Singh Nagar, Toansa, Dist. Ropar of Punjab - India) and 
the Gharda (Bhai Mohan Singh Nagar of Toansa, Distt. Ropar - Punjab - India). 

After carrying out the required procedures, the Commission, according to the Directive 2002/18/EC, included IPU 
in Annex I (“Active substances”) to the aforementioned Directive of 1991 then in force. The substances included 
in this annex are considered approved by the Commission also, according to Regulation 2009/1107/EC, and are 
registered into the Annex of Regulation 2011/540/EC, which entered into force subsequently. As indicated in that 
Part A, the approval of IPU expired on 30th June 2016. 

The request for renewal of the inclusion in the aforementioned Annex I was submitted, according to article 4, to 
the Commission referred to in Regulation 1141/2010/EU, or to the “Execution Commission” as amended by 
Regulation 380/2013/EU, within the deadline set by this article, together with the additional dossiers required by 
article 9 of the same Regulation. The request was considered complete by the rapporteur Member State that set a 
“renewal assessment report” by delivering it to EFSA and the Implementing Commission on 28th February 2014. 
This Commission had to indicate the procedure for renewing the authorization of active substances (31 pesticides), 
among which the IPU.  

Following the received comments, EFSA had to request a consultation with experts in the fields of toxicology and 
ecotoxicology and had to take a decision about the possibility that IPU fulfilled the conditions mentioned by 
Regulation 1107/2009/EC. This Regulation presented new principles for the authorization of active substances in 
pesticides, excluding those substances having endocrine activity. According to another Regulation (no. 528 of 
2012), the Commission had to issue its reasons by 13th December 2015; this did not happen and in January the 
Court of the European Union accepted a Swedish appeal, admitting in fact that the EU Commission had failed to 
obligations. The General Court rejected the Commission’s justifications that the delay was motivated by the 
criticisms raised against the scientific criteria proposed in the summer of 2013. However, there were suspicions 
that the definition of the scientific criteria for the determination of endocrine disruptors could have been to ban all 
31 pesticides, creating problems for manufacturers. 

There were also doubts that IPU could be included into the art. 4 of the aforementioned Regulation. As regards the 
scientific risk valuation, the studies on reproductive toxicity denoted that IPU could alter the endocrine system of 
mammals. Besides, IPU was categorised as a “Category 2 – carcinogen” and it was suggested to be categorized as 
a “Category 2 - reproductive toxicant”. Consequently, the circumstances laid down in the provisional requirements 
of Annex II of Regulation 1107/2009/EC, relating to human health regarding the possibility of endocrine 
interference, were encountered.  

Previously, in 1958 and 1963, the WHO international standards, then in force for drinking water, did not refer to 
IPU and those of 1971 suggested that the pesticide residues that could occur in community water supplies brought 
only a minimum contribution to the total daily intake of pesticides for the served population. IPU was not evaluated 
in the “Drinking Water Quality Guidelines”, issued in 1984, but those from 1993 indicated that IPU in drinking 
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water could have an effect on health for values above 0.009 mg/L (WHO, 2008). Other risks were long-term effects 
on birds, wild mammals, aquatic organisms (EFSA, 2015), algae and aquatic plants, as we will see later. 

On 5th August 2015, EFSA communicated to the Commission its conclusions regarding the possibility that IPU 
could encounter the criteria set out in the Regulation 1107/2009/EC (Article 4). EFSA concluded that an elevated 
long-term hazard from IPU was also recognized for birds, mammals and aquatic organisms. 

The Commission therefore, on the 1st June 2016, issued an implementing regulation (EU 2016/872), where it stated: 
“Based on these identified risks, it has not been established with respect to one or more representative uses of at 
least one plant protection product that the approval criteria provided for in Article 4 of Regulation (EC) No 
1107/2009 are satisfied. It is therefore appropriate not to renew the approval of IPU in accordance with Article 
20(1)(b) of Regulation (EC) No 1107/2009”. 

Since 30th September 2016, two herbicides, amitrol and IPU, have been temporarily banned within the European 
Union, as endocrine disruptors that could interfere with the hormonal system, cause reproductive problems, 
infertility and fetal malformations. Amitrol, also known as aminotriazole, is banned in Italy, but widely used in ten 
EU countries although, according to EFSA, it has “growth effects potentially associated with thyroid disruption”. 

However, it should be remembered that due to its dangerous consequences on aquatic species, IPU was already 
banned in several nations comprising Italy, Canada, United States, Denmark, Australia, and others (Danish EPA, 
1999) while it is still accepted in the United Kingdom, New Zealand and India (PAN, 2010). 

4. Effects on Plants and Environment and Decontamination 

As it seems, IPU is mainly absorbed by the roots and, to a lesser extent, by the cotyledons and leaves. When applied 
to the leaves, before reaching the place of action, it must overcome numerous obstacles such as the waxy layer of 
the leaves, the cell envelope, the membrane plasma and the chloroplast membrane (Giessbuhler et al., 1975; 
Preston, 1994). However, after absorption, it is transferred to the xylem and accumulated in the apex and in the 
leaf edge (Vothknecht & Westhoff, 2001) causing oxidative stress. 

The results are yellowing, chlorosis, lightening effects and finally the drying of floras (Caux et al., 1998; Mittler, 
2002; Hassan & Nemat-Alla, 2005; Yin et al., 2008). As for wheat, the selective activity of IPU was also attributed 
to different pathways of reactions (Archireddy & Kirkwood, 1986). 

IPU is spread in the environment mainly during its distribution as a herbicide, but dispersions can occur during 
production, storage and transport. Having a low propensity to be absorbed by the soils, it can come, by sliding or 
percolating, into water bodies, despite its solubility in water, as mentioned, is rather low. Consequently, it has been 
detected both in surface and underground waters, with global effects on ecosystems, fauna and humans, all less 
known than the effects on flora (Rioboo et al., 2001; Hussain, 2012). 

Also some metabolites deriving from IPU are dangerous for invertebrate aquatic species (Mansour et al., 1999), 
for microbial colonies (Widelfalck, 2008), freshwater algae (Vallotton et al., 2009) and often genotoxic 
(chromosomal aberrations in bone marrow cells, for example, chromatid gaps, chromatid breaks, acentric 
fragments, chromatid exchanges, ring chromosomes, and metacentric chromosomes) for mammals (Swiss albino 
mice) (Behera & Bhunya, 1990; Hoshiya et al., 1993; Peres et al., 1996). For example, it appears that the main 
IPU metabolite, 4-IA mentioned above, is more toxic than IPU (Tixier et al., 2002; Papadopoulou et al., 2016). 

Considered the harmful effects of this herbicide and its metabolites, it was necessary to reduce their presence in 
agricultural soils and in the environment, in order to limit their dispersion and dangerousness. Numerous possible 
treatments were identified for their abiotic degradation for the purpose of remediation of polluted soils: some of 
them configurable among chemical treatments, others among physical ones such as photodecomposition, 
volatilization and incineration. Nevertheless, most of them were not and are not pertinent for low concentration 
widespread contamination due to costs, lower efficiency and generally because they are not very environmentally 
friendly. Therefore, taking into account the environmental concerns associated with IPU and other phenylureas, it 
became necessary to think other economic and safe methods, such as the bioremediation processes (Cox et al., 
1996; Pieuchot et al., 1996; Hussain, 2012; Hussain et al., 2017). 

Some (Abdel-Hamid et al., 2013) have studied the ability of enzymes, degrading lignin, to attack and degrade IPU. 
LiP (lignin peroxidase) and MnP (manganese-dependent lignin peroxidase), produced by the white rot fungus P. 
chrysosporium, degraded the IPU during in vivo and in vitro experiments. Others (Vroumsia et al. 1996; Khadrani 
et al., 1999; Ronhede et al. 2007; Badawi et al., 2009; Coppola et al., 2010; Dwivedi et al., 2011) have studied the 
effects of other types of fungi and mycetes for the same purpose. 

Chemical attacks include the use of jasmonic acids (or methyl-jasmonic acid - MeJA) and salicylic acid (SA), 
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which apparently (European Commission, 1999) facilitate the detoxification and degradation of the IPU residues 
present in wheat plantations and other species of crops. Jasmonic acid (JA), as is known, is the main controllers of 
the growth and defence of plants in relation to environmental stress. However, the ways in which JA attends the 
accumulation/degradation processes of pesticides in plants are mostly unknown. Some researchers (Ma et al., 2018) 
have studied the MeJA contribution to degradation of IPU in wheat by subjecting Triticum aestivum plants to 4 
mg of IPU per kg of plants (that is an environmentally realistic concentration). With this treatment the growth level 
and the concentration of chlorophyll were reduced. When the plants were covered by small amounts of MeJA (0.1 
μM), the phytotoxicity induced by IPU was significantly attenuated with an increase in the concentration of 
chlorophyll and a reduced level of damage to the cells. The concentration of IPU in plants and soil was also reduced 
while 12 compounds deriving from the same herbicide were detected. 

Others (Liang & Yang, 2012) have studied the function of the SA to reduce the IPU toxicity in wheat crops 
(Triticum aestivum). Plants that had been treated with 4 mg/kg of IPU showed reduced growth and damages of 
oxidation; however associated use of SA (5 mg/L) mitigate the damage. 

Another problem presented by IPU, like many other herbicides, is the loss of efficacy after repeated use (LeBaron 
& Gressel J., 1982; De Prado et al., 1997; Preston, 2004; Bhullar et al., 2017). In the late 1900s it was noted in the 
North West of India (Haryana, Pinjab and western Uttar Pradesh) that wheat and rice yields were reduced due to 
the weed development of “Canary Island” common canary plants (Phalaris canariensis), which became resistant 
to action of IPU (Malik & Singh, 1993). 

Walia et al. (1997) carried out researches during the biennials 1993-94 and 1994-95 on different biotypes of 
Phalaris. Most of them were not controlled by IPU even using twice the recommended dose (1.88 kg/ha) because 
plant populations had developed resistance to the herbicide. Other authors reported resistance to IPU by different 
biotypes of Phalaris minor. The resistance action of the plant can arise as a result of three mechanisms: prevention 
of the herbicide to act in the place of action, metabolic detoxification and resistance in the place of action (Tripati 
& Gaur, 2014). 

5. Effects on Animals 

As with other pesticides, the available data about the effects of IPU on living organisms do not agree. Many studies 
and researches on the effects on animals, laboratory species, do not always agree with each other. Some tests show 
that they can be weakly mutagenic and in biological tests on rodents they have shown the possibility of inducing 
tumours in different organs (see a summary of the main researches reported below in the Table 1 of the Appendix 
Section). 

Gupta et al. (2013) believe that some ureas are not very toxic to mammals. According to this study, for rats, the 
LD50 of diuron and IPU supplied orally is about 2900 mg/kg. These compounds can cause irritation of skin and 
eyes at very low doses.  

Of the same content are Hodgson and Meyer (1997), who, from the research carried out on some ureas in the first 
years of diffusion, consider them to possess low levels of toxicity, not dangerous if used normally, that is, at the 
recommended doses, with the exception of the tebutiuron, which can be slightly dangerous. 

According to Liu (2010), some phenylureas used as herbicides, suspected of having some mutagenic effects, are 
not potentially carcinogenic. However, IPU could cause malformations in rats during sperm maturation and 
reduced spermatogenesis. 

Others (Hoshiya et al., 1993; Orton et al., 2009) highlighted that in rats it causes liver tumors and increases the 
likelihood of tumor formation, also reporting that it possesses a potential ability to destroy the endocrine system, 
anti-estrogenic and antiandrogenic activity, production of ovulation and testosterone. Injections of 675 mg/kg of 
IPU on rats resulted in their death (Hazarika & Sarkar, 2011). 

Another study (Juliet et al., 1998) was carried out on goats to ascertain the ways of persistence and elimination of 
the herbicide after some days later from the oral administration of 500 mg/kg of the product. IPU was rapidly 
absorbed reaching the maximum in blood within 15 minutes. The maximum elimination rate of IPU through the 
faeces was reached after 48 hours and was no longer detected after 120 hours. The pattern of excretion of IPU 
through the urine resembled that of the blood and about 10-11% was eliminated in the urine. 

A concise presentation of the health problems presented by IPU is found in INRS data sheet of 2011. The toxicity 
of IPU in case of long-term oral exposure, according to this data sheet, had been tested on rodents, dogs and 
monkeys. The main target organs were the liver (enzyme induction, hepatomegaly, histological changes) and blood 
(hemolytic anemia). 
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In rats, the oral absorption of IPU after a 50 mg/kg administration per gavage is rapid and significant (90%). This 
level of absorption changes slightly during a single high dose administration (500 mg/kg) and during frequent 
administrations (50 mg/kg for 14 days). 

In rats, IPU (having carbonyl group labelled with radioactive carbon, 14C), orally administered, spreads throughout 
the body, with higher concentrations in the blood, liver and kidneys. Distribution is not affected by the dose 
administered or frequency (single or repeated dose). After 168 hours of administration, the radioactivity found in 
all organs does not exceed 0.6% of that administered. Repeated administration does not cause accumulation. 

In rats, the metabolism of IPU is evident. The parent molecule is not found in the urine. The main metabolites 
derive from the oxidation of N-demethylation and isopropyl group. During oral administration, no conjugation 
reaction (glucide- or sulfur- conjugation) affects the metabolism of IPU. No splitting of the amide bond was 
identified and the absence of metabolites of aniline derivatives was clearly demonstrated. Elimination is rapid: it 
is completed within 3 days after administration. Most are eliminated in 24 hours mainly in the urine (> 85%), as 
metabolites. 

Unlike animals, the effects on humans have not been the subject of many studies so far. For example, the possibility 
of IPU to cause cancer in humans has not been evaluated in the USA even in the context of the IRIS EPA program, 
the IARC (International Agency for Research on Cancer) and is not present in the “14th Report of the National 
Toxicology Program” on carcinogens. To get relevant news, it is necessary to go back to January 27th 1996, when 
about a ton of IPU was liberated, from a chemical plant near Frankfurt-Griesheim (Germany), into atmosphere due 
to an accident. A nearby residential area was polluted by different quantities up to a maximum in some areas of 
500 mg/m2. According to published toxicological and contamination data, individual exposure remained below the 
LOEL (Lowest Observed Adverse Effect Level) in the following months. For better risk assessment, urine 
biomonitoring was offered to residents. HMEPMH (1-(4-(1-Hydroxy-1-methyl-ethyl)-phenyl)-3-methylharnstoff), 
the main metabolite of IPU was discovered in 12% of the test participants (19/154), with a maximum value of 14.2 
µg/L of urine, i.e. lower than the ADI (Acceptable Daily Intake) or to the “Tolerable daily dose” (reference dose 
in mg/kg/day) (Bartram, 2015). Control tests showed a reduction in soil contamination after a few weeks and in 
June 1996 IPU was no longer detectable, in the soil plants and herbs of that area (Heudor & Peters, 1997). 

However, as already mentioned, subsequent ecotoxicological researches indicate that IPU and its metabolites seem 
to be carcinogenic and therefore dangerous for mammals, aquatic invertebrates, plants, freshwater algae and for 
microbial activity (Valloton et al., 2008; Orton et al., 2009). 

6. Discussion and Conclusions 

IPU, as mentioned, is no longer used in many countries and among them in Italy. Others, however, continue to use 
it, so that the herbicide can reach anywhere due to the international movement of goods. 

With regard to the EU, note that the export and import procedures for agricultural products are governed by the 
Common Agricultural Policy (CAP). Depending on the nature and quantity of the imported goods, an “import 
license” (Agrim certificate) may be issued, which the operator (Italian or from other EU countries) must request 
from the Ministry of Foreign Trade. The release of the “Import authorization” is also provided following a 
phytosanitary inspection carried out in Italy by the competent “Phytosanitary Service by Region” (Legislative 
Decree no. 214 of 19th August 2005). In addition to the “Certificate of origin”, the importer must also have the 
“Phytosanitary Certificate” issued by the exporter. 

Note that due to the Commission Implementing Regulation (EU) 2019/2072, some plants and plant products and 
other types of products (listed in Annexes XI and XII), which enter the EU must be accompanied by the 
aforementioned Phytosanitary Certificate which guarantees that they have been carefully inspected and that they 
are free from pests requiring quarantine measures and other types of pests and are in possession of the 
phytosanitary requirements provided for by the aforementioned Regulation. The national phytosanitary authorities 
of the exporting country issue the phytosanitary certificates. Once inside the EU, the Phytosanitary Certificate for 
plants, plant products and other imported objects that are listed in Annexes XIII and XIV of the aforementioned 
Regulation 2019/2072 / EU, can be replaced by a “passport of the plants”, in compliance with the provisions of 
Regulation 2016/2031/EU and Implementing Regulation 2017/2313/EU. There are exceptions for a number of 
cases, listed in Annexes VI, VII, IX and XII Part C of the aforementioned Regulation, as the spread of dangerous 
organisms is considered excluded. For other exemptions, please refer to Article 15 of Directive 2000/29/EC and 
to Regulation 2004/1756/EC. 

As regards pesticides, reference is made to Commission Regulation 2019/1792/EU, which entered into force on 
18th May 2020, which reports the maximum residue levels, allowed in certain products, of some hazardous 
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substances, including IPU. Among the recitals, in Point 2 it is recalled that “The approval of the active substance 
IPU was not renewed by the Commission Implementing Regulation (EU) 2016/872” and therefore it was necessary 
to delete the MRLs (Maximum Residue Levels) set for these substances in Annexes II and III of Regulation (EC) 
no. 396/2005. In whereas 4 of Commission Regulation (EU) 2019/1792 it is recalled that “the MRLs for these 
substances should be set at the relevant determination limit (LOD), in accordance with article 18 of Regulation 
(EC) no. 396/2005”. In the annex to the Regulation in question (2019/1792) the “Residues and maximum residue 
levels (mg/kg) of pesticides” for isoproturon are established equal to 0.01 mg/kg for a long series of products (fruit, 
vegetables, milk, coffee, eggs, honey, etc.). 

In summary, it can be considered that studies of the consequences on the development of the rat of the 
administrations of doses from 100 to 500 mg/kg of body weight/day, showed effects of foetal toxicity of mammals 
during gestation, while with doses up to 100 mg/kg body weight/day, little or no foetotoxicity of the embryo. The 
overall NOAEL is around 80 mg/kg body weight/day. Studies on the development of rabbits, fed with doses up to 
100 mg/kg of body weight/day, have also shown effects of maternal toxicity (reduction of body weight and food 
consumption), while with the administration of doses of foetus toxicity of the embryo (reduced foetal weight) of 
160 mg/kg of body weight/day. The overall NOAEL is 50 mg/kg of body-offender weight/day. 

In any case, the scarcity of studies conducted is evident, especially as regards the consequences on human 
organisms and the long-term effects on the environment and on animal and vegetable organisms. Contrary to what 
happened for other types of herbicides (in particular clomazone and glyphosate) it is clear that in some States the 
precautionary principle prevailed prohibiting the use of the product. But this prohibition does not seem sufficient 
because the same is still used in many countries and that with international trade, products grown in areas polluted 
with the herbicide may arrive. European consumers should be guaranteed by the phytosanitary certificate issued 
by the exporting countries, especially by those who continue to use the herbicide. It is easy to imagine the great 
work that the analysis laboratories must carry out to ascertain that the dozens of IPU formulas are absent, or present 
within the limits allowed, in the goods, especially of vegetable origin, which arrive at the customs. 

It is clear that we have not got rid of IPU and will continue to deal with it until it has disappeared from the 
environment and until in states where it is still allowed to use it will not be declared illegal. It is one of the 
consequences of global markets and exchanges. 
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Appendix  

Table 1. Summary table of the main adverse effects of IPU on mammals (rats) 

Effects   Doses (mg/kg)       Sources 

Genotoxicity 100, 150, 200          Behera & Bhunya, 1990 

Liver tumors 2000          Hoshiya et al., 1993 

Hazards for endocrine system 125, 200          Orton et al., 2009 

Death 675          Hazarika & Sarkar, 2011 

Hemolytic anemia 800          INRS, 2011 
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