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      Abstract

The conclusions of the European Food Safety Authority (EFSA) following the peer 
review of the initial risk assessments carried out by the competent authority of 
the rapporteur Member State Austria for the pesticide active substance elemental 
iron and the considerations as regards the inclusion of the substance in Annex IV 
of Regulation (EC) No 396/2005 are reported. The context of the peer review was 
that required by Regulation (EC) No 1107/2009 of the European Parliament and of 
the Council. The conclusions were reached on the basis of the evaluation of the 
representative uses of elemental iron in field and greenhouses (permanent and 
non-permanent structures) via granule application by spreading on all edible and 
non-edible crops, ornamental plants and amenity grassland to control molluscs. 
The reliable endpoints, appropriate for use in regulatory risk assessment, are pre-
sented. Missing information identified as being required by the regulatory frame-
work is listed.
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SUM MARY

Elemental iron was requested as a new active substance for which, in accordance with Article 7 of Regulation (EC) No 
1107/2009 of the European Parliament and of the Council, the rapporteur Member State (RMS), Austria, received an ap-
plication from ADAMA Agriculture B.V. on 28 June 2018 for approval. In addition, the applicant submitted an application 
for inclusion of the substance in Annex IV of Regulation (EC) No 396/2005. Complying with Article 9 of the Regulation, the 
completeness of the dossier was checked by the RMS and the date of admissibility of the application was recognised as 
being 9 August 2018.

An initial evaluation of the dossier on elemental iron was provided by the RMS in the draft assessment report (DAR) and 
subsequently, a peer review of the pesticide risk assessment on the RMS evaluation was conducted by EFSA in accordance 
with Article 12 of Regulation (EC) No 1107/2009. The following conclusions are derived.

The uses of elemental iron according to the representative uses in field and greenhouse (permanent and non-permanent 
structures) via granule application by spreading on all edible and non-edible crops, ornamental plants and amenity grass-
land to control molluscs, as proposed at EU level, results in a sufficient molluscicidal efficacy against the target pests.

The assessment of the data package revealed no issues that could not be finalised or that need to be included as critical 
areas of concern with respect to identity, physical and chemical properties and analytical methods.

In the area of mammalian toxicology, no issues that could not be finalised or that need to be included as critical areas 
of concern were identified.

In the residues section, considering the proposed Good Agricultural Practices (GAPs), significant iron residues in plant 
and animal commodities compared to the background levels of iron are not expected. With regard to the five assessment 
criteria according to the Commission guidance SANCO/11188/2013 Rev. 2 (European Commission, 2015) for potential inclu-
sion in Annex IV of Regulation (EC) No 396/2005, one criterion (IV) is considered to be met for iron.

Iron is considered a natural occurring component of both terrestrial and aquatic ecosystems and the data available on 
environmental fate and behaviour were sufficient to carry out the required environmental exposure assessments at EU 
level for the representative uses assessed.

No data gaps, critical areas of concern or issues that could not be finalised were identified in the area of ecotoxicology.
Based on the available information, it can be concluded that it is unlikely that elemental iron meets the criteria for 

endocrine disruption for humans and non-target organisms according to points 3.6.5 and 3.8.2 of Annex II to Regulation 
(EC) No 1107/2009, as amended by Commission Regulation (EU) 2018/605.
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BACKG ROUN D

Regulation (EC) No 1107/2009 of the European Parliament and of the Council1 (hereinafter referred to as ‘the Regulation’) 
lays down, inter alia, the detailed rules as regards the procedure and conditions for approval of active substances. This 
regulates for the European Food Safety Authority (EFSA) the procedure for organising the consultation of Member States 
and the applicant(s) for comments on the initial evaluation in the draft assessment report (DAR), provided by the rappor-
teur Member State (RMS), and the organisation of an expert consultation, where appropriate.

In accordance with Article 12 of the Regulation, EFSA is required to adopt a conclusion on whether an active substance 
can be expected to meet the approval criteria provided for in Article 4 of the Regulation (also taking into consideration 
recital (10) of the Regulation) within 120 days from the end of the period provided for the submission of written comments, 
subject to an extension of 30 days where an expert consultation is necessary, and a further extension of up to 150 days 
where additional information is required to be submitted by the applicant(s) in accordance with Article 12(3).

Elemental iron is a new active substance for which, in accordance with Article 7 of the Regulation, the RMS, Austria 
(hereinafter referred to as the ‘RMS’), received an application from ADAMA Agriculture B.V. on 28 June 2018 for approval of 
the active substance elemental iron. In addition, the applicant submitted an application for inclusion of the substance in 
Annex IV of Regulation (EC) No 396/2005. Complying with Article 9 of the Regulation, the completeness of the dossier was 
checked by the RMS and the date of admissibility of the application was recognised as being 9 August 2018.

The RMS provided its initial evaluation of the dossier on elemental iron in the DAR, which was received by EFSA on 2 July 
2021 (Austria, 2021). The peer review was initiated on 18 November 2021 by dispatching the DAR to the Member States and 
the applicant, ADAMA Agriculture B.V., for consultation and comments. EFSA also provided comments. In addition, EFSA 
conducted a public consultation on the DAR. The comments received were collated by EFSA and forwarded to the RMS for 
compilation and evaluation in the format of a reporting table. The applicant was invited to respond to the comments in 
column 3 of the reporting table. The comments and the applicant response were evaluated by the RMS in column 3.

The need for expert consultation and the necessity for additional information to be submitted by the applicant in accor-
dance with Article 12(3) of the Regulation were considered in a teleconference between EFSA and the RMS on 9 September 
2022. On the basis of the comments received, the applicant's response to the comments and the RMS's evaluation thereof, 
it was concluded that additional information should be requested from the applicant, and that EFSA should conduct an 
expert consultation in the areas of mammalian toxicology and ecotoxicology.

The outcome of the teleconference, together with EFSA's further consideration of the comments is reflected in the con-
clusions set out in column 4 of the reporting table. All points that were identified as unresolved at the end of the comment 
evaluation phase and which required further consideration, including those issues to be considered in an experts' consul-
tation, were compiled by EFSA in the format of an evaluation table.

The conclusions arising from the consideration by EFSA, and as appropriate by the RMS, of the points identified in the 
evaluation table, together with the outcome of the expert consultation and the written consultation on the assessment of 
additional information, where these took place, were reported in the final column of the evaluation table.

In accordance with Article 12 of the Regulation, EFSA should adopt a conclusion on whether elemental iron can be ex-
pected to meet the approval criteria provided for in Article 4 of the Regulation, taking into consideration recital (10) of the 
Regulation.

A final consultation on the conclusions arising from the peer review of the risk assessment and on the proposal for inclu-
sion of the substance in Annex IV of Regulation (EC) No 396/2005 took place with Member States via a written procedure 
in June – July 2024.

This conclusion report summarises the outcome of the peer review of the risk assessment on the active substance and 
the formulation for representative uses evaluated on the basis of the representative uses of elemental iron in field and 
greenhouse (permanent and non-permanent structures) via granule application by spreading on all edible and non-edible 
crops, ornamental plants and amenity grassland to control molluscs, as proposed by the applicant. In accordance with 
Article 12(2) of Regulation (EC) No 1107/2009, risk mitigation options identified in the DAR and considered during the peer 
review, if any, are presented in the conclusion.

Furthermore, this conclusion also addresses the requirement for an assessment by EFSA under Article 12 of Regulation 
(EC) No 396/2005, provided that the active substance will be approved under Regulation (EC) No 1107/2009 without restric-
tions affecting the residue assessment. In the event of a non-approval of the active substance or an approval with restric-
tions that have an impact on the residue assessment, the Annex IV considerations from this conclusion might no longer be 
relevant and a new assessment under Article 12 of Regulation (EC) No 396/2005 will be required.

A list of the relevant end points for the active substance and the formulation is provided in Appendix B. In addition, the 
considerations as regards the cut-off criteria for elemental iron according to Annex II of Regulation (EC) No 1107/2009 are 
summarised in Appendix A.

A key supporting document to this conclusion is the peer review report (EFSA,  2024), which is a compilation of the 
documentation developed to evaluate and address all issues raised in the peer review, from the initial commenting phase 
to the conclusion. The peer review report comprises the following documents, in which all views expressed during the 
course of the peer review, including minority views, where applicable, can be found:

 1Regulation (EC) No 1107/2009 of 21 October 2009 of the European Parliament and of the Council concerning the placing of plant protection products on the market and 
repealing Council Directives 79/117/EEC and 91/414/EEC. OJ L 309, 24.11.2009, p. 1–50.
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•	 the comments received on the DAR;
•	 the reporting table (09 September 2022);
•	 the evaluation table (27 September 2024);
•	 the report(s) of the scientific consultation with Member State experts (where relevant);
•	 the comments received on the assessment of the additional information (where relevant);
•	 the comments received on the draft EFSA conclusion.

Given the importance of the DAR, including its revisions (Austria, 2024), and the peer review report, both documents are 
considered as background documents to this conclusion and thus are made publicly available.

It is recommended that this conclusion and its background documents would not be accepted to support any registra-
tion outside the EU for which the applicant has not demonstrated that it has regulatory access to the information on which 
this conclusion report is based.

TH E AC TIVE SUBSTANCE AN D TH E FO R MUL ATIO N(S)  FO R R E PR ESE NTATIVE USES

This substance was notified as elemental iron, its IUPAC name is iron. It should be noted that based on the data provided, 
the presence of other oxidation states of iron cannot be excluded (see Section 1). The formulation for representative uses 
evaluated was ‘Final Bite®’, a bait (ready to use) (RB) containing 10 g/kg of total iron.

The information on the active substance and the formulation for representative uses, including the co-formulants in 
these formulations, was considered in the overall assessment during the peer review. None of the co-formulants is an un-
acceptable co-formulant listed in Annex III of Regulation (EC) No 1107/2009,2 however one co-formulant is an approved 
active substance, one co-formulant is a non-approved active substance and two co-formulants are approved basic sub-
stances under Regulation (EC) 1107/2009.3 Details on the composition of the formulations cannot be reported in conclu-
sions because of the provisions in Article 63(2)(d) of Regulation (EC) No 1107/2009, however this information was fully 
available and evaluated during the peer review. A proposal for classification of the formulation(s) according to Regulation 
(EC) 1272/2008 was provided by the applicant and assessed by the RMS (please see Volumes 3 CP of the RAR).

The representative uses evaluated were field and greenhouse (permanent and non-permanent structures) granule ap-
plication by spreading on all edible and non-edible crops, ornamental plants and amenity grassland to control molluscs. 
Full details of the GAPs can be found in the list of end points in Appendix B.

Data were submitted to conclude that the use of elemental iron according to the representative uses proposed at EU 
level result in a sufficient molluscicide efficacy, following the guidance document SANCO/10054/2013-rev. 3 (European 
Commission, 2013).

CO NCLUSIO NS O F TH E E VALUATIO N

General aspects

With regard to the mammalian toxicological information available for the formulation for representative uses ‘Final Bite’, 
studies were performed on acute (oral, dermal and inhalation) toxicity, skin and eye irritation and skin sensitisation. With 
regard to the co-formulants contained in ‘Final Bite’, sufficient toxicological data were available for all components. The 
experts considered that the available toxicological information did sufficiently address the genotoxicity and repeated dose 
toxicity of ‘Final Bite’ over short- and long-term and no concern was identified.4

The availability of ecotoxicity data with the formulation for representative uses was discussed at the experts' meeting.5 
Furthermore, the experts also discussed the data retrieval search and the available data for the individual components. 
Considering the reasoning agreed by the experts, no concerns were identified.

1  |  IDE NTIT Y,  PHYSIC AL /CH E M IC AL / TECH N IC AL PRO PE R TIES AN D M ETH O DS 
O F ANALYSIS

The following guidance documents were followed in the production of this conclusion: European Commission  (2000a, 
2000b).

 2Commission Regulation (EU) 2021/383 of 3 March 2021 amending Annex III to Regulation (EC) No 1107/2009 of the European Parliament and Council listing co-formulants 
which are not accepted for inclusion in plant protection products. OJ L 74, 4.3.2021, p. 7–26.
 3See Regulation (EC) No 1107/2009 for acceptability criteria for co-formulants and Section 2.13.6 of the Technical report on the outcome of the pesticides peer review 
meeting on general recurring issues in physical and chemical properties and analytical methods. EFSA Supporting Publication, EN-1623. 10.2903/sp.efsa.2019.EN-1623.
 4See Expert's consultation point 2.7 at the Pesticide Peer Review Experts' TC 114 (September 2023) (EFSA, 2024).
 5See Expert's consultation point 5.7 at the Pesticide Peer Review Experts' TC 114 – TC 117 (September 2023) (EFSA, 2024).

https://doi.org/10.2903/sp.efsa.2019.EN-1623
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The proposed reference specification for elemental iron was based on batch data from industrial scale production. A 
minimum purity of 989 g of elemental iron/kg was proposed. EFSA considers that since a non-specific analytical method 
for elemental iron was used for the analysis of the technical material batches, the minimum purity of 989 g/kg corresponds 
to the total iron. A data gap was set for data on the content of elemental iron in at least five batches of the technical active 
substance measured using a specific analytical method for elemental iron (see Section 10). Arsenic, mercury and lead were 
considered as relevant impurities with maximum contents of 0.003 g/kg, 0.001 g/kg and 0.01 g/kg respectively (see 
Section 2). Additional relevant impurities can be present in the technical material however batch data on their content 
were not provided6 (data gap, see Section 10). An assessment of the compliance of the material tested in (eco)toxicological 
with the specifications was not required (see Section 2 and 5). A FAO specification does not exist for elemental iron.

The main data regarding the identity of elemental iron and its physical and chemical properties are given in Appendix B. 
A non-specific analytical method was used in the formulation storage stability studies, thus a data gap was set for the 
content of the elemental iron in the formulation before and after accelerated storage conditions and before and after 
2 years storage at ambient temperature (see Section 10). Sufficient information on the identity of a co-formulant in the 
formulation was not provided (see Section 10).

Adequate methods are available for the generation of data required for the risk assessment. Specific methods of analysis 
were not available for the determination of elemental iron in the technical material and in the formulation (data gap, see 
Section 10). Methods of analysis are available for the determination of the relevant impurities (arsenic, mercury and lead) in 
the technical material and in the representative formulation. Analytical methods for the determination of residues in plant 
materials, foodstuff of animal origin, environmental matrixes, body fluids and body tissues are not required due to the fact 
that residue definitions for monitoring are not proposed.

2  |  MAM MALIAN TOXICIT Y

The toxicological profile of the active substance elemental iron was discussed at the Pesticide Peer Review Experts' Meeting 
TC 114 in September 2023. The assessment is based on the following guidance documents: EFSA (2014a, 2022).

Regarding the proposed reference specification (RS), toxicological relevant impurities i.e. arsenic, lead and mercury 
were identified (see Section 1), with maximum levels at 0.003 g/kg (0.03 w/w%), 0.01 g/kg (0.1 w/w%) and 0.001 g/kg (0.01 
w/w%), respectively. EFSA notes that for inorganic arsenic and lead, according to EFSA CONTAM Panel (EFSA CONTAM 
Panel, 2010, 2024, respectively) there are no recommended tolerable intake levels. For inorganic arsenic, EFSA derived a 
BMDL05

7 of 0.06 μg/kg bw per day based on increased incidence of skin cancer. For lead, EFSA derived a BMDL01
8 of 0.5 μg/

kg bw per day for neurodevelopmental effects in children (close to the BMDL10
9 for nephrotoxic effects in adults). In both 

cases EFSA CONTAM Panel recommended a margin of exposure (MOE) approach.10 For mercury, the lowest health-based 
guidance value (HBGV) derived by EFSA CONTAM Panel (2012) is the tolerable weekly intake (TWI) of 1.3 μg/kg bw (corre-
sponding to 0.19 μg/kg bw per day), based on neurodevelopmental effects of methylmercury. Based on the proposed 
reference specifications and the representative uses of the active substance, the non-dietary exposure estimates to arse-
nic, lead and mercury do not exceed the BMDLs or TWI (minimum MOE = 50, for arsenic for operators when workwear is 
used11). Pending on the data gap set in Section 1 regarding the content of additional relevant impurities in at least five 
batches of the technical material, further assessment of the toxicological relevance may be needed.

Reliable toxicity data with the active substance are limited to acute inhalation toxicity study, and therefore an assess-
ment of the compliance of the material tested with the specifications was not required (see Section 1).

Because of the limited data package, the risk assessment mainly relied on publicly available scientific literature, epide-
miological studies in humans (use of iron as food supplement in humans) and on data from related iron compounds (ferric 
phosphate, ferric pyrophosphate and ferrous sulfate). Previous EFSA evaluations of ferrous, ferric and phosphate salts used 
as food additives and nutrient sources and as plant protection products did not identify any toxicological concern (e.g. 
EFSA ANS Panel, 2009, 2010; EFSA NDA Panel, 2015, 202412; EFSA, 2012, 2014a, 2014b, 2015, 2020). Therefore, although data 
were not available to assess the toxicological profile of elemental iron, this did not appear to be scientifically necessary 
considering the lack of concerns in the available publications (from literature and previous EFSA evaluations) and that iron 
is an essential nutrient. Thus, it is not expected that the additional exposure to elemental iron deriving from its use as a 
plant protection product will increase the risk to human health from its intake as a food supplement and/or food additive.

 6See confidential evaluation table, data requirement 0.2.
 7Dose where the change in response is likely to be smaller than 5%.
 8Dose where the change in response is likely to be smaller than 1%.
 9Dose where the change in response is likely to be smaller than 10%.
 10Arsenic: ‘An MOE of 1 would correspond to an exposure level that is associated with a 5% increase relative to the background incidence for skin cancer, based on the 
available data’ (EFSA CONTAM Panel, 2024).
 11See Appendix B, Section ‘Impact on human and animal health’ under ‘Other toxicological studies (Regulation (EU) No 283/2013, Annex Part A, point 5.8)’ for details.
 12A safe level of supplemental iron intake of 40 mg iron/day has been established for adults. This value differs from the one used for the semi-quantitative risk assessment 
conducted by the RMS and agreed as part of the peer review process (TC 114 in September 2023). However, it is considered that there is no impact in the overall evaluation 
for the substance under assessment.
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Nevertheless, a semi-quantitative exposure assessment was proposed by the RMS and accepted by the peer review.13 
For long-term consumer risk assessment 0.8 mg/kg body weight (bw) per day was proposed as reference value, based on 
the permitted tolerable daily intake (PMTDI) set by JEFCA14 (FAO/WHO, 1983). On the same basis, for non-dietary risk assess-
ment the proposed reference value was 0.4 mg/kg bw per day considering a correction factor of 50% for oral bioavailabil-
ity. No reference points for acute dietary and non-dietary risk assessment were deemed necessary. In April 2024, the EFSA 
NDA Panel (EFSA NDA Panel, 2024) established new safe levels for iron intake in the range of 5 to 40 mg iron/day for the 
different age groups. Considering mean body weights for the various age groups, these values correspond to 0.6–0.8 mg/
kg bw per day and 0.3–0.4 mg/kg bw per day for dietary and non-dietary risk assessment, respectively. Therefore, the lower 
bound of the ranges was used as reference value for dietary and non-dietary risk assessment, i.e. 0.6 mg/kg bw per day and 
0.3 mg/kg bw per day, respectively.

In line with previous EFSA conclusions (EFSA, 2012, 2015, 2020), a default dermal absorption value of 10% was used as 
a worst-case scenario.

The non-dietary exposure estimates for the operators are below the reference value with the use of standard work-
wear during mixing/loading and application, based on the EFSA calculators (2014, 2022), only in case of tractor-mounted 
applications (see Section 8). For the workers, exposure estimates are below the reference value even without workwear 
during the indoor activities (searching, reaching, picking) according to the EFSA calculator (2022). For residents (covering 
also bystanders in the absence of AAOEL), risk mitigation measures are not needed.

3  |  R ESIDUES

For residues no studies were submitted and the open literature data was provided regarding the role of iron in plants and 
its background levels. However, a proper and detailed literature search according to the EFSA guidance on submission of 
scientific peer-reviewed open literature for the approval of pesticide active substances under Regulation (EC) No 1107/2009 
(EFSA, 2011) was not provided (data gap).

The five assessment criteria according to the Commission guidance SANCO/11188/2013 Rev. 2 (European 
Commission, 2015) for potential inclusion in Annex IV of Regulation (EC) No 396/2005, i.e. approval as basic substance (crite-
rion I), listed in Annex I of Regulation (EC) No 396/2005 (criterion II), having no identified hazardous properties (criterion III), 
natural exposure is higher than the one linked to the use as plant protection product (criterion IV) and consumer exposure 
is not expected considering the representative uses (criterion V) were assessed. Four criteria (I, II, III and V) are not met as 
the substance is not approved as a basic substance, not listed in Annex I of Regulation (EC) 396/2005, and reference values 
were established as reported in the tox section (see Section 2). For criterion V, the possibility of increased exposure to iron 
residues due to the application method cannot be excluded. Apart from the potential soil uptake of iron released after the 
use, granule baits spread on the soil surface may directly come into the contact with plants.

The criterion IV was considered to be met for the following reasons:

–	 For the natural exposure in relation to the one linked to the representative use (criterion IV), background iron levels were 
compared with the potentially occurring ones after the use. The main route of plant exposure to elemental iron is via 
soil. Predicted accumulating concentrations of iron present in the soil even after several years of the use as a pesticide 
are only 0.038% of the median (FOREGS, 2005) of the background concentration present in soil (see Section 4). Therefore, 
the driver of iron plant uptake is not expected to be the representative use as the use relevant concentrations are sub-
stantially lower compared with the background concentrations to which plants are already exposed. It should also be 
noted that the elemental iron has to become bioavailable (formed as an ion) before it is taken up by plants. The applied 
amount of iron as a pesticide is unlikely to be fully available for plant uptake as the elemental iron undergoes reactions 
to form more complex compounds that are less readily absorbed by plants.

	 In addition to soil uptake, plants may come into direct contact with bait granules containing iron. A potential concentra-
tion arising from this scenario was calculated for lettuce as a crop which is the one most likely having granules lodged 
in its leaves at a later BBCH growth stage. The calculated amount in case several granules adhere to lettuce leaves 
corresponded to 13.8% of the naturally present iron content in lettuce (0.64 mg/100 g). Being water insoluble, granules 
will most probably remain for several days on a crop and manual removal or washing them off is expected, resulting in 
incomplete absorption by plants. It is therefore considered the conditions of the use would not significantly increase 
the background levels of iron in food and feed items. Consequently, animal food commodities are also not expected to 
contain increased iron levels resulting from the representative use.

	 The representative use of elemental iron on all edible and non-edible crops and amenity vegetation applied as granule 
baits on the soil surface is unlikely to lead to significant increase of iron concentrations in food when compared to the 
background iron levels.

Based on calculations estimating iron concentrations in lettuce (0.88 mg/kg lettuce) and the ratio of iron to arsenic, mer-
cury and lead in the technical material (see Section 1), potential concentrations of these impurities when some granules 

 13See Expert's consultation point 2.5 at the Pesticide Peer Review Experts' TC 114 (September 2023) (EFSA, 2024).
 14https://​apps.​who.​int/​food-​addit​ives-​conta​minan​ts-​jecfa-​datab​ase/​Home/​Chemi​cal/​2859.

https://apps.who.int/food-additives-contaminants-jecfa-database/Home/Chemical/2859
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are lodged among the lettuce leaves were estimated as well. These estimates were then extrapolated to all crops where 
such bait lodging could be expected (e.g. leafy, head brassica, spinach & similar) and were used for chronic dietary expo-
sure calculations with PRIMo 3.1 for the respective crops. With this screening approach, a MoE of approx. 10,000 for arsenic 
(BMDL05 of 0.06 μg/kg bw per day), an MoE of approx. 20,000 for lead (BMDL01 of 0.5 μg/kg bw per day) and exposure to 
mercury corresponding to approx. 0.001% of the TWI (1.3 μg/kg bw) was estimated.

A risk to consumers from the representative uses with regard to the impurities arsenic, mercury and lead in the technical 
material elemental iron is considered unlikely.

4  |  E NVIRO N M E NTAL FATE AN D BE HAVIOUR

Iron, in its elemental state (Fe0) or when available as ions (Fe2+ or Fe3+), is the fourth most abundant element and the second 
most common metal observed in the Earth's crust. Elemental iron is rarely found in nature, while its ions are considered 
natural occurring components of both terrestrial and aquatic ecosystems. Based on a comprehensive European geological 
mapping project (FOREGS, 2005), the median levels of total iron in European topsoil, stream sediments and floodplain sedi-
ments are 35,100 mg/kg, 35,700 mg/kg and 33,300 mg/kg (measured with X-ray fluorescence spectrometry) respectively, 
while the median dissolved iron levels in European stream waters is 67 μg/L (measured with ICP-MS).

Elemental iron applied to a field has the potential to form rust i.e. react with oxygen in the presence of water to form 
Fe3+. Once oxidised, the active substance is not distinguishable from the naturally occurring iron compounds already pres-
ent in the soil in high amounts (FOREGS, 2005). The oxidised form of iron (Fe3+) is the most thermodynamically stable and 
abundant in the environment, while the reduced form (Fe2+) is very readily oxidised back to Fe3+ in the environment and is 
generally used by plants as a micronutrient. In the soil, Fe3+ and Fe2+ ions readily combine with other compounds, mainly 
oxygen-containing compounds, to produce several products that are the common constituents of soils/minerals/ores. 
Data concerning route and rate of degradation are not applicable since elemental iron and its ions cannot be mineralised 
or form metabolites/degradation products. Since elemental iron and its ions are elemental atomic particles, they are stable 
and have the potential to accumulate in soil after field application for molluscicide use. Nevertheless, the addition of iron 
according to the GAP is several orders of magnitude lower than the natural abundance of total iron occurring in European 
topsoil and is lower than the addition of iron after treatment with iron-containing fertiliser in agriculture soils.

The elemental iron is insoluble in water and not accessible to transport in soil or aqueous media. Elemental iron has 
eventually the potential to rust and be oxidised to insoluble ferric (Fe3+) oxides and hydroxides, or in anoxic conditions to 
produce ferrous (Fe2+) compounds which are the major constituents of dissolved iron in the aquatic systems. Once oxidised, 
the active substance is not distinguishable from the naturally occurring iron compounds that are present in surface waters 
and sediments at high amounts (FOREGS, 2005). The application of the active substance as granular bait and its water 
insolubility indicated that run-off of soil particles containing elemental iron was the sole possible entry route in surface 
water, particularly after heavy meteorological events. A surface water exposure assessment (predicted environmental 
concentrations (PEC) calculations) was not carried out since elemental iron is insoluble in water. A sediment exposure as-
sessment was carried out using the FOCUS (FOCUS, 2001) Step 1 approach (version 3.2 of the Step 1–2 in FOCUS calculator) 
assuming the total mass of iron entering the water body via run-off (10% of iron applied) and the complete transfer into 
the sediment. Potential accumulation of iron in the sediment was considered estimating a 20-year period of use. This still 
resulted in concentrations several orders of magnitude below the background levels of total iron.

A groundwater exposure assessment was not carried out since elemental iron is insoluble in water and iron input from 
the pesticide use is not considered to significantly contribute to background levels of elemental iron and its ions in soil and 
groundwater. It should be noted that the indicative parameter for iron in the applicable Drinking Water Directives15,16 is set 
at 200 μg/L.

The applicant provided appropriate information to address the potential effect of water treatments processes on the 
nature of the residues that might be present in surface water and groundwater, when abstracted for drinking water, in-
cluding expected residues from iron used in wastewater and drinking water treatment processes, e.g. as precipitation or 
coagulation agent. The conclusion of this consideration was that potentially relevant by-products, apart from soluble or 
insoluble Fe3+ or Fe2+ species, which may affect the assessment on human health, animal health and/or the environment, 
will not be formed.

The PEC in soil and sediment covering the representative uses assessed can be found in Appendix B of this conclusion. 
These values are of academic interest, but also demonstrate that iron input from pesticide use hardly affects the back-
ground concentration of iron in soil and sediment.

 15Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption. OJ L 330, 5.12.1988, pp. 32–54.
 16Directive (EU) 2020/2184 of the European Parliament and of the Council of 16 December 2020 on the quality of water intended for human consumption. OJ L 435, 
23.12.2020, pp. 1–62.
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5  |  ECOTOXICO LOGY

The risk assessment was based on the following documents: European Commission (2002), SETAC (2001) and EFSA (2009). 
Additionally, aspects of the ecotoxicology assessment were discussed at the Pesticides Peer Review Teleconference (TC) 
114–117 (September 2023).

In the area of ecotoxicology fully valid studies with the active ingredient were not available. Therefore, an assessment of 
the compliance of the material tested with the specifications was not required.

The hazard and risk assessment for birds and wild mammals was discussed at the meeting.17 For birds, a valid acute 
study with a formulation different than the one for representative uses was available. For mammals, an acute study with 
the formulation for representative uses was submitted. Furthermore, open literature studies were submitted which were 
considered supplementary information for the dietary consumption of elemental iron by birds and mammals. Overall, low 
acute and reproductive risk for birds and mammals was concluded considering the lines of evidence listed under Section 6.

For aquatic organisms, valid acute studies with the formulation for representative uses on invertebrates and algae were 
available. Considering the physical chemical properties of elemental iron and the available information (see Section 4), low 
risk to aquatic and sediment organisms from exposure to the active substance was concluded, considering that the rep-
resentative uses are expected to cause a low increase in environmental concentrations relative to the background levels.

No toxicity study on bees was submitted. However, low exposure, hence risks, for bees relative to the background levels 
can be expected from the representative uses of elemental iron, considering the representative uses.

Based on the representative uses of elemental iron, studies on the non-target arthropod (NTAs) indicator species were 
not required. Low risk to NTAs other than bees was concluded for all representative uses based on the endpoints for the 
additional species Aleochara bilineata, Poecilus curpeus and Pardosa spp.

The toxicity to soil macroorganisms was investigated in two laboratory studies with earthworms, where exposure to 
the formulation for representative uses occurred via soil incorporation or surface application. Additionally, a higher-tier, 
open-field effect study with the formulation for representative uses was available. Two additional species (i.e. Folsomia 
candida and Hypoaspis aculeifer) were tested in chronic laboratory studies with the formulation for representative uses. The 
hazard and risk assessment for soil organisms was discussed at the meeting.18 For elemental iron, low risk for earthworms 
and soil macroorganisms was concluded, considering that its increase in soil concentrations caused by the representative 
uses is expected to be low (see Section 4). For the formulation for representative uses, high risk to earthworms, but not  
F. candida and H. aculeifer was initially indicated by the Tier-1 calculations. However, low risk to the formulation was finally 
concluded for all macroorganisms based on the results of the higher tier effect study.

Low risk to elemental iron was concluded for soil microorganisms based on the results of a laboratory study con-
ducted with a different formulation than the one for representative uses. The use of this test for the risk assessment of the 
formulation for representative uses was discussed at the meeting,19 where no concern was raised based on the assessment 
of the ecotoxicity profile of its individual components.

Based on the available data and the representative uses a low risk was concluded for non-target terrestrial plants.
No concern was raised for organisms involved in the biological methods for sewage treatment, considering that no 

increase of the elemental iron concentration in exceedance of the background levels is expected due to the representative 
uses.

6  |  E N DOCR IN E D ISRUP TIO N PRO PE R TIES

The potential endocrine disruption properties of elemental iron were discussed at the Pesticides Peer Review Experts' 
Teleconference (TC) 114 (September 2023).20

With regard to the assessment of the endocrine disruption potential of elemental iron for humans and non-target 
organisms according to the ECHA/EFSA ED guidance (ECHA/EFSA, 2018), although no (eco)toxicological data are available 
to assess the endocrine disrupting properties of the active substance, this does not appear scientifically necessary due to 
the following reasons:

–	 Iron is an essential trace element, which serves as essential nutrient in animal and plant physiology, and it is naturally 
occurring ubiquitously in the environment.

–	 For all animal species, the FEEDAP Panel endorsed an opinion related to the safety and efficacy of iron compounds (E1) 
as feed additives (EFSA FEEDAP Panel, 2016 [updated 2018]).

 17See Expert's consultation points 5.1 to 5.4 at the Pesticide Peer Review Experts' TC 114–117 (September 2023) (EFSA, 2024).
 18See Expert's consultation point 5.5 at the Pesticide Peer Review Experts' TC 114–117 (September 2023) (EFSA, 2024).
 19See Expert's consultation point 5.7 at the Pesticide Peer Review Experts' TC 114–117 (September 2023) (EFSA, 2024).
 20See reports of the Pesticides Peer-review TC 114 for mammalian toxicology section and 114–117 for the ecotoxicology section (EFSA, 2024).
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–	 Iron is authorised in Europe as human food additive and as food supplement (in case of iron deficiency) and in 2015, a 
scientific opinion was issued by EFSA on the dietary reference values for iron (EFSA ANS Panel, 2015; EFSA NDA Panel, 2015; 
Commission Regulation (EC) 1170/200921).

–	 There is no indication or evidence of ED properties of elemental iron, or its ions found in the available toxicological stud-
ies nor in the studies from open literature including the Toxcast data.

–	 Low toxicity is observed in the available publications (from literature and previous EFSA evaluations) (see Section 2 
for further information). Known toxicity of iron is related to accidental overdose or prolonged overdose due to 
genetically defined diseases (e.g. hemochromatosis, Pelusi et al., 2016) (this argument is only relevant for human 
health).

–	 It is not expected that the additional exposure to iron deriving from use of elemental iron as a plant protection product 
will increase the risk to human health from its intake as a food supplement and/or food additive (this argument is only 
relevant for human health).

–	 Elemental iron is insoluble in water (this argument is only relevant for environment).
–	 The iron input from pesticide uses is not considered to significantly contribute to the background levels of total iron in 

soil/sediment or groundwater/surface water (see Section 4 for further information).

Based on the available information, it can be concluded that it is unlikely that elemental iron meets the criteria for en-
docrine disruption for humans and non-target organisms according to points 3.6.5 and 3.8.2 of Annex II to Regulation (EC) 
No 1107/2009, as amended by Commission Regulation (EU) 2018/605.

7  |  OVE RVIEW O F TH E R ISK ASSESSM E NT O F COM POUN DS LISTE D IN 
R ESIDUE DE FIN ITIO NS TR IGG E R ING ASSESSM E NT O F E FFEC TS DATA FO R TH E 
E NVIRO N M E NTAL COM PAR TM E NTS ( TABLES 1– 4)

 21Commission Regulation (EC) No 1170/2009 of 30 November 2009 amending Directive 2002/46/EC of the European Parliament and of Council and Regulation (EC) No 
1925/2006 of the European Parliament and of the Council as regards the lists of vitamin and minerals and their forms that can be added to foods, including food 
supplements (Text with EEA relevance) OJ L 314, 1.12.2009, p. 36–42.

T A B L E  2   Groundwater.a

Compound 
(name and/or 
code)

> 0.1 μg/L at 1 
m depth for the 
representative usesb 
Step 2

Biological 
(pesticidal) activity/
relevance  
Step 3a.

Hazard identified 
Steps 3b. and 3c.

Consumer RA 
triggered  
Steps 4 and 5

Human health 
relevance

Elemental iron No Yes – – Yes
aAssessment according to European Commission guidance of the relevance of groundwater metabolites (European Commission, 2003).
bElemental iron is an inorganic molluscicide. The parametric drinking water limit of 0.1 μg/L for pesticides and their relevant metabolites, as defined by the drinking water 
directives 98/83/EEC22 and 2020/218423 is not applicable. However, both the drinking water directives set a value of 200 μg/L as an indicator parameter for iron.

 22Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption. OJ L 330, 5.12.1988, p. 32–54.
 23Directive (EU) 2020/2184 of the European Parliament and of the Council of 16 December 2020 on the quality of water intended for human consumption. OJ L 435, 
23.12.2020, pp. 1–62.

T A B L E  3   Surface water and sediment.

Compound (name and/or code) Ecotoxicology

Elemental iron Low risk to aquatic organisms

T A B L E  4   Air.

Compound (name and/or code) Toxicology

None –

T A B L E  1   Soil.

Compound (name and/or code) Ecotoxicology

Elemental iron Low risk to soil organisms
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8  |  PAR TICUL AR CO N D ITIO NS PRO POSE D TO BE TAK E N INTO ACCOUNT BY 
R ISK MANAG E R S

Risk mitigation measures (RMMs) identified following consideration of Member State (MS) and/or applicant's proposal(s) 
during the peer review, if any, are presented in this section. These measures applicable for human health and/or the envi-
ronment leading to a reduction of exposure levels of operators, workers, bystanders/residents, environmental compart-
ments and/or non-target organisms for the representative uses are listed below. The list may also cover any RMMs as 
appropriate, leading to an acceptable level of risks for the respective non-target organisms.

It is noted that final decisions on the need of RMMs to ensure the safe use of the plant protection product containing 
the concerned active substance will be taken by risk managers during the decision-making phase. Consideration of the 
validity and appropriateness of the RMMs remains the responsibility of MSs at product authorisation, taking into account 
their specific agricultural, plant health and environmental conditions at national level.

Use of gloves during mixing/loading and application (ML&A) for manual application is required.

9   |  CO NCE R NS AN D R E L ATE D DATA GAPS

9.1  |  Issues that could not be finalised

An issue is listed as ‘could not be finalised’ if there is not enough information available to perform an assessment, even at 
the lowest tier level, for one or more of the representative uses in line with the uniform principles in accordance with Article 
29(6) of Regulation (EC) No 1107/2009 and as set out in Commission Regulation (EU) No 546/201124 and if the issue is of such 
importance that it could, when finalised, become a concern (which would also be listed as a critical area of concern if it is 
of relevance to all representative uses).

An issue is also listed as ‘could not be finalised’ if the available information is considered insufficient to conclude on 
whether the active substance can be expected to meet the approval criteria provided for in Article 4 of Regulation (EC) No 
1107/2009.

The following issues or assessments that could not be finalised have been identified, together with the reasons 
including the associated data gaps where relevant, which are reported directly under the specific issue to which 
they are related:

Issues or assessments that could not be finalised were not identified.

9.2  |  Critical areas of concern

An issue is listed as a critical area of concern if there is enough information available to perform an assessment for the rep-
resentative uses in line with the uniform principles in accordance with Article 29(6) of Regulation (EC) No 1107/2009 and as 
set out in Commission Regulation (EU) No 546/2011, and if this assessment does not permit the conclusion that, for at least 
one of the representative uses, it may be expected that a plant protection product containing the active substance will not 
have any harmful effect on human or animal health or on groundwater, or any unacceptable influence on the environment.

An issue is also listed as a critical area of concern if the assessment at a higher tier level could not be finalised due to 
lack of information, and if the assessment performed at the lower tier level does not permit the conclusion that, for at least 
one of the representative uses, it may be expected that a plant protection product containing the active substance will not 
have any harmful effect on human or animal health or on groundwater, or any unacceptable influence on the environment.

An issue is also listed as a critical area of concern if, in the light of current scientific and technical knowledge using guid-
ance documents available at the time of application, the active substance is not expected to meet the approval criteria 
provided for in Article 4 of Regulation (EC) No 1107/2009.

The following critical areas of concern are identified, together with any associated data gaps, where relevant, 
which are reported directly under the specific critical area of concern to which they are related:

Critical areas of concern were not identified.

9.3  |  Overview of the concerns identified for each representative use considered (Table 5)

(If a particular condition proposed to be taken into account to manage an identified risk, as listed in Section 8, has been 
evaluated as being effective, then ‘risk identified’ is not indicated in Table 5).

 24Commission Regulation (EU) No 546/2011 of 10 June 2011 implementing Regulation (EC) No 1107/2009 of the European Parliament and of the Council as regards uniform 
principles for evaluation and authorisation of plant protection products. OJ L 155, 11.6.2011, p. 127–175.
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10  |  LIST O F OTH E R OUTSTAN D ING ISSUES

Remaining data gaps not leading to critical areas of concern or issues not finalised but considered necessary to 
comply with the data requirements, and which are relevant for some or all of the representative uses assessed at 
EU level. Although not critical, these data gaps may lead to uncertainties in the assessment and are considered 
relevant.

These data gaps refer only to the representative uses assessed and are listed in the order of the sections:

•	 Data on the content of elemental iron in at least five batches of the technical active substance measured using a specific 
analytical method for elemental iron were not provided (relevant for all representative uses evaluated; see Section 1).

•	 Data on the content of additional relevant impurities in at least five batches of the technical material were not provided 
(relevant for all representative uses evaluated; see Section 1).

•	 Data on the content of the elemental iron in the formulation before and after accelerated storage conditions and before 
and after 2 years storage at ambient temperature were not provided (relevant for all representative uses evaluated; see 
Section 1).

•	 Validated and specific analytical methods for the determination of elemental iron in the technical active substance 
and the formulation for the representative uses were not provided (relevant for all representative uses evaluated; see 
Section 1).

•	 Information on the identity of a formulant according to the EU Regulation 284/2013 was not available (relevant for all 
representative uses evaluated; see Section 1).

•	 Literature search according to the EFSA guidance on submission of scientific peer-reviewed open literature for the ap-
proval of pesticide active substances under Regulation (EC) No 1107/2009 (EFSA, 2011) (Section 3).

A B B R E V I AT I O N S
AAOEL	 acute acceptable operator exposure level
AF	 assessment factor
AOEL	 acceptable operator exposure level
a.s.	 active substance
BMDL	 Benchmark Dose lower confidence bound
bw	 body weight
DAR	 draft assessment report
DT50	 period required for 50% dissipation (define method of estimation)
DT90	 period required for 90% dissipation (define method of estimation)

T A B L E  5   Overview of concerns reflecting the issues not finalised, critical areas of concerns and the risks 
identified that may be applicable for some but not for all uses or risk assessment scenarios.

Representative use

All edible and 
non-edible crops 
F/G

Amenity 
vegetation 
F/G

Operator risk Risk identified

Assessment not finalised

Worker risk Risk identified

Assessment not finalised

Resident/bystander risk Risk identified

Assessment not finalised

Consumer risk Risk identified

Assessment not finalised

Risk to wild non-target terrestrial 
vertebrates

Risk identified

Assessment not finalised

Risk to wild non-target terrestrial 
organisms other than 
vertebrates

Risk identified

Assessment not finalised

Risk to aquatic organisms Risk identified

Assessment not finalised

Groundwater exposure to active 
substance

Legal parametric value 
breached

Assessment not finalised

Notes: The superscript numbers relate to the numbered points indicated in Sections 9.1 and 9.2. Where there is no superscript 
number, see Sections 2 to 7 for further information.
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FAO	 Food and Agriculture Organization of the United Nations
FOCUS	 Forum for the Co-ordination of Pesticide Fate Models and their Use
GAP	 Good Agricultural Practice
ISO	 International Organization for Standardization
IUPAC	 International Union of Pure and Applied Chemistry
JMPR	 Joint Meeting of the FAO Panel of Experts on Pesticide Residues in Food and the Environment and the WHO 

Expert Group on Pesticide Residues (Joint Meeting on Pesticide Residues)
Kdoc	 organic carbon linear adsorption coefficient
KFoc	 Freundlich organic carbon adsorption coefficient
LOD	 limit of detection
LOQ	 limit of quantification
M/L	 mixing and loading
MOA	 mode of action
MRL	 maximum residue level
PEC	 predicted environmental concentration
RAC	 regulatory acceptable concentration
RAR	 Renewal Assessment Report
SC	 suspension concentrate
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UF	 uncertainty factor
WHO	 World Health Organization
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APPE N D IX A

Consideration of cut-off criteria for elemental iron according to Annex II of Regulation (EC) No 1107/2009 of the 
European Parliament and of the Council

Properties Conclusiona

CMR Carcinogenicity (C) Elemental Iron is not considered to be a carcinogen according to point 3.6.3 of Annex II of 
Regulation (EC) No 1107/2009

Mutagenicity (M) Elemental Iron is not considered to be a mutagen according to point 3.6.2 of Annex II of 
Regulation (EC) No 1107/2009

Toxic for Reproduction (R) Elemental Iron is not considered to be toxic to reproduction according to point 3.6.4 of Annex II 
of Regulation (EC) No 1107/2009

Endocrine disrupting properties Based on the available information, it can be concluded that it is unlikely that elemental iron 
meets the criteria for endocrine disruption for humans and non-target organisms according 
to points 3.6.5 and 3.8.2 of Annex II to Regulation (EC) No 1107/2009, as amended by 
Commission Regulation (EU) 2018/605

POP Persistence Elemental iron is not considered to be a persistent organic pollutant (POP) according to point 
3.7.1 of Annex II of Regulation (EC) 1107/2009Bioaccumulation

Long-range transport

PBT Persistence Elemental iron is not considered to be a persistent, bioaccumulative and toxic (PBT) substance 
according to point 3.7.2 of Annex II of Regulation (EC) 1107/2009Bioaccumulation

Toxicity

vPvB Persistence Elemental iron is not considered to be a very persistent, very bioaccumulative substance 
according to point 3.7.3 of Annex II of Regulation (EC) 1107/2009Bioaccumulation

aOrigin of data to be included where applicable (e.g. EFSA, ECHA RAC, Regulation).
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APPE N D IX B

List of end points for the active substance and the formulation(s) for representative uses

Appendix B can be found in the online version of this output (‘Supporting information’ section): https://​doi.​org/​10.​2903/j.​
efsa.​2024.​9056
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