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Abstract

Copper is an essential micronutrient and also a regulated product used in organic and in conventional
farming pest management. Both deficiency and excessive exposure to copper can have adverse health
effects. In this Scientific Opinion, the EFSA 2021 harmonised approach for establishing health-based
guidance values (HBGVs) for substances that are regulated products and also nutrients was used to
resolve the divergent existing HBGVs for copper. The tightly regulated homeostasis prevents toxicity
manifestation in the short term, but the development of chronic copper toxicity is dependent on
copper homeostasis and its tissue retention. Evidence from Wilson disease suggests that hepatic
retention is indicative of potential future and possibly sudden onset of copper toxicity under conditions
of continuous intake. Hence, emphasis was placed on copper retention as an early marker of potential
adverse effects. The relationships between (a) chronic copper exposure and its retention in the body,
particularly the liver, and (b) hepatic copper concentrations and evidence of toxicity were examined.
The Scientific Committee (SC) concludes that no retention of copper is expected to occur with intake
of 5 mg/day and established an Acceptable Daily Intake (ADI) of 0.07 mg/kg bw. A refined dietary
exposure assessment was performed, assessing contribution from dietary and non-dietary sources.
Background copper levels are a significant source of copper. The contribution of copper from its use as
plant protection product (PPP), food and feed additives or fertilisers is negligible. The use of copper in
fertilisers or PPPs contributes to copper accumulation in soil. Infant formula and follow-on formula are
important contributors to dietary exposure of copper in infants and toddlers. Contribution from non-
oral sources is negligible. Dietary exposure to total copper does not exceed the HBGV in adolescents,
adults, elderly and the very elderly. Neither hepatic copper retention nor adverse effects are expected
to occur from the estimated copper exposure in children due to higher nutrient requirements related to
growth.
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Summary

The European Commission requested the European Food Safety Authority to mandate the Scientific
Committee (SC) to review the existing scientific evidence, including all new relevant studies, with the
following two aims:

— To provide a scientific opinion on an acceptable daily intake (ADI) for copper that can be used
by the Commission as a reference value in managing copper-containing regulated products.

— To perform a new estimation of copper intake, taking into account all sources of exposure and
by integrating different approaches and scenarios and all new data available to EFSA for the
estimation of exposure, and to assess the contribution from all major sources of exposure,
including pesticide residues, to the overall copper intake.

Copper (Cu) is an essential micronutrient for all living organisms, including humans. It is also a
regulated product used in organic and in conventional farming pest management. Copper excessive
exposure and deficiency can both lead to adverse health effects. Health-based guidance values
(HBGVs) have been established in the context of different sectoral assessments: in 2003, the Scientific
Committee on Food (SCF) established a tolerable upper intake level (UL) of 5 mg Cu/day for adults,
which was adopted as the UL by EFSA in 2006. In the context of the peer review process of plant
protection products (PPPs), in 2008, EFSA established an ADI of 0.15 mg Cu/kg bw per day
(corresponding to 10 mg/day for a 70-kg adult). This ADI value was confirmed by EFSA in 2018, under
the peer review process for the renewal of the approval of copper as PPP. In the context of copper as
an essential nutrient, EFSA established adequate intakes (AlIs) in 2015 to prevent copper deficiency.

In this Scientific Opinion, the EFSA Statement from 2021 proposed harmonised approach for
establishing HBGVs for substances that are regulated products and also nutrients (henceforth ‘EFSA
Statement on HBGV’) was used to resolve the divergent existing HBGVs for copper. The approach
proposed in the EFSA Statement on HBGV for hazard assessment is based on the IPCS/WHO
biologically based model for essential trace elements and on the concept of acceptable range of oral
intake. This model foresees the use of biological endpoints, such as homeostatic and adaptive
responses that are not adverse in themselves, as critical endpoints for the identification of reference
points (RPs) on which HBGVs can be derived. Consequently, data obtained from human studies
relevant to copper homeostasis as predictor of long-term toxicity were utilised for identifying an RP for
human risk assessment. In this respect, the methodology may differ from the approach used for the
hazard assessment of compounds in food that are not nutrients.

The development of chronic copper toxicity is dependent on copper homeostasis and its tissue
retention. Therefore, copper physiology and homeostasis in humans have been central to this
assessment. While hepatic sequestration functions as a protective adaptation to increasing copper
levels, hepatic accumulation is part of the copper toxicity pathway, as evidenced from Wilson disease
pathology. The selection of sensitive endpoints for copper was based on the understanding that the
tightly regulated homeostasis prevents toxicity manifestation within the timeframe of human studies.
Hence, emphasis was placed on studies reporting copper retention as an early marker of potential
adverse effects. The relationships between (a) chronic copper exposure and its retention in the body,
particularly in the liver, and (b) hepatic copper concentrations and evidence of toxicity are directly
relevant to the present assessment.

Human data are preferable for establishing an HBGV for copper because of the known species
differences in its homeostatic regulation. Pertinent information relevant to copper homeostasis was
derived from studies in healthy human volunteers. Results from observational studies, data from
animal models and from human studies in subjects with Wilson disease (WD, genetic disease with a
direct impact on copper homeostasis) were used to aid the interpretation of the data derived from the
studies in healthy subjects, in particular for the understanding of the pathophysiological pathways
involved in copper toxicity from high intake. Evidence relevant to copper hepatotoxicity and other
copper-related toxicity, including neurotoxicity, Alzheimer disease, genotoxicity and carcinogenicity was
reviewed. Data relevant to genetic variability in copper homeostatic mechanisms that may increase
susceptibility to hepatic copper retention were relevant for assessing interindividual variability in copper
homeostasis.

Initial homeostatic responses involve reduced absorption followed by increased hepatobiliary
excretion. All available evidence suggests that at increasing exposures, copper is sequestered in the
hepatic ‘storage depot’ of metallothionein (MT), on which zinc and copper homeostasis converge.
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Copper homeostasis is tightly regulated, highly conserved across species and is essential in
mammalian biology. Whilst it is assumed that these mechanisms of copper homeostasis are fully
developed soon after birth, physiological requirements for copper cannot be readily extrapolated from
adults to children. While homeostasis mechanisms may operate in a similar fashion, copper retention in
children (positive balance) is not physiologically equivalent to copper retention in adults. Because of
the higher needs for growth, the retained copper is therefore likely to be widely dispersed throughout
the body rather than be focally sequestered.

Documented copper toxicity in humans has been associated either with high-dose exposures (acute
toxicity) or with WD progression. There are no reports of copper toxicity under usual dietary exposure
conditions in humans without this genetic disorder. The SC notes that previous risk assessments of
copper identified an NOAEL of 10 mg/day (equivalent to 0.15 mg/kg bw per day considering a body
weight of 70 kg) from a human study in healthy young males, in which liver enzymes were not
affected after 12 weeks of supplementation at this level of intake. This NOAEL was used as an RP to
establish the ADI for copper. In addition to other limitations, this study assumed that the administered
form of copper was readily excreted through the kidneys and no reference was made to homeostatic
sequestration in the liver. The absence of effect in this study is consistent with the central role of
copper sequestration in protection against copper toxicity, meaning that manifestation of copper
toxicity, other than acute toxicity at very high exposures, may not be observed in studies of relatively
short duration but longer term studies might be needed to observe toxicity following hepatic copper
retention. However, human toxicity data from long-term exposure at lower intake levels are limited,
which represents a critical data gap. The few available long-term observational studies do not provide
sufficient information to draw conclusions on an association between high copper intake from drinking
water and adverse effects.

In WD patients, hepatic copper retention is associated with progressive hepatic damage and
peripheral toxicity. The release of stored hepatic copper results in extrahepatic toxicity (primarily in the
central nervous system). While there is no clear cut-off value of retention above which copper release
and toxicity are more likely, there are various triggers to initiate these events.

Therefore, the quantitative relationship between hepatic copper retention and toxicity remains
elusive and introduces additional uncertainty. The evidence from WD suggests that hepatic retention is
indicative of potential future (and possibly sudden) onset of copper toxicity under conditions of
continuous intake and can be considered an early predictor of adversity in chronic toxicity assessment.

There are a large number of genetic variants that encode an ATP7B protein (a copper-transporting
ATPase defective in WD) with a variety of structural and/or functional defects. Based on frequencies of
reported cases, 1 in 70 individuals are predicted to be heterozygous carriers of a high penetrance
variant and as high as 1 in 25 are carriers of a variant when variants of probable and possible low
penetrance are included. The complexity of the genetic profile in WD indicates at least uncertainty
about the potential genetic susceptibility to copper retention if the capacity of heterozygous individuals
to maintain homeostasis is exceeded.

Data on copper balance can be an early marker of potential adverse effects because copper
retention is an early stage in the pathway of copper toxicity that would occur if intake is not reduced,
as described in the EFSA HBGV Statement. The SC recognises that an HBGV based on evidence of
retention as predictor of future toxicity is conservative and therefore sufficiently protective for most
consumers over long-term intake. No additional uncertainty factor is considered necessary in this case.
The available data indicate that potential copper toxicity from copper retention may occur at an
uncertain time in adult men at chronic copper intakes of 6-8 mg/day. It is uncertain whether effective
adaptation and equilibrium may be reached at intakes of 6 mg/day after 8 weeks (2 months) or at
intakes of 8 mg/day after 5 months.

In conclusion, the SC considers that the intake of 10 mg/day that was previously used as an RP for
previous HBGVs, can no longer be considered an NOAEL. Based on the weight of evidence, the SC
concludes that no retention of copper is expected to occur with a copper intake of 5 mg/day. The SC
established an ADI of 0.07 mg/kg bw, equivalent to 5 mg Cu/day for adults.

Uncertainty analysis concluded that it is extremely likely (95-99% probability) to almost certain
(99-100% probability) that copper is sequestered in the liver above levels required for physiological
functions, and extremely unlikely (1-5% probability) that copper that remains effectively sequestered
in the liver causes hepatotoxicity. It is also extremely likely (95-99% probability) that both
hepatotoxicity and extrahepatic toxicity are dependent on hepatic copper retention and/or release of
retained hepatic copper, but there is higher uncertainty about the conditions leading to local
hepatocellular toxicity or conditions triggering copper release from the liver (these conditions are
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variable and unpredictable, both in nature and timing). Therefore, it is very unlikely (5-10%
probability) that copper exposure up to the ADI of 0.07 mg/kg bw per day (5 mg/day in adults) leads
to copper retention in the liver and very unlikely (5-10% probability) that such level of copper
exposure leads to copper toxicity.

Copper hazard assessment in children takes into account additional lines of evidence indicating
that, due to higher nutrient requirements related to growth, it is extremely unlikely (1-5% probability)
that copper exposure up to the ADI of 0.07 mg/kg bw per day leads to hepatic copper retention or
that it leads to copper adverse effects.

A refined dietary exposure assessment was performed, accounting for food-related uses of copper
in a stepwise approach and assessing contribution from dietary and non-dietary sources of exposure to
copper. Food consumption data from the EFSA Comprehensive European Food Consumption Database
(Comprehensive Database) were used for the dietary exposure assessment of copper. According to the
EFSA Scientific Committee Guidance on the risk assessment of substances present in food intended for
infants below 16 weeks of age (2017), exposure assessment for infants below 16 weeks of age (for
substances present in food intended for infants) should be carried out separately from older infants.

Copper mean concentrations to total copper from all sources were obtained from the EFSA
occurrence database (as of March 2021) and from the EFSA nutrient composition database. The mean
middle bound (MB) of occurrence values was used to reduce uncertainty in the comparison with the
composition data for which the treatment of left censored data was unknown. The occurrence values,
where available, were given priority the composition data and a decision tree was applied per food
category for the selecting the most reliable mean concentration of copper. Data retrieved from the
literature by France, as rapporteur MS in the context of the assessment for the renewal of copper
compounds as a pesticide active substance, were compared.

Additional data on copper concentrations included: concentration data generated in supervised field
trials by main authorisation holders of copper used as PPP; dietary exposure data for copper used in
two food additives Cu-chlorophylls (E 141(i)) and Cu-chlorophyllins (E 141(ii)); concentrations of
copper compounds authorised to be used as nutritional additives in feed; pesticide maximum residue
levels (MRLs) for copper in foods of animal origin; and concentrations of copper in soil from application
of fertilisers and minimum and maximum limits of copper authorised in infant and follow-on formula
and processed cereal-based foods and baby food.

The main contributing food categories were identified as those representing more than 10% to the
total dietary exposure in most surveys. Subcategories at level 3 that contributed more than 5% in at
least two surveys were selected for estimating the contribution from regulated uses of copper to the
total dietary exposure.

Mean dietary exposure to total copper ranged from 0.014 mg/kg bw per day in the elderly to
0.084 mg/kg bw per day in infants. The 95th percentile of dietary exposure to total copper ranged
from 0.024 mg/kg bw per day in adults and elderly to 0.155 mg/kg bw per day in infants. For children,
data from three European total diet studies (TDSs) were used for the comparison. Although not
directly comparable, the intake estimates were similar and ranged from 0.018 to 0.074 mg/kg bw per
day.

The main contributing food categories (at level 1 of the FoodEx2 classification) to the dietary
exposure to total copper across the different age groups and all surveys were ‘Grains and grain-based
products’ (2-44%), ‘Fruit and fruit products’ (2-24%), ‘Meat and meat products’ (< 1-21%),
‘Vegetables and vegetable products’ (2-24%), ‘Coffee, cocoa, tea and infusions’ (< 1-21%), ‘Food
products for young population” (1-57%) and ‘Milk and dairy products’ (2-33%). It is noted that there
are currently no authorised uses of copper as PPP in grains; hence, copper in this category originates
from background copper levels in soil. The contribution to the dietary exposure to total copper from
mammal liver was above 5% in nine surveys and seven countries, and up to 13% across age groups.
The available monitoring data of copper were in the range of copper concentrations in control
(untreated) crops reported in trial studies, rather than the concentrations in treated crops in these
trials, indicating that the contribution of copper from its use as a PPP to the overall dietary exposure to
copper can be considered negligible. Contributions from food and feed additives are also negligible.

Infant formula and follow-on formula, containing total copper in the range of the regulatory limits
and human breast milk levels, are important contributors to dietary exposure of total copper in infants
(12-39% across surveys) and toddlers (1-19% across surveys).

The uses of copper in fertilisers or PPPs contribute to copper accumulation in soil. While
homeostatic control on copper uptake in plants prevents increased crop uptake from short-term
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changes in copper soil concentration, copper uptake by crops may increase based on projected
increasing concentrations of copper in the soil over a longer time period (100 years).

Contribution of copper from non-oral sources can be considered negligible for the general
population compared to dietary exposure.

The SC notes that dietary exposure to total copper does not exceed the HBGV in adolescents,
adults, elderly and the very elderly. However, there is some exceedance of the HBGV especially at the
higher end of exposure ranges in the young population (infants at the maximum of the mean range in
two dietary surveys, infants and toddlers at the P95 in all dietary surveys and in children at p95 in the
majority of the dietary surveys).

It is noted that for these age groups exceeding the HBGV, infant and follow-on formula contributed
12-39% across surveys to dietary exposure of copper in infants and 1-19% in toddlers. No other food
categories that were identified as main contributors to dietary exposure to total copper appeared to be
impacted by regulated uses of copper. In addition, it is also noted that mammal liver, where copper
concentration is related to the use of copper in feed, contributed from 3% to 5% in three surveys for
toddlers and one survey for infants.

Uncertainty analysis concluded that it is very unlikely to extremely unlikely (5-10%, to 1-5%
probability) that the total dietary exposure to copper has been systematically underestimated for the
adult general population in the EU. It is more likely than not (> 50% probability) that the total dietary
exposure to copper in children population may be underestimated. However, it is very unlikely (5-10%
probability) that the estimated copper exposure in children at the highest end of the P95 range relative
to the HBGV of 0.07 mg/kg bw per day leads to copper hepatic retention and toxicity.

Moreover, it was concluded that dietary exposure estimates of copper for specific subpopulations
(e.g. regular consumers of crops treated with copper, regular consumers of fortified foods or food
supplements containing copper or those using copper cooking cookware and utensils) may be higher
than the exposure estimated for the adult general population.

A technical report on the outcome of the public consultation (EFSA-Q-2020-00400) held for this
opinion is published separately.
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1. Introduction

Copper (Cu) is an essential micronutrient for all living organisms, including humans. However,
excessive exposure to this micronutrient can lead to adverse effects on health. In the context of the
peer review for the active substance copper compounds in plant protection products (PPPs) under
Regulation (EC) No 1107/2009, published on 16 January 2018,' EFSA confirmed its earlier position
from 2008 as regards a reference point (RP) of 0.15 mg Cu/kg bw per day (i.e. 10 mg/day for a 70-kg
adult) to derive an acceptable daily intake (ADI) for exposure to copper of 0.15 mg Cu/kg bw per day
(i.e. 10 mg/day for a 70-kg adult). This is in line with the values established by the World Health
Organization (WHO) for copper upper level intake (WHO, 1996)? based on human data for infants
(adults: 0.20 mg Cu/kg bw per day and infants: 0.15 mg Cu/kg bw per day). EFSA considered that this
value is supported by animal data (90-day rat study) with a no-observed-adverse-effect level (NOAEL)
of 16 mg Cu/kg bw per day; applying a standard uncertainty factor (UF) of 100. In contrast, a
different conclusion was reached in 2003 by the Scientific Committee on Food (SCF)®> who derived a
tolerable upper intake level (UL) of 5 mg Cu/day for adults.

Considering this apparent divergence in the conclusions and taking into account SANTE's, (the
Commission’s Directorate-General for Health and Food Safety) need for coherent scientific advice, the
European Commission requested the European Food Safety Authority to mandate the Scientific
Committee to review the existing scientific evidence, including all new relevant studies, with the
following two aims:

1) To provide a scientific opinion on an ADI for copper that can be used by the Commission as
a reference value in managing copper-containing regulated products.

2) To perform a new estimation of copper intake, taking into account all sources of exposure
and by integrating different approaches and scenarios and all new data available to EFSA for
the estimation of exposure, and to assess the contribution from all major sources of
exposure, including pesticide residues, to the overall copper intake.

In this Opinion, the health-based guidance value (HBGV) for chronic copper exposure is re-
evaluated according to the EFSA proposed harmonised approach for establishing HBGVs for substances
that are regulated products and also nutrients (henceforth ‘EFSA Statement on HBGV") (EFSA Scientific
Committee, 2021). This re-evaluation is based on existing assessments (WHO, 1996; IPCS, 1998;
IOM, 2001; EVM, 2003; SCF, 2003; ATSDR, 2004; France, 2007a, 2017; EFSA, 2008, 2018b;
VKM, 2017) and additional relevant literature. The following aspects are outside the scope of this
evaluation: a re-evaluation of physiological requirements for copper as an essential nutrient (EFSA NDA
Panel, 2015); establishing an acute reference dose; occupational exposure to copper and exposure to
copper from medicines.

For the contribution to the overall dietary exposure to copper, the following sources are considered:
natural occurrence in food and drinking water (including occurrence as a contaminant), PPPs, nutrient
uses, food additives, and feed additives, and fertilisers. The contribution from non-dietary sources for
copper, such as personal care products, biocides, medical devices and other sources, is also examined.

Although a full risk assessment has not been requested, the dietary exposure to total copper in
different subpopulations will be discussed in comparison to the HBGV.

! https://www.efsa.europa.eu/en/efsajournal/pub/5152
2 WHO (1996) Trace elements in human nutrition and health. Geneva, World Health Organisation.
3 https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out176_en.pdf
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In line with its policy on openness and transparency, EFSA consulted EU Member States and
interested parties through an online public consultation held between 25 May and 1 August 2022. The
comments received were considered by the working group and incorporated into the current Opinion,
where appropriate, before adoption of the opinion by the EFSA Scientific Committee. The technical
report of the outcome of the public consultation (EFSA-Q-2020-00400) is published separately.

Copper (Cu) occurs naturally in the environment and it has applications in regulated products,
including food and feed additives and PPPs, and in consumer products as an antimicrobial agent.
Different HBGVs have been established for copper in regulated products.

Copper deficiency and excessive exposure can both lead to adverse health effects. Adequate
intakes (AIs) have been established for copper as an essential nutrient to prevent copper deficiency
based on observed intakes in European Union (EU) countries and on supporting evidence from results
of balance studies (EFSA NDA Panel, 2015). The Als for copper for different age groups
are 0.4 mg/day for 7-11 months, 0.7 mg/day for 1-2 years and 1.0 mg/day for 3-9 years. For
10-17 years, the Als are 1.3 mg/day for males and 1.1 mg/day for females; for adults > 18 years, the
Als are 1.6 mg/day for males and 1.3 mg/day for females, whilst for the special population groups of
pregnant and lactating women, the Al is 1.5 mg/day.

Existing risk assessments of copper intake have been conducted by several scientific bodies. Human
data have been considered as the most relevant to derive an HBGV for copper in most assessments
and animal data as supporting evidence (WHO, 1996; IOM, 2001; SCF, 2003; EFSA, 2008, 2018b;
France, 2017), whilst two assessments used human data to support HBGVs derived from animal data
(EVM, 2003; France, 2007b). The inputs and outcomes of these assessments are summarised in
Appendix A.

In 2003, the SCF established a tolerable upper intake level (UL) of 5 mg Cu/day for adults
(SCF, 2003), which was adopted as the UL by EFSA (EFSA, 2006). The UL is based on a
supplementation trial in healthy adult volunteers (n = 7) who received 10 mg/day of copper
(equivalent to 0.15 mg Cu/kg bw per day for a 70-kg adult) for 12 weeks (Pratt et al., 1985). This
dose was considered an NOAEL based on the absence of adverse effects, specifically the absence of
changes in liver enzymes. The UL was derived by applying a UF of 2 to this RP to address the
‘potential variability within the normal population’.

Copper compounds were evaluated in the context of the peer review for active substances in PPPs.
The peer review process is initiated with an assessment by a designated Rapporteur Member State
(RMS) followed by an independent review of the draft report by EFSA and Member States experts to
produce a final report and conclusions intended to support European Commission legislative decisions.
In this context of the peer review process of PPPs, in 2008, EFSA established an ADI of 0.15 mg Cu/kg
bw per day (corresponding to 10 mg/day for a 70-kg adult) based on the RMS (France) draft
assessment report of copper as PPP (France, 2007a; EFSA, 2008). In the EFSA Conclusion on the
pesticide peer review, it was stated that the ADI was:

‘based on the values established by the WHO for copper intake (1996) [which were] based on
human data in children (adults: 0.2 mg Cu/kg bw per day and children: 0.15 mg Cu/kg bw per
day), and supported by animal data (1-year dog study; Shanaman et al., 1972) with a NOAEL of
15 mg Cu/kg bw per day, the meeting set an upper limit for copper intake of 0.15 mg Cu/kg bw per
day’ (EFSA, 2008).

The EFSA Pesticide peer review concluded that an UF was not necessary as the ADI was based on
human data that included a potentially sensitive population (EFSA, 2008). This ADI value was
confirmed by EFSA in 2018, under the peer review process for the renewal of the approval and was
considered to be supported by other animal data (90-day rat study; Hebert, 1993) with an NOAEL of
16 mg Cu/kg bw per day (France, 2017; EFSA, 2018b).

Dietary exposure assessments were performed in 2015 by EFSA's NDA Panel (EFSA NDA
Panel, 2015) and in 2018 under the framework of the review of the existing maximum residue levels
(MRLs) for copper compounds according to Article 12 of Regulation (EC) No 396/2005 (EFSA, 2018).
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As part of the Panel on Nutrition, Novel Foods and Food Allergens (NDA Panel) opinion on dietary
reference values for copper (EFSA NDA Panel, 2015), EFSA estimated dietary intake of copper using
food consumption data from the EFSA Comprehensive European Food Consumption Database
(EFSA, 2011) and nutrient composition data of foods and water-based beverages derived from the
EFSA Nutrient Composition Database.* This database contains food composition data provided by Roe
et al. (2013). The assessment was based on individual food consumption data from 13 dietary surveys
from nine EU countries and covered all age groups. Mean copper intakes in infants (< 1 year, four
surveys) ranged from 0.34 to 0.50 mg/day, in children 1 to < 3 years from 0.60 to 0.86 mg/day in
boys and from 0.57 to 0.94 mg/day in girls, in children 3 to < 10 years from 0.92 to 1.44 mg/day
in boys and from 0.82 to 1.30 mg/day in girls, in children 10 to < 18 years from 1.16 to 1.59 mg/day
in boys and from 0.98 to 1.41 mg/day in girls, and in adults 18 years and older ranged from 1.27 to
1.67 mg/day in men and from 1.15 to 1.44 mg/day in non-pregnant women.

As part of the MRL review, EFSA performed a dietary exposure assessment of copper for
consumers considering the levels of copper in raw agricultural commodities from supervised residue
trials and from monitoring data from national control programmes of 2009-2015, as well as data on
background levels of copper (i.e. in non-copper-treated crops) reported in the open literature as
provided by the RMS (France, 2016). Dietary exposure calculations were performed using the Pesticide
Residue Intake Model (PRIMo) v.3 (EFSA, 2018c). PRIMo contains summary average consumption data
of raw agricultural commaodities of different European countries and different age groups, including
young children. Copper exposure from consumption of the main contributing commodities was
calculated as percentage contribution to the ADI.

The Scientific Committee noted that these two dietary exposure assessments were performed using
different methodologies, and different data on copper content of foods and food consumption.

Generally, the evaluation of nutrients and regulated products at EFSA has been conducted within
relevant but separate EFSA Panels and Units under different regulatory frameworks. Evaluation of
nutrients is conducted by the NDA Panel, which establishes ULs as HBGVs for nutrients within the
framework of the General Food Law (Regulation (EC) No 178/2002). The premarket authorisation of
regulated products in food and feed (e.g. food or feed additives and pesticides) requires a scientific
risk assessment by the relevant Panels and Units (pesticides), which establish ADIs as HBGVs for these
products within the framework of sectoral legislation and/or under the general food law (Regulation
(EC) No 178/2002). These separate assessments converge on substances that fall under both
regulatory contexts and may result in divergent HBGVSs.

To address the inherent inconsistencies embedded in risk assessments conducted for different
regulatory purposes, the Scientific Committee proposed an integrated and harmonised approach for
establishing HBGVs applicable across different sectoral risk assessments, with the involvement of
relevant EFSA Units in the assessment process as described in the ‘EFSA Statement on HBGV’ (EFSA
Scientific Committee, 2021). The scientific principles and approach proposed in this Statement are
applicable to copper within the scope of the current European Commission mandate. The methodology
and the terminology used in the Statement have been applied to the present assessment for copper to
resolve the divergent HBGVs published in previous EFSA assessments.

The EFSA Statement on HBGV draws on the 2002 report by the International Programme on
Chemical Safety (IPCS) and WHO, which critically re-examined the principles of an estimated safe and
adequate range of intakes for nutrients and outlined the methods for the assessment of risk from
intake of essential trace elements (ETE). The IPCS/WHO used the term acceptable range of oral intake
(AROI) to represent the range of intakes of an ETE at which a population has a minimal risk of
deficiency and of toxicity. Directly pertinent to copper hazard characterisation is the approach
proposed in the EFSA Statement on HBGV for hazard assessment according to the IPCS/WHO
biologically based model for ETEs. This model includes the use of biological endpoints, such as
homeostatic and adaptive responses, as critical endpoints (IPCS, 2002; EFSA Scientific
Committee, 2021). Specifically for HBGVs, the IPCS/WHO working group ‘Biological Based Model’ for
establishing HBGVs (ADIs/ULs) for ETEs, and the WHO/FAO working group on nutrient risk assessment

4 Available at: https://www.efsa.europa.eu/en/data-report/food-composition-data

www.efsa.europa.eu/efsajournal 11 EFSA Journal 2023;21(1):7728


https://www.efsa.europa.eu/en/data-report/food-composition-data

efsd
Draft opinion on updated health-based guidance value for copper -J O U R NAI—

proposed the identification of critical endpoints among the homeostatic and adaptive responses
to excessive intakes of nutrients in nutrient risk assessment (IPCS, 2002; EFSA Scientific
Committee, 2021). Another difference from the traditional risk assessment approach is that application
of an UF, when needed, should consider the nutritional needs to ensure establishing HBGVs that are
not too close or within the range of exposures that may lead to nutrient deficiency (i.e. IPCS, 2002;
SCF, 2002; EFSA Scientific Committee, 2021).

How the EFSA Statement on HBGV has been applied to copper to resolve the divergent existing
HBGVs for copper is detailed in Problem Formulation.

The EFSA Statement on HBGV (2021) also proposes that exposure from all relevant sources should
be assessed for nutrients that are also regulated products. This is in line with the terms of reference of
the present mandate.

2. Data and methodologies

The establishment of an HBGV for copper should protect the general population, including
susceptible subpopulations, against adverse health effects due to copper exposure over a lifetime. As
copper is also an essential element, it is appropriate that the hazard characterisation of copper in the
context of its use in regulated products, as requested in the European Commission mandate, is
conducted according to the principles and methodologies described in the EFSA Statement on HBGV
(2021) (see above).

The development of chronic copper toxicity is dependent on copper homeostasis and its tissue
retention. Hepatic sequestration of copper is well established (i) as part of its homeostasis (Nevitt
et al., 2012); (ii) as a result of excessive intake (O'Donohue et al., 1999); or (iii) under conditions of
impaired biliary excretion such as in Wilson's disease (WD) (Gaetke et al., 2014; Czlonkowska
et al, 2018; Poujois and Woimant, 2018; Shribman et al., 2019; Linder, 2020; Lucena-Valera
et al., 2021). Hepatic sequestration functions as a protective adaptation to increasing copper levels,
but evidence from WD pathology indicates that the resulting hepatic accumulation is part of the
pathway leading to copper toxicity. Therefore, studies of short duration can be informative for copper
toxicity evaluation in so far as they report data for endpoints that are sensitive enough to detect
changes consistent with the timeframe of exposure and observation. For copper, endpoints consistent
with short duration of observation period include information on copper homeostasis (body burden)
and ideally early biological changes and assessment of their sensitivity to detect early toxicity. Apical
endpoints of copper toxicity are not sensitive enough to reveal copper toxicity in studies of short
duration. The relationships between (i) chronic copper exposure and its retention in the body,
particularly in the liver, and (ii) hepatic copper concentrations and evidence of toxicity are directly
relevant to the present assessment.

Human data are preferable for establishing an HBGV for copper because of the known species
differences in its homeostatic regulation (see below). However, experimental human data are often
derived from studies of short duration and small sample size. Therefore, evidence of changes that are
considered predictors of potential future effects, such as data on copper homeostasis, is relevant
(EFSA Scientific Committee, 2021). In this context, interpretation of the results of available studies is
based on the biological relevance and the consistency between the duration of the study and the
sensitivity of the endpoints assessed, such as whether adverse effects reported were consistent with
copper homeostatic regulation, exposure duration and observation period and/or the exposure range
assessed in the study. Review of available evidence of other potential copper-related toxicities can be
included to inform the interpretation of dose-response.

Data relevant to genetic variability in copper homeostatic mechanisms that may increase
susceptibility to hepatic copper retention, as in those individu