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Why is Cyprus focusing on copper?

1. Main adverse health effect from copper exposure is related to its chronic liver toxicity.
Chronic toxicity:

Developmental and reproductive, Recently discovered bovine liver samples with copper concentrations

Carcinogenicity and genotoxicity, higher than the MRL (30 mg/kg), triggered the need to perform a

Neurotoxicity and immunotoxicity dietary exposure assessment of copper for the population in Cyprus.
o Other challenges:

Acute copper toxicity: Copper is also an essential micronutrient, Background exposure, PPP

gastrointestinal symptoms, haemolysis and damage | residues, Lack of data for copper in supplements

in the gut, kidney and liver

2. Copper is a symbol of Cypriot heritage

- Copper is etymologically linked to the name of Cyprus (Cuprum), reflecting
the island's ancient role as a major exporter of copper in the Eastern
Mediterranean. This connection is further supported by Cyprus’ 5,000-year
history as one of the Mediterranean’s most significant copper producers.

- Because of this deep-rooted connection, copper is often included as a target
element in food and beverage studies, conducted by the scientific
community in Cyprus.

Assessing dietary exposure to copper is particularly important for the Cypriot population, not only due to its potential toxicity,

but also, because of its cultural and historical relevance.
#cy2026eu
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Dietary Risk Assessment tool

= Estimation of the chronic exposure assessment will be performed by using the SGL’s risk assessment model ImproRisk,
which is an open access RA model, built in R, fully compatible with the EFSA’s food classification and description
system FoodEx2.

*= Main advantages of ImproRisk (for Risk Assessors & Risk Managers):
» Capability to upload food consumption datasets that include subjects with different demographic characteristics (gender,
population class, area).
» Dietary exposure estimation at individual level.
» Automatic evaluation of the outcomes to identify statistically significant differences among subjects with different demographic

characteristics. _ Chemical Occurrence data
Food Consumption data (SSD2)

(EU Menu)

v Samples ¥ AQC ¥ Tests v InstrumentCertification¥ Kits v Statistical Reports ¥  External Organisations ¥  General Functionalities

Infants
(3-11 months)

Children and
adolescents

codingv////
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FoodEx2

Adults
(18-74 years) SGL's Risk Assessment ~ —
model e
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Data on Copper:

= Copper occurrence data in food were collected within the Official Control of the State General Laboratory of
the Ministry of Health of Cyprus, during 2019-2024.

= Analytical results from approximately 1300 food samples are available from the contaminants and pesticide
residue control plans.

= Substitution method will be applied for left censored data.

= Main food categories, according to the level 1 of FoodEx2: meat, fish, milk, grains, vegetables and water.

" Food consumption data: EU Menu Cyprus (2014 — 2018).

SCIENTIFIC OPINION eFS&JOU RNAI_

ADOPTED: 16 November 2022

doi: 10.2903/j.efsa.2023.7728

RiSk Chal’a Cteriza tion: Re-evaluation of the existing health-based guidance values

for copper and exposure assessment from all sources

EFSA Scientific Committee,
e e e e 2 Si John More, Vasileios Bampidis, Diane Benford, Claude Bragard,
Risk characterization is performed using the health-based Thorllr g illorsaen, Ao  Herndos e, S Hougemsd Bennckou,
Kostas Koutsoumanis, Claude Lambre, Kyriaki Machera, Ewen Mullins, Sgren Saxmose Nielsen,
Josef R Schiatter, Dieter Schrenk, Dominique Turck, Maged Younes, Polly Boon,

guidance Values published in EFSA’S Scientific Opinions and Gordon AA Ferns, Oliver Lindtner, Erik Smolders, Martin Wilks, Maria Bastaki,

Agneés de Sesmaisons-Lecarré, Lucien Ferreira, Luna Greco, George E N Kass,

the EFSA Open FoodTox Database. apstrac _

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
. ) . LN ol . . resolve the divergent existing HBGVs for copper. The tightly regulated homeostasis prevents toxicity

I n t h I S Ca Se t h e I ate St E FSA S SC I e nt Ifl C O p I n I O n O n t h e 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

N . . retention is indicative of potential future and possibly sudden onset of copper toxicity under conditions
CO n S u m e r r I S k a S S e S S m e nt Of CO p p e r WI I I b e ta ke n I nto 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

a CCO u nt . 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
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Results of the Dietary Risk Assessment

60%

Population

20%

0%

N
3
o~

, Reference value:

| 70 ug/Kg b.w.

| per day

Statistics
i Median exposure
i Mean exposure

41% |
. 3% 0.1% 0.0% 0-3% 0.0% 0.0% 0.0% 0.0%
. |
I .

1.5 203 39 578 76.6 953 114.1 132.9 151.7 170.4 189.2 208

Hg/Kg b.w. per day

Mean Copper exposure across Population class
MB scenario

Infants
Toddlers
Other children
Adolescents
Adults

Elderly

o

10 20 30 40 50
ug/Kg b.w. per day

Below 0.7% of the population of adults, elderly,

Only 0.8% of the over all population exceeds the
ADI. Mean copper exposure at 17 ug/Kg b.w. per
day. This exposure is compared to EFSA’s results for
the pan European population.

adolescence and other children exceeds the ADI.
14.1% for the infants and 3.3% of the toddler's
population exceeds the ADI. This is due to the much
higher consumption of baby food in this population
classes, where copper is also added as nutrient.
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Results of the Dietary Risk Assessment

Mean Copper exposure (MB scenario)
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Similar results were observed in all areas in Cyprus.
Higher exposure for infants and toddlers, and lower
exposure for adults and elderly.

Mean Copper exposure across Gender
MB scenario
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Mean Copper exposure across Area
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There was a statistically significant difference in the
mean exposure, across genders and also across
several areas. #cy2026eu




Results of the Dietary Risk Assessment

INFANTS

Contribution to the Copper Total Exposure (MB)

-Infants-

Food items at FoodEx2 Level 4 with greater than

1.5% contribution

Infant formulae, liquid

Follow-on formulae, liquid 17.0%

Infant formulae, powder 12.8%

Other milks

5.8%

Potatoes 5.3%

& I I

Follow-on formulae, powder 4%

Cereals with an added high 4%
protein food reconstituted ’
Cereals with an added high
protein food which have to be .
; ] 2.2%
reconstituted with water or
other protein-free liquid

0% 10% 20%
Contribution

30%

Potatoes

Beans (dry) and similar-
Cocoa ingredients (RPC
derivatives)

Cereal flakes and similar
Cocoa beverage-preparation,
powder

Lentils (dry) and similar-

Cucurbits with edible peel

Chocolate/cocoa-based products
Biscuit with inclusions,

filling or coating

Wheat flour

Apples and similar-

Pig fresh meat

Poultry fresh meat (muscle
meat)

Rice and similar-

Popped cereals
Tomatoes and similar-
Chipsi/crisps

Cattle milk

Bananas and similar-
Unleavened doughs
Chocolate and similar
Follow-on formulae, liquid
Biscuits, sweet, plain
Follow-on formulae, powder
Onions

Bulgur

OTHER CHILDREN

Contribution to the Copper Total Exposure (MB)
-Other children-

Food items at FoodEx2 Level 4 with greater than 1%
contribution

10.9%
. 7.2%
I 5.8%
I 5.1%
. 4.4%
I 3.8%
I 5.4%
I 3:3%
. 3.1%
I 2.9%
NN 28%

I 2.7%

I 2%

I 2.4%

I 2 3%

I 22%

I 20%

. 15%

I 5%

. 15%

. 5%

I 1.5%

. 5%

. 3%

| A

I 1.0%

0.0% 5.0% 10.0%

Contribution

Coffee beverages
Potatoes

Coffee with milk or cream
Coffee espresso (beverage)
Beans (dry) and similar-
Iced coffee

Bovine liver

Pig fresh meat

Wheat flour

Tomatoes and similar-
Peanuts and similar-
Cucurbits with edible peel
Sheep liver

Cereal flakes and similar

hocolate/cocoa-based products

Poultry fresh meat (muscle
meat)

Rice and similar-

Lentils (dry) and similar-

ADULTS

Contribution to the Copper Total Exposure (MB)
-Adults-

Food items at FoodEx2 Level 4 with greater than
1.5% contribution
IR, 9276
IR, 94
T e8%
I 6.5%
. 5.5%
I a5%

. s0%

I %

I 3.0%

I 2%

R 27%

I 27

[ KA

| R

L RE

| B

| REA
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0.0% 3.0% 6.0% 9.0%

Contribution

For infants the highest contribution to copper intake was baby food (and similarly for toddlers).
For other children, potatoes, beans, cocoa and cereal are the main contributors.
In the case of adults, main contributors to copper exposure were coffee, potatoes, beans and mammal’s liver.

For further information: www.improrisk.com, dkafouris@sgl.moh.gov.cy
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http://www.improrisk.com/

Why add Human Biomonitoring (HBM) for Copper?

Why HBM? Interpretation context
Provides internal exposure marker Copper is an essential element with
Dietary Risk Assessment (urinary copper) = tight homeostatic control
. Supports Benchmarking - Urinary copper = minor excretion
e Occurrence data + EU MENU consumption . .
e | ke bw/d comparisons with other European pathway
[ J
xternal exposure (mg/kg bw/day) <:::> B8 populations biliary/fecal excretion is dominant

e Comparison with EFSA ADI

Helps identify outliers or additional  SG correction improves interpretation
sources of Spot/morning urine

&HBM supports triangulation
(not a direct comparison with ADI)
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HBM Cyprus - study design

Public-Public

Co-Fund Budget
EU 50/50 MS,AC -
400 M€

cY PARC Alignment Study Pilot Copper Biomonitoring study
“everyone_CY”

Born: 01/05/2022
Duration : 7 years

Samples collected up to 12/2025:

~200 Partners

v’ adults of reproductive age (18-

39y, N>150) v Adults: N=54 ; Children: N=35
v Morning urine
v - >
children (6-11y, N2150) v’ Personal data (PARC main questionnaires and
* CY National Bioethics Committee sampling questionnaires)
approval e Measured:
* Fieldwork: 9/2025-4/2026 v’ copper in urine by ICP-MS (PARC-approved,
- ISO/IEC 17025 accredited lab, LOQ=1.7 pg/L)
. Cﬁpper |Is ncr)]t a PARC priority | add o v Specific Gravity (SG)
chemical. Chosen as a national add-on . . .
for integrated copper assessment. * Primary reporting metric for

comparison within the dataset (Levine/Fahy

* Interpretation: urinary copper reflects approach):
a minor excretion pathway; copper is

P homeostatically regulated. v’ SG-adjusted to SG_ref=1.020.
'l-
£ Ay O%a (S Greference_l)
~ ////// Cu 1 = Cu X
Y - [ ]SG adjusted [ ]raw (SGsample_l)

e e M #cy2026eu




HBM Cyprus - urinary copper distribution (Adults and Children

Children (6-11 y) - Raw vs SG-adjusted

Adults - Raw vs SG-adjusted 35 © * C_hlldren ShOW
o higher raw
30 30 - values partly
s . 2 2s- reflecting
g o o 5 o concentration;
g 207 S 20 o
s 3 - B . SG-adjustment
£ o T 57 N reduces
A " 10 - " dilution-driven
5 - T T | &+ | variability n
, | , | spot/morning
Raw (ug/L) SG-adjusted (1.020) Raw (pg/L) SG-adjusted (1.020) .
urine and
improves
ADULTS [Cu] CHILDREN [Cu] P .
SG-adjusted SG-adjusted comparablllty.
(ng/L; SG_ref=1.020) (ng/L; SG_ref=1.020)
GM 6.83 7.36 GM 11.54 9.25
Median (P50) 6.38 7.08 Median (P50) 12.00 9.36
P95 20.05 14.63 P95 20.87 14.26

#cy2026eu




Cyprus Compared to published European General Population Studies
Urinary Copper (unadjusted) in Adults

Country Study GM (pg/L) P95 (ng/L)
X
France Oleko 2024 9.08 22.95 ~ 10 ¢ 0=GM
= ¥ X =P95
Czech ‘ Sharma 2024 9.41 211 E!
Republic (Young Adults) v 30 °
£
Ireland Rooney 2022 5.1-5.6 18.6-27.1 z . . , v X
= 20+ : X
Slovenia Tratnik 2019 4.66-6.26 21.6-22.5 U A
a
ltaly Aprea 2018 10.6-13.3 21.9-25.5 2 '
w101 o i [ ]
Belgium Hoet 2012 6.94 23.9 (P97.5) o O ¢ '
! ! | | ! ! ! ! !
Cyprus This study 6.83 20.05 5 = N 5 5 5 2 5 6
(M-F=6.70-6.92) (M-F=18.91-19.47) ﬂ&a \ﬁ"’ . q;::r{\ \ﬁﬁb @‘? {uﬁﬁ @‘ﬁ \5\ dqiﬁ‘
¢ E-Q ‘@} $ \B‘a Q}\' "3:' O
N A I A R

* Cyprus GM (6.8 pg/L) lies within the lower-middle range & & r,ﬁ" SN %\,f" P

of European background levels. e @?@ PO ‘ﬁ':ﬁ 7 & &%1
e Cyprus P95 (~20 pg/L) is fully consistent with European &gﬁ‘ %\.f" & D{@“*‘ @f ?9‘“6 %Ga?ﬁl gﬂ
upper percentiles (=20-25 ug/L). ,f" € 0
No evidence of systemic population-wide elevation. C;s:‘*(@ All values are unadjusted values (ug/L)
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Cyprus

Compared to published European General Population Studies

Urinary Copper (unadjusted) in Children
40 1

Country Study GM (pg/L) P95 (pg/L) 0 0=GM
France  Oleko 2025 13.06 17.83 e X = P95
=4
= 30 1
Czech o arma2026 1151 24.6 £
Republic £
c
Spain Aguilera 2010 10.02-10.15 32.18-39.06 20
8
Cyprus This Study 11.56 20.96 2 15
U i o 0 0
hild falls withi a '

PY T T T T T
Cyprus children GM (11.56 pg/L) falls within ) N 3 § 9
European background range (=10-13 pg/L). 6‘“{\ @Q@ (@‘ Q@Q ¢

e Cyprus P95 (~21 pg/L) lies below or within reported %@"‘ B #?’ o *Q@

. L g o ¢

European upper percentiles. A mﬁ' A <

. . . . . . ¢ 0 ¢ ;

e Slightly higher GM in children vs adults is consistent & %,.’" & ﬁfﬁ

) 0

with other European datasets. o i
&
65“@ All values are unadjusted values (ug/L)

For further information: akatsonouri@sgl.moh.gov.cy #cy2026eu




Conclusions e

SGL
* Dietary risk assessment indicates that chronic exposure is below the ADI for >99% of the

population (exceedance confined to the upper tail).

* Higher dietary exposure is predicted for infants/toddlers, mainly driven by milk/formula consumption.

- HBM supports benchmarking and outlier review; it does not provide a direct conversion to ADI
exceedance for copper.

* HBM in adults & school-age children shows urinary copper distributions broadly comparable to

published general-population studies.
(Infants/toddlers, who are predicted to have higher dietary exposure, were not assessed).

* Next steps:

v integrate supplement intake, investigate potential water/plumbing contribution by utilizing data
collected with PARC Aligned Studies Questionnaires

H#cy2026eu
v consider targeted sampling in younger age groups if needed.
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