
Founder and publisher: 
Institute of Meat Hygiene and Technology, Belgrade

SCIENTIFIC JOURNAL

Founder and Publisher
Institute of Meat Hygiene  

and Technology

ISSN 2466-4812
UDK 664.9

Vol. BelgradeNo.

m
eat techno

lo
gy   ■   V

o
l. 64   ■   N

o
. 3   ■   B

elgrade, 2023

20230364

*Corresponding author: Danka Spiric, danka.spiric@inmes.rs

Paper received September 28th 2023. Paper accepted November 22nd 2023.
Published by Institute of Meat Hygiene and Technology — Belgrade, Serbia
This is an open access article under CC BY licence (http://creativecommons.org/licences/by/4.0)

Review paper

Comparative overview of microelements and toxic 
elements in honey regarding the international criteria

Danka Spirić1*, Jelena Ćirić1, Silvana Stajković2, Mirjana Dimitrijević2, Čaba Silađi1, Srđan Stefanović1 and 
Vesna Đorđević1

1 Institute of Meat Hygiene and Technology, Kaćanskog 13, Belgrade, Serbia
2 University of Belgrade, Faculty of Veterinary Medicine,Bulevar oslobodjenja 18, Belgrade, Serbia

A R T I C L E  I N F O A B S T R A C T

Keywords:
Honey
Microelements
Toxic elements
Legislative

Honey is source of energy for bees and natural sweet substance with many benefits in hu-
man consumption. It is also used as a part of apitherapy, because it is rich in carbohydrates 
enzymes, trace elements, organic acids, dextrins, phytochemicals (flavonoids, phenolic 
acids, essential oils), vitamins and even prebiotics oligosaccharides. The stated use of 
honey demands high quality and safety of honey and honey products. Criteria for quality 
of honey is precise and regulated in Codex Alimentarius, where are defined honey, types 
of honey and parameters for quality of honey. For European Union (EU) members Council 
Directive 2001/110/EC is in effect, for United States of America (USA) it is United States 
Standards for Grades of Extracted Honey Effective date May 23, 1985, for China it is 
National Standards of the People’s Republic of China, GB 14963-2011, National Food 
Safety Standard, for Serbia Rulebook on quality and other requirements for honey, other 
bee products, preparations based on honey and other bee products (Pravilnik o kvalitetu 
meda i drugih proizvoda pčela (,,Sl. glasnik RS’’ 101/2015). Regarding microelements 
and toxic elements there are criteria for EU countries, similar to USA and China, defining 
criteria only for content of Pb in honey set to 1 mg/kg maximum residue level (MRL). 
National criteria for several microelements and toxic elements were present in our legisla-
tive, but over the time national criteria has been synchronized with EU criteria.

1. Introduction

Honey is complex natural product that is creat-
ed by the collection of nectar by insects, mainly Apis 
mellifera. Honey bees are interacting with environ-
ment while collecting nectar, pollen and water, for-
aging up to 6 km from their hives. They are con-
sidered to be bioindicators, due their capacity to 
deposit microelements, contaminants and residues 
of pollutants in their bodies. They also bring nec-
tar, pollen and water that contain diverse substanc-
es, including hazardous components, and store it 
in the hives. Honeybees are considered as cumula-
tive bioindicators regarding deposition of minerals 
in their bodies. They have capacity to retain num-

ber of certain microelements above naturally present 
concentrations in their bodies. In the case of resi-
due monitoring in bee bodies, these organisms are 
observed as effective bioindicators. Pesticide con-
centration in dead bees samples and mortality of 
honeybees are monitored during blooming season 
for misapplication detection of pesticides during 
plant production (Calatayud‑Vernich et al., 2019). 
The presence and amount of microelements in hon-
ey can indicate the type of honey and its geograph-
ical origin. Microelements are stable and character-
istic of the soil and melliferous flora. Honey bees 
have large area of habitat compared to their body 
size and they are reflecting nature with their min-
eral composition and composition of their products 
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around hives up to 6 km during good weather (Atan‑
assova et al., Bilandžić 2016; et al., 2019; Bogdanov 
et al., 2007). From flower nectar as raw material to 
the final product, honey undergoes a complex pro-
cess of sugar conversion by bee enzymes and matu-
ration in combs. Presence and quantity of microele-
ments in nectar depends on the mineral composition 
of the vegetation. There are metabolic processes of 
plants resulting in avoidance or tolerance of certain 
elements, including toxic elements. Plants have sev-
eral evolution mechanisms for surviving in pollut-
ed environment, or to control the level of toxic ele-
ments intake.

2. Mineral composition of honey

From flower nectar as raw material to the final 
product, honey undergoes a complex process of sug-
ar conversion by bee enzymes and maturation in 
combs. The mineral composition of nectar depends 
on the mineral composition of the vegetation. There 
are metabolic processes of plants resulting in avoid-
ance or tolerance of certain microelements, including 
toxic elements. Plants have several evolution mech-
anisms for surviving in polluted environment, or to 
control the level of toxic elements intake. The major 
minerals in honey have nectar-producing plants ori-
gin. Mineral composition of honey indicates type of 
honey. Honeydew, dark and forest honey is richer in 
minerals comparing to monofloral honey. The pres-
ence of heavy metals (Pb and Cd) and toxic elements 
(Cr and As) in honeydew honey has been reported in 
some studies suggesting its origin from environmen-
tal, soil contamination, pest treatment, and unsuit-
able procedures in the processing and conservation 
of honey (Atanassova et al., 2016). Range of miner-
als in honey can be from 0,04% in pale honey, e.g., 
black locust to 0,20% in darker, forest honey (Bog‑
danov et al., 2007). Likewise, content of minerals in 
honey is reflection of environment, mineral content 
of soil, water, pollen and nectar of plants. Serbian 
Regulative is synchronized with (EU) 2023/915, set-
ting maximum residue level (MRL) for Pb in hon-
ey, 0,1 mg/kg. Regarding data from different stud-
ies (Table 1), average values of Pb are considerably 
below MRL, except for higly contaminated mining 
areas from Kosovo* (Kastrati et al., 2023). Micro-
elements are distributed in honey in sense that Zn 
is the most abundant compared to other elements, 
as potassium is the most abundant macroelement. 
Average content of minerals and toxic elements in 
honey from some studies is presented in Table 1.

3. Mechanisms of toxic element intake 
control

“Avoidance” is the first line of defence to 
restrain uptake of toxic elements and limit their dis-
tribution into plant tissues through root system. It 
consists of extracellular mechanisms, such as met-
al ion precipitation, and metal exclusion (Dalvi and 
Bhalerao, 2013). Exposure to heavy metals, can 
cause excretion of organic acids and amino acids by 
root system that make stable complexes that stay in 
soil and can´t enter the plant, or change the pH of 
soil and precipitations of heavy metals occurs. Exist-
ence of mycorrhizas can obstruct absorption of toxic 
elements into the plant, leaving them in rhizosphere 
by absorption, adsorption, or chelation. (Dalvi and 
Bhalerao, 2013). Embedding the heavy metals in 
the plant cell walls is another mechanism of heavy 
metal avoidance (Memon and Schröder, 2009). Cell 
wall has carboxylic groups of polygalacturonic acid 
are negatively charged and can bind heavy metals. 
In this way, the uptake of toxic elements into plant 
tissue is prevents thanks to the cell wall. Once the 
toxic element ions entry the cytosol, tolerance strat-
egy is adopted by the plants to cope with the toxici-
ty of accumulated metal ions. It is the second line of 
defence at intracellular level through various mech-
anisms such as inactivation, chelation, and compart-
mentalization of toxic element ions.

4. Potential health hazards resulting from 
honey consumption

Besides environmental concerns regarding hon-
ey element composition, quality control of honey is 
also important given the increase in total honey pro-
duction and demands of the largest honey market of 
EU (Bilandzic et al., 2012). Parameters for honey 
quality are defined in Codex Alimentarius and trans-
ferred into national regulations. In that manner essen-
tial composition and quality factors are (moisture con-
tent, fructose and glucose content (and ratio), sucrose 
content, water insoluble solids content, free acidi-
ty, diastase activity, hydroxymethylfurfural, electri-
cal conductivity), toxic elements, residues of pesti-
cides and veterinary drugs, hygiene, declaring (CXS 
12–1981). There are no specific national regulations 
regarding the presence of toxic elements, whose ori-
gin in honey is usually anthropogenic. A Codex Ali-
mentarius statement is that honey shall be free from 
metals in amounts which may result in a hazard to 
human health and this statement is included in the 
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Codex Alimentarius (Codex Alimentarius, 2001) and 
incorporated as well, in Regulation of countries. The 
Codex maximum level (ML) for a contaminant in a 
food or feed commodity is the maximum concentra-
tion of that substance recommended by the Codex 
Alimentarius Commission to be legally permitted in 
that commodity. For toxic elements considered by 
the Directive 96/23/EC, no limits have apparently 
been established (EC, 1996) in honey. The Directive 
2001/110/EC of the EU Commission relating to hon-
ey includes some general and specific properties of 
honey composition but no guidelines with respect to 
the content of toxic elements (European Commission, 
2001). The regulation EC 1881/2006, which set the 
maximum levels for certain contaminants in foodstuff, 
does not address honey bee products (European Com‑
mission, 2006), except for the ML of Pb (0.10 mg/
kg). Consequently, there are currently no legal crite-
ria to compare the results obtained in presented stud-
ies (Table 1). A recommendation from the Joint Food 
and Agriculture Organization of the United Nations 
and Worl Health Organization (FAO/WHO) Expert 
Committee on Food Additives (JECFA) concerning 
the maximum tolerable or allowable intake, based 
on a full evaluation of an proper toxicological data-
base, should be the main basis for decisions by Codex 
member. However, to have a frame for comparison, 
the maximum limits of Pb and Cd permitted by EC 
Regulation 1881/06 in bivalve mollusks (1,5 ppm for 
Pb and 1 ppm for Cd) were taken as reference consid-
ering the characteristics of bioaccumulation in bees 
and annual per capita consumption of honey. For-
mer legislation of Serbia had prescribed MRL values 
for certain elements in honey. According to the Rule-
book (Official Gazette of the FRY 5/92, 11/92, 32/02, 
25/10 and 28/11), the criteria for the MRL quantities 
were prescribed in honey, respectively for Pb, Cd, Zn, 
As, Cu and Fe are 0,5; 0,03; 10; 0,5, 1 and 20 mg/kg. 
These criteria are withdrawn due to alignment pro-
cess of Serbian and EU regulative. Before EU reg-
ulative criteria, each country had its own MRLs for 
toxic elements in honey, e.g., Polish standards were 
0,4–0,5 mg/kg for Pb, 0,1 mg/kg for Cd, and 10 mg/
kg for Cu in pollen and honey. In Finland, criteria for 
toxic elements in honey as category of “other food” 
were 0,3 mg/kg for Pb, 0,1 mg/kg of Cd, 10 mg/kg of 
Cu, 0,5 mg/kg of Hg and 50 mg/kg of Zn (Fakhimza‑
deh and Lodenius, 2000).

China has established MRL value for lead in 
honey 1 mg/kg (CH18025), and Vietnam etsablished 
MRL for As to 1,0 mg/kg, for Cd to 1,0 mg/kg, for 
Pb to 2,0 mg/kg and for Hg to 0,05 mg/kg. Russian 

regulative regarding toxic elements is not revised 
since SSSR period, and does not have criteria for 
toxic elements in honey (Dudarev et al., 2019). USA 
Food and Drug Administration (FDA) has set gener-
al criteria for toxic elements in food: toxic elements 
as lead (as Pb), not more than 10 parts per million; 
arsenic (as As), not more than 3 parts per million, 
mercury (as Hg), not more than 1 part per million 
(CFR FDA, 2023). The reason for lack of MRLs 
in honey for toxic elements could be explained in 
several manners. Honey is nutritious and precious 
food used as sugar source, and minor component 
of meals. It is more important for major ingredients 
to have set and met MRL values. Honey as well as 
other foodstuff is rather studied in sense of intake 
per kg of body mass, that includes multielement 
approach and nutritive aspect. Studies and forming 
of different food databases enabled risk manage-
ment and knowledge of what contaminants can be 
expected in certain food, including toxic elements. 
Though, it is expected to detect mercury in fish-
ery products, so the limits are set for this group of 
foods, and probably honey is proven over the years 
that is not common grocery to accumulate mercu-
ry. Studies showed that mercury was not detected in 
any sample of bees or apiary products tested (Spir‑
ic et.al, 2019, Ciric et al., 2020). It is also important 
to consider that honey is source of energy in hive, 
and bees as well as other living creatures have ten-
dency to decontaminate source of energy and life to 
enhance survival and wellbeing of next generations.

FDA organized Total Diet Study (TDS) to mon-
itor toxic elements in the USA food supply from trad-
ers from all states. From testing 3,241 samples of 
305 foods during 2018 through 2020, cadmium was 
reported in 61% of samples from the TDS survey, 
including 98% of vegetable samples and 28% of fruit 
samples. Predominant highest mean concentrations of 
cadmium were detected in sunflower seeds, spinach, 
potato chips, leaf lettuce, and French fries. Lead and 
arsenic were detected in 15% and 43% of the food 
samples. Arsenic was detected at higher levels than 
Cd. The highest concentrations of inorganic arsenic 
were reported for certain foods, including crisped 
rice cereal, white rice, and baby foods such as puffed 
snacks, dry rice cereal and multi-grain cereal (USDA, 
2017). The Joint FAO/WHO Expert Committee on 
Food Additives has designed for Ni a Provisional Tol-
erable Weekly Intake (PTWI) of 2,45 mg (JECFA, 
2006). For inorganic As, a PTWI of 1,05 mg. Value of 
0,3 mg Hg was indicated as PTWI for a 70 kg person 
(FAO/WHO, 2010a). A Provisional Tolerable Month-
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ly Intake (PTMI) of 1,75 mg was outlined for Cd 
(FAO/WHO, 2010b) and for Pb a PTWI of 1,75 mg 
was created. Therefore, although the honey samples 
are not completely pollution free, toxic element intake 
from honey is considerably bellow the recommend-
ed dose and, from this point of view, the consump-
tion of these honey products is not considered danger-
ous for human health. (Meli et al., 2018). According 
to the standard values determined by Codex Alimen-
tarius Commission, the maximum Fe value that can 
be found in sweet nutrients such as sugar and honey 
is reported as 15 μg/g. The maximum Pb value that 
must be found in sweet substances such as sugar and 
honey is determined as 0,3 μg/g by Codex Alimenta-
rius Commission. According to the standards deter-
mined by the Codex Alimentarius Commission, the 
maximum Zn value that must be found in sweet nutri-
ents such as sugar and honey is 5 μg/g.

5. Conclusion

Haevy metals and other toxic elements in hon-
ey are naturally occurring. They are found in small-
er amount than in other bee products, because hon-
ey is the main source of energy for hive, so there is 
trend in minimizing exposure of beehive comunity 
to toxic elements through energy source. That sort of 
decontamination provides clean source of food for 
bees and healthy swarm of bees. Honey produced 
in that manner by bees is very desirable food prod-
uct and ingredient, acceptable for pharmacy indus-
try as well for nutrition of sensitive part of popu-
lation, with the exception of children up to the age 
of one. Existing data from studies of toxic elements 
and haevy metals in honey show that their content 
is lower than ML values by Codex Alimentarius 
(Table 1).

Uporedna analiza međunarodnih kriterijuma u pogledu 
mikroelemenata i toksičnih elemenata u medu
Danka Spirić, Jelena Ćirić, Silvana Stajković, Mirjana Dimitrijević, Čaba Silađi, Srđan Stefanović i 
Vesna Đorđević

I N F O R M A C I J E  O  R A D U A P S T R A K T

Ključne reči:
Med
Mikroelementi
Toksični elementi
Zakonska regulativa

Med je osnovni izvor energije za pčele i prirodni zaslađivač za ljudsku ishranu. Koristi se 
i u apiterapiji, jer je bogat ugljenim hidratima, mikronutrijentima, vitaminima i prebiotici-
ma. Ovakva specifična upotreba zahteva visok kvalitet i bezbednost meda i proizvoda od 
meda. Kriterijumi za kvalitet meda su standardizovani i regulisani Codex Alimentariusom, 
gde su definisani med, vrste meda i granice kvaliteta meda. Za članice Evropske unije 
(EU) na snazi je Direktiva Veća 2001/110/EC, za Sjedinjene američke drževe (SAD) to 
su američki standardi za klasifikovanje meda koji su stupili na snagu 23. maja 1985., 
za Kinu su nacionalni standardi Narodne Republike Kine, GB 14963–2011, Nacionalni 
standard o bezbednosti hrane, za Srbiju Pravilnik o kvalitetu i drugim zahtevima za med, 
druge pčelinje proizvode, preparate na bazi meda i druge pčelinje proizvode (Pravilnik o 
kvalitetu meda i drugih proizvoda pčela (,,Sl. glasnik RS’’ 101/2015). Što se tiče toksičnih 
elemenata, postoje kriterijumi za zemlje EU, slični SAD i Kini, koji definišu kriterijume 
samo za sadržaj Pb u medu postavljen na 1 mg/kg maksimalni rezidualni nivo (MRL). 
Nacionalni kriterijumi za nekoliko toksičnih elemenata bili su prisutni u zakonodavstvu, 
ali su tokom vremena nacionalni kriterijumi sinhronizovani sa kriterijumima EU.
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