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Determination and Fractionation of Metals in Honey
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The composition of metals in honey is correlated with the type of plant species from which
resources (nectar, pollen, propolis, honeydew) are collected and ripened by honey bees into
honey. However, the botanical origin is strictly attributed to the geographical locality of an
apiary, because the soil composition and the climatic conditions determine the presence of
certain melliferous flowers and trees harvested by bees. The environmental pollution or other
anthropogenic processes and effects should also be considered as an additional source of metals
in honey, namely Cd, Cr, Cu, Fe, Ni, Pb and Zn. These metals may condemn the quality and
food safety of honey, and exhibit a potential hazard to human health.

The present literature survey reviews original works of the last decade which relate to the
atomic and mass spectrometric analysis of honey on the presence of major, minor and trace
metals. Different aspects of such analysis are treated in detail, including the methods of choice,
calibration strategies, sample treatments, and preparation procedures applied. The suitability
of the metals content for the classification of honey according to the botanical and geographical
origins or indication and control of the environmental pollution are discussed.

Keywords Honey, metals, determination, fractionation, atomic spectrometry, mass spectrometry

INTRODUCTION
Honey is a viscous substance elaborated by domesticated

honey bees (Apis mellifera and Apis cerana) mostly from nectar
of honey plants. Additional forage sources for the honey bees
can be honeydew excreted by plant sap sucking insects or sug-
ary deposits of plants and trees. Normally, honey is stored by
bees in honeycombs of a beehive where it ripens and matures
and then remains an essential food supply for the bee colony
development and activity (1). Owing to its special flavor and
sweet taste, honey has been long appreciated as a desired natural
sweetener consumed by humans without its previous processing
(2). Being a valuable constituent of a rough daily diet, honey is
also an important ingredient of other food products, beverages
and pharmaceuticals (3, 4).

All the properties of honey, including nourishing and healing
effects, result from its unique chemical composition and a spe-
cific processing subjected by bees to the collected forage sources
(3, 5). The main parts of honey are simple sugars and water (see
Fig. 1). With respect to the carbohydrates, the average content
of fructose and glucose in honey is 38.2 and 31.3%, respec-
tively (4). Other carbohydrates are maltose (7.3% on average),
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saccharose (2.4% on average), and few high sugars (1.5% on
average). The average moisture content is 17.2%. Honey addi-
tionally contains proteins and enzymes (diastase, invertase, glu-
cose oxidase, and catalase), amino acids, organic acids (acetic,
butyric, citric, succinic, lactic, malic, gluconic, and ascorbic),
vitamins (riboflavin, niacin, folic acid, panthothenic acid, and
B6), flavonoids, and minerals (1, 4). Major, minor, and trace
metals are the minor constituents of honey. Their composition
and content are characteristic to the floral type of honey, geo-
chemical and climatic conditions attributed to the forage area,
and locality of an apiary. Usually, the total content of all metals
in flora honeys contribute to about 0.1–0.2% of their total com-
position. In the case of honeydew honeys it may exceed more
than 1% of the total composition (6).

The knowledge referring to the specific composition of met-
als in honey appears to be of a primary interest (7). The eval-
uation of the total metal concentration enables one to assess
the nutritive quality of honey originated from different regions,
and also helps in tracking and judging its authenticity accord-
ing to certain geographical and biological origins. Furthermore,
the content of metals is recognized to be useful for the purpose
of honey classification and categorization because metals are
stable honey components and highly distinctive for the certain
conditions and surroundings. Their presence in honey largely
depends on the mix of nectars of blossoming plants and secre-
tions available to the bees during their forage in a given territory.
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DETERMINATION AND FRACTIONATION OF METALS IN HONEY 277

FIG. 1. Percentage contributions of honey constituents.

Reviewing research works devoted to the analysis of honey
according to the metal content in the last decade points out that
metals are primarily determined to assess the wholesomeness of
honey in terms of the presence of essential metals and to assure
human health safety due to the regulations or directives ordering
admissible levels for undesirable and toxic metals. The measure-
ments of metals in honey are also relevant for the environmental
monitoring purposes as honey is regarded as a suitable bio-
marker. Finally, the data matrix related to the concentration of
metals in honey is useful for the classification of honey due to
botanical and geographical origins and its genuineness.

Among different instrumental techniques used for the de-
termination of metals in honey, atomic and mass spectrom-
etry are regarded as the most sensitive, accurate, and robust
(8–12); therefore, these methods are routinely and customarily
applied. In the case of major and some minor metals present
in honey at concentrations ranging from thousands to sev-
eral µg/L, atomic absorption and emission spectrometry with
flames (FAAS, FAES) are preferred. To control the quality of
honey in terms of the adulteration or contamination made by
heavy metals, many sensitive techniques are required, including
electrothermal atomic absorption spectrometry (ETAAS), in-
ductively coupled plasma optical emission spectrometry (ICP-
OES), and inductively coupled plasma mass spectrometry (ICP-
MS). The analysis of honey by atomic and mass spectrometry
methods is, however, a difficult and challenging task. Honey is a
very complex organic matter matrix that poses problems related
to sample heterogeneity, selection of proper sample treatment,
and decomposition as well chemical interferences during mea-
surements (12).

SOURCES OF METALS IN HONEY
The main natural sources of metals in honey are the envi-

ronment of a beehive and an apiary, honey plants, and a bee
population. Particularly, the soil composition related to differ-

ent geochemical and geological features (geographical origin),
i.e., volcanic and hydrothermal activity, regional conditions, and
climatic changes occurred in the forage area of bees, affect the
composition and content of major and minor metals in honey (7,
13–17). Certain metals are transported through the root system
to honey plants and their composition in nectar reflects the soil
characteristics. However, it should be noted that metal uptake by
plants is dependent on their nutrient requirements. For example,
acacia has very low nutrient requirements and can grow in very
unfavorable nutrient conditions; hence, its nectar is scarce in
minerals (18). Another source of metals in honey of geographi-
cal origin can be the vicinity of sea or ocean and a consequence
of marine sprays. Their proximity leads to an elevated presence
of K and Na in honeys from costal regions or islands (6, 19).

The main food source of bees during their foraging activity
consists of nectar and pollen of flowering plants which are within
a flight range and can cover the area of about 7 or 50 km2 as
stated by some authors (17). The floral type of honey plants,
floral density, and the chemical composition of nectar, pollen,
and other forage sources extensively differ with the location
of the apiary, regional conditions, as well as season and type
of vegetation. As a result, the botanical origin of honey has a
remarkably effect on the content of certain metals in honey (8,
12–15, 17, 19–24).

Beside the geographical and botanical origins of metals in
honey, the content of some heavy metals can result from dif-
ferent anthropogenic sources (7, 18, 25). As mentioned before,
the bee forage area is relatively large and includes variety of the
environments and feedings. The honey bees come into a contact
with different parts of the surroundings and are exposed to po-
tential pollutants when they forage for nectar, pollen, honeydew,
or other exudates within such a territory (5). They touch flowers,
branches, and leaves of plants, drink water from ponds and col-
lect different kind of soil particles, dusts, and other deposits from
the flowers, and aerosols and particles dispersed in the air (7, 18,
24, 26). If the area around the beehive is contaminated, honey
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278 P. POHL ET AL.

bees become contaminated as well and carry the pollutants into
the hive by themselves or with the raw materials collected (24,
25, 27–29). In this way, the contaminants of air, water, and soil
can reach the honey and change its composition and quality (9,
30–32). Usually, the neighborhood of mines and steelworks, in-
dustrialized and urban areas, or highways in the forage area can
result in the contamination of the apiary locality and is reflected
by higher levels of certain metals in honey, particularly Al, Ba,
Ca, Cd, Cr, Cu, Mg, Mn, Ni, Pb, Pd or, Zn, due to the chemi-
cal wastes, exhausts, or other pollutants emitted (5, 13, 16–18,
30, 32–34). Honey originated from rural areas, where there is
a relatively low density of automotive traffic, typically presents
low levels of heavy metals, e.g., Cd and Pb (5). The extent of
the contamination can additionally be dependent on the floral
origin of honey plants visited by bees (8). Accordingly, honeys
elaborated from nectar of aromatic plants are characterized by
extremely high concentrations of heavy metals since they tend
to concentrate pollutants more easily than herbaceous plants.

Honey can be also polluted with certain metals during its
harvesting and processing and this is primarily related to the
apiculture technology used by the beekeepers (see Table 1).
Different conditions of honey processing can result in signifi-
cant differences in the content of Al, Cd, Co, Cr, Cu, Fe, Pb, Ni,
and Zn. These metals can be released from materials (stainless
steel, galvanized steel, and aluminum) of tools and equipment
used for honey crop, extraction, centrifugation, or ripening. The
materials of the containers applied for honey processing, ship-
ping, and storage of the extracted and ripened honey or lids may
also contribute to an increase of the mentioned metals in honey
(13, 16, 22, 23, 25, 27, 30, 32, 35–37). The extent of this process
is facilitated by the honey acidity (pH 3.5–4.8) and its corrosive
effect on the surface of tools and containers (14, 16, 23, 27, 38).

TABLE 1
Possible beekeeping related sources of contamination in honey

Apicultural practice
or processing stage Contamination source

Super and frames
removal

Hive paints and preservatives, soil,
plant materials, environment

Uncapping and
extraction

De-capping equipment, extractors,
containers (holding tanks),
surrounding (moisture, dust)

Filtration Equipment (ripeners, strainers, sieves,
clarifiers, filters, heaters), containers,
surrounding

Settling Containers (buckets, ripeners, storage
tanks), surrounding (moisture, dust,
high temperature)

Bottling Equipment (bottling and sealing
machines), containers (jars, beers,
bottles), dust, moisture, high
temperature

This metal source may be, however, reduced by proper selec-
tion of materials and careful following of admissible apicultural
procedures and standards.

Metals can be also be introduced with substances used
for feeding the bees in the case of an absence of vigorous
honey flows. Accordingly, syrup-feed honeys can exhibit el-
evated amounts of Cd, Co, Fe, K, Mg, Mn, Pb, and Na, which
are contaminants of syrups derived from industrial processing
(39).

ROLE OF METALS IN HONEY
In reference to major, minor, and trace metals, the mineral

content of honey varies within a wide range as a result of dif-
ferentiated geographical and floral provenience and, to a lesser
degree, apicultural practices applied. The most important and
abundant metal in honey is K. This mineral can account for 45
to 85% of the total mineral content quantified in honey (10, 14,
19, 21, 22, 30, 37, 38, 40–52). Other major metals of honey are
Rb, Na, and Ca. Mg, Fe, Al, Zn, and Li are the constituents of
honey with intermediate amounts. Finally, at levels below 100
and 1 µg/g, respectively, minor and trace metals are present in
honey (see Table 2).

Concerning the nutritive quality and possible dietary supple-
mentation, the presence of metals in honey is essential to human
health (11, 17, 53). It can be regarded as a rich source of metals
required by humans for well-being, but not merely the metal
content but the bioavailability is of a prime importance when
considering the nourishing value related to the honey consump-
tion (54). Although major, minor, and trace metals participate
in the nutritional value of honey, many factors affect their actual
bioavailability from honey, namely the speciation forms (or-
ganic or inorganic) in which they are present in honey and the
presence or absence of other substances and elements that have

TABLE 2
Concentrations (in µg/g) of major, minor and trace metals in

honeya

Major metals Minor and trace metals

K 9.3–6785 Mn ND–82.0 Th ND–1.10
Rb ND–3193 Ti 0.10–71.0 In ND–1.10
Na 0.38–1221 Cu ND–34.6 Hg 0.0007–1.35
Ca 1.50–900 Sr ND–23.1 Mo ND–0.81
Mg ND–373 Ni ND–13.0 U 0.004–0.015
Fe ND–342 Pb ND–8.22 V ND–0.18
Al 0.004–132 Bi ND–7.63 Sn ND–0.008
Zn ND–113 Cd ND–5.78 Th 0.0001–0.003
Li ND–110 Cr ND–4.48 Be ND

Ba ND–2.63 Pt ND
Co ND–2.46
Ag 0.02–2.16

aOn the bases of all references cited
ND Not detected
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DETERMINATION AND FRACTIONATION OF METALS IN HONEY 279

an effect on their absorption in a intestinal tract (54). As a mat-
ter of fact, the total content of metals in honey may not directly
correspond to their availability. Honey is additionally consumed
in much lower amounts as other foodstuffs, and therefore, the
actual intake of metals from honey is low. It usually contributes
to not more than one to several percents or lower values, e.g.,
0.005–0.5%, of recommended dietary allowances (RDAs) for
many major, minor, and trace metals (K, Na, Ca, Mg, Fe, Mn,
Zn, and Cu) (39, 40, 55). The content of certain metals in honey
is of interest in terms of its wholesomeness and potential health
risks (24, 51, 56). The excessive levels of some heavy metals
are undesirable due to their supposed toxicity and a detrimen-
tal effect to the organism (11, 32, 57). Potentially toxic metals
should not cause any concern about the consumer health. There-
fore, the analysis of honey according to the concentrations of
many metals is significant for its quality assessment and con-
trol. However, the admissible levels for contaminant metals in
honey like Cd, Pb, Hg, Cu, and Zn are not settled or defined
(5). The directive of the European Union Commission relating
to honey includes some general and specific properties of honey
composition but no guidelines about the content of heavy met-
als are given (58). No specific regulation about the presence of
heavy metals, except for a statement that honey shall be free
from them in amounts which may result in a hazard to the hu-
man health, is included either in the Codex Alimentarius (59).
In consequence, the tolerable levels of individual metals that ex-
hibit a potential threat or latent toxicity are regulated by national
legislation (18, 46, 60) or standards for other food products (17,
18).

It is established that the mineral composition of honey is
strictly correlated with its color, ash content, and electrical con-
ductivity (7, 10, 11, 14, 21, 37, 45, 48, 49, 52, 53, 61). As
compared to pale and light blossom honeys (orange, linden,
and acacia), heavy-bodied dark and amber honeys (avocado,
chestnut, and heather) contain higher amounts of certain ma-
jor, minor, and trace metals, including Al, Ca, Cd, Cu, Fe, K,
Mg, Mn, Na, and Ni, and Zn, and usually produce higher ash
content and electrical conductivity measured. Particularly, hon-
eydew honeys are characterized by significantly higher metal
concentrations as compared to nectar honeys (5, 7, 14, 17, 19,
30, 35, 46, 48, 53, 61, 62). Amber light and medium amber hon-
eys (eucalyptus and thyme) exhibit medium quantities of the
total mineral content. Interestingly, the color of dark honeys is
mostly linked with the concentrations of Cd, Fe, and Pb, while
the color of light and brown honeys is associated in a high degree
with only Al and Mg content (48). Pb and Cr are found to be the
only metals which are not strongly correlated with the electrical
conductivity of honey (7). Likely, these metals are present in
honey in the form of metal particles or not-dissociating metal
species. It is also reasonable that they are introduced to honey
through the pollution of air and bees or the pollutants of natural
resources (7).

Because honey results from a bi-accumulation of different
forage resources which are ripened by bees in the beehive, it

is well acknowledged to accumulatively gather the information
related to the changes in the environment within the forage area
of bees (24, 51, 56, 63). Hence, the investigation of honey on the
presence of trace metals, particularly Cd, Cu, Hg, Ni, and Pb, can
be useful for the assessment and indication of the quality of the
environment in different regions and the level of air, water, plant,
and soil pollution with potentially hazardous contaminants over
a large terrain within the foraging activity of bees (1, 7, 9, 14–16,
28–31, 33, 34, 39, 45, 51, 55, 56, 60, 64, 65). However, when
applying honey as an indicator of the environmental quality
in the settlement and industrialized regions, where the pollution
with heavy metals is higher, the effect of the apicultural practices
and processing made by beekeepers should be also considered
(66).

Contrary, the susceptibility of honey for the environmental
pollution monitoring is questioned because the evidence of the
bi-accumulation of metals in honey is rather weak (64). It is pos-
tulated that the use of honey as a reliable bio-indicator could be
restricted only to a very serious contamination. The low concen-
trations of trace metals and a great variability of their content as
a result of botanical origin, seasonal, and climatic changes and
different beekeeping practices also argue that honey may not be
a very sensitive biological matrix for tracing the anthropogenic
anomalies and heavy metal loads into the environment (32, 57).
Sometimes, the differences between the concentrations of con-
taminants, for example Cd and Pb, in honeys originated from
polluted and unpolluted areas are statistically insignificant or
even the highest values are found in the samples from villages
and country sides (7, 18). Hence, the botanic and geographic
origins should also be considered in this kind of investigation
since they have the greatest influence on the trace metal content
in honey (7).

TAXONOMETRY OF HONEY
The demand for honey discrimination according to its geo-

graphical and botanical origins is of special significance since it
ensures the stated quality and the provenience of honey (10,
67–69). Despite the national legislation or local regulations
concerning proper honey production and labeling, for exam-
ple, in countries of the European Union floral origin, source,
organoleptic characteristic, physicochemical properties, as well
as regional, territorial, or topographical conditions have to be
specified (58, 67); falsification and adulteration of honey by
mixing high-value original honeys with those of much lower
grade and quality are very common (21, 70). A dilution with
water or an addition of syrup are other manipulations that are fre-
quently subjected to honey causing its deception (21). To combat
the consumer and economic fraud, the authenticity of honey is
identified and intends to differentiate natural and original hon-
eys manufactured in a certain region by traditional procedures
from those which are mislabeled, artificial, highly processed, or
adulterated.

A traditional method of evidence of the geographical location
and genus of honey plants is melissopalynology aimed on the
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280 P. POHL ET AL.

FIG. 2. Steps of honey taxonometry according to metals content.

study of pollen loads and components within honey and the
recognition their sources (14).

The taxonometric examination of minor components of
honey, particularly the metals, by means of multivariate sta-
tistical analysis of their concentrations (see Fig. 2) can be an
alternative way of the recognition and discrimination of honey,
in addition to the detection of potential honey fraud and decep-
tion (6–8, 10, 14, 15, 17, 19, 21, 22, 31, 35, 39, 43, 46, 47, 57,
62, 68, 70). This practice guarantees the quality of honey in the
market to comply with the information stated on the label and
certifies its strict properties and origin (10, 21, 27, 30). In gen-
eral, metals are good descriptors of the floral and geographical
origins. They are stable over a very long period because honey is
resistant to microbial growth and spoilage, their concentrations
are influenced by the type of soil in which the nectar producing
plants are growing, the vegetation conditions in the forage area,
and the type of blooming trees and plants visited by bees (10,
19, 35, 68, 70). Hence, the metal content is highly indicative
for the characterization and identification of honey from a given
area (6, 10, 15, 35). Usually, an excess or a deficiency of certain
metals in soil and water is reflected by the mineral composition
of the raw materials collected by bees for the honey production,
i.e., nectar, pollen, and honeydew. For the same reason, min-
eral composition analysis can be useful for detecting the sub-
jected adulterations, i.e., dilution with water dilution, addition
of sugar and syrup, and honey blending (14, 39). Usually, the
changes in the metal composition and content of honey due to
different natural and external resources as well as possible adul-
terations is also very well reflected by other physicochemical
parameters, i.e., the ash content and the electrical conductivity
(17, 60).

However, metals derived from other sources, especially of
anthropogenic origin, should also be considered when analyzing
and interpreting the results of the multivariate statistical analysis
of the metal content of honey (7).

METHODS OF ANALYSIS
Flame and Electrothermal Atomic Absorption
Spectrometry

FAAS is a very common method of honey analysis applied
mostly for the determination of alkali and alkaline earth metals
that are the most abundant mineral constituents of honey (see
Table 3). The advantages of FAAS are low operational costs
and reasonably good analytical performance; however, linear
response ranges are relatively narrow that imposes an adequate
dilution of samples before measurements in order to match the
linear ranges of the calibration curves (9, 71). The concentra-
tions of K, Na, Ca, and Mg can be so high that the prepared
sample solutions have to be diluted by 50 to 500 times. On
the other hand, the dilution of the sample solutions results in
a minimization of chemical interferences in commonly used
acetylene-air flames. The NO2-acetylene flame is applied for
the determination of Ca and Sr (6).

The concentrations of minor and some trace metals (Mn, Fe,
Zn, Sr, Cu, Ni, Co, Pb, and Cd) can also be measured using
FAAS. These metals are frequently determined in undiluted
sample solutions. Occasionally, metals in the sample solutions
have to be initially pre-concentrated. For instance, Cd and Pb are
complexed by APDC (ammonium pyrrolidine dithiocarbamate)
and extracted in this form into IBMK (methyl isobuthyl keton),
and then, the organic phase is analyzed (6). Hg is measured
using cold vapor generation (CV-AAS) (26, 65).

Due to possible matrix effects, the samples of honey for
the FAAS analysis are frequently mineralized (11, 15, 16, 23,
30, 34–36, 39, 40, 42, 45, 51, 56, 60, 62, 68, 70–72, 75, 80).
The concentrations of metals can be determined in the resulting
sample solutions using aqueous external standard solutions and
simple linear regression for the calibration (6, 11, 15, 30, 36,
40, 42, 45, 47, 56, 62, 71). Direct analysis of sample solutions
prepared by dissolution of respective honey portions in water
containing small amounts of HNO3 is very uncommon (6, 15,
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TABLE 3
Determinations of metals in honey by means of atomic
absorption spectrometry with flame and electrothermal

atomizers (FAAS, ETAAS)

FAAS ETAAS

Cd (11, 18, 30, 34, 36, 39, 65) Al (13, 23, 32, 35)
Ca (6, 15, 16, 18, 23, 30, 40, 42,

45–47, 51, 62, 71–74)
Ca (54)

Co (39, 65, 70, 75) Cd (1, 12, 16, 23,
31–33, 35, 51, 53, 55,
60, 64, 76–78)

Cu (6, 11, 15, 18, 30, 36, 39, 42, 45,
46, 53, 62, 65, 68, 70, 72, 75)

Co (13, 23, 35, 76)

Fe (6, 11, 15, 18, 23, 30, 32, 36, 39,
42, 45–47, 53, 65, 68, 70, 72, 74,
75, 79)

Cr (1, 12, 13, 23, 31,
32, 35, 64, 78)

K (16, 18, 23, 30, 39, 40, 42, 45,
47, 62)

Cu (1, 12, 13, 16, 23,
31, 32, 35, 40, 47, 51,
54, 60, 76, 78)

Mg (6, 11, 15, 16, 18, 23, 30, 36,
39, 40, 42, 45–47, 51, 62, 68,
70–75)

Fe (13, 16, 35, 40, 51,
54, 76, 78)

Mn (11, 15, 18, 23, 30, 36, 39, 45,
53, 62, 65, 68, 70, 72, 75)

Mn (1, 13, 16, 32, 35,
40, 47, 51, 78)

Na (16, 39, 40, 42, 45, 47) Ni (1, 13, 23, 31, 32,
35, 54, 76, 78)

Ni (36, 39, 65, 70, 75) Pb (1, 12, 23, 29,
31–33, 51, 53–55, 60,
64, 76, 78)

Pb (11, 18, 30, 34, 39) Ti (54)
Sr (6, 39) V (78)
Zn (6, 11, 15, 16, 18, 23, 30, 32, 34,

35, 39, 42, 45, 46, 53, 60, 62, 68,
70–72, 74, 75, 79)

Zn (1, 13, 33, 40, 51,
76, 78)

71, 73, 74, 79). In this case, a detrimental effect of the organic
matter is alleviated by means of an on-line automatic sample
dilution (71) or a flow injection manifold (FI) (6). The ionization
of Ca and Mg is reduced by adding a NaCl solution to the sample
solutions (30) or employing reducing conditions in the flame (6).
Negative effects caused by the presence of phosphates and other
anions in the determinations of Ca, Mg, Fe, Cu, Zn, and Mn are
eliminated through the addition of La(NO3)3 or LaCl3 solutions
to the sample solutions (30, 45, 62, 71). The lanthanum modifiers
can also be present in a carrier solution of the FI manifold (6)
or a diluting solution of the automatic dilution system (71).

ETAAS is a very suitable analytical technique for the de-
termination of trace metals of honey, i.e., Al, Cd, Co, Cr, Cu,
Ni, Pb, Zn, and V. Some minor metals (Fe, Mn) can also be
measured using this technique (Table 3). However, the analysis
of honey without its previous digestion is troublesome because
of the carbohydrate-rich matrix of honey which results in an

accumulation of carbonaceous residues in graphite tubes and
a deterioration of sensitivity and precision of measurements.
Therefore, the honey samples are usually decomposed before
analysis (13, 16, 23, 32, 33, 35, 40, 47, 51, 55, 60, 64, 76, 78,
80). Direct sample introduction into the graphite tube without
an initial sample manipulation, except for water dissolution, is
highly restricted (12, 29, 31, 63, 77). In such cases, the de-
struction of the organic matter during ashing at 650–1200◦C
is performed in the presence of added HNO3 and H2O2 that
enhances the efficiency of honey destruction and prevents from
the formation of the carbonaceous residues inside the tubes (77).
Both oxidizing reagents alleviate the disadvantages related to an
absorption signal deterioration and prolong the lifetime of the
atomizers. They can be directly added to the sample solutions at
the sample pretreatment stage (1, 12) or mixed with the sample
solutions in autosampler cups (29, 31, 63, 77). In the latter case,
Triton X-100 is only added to the sample solutions in order to
reduce the solution tension and an inappropriate dispensation
of the solution in the graphite tubes. Usually, the solutions con-
taining 4–6% of honey are recommended to be prepared for the
analysis because at such honey dilution the pyrolysis products
do not remain in the graphite tubes (12).

Metals are quantified in the analyzed sample solutions using
the calibration with external aqueous standard solutions (1, 12,
13, 29, 31, 47, 77) or applying the standard additions method
(29, 31, 64, 76–78). Due to short linearity ranges, the adequate
dilution of the analyzed sample solutions is required (12, 76).
Due to matrix interferences at ashing and atomization stages,
different chemical modifiers are extensively used when ETAAS
is applied for the determination of trace metals in honey. The
role of these substances is to prevent metal losses, reduce the
matrix-related effects, and supply reliable isothermal conditions
for the pyrolysis and atomization processes in the graphite tubes.
The solutions of modifiers assayed, i.e., NH4H2PO4 in cases of
Cd, Pb, and Zn (1, 29, 31, 32, 77), Mg(NO3)2 in the cases of Al,
Cd, Co, Cr, Cu, Fe, Mn, Ni, and Zn (32, 76, 78), Pd(NO3)2 in
the cases of Cu, Cr, and Ni (31, 63), or mixtures of NH4H2PO4

with Mg(NO3)2 and Pd(NO3)2 with Mg(NO3)2 in the cases
of Cd, Cr, Cu, and Pb (12, 29, 31, 32, 55, 76, 77) are pre-
mixed with the sample solution portions before the injection or,
more commonly, they are directly introduced into the atomizer
together with the sample solution aliquots.

Flame and Inductively Coupled Plasma Optical Emission
Spectrometry

Using the same equipment as for FAAS or separate photome-
ters, flame can be used as a suitable excitation source for the
determinations of common alkali and alkaline earth metals of
honey, counting K (6, 10, 15, 30, 35, 46, 51, 56, 65, 68, 70,
72, 75), Na (6, 10, 15, 35, 46, 51, 56, 65, 68, 70, 72, 75), Li
(6, 65, 68, 70, 75), Rb (6, 68, 70), and Ca (56, 75). Because
the measurements may be accompanied by serious ionization
interferences, the FI manifold is used to decrease the sample
amounts introduced to the flame and ionization suppressors
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TABLE 4
Determination of metals by means of inductively coupled plasma optical emission and mass spectrometry (ICP-OES, ICP-MS)

ICP-OES ICP-MS

Ag (2, 8, 22) Al (46)
Al (2, 8, 10, 20, 22, 43, 44, 48, 57, 62) Cd (5, 7, 14, 26, 27, 81)
Ba (2, 21, 22, 43, 44, 48) Cr (7, 26, 27, 46, 81)
Be (48) Cu (7, 14, 26, 27, 81, 82)
Bi (22) Co (14)
Ca (2, 8, 10, 14, 17, 21, 22, 31, 38, 41, 43, 44, 48, 49, 62, 69) Ba (14, 82)
Cd (2, 8–10, 17, 20, 24, 43, 44, 48, 57, 66, 69) Fe (26, 27, 81)
Co (2, 8–10, 43, 44, 57, 69) Mn (7, 26, 46, 81)
Cr (2, 8–10, 24, 28, 43, 44, 57, 66) Ni (7, 14, 26, 27, 46, 81)
Cu (2, 8–10, 17, 19–21, 24, 27, 37, 43, 44, 48–50, 52, 55, 57, 62, 66, 69, 81) Pb (5, 7, 14, 26, 27, 81)
Fe (2, 8, 10, 14, 17, 19, 20, 27, 28, 31, 37, 43, 44, 48–50, 52, 55, 57, 66, 69, 81) Pt (27)
Hg (8) Sn (27, 81)
In (22) Th (14)
K (2, 14, 17, 19, 21–22, 31, 37, 38, 41, 43, 44, 48–50, 52, 69) U (14)
Li (2, 8, 31, 43, 44, 48) V (27, 81)
Mg (2, 8, 10, 14, 17, 19, 21, 31, 37, 38, 41, 43, 44, 48–50, 52, 62, 69) Zn (7, 26, 81, 82)
Mn (2, 8–10, 14, 17, 19–21, 24, 27, 28, 31, 37, 43, 44, 48, 50, 52, 57, 62, 66, 69, 81)
Mo (2, 8, 43, 44)
Na (2, 14, 20, 21, 31, 38, 41, 43, 44, 48, 49, 69)
Ni (2, 8–10, 24, 28, 43, 44, 57, 62, 66, 69)
Pb (2, 8–10, 17, 20, 24, 43, 44, 48, 49, 57, 69)
Sr (2, 14, 21, 43, 44, 57)
Ti (2)
V (2, 43, 44)
Zn (2, 8–10, 14, 17, 19–21, 24, 27, 31, 37, 43, 44, 48–50, 52, 55, 57, 62, 66, 69, 81)

are also added to the carrier solution, i.e., KCl in the cases
of Na, Li and Rb, or NaCl in the case of K (6). A solution of
CsCl is added to the sample solutions when determining Na and
K (46).

ICP-OES is extensively used for multielemental honey anal-
yses (see Table 4). This technique offers wide dynamic ranges,
high sensitivity, and detection power, in addition to a much
lower risk of the appearance of matrix effects during the sam-
ple introduction and atomization as compared to other atomic
absorption and emission methods. The samples of honey are
usually decomposed by means of dry ashing (19, 24, 31, 37, 38,
41, 43, 44, 48, 50, 52, 55, 57, 61, 62, 66) or wet acid digestion
in open or closed vessel systems (2, 8, 14, 17, 20, 27, 39, 49,
57, 81). The samples can be dissolved and diluted only with
water, but such direct analysis of the resulting solutions is less
common (9, 10, 28, 69).

When the sample matrix is eliminated by its decomposition
or the samples are diluted in such a way that the matrix has no
significant effect on the performance of ICP-OES, the calibra-
tion with the external aqueous solutions is commonly applied
(8, 9, 19, 27, 28, 31, 38, 41, 44, 48, 57, 62, 66). The matching
matrix standard solutions containing glucose and fructose, su-
crose, or honey can also be used (9). In some cases, standard

additions (21, 81) or internal standards (In or Y) (69, 81) are
prepared and result in a relevant improvement of the results by
increasing the precision of measurements.

Inductively Coupled Plasma Mass Spectrometry
ICP-MS is a powerful technique for determination of trace

and ultra-trace metals in honey; however, it is rather infrequently
used for that purpose (5, 7, 26, 27, 46, 81, 82). With a low
resolution quadrupole mass filters-based instrument (Q-MS),
the polyatomic interferences rising from the recombination of
sample constituents with Ar and other matrix components (O,
N, H, C, Cl, and S) can hinder the quantification of several trace
metals, i.e., 35Mn,52Cr, 56Fe, 63Cu, 66Zn, and 69Ni (7, 26, 27, 81).
Usually, the use of a high resolution magnetic sector field mass
spectrometer (HR-SF-MS), with the resolution m/�m of 300
units or higher (400, 3000, or 7500), results in keeping this kind
of interferences under control (5, 7, 26, 27, 81). Additionally, the
HR-SF-MSs have much improved ion transmission efficiencies
and lower noise levels, and for that reason, they are able to
enhance the detection power by two orders of magnitude as
compared to the Q-MSs.

The samples of honey can be mineralized before analysis (5,
27, 46) or just dissolved in water or acidic solutions (7, 26, 81,
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82). Nevertheless, to overcome the problems related to the high
content of carbohydrates or mineral acids in the honey solutions,
the standard additions method is privileged for the determination
of metals in the respective sample solutions (5, 26, 27, 81).
Aqueous external standard solutions (46) or matching matrix
solutions (with fructose) are also applied for the calibration and
quantification (7). Additionally the internal standards, including
Sc (46), Y (46), Tb (46), Bi (46), In (5, 26, 81), and Rh (7, 27),
are added to the sample and calibration solutions and it leads to
the compensation of random fluctuations or drift of the recorded
signals. The quantification of metals using the isotope dilution
is performed and recognized to eliminate the errors referred to
as the short-term and long-term signal drifts (82).

SAMPLE PREPARATION BEFORE ANALYSIS
Honeys for the analysis are kept in original glass shipping

jars, bottles, or buckets (8, 30, 70, 73, 74, 79) or, in case of
honeys collected from beekeepers, they are stored in glass or
plastic vessels, containers, bottles, jars, and holders (5, 11–16,
22, 24, 27, 31, 32, 36, 38–41, 43–49, 52, 53, 56, 61, 63, 68,
70, 77, 80). The decontaminated plastic bottles or polyethylene
tubes can be used for the storage to avoid the contamination from
glass or metal (7, 19, 54, 55, 64, 76). The respective samples are
stored in the laboratory in a dark place (12, 15, 31, 36, 39, 46,
53, 63, 73, 74, 76, 77, 79), at room temperature (5, 12, 13, 15,
27, 30, 36, 45, 49, 53, 56, 73, 74, 79, 80), 3–5◦C (11, 19, 22, 24,
31, 32, 38–41, 46, 47, 52, 61, 63, 68, 70, 77), 0◦C (43, 44, 48), or
even −18◦C (64). Before sampling, the containers with honey
can be gently heated in water baths to 40–50◦C (5, 9, 12, 14, 27,
62, 76) and stirred using glass sticks, or additionally sonicated
for several minutes (5, 9, 14, 27). This causes a decrease of
viscosity of honey and enhances its homogeneity.

The small portions of honey taken for the analysis may result
in a high inconsistency of the results because the heterogeneity
of a raw honey is significant (27). A solution to this problem can
be the preparation of a homogeneous fluid that is a very dense
solution of a huge amount of honey (10 or 20 g) dissolved in
water (mL) at a ratio of 1:1 (69) or 2:1 (27, 78). The sample
fluid achieved can be subsequently sonicated or heated at 50 ◦C
and then digested or diluted before analysis.

Decomposition
Although honey is easily soluble in water and metals can be

determined directly in the respective water or acidic solutions,
the samples of honey are commonly decomposed using high
temperature dry ashing or wet digestion procedures in order to
destroy the carbohydrate-rich sample matrix and minimize the
matrix-based interferences (5). The corresponding ashes or di-
gests are subsequently dissolved in water or acid solutions to
transfer the mineral components into the solution. This sample
treatment is certainly time-consuming and includes the stages
that may be potential sources of losses of metals due to a sample
overheating or gains because of various contaminations. How-
ever, the digestion of honey facilitates the extraction of metals

from the organic sample matrix and prevents numerous physical
and chemical interferences accompanying the atomic and mass
spectrometric measurements, or accumulation and deposition of
carbonaceous residues, for example, in burners and nebulizers
(9, 71).

High Temperature Dry Ashing
Dry ashing is a procedure for honey destruction in which

the organic matter is removed by its thermal decomposition,
while the non-volatile metals are pre-concentrated in the form
of a non-combustible ash left. This method is very suitable for
the determination of metals that are present in honey in large
quantities and are stable at high temperatures, i.e., Ca, Fe, K,
Mg, and Na. The disadvantage of this sample treatment is that
possible losses can appear due to the volatilization (Cd, Cu,
Hg, Pb, Zn, and Sn) or retention of metals on the walls of the
ashing containers. On the other hand, the ashing procedure is
performed in the open systems and for long periods of time;
hence, a possible contamination of the ash from muffle furnaces
and ashing containers should be considered. When high amounts
of honey are taken for ashing, the risk associated with sample
heterogeneity is much lower; however, the whole procedure
is rather prolonged. When low portions of honey are ashed,
the sample foaming is negligible and the preparation time is
shortened to few hours (71).

The procedure recommended by the Association of Offi-
cial Analytical Chemists (AOAC, Official Methods of Analysis,
1984, 1990, 2000) is commonly in use. In this method, relatively
large samples of honey, i.e., 20 g (70, 75) or 5 g (11, 19, 38, 41,
43, 45, 48, 57), are placed in suitable crucibles made of silica
or platinum, initially dried at 100◦C, and finally ashed at 550
or 600◦C in muffle furnaces. The samples can additionally be
exposed to the IR lamp radiation to prevent foaming (70, 75).
The ashes left are merged with small amounts (5 mL) of 0.1
mol/L HCl (11, 19, 24, 45, 50, 52, 61, 70, 75) or HNO3 (38,
41, 43, 44, 48) and the resulting mixtures are evaporated to near
dryness. The residues obtained are dissolved in 10 mL of the
same acid solutions and made up with water to 100 mL (70, 75),
50 mL (19, 45, 50, 52, 61) or 25 mL (24, 38, 41, 43, 44, 48). If
the final volume of the ash solution is 10 mL, the second portion
of acid solution added to the residue is only 2 mL (11).

Other ashing procedures are also applied; however, as com-
pared to the procedure quoted above, the differences lie in the
sample masses taken for the analysis, conditions of calcination,
and means of the dissolution of the resulting ash (6, 10, 13, 15,
18, 30–36, 51, 53, 55, 60, 62, 64, 66, 71). For example, before
heating in the muffle furnace small amounts of concentrated
HCl (62) and HNO3 (71) can be added to the samples or the
samples are mixed with Mg(CH3COO)2 (13) or Mg(NO3)2 (30)
as combustion and ashing aids. Higher and lower temperatures,
i.e., 700◦C (34), 500◦C (13, 36, 71), 450◦C (18, 30, 32, 33, 55,
64, 66), or special temperature programs (6, 62) are employed.
The ashes can be dissolved in concentrated HNO3 (6, 33, 62,
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64, 66, 71), 4.5 mol/L HNO3 (32), 2 mol/L HNO3 (13, 34), 0.8
mol/L HNO3 (55), concentrated HCl (15), 6 mol/L HCl (10),
1 mol/L HCl (31), 0.2 mol/L HCl (53), the mixture of concen-
trated HNO3 and HCl (30), the mixture of 2 mol/L HNO3 and
HCl (35), or concentrated HClO4 (36).

Open Vessel Wet Acid Digestion
The open vessel system wet acid digestion of honey is usually

performed in glass or PTFE beakers, Kjeldahl flasks, or porce-
lain crucibles. The sample sputtering and foaming is avoided
using heating at 60–90◦C (8, 51, 54, 78). When honey is ini-
tially dried, the higher digestion temperature can be used (39).
For the efficient honey incineration and mineralization of the
carbohydrate matrix, various oxidizing reagents or mixtures are
used, including concentrated HNO3, (2, 8), concentrated HNO3

with the admixture of 30% H2O2 (32, 51, 54, 78), concentrated
HNO3 with the admixture of concentrated HClO4 (21, 39, 82),
or the mixture of concentrated HNO3 and H2SO4 (42). The
samples can also be heated on a hot plate with low concentrated
HNO3 solutions to almost complete dryness (17). If the samples
are heated to near dryness, the resulting digests or residues left
are normally taken up directly with water. A 1 mol/L HCl (39)
or 0.1 mol/L HNO3 (17) solution can also be used for that aim,
or concentrated HNO3 is added at first and then water is used
for diluting (21). Typically, samples of 0.5 g (2, 54), 1–2 g (8,
17, 21, 32, 51, 57, 82), 3 g (78), or even 5 g (42) are digested.
The final volume of the solutions is usually 25 or 50 mL. The
microwave ovens are also used for the open vessel decompo-
sition of honey in special burning cups and using concentrated
HNO3 (22, 56).

Closed Vessel Wet Acid Digestion
Close vessel wet acid digestions are carried out using special

sealed PTFE bombs, autoclaves, or high temperature and pres-
sure resistant containers of the commercial microwave ovens
and systems. Considering the volatility of some metals, i.e., Cd,
Pb, Ni, and Zn in high temperatures, closed vessel digestions fa-
cilitated by microwave action are recognized to be very reliable
methods of honey decomposition as compared to dry ashing
or ashing with Mg(NO3)2 and NH4NO3 additives (32). When
using microwave assisted digestion procedures, the losses of
mentioned volatile metal species and chances of sample con-
tamination from the laboratory surroundings are negligible. Ad-
ditionally, the quantities of the reagents used for the decomposi-
tion, the preparation time, and the number of manipulations are
considerably reduced (5). As compared to the open vessel sys-
tem digestions, relatively small sample portions, i.e., 0.2–0.3 g
(20), 0.5 g (16, 49, 76), 0.6–0.7 g (40, 47, 63), 1 g (12, 14, 23,
27, 32, 46, 69, 76), 1.5 g (5), or 2 g (81), are mineralized with
this method. Typically, the mixtures of concentrated HNO3 and
30% H2O2 at ratios of 1:1 (16, 20, 63, 69), 3:1 (23, 32), 4:1
(14, 27, 47, 81), 5:1 (12), and 6:1 (5), or concentrated HNO3

only (46, 49, 53, 60, 76) are used as the digestion reagents. The

resulting digests are taken up and diluted with water to the re-
quired volume, e.g., 5 mL (32, 76), 10 mL (12, 20, 23), 25 mL
(27, 49, 63, 69, 81), or 50 mL (16, 47).

Water Dissolution
From the standpoint of a much lower risk of the contamina-

tion and/or loss of metals, the plain dilution of honey and direct
analysis of the resulting solutions by atomic and mass spectro-
metric methods is in particular very desirable (81). A prolonged
sample manipulation or incomplete digestion and extraction of
metals from honey is avoided. Shorter time of the sample treat-
ment and reduced amount of the reagents is also important. The
prepared samples have to be analyzed very quickly; otherwise,
suspensions and precipitates are formed due to a denaturation
of proteins and a microbial activity (26, 81).

Frequently honey samples are dissolved and diluted using
water to obtain the solutions containing from 1 to 5% of honey;
however, 20% solutions are analyzed as well when using ETAAS
and ICP-OES (9, 26, 28, 29, 31, 63, 71, 73, 74, 77, 79, 81). The
samples can be also diluted at first in small volumes of concen-
trated HNO3 (15), concentrated HNO3 with addition of H2O2

(12), and finally in water, or directly in low concentrated HNO3

solutions (6, 7, 82). Honey can be also dissolved and diluted with
water and acidified with HNO3 before topping to a final volume
(73, 74, 79). For better homogeneity, the prepared solutions are
shaken (71) or sonicated (12, 15) before measurements. They
can be also filtered in order to avoid impurities by beeswax (69).

QUALITY ASSURANCE AND CONTROL
Unfortunately, the validation of methods and procedures used

for the analysis of honey is difficult because no certified refer-
ence material (CRM) of honey is available. The lack of such
CRM can be ascribed to practical problems that posses honey. It
is very difficult to obtain a long-term stable and homogeneous
mass of honey ready for certification (26, 81). Three CRM can-
didates for trace elements in honey prepared by the Institute of
Reference Materials and Measurements of Joint Research Cen-
ter of the European Union (EC-JRC-IRMM) have been tested so
far (26, 81). The mentioned CRM candidates were dense aque-
ous solutions of eucalyptus (70%), robinia (80%), and acacia
(80%) ripened honeys placed in sealed ampoules purged with
Ar as inert gas.

Instead, the trueness of the methods and procedures applied
is commonly checked by the analysis of other CRMs containing
high levels of carbohydrates, e.g., Antarctic krill (MURST-ISS-
A2) (47), apple leaves (NBS 1515) (23, 32, 40, 47, 55, 64),
brown bread (BCR 191) (26, 81), corn (NBS 8413) (14), mixed
Polish herbs (INCT-MPH-2) (18), natural water (NIST 1640)
(7), tea leaves (INCT-TL-1) (18), wheat (IPE 684) (62), or whole
meal flour (BCR 189) (78). For the same purpose, the recovery
tests are carried out on the chosen samples fortified with known
amounts of metals under consideration (5, 9, 12, 16, 21, 23, 24,
29, 32, 51, 53, 60, 69, 73, 74, 77–79). In order to control the
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magnitude of possible matrix effects, the results obtained with
the external aqueous standard solutions are compared to those
achieved using the standard additions (29, 71, 77, 78). If they
are in an agreement, the effect of matrix on the measurements
is negligible, and the method of analysis used, including sample
preparation treatment and a calibration strategy, is regarded to
be valid and reliable. In the case of the direct analysis of honey
without any sample manipulation or treatment, the results are
compared with those based on the conventional sample calci-
nation and ash dissolution (71, 82) or obtained using another
dependable method of analysis, i.e., ion selective electrodes
(ISE) (39) or HR-SF-ICP-MS (81).

FRACTIONATION ANALYSIS
Although the characteristics of honey through the total metal

concentration assessment has received increasing attention due
to the possibility of its discrimination, classification, and in-
dication of a potential product fraud, a more comprehensive
understanding of the honey quality requires new analytical tools
enabling the measurements of a much wider variety of its prop-
erties. It is especially beneficial to take nourishment of the honey
into consideration. Not only is the total metal content important
but metal bioavailability is of a prime importance in the evalua-
tion of the quality and the dietary value of food and beverages.

Unfortunately, a direct experimental evidence on the clas-
sification of the metal species in honeys is occasional. Corre-
spondingly, a single column (73, 79) and a tandem column (74)
solid phase extraction approach using strong cation and anion
exchangers have been employed to distinguish the cationic, an-
ionic, and residual species fractions of Ca, Fe, Mg, and Zn in
different kind of honeys.

The fractionation patterns of Ca and Mg exhibit very great
similarity (73, 74). Both metals are predominantly present in
the form of the cationic metal species. The share of the cationic
fraction in relation to the total contents of Ca and Mg are
very high and vary from 97 to 100% in the case of Ca, and
from 98 to 99% for Mg. Regarding the organic and inorganic
composition of honeys, and the capability of different food
constituents to complex the metals, it can be presumed that
the distinguished cationic fraction likely contains free metal
cations and stable cationic complexes of Ca and Mg with in-
organic species or low molecular mass organic ligands, mostly
monovalent anions of some organic acids (citric, malic, ox-
alic, and tartaric) that willingly bind Ca and Mg at the pH of
honey. This fraction may be considered as the most bioavailable
to humans and directly absorbed through the gastrointestinal
tract.

In the cases of Fe and Zn, the distribution of the metal species
in the analyzed honey samples among the fractions distinguished
is more differentiated (74, 79). For Fe, the amount of the cationic
metal fraction, relative to the total quantity of the metal, spans
the range from 23 to 40%. The same class of the metal group-
ings for Zn is greater and changes from 73 to 100%. Remaining
groups of the Fe species distinguished through the operationally

defined fractionation procedures, i.e., the anionic and the resid-
ual fractions, are comparable. The abundance of the anionic
metal species ranges from 31 to 40%, while in the case of the
residual metal species it is from 29 to 45%. The contributions of
the respective fractions of Zn to the total metal concentrations
were from 2 to 10% in the case of the anionic metal species
and from 5 to 20% for the residual metal species. Taking into
account the capability of the endogenous ligands occurring in
honeys to bind the metals and the potential bioavailability of
different natural food components, it can be presumed that the
cationic fraction of Fe and Zn, possibly containing free cations,
hydroxycations, and a group of labile metal complexes, is the
most bioavailable due to ease in migration through the cell
membranes. The fraction of the anionic species of Fe and Zn is
presumably attributed to the stable complexes of these metals
with low molecular mass organic acids of honey, e.g., tartaric,
citric, oxalic, or malic acids. This group of the metal species
is also highly absorbable to the humans through the intestinal
system. Finally, the residual fraction is expected to include the
less bioavailable metal species or those that are inert to the
human body, likely belonging to the complexes of Fe and Zn
with different macromolecular ligands having a strong affinity
to bind the metals via donor oxygen atoms from hydroxyl, car-
boxyl, or sulfate groups, i.e., mostly phenolic acids and other
polyphenolic compounds and/or polysaccharides. Accordingly,
these organic compounds of honey are presumed to substantially
inhibit the absorbability of Fe and Zn.

FINAL REMARKS
The evaluation of the total content of major, minor, and trace

metals enables the assessment of the nutritive quality of hon-
eys originated from different regions. It also helps in tracking
and judging the product authenticity according to the geograph-
ical and biological provenience. In this case, metals and their
concentrations are useful descriptors of such honey classifica-
tion, since they are relatively stable constituents of honey and
characteristic for a certain forage area and localities. However,
additional sources of metals, mostly of the anthropogenic ori-
gin, should also be considered when the mineral composition of
honey is investigated.

The type of the sample preparation and the most suitable
analytical technique are determined by metals of interest to be
measured. However, potential matrix effects, interactions with
solvents, the stability of metal species, and validation parameters
of the selected method have to be taken into account. Usually,
due to matrix-dependent effects, the calibration with standard
additions or internal standards for the analysis is strongly advis-
able to be applied. Adequate fortified blanks when quantifying
traces of metals in honey should be respected as well.

Unfortunately, the overwhelming studies devoted to the in-
vestigation of metals in honey are focused on the determina-
tion of their total amounts. However, it is well recognized that
the bioavailability of metals and their impact on human health
are not regulated by the total concentrations but the individual
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physicochemical forms. Apparently, metals can be present in
honey matrix as simple ions and complexing ions of differ-
ent stability with low and high molecular weight inorganic and
organic compounds which are natural, endogenous bioligands
of honey. The extent of this complexation and the equilibrium
between the existing forms affect the availability and toxicity
of each metal. Although recently attempted works have identi-
fied the operationally defined groups of metal species in honey,
considering mutual properties of the metal species like lability,
charge, inertness, and affinity to certain solid ionic sorbents, it
can be expected that the speciation studies of metals in honey
using different separation techniques, i.e., ultrafiltration, capil-
lary electrophoresis, and size exclusion chromatography, would
lie in the scope of future research interest for the analytical and
food chemists. On the other hand, the use of gastrointestinal
enzymatic assay would be helpful for measuring availability of
metals from honey.
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