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Cadmium and Lead Contamination in Highland Honey
from Peru: A Potential Health Risk
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* A high proportion of honey samples (91.67%) exceeded the Maximum Permissible Limits (MPLs) for cadmium, with increases of up to

2,775% according to MERCOSUR standards.

* Honey from the district of La Encafiada showed the highest lead concentrations (p<0.05), with 58.33% of samples exceeding MPLs and

increases reaching up to 726.

* These results underscore the need for environmental monitoring and stricter regulatory measures to ensure honey safety and protect consumer

health.
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ABSTRACT

Introduction. Honey has been part of the human diet and medicine for millennia. Al-
though its nutritional composition can vary across regions, the concentration of certain
metals must not exceed the maximum permissible limits (MPLs) set by national and in-
ternational bodies, as these metals are toxic to consumers. Objectives. To determine the
concentration of cadmium and lead in honey from two districts (Cajamarca and La En-
caflada) in a northern province of Peru. Materials and Methods. Twelve samples were
collected from four localities in these two districts of the Cajamarca province. Cd and Pb
concentrations were measured using graphite furnace atomic absorption spectrophotom-
etry. Results and Discussion. Cd levels ranged from 0.070 to 2.875 mg/kg, while Pb
levels varied from <0.001 to 2.478 mg/kg, The highest Cd concentrations were found in
honey from the Cajamarca district and its two localities; however, these differences were
not statistically significant (»>0.05). Honey from La Encafiada and its localities showed
the highest Pb levels (p<0.05). Compared to MPLs established by Mercosur (Cd: 0.10
mg/kg; Pb: 0.30 mg/kg), 91.67% (95% CI: 61.52 - 99.79) of the samples exceeded these
limits for Cd, with increases of up to 2,775%. Similarly, 58.33% (95% CI: 27.67 - 84.83) of
the samples exceeded MPLs for Pb, with increases of up to 726%. Conclusions. Honey
samples from two northern Peruvian districts exhibited Cd and Pb levels above Mercosur
MPLs, posing potential health risks for consumers and rendering the honey unsuitable
for trade.

RESUMEN

Introduccién. Ia miel de abeja ha formado parte de la dieta y medicina milenaria
del hombre. Aunque su composicién nutricional puede variar de un lugar a otro, la
concentracion de algunos metales no debe sobrepasar los limites maximos permisibles
(LMP) establecidos por organismos nacionales e internacionales por ser téxicos para
los consumidores. Objetivo. Determinar la concentracion de cadmio y plomo en miel
de abeja de dos distritos (Cajamarca y La Encafiada) de una provincia del norte de
Perd. Materiales y Métodos. Se tomaron doce muestras de cuatro centros poblados
ubicados en dos distritos de la provincia de Cajamarca, Pert. La concentracién de Cd y
Pb se determiné mediante espectrofotometria de absorcién atémica en horno de grafito.
Resultados y Discusion. Los niveles de Cd oscilaron entre 0,070 y 2,875 mg/kg y de
Pb desde <0,001 hasta 2,478 mg/kg. La mayor concentracién de Cd se observé en miel
colectada del distrito de Cajamarca y sus dos centros poblados, sin embargo, no mostraron
diferencias estadisticas (p>0,05). La miel proveniente de La Encafiada y sus centros
poblados tuvo los mayores niveles de Pb (p<<0,05). Comparado con los LMP establecidos
por Mercosur (Cd: 0,10 mg/kg; Pb: 0,30 mg/kg), el 91,67% (IC95% 61,52 — 99,79) de
las muestras sobrepasaron los valores para el Cd, con incrementos de hasta 2,775%. Por
su parte, el 58,33% (IC95% 27,67 — 84,83) de las muestras sobrepasaron los LMP de
Pb, con incrementos hasta 726%. Conclusiones. Las muestras analizadas presentaron
concentraciones de Cd y Pb por encima de los limites de seguridad establecidos, lo que
podria representar un potencial riesgo para la salud del consumidor y limitar su idoneidad
para el comercio nacional e internacional.
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INTRODUCTION

Honey produced by the Western honeybee (Apis mellifera 1..) is highly nutritious, with bactericidal
activity, immunostimulatory properties, and other health benefits V. Its quality depends on its
mineral composition, concentrations of heavy metals, and physicochemical attributes. When these
concentrations exceed internationally recommended limits, they can pose significant health risks,

including mutagenic and carcinogenic effects .

The composition and characteristics of honey are directly influenced by its botanical and geographical
origin, including the specific type of flora, the timing of harvest, and the techniques used for processing
and storage Y. Elevated levels of metals have been reported in honey samples collected near

4

anthropogenic sources such as mining areas and sedimentation ponds . Bees can come into contact
with heavy metals during foraging, acquiring contaminants from polluted vegetation, water sources,
and airborne particles that adhere to their bodies ”. Within the hive, these metals can accumulate in

bee-derived products such as pollen, wax, propolis, and honey itself .

Honey is considered a potential bioindicator of heavy metal pollution, although its usefulness can
vary depending on floral origin, atmospheric particle retention by flowers, and other environmental
variables . For example, studies in Turkey have reported Cd concentrations ranging from 0.00 to
0.29 mg/kg and Pb concentrations from 0.00 to 3.03 mg/kg ; in an industrial region of Romania,
levels ranged from 0.05 to 3.81 mg/kg for Cd and 0.76 to 3.41 mg/kg for Pb "". In Peru, Pb levels
(1)

in honey from the Arequipa region ranged from 0.68 to 2.74 mg/kg
from 0.003 to 0.09 mg/kg 7.

, whereas in Junin they ranged

Food safety has become a growing global concern, driving consumer preference for high-quality

1

products 7. Contaminants in honey have garnered research interest due to honey’s value as a

bioindicator of environmental pollution, which is strongly influenced by geographical and ecological

(14

conditions 'Y, Comprehensive evaluation of physicochemical properties, mineral content, and the

presence of heavy metals is therefore essential to ensure the authenticity of honey and improve its

production capacity to meet market demands 7.

Cajamarca is one of the leading beekeeping regions in Peru, with approximately 15,491 beehives—

ranking just below Cusco, La Libertad, Junin, Lima, and Aputimac

9. However, there is limited
information on the nutritional composition of its honey, particularly regarding the presence and
concentrations of toxic metals. This study was thus conducted to determine the levels of Cd and Pb

in honey produced by Apis mellifera in two districts of the Cajamarca province, Peru.
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MATERIALS AND METHODS

Sampling was conducted from August to September 2023 in apiaries located in rural localities within
two districts of the Cajamarca province, in northern Peru. The study area is characterized by a dry
temperate climate, with an average annual temperature of 14.9 °C, relative humidity of 64.5%, and
annual precipitation of 537 mm 7. The local economy is primarily based on agticulture and livestock
(including cattle, sheep, and guinea pigs), with crops such as cereals, tubers, and vegetables, as well as
mining activities.

The selected apiaries were situated in four localities at different altitudes: Combayo (3,268 m) and
Romeral (3,149 m) in the district of La Encafiada, and Huambocancha (2,986 m) and La Paccha
(2,649 m) in the district of Cajamarca (Figure 1). Altitude data were obtained using the GPS Waypoints
application (v. 3.13). One apiary was selected per locality, and three unique honey samples of 350 g

each were collected from each apiary.

Caserio'El Porvenir

i, Micuypampa

Figure 1. Geographic location of the honey sampling sites in the Cajamarca province, Peru.

Sample collection was carried out at 11:00 a.m. following standard honey extraction procedures.
The hive cover was removed, three frames from the production chamber were extracted, and the
wax cappings were removed using an appropriate tool. The frames were then placed in a centrifugal
extractor operated continuously and vigorously. The extracted honey was collected in a clean plastic
container (Figure 2), and the required volume was subsequently transferred into hermetically sealed
glass jars, properly labeled. The jars were wrapped in absorbent paper to prevent breakage, placed in

cardboard boxes, and transported to the laboratory.
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Figure 2. Steps in the honey collection and packaging process: (a) Placement of frames into the manual centrifuge
for extraction; (b) Collection of honey after centrifugation and transfer to a plastic container; (c) Packaging of

samples into glass jars for shipment to the laboratory.

The concentrations of Cd and Pb were determined using graphite furnace atomic absorption
spectrophotometry (GFAAS)", with a Thermo Scientific iCE 3000 spectrometer. Prior to analysis,
the honey samples were heated in a water bath to reduce viscosity, weighed, and incinerated in a muffle
furnace at 450 °C for 16 hours to eliminate organic matter. The remaining residue was treated with
purified nitric and perchloric acids and heated to near dryness. The digested material was then filtered

and diluted to a specific volume for analysis.

Cadmium was measured at a wavelength of 228.8 nm using argon as the carrier gas and Zeeman
background correction. A calibration curve was prepared using standard Cd solutions at concentrations
ranging from 5 to 50 ppb to ensure analytical accuracy. LLead was quantified using a similar method, with
detection at 217 nm using a Pb-specific hollow cathode lamp and deuterium background correction.
Atomization conditions included a temperature of 1,800 °C and ultra-high purity argon as the carrier

gas. A calibration curve for Pb was prepared with standard solutions ranging from 50 to 300 ppb.

All analyses were performed at the Center for Toxicological Information, Control, and Environmental
Management Support, Faculty of Pharmacy and Biochemistry, National University of San Marcos,

Lima — Peru.

The Cd and Pb concentrations were compared against the Maximum Permissible Limits (MPLs) set
by the MERCOSUR Technical Regulation on Inorganic Contaminants in Food MERCOSUR/GMC/
RES. No. 12/2011), which establishes an MPL of 0.10 mg/kg for Cd and 0.30 mg/kg for Pb in honey.

Data were analyzed using descriptive statistics. Normality was assessed with the Shapiro—Wilk test.
Based on the results, differences in Cd concentrations between the two districts were evaluated using

the Mann—Whitney U test, while comparisons among localities were conducted using the Kruskal—
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Wiallis test. For Pb, comparisons between districts were performed using the Student’s t-test, and
among localities using one-way ANOVA followed by Tukey’s post hoc test. A significance level of

p<0.05 was considered.

Additionally, the percentages of samples exceeding the MPLs for each metal were calculated, along
with their corresponding 95% confidence intervals (Cls), using the Clopper—Pearson method, which
is suitable for small sample sizes. These analyses were conducted using SPSS software v.27.0.1. The
percentages and Cls of samples deemed suitable or unsuitable for human consumption were also

calculated.

RESULTS

In the twelve honey samples collected from two districts in the province of Cajamarca (Peru), cadmium
(Cd) concentrations ranged from 0.070 to 2.875 mg/kg, while lead (Pb) levels varied from <0.001 to
2.478 mg/kg. At the district level, the highest Cd concentrations were detected in samples from the

district of Cajamarca, whereas the highest Pb concentrations were found in samples from the district

of La Encafada (Figure 3).
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Figure 3. Concentration of cadmium and lead (mg/kg) in honey samples collected from two districts

in Cajamarca, Peru.

No statistically significant differences were observed in Cd levels among the different localities
(p>0.05). In contrast, Pb concentrations were significantly higher in honey samples from La Encafiada

and its respective localities compared to those from the district of Cajamarca (p<<0.05) (Table 1).
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Table 1. Comparisons of cadmium and lead concentrations (mg/kg) in honey collected from two

districts in Cajamarca, Peru.

District Locality
Cd Pb Cd Pb
Median Mean * SD Median Mean * SD
Combayo <0.154* 1.281 £ 0.964*
La Encafiada 0.300° 1.623 £ 0.805*
Romeral 0.466* 1.965 £ 0.582*
Huambocancha 0.391¢ 0.121 £ 0.106®

0.315* 0.267 + 0.257°

Cajamarca
La Paccha <0.154* 0.412 £ 0.300"

Different letters within the same column indicate statistically significant differences (p<<0.05). Cd was compared using the
Mann—Whitney U test and Kruskal-Wallis test; Pb was compared using Student’s t-test and one-way ANOVA with Tukey’s
post hoc test. SD: Standard deviation

In relation to the Maximum Permissible Limits (MPLs) established by MERCOSUR, the highest
proportion of honey samples with non-permissible Cd concentrations was recorded in the district of
Cajamarca, whereas the greatest number of samples exceeding the Pb limit was observed in the district

of La Encafiada (Table 2).

Table 2. Percentage (%) of honey samples collected in two districts of northern Peru with cadmium and lead

concentrations (mg/kg) exceeding the Maximum Permissible Limits (MPLs) established by MERCOSUR¥*.

Heavy metals District (% [95% CI]) Locality (%o [95%CI])
Cd Pb Cd Pb Cd Pb
<0.154NP (0.183P
- w Combayo 25.00 16.67
0.9538F 1.674 (n=73) [5.49 — 57.19] [2.09 — 48.41]
<0545 19868 Enc];;a W 41.67 41.67
00 2478 (= 6) [15.17 = 72.33] [15.17 = 72.33]
0.757NP  1.330NP Romeral 16.67 25.00
(n=13) [2.09 — 48.41] [5.49 — 57.19]
0.446NP  2.086NP
1.385NP <(.001P
) ) Huambocancha 25,00 0
0.238%" 02011 (n=3) [5.49 — 57.19]
0.391NF 016" Cajamarca 50.00 16.67
N ! [21.09 — 78.91] [2.09 — 48.41]
X X La Paccha 25.00 16.67
<014 0070 =3 [5.49 — 57.19] [2.00 — 48.41]
2.875NP (0.535NP
Total =12 91.67[61.52-99.79]  58.33[27.67 - 84.83)] Total  91.67 [61.52-99.79]  58.33 [27.67 - 84.83]

CI: Confidence interval
NP: Non-permissible; P: Permissible
*MERCOSUR establishes a maximum permissible limit of 0.10 mg/kg for Cd and 0.30 mg/kg for Pb
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The percentage increases in Cd and Pb concentrations relative to the Maximum Permissible Limits
(MPLs) established by MERCOSUR were considerably high in most of the honey samples analyzed.
Notably, one sample exceeded the MPL for Cd by more than 1,000%, while another surpassed 2,000%
(Table 3).

Table 3. Percentage (%) increase in cadmium and lead concentrations (mg/kg) relative to MPLs in honey
collected from two districts in Cajamarca, Peru.
Cd Pb

MERCOSUR  This study Increase (%) MERCOSUR This study  Increase (%)

<0.154 <54 0.183 -39
0.953 853 1.674 458
<0.154 <54 1.986 562
0.070 -30 2478 726
0.757 657 1.332 344
0.10 0.446 346 0.30 2.086 595.33
1.385 1,285 <0.001 -<99.67
0.238 138 0.201 -33
0.391 291 0.160 -46.67
<0.154 <54 0.632 110.67
<0.154 <54 0.070 -76.67
2.875 2,775 0.535 78.33

DISCUSSION

Cadmium (Cd) and lead (Pb) concentrations in the analyzed honey samples ranged from 0.070 to
2.875 mg/kg and <0.001 to 2.478 mg/kg, respectively. The percentage increases relative to the
Maximum Permissible Limits (MPLs) established by MERCOSUR (Cd: 0.10 mg/kg; Pb: 0.30 mg/kg)
were notably high, classifying the majority of samples as unsuitable for regional trade. This situation is
even more critical in the international context, as the Codex Alimentarius (GSCTFF CXS 193-1995)
sets a Pb limit of 0.10 mg/kg. Although it does not specify a Cd limit for honey, it does for vegetables
and leafy greens, set at 0.20 mg/kg.

The concentrations observed are partially consistent with international studies. For instance, in Turkey,
Cd levels between 0.00 and 0.29 mg/kg and Pb levels between 0.00 and 3.03 mg/kg have been reported
“. In an industrial region of Romania, ranges of 0.05-3.81 mg/kg for Cd and 0.76-3.41 mg/kg for
Pb were found . However, the values in this study exceed those from less impacted regions such as
the United Kingdom, where Cd has been reported between <0.0003 and 0.3 mg/kg, and Pb between
<0.002 and 0.2 mg/kg ©. Nationally, Pb levels in Cajamarca were higher than those reported in Junin
(0.003-0.09 mg/kg) "7, and similar to those in Arequipa (0.68-2.74 mg/kg), a region with significant
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mining activity V. Variations could be attributed to differences in methodologies, environmental conditions,

flora types, harvest seasons, or processing techniques.

Several environmental factors such as altitude, soil type, anthropogenic activity, and hydrological conditions
can significantly influence heavy metal concentrations in honey “*. In this study, Pb concentrations were
higher in ILa Encafiada than in Cajamarca, possibly due to more intense agricultural activity combined with
formal and informal mining operations “"*". In this region, gold mining is prevalent, involving the use of
cyanide, mercury, and lead in leaching processes. These elements can be released into the environment and

transported via air, water, or soil, eventually contaminating the nectar and pollen collected by bees.

Although no significant differences in Cd levels were observed between districts, concentrations tended to
be higher in the lower-altitude locality. This may be explained by runoff and deposition of contaminated
sediments during the rainy season, which can carry pollutants from higher to lower elevations V. Additionally,
this locality is traversed by a river that receives untreated domestic wastewater from the city of Cajamarca,
posing another potential source of Cd contamination, as the metal may accumulate in soil and be absorbed

by local vegetation.

Another likely source of contamination is the use of agrochemicals in dominant local crops such as potato,
oca, and ulluco. These practices often involve phosphate fertilizers (a known source of Cd), organophosphate
pesticides, glyphosate-based herbicides, and fungicides containing metallic compounds. Excessive or
inappropriate use of such products, especially in the absence of technical oversight or environmental impact

assessments, can lead to metal accumulation in soils and their subsequent uptake by bee forage plants.

2 (22) di
/, and 1n some cases Llp

It is also important to consider that honeybees forage over areas exceeding 7 km
to 100 km? V] significantly increasing their exposure to multiple contamination sources. Within this foraging
range, the coexistence of agricultural, livestock, and mining activities may result in a complex mixture of

environmental risks, which can amplify the presence of heavy metals in nectar, pollen, and, ultimately, honey.

Moreover, the honey extraction method may influence contamination levels depending on the materials
used Y. Howevert, in this study, such risk was minimal, as contact with stainless steel from the centrifuge
was limited, and honey was stored in plastic and glass containers, avoiding materials like lead that may leach

contaminants.

Although Cajamarca is among the main beekeeping regions in Peru %, the findings of this study suggest that
specific areas may be exposed to heavy metal contamination, posing risks to both apiculture and public health.
This risk is particularly relevant in rural zones, where sanitary control is limited and honey consumption is

frequent.

Dietary exposure to heavy metals such as Cd and Pb poses a substantial risk to human health due to their
bioaccumulative nature and chronic toxicity. Long-term Cd intake has been linked to renal damage, bone

disorders (e.g., Itai-Itai disease), and cardiovascular, respiratory, and muscular impairments . The established
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Minimum Risk Level (MRL) for intermediate exposure (15-364 days) is 0.5 ug/kg/day, and for chronic
exposure (=1 year), it is 0.1 ug/kg/day “. Regarding Pb, its neurotoxic effects are particulatly concerning
in children and women of reproductive age, as it accumulates in the brain, liver, kidneys, and bones. The
WHO states that no safe level of Pb exposure exists, and blood levels as low as 3.5 pg/dL can cause cognitive
impairment, while levels =5 pg/dL in children are already considered harmful . These findings underscore

the importance of monitoring honey for heavy metal contamination to mitigate health risks.

A key limitation of this study was the relatively small sample size and the restriction to only two districts,
which limits the generalizability of the findings. Moreover, no analysis was conducted on soil characteristics
or chemical residues in locally used agrochemicals, making it difficult to establish direct causal links. Further
studies are recommended, with broader spatial and temporal coverage, including variables such as dominant
flowering types, residue analyses in soil and water, and interviews with local farmers and livestock producers

regarding their use of agricultural inputs.

Finally, considering that some honey samples exhibited alarmingly high levels of heavy metals, controlled
bioassays using model organisms are suggested to assess sublethal and cumulative toxicity. Such experimental
approaches would provide a more objective evaluation of the potential health and environmental risks,
supporting the need to implement environmental surveillance systems and quality control programs for

apicultural products in vulnerable areas.
CONCLUSIONS

Honey samples collected from two districts in the province of Cajamarca exhibited Cd and Pb concentrations
exceeding the limits recommended by international health authorities. Compared to the Maximum Permissible
Limits (Cd: 0.10 mg/kg; Pb: 0.30 mg/kg) established by MERCOSUR, 91.67% of the samples exceeded the
Cd limit, with increases of up to 2,775%. Similarly, 58.33% of the samples surpassed the Pb threshold, with

increases reaching 726%.

This situation undermines food safety and poses a significant health risk to consumers, in addition to being
incompatible with national and international trade standards. The findings may also reflect environmental
contamination in the region, underscoring the need for competent authorities to implement integrated policies
and measures to address this issue. Further studies and permanent monitoring programs are recommended

for both honey and its consumers.
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