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ABSTRACT

While culinary spices offer numerous benefits, they can pose health risks if contaminated with heavy metals. Raising
awareness about these dangers is essential, and proactive steps should be taken to detect and reduce contamination,
ensuring the safe use of spices. In this study, several samples of different types of mixed spices used in seasoning
red meat, chicken, Indomie, pizza and fish were purchased from local markets in Zawia city during September 2023
to study the extent of contamination with heavy elements. Quantification of 11 heavy metals: Pb, Cd, As, Hg, Mn,
Ni, Cu, Zn, Fe, Co and Cr was conducted after wet digestion and X-ray fluorescence (XRF) analysis using the
XSupreme 8000 equipment. The analysis showed that all tested spices contained varying levels of heavy metals;
however, their concentrations were significantly below the international safety thresholds set by Codex Alimentarius
and WHO. Among the heavy metals under analysis, the lowest concentration was noted in the case of toxic elements
of mercury (0.09 + 0.03 ppm), Arsenic (0.086 + 0.03 ppm), and Lead (0.12 + 0.05 ppm). The highest was detected
in the case of an essential nutrient with low toxicity, Manganese (2.43 + 1.82 ppm). This result underscores the need
for continuous monitoring and adherence to safety standards to maintain these low levels and ensure consumer safety,
and expanded monitoring of heavy metals in food products within Libya. Additionally, raising consumer awareness
regarding the potential health risks associated with the consumption or overconsumption of contaminated spices is
essential.

Keywords: Contamination, Heavy metals, Spices, WHO, X-ray fluorescence

g3 Wiate 3lgal 38,892k ! gl 3 Aeitl] Golall ligioms pad

e Jbs rdls ol Do pose A 5Ssg] e e dad Fadludlae Gladdl gysnall Addle Py gy roe gl Bl
a).JLEJ‘..\.g.C ‘QJLU desee s liw ‘agéaj.q&p.” ‘5)_9.44.1.1‘

Lo gl o g i) Lnolor cppslall S s LeosiST) i’

sl

53L5 9l (a9 Aatll (oalakly Ashe Sl 3] Bumam ylalina JSAT OF (S Lel W] catilgall oo cpuall L (gl Lilgs o e 8

@ Ayl sda G ilsild a¥l plasiad] lasss cdin aaedly Salill (e S ABlil olghas 3Ll udg olas¥l sde (£)
oo ety 5dly Lagidly 7 lr g ezl mgoeldl Lilss § donseiandl Alalisel) Sl)Ledl oo Aalizes #1531 (o ilipe Buie ¢l
M bas 11 J @831 ol ely) 03 Aatl] o liadly g lill gute Bunlyd 2023 et s IS L9l3) iyt 3 Al (3152
Cedang 5518 Julxig oI @ia Il ny 29,8019 idsgS1 gzl cclisdh e olomadl ISl sl e 35301 i3Il cpgunnlSTN o lia ]!
Lglate ibgiue e ggizi 8l loall prem oo Julmill 5l oy lal X-Supreme 8000. =l as ploseiwls (XRF) dudpud| 2029
Al dalaiog Glisdl Heiwadl Aia Leoas G adoudl oL cbigtus (o S J81 LelnS,5 o elld aag alatll olall oo
&l (0l G52 03.0£09.0) 3530 Asbaadl puobiall Al § 5S35 ol Jamew ¢ Julmtll B Alatl) alall oy (a9 2l lall
el Laisill dueud) 93 gl jmiall 3855 el domay (O3elll 35 52 05.0 £ 12.0) olio, g (G5ll) § ¢ 52 03.0 +086.0)
bsiadl sda e bolaseld Adldl slaey al30¥19 8 yaiwl] 28111 ) A bl e i) sda uS55 (Osalll 36528214 43.2)

5313 950l (e c2lU3 J) A8LYL L 51 Al dad) el § Aatl! oalaall dasogll 281,05 el Aadla (lasing Liaisel
1L Llstl! PSlel (§ l8¥1 of Ity dla, ) Aletzell dpmanll Jalikly 3laT slosd el (g9

bead] An Y] g yold Al el Al dabsio o Llgil (AL Golall i g lel) dun Lzl ] Lo

Univ Zawia J Nat Sci 2025:2;77-87 77
http://journals.zu.edu.ly/index.php/UZINS

“Avrticles published in Univ Zawia J Nat Sci are licensed under a Creative Commons @ ® @
Attribution-NonCommercial 4.0 International License.”



http://journals.zu.edu.ly/index.php/UZJNS
https://journals.zu.edu.ly/index.php/UZJNS
http://orcid.org/
http://orcid.org/
http://orcid.org/
http://orcid.org/
http://orcid.org/
http://orcid.org/0009-0003-7142-2630
http://orcid.org/0009-0001-8910-4970
http://orcid.org/0009-0003-6304-9362
http://orcid.org/0009-0001-0186-2759
http://orcid.org/0009-0004-3095-8911
http://orcid.org/0009-0004-5892-4553

Bahrounme et al.

Introduction

Spices are an essential component of global cuisine,
valued not only for their flavour but also for their
potential health benefits. However, the presence of
heavy metals in spices has become a growing
concern due to their potential toxic effects on human
health. These toxic elements can accumulate in the
body and lead to severe health issues. Some heavy
metals like lead (Pb), cadmium (Cd), cobalt (Co),
copper (Cu), and zinc (Zn) are the most common
elements that cause food contamination and enter
food through environmental pollution and
agricultural practices.

Zawia, a vibrant city in Libya, is known for its active
markets where spices and herbs are an essential part
of daily cooking and culture. Although widely
consumed, there has been limited research on their
safety in relation to heavy metal contamination. This
study seeks to analyze the levels of selected heavy
metals in popular spices sold in Zawia’s markets.
This study aims to shed light on whether these
products comply with international safety standards
and to evaluate any potential health risks for
consumers.

1.1. Background on spice consumption in Libya.
Spice consumption in Libya is intensely rooted in the
country’s history and culture, shaped by influences
such as traditional trade routes, perceived health
benefits, and diverse culinary customs. Historically,
Spices have long held an important habitation in the
Mediterranean region, where ancient trade routes
carried not just goods, but flavors, traditions, and
healing herbs across cultures and generations.

Notably, the ancient city of Cyrene (Shahat) in Libya
was famous for the production of silphion, a highly
valued spice used for both culinary and medicinal
purposes, which highlights the historical
significance of spices in Libyan culture [1].
Understanding how spices are used in Libya today
requires looking back at their deep historical roots.
Over time, traditional Libyan practices have blended
with global influences, shaping the way spices are
consumed now. Spices are more than just a source of
flavor; they’re part of daily life, valued for their
cultural meaning and health benefits. Modern
research continues to highlight their positive effects,
from natural antimicrobial action to possible roles in
preventing disease, making them both a culinary and
wellness staple in Libyan households [2], [3], [4].
For example, spices such as turmeric and chilli
pepper have been linked to various health benefits,
including anti-inflammatory effects and improved
immune function [3], [4]. This growing

consciousness of the health benefits of spices has
contributed to their increased popularity in Libyan
cuisine. Furthermore, the contemporary Libyan food
industry is undergoing changes that reflect broader
global trends in food consumption. The rise of
supermarkets and contemporary shopping practices
has had a significant impact on how people purchase
and use spices. Nowadays, a lot of people rely on
store shelves with spices that are neatly packaged
rather than just traditional markets or local vendors
because they are drawn to convenience, variety, and
branding. In addition to the purchasing process, this
change has affected the way spices are used in daily
cooking and culture [5]. Despite these

changes, traditional spice usage remains prevalent in
Libyan households. Spices are integral to many
traditional dishes, enhancing flavour and preserving
food. The use of spices in Libyan food is often
associated with cultural identity and tradition, as
families pass down recipes that incorporate specific
spices unigue to their regional backgrounds [6]. This
cultural significance underscores the role of spices
not only as flavour enhancers but also as symbols of
Libyan culinary traditions.

1.2. Heavy Metals in Spices: Sources.

Spices also get contaminated with heavy metals at
different life cycle stages, like growth to processing
and packaging. Major sources include contaminated
soil and water, through which toxic metals are taken
up by plants as they grow; industrial activities, such
as mining and manufacturing, which lead to
pollution into the environment; and the use of
agrochemicals, such as fertilizers and pesticides, that
may contain heavy metals stress handling,
processing or packaging errors may also intensify
the amount of contamination if strict quality control
measures are not implemented. Researchers specify
that the levels of heavy metals in spices are often
reflective  of environmental pollution and
agricultural practices. For example, researchers in
[7] described that the heavy metal content in spices
available in Tripoli City markets, Libya, is
influenced by environmental pollution and the use of
contaminated fertilizers and pesticides. The study
highlighted that lead and cadmium residues were
detectable in various spices, raising concerns about
the safety of these products for human consumption.
Likewise, in [8], researchers studied heavy metal
contamination in five commonly used spices in
Libya (hot red pepper, bazaar, cumin, turmeric, and
Al-harrarat) purchased from markets in Sabratha and
Surman. Using atomic absorption spectroscopy
(AAYS), the concentrations of zinc, lead, cobalt, and
copper were measured. Results show that zinc levels
(0.8-14.5 ppm) were within the permissible limit (50
ppm, WHO). However, lead (285.75 + 93.6 ppm)
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and cobalt (568 + 249.6 ppm) exceeded safety limits,
posing health risks. Copper concentrations were
within safe limits in Sabratha samples but reached
hazardous levels in turmeric and bazaar from
Surman (285.75 £ 93.6 ppm and 568.4 + 249.6 ppm,
respectively). Likewise, Kowalska's research in
Poland establishes that commonly used herbs and
spices showed varying levels of mercury
contamination, emphasizing the need for monitoring
heavy metal levels in food products [9]. The
regulatory landscape for heavy metals in spices is
also evolving. Ishida pointed out that while certain
regulatory measures have been implemented in
places like New York, a more comprehensive global
approach is necessary to mitigate human exposure to
heavy metals from imported spices [10]. This is
particularly important as spices are frequently
imported from regions where agricultural practices
may not adhere to stringent safety standards.
Monitoring heavy metal contamination is crucial for
assessing the health risks associated with spice
consumption. Mohamed [11] highlighted the
importance of tracking heavy metal toxicity levels in
spices to understand their potential health impacts.
The study indicated that spices could serve as a
pathway for heavy metals to enter the human body,
leading to bioaccumulation in organs and various
health complications. This concern is supported by
Adugna [12], who observed that the inclusion of
contaminated spices in food can substantially
contribute to the accumulation of heavy metals in
human tissues. The potential for heavy metal
contamination in spices is not limited to specific
regions. Studies from various countries, including
Bangladesh and Ethiopia, have reported alarming
levels of heavy metals in spices, underscoring a
global issue [13], [14]. For example, research
conducted in Bangladesh has shown that spices
could accumulate heavy metals during cultivation
and processing, thereby posing health risks to
consumers [13]. Furthermore, research in [14]
highlighted that those spices could act as conduits
for transferring toxins from the environment to
humans, reinforcing the need for rigorous
monitoring and regulation.

1.3. Heavy Metals in Spices: Risks

Heavy metals present significant health hazards,
especially with prolonged exposure over time [15].
These elements accumulate in various organs,
causing toxicity and disease [16]. The highly toxic
lead affects enzymes, causing anaemia, nervous
system disorders, cognitive impairments, and even
death. Lead poisoning is especially severe in
developing countries, with major exposure through
contaminated food, water, and air [17], [18], [19].
Cadmium (Cd) accumulates in the kidneys and liver,
leading to high blood pressure, kidney failure, and
osteoporosis. It has a long biological half-life (20—
40 years) [20], [21]. Copper (Cu) is an essential

element but toxic in excess, leading to liver damage,
neurological disorders, and digestive issues [22],
[23]. Also, Zinc (Zn) is an essential element for

health. However, excessive intake may lead to

neurological and digestive disorders, while
prolonged exposure can result in poisoning,
manifesting as anemia, muscle weakness, and even
paralysis [21], [24]. Arsenic (As) is highly toxic and
linked to neurological, cardiovascular, and
reproductive issues. Long-term exposure increases
the risk of cancer and diabetes, primarily through
contaminated water and food [10]. Mercury (Hg)
impacts the nervous system and has been linked to
memory loss, depression, and developmental
disorders, particularly in infants. Mercury exists in
many chemical forms (inorganic and organic
mercury). The toxicity of mercury depends on its
form and concentration within the analyzed
substrate, with methylmercury being the most
hazardous form [25], [26]. Chromium Cr (VI) is
particularly toxic, leading to respiratory diseases,
anaemia, and even lung cancer [27]. Cobalt (Co)
accumulates in the body, leading to allergic
reactions, cardiovascular diseases, and reduced
fertility. High exposure has been linked to lung
disease [28]. Nickel (Ni) Exposure causes
respiratory disorders, DNA damage, and potential
carcinogenic effects [29].

Long-term accumulation of heavy metals in the
body, even at low exposure levels, can pose serious
health risks. These include neurological disorders
from lead and mercury, kidney damage from
cadmium and lead, increased risk of cardiovascular
diseases, and harmful effects on fetal development
during pregnancy. Therefore, heavy metal exposure
can have severe health consequences, necessitating
strict  monitoring of food and environmental
contamination to minimize risks. The main objective
of this study was to determine the concentration of
certain heavy metals (iron, manganese, zinc,
cadmium, cobalt, nickel, arsenic, mercury, copper,
Chromium, and lead) in various types of spices sold
in local markets in Zawia city in the west of Libya.
The study aimed to assess the levels of 11 heavy
metals in different spice samples to evaluate their
safety for human consumption.

1.4. Spices investigated in Libya.

Very little research has been conducted to evaluate
heavy metal-related risk assessment in spices in
Libya. Researchers in [8] investigated the level of
zinc, lead, cobalt and copper in Hotred pepper,
Bezzar, Cumin, Turmeric and Al-harrarat collected
from Sabratha and Surman markets in Libya. The
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concentration of the heavy metals was measured by
atomic absorption spectroscopy (AAS). They found
that the concentration of zinc was within the
permissible limits of the World Health Organization
(50ppm), while the concentration of lead, copper and
Cobalt in Turmeric and bazaar were higher than the
permissible limits. Several commonly consumed
spices in Libya, including cinnamon, ginger, alpinia,
cloves, turmeric, black pepper, cumin and, albezzar
were collected from two main stores in the Alasaba
and Tagasat regions and were wet digested to extract
metals (Pb, Cd, Cu, Zn, Fe, Cr, and Mn), and then
evaluate the metal levels in the extracted solutions
using atomic absorption spectroscopy [31]. The
concentration of metals was lower than their
permissible levels in spices set by the World Health
Organisation (WHO), except for Cd and Cr in most
examined spices, which recorded levels more than
those recommended by WHO. Some selected spices
commonly consumed in Tripoli, Libya, including
chilli pepper, black pepper, turmeric and mixed
spices (Hrarat) were investigated for lead (Pb) and
cadmium (Cd) contamination using atomic
absorption spectroscopy after digestion with nitric
acid and hydrogen peroxide [7]. The levels found in
this study for lead in the samples were below those
recommended by FAO. However, levels of cadmium
exceeded FAO recommendations.  Differences
observed between Cd and Pb levels for spices sold
in retail and wholesale markets indicate that the
quality of spices across the value chain in Libya is
highly variable and that several sources supply the
market, some of which are contaminated and some
of which are not. Another study [31] assessed the
levels of heavy metals in several spices (turmeric,
black pepper, red pepper, and al hararat) available in
the markets of Misrata city. The results of the
chemical analysis of this study showed that most of
the concentrations of heavy elements in the spices
under study were within the permissible limits and at
a safe level for consumption. A study [32] was
conducted on spice samples collected from markets
in the Wadi Al-Shati region in southern Libya to
estimate the concentrations of various heavy metals.
The analyzed spices included ginger, turmeric,
cardamom, black pepper, red pepper, cumin,
cinnamon, and coriander. The study revealed a
variation in heavy metal concentrations across the
different spice samples. Some samples exceeded the
maximum permissible according to the standard
specifications of the World Health Organization and
the Food and Agriculture Organization.

2. Materials and methods

2.1. Sample Collection

Thirteen different samples of various brands of
commonly used spices in Zawia City were
collected. The samples were purchased from local
markets and spice shops during September 2023.

The samples collected included fish spices (Libyan
Kitchen), red meat spices (Libyan Kitchen), chicken
spices (Libyan Kitchen), red meat Spices (Al
Tagori, Tunisian Spices), chicken spices (Al Tagori,
Tunisian Spices), fish cumin (Al Tagori, Tunisian
Spices), Indomie 1 spice, Kabsa rice spices, Biryani
rice mixed spices, Pizza mixed spices (Tajouri),
Homemade thyme mixture, Bazaar (Uqgeda),
Indomie 2 spices. They were kept dry and then
placed in glass containers after being numbered and
labelled.

2.2. Digestion of Spice Samples.

All apparatus and glassware were initially washed
with detergent and then soaked in 10 % nitric acid
overnight. They were then rinsed with tap water and
finally with distilled water. The glassware was dried
in a hot oven at 110°C.

For the determination of heavy metal
concentrations, wet digestion of the dried samples
was done according to the method described by
[33], [34] using an oxi-acidic mixture of HNO3 70%
and 30 % H202 (4:1). All chemicals used in this
experiment were from Sigma Aldrich, St. Louis,
MO, USA.

A 40 mL of oxi-acidic mixture was added to 4 g of
dry-ground sample placed in a 150-ml beaker, the
content of the beaker was heated on an electric
heater to 130 o C and mixed for 3 hours. This step
was replicated unless a colourless solution was
generated. Sample digests were then filtered
through the Whatman No. 42 filter paper and diluted
to volume using double-distilled deionized water
[34]. The final filtrate for each species sample was
collected to 25 ml. Finally, samples were kept in
plastic vessels at 4 °C until analysis. A blank
digestion solution was prepared in the same way for
comparison.

2.3. Heavy metal analysis of spice samples

The heavy metals were determined by the
XSupreme 8000 equipment product from Oxford
Instruments owned by Azzawiya Oil Refining
Company to determine the level of heavy elements
present in the spice samples under study. The core
function of the X-Supreme 8000 is to conduct
Xray fluorescence (XRF) analysis, enabling to
identify and quantify the elemental composition of
samples. The metal contents of each sample were
presented in ppm.

3. Results and discussion

Heavy metals (Pb, Cd, As, Hg, Mn, Ni, Cu, Zn, Fe,
Co, Cr) analyses have been performed on 13
species, and the results (concentrations and
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standard deviations) have been presented in Table
1 and Figure 1. The obtained results were
compared with the international food standard
framework set by (WHO/FOA  Codex
Alimentarius), which sets Maximum Limits
(MLs) based on toxicological data and risk
assessment models. These limits are shown in
Table 2.

In the following, these results will be presented and

discussed separately

3.1. Iron (Fe)

The concentration of Iron (Fe) in the studied
samples was 0.53+0.44 ppm, which is significantly
lower than the permissible limit of 300 ppm set by
international food safety authorities, as mentioned
in Table 2. This suggests that no significant
external iron contamination occurred during
cultivation, processing, or packaging.

Although the level is low compared to the limit,
spices are generally consumed in small amounts,
s0 this concentration contributes only minimally to

Table 1. The Maximum Permissible Limit values

for studied heavy metals in Spices (mg/kg, ppm)
(EU Regulation 2023/915 & FDA Guidelines).

FDA Codex
EU Limit Action Alimentari
Metal
(ppm) Level us
(ppm) (ppm)
Pb 05-3.0 2.0 5.0
Cd 0.1-05 0.1 0.3
As 05-10 1.0 1.0
Hg 0.03-0.1 0.1 0.1
Mn Not regulated No limit No limit
Ni 1.0-50 No limit 5.0
Cu 20 -50 50 50
Zn 50 - 100 100 100
Fe 100 - 300 No limit 300
Co Not regulated No limit No limit
Cr 2.0-10.0 No limit 10.0

Table 2 The average concentrations (ppm) and
SD for studied heavy metals in Studied Spices.

element Avrag SD
Fe 0.53 0.44
Ni 0.65 0.04
Pb 0.12 0.05
Cd 0.2 0.09
Hg 0.09 0.03
As 0.09 0.03
Co 0.5 0
Cu 0.26 0.15
Zn 0.41 0.30
Mn 2.43 1.82
Cr 0.56 0.51

“’:“ﬁ,,lii‘I

Fe Ni Pb Cd Hg As Co Cu Zn Mn Cr

Concentration of heavy metals
ppm)

Heavy metals

Figure 1. Concentrations (ppm) of heavy metals
from spice samples marketed in Zawia city.

Daily iron intake does not constitute any negative
impact on the health of the consumer, as iron is
one of the important basic elements in the vital
processes within the body, which is required for
haemoglobin formation and oxygen transport.
The relatively high standard deviation (+0.44
ppm) compared to the mean (0.53 ppm) suggests
variation among the individual samples. This may
reflect inconsistencies in processing, soil
composition, or storage conditions. Moreover,
the result implies limited accumulation of iron
from soil or irrigation water, possibly due to
controlled use of fertilizers or favourable
environmental conditions. The iron concentration
in the Zawia spice sample is notably lower than
that reported in other regions such as Musrata
[32], Wadi Ashati and Nafsa Mountain [30]. The
low iron level in the Zawia sample indicates a
minimal risk of iron-related health issues from its
consumption.

3.2. Nickel (Ni)

The results showed that the average concentration
of Ni in all spices studied was 0.65 + 0.04 ppm.
This level falls well beneath the (1.0-5.0 ppm)
threshold set by [35] for Ni in spices, indicating
no immediate health risk from dietary exposure
[36]. The Ni levels in the Zawia spice samples are
lower than those reported in comparable studies
from other regions [34], [37], [38], [ 39].

3.3. Lead (Pb)

The average concentration of lead (Pb) in all studi
samples was detected at 0.12 + 0.05. Codex sets t

ed
he

maximum for Pb at 5.0 ppm, so this is significantly

below the permissible limit, indicating minimal ri

sk

from lead exposure through spice consumption.

Overall, these findings are consistent with t

he

findings of [7], [13]. As well as being compatible

with the results of [31], who found that t
concentration of lead in four different spices sold
the Libyan markets of Misurata ranged betwe

he
in
en
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0.90-0.04 ng/g. However, the results reported by
[8] show much higher Pb levels in spices from
Misurata, which underscores the importance of
conducting more studies to verify the accuracy of
the results and determine whether there is a hazard
from the consumption of spices in the region.

3.4. Cadmium (Cd)

The measured average concentration of cadmium
(Cd) in the studied samples is 0.20 £ 0.09 ppm,
aligning precisely with the EU limit for fresh herbs
is 0.1-0.5 ppm (applied to dried herbs/spices with
adjustment), so the detected value is right at the
threshold. This indicates that, while the levels are
within acceptable safety thresholds, they are at the
upper boundary, warranting attention to ensure they
do not exceed safe limits. Comparatively, Tripoli's
spices [7] exhibit lower cadmium concentrations,
while other regions [40], [41] show varying levels,
with some exceeding safe thresholds. Ensuring the
safety and quality of spices requires adherence to
international standards and regular testing to
mitigate heavy metal contamination.

3.5. Mercury (Hg)

The measured average concentration of mercury
(Hg) in the studied spice samples is 0.09 + 0.03
ppm. This level is lower than the Codex
Alimentarius maximum permissible limit for
mercury in spices, which is 0.1 ppm, indicating that
the mercury content in these samples is within
internationally accepted safety thresholds. A study
conducted in Tripoli [42] established mercury
concentrations in spices ranging from 0.037 to
3.338 ppm, with some samples exceeding the
recommended limits.

Compared to other international studies, the results
demonstrated notable variation. For example,
researchers in [9] reported generally low levels of
Hg in spices in Poland, ranging from <0.005 to 0.030
ppm. In the same way, in Saudi Arabia [41],
mercury levels in spices were reported to be below
the detection limit, reflecting minimal risk from
mercury contamination in that region. On the other
hand, [43] examined commonly consumed spices
and herbs in Malaysia and found mercury
concentrations ranging from 0.06 to 0.52 ppm, with
some samples exceeding the permissible limits.
This highlights the importance of implementing
stringent quality control and monitoring systems to
ensure consumer safety.

3.6. Arsenic (As)

The detection of arsenic (As) at 0.086 ppm in spices
marketed in Zawia, Libya, is well below the

international regulatory limit of 1.0 ppm, as set by
the World Health Organization (WHO), Codex
Alimentarius, European Union (EU), and the U.S.
Food and Drug Administration (FDA). This
suggests that, at least in this particular study, the
arsenic levels are within safe limits for human
consumption according to global standards.
Limited published data exist on arsenic levels in
spices marketed in Libya. Unfortunately, there are
limited publicly available peer-reviewed studies on
heavy metal contamination, mainly arsenic, in
spices specifically marketed in Libya. However, a
few general observations can be made based on
similar North African and Middle Eastern studies.
For example, a Study [44] from a neighbouring
country (Egypt) has reported arsenic levels in some
spice samples ranging from 0.05 to 0.3 ppm, which
aligns closely with the studied result. Another study
[45], conducted in Egypt, reported arsenic
concentrations in spice ranging from 0.1 ppm to 4.8
ppm in spice blends, which exceeded the maximum
permissible limits of arsenic. An additional study in
Tunisia [46] reported higher arsenic concentrations
in certain locally grown herbs due to irrigation with
contaminated water. Another study [47] detected
arsenic in spices from Lancaster, PA, and quantified
it as 0.048 ppm. While the level of detected arsenic
in spice from Lancaster, PA and this study appears
relatively low, it underscores the need for continued
monitoring of heavy metals in the food supply,
especially in agricultural regions with potential
historical contamination.

3.7. Cobalt (Co)

The concentration of cobalt (Co) in the studied spice
samples was found to be 0.50 + 0.00 ppm, indicating
a consistent presence across all samples analyzed.
Although cobalt is an essential trace element
required for vitamin B12 synthesis and other
biological functions, excessive intake can be toxic
[48]. The World Health Organization (WHO) has
not set a specific maximum permissible limit for
cobalt in spices; however, dietary exposure should
be monitored, especially in regions with potential
environmental contamination. The spices sourced
from Asian origin consistently show higher cobalt
concentrations (0.210-0.680 ppm) compared to
those reported in American-origin spices (0.531-
0.056 ppm) across all four types of spices studied
[49]. This places the current study results within the
upper range of the American data and comparable
to the lower-to-mid range of Asian spices. This
suggests that while cobalt levels in Libyan spices
are not alarmingly high, they do warrant continuous
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monitoring, particularly when benchmarked against
international samples known for higher exposure to
environmental or industrial cobalt contamination.

3.8. Copper (Cu)

The detection of copper (Cu) at a concentration of
0.262+0.147 ppm in spices marketed in Zawia,
Libya, suggests that the levels are relatively low and
likely not an immediate health risk, as the
WHO/FAO permissible limit for Cu in spices is
typically around 20-50 ppm [21]. On the other
hand, still present due to environmental
contamination, agricultural practices, or processing
methods. A higher concentration of Cu than the
current study was detected in pieces from
Misurata’s markets, using some spices (black
pepper, turmeric) had Cu levels ranging from 0.35
to 1.2 ppm [50]. The study by [45] reported copper
(Cu) concentrations in Egyptian spices ranging from
3.72 to 21.04 ppm, with the highest levels observed
in hot red pepper and the lowest in paprika. These
levels are considerably higher than those found in
the current study, which may be attributed to several
factors, such as spice origin, where spices grown in
regions with contaminated soil or industrial
pollution tend to accumulate more heavy metals
[51]. In addition, regions differ in their use of
fertilizers, pesticides, and irrigation methods.
Countries that rely heavily on copper-based
agrochemicals may have higher copper residues in
spices [52]. Additionally, it should be emphasized
that processing and handling, including machinery
and tools, may introduce contamination [53].

3.9. Zinc (Zn)

The zinc (Zn) concentration of 0.41+0.30 ppm
detected in spices from Zawia’s markets, Libya, is
relatively low compared to international regulatory
limits (e.g., Codex Alimentarius recommends <50
ppm for Zn in spices) and falls well below levels of
concern. This suggests minimal contamination and
negligible health risks from excessive intake. A
similar result was detected in [31], which dealt with
four types of spice samples (turmeric, heat, black
pepper and red pepper) collected from the markets
of the city of Misurata, and the results obtained it
was noted that the average concentration of zinc in
the samples was 0.02-0.61 ppm. In [8], the
concentration of zinc was found to be (0.8-14.5
ppm), which is within the permissible limits of the
World Health Organization 50 ppm but is
noticeably higher than levels detected in studied
samples. More comparative data highlights
significant  geographical variability in Zn
contamination: for example, a study was done in

Ethiopia to determine the Zn concentration in
samples of korarima, red pepper, ginger, and
turmeric and found Zn concentrations ranging from
7.30-29.2 ppm, likely due to zinc-rich volcanic soils
and traditional farming practices [54], [55]. Another
research conducted in Chittagong, Bangladesh,
reported zinc levels in turmeric and red chilli
ranging from 48.97 to 116.89 mg/kg, significantly
higher than the levels detected in Zawia. Numerous
factors may contribute to this noticeable difference
in zinc levels observed in different spices from
different origins. This includes soil composition,
where the mineral content of soil significantly
influences the uptake of trace elements by plants.
Soils deficient in zinc or with high pH levels can
limit zinc availability to crops, the use of fertilizers
and pesticides, particularly those containing zinc
[56].

3.10. Manganese (Mn)

The average manganese concentration detected in
this study was found to be 2.43+1.82 ppm,
indicating a relatively low level of this essential
trace element. There is no maximum permissible
limit (MPL) set by Codex Alimentarius or many
international food safety authorities for manganese
(Mn) in spices because it is an essential nutrient with
low toxicity at typical dietary levels, and spices
contribute minimally to total intake. Regulatory
focus is directed more toward toxic metals with
known health risks. The manganese levels identified
in the studied spices are notably lower than those
reported in various studies. For example, these
results are much lower than those obtained by [57],
who found that the concentration of manganese in
spices and aromatic plants ranges from 12.5 to 192
ppm. Also, less than ten times those results were
obtained by [32] for Mn in imported spice samples
collected from the markets of Wadi Al-Shati area in
Southern Libya. Another study [30] was done in
Libya, testing some spices collected from two major
stores located in the Alasaba and Tagasat regions to
evaluate the levels of some heavy metals, including
Mn, and the obtained results for Mn ranged from
0.33 to 1.80 ppm, which is relatively smaller than
the level of Mn detected in the current study. The
elevated Mn content may be attributed to
differences  in  environmental  conditions,
agricultural practices, or soil composition in the
regions from which the samples were sourced.

3.11.  Chrome (Cr)

The concentration of chromium (Cr) in the spice
samples collected from Zawia markets was found to
be 0.56+0.50 ppm, indicating a relatively low but
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variable presence of this element across the
analyzed samples. The detected level of Mn is
below the maximum limits set by many food safety
authorities for total chromium in spices (2-10 ppm)
[58], [59]. The detected levels in this study fall
within a range commonly reported in similar studies
from the region. In [30] some spices collected from
stores located in Alasaba and Tagasat in Libya were
studied, and the concentration of chromium ranged
from 0.13 to 1.57 ppm. In [57] the concentration of
Cr in the studied spice samples is in the range of
0.06 to 2.94 ppm. Researchers in [60] investigated
samples of spices commonly used in Eritrea, and the
concentration of Cr in the spice samples was in the
range of 0.71 to 2.00 and was 26.63 + 0.18 ppm in
Cumin, which is above the permissible limit of Cr
set by the EU (2-10 ppm) [59], [61]. Chromium
exists in multiple oxidation states, but the two most
relevant forms in food safety and human health are
chromium (I11) and chromium (V). It is toxic only
at high levels. However, without speciation
analysis to distinguish between Cr (111) and Cr (V1),
such limits should be interpreted cautiously to avoid
misjudging potential health risks.

3.12 Statistical Analysis

The t-test analysis compared concentrations of
various heavy metals across different spice samples
in this study. The results indicate that there is a
statistically significant difference between Hg and
Cd (p = 0.0007) and between Fe and Mn (p =
0.0053), as their p-values are less than 0.05. This
suggests  meaningful  variation  in  their
concentrations. On the other hand, comparisons
between Pb and As, Cr and Ni, and Zn and Cu
showed no significant differences (p-values > 0.05),
(0.08, 0.72, 0.19, respectively), indicating similar
levels of these metal pairs across the samples. These
findings highlight specific metal pairs with potential
differences that may warrant further investigation
regarding their sources or effects.

4. Conclusions and recommendations

This study evaluated the concentrations of 11 heavy
metals: Lead (Pb), Cadmium (Cd), Arsenic (As),
Mercury (Hg), Manganese (Mn), Nickel (Ni),
Copper (Cu), Zinc (Zn), Iron (Fe), Cobalt (Co), and
Chromium (Cr) in spices marketed in Zawia, Libya.
The results revealed that all spices under
consideration contained different quantities of
heavy elements that were targeted by examination.
However, their concentrations were significantly
below international safety limits (Codex
Alimentarius, WHQO). The detected concentrations
in Zawia's spices were: iron (Fe: 0.53+0.44 ppm),
nickel (Ni: 0.65+£0.04 ppm), lead (Pb: 0.12+0.05

ppm), cadmium (Cd: 0.20+0.09 ppm), mercury (Hg:
0.09+0.03 ppm), arsenic (As: 0.086 + 0.03 ppm),
cobalt (Co: 0.50+0.00 ppm), copper (Cu:
0.262+0.147 ppm), zinc (Zn: 0.41+0.30 ppm),
manganese (Mn: 2.43+1.82 ppm), and chromium
(Cr: 0.56+0.50 ppm). While these results support
the overall safety of spices in Zawia’s markets, the
detection of trace heavy metals highlights the
importance of continued monitoring and quality
control, particularly for imported spices and
potential soil contamination. However, the variation
in concentrations calls for further investigation to
ensure consistent quality across different batches or
sources. Nonetheless, understanding the factors
influencing trace element content in imported and
non-imported spices is crucial for ensuring food
safety and nutritional adequacy. Continuous
monitoring and adherence to safety standards are
essential to maintain these low levels and ensure
consumer safety. The recommendation of this study
is to encourage more research institutions in Libya
to conduct regular testing of heavy metals in
commonly consumed spices and other food items.
Inform consumers and traders about the importance
of food safety and the potential health risks posed
by long-term exposure to low levels of toxic metals
such as arsenic and mercury. Developing a
comprehensive food safety framework will not only
protect public health but also strengthen consumer
trust in both locally produced and imported spices.
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