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Abstract:

In Order To Assess The Safety Of Pepper Produced In Cote d'lvoire, The Concentrations Of Lead, Mercury,
Arsenic, Chromium And Cadmium Were Analyzed In Samples Of Fresh And Dried Pepper. Concentrations Of
Certain Metals (Lead, Mercury, Cadmium, Chromium And Arsenic) Were Determined Using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS).

Lead, Mercury, Cadmium, Chromium And Arsenic Concentrations In Fresh And Dried Pepper Samples Ranged
Successively From 0.006-0.082 Ppm; 0.07-1.18 Ppm; 0.002-0.09 Ppm; 0.006-0.066ppm And 0.16-2.12 Ppm. The
Maximum Concentration Of Lead Was Determined In Samples Taken At Yakasseme And Was 0.02 And 0.08 Ppm,
The Maximum Concentration Of Mercury Was 0.12 And 0.17 Ppm, Determined In Pepper Samples From
Guibéroua And Assouba, Then, The Maximum Concentration Of Arsenic Was Observed In Samples From
Guibéroua And Danané Was 2.12 And 2.17 Ppm, While The Maximum Concentration Of Chromium Was 0.025
And 0.0008 Ppm In Samples From Niablé And Lopou Respectively For Fresh And Dried Pepper. Finally, The
Maximum Cadmium Concentration Was Determined In Pepper Samples From Maféré With 0.1 Ppm.

According To The Results Obtained, The Concentrations Of Toxic Elements Analyzed In Fresh And Dried Pepper
Samples Were Below The Maximum Permissible Limits (10 Ppm For Arsenic; 2 Ppm For Chromium; 10 Ppm For
Lead; 0.3 Ppm For Cadmium; 1 Ppm For Mercury) Declared By Legislation As Not Dangerous For Human
Consumption.
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I.  Introduction

Spices are defined as strong-tasting, aromatic plant substances used in cooking. They are used to flavour
dishes to enhance their taste. They can be derived from bark (cinnamon), leaves (tea, laurel), bulbs (garlic, onion,
ginger), seeds (fennel, coriander) or fruit (mustard and pepper). Pepper (Piper nigrum L.) is one of the best-known
and most widely used spices. It originates from the Malabar region of southern India. It is mainly grown in India,
Malaysia, Brazil, Indonesia and Sri Lanka. World production was estimated at 714,296 tonnes in 2020, with
production in Africa estimated at 22,342 tonnes. In C6te d'lvoire, the quantity of pepper harvested was estimated
successively at 57.46 and 45.03 tonnes in 2020 and 2021[1]. Depending on the processing method, there are
different types of pepper. Firstly, green pepper is harvested from ripe berries. Secondly, black pepper is produced
from ripe, still-green, sun-dried fruit, while white pepper is a ripe fruit that is skinned and sun-dried. Pepper is
consumed for its flavor and pungency. It is considered the queen of spices because of its use in industry
worldwide[2]. Heavy metals are very dangerous due to their non-biodegradable nature and their potential to
accumulate in various parts of the body, while most of them are extremely toxic due to their solubility in water.
Some heavy metals, such as mercury, lead and arsenic, are highly toxic in low concentrations, causing adverse
effects on people [3]. Lead is considered the most toxic environmental pollutant, reacting with numerous
biomolecules. Mercury is known as one of the most potent neurotoxins, but exposure to arsenic is strongly
associated with increased risks of carcinogenic and systemic health effects. These toxic heavy metals have a
negative effect on the gastrointestinal, immune, cardiovascular, reproductive, renal and nervous systems [4],[5].
However, according to the work of Angelova and colleagues in 2006, spices contain toxic heavy metals in a wide
range of concentrations. Their content varies according to the location and type of cultivation soil, fertilizers,
herbicides and water resources used for irrigation, climate and environmental pollution levels. Industrial
processing, packaging, transport and storage conditions can play an important role in increasing levels of heavy
metal contamination, which can affect spice quality [6].
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Thus, the present study was conducted to assess the sanitary quality of pepper grown in Cote d'lvoire.
The aim of the study was to examine the concentration of lead, mercury, arsenic, chromium and cadmium in fresh
and dried pepper samples.

1. Material And Methods
Plant material
The plant material consists of various Piper nigrum L. (green and black pepper) collected from selected
plantations in Cote d'lIvoire.
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Figure 1: Black pepper without grapes and green pepper with grapes

Methods
Choice of sampling sites

An analysis of the database of the Cdte d'lvoire Pepper Growers' Association shows that there are
currently 38 plantations in production in C6te d'lIvoire. Given the geographical configuration and soil distribution
of Céte d'lvoire, these plantations can be grouped into 10 different entities. These plantations are mainly located
in Azaguié, Maféré, N'douci, Guibéroua, Danané, Niablé, Yakasseme, Lopou, Assouba and Pk 103.

Sampling

Fresh and dried pepper samples were taken in ten (10) localities. Sampling was carried out over two (2)
years, with one sample taken in each of the ten (10) localities during the production season (March to April). In
each locality, three (3) 1.5 kg samples of fresh pepper and three (3) 1.5 kg samples of dried pepper were taken in
the first year. Then, two (2) samples of 1.5 kg fresh peppers and two (2) samples of 1.5 kg dried peppers were
taken in the second year. Finally, the samples were taken from the bags and stored in a cool box (fresh pepper)
before being transported to the laboratory for analysis.

Digestion of pepper samples

Dried peppers were digested using a sand bath digestion procedure (model CF 1201, France) based on
sand bath laboratory systems (user manual). 0.3g of pepper sample was weighed into the crucibles and 5 mL nitric
acid (HNO3 1N) was added. After complete evaporation, 5 mL hydrochloric acid (HCI 1N) was then added for
total evaporation of the contents. Sand bath digestion treatments lasted 30 minutes at 600 W power. The
temperature of the sand bath was 300°C. At the end of the treatments, the samples were removed and allowed to
cool, then decanted into the conical tubes. Next, 30 mL hydrochloric acid (HCI 0.1N) was added to the mixture
and the whole was filtered through a 0.45 micrometer syringe filter. The filtered samples were quantitatively
transferred to a 50 mL glass volumetric flask and made up to the mark with deionized water, prior to ICP-MS
metal analysis.

ICP-MS analysis of samples

Digested samples were analyzed for heavy metal concentrations using the inductively coupled plasma
mass spectrometry technique (Thermo Fisher Scientific Chromatography and Mass Spectrometry Hanna-Kunath-
Strasse 11, Bremen, Germany).

Statistical analysis

The numerical data obtained were entered using Excel version 2016 and processed using STATISTICA
7.1 software. Statistical differences between means were tested by analysis of variance (ANOVA). The
significance of differences between samples was determined using Duncan's test. The significance level was set
atp <0.05.
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111. Results
Determination of lead concentration in fresh and dried pepper
The lead results obtained are shown in Figure 2. The highest lead concentration was observed in samples
collected at Yakasseme (0.082 ppm), PK103(0.082 ppm), Azaguié (0.082 ppm) and Yakasseme (0.02 ppm) for
fresh and dried pepper respectively. The lowest lead concentrations were found in fresh and dried pepper samples
collected at N'douci (0.041 ppm) and Assouba (0.006 ppm).
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Figure 2: Lead concentration in fresh and dried pepper.

Determination of cadmium concentration in fresh and dried pepper

Figure 3 shows the cadmium concentration results for the various fresh and dried pepper samples
analyzed. The fresh and dried pepper samples with the highest cadmium concentrations were those collected
successively at N'douci (0.019 ppm), Yakasseme (0.019 ppm) and Maféré (0.09 ppm). The lowest cadmium values
for fresh and dried pepper were found in samples collected in Lopou (0.01 and 0.002 ppm).
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Figure 3: Cadmium concentration in fresh and dried pepper

Determination of mercury concentration in fresh and dried pepper

The mercury concentration results for fresh and dried pepper are shown in figure 4. The highest mercury
levels were observed in samples taken in Guibéroua (1.18 ppm) and Assouba (0.17 ppm), for fresh and dried
pepper respectively. Next, the lowest mercury levels were obtained in Azaguié (0.52 ppm) and N'douci (0.07 ppm)
for fresh and dried pepper respectively.
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Figure 4: Mercury concentration in fresh and dried pepper.

Determination of chromium concentration in fresh and dried pepper

Figure 5 shows the chromium content of fresh and dried pepper analyzed. The highest chromium levels
were observed in samples collected in the localities of Yakasseme (0.066 ppm) and Lopou (0.04 ppm) for fresh
and dried pepper respectively. Fresh and dried pepper samples collected in Maféré (0.034 ppm), Niablé (0.034
ppm) and Assouba (0.006 ppm) showed successively lower chromium levels.
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Figure 5: Chromium concentration in fresh and dried pepper

Determination of arsenic concentration in fresh and dried pepper

The arsenic results of the fresh and dried pepper samples obtained are shown in figure 6. The highest
arsenic levels were found in samples from Guibéroua (1.12 ppm), Niablé (1.592 ppm) and PK 103 (1.592 ppm),
alternating between fresh and dried pepper. The lowest arsenic levels were found in fresh and dried pepper samples
collected in Assouba (0.071 ppm), Azaguié (0.071 ppm), Maféré (0.071 ppm) and Danane (0.53 ppm).
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Figure 6: Arsenic concentration in fresh and dried pepper.

V. Discussion
Heavy metals are inorganic substances that are highly toxic to humans, even in very low concentrations.
Heavy metals are stored in various parts of plants and enter the plant's biological cycle. Moreover, ingestion of
plants contaminated with heavy metals could also have dangerous consequences for human and animal health [7].
Lead concentrations in fresh pepper samples are higher than those obtained by Iwegbue et al. (2011) in
piper nigrum (0.01 ppm) and piper guineensis (0.01 ppm). On the other hand, those of dried pepper are close to
the same lead levels in piper nigrum and piper guineensis [8]. Furthermore, the lead concentrations obtained
(0.041-0.082 ppm) are lower than those described by Sarpong et al. (2014) in piper nigrum (0.31 ppm)[9]. These
values are below the maximum permissible level (10 ppm) recommended by FAO/WHO (2006)[10]. According
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to Seddigi et al. 2013, it is important to take the necessary steps to carry out routine monitoring of lead levels in
pepper in order to avoid a risk to public health[11].

The cadmium levels observed in our study were lower than the Cd values (0.3-1.2 ppm) reported in some
vegetable varieties from different locations in llorin, Nigeria [12]. Furthermore, our results were similar to those
of Ozkutlu et al. (2006), who reported that cadmium concentrations ranged from 0 to 0.206 ppm successively in
Mynstica fragrans and Piper nigrum L[13]. However, the cadmium levels observed with our fresh (0.002-0.019
ppm) and dried (0.01-0.09 ppm) pepper results were close to the cadmium concentrations observed in some
Brazilian vegetables[8].

Fish consumption is considered the most important source of ingestion-related mercury exposure in
humans. Plants and livestock also contain mercury, due to the bioaccumulation of mercury in soil, water and
atmosphere. Mercury levels in fresh (0.52-1.18 ppm) and dried (0.07-0.17 ppm) pepper were higher than the
various values obtained by Nkansah and Amoako in 2010 in spices (0.00123-0.02493 ppm) purchased at the
Kumasi Metropolis market in Ghana[14]. In contrast, mercury levels in dried pepper were lower than those
obtained by Ndelekwute et al. (2014) in spices in India (0.96 ppm).

With regard to chromium, the chromium levels in fresh (0.034-0.066 ppm) and dried (0.006-0.04 ppm)
pepper samples were close to the chromium concentrations in herbal samples analyzed by Meena et al. (2010),
which ranged from 0.00725 to 0.00134 ppm[15]. In contrast, the chromium concentrations obtained in fresh and
dried pepper were lower than those obtained by Tefera and Chandravanshi in 2018 in red pepper (27.5-73.6 ppm)
analyzed in Ethiopia[16]. Similarly, chromium levels in fresh and dried pepper were also lower than the results
obtained by Raphéal et al. (2011) in red pepper (7.15 ppm) sampled in Turkey[17].

The arsenic concentrations of fresh (0.16-2.13 ppm) and dried (0.53-1.5 ppm) pepper samples were
higher than the arsenic levels obtained in native pepper (0.001328-0.00117 ppm) and Kerala pepper (0.004854-
0.00427 ppm) in India [18]. Furthermore, the pepper samples (0.36 ;0.33-0.51 ppm) analyzed by Blagojevic et al.
(2015) possessed higher arsenic concentrations than the results we obtained in fresh and dried pepper[19].

The various toxic element results were in line with WHO (2005) data (10 ppm for arsenic; 2 ppm for chromium;
10 ppm for lead; 0.3 ppm for cadmium; 1 ppm for mercury)[20].

V. Conclusion
Based on the results obtained, it can be concluded that pepper grown in Céte d'lvoire does not contain
high concentrations of heavy metals. Indeed, lead, mercury, cadmium, chromium and arsenic concentrations in
fresh and dried pepper samples ranged successively from 0.006-0.082 ppm; 0.07-1.18 ppm; 0.002-0.09 ppm;
0.006-0.066ppm and 0.16-2.12 ppm. These concentrations are lower than the limits required by the World Health
Organization. Despite these low levels of heavy metals, it is very important to take preventive measures through
regular monitoring to control the accumulation of metals to toxic levels in the human body.
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