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Abstract

Mentha is the most common plant species grown in Saudi Arabia's Madinah city. Locally, the two popular types of
mint are commercially called (Hasawi or Habaq) and (Mograbi). Both species are used in herbal teas, alone or as spice mixtures
for many foods to offer aroma and flavour. In this research Hasawi mint samples were collected from three different locations
and digested by two methods (acid digestion method and a microwave digestion system). Then, they were analysed for their
metal contents by ICP-MS. The results from both digestion methods revealed that the following 10 metals were presented: V,
Cr, Mn, Co, Ni, Cu, Zn, As, Cd and Pb. The microwave digestion system was the best for all studied heavy metals in term of
sample preparation procedures, linearity (> 0.999), recovery (97%- 101%, n=2) and precision (R.S.D% = 1-2 %, n=2). Mint
samples from first location contained 7 metals within the permissible limit while the remaining three metals (Cr, Cu and Zn)
had higher levels. The second location contained 9 metals within the permissible limit but only one metal (Cu) had a higher
level. The third location contained 6 metals within the permissible limit while it had 4 metals (Cr, Ni, Cu, Cd) with higher
level. All locations contained As, Cd and Pb within permissible limit except the third location which had a cadmium amount
of (0.6 mg/kg) while the cadmium permissible level is (0.3 mg/kg). Some farmers use composts (from inorganic sources),
fertilizers and plant nutrients in relatively large amounts that are rich in some metals and this might explain some of the higher
value of metals in the mint. Moreover, contamination from industrial activities nearby mint farms might also be expected.

Keywords: Microwave digestion, Method development, Heavy metals, Mentha, Mint, ICP-MS

1. Introduction most prominent heavy metal which ranged from 15.65
mg/kg to 100.5 mg/kg.

Another study conducted by Prki¢ et al. [3]
showed that the mint tea leaves contained

approximately  the  following heavy  metals

Heavy metals, for example, arsenic, lead,
chromium and cadmium are naturally present in the
earth’s crust. As, Pb and Cd are not essential for

metabolism and above accepted value they can cause
severe side effect and toxicity. In recent years and due
to industrial activities, considerable attention has been
paid to the effect of heavy metal concentration on
human and animal health. Transportation into human
body can occur through foodstuff, drink, and air.
Heavy metals in soils can be uptake by plants and then
consumed by human and animal [1].

A study of different plant types in Poland by
Baranowska et al. [2] have shown that Pb in specimens
ranged from 5.00 mg/kg to 46.15 mg/kg and Cd from
0.20 mg/kg to 1.28 mg/kg for the multiple specimens
of the measured mint’s herb. However, Zn was the

concentrations: = Pb (1.50 mg/kg), Cd (0.35 mg/kg),
Zn (20.0 mg/kg), Mn (667 mg/kg), Fe (208 mg/kg), Cr
(52.0 mg/kg) and Cu (5.6 mg/kg). The consumption of
mint that contaminated with high amount of heavy
metals has an adverse effect on the human health. For
instance, an acute cadmium dose of 10-30 mg/kg/day
was reported to trigger impacts like excessive
salivation, diarrhea and vomiting [4]. The cadmium
dose of 25 mg per kg body weight had been reported
that it may lead to death [5]. When the exposure level
is low, its influence causes gastrointestinal, renal,
neurological, reproductive, and musculoskeletal
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effects. If individual has a chronic exposure to
Cadmium this can target the kidney.

Iron is a vital component for the production
of the human body's red blood cells. The findings from
Prki¢ et al. [3] revealed that a large amount of Iron and
Manganese were determined in plant samples. The
results demonstrated that Fe concentrations were as
high as 208 mg/kg. As it is crucial in the diet, Iron's
low intake causes diseases like fatigue, anaemia and
palsied physique. In the same way, heart infarction,
hepatomegaly and nephric malfunction are caused
when taken in large amounts. It has been verified that
humans have to use iron for adults and infants between
8 and 11 mg/day. However, the study reported that a
substantial amount of iron was found, which could be
ascribed to contamination or the type of soil in which
the mint grew.

Further research [6] was also carried out on
the concentration of lead metal in the different mint
samples. The levels were between 4.84 mg/kg and
26.16 mg/kg. Because the lead consumption safety
limit has been identified as 1.5 mg/kg, its quantity in
the mint sample could be regarded above the limit. The
weakness in fingers and wrists as well as brittle bones
is a key effect of a massive lead consumption. Then it
would be accumulated and results in the sequestration
of the bones and teeth [7]. The lead is stored in bones
and still re-enters blood streams when bone minerals
are recycled at stages like age and pregnancy. The re-
deposition of the lead to neurological and renal,
developmental, immunological, musculoskeletal,
reproductive, and soft tissue effects can also take place
within bodies.

Zinc is among the heavy metals which Joy et
al. [8] have studied. It is the least toxic and a vital
component of the human diet, crucial for the suitable
functioning of the immune system. Also, Zinc has
been recognized as an indispensable component in the
development and growth of normal brain activity and
foetus [8]. It can cause a harm effect to human body
when it is missed from the diet [9]. It is recommended,
according to Bost et al. [6], that men should take 15
mg Zn a day, while women would take 12 mg daily.
High zinc levels in the human body have main
consequences such as vomiting, renal damage,
cramps, and so on. The Bost et al. [6], study showed
Lead's concentration of 0.58 mg/kg to 4.50 mg/kg in
mint samples. This amount is within the Zn's safe
limit.

There is a large volume of broad published
studies on the determination of heavy metals in plant
and methods of sample preparation. Wong et al., [10]
studied the heavy metals (Cd, Cu, Co, Ni and Pb) in 42
Chinese medical plants by dry ash method. Samples
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were air-dried and the dried samples were
supplemented with Mg(NOs). at a ratio of approx. 1:1
as ashing aid. Then charred for 2 hours on a hot plate
and ashed for 16 hours at 470°C in a muffle furnace.
Extraction from ash samples was done by 20% HNO3
(volume/volume) and diluted to the volume by 1%
HNOs; for analysis by atomic absorption
spectrophotometer equipped with graphite furnace.
Tlzen [11] compared between different sample
preparation methods (dry ashing, wet ashing and
microwave digestion) for heavy metals determination
(Cd, Pb, Mn, Fe, Zn and Cu) in Lichen samples by
Graphite furnace atomic absorption spectroscopy
(GFAAS). It was concluded that the microwave
digestion method was the best in comparison with
other sample preparation methods. Besides high
recovery and compatible accuracy and precision with
the standard reference materials. In addition [12],
microwave digestion method was found to be an
optimum  sample  preparation  method  for
determination of trace heavy metals in tea, tobacco and
house dust by using a mixture of HCIO4/ HNO3/
H>SO,4 with different ratio.

Recent studies by Kilic and Soylak [13]
determined heavy metals in 28 plant species ( green
tea, blue tea, rosehip, rosemary etc.) by firstly
transferring 0.2 g in a milestone microwave digestion
system and then added 6:2 mL HNO; and H:0:
respectively. Three heating steps were carried from
80°C-150°C for 5min, 150°C -225°C, and cooling to
70°C for 10min. Extracts were then diluted with
deionised water to 25mL and determined by ICP-MS.

The validation of several analytical methods
for the determination of heavy metals in herbal
medicine with variations of oxidator was investigated
by Endah and Nofriyaldi [14]. The process of wet
destruction was adopted as a sample preparation
method using oxidizers of H,O2:HNO3 (1:3), H2SO4:
HNO; (1:3) and HCI:HNO; (1:3). After the best
destructive conditions and processes were obtained,
the analytical method was validated in term of (limit
of detection, limit of quantitation, linearity, accuracy,
and precision) for the determination of the
concentration of Pb and Cd by AAS.

There is a wide choice of sample preparation
methods available in the literature. Xia et al., [15] have
reviewed recent advantages of sample preparation
techniques from over 140 references. The
classifications include chemical conversion (chemical
derivatization, chemical labelling, enzymatic
hydrolysis, etc.); Phase separation (SDME, HF-
LPME, DLLME, SPE, SPME, MSPD, etc.);
membrane separation (membrane extraction, dialysis,
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filtration, etc.); field-assisted extraction (ASE, SWE,
SFE, UAE, MAE, etc.).

There have been numerous studies to
investigate the heavy metals and largely focused on
soils and sediments. For instance, bioaccumulation
modelling in soil-ecosystem [16-18], associated risks
for heavy metals in soil and grown vegetables [19-22],
accumulation and speciation of heavy metals from soil
to rice at various steps of growth [23] and a recent
review [24-26] in remediation technology for
contaminated soil. Several instrument techniques have
been used to assess the level of heavy metals after
sample preparation amongst these were ICP-MS with
time of flight, laser ablation and other interfaces [27—
30]. Also other techniques have been applied such as
GF-AAS [31,32], ICP-AES [33], PIXE [34], CV-AFS
[35].

Although there are many studies on heavy
metals in plants, the research in mint samples remains
limited. To the best of our knowledge no study has
been conducted to measure heavy metals in Madinah’s
(city in Saudi Arabia) Hasawi mint using a microwave
system. The objective of this paper was to compare
between a microwave digestion system and an acid
digestion method for analysis of heavy metals in
Hasawi mint samples. This has been accomplished by
first developing and optimized condition for both
methods and then applied it to the samples prior to
ICP- MS analysis.

2. Materials and Methods

2.1. Reagents

Deionized water produced by a Milli-Q Plus with
a resistivity of 18.2 MQ cm was applied for sample
preparation and standards. Solutions of 30% hydrogen
peroxide and 65% nitric acid (Trace analytical grade)
were used to digest samples. Standards calibrations for
ICP-MS were prepared by dilution of certified element
stock solutions with deionized water.

2.2. Sample preparation

Mint (trade name: Hasawi mint) from three
different locations in Madinah were collected and
firstly washed to remove external contamination. Then
oven-dried for 12 hours at 110 °C. After that, they
were left to cool down to room temperature and then
grinded by using a coffee grinder. In order to measure
the whole experimental repeatability and variation,
each mint from specific location was divided to two
portions. All portions went through the entire sample
preparation and measurement including standards and
blanks. In this case the results for each location were
repeated twice from the beginning using two digestion
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methods (which make six portions with replications in
total).

Acid Digestion

o
=5

Microwave Digestion

=

Mentha Samples

Heavy metals

Figure 1. Sample preparation for Hasawi’s mint
from locationl, location2 and location3.

2.3. Open vessel acid digestion

0.5 g mint from each location (n=2) was
weighted in Teflon tubes with (8 ml of 65% nitric acid
and 2 ml of 30% hydrogen peroxide). The samples
including blanks and standards were heated on the
graphite block at 110 °C for 3-4 hours (or until the
samples reduced in volume to 3 ml). After cooling,
each extract was delivered with deionized water to a
50 ml volumetric flask and made up to the volume with
deionized water. Because the extract was slightly
colored, 1 ml was taken and diluted to 25 ml with
deionized water and appeared less colored. Then
filtered and sent to ICP-MS for analysis. To assess the
efficiency of the method, mint samples were spiked
(n=2) with certified reference materials at a
concentration of 10 mg/kg and treated as samples.

2.4. Microwave-assisted digestion

The microwave instrument (Milestone Ethos 1)

with closed microwave vessels was employed for
sample digestion. Table 1 shows the optimized
operating conditions.
About 0.5 g of mint from each location (n=2) was
weighed using an analytical balance and placed in a
microwave vessel/container. The mixture of (2 ml of
30% hydrogen peroxide and 8 ml of 65% nitric acid)
was cautiously added. The vessels were sealed, gently
shaken and positioned in the microwave oven
following the optimized instrumental conditions
(Table 1). The same proportion of HNO3& H,0- alone
was used as blank solution (n=2). Standards were also
included and compared with untreated standards to see
if the method had an effect on standards.

Table 1. Optimized operating condition for
microwave digestion system.

Step Time E T1 T2 P
W) (C) (°C) (bar)

1 00:10:00 1000 200 100 45.0
2 00:10:00 1000 200 100 45.0
3 00:20:00 O 30 30 1.0
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As caution the digests had been allowed to cool
at atmospheric pressure for approximately 180
minutes prior to the opening of the reaction chamber.
Extracts were individually transferred to a 50 ml
volumetric flask and made up to the volume with
deionized water. After that, it was filtered using
0.45um PTFE membrane filter which attached to a
plastic syringe and then samples were sent to ICP-MS
for analysis. Concentration was measured using the
following formula [36]:

Final conc. (%gl) x50

sample weigh (g) )

To assess the efficiency/recovery of the method,
mint samples were spiked (n=2) with certified
reference materials at a concentration of 10 mg/kg and
treated as samples.

2.5. Instrumentation

Agilent ICP-MS-7500 instrument was used for
analysis. Efficient low flow nebulizers and Peltier-
cooled Scott spray tanks are used. The optional
Integrated Sample Input System (ISIS) is supported by
all applications for additional efficiency and
flexibility. The system was calibrated and tuned. To
test for accuracy and contamination, certified
reference materials and blanks were added with each
analysis.

3. Results and Discussion

3.1 Calibration curves

The ICP-MS system was calibrated (> 0.999) for
all heavy metals. Figure 2 shows an example of
calibration curve for V, Ni and As.

The results of the levels of heavy metal present
in the mint (10 metals) will be discussed in the
following sections. The concentration of V, Cr, Mn,
Co, Ni, Cu, Zn, As, Cd and Pb was determined after
using two types of digestion: Open-vessel digestion
and Closed- vessel microwave digestion. All mint
portions were blank corrected. Each location repeated
twice (n=2) with interval plots displayed the 95%
confidence intervals. The source of variation from one
location replicates can be attributed to several factors
such as: weighing, handling of solutions,
homogeneity, and random error during analysis.
Blanks were kept and treated with samples from the
beginning to assess the possible contamination.

3.2 Open vessel acid digestion

It can be seen from (Figure 3) that the
results of open-vessel digestion were two to eight
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times higher than the results from the microwave
digestion in next section (Figure 4). This was
probably because the open vessel digestion
method was not highly efficient in removing the
organic matter although hydrogen peroxide
which is an oxidizing agent (2H20, — 2H,0 +
0,) was used. Adding this to nitric acid can
reduce the nitrous vapours and it accelerates the
digestion of organic samples [36,37]. However,
after open vessel digestion finished, the solution
still contained some organic matter (slightly
colored) and even after dilution; the solution
seemed to have an effect upon ICP-MS analysis
(High signal error, signal suppression,
interferences, etc.) and it was difficult to control
the precision with this condition. The recovery
by spiking reference material at a concentration
of 10 mg/L showed a very poor recovery (30%-
51%) and the variation between analysis (n=2)
was very high. It seems that the condition
resulted in an incomplete digestion and for this
reason, results from an open vessel digestion
were excluded.

3.3. Microwave-assisted digestion

The safety guideline accompanied with the
Milestone’s microwave digestion system Ethos 1 was
strictly followed. The Milestone Microwave Patented
Rotor (MDR) technology offers unprecedented
efficiency and the highest level of safety to analysts
when performing closed vessels digestion. The MDR
rotors have no molded or machined threads that can be
chemically assaulted and destroyed by hot vapors
during the ventilation and opening of the vessel. The
durability and protection of milestone vessels is an
essential factor in this specific function. A reclosing
(vent and reseal) valve mechanism protects all vessels
in MDR rotors. A reclosing (vent and reseal) valve
mechanism protects all vessels in MDR rotors. The
vessels mounted in an MDR rotor body are screwed
and the relief valve operates with a calibrated torque
wrench. The torque wrench assures that vessels are
sealed for optimum pressure and tightly vents if gases
reach the maximum operating pressure. The
advantages of using the microwave digestion method
can be summarized in the following:

1) High Speed: the speed of digestion can be achieved
within  minutes or less in comparison with
conventional methods.

2) Economic benefit: the lower use of solvent
eliminates the purchasing and disposal costs of
solvents.

3) High Efficiency: Higher analyte recoveries are
obtained from microwave method than older methods.
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4) High consistency: Precise monitoring of all reaction
parameters by software guarantees the reproductivity

5) Easy to use and simplicity in applying different
conditions.

of the methods.

Step Mass Element ISTD Unit Step Mass Element ISTD Unit
o 51|v I | == =] | | |l slml | |- =] | ~|
Count/ CPS(Y) [count/CES] Count/ CPS(¥) [count/CPS]
1.0E408 — 2.0E407
S.0E+07 — 1.0E+07
0 T | 0 I |
0 500.00 1000.00 0 500,00 1000.00
tonec.(X) Conc.(X)
| I Zoom Ratio: 1 v || g=1| [ Zoom Ratio: 1 + | e
Curve Fit: |Y=a$<+b ;] Curve Fit [\Y=ax+b |
r=1.0000 r=1.0000
Y = 5.002E +004"% +1.204E +005 Y =1.288E+004°% +6.013E+004
Tlor &) -]
Count/ CPS(Y) [count/CPS]
1.0E+07 —
5.0E+06 —
0 T ]
] 500.00 1000.00
Conc.(X)
{ I l Zoom Ratio: 1 + ++ > |
Curve Fit | V=aX+b -]
r=1.0000
Y = 5.992E+003% +7.032E +002

Figure 2. Representative calibration curves for V, Ni and As
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Figure 3. ICP-MS results for Hasawi mint taken from Location 1,2,3 and digested by Open-vessel digestion, mg/kg.
Interval plots display 95% confidence intervals for the mean (two samples from each location, n=2).

To assess the efficiency of the microwave
method, mint samples were spiked (n=2) with certified
reference materials at a concentration of 10 mg/kg. So,
as can be seen from Table 2, the recovery for all metals
ranged from = 97- 101% with R.SD% from ~ 1-2%.

The systematic microwave digestion method
(Figure 4) work better than the open vessel digestion
and the final solutions were colorless. In all figures,
the (mean + 95% confidence intervals, n=2) were
reported to evaluate the uncertainty of each location.
Also, for comparison purposes results in Figure 4 were
clustered together (see, Figure 5). Table 3 also
summarizes the highest and lowest range values for
each heavy metal in all three locations ( n=6 in total).

Based on the summarized results of Table 3 from
the microwave digestion system, the following will
describe the level of each metal and its permissible
level according to several regulatory agencies:
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Table 2. Recovery of spiked standard reference
material in mint samples with microwave digestion
system, n=2,

Heavy Added Recovery%  R.S.D%
metal (mg/kg)

\% 10 101.21 1.46
Cr 10 99.7 1.73
Mn 10 98.92 2.31
Co 10 99.1 1.36
Ni 10 97.86 1.87
Cu 10 99.23 1.34
Zn 10 98.23 2.01
As 10 100.32 1.23
Cd 10 97.92 1.53
Pb 10 98.65 2.43

Vanadium: The concentrations of Vanadium in
all samples were ranged from (= 1.22- 1.48 mg/kg).
When the literature search was conducted for
vanadium, its concentration within the leaves of plants
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was mostly between 8 and 13 mg/kg and this indicates
that the concentration of vanadium is acceptable in
mint and that it did not exceed the natural rate [38—40].

Chromium: The concentration of Chromium
was found to be on the range (= 4.22-7.09 mg/kg). The
WHO chromium limits have not yet been established
for medicinal plants. However, Canada's allowable
chromium limit was 2 mg/kg. Chronic chromium
exposure can damage the lung, liver and kidney
[38,40,41].

Manganese: The results showed that the
concentration of manganese is high in all the studied
samples. The concentrations ranged from (= 85.85-
134.95 mg/kg). Nevertheless, WHO limits for
manganese for medicinal herbs are not yet established.
However after research in other organizations [38,40]
found that the concentration of manganese in leafy
plants such as mint is about 20 to 300 mg/kg [38,40].

Cobalt: The concentrations levels of cobalt in
the selected mints ranged (= 0.45-2.26 mg/kg). But
WHO / FAO does not have any cobalt regulatory
limits [38,40].

Nickel: Results obtained showed that maximum
concentration ranged (= 2.41-5.03 mg/kg). The
allowable limit for edible plants set by FAO / WHO
was 1.63 mg/kg [40,42].

Copper: Results obtained showed that maximum
concentration ranged (= 5.82-14.32 mg/kg). The
allowable limit for edible plants set by FAO / WHO
was 3.00 mg/kg [40,42].

Zinc: Results obtained showed that maximum
concentration ranged (= 25.41-39.93 mg/kg). The
allowable limit for edible plants set by FAO / WHO
was 27.4 mg/kg [40,42].

Arsenic:  Results obtained showed that
maximum concentration ranged (= 0.23- 0.95 mg/kg).
The allowable limit for edible plants set by FAO /
WHO was 0.9 to 1.1 mg/kg. Accordingly, it was
within the permissible limit [40,42].

Cadmium: Results obtained showed that
maximum concentration ranged (= 0.04- 0.62 mg/kg).
The allowable limit for edible plants set by FAO /
WHO was 0.21 mg/kg. For medicinal herbs, however,
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WHO, China and Thailand set an acceptable limit of
0.3 mg/kg for cadmium. Likewise, the allowable
limited in raw plant materials for cadmium established
by Canada was 0.3 mg/kg and the permissible limits in
finished WHO products were 0.006 mg / day. It was
found that all studied samples (the three mint
locations) have cadmium below the permissible limit
set by WHO, Canada, China and Thailand except the
third location (= 0.6 mg/kg) which exceeded the
allowable limit by two folds. Cadmium tends to cause
both chronic and acute poisoning, adverse effects to
the liver, vascular, renal and immune systems [40,42].

Lead: Results obtained showed that maximum
concentration ranged (= 0.14-0.59 mg/kg). The limit
for lead content prescribed by the WHO in herbal
medicine is 10 mg/kg, while the dietary intake limit for
lead is 3 mg/week. Also, China, Malaysia, Thailand
and FAO set a limit of 10 mg/kg for medicinal herbs.
Lead cause both chronic and acute poisoning and
adverse reactions to the kidney, liver, vascular and
immune systems. Lead is non-essential trace elements
with neither human body nor plant functions. It
induces different toxic effects at low doses in humans.
Colic, headache, convulsions, chronic kidney
nephritis, brain damage and central nervous system
disorders are all typical symptoms of lead poisoning.
All mint samples studied showed lead concentration
below WHO, China, Malaysia and Thailand
permissible limits [40,42].

Some farmers use composts (from inorganic
sources), fertilizers and plant nutrients in relatively
large amounts that are rich in some metals and this
might explain some of the higher value of metals in the
mint. Besides, contamination from industrial activities
nearby mint farms might also expected [1,4,9].

Statistically, the three location means for each
metal were compared to see if they differ significantly
from each other. One-Way ANOVA for location 1,
location 2 and location 3 were depicted in Figure 6.
Difference among the means are significant (p<0.05)
except for Vanadium, Nickle and Arsenic which are
not significant (p>0.05) in all three locations.
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Figure 4. ICP-MS results for Hasawi mint taken from Location 1,2,3 and digested by Closed- vessel microwave
digestion, mg/kg. Interval plots display 95% confidence intervals for the mean (two samples from each location,

n=2).
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Figure 5. A clustered bar graph of ICP-MS results for Hasawi mint taken from Location 1,2,3 and digested by Closed-
vessel microwave digestion method, mg/kg. Interval plots display 95% confidence intervals for the mean (two
samples from each location, n=2).

Table 3. Summarizes the lowest and highest concentration range with 95% CI for each metal in all three locations
using the microwave digestion method, there were three locations, and every location was repeated twice (n=6).

Heavy (Lowest+ 95%CI) to Heavy (Lowest+ 95%CI) to
metals (Highest+ 95%CI) metals (Highest+ 95%CI)
(mg/kg), n=6 (mg/kg), n=6
\Y (1.22 £0.70) to (1.48 + 1.14) Cu (5.82 +4.38) to (14.32 +5.34)
Cr (4.22 +7.24) to (7.09 + 1.65) Zn (25.41 +16.96) to (39.93 £ 1.02)
Mn (85.85 +32.78) to (134.95 + 30.49) As (0.23 +0.38) to (0.95 + 1.52)
Co (0.45 + 0.64) to (2.26 + 1.08) Cd (0.04 +0.13) to (0.62 + 0.25)
Ni (2.41 +1.33) to (5.03 + 4.32) Pd (0.14 £ 0.57) to (0.59 + 0.32)

Egypt. J. Chem. 64, No. 2 (2021)
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P=0.130
Differences among the means are not significant (p > 0.05).
(Mn)
0 0.05 0.1 > 0.5
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P = 0014

Differences among the means are significant (p < 0.05).

(Cu)
0 005 01 > 0.5
Yes | No
P=0.011

Differences among the means are significant (p < 0.05).

(Cd)
0 005 01 > 0.5
YesjI No
P=0.010

Differences among the means are significant (p < 0.05).

(Ni)
0 005 01 >0.5
Yes HET T No
P =0068

Differences among the means are not significant (p > 0.05).

(Cr)
0 005 01 > 0.5
Yes I No
P =0.019

Differences among the means are significant (p < 0.05).

(Co)
0 005 01 > 0.5
Yes I ] No
P =0028
Differences among the means are significant (p < 0.05).
(Zn)
0 0.05 041 > 0.5
Yes T No
P =0.023
Differences among the means are significant (p < 0.05).
0 005 01 > 0.5
Yes | No
P = 0.050

Differences among the means are significant (p < 0.05).

Figure 6. Comparison between the means of each heavy metal in the three locations using One-Way ANOVA.

4, Conclusions

In this research mint samples (Hasawi mints)
were collected from three different locations and
digested by two digestion methods: 1) acid digestion
method and 2) a microwave digestion system. The
results by ICP-MS from both digestion methods
revealed that the following 10 metals were presented:
V, Cr, Mn, Co, Ni, Cu, Zn, As, Cd and Pb.

The microwave digestion system was the best for
all studied heavy metals in term of sample preparation
procedures, linearity (> 0.999), recovery (97%- 101%,
n=2) and precision (R.S.D% =~ 1-2 %, n=2). The
microwave digestion system was the best for all
studied heavy metals in term of sample preparation
procedures, linearity (> 0.999), recovery (97%- 101%,
n=2) and precision (R.S.D% =~ 1-2 %, n=2). Mint
samples from first location contained 7 metals within
the permissible limit while the remaining three metals
(Cr, Cu and Zn) had higher levels. The second location
contained 9 metals within the permissible limit but
only one metal (Cu) had a higher level. The third

Egypt. J. Chem. 64, No. 2 (2021)

location contained 6 metals within the permissible
limit while it had 4 metals (Cr, Ni, Cu, Cd) with higher
level. All locations contained As, Cd and Pb within
permissible limit except the third location which had a
cadmium amount of (0.6 mg/kg) while the cadmium
permissible level is (0.3 mg/kg).

Overall, the lowest and the highest concentration
range for each metal in all three locations with 95% ClI
(n=6) using the microwave system are summarized in
the following:

V, from (1.22 £ 0.70 mg/kg) to (1.48 £ 1.14 mg/kg),
Cr (4.22 £ 7.24 mg/kg) to (7.09 + 1.65 mg/kg), Mn
(85.85 + 32.78 mg/kg) to (134.95 + 30.49 mg/kg), Co
(0.45 £ 0.64 mg/kg) to (2.26 + 1.08 mg/kg), Ni (2.41
+1.33 mg/kg) to (5.03 + 4.32 mg/kg), Cu (5.82 + 4.38
mg/kg) to (14.32 £ 5.34 mg/kg), Zn (25.41 + 16.96
mg/kg) to (39.93 £ 1.02 mg/kg), As (0.23 = 0.38
mg/kg) to (0.95 £ 1.52 mg/kg), Cd (0.04 £ 0.13 mg/kg)
to (0.62 + 0.25 mg/kg) and Pd (0.14 + 0.57 mg/kg) to
(0.59 £ 0.32 mg/kg). Statistically difference among the
means of location 1, location 2 and location 3 were
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significant (p<0.05) except for Vanadium, Nickle and
Arsenic which were not significant (p>0.05).

Some farmers use composts (from inorganic
sources), fertilizers and plant nutrients in relatively
large amounts that are rich in some metals and this
might explain some of the higher value of metals in the
mint. Moreover, contamination from industrial
activities nearby mint farms might also be expected.
To tackle the environmental and health issue
associated with high heavy metal amounts, a
combination of a good agricultural practice and
monitoring is required.

Funding: This research received no external funding.
Conflicts of Interest: The author declares no conflicts
of interest.
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