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Heavy Metals in Egyptian Spices and Medicinal Plants and the
Effect of Processing on Their Levels
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To determine the contamination of Egyptian spices and medicinal plants with heavy metals, a total
of 303 samples, which represent 20 different types of spices and medicinal plants that were collected
from areas of exportation in Egypt, were analyzed for heavy metals. Some of them have different
growing seasons, and each has its own agricultural practices and several shipments. The results
revealed that heavy metal contents in spice and medicinal plants depend on the plant species. The
maximum levels of heavy metals in the analyzed samples were 14.4, 2.44, 33.75, 2.85, 0.10, 68.80,
343.0, 11.40, and 1046.25 ug/g for Pb, Cd, Cr, Ni, Sn, Zn, Mn, Cu, and Fe, respectively. Cobalt was
not detected in any of the various samples under investigation. The levels of heavy metals determined
in the analyzed samples were found to exceed the maximum allowable levels of Zentrale Erfassungs
und Bewertungsstelle fur Umweltchemikalien. The investigated medicinal plants were also processed
by two different methods to determine the behavior of their metal contents during processing. It
has been found that boiling the plant in water leads to the extraction of higher amounts of the
metal from the plant than immersing it in the hot water. The achieved results were tabulated.
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INTRODUCTION

During the past decades, spice and medicinal plants
gained a more important role in agronomy production,
pharmacy, and exportation because of their increased
use as a raw material for the pharmaceutical industry
and pharmaceutical preparations and in the everyday
life of the general population. In recent years the
cultivation of medicinal and aromatic plants has been
achieved with increasing interest in Egypt. The interest
in our country for these plants is much greater because
of the possibility of exportation. From plant nutrition
studies, it is known that plants require a certain amount
of trace elements, that they respond differently to an
enhanced or lowered trace element supply, and that, in
some cases, agricultural products may be contaminated
with toxic heavy metals (Krug, 1986).

There are two major reasons (De Smet, 1992) to
monitor levels of toxic metals in medicinal plants. The
first reason, contamination of the general environment
with toxic metals, has increased (Ali, 1983). The sources
of this environmental pollution are quite varied, ranging
from industrial and traffic emissions to the use of
purification mud and agricultural expedients, such as
cadmium-containing dung, organic mercury fungicides,
and the insecticide lead arsenate (Schilcher, 1983;
Gosselin et al., 1984; Schilcher et al., 1987). The second
reason, exotic herbal remedies, particularly those of
Asian origin, have been repeatedly reported to contain
toxic levels of heavy metals and/or arsenic.

Several investigators have performed several studies
on the residual levels of toxic metals in medicinal herbs
(Schilcher, 1982; Ali, 1983, 1987; Peters and Schilcher,
1986; Schilcher et al., 1987). Most studies on residual
levels of toxic metals in medicinal herbs have focused
on lead, cadmium, and mercury (Schilcher, 1985; Ali,
1987; Schilcher et al., 1987).
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In the experience of Peters and Schilcher (1986) and
Schilcher et al. (1987), medicinal plants occurring wild
show more anomalous values than cultivated herbs, in
particular with respect to lead levels. The reason is, of
course, that drugs grown wild are more difficult to
control for all the potential ways of environmental
pollution. As was to be expected, the research group also
demonstrated that the levels of lead and cadmium in
the same crude herb may vary considerably with plant
part and habital.

The aim of this study is to investigate the heavy metal
contents in spices and medicinal plants from shipments
for exportation from Egypt to ensure the quality and
also to detect the effect of extracting the investigated
plants in hot water on the transfer of their metal
contents into the used water.

MATERIALS AND METHODS

Materials. Sample Collection. A total of 303 samples, which
represent 20 different types of spices and medicinal plants that
have different growing seasons and each with its own agri-
cultural practices, were collected from different sources of
exportation in Egypt. Eleven types of them belong to the leafy
group, 6 to the fruity group, and 3 to the flowery group. The
collected samples were kept in plastic bags until their analysis.
The various collected samples (item, scientific name, number)
are presented in Table (1).

Standards. Standard solutions of heavy metals, that is, lead
(Pb), cadmium (Cd), chromium (Cr), nickel (Ni), cobalt (Co),
tin (Sn), zinc (Zn), manganese (Mn), copper (Cu), and iron (Fe),
were provided by Merck (Darmstadt, Germany). The standards
were prepared from the individual 1000 mg/L standard
(Merck), 100 mL of nine combined standards were prepared
in 0.1 N HNOs. Working standards were prepared from the
previous stock solutions.

Methods. Preparation of the Plant Extract. Medicinal
plants, that is, spearmint, caraway, anise, chamomile, kark-
ade, and tea, were extracted in hot water by two different

© 2000 American Chemical Society

Published on Web 05/06/2000



Heavy Metal Contents in Some Egyptian Spices and Medicinal Plants

Table 1. Spices and Medicinal Plant Samples Collected
from Several Selected Shipments in Egypt

no. of collected

item samples? scientific name
leafy
geranium 20 Pelargonium graveolens L.
basil 20 Ocimum basilicum L.
marjoram 20 Marjorana hortensis L.
peppermint 20 Mentha piperita L.
spearmint 20 Mentha viridis
Jew’s mallow 10 Corchorus olitorius
dill 10 Anethum graveolens L.
celery 10 Apium graveolens Mill.
parsley 10 Petroselinum sativum Hoffm.
cumin 10 Cuminum cyminum L.
tea 6 Thea sinensis Linn.
fruity
caraway 15 Carum carvi L.
anise 15 Pimpinella anisum L.
fennel 15 Foeniculum vulgare L.
coriander 15 Coriander sativum L.
dill 5 Anethum graveolens L.
black pepper 5 Piper nigrum
flowery
chamomile 66 Matrcaria chamomila L.
karkade 6 Rosella jamica
saffron 5 Crocus sativua Linn.

a Each sample consists of three subsamples that were collected
from at least three different boxes/places throughout the lot. Each
subsample consists of 3—4 kg.

methods as commonly used in homes. In the first method, 2 g
of the dry plant was left to boil in 100 mL of deionized water
for 5 min in a glass beaker. In the second method, 2 g of the
dry sample was immersed in 100 mL of hot deionized water
for 5 min (tea method). The liquid extracts in the two previous
procedures were filtered separately and were prepared for
analysis.

Determination of Heavy Metal Contents in the Plant. A dry
ashing method (Gorsuch, 1970; Giron, 1973) was used for the
destruction of organic matter to determine all of the heavy
metals. The weights of the samples used were between 0.5 and
1.0 g. The crucibles were partially covered and then were left
to dry in an oven at 100—105 °C overnight (~16 h). Magnesium
nitrate, as an ashing aid, was added to the dried sample at
an approximately 1:1 ratio. The samples were charred on a
hot plate (~2 h) and then ashed in a muffle furnace at 470 +
5 °C for 16 h. After ashing, the ash was extracted with 20%
(v/v) redistilled nitric acid and then completed to a definite
volume with 1% nitric acid (v/v) for analysis. A Perkin-Elmer
model 2380 atomic absorption spectrophotometer with flame
atomization (air—acetylene) 60—20, equipped with a 10 cm
burner and a deuterium lamp for background correction, was
used for the flame atomic absorption measurement of the
metals. Maximum absorbance was obtained by adjusting the
cathode lamps at specific slit width and definite wavelengths
as recommended by the method as follows: 0.7, 228.8 nm (Cd);
0.7,357.9 nm (Cr); 0.2, 240.7 nm (Co); 0.7, 324.8 nm (Cu); 0.2,
248.3 nm (Fe); 0.2, 279.5 nm (Mn); 0.2, 232.0 nm (Ni); 0.7,
283.3 nm (Pb); 0.7, 286.3 nm (Sn); and 0.7, 213.9 nm (Zn),
respectively. The recovery of this method was carried out as
follows:

Portions of dry plant material were ground and weighed
(0.5—1.0 g) and were spiked with 0.5 mL of the nine combined
standards to get a concentration for each metal of 0.1, 1, and
10 ug/g of dry plant. The spiked samples were placed in a
dehydrator at 80 °C until dry. These samples were analyzed
according to the method of Gorsuch (1970) and Giron (1973),
a dry ashing method, to get the recovery of this method. The
recovery of the method ranged between 95 and 97% for all of
the studied heavy metals. All of the obtained results were
corrected according to the recovery percent.

The detection limits of the method, as expressed in micro-
grams per gram of dry plant, for the studied metals were 0.05
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for Pb, Cd, and Cr, 0.1 for Ni, and 0.01 for Sn, Zn, Mn, Cu,
and Fe.

Determination of Heavy Metal Contents in the Liquid
Extract. The obtained filtrates were acidified by 1% nitric acid
(v/v) for analysis by atomic absorption spectrophotometer at
the same conditions that were mentioned before (AOAC, 1995).

RESULTS AND DISCUSSION

Levels of Heavy Metals in Some Egyptian Spices
and Medicinal Plants. Heavy metal contents in spices
and medicinal plants depend on climatic factors, plant
species, air pollution, and other environmental factors
(Sovljanski et al., 1989). The levels of heavy metal
contents in the analyzed samples of spices and medici-
nal plants are listed in Tables 2—4.

Data in Table 2 demonstrate the contents of heavy
metal in the analyzed samples of spices and medicinal
plants (leafy group). The highest mean levels of Sn and
Mn were detected in tea samples, which were recorded
as 0.1 and 343 ug/g, respectively. However, marjoram
contained the highest mean levels of Pb (14.4 ug/g) and
Cr (25.25 ugl/g). On the other hand, the highest mean
levels of Ni (2.85 ug/g) and Zn (35.5 ug/g) were detected
in basil samples. The results proved also that celery,
parsley, and spearmint contained the highest mean
levels of Cd (2.44 ug/g), Cu (11 ug/g), and Fe (1046 ug/
g) in this order. It could be observed from the data that
the lowest mean levels of Pb, Cd, Ni, Sn, and Mn were
detected in Jew's mallow, which recorded as 1.14, 1.06,
0.61, 0.01, and 22.4 ug/g, respectively. Also, the lowest
mean levels of Zn (8 xg/g), Cu (1.8 ug/g), and Fe (145
ug/g) were detected in tea. The results revealed that
celery contained the lowest mean levels of Cr (2.47 ug/
g). Concerning geranium, peppermint, dill, and cumin
samples, data indicated that the mean levels of the
metals were moderate. Cobalt was not detected in the
different leafy samples under investigation.

With regard to fruity group samples in Table 3, data
indicated that Pb, Ni, and Sn were detected at the
highest mean levels, that is, 6.4, 1.3, and 0.09 ug/g,
respectively, in caraway samples. In contrast, the lowest
mean level of Pb was found in black pepper (1.1 «g/g),
and the lowest mean levels of Ni and Sn were reported
in coriander, which were recorded as 0.71 and 0.05 ug/
g, in the same order. On the other hand, the highest
mean levels of Cd (2.4 ug/g) and Cu (11.4 ug/g) were
found in anise. In contrast, the lowest of both (Cd and
Cu) were detected in black pepper (1.16 wug/g) and
coriander (2.78 ug/g). The results indicated also that
coriander, fennel, black pepper, and dill recorded the
highest mean levels of Cr (33.75 ug/g), Zn (68.8 ug/g),
Mn (118.5 ug/g), and Fe (289 ug/g), respectively. How-
ever, the lowest mean levels of Cr and Fe were detected
in black pepper, which were recorded as 11.19 ug/g and
26.96 ugl/g, respectively. Data in Table 3 reveal also that
the lowest mean levels of Zn (26.16 ug/g) and Mn (23
1g/g) were detected in caraway samples. It could be
observed from the data that Co was not detectable in
all of the analyzed samples. In addition, Ni and Sn were
not detectable in anise, fennel, dill, and black pepper.

Data in Table 4 summarize the contents of heavy
metals in flowery group samples. The obtained results
indicated that chamomile samples recorded the highest
mean levels of Pb (6.19 ug/g), Cr (21.6 xg/g), Ni (2.78
1g/g), Sn (0.08 ug/g), Zn (24.7 ug/g), and Fe (825 ug/g).
However, karkade contained the highest mean levels
of Cd (1.34 ug/g) and Mn (289 ug/g). The highest mean
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Table 2. Distribution Levels (Micrograms per Gram + SD) of Heavy Metal Contents? in Egyptian Spices and Medicinal

Plant Samples (Leafy Group)

Jew's

geranium, basil, marjoram, peppermint, spearmint, mallow, dill, celery, parsley, cumin, tea,

metal 20 20 20 20 20 10 10 10 10 10 6

Pb 114+46 445+1.48 144445 51+19 58+ 1.6 1144088 1.49+094 113+0.22 259+098 1.7+0.6 3.45+1.9

Cd 1.06+024 1.26+064 205+109 135+066 19+09 1.06+041 190+064 244+094 195+048 168+02 b

Cr 16.2+3.8 875+244 2525+6.49 12.88+4.19 19.75+ 3.66 3+ 0.99 925+149 247+096 9+1 21.88+3.2 9.75+0.9

Ni 1.1+06 285+185 215+099 096+0.14 145+049 0.61+0.26 159+0.69 0.64+022 193+0.64 0.74+020 1.9+0.3

Sn  0.03+0.01 0.02+0.006 0.04 +£0.01 0.05+0.02 0.06+0.02 0.01+0.006 0.06+0.02 0.02+0.01 0.03+0.01 0.07+0.02 0.1+0.06

Zn 121+4+6.1 355+4.1 1059 +2.49 11.14+4+3.19 189+ 3.4 116+ 1.4 11.55+2.49 23+6.4 13.40 £1.98 289+ 4 8+1

Mn 264+81 579+95 28 +25 789+ 6.9 889+148 224+41 77+ 11 288+5 26.75+2.96 26.6 +29 343+20

Cu 48+21 6.8+ 15 395+1.94 2114+099 98+14 109+24 21+08 85+15 11+ 3.4 216 £0.96 1.8+ 0.6

Fe 516+ 31 671 + 20 671 + 24 620 +20.9 1046 + 33 512 +11 848 + 21 296.6 £20 764 +21 301 +£21 145 + 33

a Co was not detected in any of the analyzed samples. P Not detectable.

Table 3. Distribution Levels (Mean + SD) of Heavy Metal Contents? in Egyptian Spices and Medicinal Plant Samples

(Fruity Group)

metal caraway, 15 anise, 15 fennel, 15 coriander, 15 dill, 5 black pepper, 5
Pb 64+1.1 16+04 1.8+04 433 +£1.25 1.64 + 0.55 1.1+0.6
Cd 1.36 + 0.89 24+0.6 2.2+ 1.96 1.69 +0.32 1.7+07 1.16 4+ 0.55
Cr 205+ 11.9 21+1.4 205+ 4.2 33.75 + 8.68 21.96 + 4.74 11.19+1.16
Ni 1.3 +£0.09 b b 0.71 +0.13 b b
Sn 0.09 + 0.06 b b 0.05 + 0.02 b b
Zn 26.16 + 2.44 62.46 + 6.2 68.8 + 4.46 10.69 + 3.53 63.49 + 11.96 35+ 3.2
Mn 23+4.1 36 + 4.5 31.8 + 3.68 9.88 + 2.68 23.3+ 4.6 118.5 £ 6.35
Cu 8.45+6.1 114+11 11.1+6.3 2.78 £0.78 10.66 + 1.23 8.4+218
Fe 190 + 84 101.6 +11.36 114+ 8 161 + 23 289 + 21 26.96 + 4.14

a Co was not detected in any of the analyzed samples. P Not detectable.

Table 4. Distribution Levels (Mean + SD) of Heavy Metal
Contents? in Egyptian Spices and Medicinal Plant
Samples (Flowery Group)

metal chamomile, 66 karkade, 6 saffron, 5
Pb 6.19 + 1.88 05+0.1 1.1+05
Cd 1.3+0.6 1.34 £ 0.3 1.2+06
Cr 21.6 +£8.1 17.38 +1.88 17+ 3.9
Ni 2.78 +£0.88 1.5+0.9 b
Sn 0.08 £+ 0.02 0.06 £+ 0.02 b
Zn 247 £ 6.8 9.25 + 1.33 24.40 +2.98
Mn 53+ 14 289+ 30.3 43.6 4.4
Cu 8.88 + 1.38 b 113+ 24
Fe 825 4+ 14 203 4+ 29 247 £ 7

aCo was not detected in any of the analyzed samples. ? Not
detectable.

level of Cu (11.3 ug/g) was detected in saffron. Data
proved also that karkade samples contained the lowest
mean levels of Pb (0.5 u«g/g), Ni (1.5 ug/g), Sn (0.06 ug/
9), Zn (9.25 ug/g), and Fe (203 ug/g). As can be seen from
the presented data, saffron samples contained the
lowest mean levels of Cd, Cr, and Mn, which recorded
as 1.2, 17, and 43.6 ug/g, respectively. However, the
lowest mean level of Cu (8.88 ug/g) was detected in
chamomile samples.

From the monitoring data revealed that the heavy
metal contents in the samples under investigation were
recorded at different levels. If we compare the obtained
results with the data of Kim et al. (1994), who investi-
gated the contents of heavy metals in 291 samples of
medicinal plants, grown in unpolluted sites, we can note
the evident increase of all heavy metals under investi-
gation. They reported that the contents of Cd, Cu, Pb,
Zn, Cr, Ni, and As in the plants were 0.39, 6.64, 0.82,
27.78, 1.45, 0.73, and 0.28 ug/g, respectively. They
reported also that the average contents of Cd, Cu, Pb,
Zn, Cr, Ni, and As in the soil were 0.20, 3.40, 2.24, 11.93,
0.97, 3.99, and 0.59 ugl/g, respectively. On the other
hand, Gravel et al. (1994)and Janusz et al. (1995)
determined the contents of heavy metals in an indus-
trialized region and reported that the plants growing

in there had higher contents of heavy metals than plants
growing in a less industrialized region.

The current results show that the levels of various
metals were higher than those given by Wong et al.
(1986, 1993) and Listow and Petrow (1990). The first
authors found that few medicinal plant samples con-
tained relatively higher concentrations of the metals Cd
and Pb. On the other hand, the results obtained by the
second authors showed that 68% of crude drug sam-
ples contained <0.5 ppm of Cd and 65% had <0.5 ppm
of Pb.

A similar investigation was conducted for plants
obtained from Saudi Arabia, Bahrain, and lIraq as
Arabian countries. In Saudi Arabia, the levels of Pb and
Cd in parsley samples collected from nonpolluted areas
were 0.75—2.1 and 30—125 ug/g, respectively (Al-Kathiri
and Al-Attar, 1997). These authors reported also that
Pb and Cd were detected at levels 8.6—14.6 and 625 ug/
g, respectively, in polluted areas. In Bahrain, Al-Saleh
and Chudasama (1994) reported that a large portion of
the plants examined contained high concentrations of
toxic metals and some of them exceeded the limits of
toxicity; the reported data indicate a potential health
hazard. However, in Iraq, Jawad et al. (1986) observed
amounts of 243—850 ppm of Fe in spices and 228—651
ppm of Fe in medicinal plants.

Accumulation of Pb in different parts of plants grow-
ing around six Egyptian roads was determined in early
studies by Nasralla and Ali (1985). They reported that
leafy plants contained higher levels of Pb than fruit
samples. They added that the extent of contamination
with Pb depended on traffic densities and distance from
the road. As definite permissible limits could not be
found in the European Pharmacopoeia or the German
Pharmacopoeia, the researchers took limit values of the
so-called Zentrale Erfassungs und Bewertungsstelle fur
Umweltchemikalien (ZEBS) as a point of reference. The
national ZEBS regulation offers maximum allowable
values for herb-like food products, such as grains and
vegetables (Table 5). It should be noted that the limits
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Table 5. Maximum Allowed Levels of Heavy Metals in
Foodstuffs, According to the ZEBS Regulation?

maximum allowed level per type

of foodstuff (mg/kg)

date of rye/  fruit/root leafy sprout
metal ZEBS grain rice vegetables vegetables vegetables
lead 1979 0.5 0.5 1.2 1.2

1986 0.4 0.25 0.8 0.5
cadmium 1979 0.1 0.1 0.1 0.1

1986 0.1 0.1 0.1 0.1
mercury 1979 0.03

1986 0.03 0.05 0.05 0.05

a Schilcher et al., 1987.

usually refer to the fresh weight of foodstuffs destined
for consumption, whereas medicinal herbs are generally
tested in their dried form (Schilcher, 1985). Comparing
the obtained results given in this investigation with the
ZEBS limits, spices and medicinal herb samples were
found to exceed the limits. Failure to meet these limits
does not imply, however, that a real health risk is
involved. Comparison of test results with the ZEBS
values should merely be considered as a tool of quality
assurance for the timely detection of potentially unde-
sirable contamination. In the experience of Schilcher
and associates (Schilcher et al., 1987; Peters and
Schilcher, 1986), herbal drugs occurring wild show more
anomalous values than cultivated herbs, in particular
with respect to lead levels. The reason is, of course, that
drugs grown wild are more difficult to control for all the
potential ways of environmental pollution.

It can be concluded that some types of metal such as
Cu, Mn, and Zn are the natural essential components
of coenzymes and they are important for growth,
photosynthesis, and respiration. Other metals such as
Pb and Cd had no biochemical or physiological impor-
tance, so they are considered as very toxic pollutants
(Sovljanski et al., 1989). The relatively high concentra-
tions of Pb and Cd found in different samples are
certainly due to irrigation with contaminated water as
well as the addition of some fertilizers and herbicides.
In addition, it was reported that the contamination of
plants with Pb depends on several factors, for example,
traffic densities and distance from the road (Bosque et
al., 1990). These authors also suggested that Pb ac-
cumulated in plants through both foliage and root
systems, but Pb absorption through foliage is more
pronounced at locations close to the emission source of
Pb vapor and fine particles. On the other hand, heavy
metal contents of medicinal plants depend on the plant
species and climatic factors (Sovljanski et al., 1990).
Yoo-Seung and Song-Kyung-Sik (1991) mentioned that
there was no significant correlation between heavy
metal contents of soils and cultivated medicinal plants.
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Behavior of Heavy Metals in the Medicinal
Plants during Processing. With respect to the effect
of the plant processing on its metal contents, Table 6
shows that tin was not detected in the two different
extracts in all samples. Also, we find that the investi-
gated metals were transferred from the plant tissue into
the used water at different ratios, which depend on the
metal, the plant, and the applied extraction method. The
highest concentrations (expressed as a percent of the
initial concentration before processing) of Ni, Pb, Cd,
Cr, Fe, Zn, Mn, and Cu transferred from the plant
tissues to the water by the first method (in boiling
water) were 72% (chamomile), 76% (chamomile), 78%
(spearmint), 80% (spearmint), 80% (karkade), 82%
(spearmint), 84% (anise), and 87% (caraway), respec-
tively. In the second method (in hot water), the highest
concentrations of Ni, Cd, Pb, Cu, Cr, Zn, Mn, and Fe
(expressed as a percent of the initial concentration
before processing) that were transferred into the water
were 46% (spearmint), 48% (anise), 57% (tea), 64%
(caraway), 65% (anise), 67% (caraway), 69% (chamo-
mile), and 69% (caraway) in the same order. We can
conclude that higher concentrations of heavy metals
were transferred into the water by boiling than by
immersion in hot water (tea method).

These results are in agreement with those of Ali
(1983, 1987), who concluded that the residual concen-
tration in herbal drugs after its extraction with boiling
water may be reduced. Passage of metal into the tea
was >50% in only 12% of the Pb assays and 8% of the
Cd test. Schilcher et al. (1987) reported that washing
the plants by water may remove ~15—30% of heavy
metal contaminants. Soliman et al. (1997) reported that
heavy metal contents in vegetables were affected by
washing. The removal percentages were 100% (Cd), 25—
100% (Pb), 50—100% (Cr), 76.9—100% (Co), 11.1—
36.71% (Ni), 5.2—20.6% (Cu), 12.7—19.5% (Mn), and
1.1-12.5% (Fe). Also, amounts of Pb and Cd could
be removed by washing the samples as reported by
Igwegbe et al. (1992) and Battaglia et al. (1984).

Conclusion. Heavy metals are present in spices and
medicinal plants at different concentrations, which, in
some cases, exceeded the permissible levels. This could
be attributed to the use of contaminated irrigation
water, the addition of some fertilizers and herbicides,
and also contamination from traffic. Sewage sludge,
industrial activities, fuel, and automobile tires can also
be significant metal sources. Heavy metals can ac-
cumulate in plants through both foliage and root
systems. On the other hand, heat treatments of medici-
nal plants by both hot and boiling water can extract
different concentrations of the plant metal content into
the used water. Boiling in water extracted higher metal

Table 6. Behavior of Heavy Metals? in Medicinal Plants during Processing

spearmint caraway anise chamomile karkade tea

metal 10 2¢ 3d 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
lead 11.5 8.7 6.1 128 93 6.2 3.2 24 15 12.2 9.3 5.9 1.0 0.74 043 6.8 5.1 3.9
cadmium 3.6 2.8 17 2.6 1.9 12 4.8 3.6 2.3 2.6 1.9 11 2.6 1.9 11 e e e
chromium 38.3 30.7 20.2 418 335 278 46.0 324 29.1 439 35.3 25.9 36.2 256 169 194 143 111
nickel 2.8 2.0 1.3 2.6 18 11 e e e 5.4 3.9 2.1 3.0 21 1.3 3.8 24 1.6
tin 0.11 e e 0.22 e e e e e 0.14 e e 0.10 e e 0.19 e e
zinc 35.3 29.8 20.8 57.1 443 356 127.8 96.5 834 51.2 36.3 32.2 216 174 132 16.0 11.0 8.9
manganese 179.4 1458 1059 47.3 385 298 719 605 404 106.7 87.2 73.1 578.3 470.5 381.1 686.0 504.1 360.3
copper 19.9 15.3 11.7 19.2 16.7 122 235 183 148 17.6 11.2 8.9 4.1 3.1 2.3 3.6 211 17
iron 2073.3 1503.4 1027.7 414.3 326.1 286.3 224.0 167.9 136.5 1720.0 1228.0 1052.0 411.1 329 352.0 290.0 204. 156.6

a Cobalt was not detected in all the analyzed samples. P Initial concentration (ug/2 g of dried plant sample). ¢ Concentration in boiling
water (1©g/100 mL). 9 Concentration in hot water (xg/100 mL). ¢ Not detectable.
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concentrations from the plant to the used water than
heating in hot water.
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