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Abstract

Unindustrialized countries like Ethiopia; the local plants play major roles to the limited modern health care available.
Therefore, the objective of the study was to evaluate essential and non-essential metals; Ca, Mn, Zn, Cu, Fe, Mg, Cd, and Pb of
Hop (Rhamnus Prinoides) and Papaya (Carica papaya) which are commonly used in Gummer woreda central Ethiopia. The
level of these metals cultivated were determined using flame atomic absorption spectrometry. The analysis of optimized wet
digestion method which a 0.5 g sample using a mixture of 2 ml HNO; and 2 ml HC1O, at 150°C for 210 minutes. The digestion
was evaluated by spiking the samples and their percentage recoveries in the range of 89—103.5%. The results showed that both
plants under investigation have the ability to accumulate relatively higher amounts of Ca among the determined essential
metals. The concentration ranges in dry weight basis in decreasing order for the samples were: Ca (3.27-5.85 mg/kg) > Mn
(1.13-3.98 mg/kg) > Zn (1.58-2.96 mg/kg) > Fe (1.17-2.79 mg/kg) > Mg (1.57- 2.54 mg/kg) > Cu (1.09-2.47 mg/kg. The
concentration of Pb and Cd in the samples was below the limit of detection. All the non-essential metals analyzed in this study
were below the permissible ranges presented by FAO/WHO standards. Hence, the studied plant is safe for dietary and uses
with respect to the analyzed metals. Additional studies will be continued on the screening of of the plants based on
phytochemical activities.
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1. Introduction

World traditional medicines composed of herbs, herbal
materials, herbal preparations, and as well as finished herbal
products, that contain as active ingredients parts of plants, or
other plant materials, or combinations of all. In Africa, up to
80% of the population uses traditional medicine for primary
health care. Traditional medicine has maintained its populari-
ty in all regions of the developing world and its use is rapidly

spreading in the industrialized countries [1]. Plants not only
serve as complements or substitutes for modern medical
treatments, which are often inadequately available, but also
enhance the health and security of local people. Evidence
obtained from observations of animals shows that even
chimpanzees use of plant species for their medicinal value
[2]. Thus, these plants play indispensable roles in daily life
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and are deeply connected to diverse social, cultural, and eco-
nomic events associated with life, illness and death [3]. His-
torical accounts confirm that traditional medicinal plants
were in use as early as 5000 to 4000 B. C in China, and 1600
B. C by Syrians, Babylonians, Hebrews and Egyptiansin.
Local plants in the developing countries play major supple-
mentary roles to the limited modern health care and consid-
ered as a rich resources of ingredients. Ten percent of all
vascular plants are used as plants in the world [4].

Ethiopia plants have shown very effective contributions
for some ailments of human and domestic animals which
include Phytolacca dodencadra [5], and also many species of
Maytenus studied by National Cancer Institute [6]. In devel-
oped countries this may be partly due to the dissatisfaction
with conventional medicines while with the developing
countries this is due to lack of medical doctors, shortage of
pharmaceutical products and their unaffordable prices.

Some plant species of Ethiopia are reported to have been
threatened by the overuse over harvesting for marketing as
medicine. A good example is 7. byssinica whose slender
roots are bandaged and small coiled bundles presented for
market. Plants like Moringa oleifera have been found high
levels of essential metals (Na, Ca, Mg, K, Na, Mn, Fe, Zn,
Co, Cu, Ni) and level of non-essential metals like Pb and Cd
[7]. and Hibiscus sabsdariffam plants have been contains
level of essential metals like Al, Ca, Mg, K, Na, Mn, Fe, Zn,
Co, Se and level of non-essential metals like Pb and Cd [8].

The level of essential metals (Na, Ca, Cu, Fe, Zn, Mn, Cr,
Ni, K, Mg, Mn, Co) acceptable by the WHO should not en-
danger the health of consumers [9]. The World Health Or-
ganization cites maximum permissible levels in raw plant
materials only for cadmium (0.3 mg kg™), arsenic (1 mg kg’
" and lead (10 mg kg"). The continuity of such research
endeavor’s, in terms of periodical assessment of these and
other metal concentration in all the known herbal plants used
in plants, would go a long way toward predicting the quality
assurance and safer use of herbal products.

Some plants contaminated by metals in the course of cul-
tivation locally consequently determining the content of the
metals accumulated in high position. The body of human
requires both the metallic and the non-metallic elements
within convinced permissible limits for progress and healthi-
ness. Nevertheless, the presence of some heavy metals in
massive amounts in the body may have a poisonous effect on
the human body. Consequently, toxicity from the active in-
gredients, the individuals may suffer from trace toxic metal
toxicity and hence their normal body function will be affect-
ed as trace metals are responsible for most of our body en-
zymatic activity [10].

Moreover known that the source of mineral nutrients for
human being is plant materials consumed in the form of food
or medicine. Until the 18th century, the therapeutic proper-
ties of many plants, their effect on the human, organism and
their method of treatment were known, but the active com-
pound was unknown [11]. In the cause of study area, varies

plants are used to cure a number of diseases by most of indi-
viduals the area traditionally in a regular basis. Thus, it is
imperative to evaluate the essential metals and non-essential
metals in the leaves of plant sample from the plant garden to
address the individual intake of mineral nutrients. Currently,
there is no documentation which was estimated about the
essential and non-essential metals in the leaves of these
plants in Gummer woreda Central Ethiopia. Subsequently the
knowledge of their mineral concentration is the particular
interest to propose the maximum dosage of the plants leave
for normal body function in terms of essential and non-
essential metals content in the study site. Therefore, this re-
search was initiatively conducted to evaluating of essential
(Mg, Ca, Cu, Fe, Zn, and Mn) and non-essential metals (Pb,
Cd) in Hop (Rhamnus Prinoides) and Papaya (Carica papa-
ya) plants leaves of the study area.

2. Materials and Method

2.1. Description of the Study Area

Guraghe Zone is one of the zones found in the central
parts of Ethiopia. It is bordered on the south by Hadiya on
the West, North and East by Oromia Region, Yem on South-
west and on the Southeast by Silte Zone. This study was
conducted in Gummer woreda, Gurage zone, southern Ethio-
pia. Arekit is the capital town of the woreda located at about
65 Km South East of Wolkite town. According to 2007 popu-
lation census, the total population of Gummer woreda was
approximated to 80,163 with the total households of 16,360
[12]. The predictable population for 2012 was 92,481 with
18,874 households by considering 2.9% as natural increase
rate of Southern Ethiopia. Similar to other rural Ethiopian
ethnic groups, the economy of Gummer Woreda households
is based on farming. As Gummer‘s past records reveal that
the people conduct farming and animal husbandry for centu-
ries.

2.2. Sample Collection

The leaves of plant samples taken from the farmers of
plant plot for Hop (Rhamnus Prinoides) and Papaya (Cari-
ca papaya) which are sited in Bole, Kabul and Jomboro
Kebele. Each sample was collected randomly from 6 trees
in each sampling sub-sites by using cluster sampling tech-
niques. For both plants a three data point per site for basic
test and three triplicates for 2 varieties (3>2=6) of plant
sample was collected by using random sampling technique
from the study area. Depending on the availability of the
plants, about 100 gm of plant sample from each leaves was
collected from garden of plants and packed into polyeth-
ylene plastic bags, labeled and transported to the laboratory
for further treatment.
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2.3. Sample Preparation

The collected leaves of plants sample was wash with a tap
water and detergent so as to eliminate dirt, rinsed with dis-
tilled water and air dried. Plant samples were crushed and
powdered by blending device and specified quantity was
taken in an evaporating dish and heated in an oven at 105°c
to remove moisture. Then the sample was cooled, ground,
sieved and placed in cleaned screw covered polyethylene
container. This process was set in a closed system, so the
sample decomposition had no contact with external sur-
roundings. Blank solutions were prepared by nitric acid.

2.4. Instruments and Apparatuses

Digital analytical balance was used for weighing the sam-
ples. Round bottom flasks with grounded glass (100 mL) fitted
with reflux condenser was employed in digesting the sample
on Kjeldahl heating apparatus (Gallenhamp, England). Stain-
less steel axe and Teflon (SSAT) knife was used to cut the
plant species. Blending device, ceramic pestle and mortal were
used for grinding and homogenizing the samples Borosilicate
volumetric flasks (50, 100 and 250 mL) were used during dilu-
tion of sample and preparation of metal standard and infusion
solutions. Measuring cylinders, pipettes, micropipettes (Drag-
on med, 1-10 pL, 100-1000 uL) used during measuring differ-
ent quantities of volumes of sample solution, acid reagents and
metal standard solutions. Metals’ concentration level was done
by flame atomic absorption Spectrophotometer (FAAS)
equipped with deuterium background corrector and hollow
cathode lamps with air-acetylene flame.

2.5. Chemicals and Reagents

The analytical grade reagents were used for cleaning the
glass wares and digesting the leaf samples throughout this
work. These are nitric acid 69-72% and 70% HCIO, was
used for the digestion of the plant samples. Stock standard
solution of concentration 1000 mg/L in 2% HNOj; of the
metals of reagent grade (Buck Scientific Pure-Graphic) salts
of; Mg, Ca, Mn, Fe, Zn, Cr, Cd, and Pb from which 100
mg/L of intermediate standard obtained was for the prepara-
tion of the calibration standards of each metal and working
standards were prepared from intermediate standards of each
metal. For the sample preparation, dilution, and cleaning
apparatus prior to analyses deionized water was used [13].

2.6. Experimental Procedures

2.6.1. Cleaning Apparatus

All glass and plastic containers and polyethylene bags
were washed with tap water and kept overnight in 10% (v/v)
nitric acid solution. After wards, it was cleaned thoroughly
with deionizer water and dried in oven and glass ware was
kept in clean place, to avoid contamination.

2.6.2. Procedure of Optimization Working

To get a consistent outcome from an analytical experi-
ment; it was prepared a clear and colorless sample solution
that is suitable for the analysis using FAAS, different work-
ing procedures for the digestion of plant samples were as-
sessed using mixtures of HNO; and HCIO, acids by varying
parameters such as volume of the acids mixture, digestion
time and digestion temperature. By examining the nature of
the final digests obtained by varying the above parameters,
the optimized procedure was selected depending up on the
clearness of the digests, less digestion time, less reagent vol-
ume consumption and simplicity [13].

2.6.3. Sample Digestion

0.5 g of the crushed, powdered and sieved portion of each
plant leave samples were accurately weighed on a digital ana-
Iytical balance and quantitatively transferred into digestion
tubes. An optimized amount of freshly prepared mixture, 3 mL
of conc. HNOj; (69-72%) and 3 mL of HCIO, (70%) were
added to each of plant samples, according to optimized diges-
tion procedures of each plant samples. The digested solution
was allowed cooling for 40 minutes. To the cooled solutions, a
20 mL portion of distilled deionizer water was added to dis-
solve the precipitate formed on cooling and gently swirled.
The resulting solutions were filtered into a 50 mL volumetric
flask with a Watchman filter paper to remove any suspended
residues. Subsequent rinsing of the filtrate with 10 mL distilled
demonized water was followed until the volume reached the
mark. The digestions of the reagent blank samples also were
performed in parallel with the plant samples keeping all the
digestion parameters the same. The digested and diluted sam-
ple solutions were stored in volumetric flask and finally, the
digests were kept in refrigerator until analysis.

2.7. Evaluation of Essential and Non-Essential
Metals

The intermediate standard solutions were prepared from the
stock solutions and a series of dilute solutions of each metal
(Na, Ca, Cu, Cr, Zn, Pb, Mn and Cd) under analysis, at differ-
ent points as the expectations; were prepared from the inter-
mediate standard solutions. For example, the stock solution of
calcium was prepared by dissolving appropriately measured
grams of calcium salts in distilled water and the working solu-
tions were measured in ppm. Similarly, zinc stock solutions
were prepared by dissolving appropriate grams of zinc in dis-
tilled water. The diluted working solutions were measured in
ppm and the same working solutions were prepared in the
concentration range (in ppm) for the other metals. Flame
Atomic Absorption Spectroscopy was used for the analysis of
the selected level of essential and non-essential metals. After
scanning a blank, a standard solution and a sample solution in
the programmed wavelength range, the background correction
wavelengths were selected manually at appropriate back-
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ground positions for each analyze peak. The intensity of essen-
tial metals and the absorbance of non-essential metals were
obtained from triplicate measurements.

2.8. Method Validation

Validation method provides that analytical satisfactory for
its proposed purpose. The recoveries of metals were studied
by spiking known amounts of standard solution to samples.
The concentration can be distinguished from fluctuations in a
blank, which usually corresponds to average of the blank
signal plus three times standard deviation of the blank (Limit
of detection = yB + 3SD, where SD = standard Deviation of
the blanks) (Miller and Miller, 2005). Method detection limit
analyzed that can be measured and reported with 99% confi-
dence that the analyze concentration is greater than zero. In
order to determine the method detection limits eight blank
samples were digested following the same procedure as the
plant samples and each of the blank samples were analyzed
for (Mg, Ca, Cu, Fe, Zn, Pb, Mn and Cd) by using FAAS.
The recoveries of the spiked samples were calculated using
the following formula [13].

Percentage of recovery = (amount after spike —amount before
spike) /amount added *100

2.9. Statistical Analysis

One-way variance analysis (ANOVA) and t-test was wide-
ly used statistical methods to compare group means. ANOVA
uses the F statistics to compare whether the difference be-
tween sample means were significant or not. Data entry or-
ganization and preliminary.

Summaries done on Microsoft Excel spread sheet. The
means, and standard deviations of the data collected was
determined using Microsoft Excel. Linear correlations were
determined using the Pearson product-moment correlation.
The SAS 9.13 for windows version software program was
used for statistical analyses.

3. Result and Discussion

3.1. Optimization of Digestion Procedure

Varies conditions tested for optimization of digestion pro-
cedure for 0.5 g of plant samples are summarized in Table 1.
From the optimization procedure the acid mixture of 2 ml of
HNO; (70%) and 2 ml of HCIO, (70%), digestion time of
190 minutes and digestion temperature of 150°C were found
to be the optimal conditions for digestion.

Table 1. Optimization of digestion procedure of samples.

Reagent in volume

No Wt. (g) Maximum Temp (°C) Time (min) Observation

HNO; HCI10, Total
1 0.5 6 3 9 310 190 Pale yellow solution
2 0.5 4 3 7 310 190 Clear and colorless
3 0.5 6 1 7 310 190 Brown yellowish
4 0.5 3 3 6 310 190 Clear but pale
5 0.5 5 1 6 310 190 Pale yellow solution
6 0.5 5 2 7 280 160 Pale yellow solution
7 0.5 5 1 6 280 160 Pale yellow solution
8 0.5 3 3 6 280 160 Clear and yellowish
9 0.5% 3* 3% 6* 280* 130* Clear and colorless
10 0.5 3 3 6 250 190 Brown yellowish

Table 2. Working conditions of the instrument.

Metals Wavelength (nm) Lamp current (MA) Slit width  Instrumental Detection Limit (IDL)  Flame source/color
Ca 423.600 3.00 0.700 0.010 C,H, gas/blue
Mg 287.100 4.00 0.500 0.001 C,H, gas/blue
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Metals Wavelength (nm) Lamp current (MA) Slit width Instrumental Detection Limit (IDL) Flame source/color
Zn 214.700 2.00 0.700 0.005 C,H, gas/blue
Fe 249.200 7.00 0.300 0.030 C,H, gas/blue
Mn 238.500 6.00 0.200 0.020 C,H, gas/blue
Cu 291.300 5.00 0.400 0.002 C,H, gas/blue
Cd 229.800 2.00 0.600 0.005 C,H, gas/blue
Pb 284.300 5.00 1.00 0.100 C,H, gas/blue

3.2. Evaluation of Analytical Method

As shown in Tables 1 and 2 the proportion recovery for selected two plant samples lie in the range 89-103.5%, which are
within the acceptable range for metals [14].

Table 3. Recovery test for the papaya sample.

Metal Conc. in sample (mg/L) Amount added (mg/L) Conc. in spiked sample (mg/L) Recovery (%)
Ca 3.87 2 5.72 92.5

Mg 2.06 2 3.86 90

Mn 1.79 2 3.62 91.5

Fe 1.91 2 3.81 95

Zn 2.54 2 4.57 103.5

Cu 2.25 2 4.19 97

Cd ND - - -

Pb ND - - -

Table 4. Recovery test for the Hop sample.

Metal Conc. in sample (mg/L) Amount added (mg/L) Conc. in spiked sample (mg/L) Recovery (%)
Ca 5.83 2 7.83 100

Mg 2.17 2 4.27 105

Mn 2.99 2 5 100.5

Fe 1.63 2 3.43 89

Zn 2.1 2 4 95

Cu 1.75 2 3.56 90.5

Cd ND - - -

Pb ND - - -

3.3. Evaluation of Metals in Plant Samples

The evaluation of essential and non-essential metals in the two plant samples determined with FAAS after sample dissolu-
tion with the optimized digestion procedure were expressed per dry weight as shown in Table 5.
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Table 5. Concentration (mean + SD, n= 3 in mg/kg dry wt) of metals in plant samples from three sample sites.

Metals
Sites Plants
Ca Mg Cu Zn Mn Fe Cd Pb
Wosh wocha Papaya  3.95£0.07¢  2.21+0.31%  2.10£0.13%  2.3440.00®  1.93+0.128"  2.79+0.05° ND ND
Dekeya Hop 5.9140.09°  221+0.24%  1.9040.13°¢  2.07+0.06™  2.98+0.06*  1.7440.05 ND ND
Papaya  5.11+0.11¢ 2.54%0.06" 1.09+0.26"  2.96+0.21° 1.49+0.10" 1.62£0.01° ND ND
Kabul Hop 5.64£0.19™  1.90£0.09®  1.62£0.15®  1.58+0.062 1.130.15' 1.63£0.00  ND ND
Papaya  5.18+0.15%  2.18+0.16%  1.96£0.10°¢  2.96£0.00°  1.89+0.12¢  1.17+0.05% ND ND
Bole Hop 5.8540.06°  1.57+0.11%  2.47+0.16®°  1.88+0.01'  3.98+0.06° 1.72+40.10°  ND ND
cv 2.68 7.68 9.53 6.89 423 7.16 - -
LSD 0.23 0.27 0.29 0.26 0.19 0.21 - -

Means with the same letter in the same row are not significantly different at 0=0.05. CV: Coefficient of Variance
ND: Concentration of the tested heavy metal below the Method detection limit. LSD: Least Significant Difference

The exception of Pb and Cd, all the metals under investi-
gation (Ca, Mg, Fe, Mn, Cu and Zn) were detected above
Table 5. The ranks of metals however differ significantly
among plants and accordingly sampling sites. The result re-
vealed that, calcium is the most accumulated essential metal
in both plants. This is in line with the study of Ayenew et al.
2014, which the higher level of Ca in plants was probably
due to the fact that nutrient elements such as N, P, K, S, Ca
and Mg are highly mobile in the plant tissue. The other prob-
able reason for higher concentration of Ca is due to different
agricultural practice as the present of fertilized soil with ma-
nure and organic residues which is rich with these metals
[15]. Particularly also it was approved in the study site that
the Jomborokebele uses manure and organic residue on their
agricultural lands.

Calcium

The mean concentration of Calcium was ranged from 3.95
to 5.85 mg/kg. The top level of calcium was observed in Hop
collected from Jomboroand the lowest concentration was
found in Papaya sample collected from Wosh wocha Dekeya.
One —way analysis of variance showed that the mean con-
centration of Ca in Hop sample was significantly higher than
papaya plants. The pattern of concentration of calcium
among different sampling site was in order of; Bole> Kabul>
Wosh wocha Dekeya. The distribution calcium pattern be-
tween two plants in order: Hop > Papaya. However, the re-
sult of this study indicated that the concentration of calcium
was smaller than the study reported in Nigeria which the
levels of Ca stated to be 248.6 pg/g and in Ethiopia it was
reported 170- 320 ug/g in medicinal plants [16]. This might
be recognized to different plant species had varying concen-
tration pattern abilities to take up and accumulate metals
[17].

Magnesium

The concentration of magnesium was ranged from 1.57
mg/kg in Hop from Boleto 2.54 mg/kg in Papaya sample
collected from Kabul. One —way analysis of variance showed
that the mean concentration of Mg in Papaya sample was
significantly higher than Hop plants. The pattern of concen-
tration of magnesium among different sampling was in order
of; Kabul> Jomboro> Bole. In the plants; Papaya > Hop.
Similarly, the study conducted by [18] the content of Mg in
papaya which was higher than the value obtained in this
study. The variation may be due to difference in soil nature
and the different agricultural land practices.

Copper

The concentration of copper was ranged from 1.09 to 2.47
mg/Kg. The highest mean concentration was found in Hop
sample collected from Boleand the lowest concentration was
found in Papaya from Kabul. The concentration of copper
sampling site was in order of; Bole> Jomboro> Kabul. The
distribution pattern of copper in both plants was in order;
Hop > Papaya. Fisher’s combined probability test using the
LSD criterion for significance indicated that the mean con-
centration of copper in both plants sample from Bolewas
significantly higher than other sampling sites at o = 0.05.
The outcomes showed that concentration of copper in both
plants was below the accepted limit set by FAO/WHO and
allowable limit of copper set by China and Singapore in me-
dicinal plants, which were 20 mg/kg and 150 mg/kg respec-
tively [10]. The possible reason for higher concentrations in
Cu was probably due to geological differences of the soil and
similarly different agricultural practices.

Zinc

As indicated in Table 5, the level of Zn in plants was
ranged from 1.58 to 2.96 mg/kg. The highest and lowest
mean concentration of Zn was found in papaya, 2.96 mg/kg
from Kabul. The concentration of zinc among different sam-
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pling site was in order of, Kabul> Bole> Wosh wocha
Dekeya. Similar level of Zn in Hop 3.48 mg/kg has been
reported by [19]. This may be attributed to its higher concen-
tration in the soil. After evaluation, metal limit in the studied
both plants with those suggested by FAO/WHO, was found
that Zn is bellow this limit for comestible plants. According
to [20] limits were not established for zinc.

Manganese

The concentration of Mn was ranged from 1.13 to 3.98
mg/kg in the samples. The highest level of Mn was observed
by hop plant in Jomboroand the lowest concentration was
found in Kabul. However, for medicinal plants the [20] limit
is not thus far recognized for manganese. Report of [21] that
the range of manganese in their study was between 44.6 to
339 mg/kg in selected medicinal plants of Egypt. [22] report-
ed that the range of manganese in his study was 157 £ 7.5
mg/kg to 421 + 9.0 mg/kg in Croton leaves of Ethiopian me-
dicinal plant. Higher Mn levels in the studied plant may be
attributed to the availability of this metal in relatively acidic
soils.

Iron

The mean concentration of Fe in plants was ranged from
1.17 to 2.79 mg/kg. The highest mean concentration was
found in papaya collected from Jomboro and the lowest con-
centration was found in also papaya Bole. Fisher’s combined
probability test using the LSD criterion for significance indi-
cated that the mean concentration of Fe in plants sample
from Jomborowas significantly higher than other sampling
sites at oo = 0.05. This might be due to geographical and geo-
logical differences of the soil and different agricultural prac-
tices including the use of different agro-chemicals. The ac-
ceptable limit recommended by FAO/WHO in edible plants
was 20 ppm [2]. However, the level of iron in this study val-
ues, it was in some amount higher than permissible level of
iron in edible plants.

Lead

Lead was not detected in both samples from all sampling
sites. Since Pb was below method detection limits in this
study there was no lead contamination. The study contrasts
reported by [13] the concentration of lead was in small
amount in Foeniculum vulgare, Artemisia afra, Hagenia
abyssinica and Echinops kebericho with concentrations of
0.11+£0.02, 0.11 £0.08, 0.11 £0.02, 0.08 +.05 mg/kg, respec-
tively.

Cadmium

The permissible limit for Cd set by [9] in edible plants was
0.2 mg/kg. However, for plants the permissible limit for Cd
set by [20], China and Thailand was 0.3 mg/kg in finished
herbal products. The level of cadmium in the given plants in
all sampling site was below the method detection limit im-
plying that there was no Cd contamination.

3.4. Correlation of Metals Among Samples

For the correlate, the effect of one metal concentration

on the concentration of the other metal, Pearson correlation
matrices using correlation coefficient (r) for the samples
were used and presented in table 6 below. The values of
Pearson correlation coefficient showed that there is weak
and/or moderate positive or negative correlation of metals
with each other except for some metals. The weak negative
or positive correlation indicating that the presence or ab-
sence of one metal affect in lesser extent to the other. Rela-
tively high negative correlation between Mg and Cu indi-
cate that large absorption of Mg may affect the absorption
of Cu.

Table 6. Pearson correlation of Metals.

Ca Mg Cu Zn Mn Fe

Ca 1
Mg -0.133 1

Cu -0.026  -0.509" 1

Zn -0.349"  0.240 0.125 1

Mn 03227 -0.132  0.022 0.115 1

Fe 0.091  0.264 -0.343  -0226 0.354" 1

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

4. Conclusion and Recommendation

Based on the finding, the optimized wet digestion method
was used and evaluated by spiking samples and their per-
centage recoveries were in the range of 8§9-103.5% which
was in the acceptable range.

1. The result indicated that both plants accumulate rela-
tively higher amounts Ca among the evaluated essential
metals.

2. The evaluation of metals in the both plants could be put
in the following order Ca > Mg > Mn > Zn > Fe >
Mg > Cu; Pb and Cd were below method detection lim-
it.

3. Non-essential metals evaluated in this study were below
the permissible ranges presented by FAO/WHO stand-
ards. Henceforth, the plants were safe for nutritional
and uses with the respect to analyzed metals.

4. Mn and Fe show positive correlation indicating that
more level of Mn enhance the availability of Fe. Some
other metals like Ca and Zn, Ca and Mn show negative
correlation.

5. For the further; based on the results, monitoring of non-
essential metals in plants needed to minimize the risk of
bioaccumulation in human.
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