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Abstract

Ruminants’ health is badly affected by the hazardous effects of heavy metals. Due to the scarcity of water, feed production
in many regions is very low, so mostly ruminant animals are fed with wild plants of the region. The aim of this study was to
evaluate the heavy metals concentration in native forage plants of Soon Valley, Khushab, Pakistan. Twenty forage plants, which
are mostly consumed by the ruminants, were selected. The concentrations of heavy metals, cobalt (Co), copper (Cu), zinc (Zn),
iron (Fe), and manganese (Mn) were determined by using Atomic Absorption Spectrophotometer (AAS). Results from heavy
metals analysis revealed that the highest Co, Cu, Zn, Fe, and Mn contents were observed in Digitaria sanguinalis (0.30 mg/kg),
Hordeum leporinum (15.64 mg/kg), Hordeum leporinum (36.46 mg/kg), Achnatherum hymenoides (26.04 mg/kg) and
Hordeum leporinum (28.26 mg/kg), respectively. Statistically, the results of the analyses of variance (ANOVA) for Cu, Co, Fe,
and Zn showed highly significant (p<0.05) difference in all plant samples. The results of this research showed that heavy metal
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accumulation values in the studied plants were in the normal natural concentration range.
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Introduction

Spreading of xenobiotics into the ecosystems has
resulted in environmental pollution and degradation (Yorek
et al., 2016; Khan et al., 2018a; Ugulu, 2020). It has been
observed that heavy metals in combination with a variety of
other toxic compounds enter into the environment through
the pesticide use, industries, power generators, municipal
waste, smoke from automobile and refuse to burn in
agriculture  (Dogan et al., 2010; Durkan et al., 2011;
Dogan et al., 2014a, b). These metals can accumulate in
plant tissues from air or water (Bayor et al., 2009). Both
chronic and acute responses are seen in animals consuming
the plants that have taken up metals (Sahin et al., 2016;
Ugulu et al., 2019a, b; Khan et al., 2019, b). Heavy metals
are the main reason for various health problems. Their
accumulation in the body results in the cessation of brain
and liver cells and finally leads to the complete damaging
of the organs. These metals also result in the reduced
functioning of the kidney. Against scenarios like this,
monthly observations are required to monitor the level of
contaminants (Abou-arab & Aboudonia, 2001).

On the other hand, heavy metals play a crucial role in
plant growth, but their higher concentration exerts a toxic
effect on plants (Ugulu, 2015a; Khan et al., 2020a, b).
Many important functions are played by manganese (Mn),
iron (Fe) and zinc (Zn) in the biological mechanism of
organisms. Copper (Cu) being trace mineral is required in
a low quantity in biological entities. The difference in Cu
concentration in different plant parts depends upon
ecological factors like nitrogen supply and chemical
characteristics of soil, age, and type of plant species
(Ugulu &Baslar, 2010; Khan ef al., 2018c). Cobalt (Co) is
the main building block of vitamin B, which plays an
important role in metabolism. Anemia occurs in ruminants
due to the Co deficiency and Fe and Cu are also
interrelated with vitamin B> in hematopoietic cells/
processes. Harsh emaciation and loss of appetite are also

associated with the shortage of Co (Sahin et al., 2016;
Khan et al., 2019¢; Nadeem et al., 2019).

Accidental or intentional spilling of wastewater into
agricultural resources can introduce heavy metals to the
food chain (Ugulu et al., 2009; Khan et al., 2020c). All
trophic levels are affected by movement of metals through
the food chain (Wajid ef al, 2020). In this direction, the
present study was performed to evaluate the heavy metal
contents of wild forages grown in Soon Valley of Pakistan.

Materials and Methods

Study area: The present research was performed in Soon
Valley, Khushab, Pakistan. The central town of the valley
is Noshehra and the valley is located in the North West
side of the Khushab (Fig. 1). Soon Valley is also known
by another name, the Central Salt Range. The valley is
encircled from the east by Kalar Kahar, north by Potohar
plateau, west by Indus River at some distance and south
by Punjab Plains. Valley is located geographically
between coordinates 71. 50' 33" to 72. 30' 07" East and
32.26' 11" to 32. 41' 18" North.

Sample collection: Twenty plants which were most
preferably grazed by the ruminants were collected from
the valley. Those plants were collected which were not
smashed by any material. Complete plants with all organs
were collected. Different parts of plants were obtained by
using knives and diggers. A first aid box, long shirt, long
trousers, hat, and boot were present in order to avoid any
undesirable happenings during plant collection. Small
brown paper bags were used for the storage of plants.
Plants were identified at sites and also after their
collection. In order to remove impurities and dust
particles, the plant samples were washed with distilled
water. The plants were air-dried and then put into the oven
at 70°C temperature for 5 to 7 days. These dried plants
than used for further analysis.
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Fig. 1. Study area.

Plant sample identification: The plants were identified
in the department of Biological Sciences, Sargodha
University. The plants scientific and common name along
with their families is given below (Table 1).

Plant sample preparation: Plant digestion was done by
taking one gram dried plant sample into the digestion
flask and addition of H,SO4 (2 mL) and H,O; (4 mL) and
putting this flask for 30 minutes into the digestion
chamber. When the fumes stopped to evaporate from the
flask, then the flask was removed from the digestion
chamber. 2 mL of H,O, was further added to achieve
complete digestion and the flask was again placed in the
digestion chamber for heating. The process was repeated
till the achievement of transparent solution. Following
this, the sample was taken out from digestion chamber,
distilled water was added to dilute the sample in twice
the amount of sample for making the final volume of 50
mL after filtration by Whatmann filter paper. The
soilution was finally preserved in labeled plastic bottles
and stored till further analysis (Ugulu et al., 2016).

Heavy metal analysis: After the digestion of the all
plant samples these were analyzed in order to check the

mineral status of these plants with the help of Atomic
Absorption Spectrophotometer Perkin-Elmer AAS-
5000. Quantity of a single element in a specific sample
can be determined by using the method of Atomic
absorption spectroscopy.

The present analysis was performed using AAS
(Atomic Absorption Spectrophotometer) using the method
given by Lindsay and Norvell (1978) in order to evaluate
the quantity of minerals accumulated in medicinal plants
which were mainly used by the ruminants and people of
the area. The following metals were under study:
manganese (Mn), cobalt (Co), iron (Fe), copper (Cu) and
zinc (Zn), and. The detection limits of these metals are
presented in Table 2.

Statistical analysis: For statistical analysis, the SPSS
software version 17 was used. The one-way analysis of
variance (ANOVA) was performed to compare the
heavy metal accumulation between different plant
species. The significance of means was at the
probability levels of 0.001, 0.01 and 0.05 as suggested
by Steel & Torrie (1980).
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Table 1. Plants with scientific, family and common name.
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No. Plant species Family Common name
1. Abutilon theophrasti Malvaceae Indian mellow
2. Achnatherum hymenoides Poaceae Indian rice grass
3. Aconitum columbianum Ranunculaceae Columbian monkshood
4.  Adenocaulon bicolor Asteraceae America trail plant
5. Agoseris glauca Asteraceae Pale agoseris
6.  Artemisia rothrockii Asteraceae Timberline sagebrush
7.  Brassica rapa Brassicaceae Canola
8.  Capsella bursa-pastoris Brassicaceae Shepherd’s purse
9. Ceanothus velutinus Rhamnaceae Red root
10.  Collomia linearis Polemoniaceae Tiny trumpt
11.  Conyza Canadensis Asteraceae Horse weed
12.  Cynodon dactylon Poaceae Dhoob
13. Digitaria sanguinalis Poaceae Hairy crabgrass
14. Dodonaea viscose Sapindaceae Hop bush
15.  Erigeron divergens Asteraceae Spreading fleabane
16. Galium aparine Rubiaceae Goose grass
17.  Hordeum leporinum Poaceae Barley grass
18.  Lepidium latifolium L Brassicaceae Pepper grass
19. Monarda punctata Lamiaceae Horse mint
20. Saccharum spontaneum Poaceae Kanas grass

Table 2. Detection limits of atomic absorption

spectrophotometer.

No Metal Detection limits
1. Cu 1.5 (Flame AA)
2. Co 9 (Flame AA)
3. Fe 5 (Flame AA)
4. Zn 1.5 (Flame AA)
5. Mn 1.5 (Flame AA)

Results and Discussion

In this study, 20 different plant species gathered from
Soon Valley used as biomonitors with the purpose of
determining the accumulation levels of heavy metals. The
concentration of the Fe, Zn, Co, Mn, and Cu (mg/kg) in
various samples of plants taken from Soon Valley are
given in Table 3.

Copper is still generally utilized for electrical
hardware and has likewise an extensive variety of
different applications in horticulture (supplements,
pesticides, and fungicides), wood conservation, and
therapeutic applications (Calfee & Little, 2017).
According to the findings of the analyses, the
concentration of Cu ranged from 10.60 mg/kg to 15.64
mg/kg in all types of plant samples (Table 3). The
minimum recorded concentration was observed in
Brassica rapa and the maximum content was found in
Hordeum leporinum. In Artemisia vulgaris mean Cu
concentration was found lower as compared to the
findings Khan et al., (2008). Lasisi et al., (2005) also
detected the higher Cu concentration in Alafia bateri
oliver (herbal plant) in comparison to present study.

The Co is generally released into the environment
from anthropogenic sources such as mining, discharge

from industries and atmospheric deposition (Cornelis,
2005). The heavy metal analyses showed that the Co
contents in various plant species ranged from 0.12 mg/kg
to 0.30 mg/kg. The maximum concentration of Co was
noticed in Digitaria sanguinalis and the lowest was
investigated in Ceanothus velutinus (Table 3). Kulhari et
al., (2013) reported the lower level of Co in the stem of
Ficus religiosa as compared to Co contents in the present
research. Anon., (1980) also suggested the lower Co
concentration. A number of vital roles played by Co in
many biological processes and it is the main component
of the vitamin Bi,, but due to its interaction with P and
Cu, it is considered as poisonous heavy metal (Zhang et
al., 2009; Ugulu et al., 2019c).

The essential emission sources of Fe are the steel
industry, coal-burning, and intensive traffic (Ugulu,
2015b). In the present investigation, the Fe contents
varied from 17.35 mg/kg to 26.04 mg/kg in all types of
plant samples. The maximum value of Fe noticed in
Achnatherum hymenoides while the minimum was
investigated in Adenocaulon bicolor (Table 3). The
concentration of Fe in the current research was much
higher than the findings of Prohp et al., (2006). Owolabi
(2012) suggested the lower Fe concentration in Cowpea
variety (Kannanado). Fe is an essential element needed
by the body and protein chelated Fe plays an important
role in the biological mechanism of living organisms.
However, the higher Fe concentration in infants leads to
death by poisoning. Gastrointestinal discomfort is
established in individuals if the ingestion of Fe increases
more than 20 mg/kg while temperate intoxication results
if Fe in the elemental form increases more than 40 mg/kg
and severe toxicity results if ingestion exceeds more than
60 mg/kg which may also be lethal (Spanierman, 2011).
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Table 3. Mean values of heavy metal contents in wild plants growing at Soon Valley (mg/kg).
Plants Co Cu Zn Fe Mn
Abutilon theophrasti 0.28 12.10 31.83 22.93 27.60
Achnatherum hymenoides 0.15 11.58 32.03 26.04 28.13
Aconitum columbianum 0.18 10.82 32.06 23.71 27.73
Adenocaulon bicolor 0.25 12.62 33.72 17.35 25.95
Agoseris glauca 0.27 12.32 35.20 23.21 24.60
Artemisia rothrockii 0.17 11.43 31.02 20.86 25.98
Brassica rapa 0.18 10.60 30.07 2243 24.74
Capsella bursa-pastoris 0.22 15.34 32.09 18.57 24.48
Ceanothus velutinus 0.12 11.53 32.39 19.88 27.07
Collomia linearis 0.26 14.69 35.01 19.17 26.91
Conyza canadensis 0.17 12.78 33.67 20.34 26.72
Cynodon dactylon 0.23 13.19 34.82 19.89 28.09
Digitaria sanguinalis 0.30 12.44 31.40 24.44 23.58
Dodonaea viscose 0.21 12.19 30.94 22.45 22.61
Erigeron divergens 0.15 13.60 33.27 19.88 25.26
Galium aparine 0.28 12.19 32.60 23.51 27.69
Hordeum leporinum 0.27 15.64 36.46 21.54 28.26
Lepidium latifolium 0.27 13.56 34.86 21.30 24.15
Monarda punctata 0.21 14.55 32.70 25.07 25.05
Saccharum spontaneum 0.16 14.40 31.89 23.90 26.06
Min.: 0.15 10.60 30.07 19.17 22.61
Max.: 0.30 15.64 36.46 26.04 28.26
Mean: 0.2165 12.8785 32.9015 21.8235 26.033
Table 4. Analysis of variance for heavy metals of different plant species.
L. Mean squares

Source of variation Degree of freedom df Cu Co Fe Mn Zn

Plant Spp. 19 6.373***%  009***  16.122***  8.358ns 8.470%**

Error 40 1.353 .001 3.579 5.558 2.722

***=Significant at 0.001 level, ns=Non-significant

The Mn level rises in the plant growth in especially
shoots and roots (Kulkarni et al., 2006). For this reason,
the Mn concentration in plant is an important factor for
plant growth. According to the results of the analyses, the
Mn concentration ranged from 22.61 mg/kg to 28.26
mg/kg in all types of the plant collected from Soon Valley.
The highest Mn levels were noticed in Hordeum
leporinum and the lowest in Dodonaea viscosa (Table 3).
Lasisi et al., (2005) reported the higher Mn concentration
in the stem of Berlinia confusa in relation to the current
research. Kulhari ef al., (2013) estimated the lower Mn
values than the current Mn content in the studied plants.
Khan et al., (2008) suggested the higher concentration as
compared to the present study. Mn concentration in all
types of plant samples was within the maximum
permissible range as suggested by (Anon., 1984). For
most of the enzymes, Mn acts as a co-factor so it is an
important trace element (Ugulu ef al., 2012). As
compared to other metals it is less toxic, however higher
concentration more than 5 mg/m3 results in the
neurological disorders (Kulhari et al., 2013).

Zinc is utilized in various chemical productions such
as plastic, pigments, lubricants, pesticides and corrosion
protection on steel components (Unver et al., 2015). In
the present investigation, the value of Zn in various plant
species differed from 30.07 mg/kg to 36.46 mg/kg.
Results revealed that Brassica rapa contained the lowest
Zn contents while the Hordeum leporinum contained the

highest (Table 3). Khan et al., (2008) reported the much
higher Zn value in Stevia rebaudiana plant species as
compared to our value. Lasisi ef al., (2005) also estimated
the higher Zn concentration in the stem of Daracaena
fragran. Zn becomes harmful for living organisms only in
high concentration, however, it is an important component
of many proteins (Kulhari et al., 2013; Ugulu et al.,
2020).

Statistically, analysis of variance (ANOVA) of data
for Cu, Co, Fe, and Zn showed highly significant (»p<0.05)
difference in all plant samples (Table 4). However,
according to the ANOVA results, Mn showed non-
significant (p>0.05) deviation in all plant species.
Considering that different plant species may have
different abilities regarding heavy metal accumulation, it
can be said that these results are the expected results.
However, studies aiming to compare collected plants at
the level of random species may be useful to define the
accumulation abilities of any plant species (Ugulu, 2019).

For land plants the normal natural concentration of
heavy metals range from Cu: 2-20 mg/kg, Co: 0.1-10
mg/kg, Fe: 20-700 mg/kg, Mn: 20-700 mg/kg, Zn: 20-400
mg/kg (Ahmad et al., 2018). Comparing these findings
with the results of the present study, it was determined
that the accumulation of heavy metals was within the
permissible range among all plant samples. For this
reason, it is concluded that there is no heavy metal
pollution in the study area.
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Conclusion

The results of this research showed that heavy metal
levels in the studied plants were in the normal natural
concentration intervals. That’s why the most important
finding of the present study is that there is no heavy metal
contamination in the study area. However, the results of
this study may be useful to guide the identification of the
sources of the accumulation of heavy metals. For
instance, while Cu and Zn mainly originate from
anthropogenic actions such as steelworks, cement
industry, and mining operations. Fe originates from both
anthropogenic and natural sources.

Acknowledgements

Laboratory facilities are provided by High Tech Lab
University of Sargodha. The authors also thank all the
supporters for suggestions and comments for the
improvement of this manuscript.

References

Abou-arab, A.A.K. and M.A. Aboudonia. 2001. Pesticide
residues in some Egyptian spices and medicinal plants.
Food Chem. 72: 439-445.

Ahmad, K., K. Nawaz, Z.I. Khan, M. Nadeem and K. Wajid.
2018. Effect of diverse regimes of irrigation on metals
accumulation in wheat crop: An assessment-dire need of
the day. Fresen. Environ. Bull., 27(2): 846-855.

Ahmad, K., K. Wajid, Z.1. Khan, I. Ugulu, H. Memoona, M. Sana,
K. Nawaz, 1.S. Malik, H. Bashir and M. Sher. 2019.
Evaluation of potential toxic metals accumulation in wheat
irrigated with wastewater. Bull. Environ. Contamin. Toxicol.,
102: 822-828. https://doi.org/10.1007/s00128-019-02605-1

Anonymous. 1980. The Nutrient requirements of ruminant
livestock - 4th Edition CAB International, Wallingford.

Bayor, M.T., S.Y. Gbedema and K. Annan. 2009. Croton
membraceous used in herbal formulations for measles in
Ghana has potent antimicrobial activities. J.
Pharmacognosy & Phytotherapy, 1: 47-51.

Calfee, R.D. and E.E. Little. 2017. Toxicity of cadmium, copper,
and zinc to the threatened Chiricahua Leopard Frog
(Lithobates [Rana] chiricahuensis). Bull.  Environ.
Contamin. Toxicol., 99: 679-683.

Cornelis, R. 2005. Handbook of elemental speciation II: Species
in the environment, food, medicine and occupational
health. John Wiley & Sons, Chichester.

Dogan, Y., I. Ugulu and S. Baslar. 2010. Turkish red pine as a
biomonitor: A comperative study of the accumulation of
trace elements in needles and barks. Ekoloji, 19(75): 88-96.

Dogan, Y., M.C. Unver, 1. Ugulu, M. Calis and N. Durkan.
2014b. Heavy metal accumulation in the bark and leaves of
Juglans regia planted in Artvin City, Turkey. Biotech.
Biotechnol. Equip., 28(4): 643-649. http://dx.doi.org/
10.1080/13102818.2014.947076.

Dogan, Y., S. Baslar and I. Ugulu. 2014a. A study on detecting
heavy metal accumulation through biomonitoring: Content
of trace elements in plants at Mount Kazdagi in Turkey.
Appl. Ecol. Environ. Res., 12(3): 627-636.

Durkan, N., I. Ugulu, M.C. Unver, Y. Dogan and S. Baslar.
2011. Concentrations of trace elements aluminum, boron,
cobalt and tin in various wild edible mushroom species
from Buyuk Menderes River Basin of Turkey by ICP-OES.
Trace Element & Electrolytes, 28(4): 242-248.

Khan, S.A., L. Khan, I. Hussain, K.B. Marwat and N. Akhtar.
2008. Profile of heavy metals in selected medicinal plants.
Pakistan J. Weed Sci. Res., 14(1-2): 101-110.

Khan, Z.I., H. Safdar, K. Ahmad, K. Wajid, H. Bashir, 1. Ugulu
and Y. Dogan. 2020c. Copper bioaccumulation and
translocation in forages grown in soil irrigated with sewage
water. Pak. J. Bot., 52 (1): 111-119. http://dx.doi.org/
10.30848/PJB2020-1(12)

Khan, Z.1., H. Safdar, K. Ahmad, K. Wajid, H. Bashir, I. Ugulu
and Y. Dogan. 2019a. Health risk assessment through
determining bioaccumulation of iron in forages grown in soil
irrigated with city effluent. Environ. Sci. Pollut. Res., 26:
14277-14286. https://doi.org/10.1007/s11356-019-04721-1.

Khan, Z.I., I. Ugulu, K. Ahmad, S. Yasmeen, I.R. Noorka, N.
Mehmood and M. Sher. 2018c. Assessment of trace metal
and metalloid accumulation and human health risk from
vegetables consumption through spinach and coriander
specimens irrigated with wastewater. Bull. Environ.
Contamin. Toxicol., 101: 787-795. https://doi.org/10.1007/
s00128-018-2448-8

Khan, Z.I., I. Ugulu, S. Sahira, K. Ahmad, A. Ashfaq, N.
Mehmood and Y. Dogan. 2018b. determination of toxic
metals in fruits of Abelmoschus esculentus grown in
contaminated soils with different irrigation sources by
spectroscopic method. Int. J. Environ. Res., 12: 503-511
https://doi.org/10.1007/s41742-018-0110-2.

Khan, Z.1., I. Ugulu, S. Sahira, N. Mehmood, K. Ahmad, H.
Bashir and Y. Dogan. 2020a. Human health risk assessment
through the comparative analysis of diverse irrigation
regimes for Luffa (Luffa cylindrica (L.) Roem.). Journal of
Water, Sanitation and Hygiene for Development, 10 (2):
249-261. https://doi.org/10.2166/washdev.2020.132

Khan, Z.I., I. Ugulu, S. Umar, K. Ahmad, N. Mehmood, A.
Ashfaq, H. Bashir and M. Sohail. 2018a. Potential toxic
metal accumulation in soil, forage and blood plasma of
buffaloes sampled from Jhang, Pakistan. Bull. Environ.
Contamin. Toxicol., 101: 235-242. https://doi.org/10.1007/
s00128-018-2353-1.

Khan, Z.1., K. Ahmad, S. Rehman, A. Ashfag, N. Mehmood, 1.
Ugulu and Y. Dogan. 2019c. Effect of sewage water
irrigation on accumulation of metals in soil and wheat in
Punjab, Pakistan. Pak. J. Anal. Environ. Chem., 20(1): 60-
66. http://doi.org/10.21743/pjaec/2019.06.08

Khan, Z.I., K. Ahmad, S. Siddique, T. Ahmed, H. Bashir, M.
Munir, S. Mahpara, 1.S. Malik, K. Wajid, I. Ugulu, M.
Nadeem, I.R. Noorka and F. Chen. 2020b. A study on the
transfer of chromium from meadows to grazing livestock:
an assessment of health risk. Environ. Sci. Pollut. Res.,
https://doi.org/10.1007/s11356-020-09062-y

Khan, Z.I., N. Arshad, K. Ahmad, M. Nadeem, A. Ashfaq, K.
Wajid, H. Bashir, M. Munir, B. Huma, H. Memoona, M.
Sana, K. Nawaz, M. Sher, T. Abbas and I. Ugulu. 2019b.
Toxicological potential of cobalt in forage for ruminants
grown in polluted soil: a health risk assessment from trace
metal pollution for livestock. Environ. Sci. Pollut. Res., 26:
15381-15389. https://doi.org/10.1007/s11356-019-04959-9.

Kulhari, A., A. Sheorayan, S. Bajar, S. Sarkar, A. Chaudhury and
R.K. Kalia. 2013. Investigation of heavy metals in
frequently utilized medicinal plants collected from
environmentally diverse locations of north western India.
Springer Plus, 2: 676.

Kulkarni, S.D., R. Acharya, A.G.C. Nair, N.S. Rajurkar and
A.V.R. Reddy. 2006. Determination of elemental
concentration profiles in tender wheatgrass (Triticum
aestivum L.) using instrumental neutron activation analysis.
Food Chem., 95: 699-707.


https://doi.org/10.1007/s00128-019-02605-1
http://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjV7a3n_qPZAhXDalAKHYbcA0UQFggtMAA&url=http%3A%2F%2Fwww.academicjournals.org%2Fjournal%2FJPP&usg=AOvVaw35BRN45oX-5CIGye1r1E6T
http://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjV7a3n_qPZAhXDalAKHYbcA0UQFggtMAA&url=http%3A%2F%2Fwww.academicjournals.org%2Fjournal%2FJPP&usg=AOvVaw35BRN45oX-5CIGye1r1E6T
http://dx.doi.org/%2010.1080/13102818.2014.947076
http://dx.doi.org/%2010.1080/13102818.2014.947076
http://dx.doi.org/%2010.30848/PJB2020-1(12)
http://dx.doi.org/%2010.30848/PJB2020-1(12)
https://doi.org/10.1007/s11356-019-04721-1
https://doi.org/10.1007/%20s00128-018-2448-8
https://doi.org/10.1007/%20s00128-018-2448-8
https://doi.org/10.1007/s41742-018-0110-2
https://doi.org/10.2166/washdev.2020.132
https://doi.org/10.1007/%20s00128-018-2353-1
https://doi.org/10.1007/%20s00128-018-2353-1
http://doi.org/10.21743/pjaec/2019.06.08
https://doi.org/10.1007/s11356-020-09062-y
https://doi.org/10.1007/s11356-019-04959-9

252

Lasisi, AA., A.A.Yusuf, B.C. Ejelonu, F. Nwosu and M.A.
Olayiwola. 2005. Heavy metals and macronutrients content
in selected herbal plants of Nigeria. Int. J. Quant. Chem.,
15(3): 147-154.

Lindsay, W.L. and W.A. Norvell. 1978. Development of DTPA
soil test for Zn, Fe, Mn and Cu. Soil Sci. Soc. Am. J., 42:
421-428.

Nadeem, M., T.M. Qureshi, I. Ugulu, M.N. Riaz, Q.U. An, Z.I.
Khan, K. Ahmad, A. Ashfaq, H. Bashir and Y. Dogan.
2019. Mineral, vitamin and phenolic contents and sugar
profiles of some prominent date palm (Phoenix dactylifera)
varieties of Pakistan. Pak. J. Bot, 51(1): 171-178.
http://dx.doi.org/10.30848/PJB2019-1(14).

Anonymous. 1984. National Research Council, NRC. Nutrient
requirements of beef cattle - 6th Revised Ed. Nutrient
Requirements of Domestic Animals, National Academy of
Science, Washington DC.

Owolabi, A.O., U.S. Ndidi, B.D. James and F.A. Amune 2012.
Proximate, anti-nutrient and mineral composition of five
varieties (improved and local) of cowpea commonly
consumed in Samaru community, Zaria-Nigeria. Asian J.
Food Sci. Tech., 4(2): 70-72.

Prohp, T.P., I.G. Ihimire, A.O. Madusha, H.O. Okpala, J.O. Erebor
and C.A. Oyinbo. 2006. Some anti-nutritional and mineral
contents of extra-cotyledonous deposit of pride of Barbados
(Caesalpina pulcherrima). Pak. J. Nutr., 5: 114-116.

Sahin, 1., E. Akcicek, O. Guner, Y. Dogan and I. Ugulu. 2016. An
investigation on determining heavy metal accumulation in
plants growing at Kumalar Mountain in Turkey. Eurdsian J.
BioSci., 10: 22-29. https://doi.org/0.5053/ejobios.2016.10.0.3

Spanierman, C.S. 2011. Iron toxicity in emergency medicine -
http://emedicine. medscape.com/article/815213-overview #
showall.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and procedures of
statistics. A Biometrical Approach (2nd Ed.). McGraw Hill
Book Co., New York.

Ugulu, 1. 2015a. A quantitative investigation on recycling
attitudes of gifted/talented students. Biotech. Biotechnol.
Equip., 29: 20-26.

Ugulu, 1. 2015b. Determination of heavy metal accumulation in
plant samples by spectrometric techniques in Turkey. Appl.
Spectros. Rev., 50(2): 113-151.

Ugulu, 1. 2019. Efficacy of recycling education integrated with
ecology course prepared within the context of enrichment
among gifted students. Int. J. Educ. Sci., 26(1-3): 49-58.
https://doi.org/10.31901/24566322.2019/26.1-3.1086

Ugulu, I. 2020. Gifted students’ attitudes towards science. Int. J.
Edu.  Sci., 28(1-3): 7-14. https://doi.org/10.31901/
24566322.2020/28.1-3.1088

Ugulu, 1. and S. Baslar. 2010. The determination and fidelity
level of medicinal plants used to make traditional Turkish
salves. J. Alternative Compl. Med., 16(3): 313-322.
http://doi.org/10.1089=acm.2009.0040

ZAFAR IQBAL KHAN ET AL.,

Ugulu, 1., M.C. Unver and Y. Dogan. 2016. Determination and
comparison of heavy metal accumulation level of Ficus
carica bark and leaf samples in Artvin, Turkey. Oxid.
Commun., 39(1): 765-775.

Ugulu, 1., M.C. Unver and Y. Dogan. 2019c. Potentially toxic
metal accumulation and human health risk from consuming
wild Urtica urens sold on the open markets of Izmir. Euro-
Mediterr. J. Environ. Integr, 4: 36. http://dx.doi.org/
10.1007/s41207-019-0128-7

Ugulu, I, S. Baslar, Y. Dogan and H. Aydin. 2009. The
determination of colour intensity of Rubia tinctorum and
Chrozophora tinctoria distributed in Western Anatolia.
Biotech. Biotechnol. Equip. 23 (SE): 410-413.

Ugulu, I, Y. Dogan, S. Baslar and O. Varol. 2012.
Biomonitoring of trace element accumulation in plants
growing at Murat Mountain. Int. J. Environ. Sci. Tech., 9:
527-534.

Ugulu, I., Z.I. Khan, S. Rehman, K. Ahmad, M. Munir and H.
Bashir. 2020. Effect of wastewater 1rrigation on trace metal
accumulation in spinach (Spinacia oleracea L.) and human
health risk. Pak. J. Anal. Environ. Chem., 21(1): 92-101.
http://doi.org/10.21743/pjaec/2020.06.11

Ugulu, 1., Z.I. Khan, S. Rehman, K. Ahmad, M. Munir, H.
Bashir and K. Nawaz. 2019a. Trace metal accumulation in
Trigonella foenum-graecum irrigated with wastewater and
human health risk of metal access through the
consumption.  Bull.  Environ. Contam. Toxicol.
https://doi.org/10.1007/s00128-019-02673-3

Ugulu, 1., Z.I. Khan, S. Rehman, K. Ahmad, M. Munir, H.
Bashir and K. Nawaz. 2019b. Appraisal of trace element
accumulation and human health risk from consuming field
mustard (Brassica campestris Linn.) grown on soil irrigated
with wastewater. Pak. J. Anal. Environ. Chem., 20(2): 107-
114. http://doi.org/10.21743/pjaec/2019.12.14

Unver, M.C., 1. Ugulu, N. Durkan, S. Baslar and Y. Dogan.
2015. Heavy metal contents of Malva sylvestris sold as
edible greens in the local markets of Izmir. Ekoloji, 24(96):
13-25.

Wajid, K., K. Ahmad, Z.I. Khan, M. Nadeem, H. Bashir, F. Chen
and I. Ugulu. 2020. Effect of organic manure and mineral
fertilizers on bioaccumulation and translocation of trace
metals in maize. Bull. Environ. Contam. Toxicol., 104: 649-
657. https://doi.org/10.1007/s00128-020-02841-w

Yorek, N., I. Ugulu and H. Aydin. 2016. Using self-organizing
neural network map combined with ward’s clustering
algorithm for visualization of students’ cognitive structural
models about aliveness concept. = Computational
Intelligence and Neuroscience, Article 1D 2476256, 1-14.
http://dx.doi.org/10.1155/2016/2476256

Zhang, Y., D.A. Rodionov, M.S. Gelfand and V.N. Gladyshev.
2009. Comparative genomic analyses of nickel, cobalt and
vitamin B12 utilization. BMC Genomics, 78: 1-26.

(Received for publication 26 December 2018)


https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwizts-Bg-vcAhXlE5oKHeC6BFkQFjAAegQIBhAC&url=https%3A%2F%2Fdl.sciencesocieties.org%2Fpublications%2Fsssaj&usg=AOvVaw2yMBTAb0R32FwLDv67EH9U
http://dx.doi.org/10.30848/PJB2019-1(14)
https://doi.org/0.5053/ejobios.2016.10.0.3
https://doi.org/10.31901/24566322.2019/26.1-3.1086
https://doi.org/10.31901/%2024566322.2020/28.1-3.1088
https://doi.org/10.31901/%2024566322.2020/28.1-3.1088
http://doi.org/10.1089=acm.2009.0040
http://dx.doi.org/%2010.1007/s41207-019-0128-7
http://dx.doi.org/%2010.1007/s41207-019-0128-7
http://doi.org/10.21743/pjaec/2020.06.11
http://doi.org/10.21743/pjaec/2019.12.14
https://doi.org/10.1007/s00128-020-02841-w
http://dx.doi.org/10.1155/2016/2476256

