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Abstract: The concentrations of some heavy metals such as Pb, Cd, Cu, Cr, and Zn present in common seeds used 
as spices or medicinal plants (Moringa, cumin, mahaleb, Fenugreek, anise and cress). The seeds available at local 
markets in Saudi Arabia were determined using atomic absorption. The fenugreek and anise contained higher 
concentration of Pb (0.85 mg kg-1 and 0.4 mg kg-1) than the recommended by FAO/WHO. The fenugreek sample has 
higher concentration of Cu (11.31mg/kg) than the recommended by FAO/WHO. The concentrations of other metals 
in all the samples under investigation were under the maximum permissible concentration. No risk from daily intake 
of the seeds under study for hazardous Pb, Cd, Cu, Cr and Zn if the human take about 20g of spices per day. But 
there are dangerous from fenugreek, anise for lead, anise for cadmium and fenugreek, anise for copper. The 
adsorption of selected metal ions onto ground seeds after treatment were studied under various pH. The results 
showed that Moringa seeds were capable of absorbing the heavy metals tested compared to other seeds in some 
wastewater samples. The percentage removal by Moringa seeds were 99% for lead, 97% for chromium, 91% for 
cadmium, 90% for copper and 74 % for zinc. Maximum percentage adsorption obtained at pH7. 
[Khairia M. Al-Qahtani. Assessment and Treatment some of the Local Seeds then used in Removal of Heavy 
Metals. J Am Sci 2015;11(11):198-203]. (ISSN: 1545-1003). http://www.jofamericanscience.org. 21. 
doi:10.7537/marsjas111115.21. 
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1. Introduction 

Heavy metals are the most harmful of the 
chemical pollutants and are of particular concern due 
to their toxicities to humans[1]. Metals and metalloids 
with atomic weights ranging from 63 to 200.6 g/mole 
and densities greater than 4.5 g/cm3 are stable in 
nature[2]. There are 59 elements classified as heavy 
metals and out of these five are considered to be 
highly toxic and hazardous heavy metals [2]. These 
are cadmium (Cd), chromium (Cr), copper (Cu), lead 
(Pb), and zinc (Zn) which are released into 
environment by human activities or through 
constituents of the earth’s crust. 

Cadmium pollutants in water may occur from 
industrial discharge and mining waste[1]. Cadmium 
contamination is caused by its release in wastewaters 
and contamination from fertilizers and air pollutants. 
Cadmium is more toxic than lead and chromium. 
Cadmium at extreme levels causes Itaiitai disease and 
at low levels over prolonged periods causes high 
blood pressure, sterility among males, kidney damage 
and flu disorders[3]. Hence,  Cadmium removal in 
water using natural polyelectrolytes such as Moringa 
seeds would be an advantage[4]. 

Chromium is widely distributed in the earth’s 
crust and is used in metal plating[5]. In general , food 
appears to be the major source of chromium intake 
and on the basis of guideline value, there are no 
adequate toxicity studies available to provide long-
term carcinogenicity study[6]. In epidemiological 
studies, an association has been found between 

exposure to chromium (VI) by the inhalation route 
and lung cancer[7]. 

Copper is both an essential nutrient and a 
drinking water contaminant[6]. Recent studies have 
shown effects of copper in drinking water on the 
gastrointestinal tract, but there is some uncertainty 
regarding the long term effects of copper on sensitive 
populations such as carriers of the gene for Wilson 
disease and other metabolic disorders of copper 
homeostasis[6]. 

Lead in water arises from a number of industrial 
and mining sources and is the most widely distributed 
of all toxic metals[5]. Lead in water causes serious 
problems such as anaemia, kidney disease and affects 
the nervous system [5]. Placental transfer of lead in 
humans affects babies and young children absorb 4–5 
times as much lead as adults[7]. The lead toxicant 
accumulates in the skeleton and causes adverse health 
effects and interferes with calcium metabolism and 
with vitamin D metabolism[3]. However, evidence 
from studies in humans show adverse neurotoxic 
effects other than cancer occurring at very low 
concentrations of lead[7]. Therefore, there is need for 
the removal of lead from all drinking water. 

Zinc is an essential trace element found in 
virtually all food and potable water in the form of 
salts or organic complexes[7]. Zinc is found in 
industrial waste and used in metal plating. Therefore, 
sources of zinc in water are mainly from industrial 
discharge and natural sources[8]. The removal of zinc 
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is important for water treatment processes in 
producing good quality water [9]. 

The Kingdome of Saudi Arabia (KSA) imports 
seeds used as spices and other among a lot of food 
stuff from overall countries. These seeds may be 
subjected to contamination by way or more as 
described above. 

The objective of this work is to estimate the 
levels of some heavy metals i.e. lead, cadmium, 
cupper, chromium  and zinc that may be present in 
some seeds used as spices and medical seeds 
available in local markets in Al-Riyadh region. Also, 

the levels of investigated metals were recommended 
by the International Organizations (FAO and WHO). 
Then, the seeds were treated  to remove  heavy 
metals, and then used as  an economical and 
environmentally safe method for the removal of  
heavy metals from aqueous solution. 
 
2. Material and methods 

Seeds Samples were collected from local 
markets, Recognized and classified according to their 
English name, scientific name, and the used part of 
the plant (Table 1). Sample origin is not specified. 

 
Table (1): Scientific and common names of studied seeds 

Common name Scientific name Family Used part 
Cumin Cuminum cyminum Umbellifeae or Apiaceae Seeds 
Mahalib Prunus mahalib Labiatae Seeds 
Fenugreek Trigonella foenumgraecum Legomnoseae Seeds 
Anise Pimpinella  anisum Umbellifeae or Apiaceae Seeds 
Cresson Lepidium sativum Cruciferae Seeds 

Moringa Moriga oleifera Brassic ales Seeds 
 

A. Assessment of heavy metals in sample:  Sample 
preparation 

Samples were cleaned and oven-dried at 80oC 
for approximately 12 hours before chemical analysis. 
The dried samples were grounded in a stainless steel 
mill until obtaining fine particles that pass through a 
0.5mm mesh and kept dry for analysis. 
Determination of metal concentration 

For determination of heavy metal 
concentrations, a wet digestion of the dried samples 
was done according to the method described by Jones 
and Case (1990) using conc. H2SO4 and 30% H2O2 
mixture. 3.5mL of 30% H2O2 was added to 0.5g of 
dry-ground sample placed in a 100ml beaker. The 
content of the beaker was heated to 1000C, and the 
temperature was gradually increased to 2500C, and 
left at this temperature for 30 minutes. The beaker 
was cooled and an additional 1ml of 30% H2O2 was 
added to the digestion mixture and the contents were 
reheated again. The digestion process was repeated 
more than one time until clear solution was obtained. 
The clear solution was transferred into 50ml 
volumetric flask, and completed to the mark with 
double distilled deionized water. A blank digestion 
solution was made for comparison. A standard 
solution for each element under investigation was 
prepared and used for calibration. Metal 
measurement was performed with a Perkin-Elmer 
model 2380 Atomic Absorption Spectrometer, double 
beam and deuterium background correction. Hollow 
cathode lamps of Pb, Cd, Cu, Cr and Zn were used at 
specific wave length of every metal. Measurements 
were done against metal standard solutions[10]. 

The daily intake (mg kg-1 day-1) was calculated 
based on these suppose: 

The human weight is 50kg and  the human 
intake from seeds per day is 20g, the daily intake was 
calculated according to the following equation[11]: 

                                (1) 
Where DI is the daily intake (mg kg-1 day-1), C 

is the metal concentration in seeds. 
 
B. Treatment of sample (Biosorbent) 

A samples were modified and adopted in the 
treatment of the biosorbent. The method described by 
Mubeena et al.[12], 80g of the biosorbent (seeds) was 
treated with 1600ml, 0.1M HNO3 with continuous 
stirring for 2 hours to remove metals from the 
biosorbent and increase its surface area. Then it was 
washed with 500ml distilled water, this was done in 
thrice then the sample was then sundried for about 6 
hours. After the acid treatment, the adsorbent (about 
50g) was extracted with 400ml methanol to remove 
inorganic and organic matter from the sorbent 
surface. This was carried out for 2 hours 30 minutes. 
The adsorbent pH was adjusted to 7 using 0.1M 
NaOH, washed with distilled water, oven-dried for 
about 1 hour, kept in an airtight plastic container and 
put in a refrigerator at 4°C prior the analysis. 
 
C. Biosorption Experiments: pH studies of 
selected metals 

The influence of pH on Cu+2, Pb+2, Cd+2, Cr+3 
and Zn+2 ions biosorption was studied by introducing 
0.5g of adsorbent into 250ml conical flasks 
containing 30ml of 15ppm metal solution. 0.1M 
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NaOH and 0.1M HCl were used to adjust the pH 
during the study. The pH range of interest was 4 - 11 
and three hours was the duration of the agitation at 
200rpm. After agitation, the solution was filtered 
using Whatman filter paper no. 42. Then they were 
refrigerated until the metal analysis was done. The 
percentage adsorption was determined using the 
equation below: 

     (2) 
Where Co is the initial concentration of 

solution, Ca concentration of solution after 
adsorption. The residual metal ion concentrations 
resulting from these experiments were determined by 
using Perkin Elmer model 3110 Atomic Absorption 
Spectrometer. 
 
3. Results and Discussion 
A. Assessment of heavy metals in sample 

Essential metal (Zn and Cu) and Heavy metal 
(Pb, Cd and Cr) analyses have been performed on 6 
local seeds and the outcome has been presented in 
Table2. The values of metal concentrations were 
compared with the maximum permissible 
concentration of 20, 50, 10, 0.5 and 50 mg/kg for Cu, 
Zn, Pb, Cd  and Cr, respectively, as recommended by 
WHO trace elements in human nutrition and 
health[13]. 

The lead contents of different samples are given 
in Table 2. As comparing with standard limit, the 
Fenugreek  sample has the highest content of lead 
(0.85mg/kg) that far exceeds the standard level 
recommended by  WHO 1996 (0.30mg/kg). Sample 
of anise also contained higher concentrations of lead 
(0.4mg/kg) than that recommended by FAO/WHO 
1996. However, zero readings were obtained for 
cumin, mahalib, cresson and moringa. As shown in 
Table 2, the concentrations of cadmium of all the 
samples under investigation were under the 
maximum permissible concentration (0.05mg/kg) of 
cadmium (FAO/WHO 1996). The amount of 
cadmium was in the range 0.01mg/kg in Cresson and 
coriander to 0.006mg/kg for Cumin. This high level 
of cadmium might be due to the use of cadmium-
containing phosphate fertilizers, or from the practice 

of growing these plants on soil amended with sewage 
sludge, or both. However, other samples like 
moringa, fenugreek, anise and mahaleb  show no 
detectable amount of cadmium. These results may 
agree with what was reported earlier[14] that lead 
concentration in food products ranged from 
undetectable levels to a few mg kg-1 of wet weight. 

Varied levels of copper concentration were 
found as shown in Table 2. Samples of cumin, 
mahaleb and moringa are almost free from copper. 
The rest of samples contained variable amounts of 
copper from 0.11 to 11.31mg/kg. As compared with 
the standard limit, the Fenugreek  sample has the 
highest content of copper (11.31mg/kg) that far 
exceeds the standard level recommended by WHO 
1996 (1.5mg/kg). 

The levels of chromium are given in Table 2. 
Samples of cumin, mahaleb, Fenugreek, anise, cress 
and moringa are almost free from chromium. Varied 
levels of zinc concentration were found as shown in 
Table 2. The data shows variation in concentration of 
zinc for the investigated seeds. Thus zero readings 
was obtained for anise. The rest of samples contained 
amount in the range (8.60, 11.02, 12.40, 25.12 and 
32.61mg/kg) in mahaleb, moringa, cumin, cress and 
Fenugreek, respectively, that far exceeds the standard 
level recommended by WHO 1996 (45mg/kg). 

The results in Table 3 showed that no risk from 
daily intake of the  seeds under study for hazardous 
Pb, Cd, Cr, Cu and Zn if the human intake is about 
20g of seeds per day. But there are dangerous from 
fenugreek, anise for lead, anise for cadmium and 
fenugreek, anise for copper. 

The minimal risk levels for hazardous Pb, Cr, 
Cd, Cu and Zn through oral route and has acute effect 
are 0.0002, 0.0001, 0.0001, 0.002, 0.02 mg kg-1day-1, 
respectively. Whereas the human needs from seeds is 
very few grams per day there is no risk from used the 
species under study in the food. And also, there 
should be thorough control for imported food stuff at 
customs to meet FAO/WHO recommendations and 
tolerable daily intake limits for heavy metals, and to 
avoid the passing for human consumption and 
prevent unknown disease. 

 

Table (2): Elements concentrations (mg/kg) on dry weight basis of studied common seeds. 
 
Seeds name 

Element(mg/kg on dry weight basis) 
Pb Cr Cd Cu Zn 

Cumin ND ND 0.006 ND 12.40 
Mahalib ND ND ND ND 8.60 
Fenugreek 0.85 ND ND 11.31 32.61 
Anise 0.40 ND 0.002 0.32 ND 
Cresson ND ND 0.01 0.11 25.12 
Moringa ND ND ND ND 11.02 
PML 0.3 0.05 0.05 1.5 45 

ND: Not Detected  PML: Permissible Maximum Limits (WHO standards) 
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Table (3): Daily intake (mg kg-1day-1) of 20g+ of metals of studied common seeds effect based on 50g of human body. 
 
Seeds name 

Element(mg/kg on dry weight basis) 
Pb Cr Cd Cu Zn 

Cumin NE NE NE NE NE 
Mahalib NE NE NE NE NE 
Fenugreek Acute NE NE Acute NE 
Anise Acute NE Acute Acute NE 
Cresson NE NE NE NE NE 
Moringa NE NE NE NE NE 
MRL 0.0002 0.0001 0.0001 0.002 0.02 

NE: No Effect  MRL: Minimal Risk Levels 
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Fig. 1: Percentage removal of heavy metals using local seeds 

 
B. Biosorption Process: 

Natural compounds that can be used are starch 
and cellulose derivatives, protein materials and gums 
composed of polysaccharides[15]. 

In this research, Moringa seeds and other local 
seeds were investigated and their ability to aid metal 
removal from polluted water was investigated. Fig.1 
shows that Moringa seeds have a high percentage 
removal of heavy metals compared to cumin, mahlib, 
fenugreek, cress and anise. Moringa shows more than 
90% of metal removal and the highest percentage 
removal was achieved for chromium and lead (97% 
and 99%). Mahaleb, cress and cumin do not show 
very high percentages of metal removal while 
chromium, cadmium and zinc had less than 80% of 
metal adsorption. Anise and fenugreek show metal 
removal but their heavy metal removal percentages 
were low. 

The adsorption of metals using Moringa is 
limited to the adsorption surface. This is because 
Moringa is a cationic polyelectrolyte of short chain 
and low molecular weight[16]. Heavy metals and 
solids that have high charges than Moringa colloidal 
surface will remove high percentage of metals 

compared to other seeds. The mechanism that brings 
about the adsorption of heavy metals is through the 
positive metal ion that forms a bridge among the 
anionic polyelectrolyte and negatively charged 
protein functional groups on the colloidal particle 
surface. There is formation of complexes with the 
heavy metals and the organic matter of Moringa and 
other seeds such as proteins. Due to its hydrophilic 
character, several hydrogen bonds are formed among 
polyelectrolyte and water molecules[17]. 
Polyelectrolyte coagulant aids have structures 
consisting of repeating units of small molecular 
weight forming molecules of colloidal size that carry 
electrical charges or ion sable groups that provide 
bonding surfaces for the flocs. Adsorption describes 
attachment of ions and molecules from seed protein 
by means of specific mechanisms[18]. 

However, adsorption is one of the processes 
affecting speciation, migration and biological 
availability of trace elements in natural water[18]. 
Metal ions in coagulation react with proteins and 
destroy them in water[19]. The Moringa seeds showed 
adsorption of metals for which the percentage 
adsorption for copper was about 90%, lead was about 
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99%, cadmium was 93%, chromium was 97%, and 
zinc was 73%, which were higher compared to other 
local seeds. 

The local Moringa seeds did not significantly 
have toxic effects but aided in improving the water 
quality for drinking purposes. The mechanism of 
coagulation with the seeds of Moringa oleifera 
consists of adsorption and neutralization of the 
colloidal positive charges that attract the negatively 
charged impurities and metals in water. The results 
obtained in this study were comparable with the 
performance achieved in heavy metal removal by 
previous workers[4] using Moringa oleifera extracts. 

The effect of pH on adsorption of selected ions 
by seeds as presented by Fig. 2 is divided into two 
phases. First, there is a slight increase in percent 
adsorption between pH 4-7. Second, the amount 
adsorption decreases from pH 7-11. pH is an 
important parameter for adsorption of metal ions 
from aqueous solution because it affects the solubility 
of the metal ions, concentration of the counter ions 
on the functional groups of the adsorbent and the 
degree of ionization of the adsorbate during reaction. 
The adsorption results agree with work done by 
Kanaan and Veemaraj[20-21]. 

 
Fig.2: Removal of metal ions from aqueous solution at different pH using different seeds. 
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Conclusion 
Data shows variation in concentration of metals 

for the investigated seeds. The human needs from 
seeds is very few grams per day there is no risk from 
used the seeds under study in the food. 

Locally available seeds such as Moringa, cumin, 
mahaleb, Fenugreek, anise and cress were used for 
water purification. The data obtained showed that 
Moringa seeds were much more effective in water 
purification in terms of adsorption of metals. Thus, 
interventions to improve the quality of drinking water 
will provide significant benefits to the health of 
people in the Pacific. The use of local Moringa seeds 
as primary coagulants for clarification is useful in the 
production of drinking water in developing countries 
where purchase of other chemical coagulants are 
expensive and the operating costs are high for metal 
removal. This research will only help detect future 
problems of heavy metal levels in drinking water and 
how inexpensive natural coagulants can be used for 
water purification. 
 
Corresponding author 
Khairia M. Al-Qahtani 
Department of Chemistry, Faculty of Science, 
Princess Nora Bint Abdel-Rahman University, Saudi 
Arabia 
dr_adalah@yahoo.com 
 
References 
1. Manahan, S.E., (2005). Environmental Chemistry: 

Eighth Edition. CRC Press LLC, United States of 
America. 

2. Lata, R. and Rohindra, D., (2002). Heavy Metals, in 
Kurma, J. and Sutcliffe, S. Major Environmental 
Issues – An Outreach to South Pacific. Chemistry 
Outreach to Schools, Chemical Society of the South 
Pacific, USP: Suva: p. 107-108. 

3. Baird, C., (1999). Environmental Chemistry: Second 
Edition. W.H. Freeman and Company, New York. 
Benes, P., and E. Steinnes, (1995). Trace Chemistry 
Processes, in Steinnes, E. and Salbu, B. Trace 
Elements   in Natural Waters. CRC Press: Boca 
Raton: p. 21-40. 

4. Muyibi, S.A., Noor, M. M. J. M. , Leong, T. K. and 
Loon, L.H., (2002b). Effects of oil extraction from 
Moringa oleifera seed on Coagulation of Turbid 
water. International Journal of Environmental 
Studies, 59(2): 243-254. 

5. Crosby, D.G., (2002). Further Reading: 
Environmental Toxicology and Chemistry, in Kurma, 
J. and S. Sutcliffe, Major Environmental Issues –  An 
Outreach to South Pacific. Chemistry Outreach to 
Schools, Chemical Society of the South Pacific, USP: 
Suva: pp. 115-120. 

6. Sawyer, C.N., McCarty, P. L., and Parkin, G. F., 
(2003). Chemistry for Environmental Engineering 

and Science: Fifth Edition. McGraw Hill Companies, 
Inc., Boston. 

7. World Health Organization, (2004). Guidelines for 
Drinking-water Quality. Vol. 1, Third Edition. World 
Health Organization: Geneva. 

8. Xue, H.B. and Sigg, L., (1994). Zinc Speciation in 
Lake Waters and its Determination by Ligand 
Exchange with EDTA and Differential Pulse Anodic 
Stripping Voltammetry. Analytica Chimica Acta, 284: 
505-515. 

9. Fatoki, O.S. and Ogunfowokan, A.O., (2002). Effect 
of Coagulant Treatment on the Metal Composition of 
Raw Water. Water SA, 28(3): 293-297. 

10. Perkin Elmer (2005). Perkin Elmer Precisely AAS 
500 Manual. 

11. Al-Eed, M. A., Al-Jasser, M.S. Selim, and A. L.,( 
1997). The chromatographic determination of fatty 
acids content and the chemical characteristics of 
some Saudi spices. J. Agric. Sci. Mansoura. Univ., 
22(5): 1685-1692. 

12. Mubeena, A., Hassany, M.S., Bhanger, M.I. and 
Iqbal, S., (2006). Journal of Colloid and Interface 
Science, Elsevier, pp. 546 – 56. 

13. WHO.(1996).Trace elements in human nutrition and 
health .World Health Organization. Genena. 

14. Waldraw, H. A., Stofen, D., (1974) Sub-clionical lead 
poisoning. Academic Press, London . 

15. Manahan, S.E., (2005). Environmental Chemistry: 
Eighth Edition. CRC Press LLC, United States of 
America. 

16. Muyibi, S.A., Noor, M. M. J. M., Leong,T. K. and 
Loon, L.H., (2002b). Effects of oil extraction from 
Moringa oleifera seed on Coagulation of Turbid 
water. International Journal of Environmental 
Studies, 59(2): 243-254. 

17. Oliveira, M.A., (2001).Production of Fungal Protein 
by solid Substrate Fermentation of cactus Cereus 
peruvianus and Opuntia ficus Indica. Quim Nova, 
24(3): 307-310. 

18. Benes, P., and Steinnes, E., (1995). Trace Chemistry 
Processes, in Steinnes, E. and Salbu, B. Trace 
Elements in Natural Waters. CRC Press: Boca Raton: 
p. 21-40. 

19. Gregor, J.E., Nokes, C.J., and Fenton, E., (1997). 
Optimising Natural  Organic Matter Removal From 
low Turbidity Waters by Controlled pH adjustment of 
Aluminium Coagulation. Water Research, 31(12): 
2949- 2958. 

20. Nomanbhay, S.M. and Palanisamy, K.,(2005). 
Removal of heavy metal from industrial wastewater 
using chitosan coated oil palm shell charcoal. 
Electronic Journal of Biotechnology, Available at: 
http://www.ejbiotechnology.info/content/vol8/issue1/
full/7/ [Accessed 4April 2011]. 

21. Kannan, N. and Veemaraj, T., (2009). Removal of 
Lead (II) Ions byAdsorption onto Bamboo Dust and 
Commercial Activated Carbons – a  comparative 
Study. E-Journal of Chemistry, 6(2):247 – 56, 
Available at: http://www.e-journals.net [Accessed 19 
August 2011] 

 
11/18/2015 


