
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-1, June-2015 

 ICP-AES As The Technique For Heavy Metal Analysis In Nigella Sativa And Piper Nigrum 
 

48 

ICP-AES AS THE TECHNIQUE FOR HEAVY METAL ANALYSIS IN 
NIGELLA SATIVA AND PIPER NIGRUM 

P.G.BHISHNURKAR,, S.S.DEO, F.INAM 

Government Institute of science, Nagpur , India 
Email-purva.bhishnurkar@yahoo.com 

Abstract-The use of  Inductively Coupled Plasma 
Atomic Emission Spectroscopy (ICPAES ) technique 
in combination of charge coupled detector and acid 
digestion sample preparation helps in determining  
heavy metal concentration in two spices, Nigella  
sativa and Piper nigrum  seeds, both useful  as  
flavoring  agent  and  in indigenous medicine. Total 
nine elements were determined in both spices. In both 
spices, among the essential elements Fe showed 
highest concentration whereas Hg was found to be in 
negligible amount. In N. sativa seeds, Ni 
concentration was found to be highest (107.40 ppm) 
followed by Pb(24.08ppm )andCr(8.00ppm),whereas 
in P.nigrum seeds, zinc showed highest 
concentration(38.85ppm)followed by 
Cu(23.96ppm).Result of present work provide 
important data regarding availability of essential 
elements useful for providing dietary 
information.Determination of heavy metal is 
important parameter from public health point of view. 
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INRODUCTION : 

Heavy metal elements are naturally present in the 
environment.Due to increasing industrialization, 
occurrence of these heavy metals has been increased 
[1].The term heavy metal refers to any metallic 
chemical element that has a relatively high density 
and is toxic or poisonous at low concentrations. 
Examples of heavy metals includes: Mercury (Hg), 
Cadmium (Cd), Arsenic (As), Chromium (Cr), 
Thallium (Tl) and Lead(Pb)[2].Heavy metal 
poisoning could result from drinking-water 
contamination, high ambient air concentrations near 
emission sources, or intake via the food chain[3]. 
Heavy metals are dangerous because they tend to 
bioaccumulate. Bioaccumulation means an increase 
in the concentration of a chemical in a biological 
organism over time, compared to the chemical's 
concentration in the environment [4]. Heavy metals 
are those with atomic weights from 63.546 to 200.59 
[5], and specific weight higher than 4.  
Heavy or trace metals play positive and negative roles 
in human life [6]. These elements are  required for 
growth and good health of living being[7]. 
Some of the heavy metals such as iron (Fe), zinc (Zn) 
and copper (Cu) are considered as an essential but 
they can become harmful above certain levels. Some 
metals like cadmium (Cd), lead (Pb) and mercury 
(Hg) are non essential metals and shows toxic roles in 

biochemical reactions in our body. Zinc is important 
during puberty, pregnancy, and menopause. 
Consumption of  large doses of zinc which is 8-15 
mg/day results in  stomach cramps, nausea, vomiting, 
anaemia, pancreas damage and decrease in the levels 
of high-density lipoprotein (HDL) cholesterol. 
Consuming low levels of zinc in the diet, people may 
experience loss of appetite, decreased sense of taste 
and smell, decreased immune function, slow wound 
healing and skin sores, poorly developed sex organs 
and retarded growth in young men. If a pregnant 
woman does not get enough zinc, her babies may 
have birth defects [8]. Hence,Analyzing the elemental 
composition in foods and related medicinal products 
is therefore very important for understanding their 
nutritive and medicinal value.  
Herbs and spices grown in various regions of the  
world have been used for several purposes since 
ancient times[9]. Several uses of these plants are for 
culinary purposes [10].  The medicinal importance  of 
the plants are due to their  phyotchemical constituents 
like flavanoids, alkaloids, essential oils, vitamins, 
glycosides, etc., present in them and also due to their 
inorganic constituents.  
Black pepper ( Piper nigrum ) , the king of spices , 
belongs to  the family Piperaceae, that grow in 
tropical region.  Black pepper consists of fully mature 
dried fruit of Piper nigrum Linn, is a climber, 
cultivated from Konkan southwards, especially in 
North Konkan, Kerala and also in Assam.[11].Its 
seeds shows multidimensional effect on various 
systems of body and hence it has been described as 
antipyretic, diuretic, aphrodisiac, immune-stimulant, 
antioxidant, hepatoprotective, digestive, rubefacient, 
counter irritant, antiseptic, 
antispasmodic[12].Pungency  and aroma of seeds is 
because of Piperine which is the major constituent of 
pepper seeds. 
Black cumin (Nigella sativa L.) belonging to family 
Ranunculaceae is annul flowering plant of which 
seeds as  a spice has been used for decades for both 
culinary and medicinal purposes. It is also used as a 
natural remedy for asthma, hypertension, diabetes, 
inflammation, cough, bronchitis, headache, eczema, 
fever, dizziness, influenza ,shows anticarcinogenic 
and antiulcer activity[13], antioxidant activities [14], 
antimicrobial activity [15],also acts  as carminative, 
stimulant, diuretic [16]. The  essential oil from the 
seeds has been found to contain high concentration of 
thymoquinone ,thymol and dithymoquinone, which 
helps  in the prevention of inflammation [17], purge 
parasites and worms, detoxify, ameliorate ameobic 
dysentery, shigellosis, abscesses, old tumors, ulcers 
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of the mouth, and rhinitis. Prophet Muhammad 
(SAW) once stated that the black seed can heal every 
disease except death[18] 
The aim of this review is to determine the contents of 
the herbs  i.e.N.sativa and P.nigrum collected from 
India. Now a days,various techniques such as Flame 
Atomic Absorption Spectrometry (FAAS) 
,Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) are used for determination. Therefore, the 
objective of the present study is to determine the 
levels of Cr,Fe,Ni,Cu,Zn,Cd,Pb,Hg,As in above 
medicinal plant by using acid digestion procedure 
with ICP-AES technique. The data obtained from 
current work helps to determine mineral content in 
above two spices and also provide information 
whether this spices contains metal elements in  
concentration which can be toxic  if consumed as 
medicine or as spices. 
MATERIALS AND METHODS: 
The seeds of Piper nigrum and Nigella sativa were 
collected from Shree Shail Medifarm, Nagpur, 
Maharashtra. The identification was done at 
Department of Botany, University campus, 
Rashtrasant Tukadoji Maharaj Nagpur university. 
Sample Preparation: 
The seeds were thoroughly washed with distilled 
water, dried at room temperature in shed and 
subsequently ground into fine powder by using a 
mechanical grinder. 
Determination of Mineral Content: 
The Nigella as well as Pepper seeds  powdered 
sample were dried  seperately at 700c in drying 
cabinet until they reached constant weight. Later, 
about 0.5g of dried sample was acid digested in a 
closed system.Digested sample was filtered and 
volume were completed to 100ml with deionised 
water and 5% HNO3.The mineral contents were 
determined by Inductively Coupled Plasma Atomic 
Emission Spectroscopy(ICPAES). Measurements of 
mineral concentrations were checked using the 
certified values of the related minerals in the 
reference samples. 

Table1: The instrumental parameters and 
operating conditions for ICP-AES. 

 
Table2: Elemental concentrations in Piper nigrum 
and Nigella sativa seeds by the ICP-AES technique 

 
BDL: Below Detection Limit,  Detection Limit for 
Hg: 0.1 ppb 
 
RESULTS: 
Heavy metal contents in spices and medicinal plants 
depend on age of the plant,climatic factors, plant 
species, air pollution,mineral composition of soil and 
other environmental factors[19].The seeds of 
medicinal plants play an important role  in ayurvedic 
medicines.Elemental analysis of Nigella sativa  seeds 
has revealed the presence in order of 
Fe>Ni>Zn>Pb>Cu>Cr>As>Cd>Hg.Whereas,in Piper 
nigrum seeds showed order of 
Fe>Zn>Cu>Ni>Pb>Cr>As>Cd>Hg.The result 
showed higher concentration of iron whereas mercury  
was found below detection limit in both spices. 
Elemental concentraion of Piper nigrum and Nigella 
sativa seeds by ICPAES technique,are given in table 
2. 
Even though certain essential elements can be toxic at 
high levels, the WHO (2005)limits for these metals 
have not yet been established[20].  
 
DISCUSSION: 
Even small  increase of heavy metal  can cause severe 
damages to human and other living organisms, thus 
systematic investigations and control are 
required[21]. Also the monitoring of metals in these 
plants is of some therapeutic  importance. 
Iron(Fe) 
Iron is an important part of haemogobin. Deficiency 
of iron results in anaemia.It  used to make tendons 
and ligaments and is also  important for maintaining 
healthy immune system. But accumulation of iron in 
the body typically damages cells in the heart and liver 
which can cause cancer, coma, metabolic acidosis, 
liver failure, circulatory shock and long-term organ 
damages. On an average, human  body contains about 
4 gm of iron. Analytical results showed that in 
Nigella seeds, Iron concentration  was found as 
246.98 ppm whereas in Pepper seeds ,it was detected 
as 192.44ppm.Iron concentration was found as 
highest in both spices. 
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Zinc(Zn) 
Zinc acts as catalyst in over 200 
enzymes,thereby,influencing immune system, has an 
anti-diarrhoea activity and regulates 
fertility[22].Apart from this,it helps to construct and 
maintain DNA ,also, required for the growth and 
repair of body tissues.It acts as an important element 
of ligaments and tendons[23].However 15-200 ppm 
for Zn is considered to be safe.The average human 
body contains about 2.5 gm and takes in about 12-15 
mg per day.The concentration of zinc in Nigella was 
found as 50.76ppm whereas in Pepper it was found to 
be 38.85 ppm . 
Copper(Cu) 
Copper is an oxygen carrying part of blood cells. 
Along with vitamin C it is important for keeping 
blood vessels and skin elastic and flexible. It helps to 
form chemicals that regulate blood pressure, pulse 
and healing. Its deficiency leads to arthritis, anemia 
and neutropenia..Adult human needs around 1.2 mg 
of copper a day to help enzymes produce energy in 
cells. Excess copper is toxic and genetic diseases 
such as Wilson’s disease and Menke’s disease are 
caused by the body’s inability to utilise copper 
properly[24].Range of 4-15 ppm for Cu is 
safe[25]The concentration of copper in Nigella was 
found to be 22.36ppm whereas 23.96ppm was found 
in Pepper . 
Lead(Pb) 
It is a non-essential trace element having functions 
neither in humans nor plants. Even at low doses,they 
induce toxic effects in humans thereby reduces 
functioning of kidney, liver and brain cells and later 
in complete breakdown of the tissues.It is toxic in a 
cumulative way, teratogenic and carcinogenic[26].In 
Nigella concentration of lead was 24.08ppm and in 
Pepper it was found as 13.52ppm.  
Cadmium(Cd) 
Cadmium is a toxic,non-essential element. On 
accumulation in the body,it  produces acute and 
chronic symptoms varying in intensity from irritation 
to extensive metabolic disturbances.It is carcinogenic 
as well as  teratogenic.A well-documented incidence 
is that of Itai-Itai disease due to residue built up of 
Cd2+ in rice[27].The WHO (1998) recommends 
maximum permissible levels in raw materials for 
Cadmium and Lead which amounts to 0.3 and 10 
mgkg−1, respectively[28].Nigella showed 0.04ppm 
of cadmium whereas Pepper was found to contain 
0.07ppm. 
Arsenic(As) 
Despite arsenic been known as highly toxic 
substance, small amount of arsenic thought to be 
necessary for the functioning of nervous system and 
for growth[29].The concentration of arsenic in 
Nigella was found to be 1.16ppm and that in Pepper 
was 1.02ppm. 
Nickel(Ni) 
As far as non-essential elements are concerned, nickel 
is known to cause cancer. Nickel and zinc, when 

present in low concentrations are important 
micronutrients, while in high concentrations, these 
two metals become toxic to plants[30]. Its toxicity in 
humans is not very common occurrence because its 
absorption by the body is very low.In Nigella 
,concentration of nickel was found as 107.40ppm 
whereas that in Pepper was 23.71ppm. 
Chromium(Cr) 
Chronic exposure to chromium may result in liver, 
kidney and lung damage[31]However,it is poisonous 
if taken in excess. We take in about 1 mg per day. 
Concentration of chromium in Nigella sativa seeds 
was found as 8.00ppm whereas ,in Piper nigrum 
seeds was 2.74ppm 
Mercury(Hg) 
Mercury has no known biological role but it is a 
poisonous, readily absorbed through the respiratory 
tract, the gastrointestinal tract or through the skin[32]. 
In both spices, concentration of mercury was found 
below detction limit. 
CONCLUSION: 
It is  concluded that heavy metal analysis is an 
important part of quality control, because  it  ensures 
quality, purity, and safety of the Nigella sativa and 
Piper nigrum spices. It is helpful to determine certain 
elements which are toxic at elevated level. More than 
35 elements are known to be essential for survival of 
both plants as well as animals. Further, it was found 
that,plants containing elements like 
Fe,Zn,Cu,Ni,etc.and  are used as essential trace 
element supplement.Apart from that,these spices also 
acts as flavouring agent.In the present work,both the 
spices was found to contain Cu,Ni,Zn,Fe,Pb,Cd,As,Cr 
and Hg.  
Also, Inductively Coupled Plasma Atomic Emission 
Spectroscopy is one of sensitive technique  used 
under optimized condition ,that helped to determine 
trace elements concentration at ppm level. 
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