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ABSTRACT

Levels of Selected Metals in Leaves of Cannabis Sativa L. Cultivated in Ethiopia 

Agalu Zerihun

Addis Ababa University, 2014

Cannabis sativa L. is one of the illicit drug bearing plants. In the present study the levels of essential and non-essential metals in leaves of Cannabis sativa L. were determined in the samples collected from Metema (Amhara Region), Mekelle (Tigray Region), Sheshemene (Oromia Region) and Butajira (South Nations Nationality and Peoples (SNNP) Region). After proper sample pretreatment the volumes of reagents used, digestion temperature and digestion time were optimized and using the optimized conditions the levels of metals were determined by flame atomic absorption spectrometry. The accuracy of the optimized procedure was evaluated by analyzing the digest of the spiked samples with standard solution and varied from 88–103%. The levels of concentration determined (µg/g dry weight) were in the ranges Ca (657–1511), Zn (321–380), Ni (124–172), Cu (122–176), Cd (3–10), Pb (8–10), Cr (4–8). Zn was with the highest concentration from trace metals. A statistical analysis of variance (ANOVA) at 95% confidence level indicated that there is a significant difference in the levels of all metals between the four sample means except Pb. The results indicate that the content of Pb and Cd exceeds the permissible amount for medicinal plants which form the raw materials for the finished products set by World Health Organization (WHO).
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1. INTRODUCTION
1.1. Background of the Study

1.1.1. Taxonomy and description of Cannabis sativa L.

Cannabis plant is considered to be a monospecific (Cannabis sativa L.) which is divided into several subspecies (C. sativa subsp. sativa, C. sativa subsp. indica, C. sativa subsp. ruderalis, C. sativa subsp. spontanea, C. sativa subsp. kafiristanca). The scientific classification of cannabis plant is: Kingdom: Plantae, Phylum: Angiospermae, Family: Cannabaceae, Genus: Cannabis L., Species: C. sativa [Suurkuusk, 2010].  

Cannabis is an annual herbaceous plant growing usually 90 to 500 cm high. It is a dioecious plant. The leaves are long, thin and finger-like with cogged edge. The flower heads comprise of small green flowers. Cannabis originates from Middle-Asia, but it also grows in Europe. In Middle-Asia and Africa, especially in Morocco, cannabis is cultivated as a narcotic substance or a source of narcotic substances like hashish and hashish oil [United Nations on Drugs and Crimes, 2009]. 

Cannabis is classified as drug-type and industrial cannabis (hemp) depending on the total tetrahydrocannabinol (THC) contents [Krawitz, 2008]. The current upper legal limit for industrial cannabis is 0.2 per cent THC and 0.3 per cent THC, in Europe and Canada respectively. Now a days cannabis is cultivated on the large areas with the mild and tropical climate for the cannabis oil and fibre [United Nations on Drugs and Crimes, 2009]. The crude drug can be obtained from leaves, flowers, seeds and stem of cannabis. The female plant yield more than the male. It can be smoked in cigarettes or pipes and can be snuffed or added to food [Eboh et al., 2005].
[image: image1.png]



Figure 1. Morphological characteristics of male flowers (A), female flower (B) and seeds (C).
1.2. Distribution of Cannabis
1.2.1. Distribution of Cannabis in the World
The highest levels of cannabis production in the world take place in the African continent. An estimated 38,200,000 African adults (or 7.7% of the adult population) consume the drug each year far higher than the 3.8% of cannabis users among the world population aged 15 to 64. Over the period 1995-2005, a total of 19 out of 53 African countries reported the cultivation of cannabis in their territory. UNODC estimates global cannabis herb production was 42,000 metric tons in 2005 [United Nations on Drugs and Crimes, 2007].

Cannabis products are the most widely trafficked drugs worldwide, accounting for 65 per cent of all global seizure cases (1.65 million cases) in 2006, about 5,200 metric tons of herb and 1,000 metric tons of resin were seized in 2006. Practically all countries in the world are affected by cannabis trafficking. Similarly, cannabis also remains the most widely used drug worldwide, with an estimated 166 million people having used cannabis in 2006, equivalent to some 4 per cent of the global population aged 15-64 [United Nations on Drugs and Crimes,  2009]. 

Cannabis can be grown in virtually any country, and is increasingly cultivated indoors in technically advanced countries. Production of herbal cannabis (marijuana) is widely dispersed, existing in almost every country in the world. Cannabis resin (hashish) is produced in about 65 countries, with main sources being North Africa and countries in South-West Asia, particularly Afghanistan and Pakistan. Africa is home to the world’s leading producer of outdoor cannabis resin. Morocco is the site of the largest known cannabis cultivation area. Most of the cannabis resin seized in Europe continues to be trafficked from Morocco. The resin from that country shares characteristics with resin from other, southern and eastern Mediterranean countries. Afghanistan is the world’s second largest producer of resin from cannabis, grown alongside opium poppy fields. Resin from that country shares characteristics with resin from other parts of the Indian subcontinent. Lebanon was once one of the world’s leading resin suppliers and might still be if it were not for continued eradication efforts [United Nations on Drugs and Crimes, 2009]. 
1.2.2. Distribution of Cannabis in Ethiopia

Ethiopia does not play a major role in the production, trafficking or consumption of illicit narcotics or precursor chemicals associated with the drug trade. Although Ethiopia is strategically located along a major narcotics transit route between Southwest/Southeast Asian heroin production and European markets and West African trafficking networks, the amount of drugs transiting Ethiopia remains small. Heroin transits Ethiopia for markets in West Africa, Europe and the United States, primarily due to Ethiopia’s good airline connections between those markets and Southwest/Southeast Asia. Nigerian traffickers use Ethiopia as a transit point on a limited basis. Ethiopia now produces more khat and coffee for export. Khat is legal in Ethiopia. Ethiopia is a party to the 1988 UN Drug Convention. Even though Ethiopia is not now, and is not likely to become, significant producer, trafficker or consumer of narcotic drugs or diverted precursor chemicals, a small volume of cannabis is produced in rural areas, of which a small portion is being produced for export, primarily to neighboring countries; the majority is consumed at home, but absolute quantities in both cases are moderate [Africa and the Middle east, INCSR, 2006]. 
Although Ethiopia is not a major producer of illicit drugs, its location on the trafficking routes from southern Africa and Asia renders it an important link in the international network. The key point of entry and exit is the airport at Addis Ababa. There is a widespread belief that much of the profits from cannabis cultivation. The main areas of cannabis cultivation are Alemaya district of eastern Hararghe, Shebedino district of Sidamo, Sheshemene district and other areas in Oromia region, and Debre Berhan district in Amhara region. Sheshemene is notable for being the location given over to the repatriation of Jamaican Rastafarians, who in 1966 were reportedly encouraged by King Haile Selassie to relocate. Now, Sheshemene is quietly famous for its ties to reggae and Rastafarianism, as well as for the quality of its cannabis gained through involvement in the commercial cannabis trade in Ethiopia and surrounding countries [http://sensiseeds.com/en/blog/cannabis-in-ethiopia/, 2014].
1.3. Chemical Composition of Cannabis sativa L.
The chemical composition of cannabis has been elucidated following long-lasting research efforts. Among the nearly 500 compounds belonging to a large variety of groups, cannabinoids (66 compounds) are typical to this plant. While ∆9- tetrahydrocannabinol is responsible for psychoactive properties of cannabis some of the other components modulate its activity. Investigation of the chemical composition the hemp plant, Cannabis sativa L., known for millennia for its therapeutic properties and as a recreational psychoactive drug, has been commenced in the early 1800’s; at that time, the medical use of cannabis in the western world mostly for treatment of neurological and psychiatric diseases, became quite intensive and his collaborators initiated a long and successful research on cannabis that resulted in a string of discoveries of major interest. Some 66 compounds more or less related to ∆9-THC have been isolated and labeled as cannabinoids [Marzo and Pop, 2004]. Cannabinoids were originally regarded as any of a class of typical C21 groups of compounds present in Cannabis sativa L. [Grotenhermen, 2006]. 

Cannabis also contains numerous compounds chemically unrelated to cannabinoids. During the years, quite a few reviews, some of them extremely comprehensive, related to the chemical composition of cannabis have been published. They summarize the large number, over ten thousand of publications dedicated to this topic and inventory all of the components of cannabis isolated or identified. Natural cannabinoids, out of which cannabinol and ∆9-THC are the most abundant, are mostly contained by the female plant of the dioceous Cannabis sativa L. The chemical composition of cannabis varies with the type, age and part (flower, root, leaf, fiber, etc.) of cannabis as well as with the type of preparation. Natural cannabinoids have been divided based on their chemical structures in several sub-categories that include: ∆9-THC, ∆8-THC, cannabinol, cannabidiol, cannabinodiol, cannabitriol, cannabigerol, cannabichromene, cannabicyclol, cannabielsoin, etc., each type having several representatives. [Marzo and Pop, 2004].
1.4. Medicinal Use of Cannabis 

Cannabis is one of the oldest psychotropic drugs known to humanity. The beginnings of its use by humans are difficult to trace, because it was cultivated and consumed long before the appearance of writing. According to archeological discoveries, it has been known in China at least since the Neolithic period, around 4000 BC [Russo et al, 2008].
According to a joint UNICEF and WHO report 80% of the world’s population living in developing countries, only 15% had access to modern scientific medicine; the rest depended on traditional indigenous systems of health care in which herbal medicines played a part. For about three-quarters of the world population there is therefore complete reliance on plant-derived medicines. The WHO reported that more than 21,000 plant species are regularly harvested for the production of medicines. Most medicinal users of illicit cannabis would have also smoked the material, although some would have ingested it in cooked form. A small survey carried out by the UK newspaper Disability in 1997 reported that amongst two hundred medicinal users of illicit cannabis, 20% were using the drug to treat symptoms of multiple sclerosis and similar numbers for spinal injury and back pain [Potter, 2009] and [Karayil et al., 2011].
The two main preparations derived from cannabis are marijuana and hashish. Marijuana is a Mexican term initially attributed to cheap tobacco but referring today to the dried leaves and flowers of the cannabis plant. Hashish, the Arabic name for Indian hemp, is the viscous resin of the plant. The Emperor of China, Shen Nung, also the discoverer of tea and ephedrine, is considered to be the first to have described the properties and therapeutic uses of cannabis in his compendium of Chinese medicinal herbs written in 2737 BC. Soon afterwards, the plant was cultivated for its fiber, seeds, recreational consumption and use in medicine. It then spread to India from China [Amar, 2006]. 
The earliest recorded evidence of their use in Indian, Chinese, Egyptian, Greek, Roman and Syrian texts dates back to about 5000 years [Pal and Shukla, 2003]. Cannabis sativa L. has wide medicinal uses; the plant is used as tonic, intoxicant, stomachic, antispasmodic, analgesic, narcotic, sedative and anodyne in old Chinese medicines. The seed, either as a paste or as an unguent, is said to be a folk remedy for tumors and cancerous ulcers. The decoction of the root is a remedy for hard tumors and knots in the joints. The leaves, prepared in various manners, are used to alleviate cancerous sores, scirrhous tumors, cold tumors, and white tumors. The plant is also used for mammary tumors and corns. Europeans are said to use the drugs from Cannabis pipes in "cancer cures"[Khan et al., 2008]. 

Often several different herbs are used together. Practitioners say that the principles of synergy and buffering apply to combinations of plants and claim that combining herbs improves efficacy and reduces adverse effect [Pal and Shukla, 2003].

Although modern medicine has only recently begun to rediscover the therapeutic potential of cannabis, written records of medical use date back thousands of years. During the 17th and 18th centuries, western medical practitioners learned of its many therapeutic properties from the traditional practices of China and India. By the 19th century, cannabis was common in many widely used pharmaceutical preparations, and well-known drug companies like Merck, Burroughs-Well come, Bristol-Meyers Squibb, Parke-Davis and Eli Lilly manufactured cannabis-based treatments for pain, digestive conditions, asthma, sleeplessness and depression. With the advent of injection drugs and semisynthetic analgesics such as acetylsalicylic acid, cannabis fell out of popular use in Western medicine early in the 20th century [Lucas, 2008].
Traditional medicines have always played a key role in world health and continue to be used to treat a vast array of conditions and complaints. A survey completed by WHO’s Roll Back Malaria program showed that in Ghana, Mali, Nigeria and Zambia, around 60% of all febrile cases in children, presumably due to malaria, are treated at home with herbal medicine. Information compiled by UNAIDS revealed that approximately two thirds of HIV/AIDS patients in a variety of developing countries seek symptomatic relief and manage opportunistic infections through the use of traditional medicines. TM/CAM use is also prevalent in the cities of San Francisco and London, as well as through​out much of South Africa, where a reported 75–78% of people living with HIV/AIDS use these interventions as well. Other conditions commonly addressed with traditional medicines include digestive or intestinal diseases, sickle-cell anemia, hypertension, high cholesterol, headaches, insomnia, diarrhea, microbial infections, bronchitis, diabetes, burns, rashes and menopause. In Brazil, a reported 89% of patients diagnosed with cancer use TM/CAM products to treat their conditions [World Health Organization, 2001]. The percentage users of traditional medicine (TM) in selected developing countries and use of complementary and alternative medicine (CAM) in selected developed countries are given in Table 1.
Table 1. Use of traditional medicine (TM) in selected developing countries and use   of complementary and alternative medicine (CAM) in selected developed countries.
	Country
	% of users

	Ethiopia
	80 

	Mali
	75 

	Mynamur
	70 

	Rwanda
	70 

	Tanzania
	60

	Uganda
	60

	Germany
	80

	Canada
	70 

	France
	49 

	Australia
	48 

	USA
	42 


1.5. Health Effect of Cannabis

Cannabis is known to be the most frequently used illegal drug. It interacts with an endogenous cannabinoid receptor system that is widely distributed in the central nervous system. Acute effects of cannabis on perception, cognition and behavior have been attributed to a change of activity in central nervous system. Opposed to acute effects, long-term effects are defined as persisting effects after at least one day of abstinence. One important reason for this was an inadequate methodology in many studies. These inadequacies comprise a lack of control for the abstinence length, the use of other drugs apart from tetrahydrocannabinol (THC) and general cognitive or psychiatric impairments. Nonetheless, some studies with higher methodological standards have shown two major sources of cognitive impair One is a decrease of attentional functions and the other source is an impairment of memory functions. For example, it was shown that THC lessens the action potentials of neurons in the hippocampus, consequently weakening the neural circuit required to create a memory [Huestegge, 2008] and [Ashton, 2001].
The adverse health effects of cannabis are a source of contention in debates about policies towards the drug. Cannabis can adversely affect some users, especially adolescents who initiate use early and young adults who become regular users. These adverse effects probably include increased risks of: motor vehicle crashes, the development of cannabis dependence, impaired respiratory function, cardiovascular disease, psychotic symptoms, and adverse outcomes of adolescent development, namely, poorer educational outcomes and an increased likelihood of using other illicit drugs [http://www.ijdp.org/article/S0955-3959%2809%2900050-4/, 2008].

The methods for determining the toxicity and heavy metal contamination in medicinal plants and their drugs by traditional methods is problematic. Atomic absorption spectrophotometry is the technique enabling individual elements to be assayed. It has been used to estimate the amount of toxic metals present in the selected medicinal plant, which is a traditionally used herb [Karayil et al., 2011].
Herbal medicines are likely to be contaminated with heavy metals. In trace amounts some heavy metals are essential for the human body however they may be toxic if present in a higher concentration. They have the ability to bioaccumulate and disrupt functions of vital organs and glands in the human body such as brain, kidney and liver. Medicinal plants can be contaminated by heavy metals via roots uptake or by direct deposition of contaminants from the atmosphere on to plant surfaces [Dzomba et al., 2012].
1.6. Uptake and Accumulation of Metals by Plants

The high concentration of heavy metals in soils is reflected by higher concentrations of metals in plants, and consequently in animal and human bodies. The ability of some plants to absorb and accumulate xenobiotics makes them useful as indicators of environmental pollution. The study of excessive concentrations of pollutants in biological matrices has been reported in numerous publications. Pine and spruce needles, mosses and grasses are widely used as a specific indicator in the study of a geographical and temporal pattern of pollutants [Buszewski et al., 2000].
Plants have evolved highly specific mechanisms to take up, translocate, and store metallic nutrients. The uptake mechanism is selective, plants preferentially acquiring some ones over others. Ion uptake selectivity depends upon the structure and properties of membrane transporters. These characteristics allow transporters to recognize, bind and mediate the trans-membrane transport of specific ions. For example, some transporters mediate the transport of divalent cations, but do not recognize mono or trivalent ions. In higher plants the elements enter the root of plants from the soil and move across the root, either through cell or between cells, until they reach specialized conducting cells of the vascular system. The cells of the vascular system are generally tubular, and connected end to end with similar tubular cells in a network reaching throughout the plant [Angelova, 2004].
1.7. Source and Toxicity of Metals
Cadmium is a toxic pollutant for plants, animals and humans. This metal enters agricultural soils mainly from industrial processes, phosphatic fertilizers and atmospheric deposition, and is then transferred to the food chain. In plants, Cd toxicity is associated with growth inhibition and imbalances in the macro- and micronutrient levels [Carthy et al., 2001].
Chromium is an important environmental pollutant due to its widespread industrial use. Cr micro molar range, which is highly toxic, has severe phytotoxic symptoms (membrane damage, structural changes in organelles, metabolic activity distortion), and can cause growth inhibition. Many researches, applied different concentrations levels of Cr reported that it causes to inhibition of plant growth. Chromium stress in plants is depended to plant species and Cr concentrations. Heavy metal tolerance is determined by the relationship between the genetic and physiological molecular mechanisms. Accumulation mechanisms of plants use for phytoremediation were studied by several authors. Most researches on hyper accumulators have focused on physiological mechanisms of metal uptake, transport, and sequestration, but relatively little is known regarding the genetic basis of hyper accumulation [Orcen and Nazariab, 2013].
Copper is a reddish metal that occurs naturally in rock, soil, water, sediment, and, at low levels, air. Its average concentration in the earth's crust is about 50 parts copper per million parts soil (ppm). Copper also occurs naturally in all plants and animals. It is an essential element for all known living organisms including humans and other. At much higher levels, toxic effects can occur. The term copper in this profile not only refers to copper metal, but also to compounds of copper that may be in the environment. Metallic copper can be easily molded or shaped. The reddish color of this element is most commonly seen in the U.S. penny, electrical wiring, and some water pipes. It is also found in many mixtures of metals, called alloys, such as brass and bronze. Many compounds of copper exist. These include naturally occurring minerals as well as manufactured chemicals. The most commonly used compound of copper is copper sulfate. Many copper compounds can be recognized by their blue-green color. Copper is extensively mined and processed in the United States and is primarily used as the metal or alloy in the manufacture of wire, sheet metal, pipe, and other metal products. Copper compounds are most commonly used in agriculture to treat plant diseases, like mildew, or for water treatment and as preservatives for wood, leather, and fabrics. For more information on the properties and uses of copper see [Dorsey et al., 2004].
Nickel is an abundant element. It is found in the form of nickel oxides and sulphides  in the environment. It is found in all soils and is emitted from volcanoes. The most common ailment arising from nickel or its compound is an allergic dermatitis known as nickel itch [Khan, 2008]. Nickel is carcinogenic in nature and adversely affects lungs and nasal cavities. The concentration of nickel in the water of rivers and lakes is very low with the average concentration usually less than 10 parts of nickel in a billion parts of water (ppb). High concentrations of nickel occur as dust that is released into air from stacks during processing and settles on the ground. Food contains nickel and is the major source of nickel exposure for the general population. One can eat about 170 micrograms of nickel in your food every day. Foods naturally high in nickel include chocolate, soybeans, nuts, and oatmeal. Our daily intake of nickel from drinking water is only about 2 μg. We breathe in between 0.1 and 1 μg nickel/day, excluding nickel in tobacco smoke. We are exposed to nickel when we handle coins and touch other metals containing nickel [Fay et al., 2005].
Zinc is an essential trace element in nutrition. It is used in galvanization, alloy formation, as a protective coating to prevent corrosion. This is also used in the purifying fats for soaps, bleaching bone glue and manufacturing of sodium hydrosulfite. Inhalation of Zn may result sweet taste, throat dryness, cough, weakness aching, fever, nausea and vomiting. It plays an important role in wound healing and its addition to the diet accelerates the growth of delayed sexual development. Its deficiency causes loss of sense of touch and smell. The recommended dietary allowance is 12-15 mg [Khan, 2008].
Lead is regarded as highly hazardous for plants, animals and particularly for microorganisms. The main sources of lead pollution of agricultura1 and plants are lead mines, fuel combustion, sewage slug applications and farmyards manure. The maximum acceptable concentration for food stuff is around 1mg/kg. Long-term exposure to lead can result in a built of lead in the body and more severe symptoms. These include anemia, pale skin, a decrease handgrip strength, abdominal pain, nausea, vomiting and paralysis of the wrist joint. Prolong exposure may also result in kidney damage. If the nervous system is affected, usually due to very high exposure, the resulting affects include severe headache, coma, delirium and death. Continued exposure can lead to decreased fertility or increase chances of miscarriage or birth defects [Khan, 2008].
1.8. Related Literatures about Heavy Metals in Leaves of Cannabis sativa L.  

In Pakistan heavy metals (Cr, Pb, Cu, Cd, Ni and Zn) were determined in the medicinal plant Cannabis Sativa L. and the soil of the area from where the plant was collected using AAS. The plant samples were collected from different locations in Pakistan. The plant parts including root, stem and leaves were found to have the quantity of heavy metals corresponding to their contents in the soil. The metal contents in leaves of Cannabis sativa L. were Cr, Pb, Cu, Zn and Ni (0.08-0.13, 0.02-0.07, 0.06-0.2, 0.27-0.44 mg/kg, respectively [Khan et al., 2008]. 

Another research conducted on the distribution of heavy metals content in cannabis leaf and seed were carried using an atomic absorption spectrometrty. The heavy metals determined in both samples were As, Cd, Cr, Fe, Ni, Pb, Hg and Mn. The results obtained revealed that metal levels in cannabis leaf exceeded those of cannabis seed except in Mn, which had the highest metal content among all the metals determined. The metal contents in leaves of Cannabis Sativa L. were As, Cd, Cr, Fe, Ni, Pb, Hg and Mn (13.60±0.048 7, 4.40±0.02, 17.41±0.25, 24±0.3, 10.40±0.03, 1.58±0.02, 19±0.3, 19±0.3 µg/g dry weight respectively); in cannabis seeds As, Cd, Cr, Fe, Ni, Pb, Hg and Mn (7.48±0.02, 2.40±0.02, 15.2±0.25, 7.80±0.03, 6.80±0.02, 0.420±0.003, 6.16±0.03, 102.5 ±0.32µg/g dry weight respectively). The results furthers showed that As, Cd., Cr, Fe, Ni, Pb and Hg levels in cannabis leaf exceeded those of the cannabis seed. Therefore cannabis leave seems to be more dangerous to health than the seeds [Eboh and Thomas, 2005].

Also another research has been carried out in Pakistan. The levels of some heavy metals in eight different medicinal plant samples along with soils were collected from two different locations from salt range of Punjab, Pakistan in order to evaluate those vital metals involved in human health implications. These plant species were: Dodona  viscosa, Withania somnifera, Solanum nigrum, Calotropis gigantea, Mentha spicata, Paganum hermala, Cannabis sativa, Adhatoda vasica, especially those used in the treatment of diseases and their long term usage. The evaluated metals were Cd, Ni, Cr and Pb. Atomic absorption spectrophotometry wet digestion was used for the analyses, and content of metals per sample was expressed as mg/kg. The mean metal contents in Cannabis sativa L. were Pb, Ni, Cd and Cr (6.093-6.663, 3.263-3.561, 0.033-0.066 and 3.931-3.996 mg/kg, respectively.  The analysis of variance revealed that there were significant effects of site variation on medicinal species in Ni and Cr contents while the opposite were observed in case of Pb and Cd at location I. The Ni concentrations found in medicinal plants varied significantly while Pb, Cd and Cr were evident as non significant at location II. There was positive non significant correlation of Pb and Cr among soil and plant while negative non significant for Ni and Cd at both locations. The findings suggest that the use of these plant species for the management of diseases will not cause heavy metal toxicity and may be beneficial to the users in cases of micronutrient deficiency, as these metals were found to be present in readily bioavailable form [Khan, et al., 2013].
Again another research conducted in Pakistan on herbal plants and their extracts deserve special attention because of the important influence they have on human health. For the majority of the world population, herbal plants represent the primary source of the health care. According to the WHO report, almost 80% of people in marginal communities use only herbal plants for the treatment of various diseases. Although, the effectiveness of the herbal plants is mainly associated with their constituents such as essential oils, vitamins, glycosides and many other products but prolonged intake can cause health problems due to the presence of heavy metals. The human body requires both the metallic and the non-metallic elements within certain permissible limits for growth and good health. Therefore, the determination of element compositions in food and related products is essential for understanding their nutritive importance. The accumulation of some heavy metals in large quantities in the body may have a toxic effect. The concentration levels (mg/L) of selected heavy metals (Fe, Mn, Cu, Zn and Pb) and macronutrients (Na, Ca, Mg, K and P) in eight useful herbal plants of Soon Valley District Khushab were determined by atomic absorption spectrophotometer and colorimeter. The herbal plants having different growing seasons and uses were collected from different locations. The results revealed that the herbal plants accumulate the elements at different concentrations. The maximum concentrations (mg/kg) of heavy metals in the analyzed samples were 47.25 ± 0.01, 26.6 ± 0.01, 207.6 ± 0.08, 78.90 ± 0.04 and 0.39 ± 0.01 for Zn, Cu, Fe, Mn and Pb, respectively. The maximum concentrations (mg/kg) of macro elements were 728 ± 0.60, 28,300 ± 113, 68,500 ± 25, 24,250 ± 55 and 3,700 ± 299 for Na, K, Mg, Ca and P, respectively. The levels of heavy metals determined in the analyzed samples were found below the maximum allowable limit. Hence they were safe for consumption. Fe was accumulated most among the plants analyzed for heavy metals. The analyzed samples were good source of important macro elements [Ghani et al., 2012].

1.9. Objectives of the Study
1.9.1. General Objective

· The main objective of this thesis is to determine the level of selected metals in leaves of Cannabis sativa L. cultivated in Ethiopia.

1.9.2. Specific Objectives

· To develop an optimum working procedure for digestion of leaves of Cannabis sativa L. samples to determine selected metals by Flame Atomic Absorption Spectrophotometry (FAAS),

· To determine the concentrations of Ca, Cr, Ni, Cu, Zn, Cd and Pb in leaves of Cannabis sativa L.,  
· To compare the levels of the identified metals in leaves of  Cannabis sativa L. from different regions of Ethiopia, and

· To compare the levels of the identified metals in leaves of Cannabis sativa L. in Ethiopia and with that of the data in the literature.
2. EXPERIMENTAL
2.1. Equipments and Reagents
2.1.1. Equipments

Polyethylene bags were used during sample collection, sample drying and preserving the grinded and homogenized samples before necessary experiments have been done. Electronic blending device (Moulinex, France) was used for grinding and homogenizing the sample. Electronic series balance (WL 3000, Adam Equipment Co. Ltd., U.K.), with precision of ±0.0001 g was used for weighing samples. A 100 mL round bottom flasks fitted with reflux condensers were used in Kjeldahl (U.K.) apparatus hot plate to digest the dried and powdered cannabis samples. Filtration funnels (Kenutuf, England) and Whatman® filter paper 110 mm (from Whatman international Ltd Maid-Stone, England) were used for filtration of sample solution after digestion for both optimization and samples ready for metals analysis. Borosilicate volumetric flasks (25, 50 and 100 mL) were used during dilution and preservation of samples and preparation of metals standard solutions. 1, 2, 5 and 10 mL pipettes (Pyrex, USA) were used for measuring oxidizing reagents that is used for optimization of digestion procedure and for sample preparation as well as for preparation of intermediate standards. Refrigerator (Hitachi, Tokyo, Japan) was used for sample preservation after digestion and before AAS analysis was made. Micropipettes (Dragonmed, 10-100 µL and 100-1000 µL, Shangai, China) were used during measuring different quantities of volumes of metal standard solutions for spiking. Flame atomic absorption spectrophotometers (Analytik Jena ZEEnit 700P, Germany) equipped with deuterium arc back ground connectors and hollow cathode lamps with air-acetylene flame was used for the analysis of the analyte metals (Ca, Cr, Ni, Cu, Zn, Cd and Pb) in the samples.

2.1.2. Reagents and Chemicals

The chemicals and reagents which were used in the study are HNO3 69.5% ( Scharlau Chemie S.A., European Union, Spain), HClO4 70% ( Reaserch-Lab Fine Chem Industries, India), H2SO4 98% (Research-Lab Fine Chem Industries, Mumbai, India), K2Cr2O7 (Remi-chem Ltd, Mumbai, India) La(NO3)3.6H2O 98% pure (BDH Chemicals Ltd, Poole England), 1000 mg/L, in 2% HNO3, standard of the Ca, Cr, Ni, Cu, Zn, Cd and Pb (BDH Chemicals Ltd Spectrosol®, Poole England), H2O2, detergents and  deionized water.

Detergent solutions were used for soaking and washing different laboratory equipments prior to soaking in 10% HNO3 solution for cleaning purpose. Chromate solution (K2Cr2O7) in 98% H2SO4 was used for soaking and washing condensers and round bottom flasks before starting digestion. 69.5% HNO3 and 70% HClO4 were used for digestion of cannabis samples. 98% pure La(NO3)3.6H2O was used to minimize the precipitation of Ca2+ ions in the form of phosphates and sulfates. Stock standard solutions, 1000 mg/L, in 2% HNO3, of the metals were used for the preparation of calibration standards and in the spiking experiments. Deionized water was used for dilution of sample and intermediate metal standard solutions prior to analysis and rinsing glassware.
2.2. Sampling
2.2.1. Sampling Sites Description 

All the samples analyzed in this investigation were confiscated during 2013. Three of the samples were whole fresh plants collected from the growing plots by the police before they had been harvested except Mekelle which was collected from the users. The geographical locations of these sampling sites are described in Table 2.

Table 2. Geographical descriptions of sample collection sites.
	S. No
	Sample sites
	Approximate geographical locations

	
	
	Latitude
	Longitude
	Altitude in meters  (above sea level)
	Distance in kilometers and directions from Addis Ababa

	1
	Butajira 
(SNNP Region)
	8010′N
	38050′E
	1,900
	132 km South West

	2
	Metema
(Amhara Region)
	12058′N
	36012′E
	684
	898 km North West

	3
	Sheshemene (Oromia Region)
	7012′N
	38036′E
	2,009
	240 km South East

	4
	Mekelle 
(Tigray Region)
	13029′N
	39028′E
	2,037
	787 km North


2.2.2. Sample Collection and Transportation

Leaves of cannabis samples caught by police were collected from the four sites. The four sites are Butajira (SNNP Region), Metema (Amhara Region), Sheshemene (Oromia Region) and Mekelle (Oromia Region). About 200 g fresh leaves of the sample was taken from each sites except Mekelle (Tigray Region) and then the collected samples were packed into polyethylene plastic bags, labeled and transported to the laboratory for further treatment.
2.2.3. Sample Preparation for Elemental Analysis

The cannabis samples were collected from sampling areas with dried and clean polyethylene bags. The cannabis samples before packed in the sample holder were washed with a running tap water so as to remove adsorbed soil particulates and then rinsed with deionized water. The samples were exposed to sun light until the samples weight becomes constant for several days to reduce the moisture content so as to express the result in terms of dry mass basis. The dried cannabis was grinded using electronic blender and sieved to prepare fine powder of cannabis for digestion. Then the fine powder of cannabis samples were kept in properly washed, dried and cleaned polyethylene plastic bags until appropriate amounts of the samples were taken for digestion.
2.3.  Procedures 

2.3.1. Cleaning of Apparatus

All the glassware, plastic containers and polyethylene bags were filled with aqueous detergent solution, inner and outer walls wiped briskly with foam and brushes; copious amount of water was used to remove the detergent followed by distilled deionized water rinsing. The apparatuses were then soaked with about 10% (v/v) HNO3 for 24 hours followed by rinsing with distilled deionized water. The glassware were then dried in hot air oven and stored in clean dry places free of contamination till use. Prior to each use the apparatus were soaked in diluted nitric acid and rinsed in distilled deionized water. Condensers and round bottom flasks used for the digestion were soaked in 1% (w/v) chromate solution prepared from 1 g of K2Cr2O7 and appropriate amount of 98% H2SO4 to remove metals and other contaminants left on the surface of the apparatuses due to long standing after use of others.
2.3.2. Optimization of Digestion Procedure

Determination of the optimum working conditions before carrying out any experimental activities for sample preparation before the analysis is a common practice. In wet acid digestion the optimized digestion procedure is attained based on changing different digestion parameters like volume ratio of reagents added, digestion temperature and duration of time. Wet acid digestion is carried out by Kjeldahl apparatus. In this procedure the organic components are assumed to decompose in the form of different gaseous forms and other metallic elements are left in the solution except those easily volatile metals like Hg. The digestion is assumed to be complete if the solution is clear and colorless. Based on this fact the optimization procedures for the sample preparation of Cannabis sativa L. for its metals content analysis is shown in Tables 3-5.

Table 3. Optimization of volume ratio of the reagents for digestion of sample mass (0.5 g) at 300 oC for 4 h.
	S. No
	Total volume (mL)
	Ratio (mL) HNO3: HCl:H2O2:HClO4
	Observation

	1
	4
	2:0:1:1
	Pale yellowish solution with small residue

	2
	4
	2:1:0:1
	Yellowish solution with  residue

	3
	4
	2:0.5:0.5:1
	Pale yellow solution with residue

	4
	5
	2:2:0:1
	Pale yellow solution with residue

	5
	5
	2:1:1:1
	Yellow solution with residue

	6
	5
	3:1:1:0
	Deep yellow solution with small residue

	7
	6
	3:1:1:1
	Yellow solution with small residue

	8
	6
	3:2:0.5:0.5
	Colorless solution but not clear

	9
	7
	4:1:1:1
	Pale yellow solution with small suspension

	10
	7
	4:2:0.5:0.5
	Yellow solution with residue

	11
	8
	5:1:1:1
	Slightly clear and colorless solution with residue

	12
	8
	5:2:0.5:0.5
	Pale yellow solution with small suspension

	13
	9
	6:2:0:1
	Slightly clear and colorless solution with residue 

	14
	9
	7:0:1:1
	Slightly clear and colorless solution with small residue

	15
	10
	9:0:0:1
	Clear and colorless solution*

	16
	10
	9:0.5:0:0.5
	Clear and colorless solution

	17
	10
	9:0:0.5:0.5
	Clear and colorless solution


*Indicates optimum volume ratio of reagents for digestion

Table 4. Optimization of digestion temperature for digestion of sample mass (0.5 g) for volume (10 mL) for 4 h.
	S.. No
	Temp. (0C)
	Observation

	1
	180
	Slightly colorless solution with residue

	2
	210
	Slightly colorless solution with residue

	3
	240
	Slightly colorless solution with residue

	4
	300
	Clear and colorless solution*


*Indicates optimum digestion temperature

Table 5. Optimization of digestion time. for digestion of sample mass (0.5 g) for volume (10 mL) at 300 oC.
	S. No
	Time (h)
	Observation

	1
	2:00
	Colorless solution with some residue

	2
	2:30
	Colorless solution with some residue

	3
	3:30
	Clear and colorless with some residue

	4
	4:00
	Clear and colorless*


*Indicates optimum digestion time

2.3.3. Digestion of Leaves of Cannabis sativa L. Samples

Applying the optimized conditions (Tables 3-5), 0.5 g of dried and homogenized cannabis samples were transferred into a 250 mL round bottom flask. Then 10 mL of a mixture of HNO3 (69.5%) and HClO4 (70%) with a volume ratio of 9:1 (v/v) was added and the mixture was digested on a Kjeldahl digestion apparatus fitting the flask to a reflux condenser by setting the temperature at 300 ºC for  4:00 hours. The digest was allowed to cool to room temperature for 30 min without dismantling the condenser from the flask and for 10 min after removing the condenser. To the cooled solution 10 mL of deionized water was added to dissolve the precipitate formed on cooling and to minimize dissolution of filter paper by the digest residue while filtering with Whatmann, (110 mm diameter) filter paper into 25 mL volumetric flask. The round bottom flask was rinsed subsequently with 5 mL deionized water until the total volume reached around 15 mL. To this final solution, about 0.67 g of La(NO3)3.6H2O was added and the solution was filled to the mark (25 mL) with deionized water. This addition of La(NO3)3.6H2O prevents the precipitation of Ca+2 with the SO4-2 and PO4-3 (in which the anions may be formed from incomplete removal of the elements P and S from organic matter). As such the process of FAAS is element specific and the above addition makes Ca+2 to be free for atomization and the SO4-2 and PO4-3 probably present in the solution is precipitated and represented by the chemical equation as follows.

3CaSO4↓ + 2La(NO3)3 → 3Ca(NO3)2 + La2(SO4)3↓ 

Ca3(PO4)2↓+ 2La(NO3)3 →3Ca(NO3)2 + 2LaPO4↓ 
The digestion was carried out in triplicate for each bulk sample. Digestion of a reagent blank was also performed in parallel with the cannabis samples keeping all digestion parameters the same. The digested samples were kept in the refrigerator, until the level of all the metals in the sample solutions were determined by FAAS.

2.3.4. Instrument Calibration for Levels of Metal Analysis in Leaves of Cannabis sativa L. Samples 
Metal standard solutions for calibration were prepared for each of the metals from an intermediate standard solution containing 10 mg/L which was prepared from the atomic absorption spectroscopy standard stock solutions that contained 1000 mg/L. These secondary standards were diluted with deionized water to obtain four working standards for each metal of interest. Then Ca, Cr, Ni, Cu, Zn, Cd and Pb were analyzed with FAAS equipped with deuterium arc background corrector and standard air-acetylene flame system using external calibration curve after the instrument parameters were optimized for maximum signal intensity. Three replicate determinations were carried out on each samples and standards. All the seven metals were determined by absorption/concentration mode and the instrument readout was recorded for each solution automatically. The same analytical procedure was employed for the determination of elements in digested blank solutions. The operating conditions for FAAS employed for each analyte are given in Table 6.

Table 6. Instrumental operating conditions for determination of metals using FAAS.
	Metal
	Wave length (nm)
	Slit width (nm)
	Lamp current (mA)
	Energy (kJ/mol)
	Detection limit (mg/L)
	Pmt (V)
	Integration time (s)

	Ca
	422.7
	1.2
	3.0
	73.1
	0.025
	300.0
	3

	Cr
	357.9
	0.2
	4.0
	71.3
	0.05
	300.0
	3

	Ni
	232.0
	0.2
	3.0
	72.3
	0.07
	300.0
	3

	Cu
	324.8
	1.2
	2.0
	71.14
	0.035
	300.0
	3

	Zn
	213.9
	0.7
	2.0
	71.6
	0.012
	300.0
	3

	Cd
	228.8
	1.2
	2.0
	89.9
	0.012
	300.0
	3

	Pb
	217.0
	1.2
	2.0
	69.0
	0.3
	300.0
	3


Pmt = photomultiplier tube, HCL = Hollow cathode lamp.   

Concentrations of working standards, value of correlation coefficient of the calibration curve and equation for calibration curves for each metal are listed in Table 7 and the calibration curves of each metals of interest are shown in Figure 2. The correlation coefficients in Table 7 and the calibration curves in Figure 2 for each metals show that, the change in absorbance with concentration is almost in good positive correlation and linear fit.

Table 7.
Working standard concentration, correlation coefficient and equation of the calibration curves for determination of metals using FAAS.
	Metal
	Concentration of working standards (mg/L)
	Correlation coefficient (r)
	Equation for calibration curves

	Ca
	0.25, 0.5, 0.75, 1.0
	0.9997
	Y =  0.49265 X – 2.64 ( 10-3

	Cr
	1.0, 2.0, 3.0 ,4.0
	0.9997
	Y = 0.09698 X + 5.00 ( 10-4

	Ni
	1.0, 2.0, 3.0 ,4.0
	0.9998
	Y = 0.04318 X – 6.22 ( 10-3

	Cu
	0.25, 0.5, 1.0, 2.0
	0.9999
	Y = 0.20258 X – 2.80  ( 10-4

	Zn
	0.25, 0.5, 0.75, 1
	0.9999
	Y = 0.66746 X – 1.13 ( 10-3

	Cd
	0.25, 0.5, 0.75, 1
	0.9997
	Y = 0.49265 X – 2.64  ( 10-3

	Pb
	1.0, 2.0, 3.0 ,4.0
	0.9995
	Y = 0.09786 X + 4.52 ( 10-3
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Figure 2.
Calibration curves of metal standard solutions under instrumental working condition.
2.4. Method Performance and Method Validation
2.4.1. Precision and Accuracy

Accuracy and precision are most common terms related to analytical quality of the procedures to express the extent of errors in a given analytical results. Analytical results must be evaluated to decide on the best values to report and attempt to establish the probable limits of errors of the values. Such qualities of data are performed by applying different statistical methods to analytical data. Most of the common statistical methods applied in analytical chemistry are the standard deviation, variance, coefficient of variance, relative standard deviation and range of series of measurements [Skoog et al., 1996].

In this study the precision of the results were evaluated by the pooled standard deviation and expressed as relative standard deviation of the triplicate samples with triplicate measurements of each sample (n = 9). The pooled standard deviations is shown in Table 10 which indicate that the precision of the experimental procedure is in the acceptable range.

2.4.2. Method Detection Limits (MDL)

The method detection limit is the minimum concentration that can be detected by the analytical method with a given certainty. It is also the smallest concentration or amount of an analyte that can be reliably shown to be present or measured under defined condition, and the limit of detection is the lowest concentration level that can be determined statistically different from a blank (99% confidence). The MDL/LOD is typically determined to be in the region where the signal-to-noise ratio is greater than 3 but not necessarily quantified as an exact value [Chen, 2007].

It can be calculated by multiplying the pooled standard deviation of the reagent blank (Sblank) by three (MDL = 3 x Sblank, n = 12). Method detection limits of the metals of interest are shown in Table 8. The values for MDL in Table 8 indicate that the presence of trace amounts of metals of interest in the sample can be detected by the method. 

2.4.3. Method Quantification Limits (MQL)

It is the lowest concentration level at which a measurement is quantitatively meaningful. It is also commonly defined as 10 times the signal/noise ratio. If the noise is approximated as the standard deviation of the blank (Sblank), then LOQ/MQL is 10 x Sblank (i.e., LOQ = 10 x Sblank, n = 12) [Mitra, 2003].
In this study, LOQ was obtained from triplicate analysis of four reagent blanks which were carried out under the same experimental conditions. The LOQ for each metal was calculated and the results are listed in Table 8. As the lower quantification limit values in Table 8 indicate that trace amounts of metals of interest can be quantified through experimental procedure of this study.

Table 8.
Method detection limit and limit of quantification for metals of interest determined in leaves of Cannabis sativa L. sample.
	Metal
	Method detection limit

(μg/g dry weight)
	Method quantification limit

(μg/g dry weight)

	Ca
	25
	84

	Cr
	1
	3.7

	Ni
	8.2
	25.5

	Cu
	18.8
	58

	Zn
	30.9
	93.3

	Cd
	0.4
	1.3

	Pb
	6.0
	22


2.4.4. Validation of Optimized Procedure

The validity of the optimized procedure was assessed by spiking experiments. For this purpose standard solution of 1000 mg/L (BDH Chemicals Ltd Spectrosol®, Poole, England) was used and intermediate standards of 10 mg/L were prepared. For recovery measurement Amhara sample was selected randomly. The spiking was done in three groups in triplicate.  

In the first group 1.4 µL of 1000 mg/L of Ca and 240 µL of 10 mg/L of Zn were spiked. In the second group 12.2 µL of 1000 mg/L of Cu, 40 µL of 10 mg/L of Cr and 7.4 µL of 1000 mg/L of Ni were spiked. In the third group 210 µL of 10 mg/L of Pb and 80 µL of 10 mg/L of Cd were spiked.

The spiked, non-spiked and reagent blank samples were digested and analyzed in similar condition using the optimized procedure before for sample analysis. Then, the percentage recovery of the analyte was calculated by the equation:
% R = [image: image10.png](Cy in the spiked sample)— (Cy in the non —spiked sample)

Cy added for spiking



 x 100%

where CM is concentration of metal of interest.
The results of recovery analysis are shown in Table 9 and the percentage recoveries lies within the range 88–103%. The percentage recovery for cannabis samples are within the acceptable range for all the metals.
Table 9. Recovery test using optimized procedure of metals in leaves of Cannabis sativa L. sample.
	Metal
	Amount spiked

(mg in 0.5 g)
	Amount recovered (mg in 0.5 g)
	Percent recovery
(% R)

	Ca
	0.0014
	0.0013
	92.9

	Cr
	0.0004
	0.0004
	100

	Ni
	0.0074
	0.0072
	97.3

	Cu
	0.0122
	0.0125
	102.5

	Zn
	0.0024
	0.0022
	91.7

	Cd
	0.0008
	0.0007
	87.5

	Pb
	0.0021
	0.0019
	90.5


3. RESULTS AND DISCUSSIONS
3.1. Levels of Metals in Leaves of Cannabis sativa L. Samples

The developed FAAS method was applied for the determination of the levels of seven different elements (Ca, Cd, Cr, Cu, Ni, Pb, Zn) in leaves of Cannabis sativa L. samples collected from four different sites of Ethiopia, i.e. Butajira (SNNP Region), Metema (Amhara Region), Sheshemene (Oromia Region) and Mekelle (Tigray Region). From statistical analysis of percent relative standard deviation (% RSD), all the determined concentrations are within the range of mean ± 15%. The Mean values were determined from triplicate analysis of each sample. Results obtained for each sample region in terms of μg/g dry weight basis together with values for standard deviation are shown in Table 10. 

Table 10.
Mean concentration (mean ± SD, n = 9, μg/g dry weight) and standard deviation of selected metals in each sample analyzed by FAAS.
	Element
	Sample sites

	
	Butajira 
(SNNP Region)
	Metema
 (Amhara Region)
	Sheshemene (Oromia Region)
	Mekelle
(Tigray Region)
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	Ca
	868±71
	1511±53
	657±76
	1210±130

	Zn
	377±20
	315±9.8
	380±43
	321±15

	Ni
	149±19
	124±13
	162±14
	172±18

	Cu
	122±14
	141±16
	176±23
	165±16

	Cd
	3.2±0.2
	3.7±0.4
	4.7±0.3
	3.4±0.2

	Pb
	8.3±0.9
	10.2±1.6
	7.9±0.3
	9.6±0.7

	Cr
	3.9±0.6
	7.6±1.3
	3.6±0.2
	3.8±0.3


3.2. Distribution Patterns of Metals in the Samples

Metals uptake by plants may occur through different and complex biochemical processes. This uptake varies based on the ability of the plants to absorb metals from the soil, the availability of the mineral elements in soluble and absorbable forms, the abundance of specific metals at the specified site, the contamination level of the soil with heavy metals, etc. The variation of metal levels in soil arises because of increasing industrialization and associated pollution of the biosphere, use of different types of fertilizers, pesticide treatment, and others are the main contributors. The use of sewage sludge, pesticides, irrigation of waters and fertilizers on agricultural land has made some of that land of questionable quality for production of food for humans and animals. The distribution and accumulation of metals in leaves of Cannabis sativa L. are the reflection of the mineral composition of the soil and environment in which Cannabis sativa L. plant grows. Therefore, the actual metal content of cannabis vary considerably according to geographic origin, the use of fertilizers with different chemical compositions and other characterizing features such as water used for irrigation.
3.2.1 Concentration of the major element calcium in leaves of Cannabis sativa  L.

Plants accumulate metals from the soil and environment in different parts. But this study focuses the level of metals in leaves of cannabis because it is the leaves that are commonly consumed by users. There is variation in calcium concentration among the determined samples, Figure 3. Statistical evaluation using one-way ANOVA revealed that there is significant difference in calcium content among the four sample sites at the 95% confidence level. It is important to realize that the one-way ANOVA does not tell which specific sample sites are significantly different from each other; it only tells that at least two groups are different. Since we have four groups in the study, determining which of these groups differ from each other is important. For this, multiple comparisons among the calcium concentrations of the four samples was performed by using the Tukey post hoc test. The results indicated that both the cannabis samples from Mekelle (Tigray Region) and Metema (Amhara Region) sites differ significantly from each other as well as from Sheshemene (Oromia Region) and Butajira (SNNP Region) samples. On the other hand, there is no significant difference in calcium contents between samples from Sheshemene (Oromia Region) and Butajira (SNNP Region) sites. Accordingly, three homogenous subsets of sample sites are identified based on their mean calcium concentrations: Metema (Amhara Region) (1511 μg/g) > Mekelle (Tigray Region) (1210 μg/g) > Butajira (SNNP Region) (868 μg/g) and Sheshemene (Oromia Region) (657 μg/g).
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Figure 3. Comparison of calcium concentration (μg/g) in leaves of Cannabis sativa L. samples collected from different sampling samples collected from Butajira (SNNP Region), Metema (Amhara Region), Sheshemene (Oromia Region) and Mekelle (Tigray Region).

3.2.2. 
Concentration of micro-essential (Trace) metals in leaves of Cannabis sativa L. samples

As shown in Table 11 and Figure 4 Zn (315–380 μg/g dry weight) was the most accumulated trace metal followed by Cu (122–176 μg/g dry weight) and Ni (124–172 μg/g dry weight) in the cannabis sample. However, the determined concentrations of Cu and Ni overlap each other among the sample regions, while the value of Zn is higher in all sample regions as compared to that of Cu and Ni. The higher concentration of Zn might be attributed to its relative abundance in the earth’s crust relative with copper. 
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Figure 4. Comparison of levels (μg/g) of trace metals in leaves of Cannabis sativa L. samples. samples collected from Butajira (SNNP Region), Metema (Amhara Region), Sheshemene (Oromia Region) and Mekelle (Tigray Region).

The highest concentration of Zn was determined in samples from Sheshemene (Oromia Region) (380±43 μg/g dry weight) followed by Butajira (SNNP Region) (377±20 μg/g dry weight) and lowest in samples from Metema (Amhara Region) (315±9.8 μg/g dry weight). 

Table 11. Range of trace metal concentration in leaves of cannabis samples.
	Metal
	Concentration range

(μg/g dry weight)

	Zn
	315(380

	Cu
	122(176

	Ni
	124(172


The trend of concentration of trace metals in cannabis samples collected from each of the sample sites was as follows: both Butajira (SNNP Region) and Mekelle (Tigray Region): Zn > Ni > Cu; both Metema (Amhara Region) and Sheshemene (Oromia Region): Zn > Cu > Ni. The individual metal concentrations by sample region indicates that the trend for Zn decreased with the order Sheshemene (Oromia Region) ≈ Butajira (SNNP Region) > Mekelle (Tigray Region) ≈ Metema (Amhara Region). For Cu the trend was Sheshemene (Oromia Region) > Mekelle (Tigray Region) > Metema (Amhara Region) > Butajira (SNNP Region). The trend for Ni was Mekelle (Tigray Region) > Sheshemene (Oromia Region) > Butajira (SNNP Region)> Metema (Amhara Region). 

The results obtained for Zn in cannabis indicate that the variation by sample sites is very narrow. Further statistical treatment of data with one-way ANOVA suggested that significant difference exists in the determined concentration of Zn among the four sample sites at the 95% confidence level. 

The result from one-way ANOVA with the level of Cu in cannabis samples indicates that the variation of Cu by sample site is significant at the 95% confidence level. Multiple comparison among the mean Cu concentrations shows that significant difference exists specifically only between samples from Butajira (SNNP Region) and Sheshemene (Oromia Region). On the other hand, there is no significant difference in the levels of Cu found in Mekelle (Tigray Region) and Metema (Amhara Region) samples when compared with each other as well as with samples from Butajira (SNNP Region) and Sheshemene (Oromia Region). 

Similarly, the result from one-way ANOVA with the level of Ni in cannabis samples indicates that the variation of Ni by sample site is significant at the 95% confidence level. Multiple comparisons among the mean Ni concentrations show exactly the opposite of the variation observed for the levels of Cu in the four sample site types. Significant difference exists specifically between samples from Metema (Amhara Region) and Mekelle (Tigray Region). Contrary to the trend observed for copper, there is no significant difference in the levels of Ni found in Butajira (SNNP Region) and Sheshemene (Oromia Region) samples when compared with each other as well as with samples from Mekelle (Tigray Region) and Metema (Amhara Region).  

3.2.3 Concentration of non-essential (toxic) metals in leaves of Cannabis sativa L. samples
In this study as it is shown in Table 12 and Figure 5, cannabis samples were also analysed for the contents of three kinds of toxic metals Pb, Cr and Cd. 

Table 12. Range of toxic metal concentration in leaves of Cannabis sativa L. samples.
	Metal
	Concentration range

(μg/g dry weight)

	Cd
	3.2(4.7

	Pb
	7.9(10.2

	Cr
	3.6(7.6


The concentration of Pb determined in all of the samples is found to be higher than the other toxic metals analyzed in this study, i.e. Cd and Cr. Furthermore, there is no statistical significant difference in the level of Pb among the four sample sites at 95% confidence level. 
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Figure 5. Comparison of levels (μg/g) of toxic metals in leaves of Cannabis Sativa L. samples collected from Butajira (SNNP Region), Metema (Amhara Region), Sheshemene (Oromia Region) and Mekelle (Tigray Region).
It should be noted that Cr(III) is essential but Cr(VI) is non-essential to human. In this study the total Cr was determined and therefore it was not possible to know the specific form in which Cr exist in the leaves of Cannabis sativa L. 

The amount of Cr determined in the samples from Metema (Amhara Region) is statistically significantly higher than those from the other sites. Whereas, the amount of Cr found in samples from Mekelle (Tigray Region), Sheshemene (Oromia Region) and Butajira (SNNP Region) appear to be statistically similar. Consequently, two statistical homogeneous subsets are identified with one comprising samples from Mekelle (Tigray Region), Sheshemene (Oromia Region) and Butajira (SNNP Region) while samples from Metema (Amhara Region) representing the other subset. On the other hand, the sample obtained from Sheshemene (Oromia Region) is found to contain statistically significantly higher Cd than those obtained from the other sites. Whereas, the amount of Cd found in samples from Mekelle (Tigray Region), Metema (Amhara Region) and Butajira (SNNP Region) appear to be statistically similar. Accordingly, two statistical homogeneous subsets are identified with one consisting of samples from Mekelle (Tigray Region), Metema (Amhara Region) and Butajira (SNNP Region) while samples from Sheshemene (Oromia Region) representing the other subset. 

3.3. Comparison of Metal Levels in Leaves of Cannabis sativa L. obtained in the Present Study with Literature Values

In analytical chemistry to validate the results comparing a data with reference material is a common practice. However, there is no standard reference material to do so. Therefore, as an alternative the determined results were compared with the investigations made in other countries by other investigators. This was due to the lack of any studies in Ethiopia which were carried on the levels of major, trace and toxic metal composition of Cannabis plant.  
The comparative values of this study with the values reported in the literatures are shown in Table 13. The results, in the Table 13 revealed that the levels of metals determined in this work are in good agreement with other researchers’ work except for Ni and Zn. 

As it is shown in Table 11, the concentration of Ca (657–1511μg/g dry weight) determined in this study is in good agreement with Tiwari et al. (2007) (1426 μg/g dry weight). However, it is less than reported by Mihoc et al. (2012) (2100 μg/g dry weight). The result in this work and also in the reported work showed that Ca is the one with highest concentration among all investigated metals. 

The Zn content of cannabis determined in this study (315–380 μg/g dry weight) is in the range reported by Zehra et al. (2009) (0.2 μg/g dry weight) and Tiwari et al. (2007) (1,701μg/g dry weight). However, with all other reports in Table 13 the present data is not comparable. Likewise, the Ni content of this study is not comparable with reported. But, to the contrary of Zn, in all cases the concentration of Ni in the study (124–172 μg/g dry weight) is higher than reported by Eboh and Thomas (2005) (10.4 μg/g dry weight), Khan et al. (2013) (3.3–3.6 μg/g dry weight), Zehra et al. (2009) (1.2 μg/g dry weight) and Tiwari et al. (2007) (94 μg/g dry weight). The concentration of Cu in this study (122–176 μg/g dry weight) is in the range between the values reported by Zehra et al. (2009) (0.7 μg/g dry weight) and Tiwari et al. (2007) (388 μg/g dry weight). However, it is too lower and higher than Ghani et al. (2012) (1330 μg/g dry weight) and Zehra et al. (2009) (0.7 μg/g dry weight) reports, respectively. In general the concentrations of all micro-essential metals are in the range of the reports, except Ni. 
The level of Cr of this study (3.6–7.6 μg/g dry weight) is comparable to that reported by Khan et al. (2013) (3.9–4.0 μg/g dry weight), but much lower than those determined by Tiwari et al. (2007) (205 μg/g dry weight) and Eboh and Thomas (2005) (17.4 μg/g dry weight). To the contrary it is much higher than that was determined by Zehra et al. (2009) (0.1 g/g dry weight).  

In this study the level of Cd (3.2–4.7 μg/g dry weight) is comparable with the values reported by Mihoc et al. (2012) (3.7 μg/g dry weight) and Eboh and Thomas (2005) (4.4 μg/g dry weight) but too higher than Khan et al. (2013) (0.03–0.07 μg/g dry weight) and Zehra et al. (2009) (0.2 μg/g dry weight). The level of Pb (7.9–10.2 μg/g dry weight) is comparable with Khan et al. (2013) (6.1–6.7 μg/g dry weight) and Ghani et al. (2012) (15 μg/g dry weight). However, it is much higher than the values reported by Eboh and Thomas (2005) (1.6 μg/g dry weight) and Zehra et al. (2009) (0.36 μg/g dry weight). Overall, all metals which were investigated in this study were in the range of the reported values except Ni.   
Table 13. Comparison of selected metal concentrations (µg/g, dry weight basis) in leaves of Cannabis samples with reported values*.
	Concentration determined in mg/kg
	Metal
	Country
	Reference

	
	Ca
	Ni
	Cr
	Cu
	Zn
	Cd
	Pb
	
	

	
	2100
	NR
	NR
	NR
	54.0
	3.7
	NR
	Not mentioned
	 Mihoc et al., 2012

	
	NR
	10.4
	17.4
	NR
	NR
	4.4
	1.6
	Nigeria
	 Eboh and Thomas et al., 2005

	
	NR
	3.3-3.6
	3.9-4.0
	NR
	NR
	0.03-0.07
	6.1-6.7
	Pakistan
	Khan et al., 2013

	
	NR
	1.2
	0.1
	0.7
	0.2
	0.02
	0.36
	Pakistan
	 Zehra et al., 2009

	
	NR
	NR
	NR
	1330
	112.5
	NR
	15
	Pakistan
	 Ghani et al., 2012

	
	1425.9
	94
	205.2
	388
	1,700.5
	BDL
	BDL
	India
	Tiwari et al., 2007

	
	657-1511
	124-172
	3.6-7.6
	122-176
	315-380
	3.2-4.7
	7.9-10.2
	Ethiopia
	This Study


*The methods used in all the references were AAS. NR = not reported, BDL = below detection limit.
3.4.  Statistical Analysis

In analytical work two or more mean results are compared to check whether there is a significant difference between them or not. The variation between the mean results of different sample can be resulted from random and controlled sources of error. This kind of variation and the variation due to the difference in the original sample type can be separated and estimated by a powerful statistical technique known as Analysis of Variance (ANOVA) (Miller and Miller, 2000). In this study, a one way ANOVA and Pearson correlation coefficient was used to decide the variation between samples analyzed was significant or not for the mean concentrations of each metal in triplicate analysis. 

3.4.1 Analysis of Variance

The variation in samples means come from different sources such as experimental procedure or heterogeneity among the samples (i.e. difference in mineral contents of soil, pH of soil, water, atmosphere; variation in application of agrochemicals like fertilizers, pesticides, herbicides, etc. or other variations in cultivation procedures). In this study the variation in samples means of the analyte was tested whether they have significant difference or not by using ANOVA of SPSS 20 (IBM) software (Table 14). 

From Table 14 one can see that there is significant difference at F3,8 at 95% confidence level in mean concentration for all metals except Pb. This is expected beyond from variation in experimental procedure. The source for this significant difference between sample means may be the difference in mineral contents of soil or pH of soil which predict the extent of mineral absorption by cannabis.

Table 14.
Analysis of variance (ANOVA) between and within cannabis samples at 95% confidence level.
	
	
	Sum of squares
	df
	Mean square
	F
	Sig.

	Ca
	Between samples
	1276552
	3
	425517
	55
	0.000

	
	Within samples
	61370
	8
	7671
	
	

	
	Total
	1337922
	11
	
	
	

	Zn
	Between samples
	11053
	3
	3684
	6
	0.022

	
	Within samples
	5213
	8
	651
	
	

	
	Total
	16266
	11
	
	
	

	Ni
	Between samples
	3838
	3
	1279
	5
	0.034

	
	Within samples
	2126
	8
	266
	
	

	
	Total
	5964
	11
	
	
	

	Cu
	Between samples
	5324
	3
	1775
	6
	0.022

	
	Within samples
	2479
	8
	309
	
	

	
	Total
	7803
	11
	
	
	

	Cd
	Between samples
	4
	3
	1
	19
	0.001

	
	Within samples
	0.6
	8
	0.1
	
	

	
	Total
	5
	11
	
	
	

	Pb
	Between samples
	11
	3
	4
	4
	0.068

	
	Within samples
	8
	8
	1
	
	

	
	Total
	19
	11
	
	
	

	Cr
	Between samples
	32
	3
	11
	19
	0.001

	
	Within samples
	4
	8
	0.6
	
	

	
	Total
	37
	11
	
	
	


3.4.2 Pearson Correlation of Metals within Cannabis Samples

A correlation coefficient is a number between -1 and +1 that measures the degree of association between two variables (let say concentration of metal X and Y). A positive value for the correlation implies a positive association (large values of X tend to be associated with large values of Y and small values of X tend to be associated with small values of Y). A negative value for the correlation implies a negative or inverse association (large values of X tend to be associated with small values of Y and vice versa).
In this study, to correlate the effect of one metal concentration on the concentration of the other metal, the Pearson correlation matrices using correlation coefficient (r) for the samples were used and presented in Table 15.

The data in Table 15 indicate that most of the metals have negative correlation with each other except Ca having positive correlation with Cr and Pb; Zn with Ni, Cu, Cd; Ni with Cu; Cu with Cd; and Pb with Cr.
Table 15.
Pearson correlation matrices for metals in leaves of Cannabis sativa L. samples (n = 12).
	
	Ca
	Zn
	Ni
	Cu
	Cd
	Pb
	Cr

	Ca
	1
	
	
	
	
	
	

	Zn
	-0.797**
	1
	
	
	
	
	

	Ni
	-0.508
	0.305
	1
	
	
	
	

	Cu
	-0.187
	0.193
	0.313
	1
	
	
	

	Cd
	-0.383
	0.251
	-0.029
	0.568
	1
	
	

	Pb
	0.698*
	-0.637*
	-0.083
	-0.268
	-0.310
	1
	

	Cr
	0.766**
	-0.543
	-0.675*
	-0.309
	-0.098
	0.703*
	1


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

*    Correlation is significant at the 0.05 level (2-tailed).        
4. CONCLUSSIONS 
Cannabis sativa L is one among illicit drugs and the medicinal plants that has been used in the world. It has wide medicinal uses; the plant is used as tonic, intoxicant, stomachic, antispasmodic, analgesic, narcotic, sedative and anodyne in old Chinese medicines. The seed, either as a paste or as an unguent, is said to be a folk remedy for tumors and cancerous ulcers. The decoction of the root is a remedy for hard tumors and knots in the joints. The leaves are used to alleviate cancerous sores, scirrhous tumors, cold tumors, and white tumors. However, by far from its medicinal importance, it has tremendous acute and long term health effects. This appears due to its interaction with an endogenous cannabinoid receptor system that is widely distributed in the central nervous system. Thus, cannabis has serious effects on perception, cognition and behavior of human being. 

The plant beyond its organic constituents has also inorganic composition. Hence, to assess the metallic contents of the plant this study was designed. In this study the amount of metal in cannabis collected from four regions of Ethiopia were analyzed for their contents of Ca, Cr, Ni, Cu, Zn, Cd and Pb using flame atomic absorption spectrometer. 

The optimized wet digestion method for cannabis analysis was found efficient for all the metals and it was evaluated through the recovery experiment and a good percentage recovery from 88-103 was obtained for all the metals identified.
The level of metals investigated in cannabis by average could be put in the following order: Ca (657–1511 μg/g) > Zn (315(380 μg/g) > Ni (124(172 μg/g) > Cu (122(176 μg/g) > Pb (7.9(10.2 μg/g) > Cr (3.6(7.6 μg/g) > Cd (3.2(4.7 μg/g).
Statistical analysis by using one way ANOVA indicates that there is significant difference in mean concentration of metals under investigation except Pb. This may be attributed to differences in soil composition; use of different fertilizers, pesticides, etc and for Pb, the difference may only be attributed to random errors in the experimental procedures. 

Based on results in this study, it can be concluded that highly toxic metals like lead and cadmium were detected in Cannabis sativa L. The content of both metals are beyond permitted limits set by WHO. It is necessary to monitor and detect content of this metal in medicinal herbs.
In general, the levels of metals in the Ethiopian cannabis are comparable to those reported in the literature from other countries.

5. 
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