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[bookmark: _Toc21100440]Abstract
Nowadays, single-use plastics are ubiquitous and becoming a vehicle that dispose harmful chemicals like heavy metals. Thus, it is possible that plastics in contact with food dissipate heavy metals that are harmful when consumed by humans or relations. Mainly, the objective of the study was to assess the levels of Cu, Zn, Cd, Cr, and Pb in some single-use plastics collected from local government in Sokoto, Nigeria using atomic absorption spectroscopic methods, other standard methods, and reagents of analytical grade. The results (P< 0.05) show the following outcomes: The levels of Cu ranges from 0.00ppm (undetected in Pop Cola drink) to 0.37 ± 0.01 ppm (in bottled water); Zn levels is in the range of 0.15 0.002 ppm (in Fanta drinks) to 1.5 ± 0.001 ppm (in bread). The concentration levels of Cd, Pb and Cr revealed a range from 0.06 ± 0.002 (in Fanta drink) to 0.11 ± 0.002 (in biscuits). Pb level ranges from 0.02 ± 0.001 ppm (in Pop Cola and Fanta) to 1.7 ± 0.005 ppm (in bread); while Cr concentration was minimally found in water (0.03 0.002 ppm), and maximally found in bread (0.90± 0.002 ppm). In plastics, Cu ranges from 0.01 ± 0.001 ppm (in Pop Cola) to 0.40± 0.005 (in plastic bag); Zn ranges from 0.2 ± 0.005 ppm (in water bottle) to 0.25 0.00 ppm (in biscuits and Fanta plastic containers). Similarly, Cd was maximum in biscuits wrapper (0.12 0.002 ppm), and minimum in bread bag and Pop Cola container (0.06± 0.002 ppm). Pb element was highest in bread bag (1.0 ± 0.001 ppm), and lowest in Pop Cola container (0.02±0.001 ppm); while, Cr was maximum in biscuits wrapper (0.12 0.002 ppm) and minimum in Pop Cola (0.005 ± 0.002 ppm).In conclusion, it can be echoed that, the plastic examined contain Cu and Zn essential metals in foods that are in contact with plastics at levels that are considered safe, and in turns could help in nutrition allowances; but, Cd, Cr, and Pb could add up to the other sources of toxins contacted by human consumers and in turn leading to  negative effects.
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Leo Bakeland invented (the pioneer truly) synthetic commercially important plastic in 1907 which later became the mostly used anthropogenic substance. This new product was coined as plastic as driven from the word “plastikos” which means moldable plastic, many materials that we use today in our everyday dealings belong to a group of molecules called polymers, which are huge molecules formed from repeated units called monomers and polymers are envisaging about 500-20,000 or more repeating units. For example, a plastic known as polyethylene can be made through adding molecules of ethylene, while other plastics are possibly produced by binding monomers in a process called polymerization (World Health Organization, 2019).
A study reported that plastics are organic macromolecular compounds derived from polymerization, polycondensation, polyaddition or other related processes (Babayemi et al., 2018). Food and Agriculture Organization of the United Nations (2018) refers to plastic as a general term describing a range of polymer materials having different properties.  Plastics are widely used in food packaging materials and other related contacts because they are moldable (in certain conditions) to make sheets shapes structures. Plastics are considered as inert chemicals, therewith, they are cheap. Plastics provide choice in respect of transparency, color, hand sealing, heat resistance barriers and so many other properties (Alabi et al., 2019). Examples of plastic specifically in use in food contacts are: Rigid plastic such as jars, pots, tubs, tray; Flexible plastics in bags sachets pouches; Lips cap; Films used to cling, stretch and shrink, wrapping; Labels of bottles jars; Coatings, adhesives, inks; Trays, ears, etc (Alabi et al., 2019).   
Some plastics are regarded as thermoplastics because they are linear or branched polymeric solid that flow with the application of heat and pressure at the glass transition temperature or crystalline melting temperature (example PVC, PC, PS). Thermoset is a rigid polymer plastic formed from polymerization, e.g. Polyesters epoxy, resins polyurethane, bakelite. They never soften once they have been molded (Babayemi et al, 2018). Thermoplastics soften on heating and harden on cooling e.g. polypropylene, teflon polyamide, polystyrene. Elastomer has a highly glass transition temperature at room temperature that is rubbery e.g. tires. Elastomers are glassic in nature and they return to original shape after stretching e.g. rubber neoprene (Valentine, 2018).
Ideally plastics are polymers which are large molecules consisting of repeating units of smaller monomers that are chemically bound together like carbon and are made either from oil and 1941 John Rex Whitfield carbon sources (Valentine, 2018). In the condensed ethylene glycol with polyethylene trepthalate (PET); polystyrene styrene molecules likewise polymerization of Vinyl chloride in 1938 polyterafluroethylene (tetflon) was made by DuPont through polymerization of tetrafluoroethylene molecules whereas, polyvinylidine chloride (PVDC or saran) is formed through polymerization of vinydine chloride materials. In the year 1934 the pioneer polyethylene is formed from ethylene monomers; therefor,e today there is to low-density polyethylene (CLDPE) and high density polyethylene (HDL) which was formed in 1950s by Karl Ziegler in 1953 Karl Ziegler and Giulio Natta (PP) from propylene monomers (Valentine, 2018).
The low cost availability diverse uses of plastics in every- day life are among the factors that lead to the proliferation of plastics around us (Valentine, 2018). There are prominent plastics distinguished as single-use (SUPs) which are types of plastics used once, or for a short period of time before being discarded. These plastics are very common and make greater percentage of waste discarded around the world therefore, making the greater part of waste in our land and waters; therewith, examples like cotton buds, stirrers, balloons, sticks, cutlery, food containers, cups, cigarette butts, wrappers, and sanitary items. Plastics are used to store food, to preserve food, to label food, to wrap food, etc but some of them or their chemicals enter food, and ultimately food stream or environment or taken up by other organisms besides human (EPA, 2007; Chen et al., 2021). Plastics contain metals as chemical additives to give it certain properties; which are reported to leach into food or anything they encounter amongst which there are metals (FAO, 2017). Likewise, metals use the opportunity of plastics to adsorb or sorp chemical pollutants from surrounding environment by clinging with a strong adsorption capacity for example chromium, cobalt, nickel, lead, zinc, aluminum (Balali-Mood et al., 2021).
Metals are sometimes characterized and distinguished from non-metals because of their properties like ability to conduct heat and electrical resistance. That heat and electrical resistance is directly proportional to temperature, malleability, ductility and lustre. However, heavy metals are those with density ranging from 3.5 to 7 gcm3 sometimes linked to metals or their compound that are toxic (Aliyu et al., 2020). Albeit some metals likes copper, selenium, zinc, are nutritionally important, their presence at higher levels make them noxious and to act like lead arsenic, mercury, that have no known biological role, hence any form of their level is harmful to organism (WHO, 2019). Humans, animals and plants have evolved to the presence of metals and are adopted to geographic distributions that are exhibit with requirement and tolerance levels. However, due to industrialization like in plastics production, levels of current metals might be elevated above the natural levels therefore, the need to carry out analysis of heavy metals in singles use plastics are many and utmost (Balali-Mood et al., 2021). While some many elements are bioactive with positive effects on health many heavy metals are non-essential and even bioactive they are risk, they can serve as catalysis be pharmacologically active and be toxic. Thus it is utmost important to have a broader view of metal ions levels in used plastic. In general terms, essential or non-essential metals, are considered to include heavy metals or metals with no known biological role in the body. There is need to extend focus beyond essential metals, there is need to monitor the presence of heavy metals and essential ones; because deficiencies (too little) of (heavy) metals or overload (too much) of (heavy) metals has conditioning effects on others and the entire body (Appenroth, 2010; Mahurpawar, 2015).
In modern life, plastics are ubiquitous. Its early usage dated back to 1600 B.C., at the time when human hands shaped natural rubber and polymerized it into different useful objects in prehistoric Mesoamerica (Isah et al., 2021). Diverse usage and manufacturing of plastics and plastic products began in 1839 when polystyrene (PS) and vulcanized rubber were discovered. Production of Bakelite which is the first truly synthetic polymer was in 1907 in Belgium; however, by 1930, Bakelite was everywhere, especially in fashion, communication and electrical and automotive industries. It took a decade after this for mass production of plastics to begin and it has constantly expanded ever since (Center for International Environmental Law, 2019).
As at 2008, the annual plastic production was estimated to be 245 million tons globally (Center for International Environmental Law, 2019). At present, single-use packaging is the largest sector, accounting for almost 40% of the overall plastic usage in Europe (Pelley, 2018), this is followed by consumer goods, materials for construction, automotive, electrical and agriculture applications at 22%, 20%, 9%, 6% and 3%, respectively (CIEL, 2019). It was estimated in 2015, that the highest rate of production is in Asia (with 49% of total global output, with China as the largest world producer amounting to 28%, followed by North America and Europe 19% each). In terms of production, the rest regions are of lesser importance although not necessarily in terms of plastic consumption (CIEL, 2019).
Globally, plastic production was estimated to be 380 million tons in 2018. Since 1950 to 2018, plastics of about 6.3 billion tons have been produced worldwide, 9% and 12% of which have been recycled and incinerated, respectively (CIEL, 2019). Plastics of about 5 million tons are yearly consumed in UK alone, with only about one-quarter recycled, and the rest land filled. It has been suggested by researchers that by 2050, oceans might contain more plastics than fish in terms of weight. Yearly, approximately 500 billion plastic bags are used out of which an estimated 13 million tons ends up in the ocean, killing approximately 100,000 marine lives (CIEL, 2019). A plastic production has increased in twentyfold since 1964 (Alabi et al., 2019). International Energy Agency World Energy Outlook in 2015 estimated that, the largest application, plastic packaging (26% of the overall volume), is envisaged to have continuous strong growth, which might double within 15 years, with a possibility of fourfold increase by 2050, to about 318 million tons yearly, which is higher than the whole plastic industry today (Alabi et al., 2019).
Plastic materials are remarkably resourceful and are utilized in variety of applications. More than half of the plastics produced are disposed when they are used once (Babayemi et al., 2018). These single use plastics are ubiquitous in our environment and everywhere you go in Sokoto state and many other places in the country (Sarkingobir et al., 2021). Therefore, they make majority of our waste which find it ways into the environment and exert negative effects to living organisms including humans, because of their component monomers and additives (Alabi et al., 2019). Heavy metals are deliberate additives or impurities in plastics, which are added (Sarkingobir, et al., 2020).
However, heavy metals have been shown to cause negative effects, such as cancer effect, neurotoxicity, oxidative stress, cell damage, apoptosis etc (Isah et al., 2021; Balali-Mood et al., 2021). Parable, cancerous breast biopsies show higher level of chromium, cadmium and lead. Lead is proven to cause neurotoxicity, learning and land defects, behavioural effects, infertility, miscarriage, reduced fertility, etc. mercury is linked to nervous system toxicity, immune system toxicity, etc (Balali-Mood et al., 2021).
 Lead is popularly implicated in poisoning the neurons, in utero damage, in the skeleton, and many other parts of the body. The metal mostly affects children, breastfeeding mothers, lactating mothers; therein, food (from contaminated sources such as soil, water, dust, and air) is a major source of the metal. In the European countries, the lead level in the blood is about 20 micrograms per liter indicating the presence of pollution due to industrialization (Jallo et al., 2020). In countries like, Canada, Italy, France, Spain, Bulgaria there exists significant pollution due to lead release from anthropogenic ways; while places like Norway, Austria, Lithuania, Latvia, Sweden, low levels of lead were released to the environment from the anthropogenic dealings (Food and Agriculture Organization of the United Nations, 2018).    A recent study of water run-off in China has shown that, Cd, Cr, Cu, Zn, are present in a significant level that present concern to the environment and biological systems (Plastic Europe, 2016). From the global context, industries are responsible for the pollution of waterbodies in the tune of million tones every year.  In the European nations 38% of the water bodies are affected by waste from agricultural sources, in the United States of America, many rivers and streams are polluted from agricultural effluents, likewise in the developing economies pollution is a major concern affecting the human existence (FAO, 2018). 
Cadmium is an environmental pollutant that affect kidney and bone, and causes excretion of low-molecular weight proteins, osteoporosis, and lung cancer. More especially in children, elderly, people suffering from diabetes; all due to pollution through the food, and the soil routes. Cadmium act as a suppressant to the immune system, accumulate in the liver, and impacts negatively on the nervous system (GSEAMP, 2015). In Europe cadmium levels in soils is about 0.03 to 0.8mg/kg, while to direct human intake is mostly from food (European Union, 2011).
Many studies are motivated by the current trend of pollution to investigate levels of heavy metals in Nigeria. For instance, a study in Ibadan in a river found lead, chromium, cadmium in higher concentrations (Sarkingobir, 2023). Another study in Nigeria that examines the levels of heavy metals in various polymers found that, cadmium, chromium and zinc at high levels of concern (GESAMP, 2015). In Nigeria, the largest heavy metal case due to human actions was from Zamfara state and led to the death of 163 individuals including children (Lyon, 2004).  In local studies in Sokoto state, heavy metals were noticed as a result of contamination of environment and have a public health implication that can be a spill-over of diseases like renal, cardiovascular, mutagenic, carcinogenic, bone disorders, and teratogenic abnormalities (Bala et al., 2020).  A study in water samples from Kware Lake has revealed that heavy metals like lead, zinc fall within the levels suggested by WHO (Sarkingobir et al., 2023). Another study in Sokoto showed that camels slaughtered in Sokoto and Gusau Abattoirs were exposed to lead (Pb), chromium (Cr), and cadmium (Cd) elements in high levels (Bala et al., 2018). Bala et al. (2020) in their study where they determined heavy metals in cattle slaughtered, and found that the samples were exposed to levels of cadmium, lead, chromium and it is a serious public health implication as well. Aliyu et al. (2020) in their study of heavy metals at Usmanu Danfodiyo University Sokoto, found high cadmium, high chromium, and low copper in water samples collected therewith. 
The levels of heavy metals in different samples like toys, electronics, beverages, etc collected across the globe are high in many cases (Turner and Filler, 2021). This is a portend of anthropogenic pollution and a threat to public health. A similar trend happens in Sokoto (Umar et al., 2022). However, determination of heavy metals in plastics in the state was minimal, therefore, there is need to unveil that and fill the gap (Sarkingobir et al., 2021).There are permissible limits of these heavy metals that is allowed in each plastics product by various monitoring world organizations like World Health Organization (WHO), European Medical Agency (EMA), sets values that range from Parts Per Trillion (PPT) to Parts Per Million (PPM), which am aiming to confirmed using Atomic Absorption Spectrometer (AAS) Method (Turner and Filella, 2021).
[bookmark: _Toc21100444]1.2 Statement of the Problem
It was discovered that an exposure to heavy metals can elicit gastrointestinal, renal, reproductive, hemopeitic, cardiovascular, neurological, and other problems to the body as reported by many studies in animals and human subjects (Umar et al., 2022). Likewise, these metals are capable of leading to an oxidative stress, that is a damaging effect on the cell, that in turn destroys proteins, deoxyribose nucleic acid, lipids, and in the long spur cancer and other aberrations.  However, when an organism is exposed to a large amount of heavy metals at a time or little amounts for a longer period or in fashion to these heavy metals, there is ultimately more devastating cumulative effects compared to a single exposure to a single metal, that is why as of the year 2010 cadmium, lead, chromium, are listed among the ten most important chemicals that threatens the public health nowadays.
For instance, lead heavy metal is a public health threat to all, often gotten from food, and other plastic mediums, lead and cadmium cause reduction in calcium, defects in bone formation, damaging bone tissues, and osteopenia, osteoporosis etc. The dangers of the element lead are more pronounce in children, especially those below the age of six, it causes disturbance on the growth and development, and differentiation of cells. Lead has capacity to cause teratogenic effects, inhibits the production of hemoglobin. Lead can cause kidney defects, central and peripheral nervous systems defects, and can lead to psychosis (Witkowska et al., 2021). Cadmium is found to be toxic even at very little concentrations; like lead, cadmium is regarded as a heavy metal with   no known biological essentiality or benefit on the human body, but is ubiquitous in all phases of our environment and potentially toxic, and little exposure can pose a plausible adverse harms. It is a metal found to among the group of metals like chromium, that are carcinogenic (Witkowska et al., 2021). Long term exposure of cadmium can spur obstruction of lungs, renal dysfunction, pneumonitis, death of lung lining cells, osteoporosis, high blood pressure, weak bones, and fragile bones (Balali-Mood et al., 2021). Chromium heavy metal is primarily expunged to human contact as a result human activities and on humans the metal is toxic, carcinogenic and affect other organs of the body (Witkowska et al., 2021).
Some heavy metals are beneficial to the body at certain little levels, for instance, zinc and copper; but at some levels they are harmful. Zinc has negative effects like lead. High exposure to zinc can elicits derangement in growth and development, kidney problem and liver failure (Sarkingobir et al., 2022).  Acute copper intake can lead to abdominal pain, vomiting, and liver poisoning in susceptible individuals (Umar et al., 2022). Copper toxicity is visibly harmful to the human life, that begins by deposition and consequent inhibition of liver to perform its basic functions; in turn affecting reproduction, renal function, connective tissue, learning capacity, nervous system etc because of the pivotal nature of the liver. In often cases, excess zinc can lead to lethargy and focal neuronal deficits in brain, metal fume fever, vomiting, diarrhea, elevated risk of prostate cancer, copper deficiency (Balali-Mood et al., 2021).
Forinstance, a study on plastic toys imported from China to Northwestern Nigeria determined lead, cadmium, copper, zinc, chromium, cobalt and manganese with 17% of them having high levels; which poses threat to children exposed to these toys, and public health (Omolaoye et al., 2010). Olubanjo et al., (2020) performed an evaluation of lead and copper of selected components of waste computers, the results therein, exceeded the Toxicity Threshold Limit Concentration (TTLC) used in characterizing wastes as toxic, which in turn could be toxic to humans and environment in the inappropriate water disposal fashion. (Aliyu et al., 2017; Aliyu et al., 2018) performed a comparative assessment of heavy metals in plastic bottles and sachets. Therein, manganese, iron, copper, cobalt, cadmium, and nickel were detected.  Virgin plastics contain very low heavy metals compared to used plastics. The metals are either added intentionally, or through impurities. Alam et al., (2020) reported the levels of heavy metals in selected plastic bags from China. Heavy metals content of polyethylene, High Density Polyethylene, Low Density Polyethylene and Polyvinyl Chloride bags revealed the presence of lead, chromium, cadmium, arsenic, copper, and zinc; which are potential pollution during treatment, recycling, and disposal. (Okenwa-Ani et al., 2021) in their study conducted a review of metals in plastics of televisions electronics from 1950-2000. The metals studied are zinc, copper, mercury and we're high, but below the Toxicity Threshold Limit Concentration (TTLC). Also correlation analysis outlined that most of these metals declined in televisions over the subsequent years. A study performed an assessment of heavy metals in locally processed beverages in reused plastics bottles determined arsenic, cadmium, chromium, lead and mercury, saying that the consumption of beverages in repackaged plastic bottles is relatively unsafe for human health (Seiyaboh et al., 2020). Consequently, in view of the forgone studies, it can be stated that only few types of plastics (electronics, toys, and some single use plastics (bottles, sachets) were studied for selected heavy metals in Nigeria. This revealed scarcity of data on heavy metals in plastics, let alone the single use ones, which need to be unearthed. It has been shown that, the plastics contain heavy metals, which is a risk phenomenon to public health and environment. Therefore, it is indeed called for to carry out a recent and updated analysis of heavy metals in some single use plastics to update the old information, and to assess the trend (Seiyaboh et al., 2020).  From the forgone, it can be seen that, no study determining heavy metals in plastics in Sokoto was conducted to see whether there are little or harmful concentrations of metals. 
[bookmark: _Toc21100445]1.3 Aim and Objectives of the Study  
The aim of this study was to carry out an evaluation of selected heavy metals (lead, chromium, cadmium, copper & zinc) in some empty calories and single-use plastics used in  wrapping or storing food in Sokoto State Nigeria. 
[bookmark: _Toc21100479]2.0 RESEARCH METHODOLOGY
[bookmark: _Toc21100480]2.1 Research Design
A mixed design (qualitative method) and quantitative method (atomic absorption spectroscopy) were utilized in this work. The study design utilized in conducting this study was the Atomic Absorption Spectrophotometer (AAS). 
[bookmark: _Toc21100481]2.2 Sample Collection, Preparation, and Digestion
[bookmark: _Toc21100482]2.2.1 Sample
Sample is defined as a smaller and more manageable representation of a larger group. A subset of a larger population that contains characteristics of that population. A sample is used in statistical testing when the population size is too large for all members or observations to be included in the test. A representative part or a single item from a larger whole or group especially when presented for inspection or shown as evidence of quality for example, a specimen, a blood sample, a finite part of a statistical population whose properties are studied to gain information about the whole. For the sake of this work, five different types of single use plastics, namely, water bottle, beverage bottle, biscuit wrapper, bread bags and plastic bag used to wrap bread were selected using convenience sampling approach. The plastics and their contents were analyzed for heavy metals Cu, Cr, Cd, Pb, and Zn concentrations.  
[bookmark: _Toc21100483]2.2.2 Sampling 
Sampling means selecting the group that you will actually collect data from in your research.  A convenience sampling was used to procure different single use plastics (Water bottle, beverage bottle, bread bag container, biscuit wrapper, plastic bag) from some selected local government in Sokoto Nigeria. Every single type of plastic was analyzed in triplicate.
[bookmark: _Toc21100484]2.2.3 Sample Collection 
Sample collection means the process by which a sample of a bodily substance is obtained for use in a chemical analysis to determine the presence of certain substances, the samples (Water bottle, beverage bottle- Pop Cola and Fanta, bread bag, biscuit wrapper) were bought from some selected local governments in Sokoto, Nigeria.
[bookmark: _Toc21100485]2.2.4 Sample Preparation/digestion 
Sample preparation is the process where a representative piece of material, chemical or substance is extracted from a larger amount, bulk or batch for subsequent analysis. Representative samples are selected to accurately reflect the larger group and represent the characteristics of the whole material. Samples for elemental analysis were preliminarily subjected to acidification. Then 5ml of sulfuric acid will be added and 2ml of perchloric acid (70% of HCLO4) were added. The preparations were heated to dryness. Then 15ml of water was added, filtered using filter paper into volumetric flask. Filter paper was washed with water, then diluted with deionized water. The preparation was taken to AAS machine for analysis (Umar et al., 2022).
[bookmark: _Toc21100486]2.2.5 Sample Designing 
A sampling design is definite plan for obtaining a sample from a given population. It refers to the technique or the procedures the researcher would adopt in selecting items for the sampling. Sample design may as well lay down the number of items to be included in the sample i.e. the size of the sample. Different single-use plastics (Water bottle, beverage bottle, food container, biscuit wrapper, plastic bag) were bought from some selected local government in Sokoto Nigeria. Then turned into pieces by cutting with the aid of a knife. The pieces were thoroughly washed with distilled water. 1g of dried plastic sample was placed into beaker, then 5ml of sulfuric acid was and 2ml of perchloric acid (70% of HCLO4) were added. The preparation was heated to dryness. Then 15ml of water was added, filtered using filter paper into volumetric flask. Filter paper was washed with water, then diluted with deionized water. The preparation was taken to AAS machine for analysis. Solid food materials present in food containers (such as biscuit, selected food stored in take away) were treated similalrly like the single use plastics before being subjected to AAS.
[bookmark: _Toc21100487]2.3 Principle of Atomic Absorption Spectroscopy
In Atomic Absorption Analysis, the absorption of light uses an instrument called Atomic Absorption Spectrophotometer (AAS). In This process, flame system is generally employed to dissociate element from their chemical bonds. The atoms absorb light at characteristic wavelength chemical bonds. The atoms absorb light at characteristic wavelength when present in their ground state. A mixture of air and acetylene produce a flame which is of a sufficient high temperature to ensure the presence of free atoms of most elements. The use of nitrous oxide in place of air result in a higher temperature and this is necessary for the estimation of certain elements. The narrow spectral line of the sample necessitates the use of line source as well as high resolution monochrometer. This help to prevent interference from adjacent spectral lines of other species on the sample matrix. AAS in conjugation with flame atomizer were used to determine specific metals (Cu, Cd, Zn, Cr and Pb) in a sample, the availability of a spectrometer equipped with a lamp turret will facilitate the measurement of multiple metals in a sample (Goodlaxson, 2017; Umar et al., 2022).
The final processed samples were analyzed by Perkins-Elmer 500 Atomic Absorption Spectrophotometer (AAS). The instrument was firstly calibrated by using stock solution provided by Merck. In the instrument, cathode lamp for metal to be analyzed was installed, desired wavelength was set. Lamp current was set and allowed to warm up. Then, burner installed. Hence, standard and sample solutions were aspirated (converted to gas by the machine). Then the instrument showed the actual concentration of the metal in question (Cu, Cd, Zn, Cr and Pb).
[image: ]
Figure 1: A typical AAS machine

[bookmark: _Toc21100488]2.4 Data Collection Instrument
[bookmark: _Toc21100489]2.4.1 Estimation of Human Health Risk Assessment

Human Health risk was calculated using three different equations shown in this section.  CDI=CP×IR×EF×ED/Bw×AT (mg/kg/day)
Where, CDI= Chronic Daily Intake, CP= concentration of metal in plastic item, IR=Ingestion Rate=1, EF= Frequency of Exposure=90 days, ED=Exposure Duration=30 days, Bw=weight=60 kg, AT= 2700 days.
Hazard Quotient= CDI/RfD
The THQ describes the non-toxic health risk posed by exposure to the respective heavy metal. If the THQ is <1 then non-toxic health effects are not expected. If, however, the THQ is >1 then there is a possibility that adverse health effects could be experienced.
Where, RfD= Chronic Oral Reference Dose, lead=3.5, chromium=3.0, cadmium=5.0. (Olagunju et al., 2020; Tschinkel et al., 2020).
Hazard Index (HI)= Summation of hazard quotient of Pb, Cd, and Cr= HQ cd + HQ Cr+ HQ Pb
Transfer Factor
Transfer factor (TF) is given by dividing the concentration of metal in a given food material to the concentration of the same metal in plastic container (Sarkingobir, 2023).
[bookmark: _Toc21100491]2.5 Data Analysis and Presentation
Statistical analysis was performed. Triple samples were treated to determine every heavy metals for any given single-use plastics. The ethical clearance was obtained from the Ethics Committee National Open University of Nigeria for the conduct of this study. Which was filled and submitted back to the university. The consent of the respondent was sought. Also, confidentiality was maintained and no harm was inflicted on the respondents as well.
[bookmark: _Toc21100493]3.0 RESULTS
[bookmark: _Toc21100494]3.1 Results
The results gathered during the spectroscopic analysis in this study are shown in this part of this chapter. Moreover, other results calculated are displayed in form of tables in this section. Entirely, there are Tables 1 to 10.
Table 1.: Concentrations of Cu and Zn essential heavy metals in food materials that are in contact with plastics collected in some local government, Sokoto, Nigeria
	Type of food
	Cu (ppm)
	Zn (ppm)

	Pop Cola
	0.00
	0.28 ± 0.002

	Fanta
	0.01± 0.001
	0.15 ± 0.002

	Biscuits
	0. ±0.001
	0.22 ± 0.004

	Bread           0.33 ± 0.01
	1.5 ± 0.001

	Bottled water  0.37 ± 0.01
	0.26 ± 0.001


Key: values = mean ±standard deviation


Table 2.: Concentrations of Cu and Zn essential heavy metals in containers of food materials that are plastics in nature collected in some local government in Sokoto, Nigeria
	Type of food
	Cu (ppm)
	Zn (ppm)

	Pop Cola
	0.001 ± 0.001 
	0.13 ± 0.04

	Fanta
	0.02± 0.001
	0.25 ± 0.005

	Biscuits
	0.03 ±0.001
	0.25 ± 0.005

	Bread           0.40 ± 0.05
	1.6 ± 0.005

	Bottled water  0.30 ± 0.00
	0.20 ± 0.005


Key: values = mean ±standard deviation


Table 3.: Concentrations of Cd, Cr and Pb heavy metals in food materials that are plastics in contact with plastics collected in some local government in Sokoto, Nigeria
	Type of food
	Cd (ppm)
	Pb (ppm)
	Cr (ppm)

	PopCola
	0.07 ± 0.002 
	0.02 ± 0.001
	0.009 ± 0.003

	Fanta
	0.06± 0.002
	0.02 ± 0.001
	0.05 ± 0.002

	Biscuits
	0.11 ±0.002
	0.03 ± 0.001
	0.09 ± 0.002

	Bread           0.50 ± 0.001
	1.7 ± 0.005
	0.90 ± 0.002

	Bottled water  0.07 ± 0.001
	0.13 ± 0.002
	0.03 ± 0.002


Key: values = mean ±standard deviation
 


Table 4.: Concentrations of Cd, Cr and Pb heavy metals in plastics in contact with foods collected in some local government in Sokoto, Nigeria
	Type of food
	Cd (ppm)
	Pb (ppm)
	Cr (ppm)

	PopCola
	0.06 ± 0.002 
	0.02 ± 0.001
	0.05 ± 0.003

	Fanta
	0.10± 0.002
	0.08 ± 0.002
	0.10 ± 0.002

	Biscuits
	0.12 ±0.002
	0.05 ± 0.001
	0.12 ± 0.002

	Bread           0.06 ± 0.002
	1.0 ± 0.001
	0.11 ± 0.001

	Bottled water  0.08 ± 0.001
	0.12 ± 0.002
	0.06 ± 0.002


Key: values = mean ±standard deviation

[bookmark: _Toc21100495]3.2 Health Risk Estimation Pertaining the Metals
Table 5. Results of CDI for children according to the Concentrations of Cd, Cr and Pb heavy metals in food materials that are in contact with plastics collected in some local government Sokoto, Nigeria
	Type of food
	Cd 
	Pb 
	Cr 

	PopCola
	0.02333
	0.00066
	0.003

	Fanta
	0.002
	0.00066
	0.00166

	Biscuits
	0.00366
	0.001
	0.003

	Bread         0.1666
	0.56666
	0.003

	Bottled water  0.02333
	0.00433
	0.001



Table 6.: Results of CDI  for adult according to the Concentrations of Cd, Cr and Pb heavy metals in food materials that are in contact with plastics collected in some local government Sokoto, Nigeria
	Type of food
	Cd 
	Pb 
	Cr 

	PopCola
	0.0023
	0.00066
	0.003

	Fanta
	0.002
	0.00066
	0.00166

	Biscuits
	0.00366
	0.001
	0.003

	Bread        0.01666
	0.00566
	0.003

	Bottled water  0.0023
	0.00423
	0.001



Table 7: Results of HQ for adult according to the Concentrations of Cd, Cr and Pb heavy metals in food materials that are in contact with plastics collected in some local government Sokoto, Nigeria
	Type of food
	Cd 
	Pb 
	Cr 

	PopCola
	0.00046
	0.000188
	0.001

	Fanta
	0.004
	0.000188
	0.00055

	Biscuits
	0.00732
	0.000286
	0.001

	Bread        0.00332
	0.001617
	0.001

	Bottled water  0.00046
	0.0012371
	0.00033



Table 8: Results of HQ for children according to the Concentrations of Cd, Cr and Pb heavy metals in food materials that are plastics in contact with plastics collected in some local government Sokoto, Nigeria
	Type of food
	Cd 
	Pb 
	Cr 

	PopCola
	0.000466
	0.000188
	0.001266

	Fanta
	0.0004
	0.000188
	0.00055333

	Biscuits
	0.000732
	0.000286
	0.0001

	Bread           0.03332
	0.161885
	0.0001

	Bottled water  0.004666
	0.001237
	0.00033



Table 9: Results of HI for adult and children according to the Concentrations of Cd, Cr and Pb heavy metals in food materials that are plastics in contact with plastics collected in some local government in Sokoto, Nigeria
	Type of food
	Children
	Adult

	Pop Cola
	              0.006114
	0.001648

	Fanta
	              0.0061213
	0.004738

	Biscuits
	            0.00011177
	0.008606

	Bread                    0.195305
	0.005037

	Bottled water        0.0062361
	0.0020271



Table 10: Transfer factor values determined for Cu, Zn, Cd, Cr and Pb heavy metals pertaining food materials that are in contact with plastics collected in some local government  in Sokoto, Nigeria
	Type of food
	Cd 
	Cu
	Zn
	Pb 
	Cr 

	Pop Cola
	1.166 
	0.00
	2.154
	1.0
	1.8

	Fanta
	0.6
	0.5
	0.6
	0.025 
	0.5

	Biscuits
	0.916
	0.33
	0.88
	0.6
	0.075

	Bread              8.33
	0.825
	0.9375
	1.7 
	8.182

	Bottled water  0.875 
	1.233
	1.3
	1.08
	0.5
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Table 1 shows the concentration levels of essential metals (that is Cu and Zn) present in the examined plastics collected in some local government Sokoto, Nigeria. The level of Cu ranges from 0.00ppm (undetected in Pop Cola drink) to 0.37 ± 0.01 ppm (in bottled water); Zn levels ranges from 0.15 0.002 ppm (in Fanta drinks) to 1.5 ± 0.001 ppm (in bread). Likewise, the levels of Cu and Zn metals in plastic materials were shown on Table 2. The level of Cu ranges from 0.01 ± 0.001 ppm (in Pop Cola) to 0.40± 0.005 (in plastic bag); the level of Zn ranges from 0.2 ± 0.005 ppm (in water bottle) to 0.25 0.00 ppm (in biscuits and Fanta plastic containers).
Table 3 shows the concentration levels of Cd, Pb, and Cr determined in selected single-use plastics in local government area, Sokoto, Nigeria. Cd concentrations range from 0.06 ± 0.002 (in Fanta drink) to 0.11 ± 0.002 (in biscuits). Pb level ranges from 0.02 ± 0.001 ppm (in Pop Cola and Fanta) to 1.7 ± 0.005 ppm (in bread); while Cr concentration was minimally found in water (0.03 0.002 ppm), and maximally found in bread (0.90± 0.002 ppm).
Table 4 shows the determined concentrations of Cd, Cr, and Pb present in containers of food in Sokoto, Nigeria. The CD was maximum in biscuits wrapper (0.12 0.002 ppm), and minimum in bread bag and Pop Cola container (0.06± 0.002 ppm). Pb element was maximum in bread bag (1.0 ± 0.001 ppm), and minimum in Pop Cola container (0.02±0.001 ppm); while, Cr was maximum in biscuits wrapper (0.12 0.002 ppm) and minimum in Pop Cola (0.005 ± 0.002 ppm).
CDI determination is one of the initial steps to measure or estimate risk due to metals (Verma et al., 2016). Table 5 shows the Cd, Pb, and Cr values estimated in food materials in contact with plastics collected in some local government in Sokoto, Nigeria. Considering the results, all the CDI values are below 1, therefore, may not pose cancer risk to the consumers when element is considered individually (Sarkingobir, 2023). However, the level of Cd (0.1666) in bread plastic bag, and level of Pb (0.5666) are reaching 1; therefore, slight increase in concentration may pose a risk to the consumer (Sarkingobir, 2023). 
Table 6 is showing the CDI (for adults). All the values are not up-to the value of 1 when considered alone; therefore, possible non-cancer risk may not occur, when each metal considered individually (Sarkingobir, 2023). Table 7 shows the estimated values of HQ (for adults) for the elements Cd, Pb, Cr determined in food materials that are in contact with plastics collected in Sokoto, Nigeria. The HQ values of the entire metals determined are not up-to 1 when each metal is considered individually. Table 8 shows the results for HQ values estimated for Cd, Pb, and cd (in children) and no HQ for any metal was up-to 1; therefore, there may be no non-cancer risk due to the metal consumption at that specific concentration (Sarkingobir, 2023).
HI refers to the total sum of hazard quotients due to many metals, and it is assumed that hazards are due to presence/ consumption of many metals (Tschinkel et al., 2020). Table 9 shows the values of calculated HI for the summation of the metals (Cd, Pb, and Cr) determined in food materials (Pop Cola drink, bread, biscuit, and water) collected in Sokoto, Nigeria. The HI values for children and adults are below one, thus, possibly, there is no non-cancer risk due to consumption of stated food materials (with the observed Pb, Cr, and Cd concentrations) (Sarkingobir, 2023). Certainly, Cu and Zn are essential heavy metals that should be taken up by human body at certain concentrations for the purpose of proper functioning of the human body through homeostasis. At least Cu is an important part of enzymes such as cytochromes, catalase, uricase, lactase, and is vital for Fe absorption. Zn is vital to carbonic anhydrase, lactate dehydrogenase, RNA polymerase, and many other numerous enzymes. Therefore, the levels of these metals (Zn and Cu) has to be optimum and that can only be maintained through food intake to avoid deficiency or excess (Soesthan et al., 2010). The values of Zn and Cu determined in this study are below the recommended daily amounts of 8 mg/ day and 2 mg/day in healthy adult individuals for Zn and Cu respectively (Sarkingobir, 2023). The values of Zn determined in this mostly below the levels of Zn in water in Sokoto as determined by Labbo et al. (2021); also mostly below the Cu and Zn levels reported in food containers in India as observed by Khan and Khan (2015); additionally, the Cu and Zn in this study are mostly below the levels found in consumed cough syrups in Sokoto as reported in a study performed by Umar et al. (2023).
Nevertheless, the presence of Cu and Zn at acceptable levels in this study could invariably aid nutrition; and on the other hand could've a portend of compliance to standard and proper check-up by standard organizations such as NAFDAC (Sarkingobir et al., 2023). Similarly, Cd, Pb, and Cr were also determined in food materials stored in plastic in Sokoto, Nigeria. Mostly, Cd and Pb have no role to play in the human biological system, in contrast to the Cr which was under investigation on its role in the biological system at certain minute concentration (Umar et al., 2022). Thus, slight intake of these metals (Pb, Cd, and Cr) could pose an array of harmful risk to the biological system. Thus, monitoring their levels in food is important to save public health. The levels of Cu, Pb and Cr are almost similar to the values obtained in some study by Umar et al., (2022) in Sokoto, Nigeria. Most of the levels of Cd, Pb, and Cr found in food materials in this study are above the levels found in beverages in Bayelsa, Nigeria by Seiyaboh et al. (2020); and Cd and Pb were above the levels found in water in Sokoto as reported in Sarkingobir et al., (2021). Therefore, presence of those metals could contribute and add to the overall intake of toxic metals (or toxicants) from other sources that in turn could instigate harm to the body. Moreover, when the concentration is further elevated risk (even due to Cu and Zn) could occur as well (Sarkingobir, 2023). Consequently, monitoring agencies should tighten up their screening methods and ensure compliance to save public health.
Pertaining the presence of metals in plastic materials, the metals found in this study are due to additives incorporated into the polymer fold to ensure plastic properties (Khan and Khan, 2015). More so, plastics owing to their chemistry tend to attract substances such as metals into their folds along the life cycle course (Umar et al., 2022; Sarkingobir, 2023).  However, the major concern is, numerous studies depicted how metals leach from plastic polymers into the food materials they become in contact. This phenomenon is very harmful to higher life forms (Khan and Khan, 2022; Batool et al., 2023; Sabilillah et al., 2023). To ascertain the possibility of leaching of metals from the plastic polymer into food materials (contacts) due to pressures (such as UV light, heat, etc) transfer factor was computed. The results in Table 10 shows that, Cu in water bottle, Zn in Pop Cola and water bottle, Cu in Fanta could be due to seeping from the plastic container polymer chain into the food, because the values are more than 1 (Sarkingobir, 2023). Cd in Pop cola and bread bag, and in water bottle cold contribute to the levels of the metals in examined food materials because TF is above 1. Likewise, TF value for Cr in Pop cola, and bread bag are above 1. In a similar study in India, Khan and Khan (2015) shows that plastic seep metals into foods.; Sadly, the plastics studied in this work are all single-use plastics that are usually discarded after one utilization; in turn contributing to a myriad problem of waste or environmental pollution. Most of these plastics are not properly managed, have been discarded improperly through burning that release heavy metals to the air and affect biological systems. Likewise, open dumping or landfilling of these plastics as management method help in seeping heavy metals into soil ad underground water for disturbing soil biota and incorporation by plants to be delivered into the food chain or food web. In the same vein, single-use plastic waste takes heavy metals to the rivers and ultimately to the sea; an activity that harm food chain and aquatic organism as well. Effects of plastics is widespread, long live and dangerous; a plastic bottle could stay for up-to 450 years before being broken down, bags stay for 20 years as well (Valentine, 2018).
[bookmark: _Toc21100499]5.1 Conclusion
This study most importantly was intended to determine the amounts of Cu, Zn, Cd, Pb, and Cr metals contained in some single-use plastics in some local government in Sokoto and their food contacts collected in Sokoto, Nigeria. The study found that, the plastic examined contain Cu and Zn essential metals in foods that are in contact with plastics at levels that are considered safe, and in turns could help in nutrition allowances. However, the levels of Cd, Cr, and Pb (which are essentially not useful to the human body) determined may considerably add up to the other sources of toxins contacted by human consumers and exert negative effects. This study contributes in its own way to knowledge by unveiling the levels of some metals (Cu, Zn, Cd, Cr, and Pb) in some foods that are in contact with plastics. That information could help people who are seeking for nutritional guide. It also shows that, biologically un-useful and toxic metals are present and could elicit effects on the slightest increment. The study also show that plastics could pollute our food and environment with toxicants such as heavy metals possibly due to it's chemistry.
[bookmark: _Toc21100500]5.2 Recommendations
Based on the results obtained in this study recommendations are enumerated as follows:
· There should be more check-up and screening of plastics being used in the country to avoid public health effects due to non-essential or potentially toxic metals. This is a responsibility of government and non-governmental agencies.
· Advocates should intensify campaigns to compel manufacturing industries of plastics and foods to take measures that are of the best standard. Government also should be compelled to be up-to it's responsibilities.
· There should be more studies by scholars to unveil other metals and their levels in plastics and food materials in contact with foods to avoid food poisoning and toxicity due to metals intake.
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