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ABSTRACT 

Plastic bottles and sachets for water packaging manufactured from 3 different factories in 

Minna, Niger State of Nigeria were collected and analyzed to determine the concentration of heavy 

metals (Mn, Fe, Cu, Zn, Co, Cd, Pb and Ni) in them. The plastics are categorized as virgin and 

used plastics. The plastics were first processed by dry ashing and then digested with analar grade 

HNO3 in accordance with CPSC-CH-E 1002-08 method. Thereafter, the samples were 

quantitatively analyzed using AAS. The total mean and the standard deviation of the concentration 

of Mn, Fe, Cu, Zn, Co, and Ni in all the virgin plastic bottles are given as: 18.3±0.86 μg/g, 

333.3±1.47μg/g, 8.3±0.68 μg/g, 889.2±1.98μg/g, 72.0±0.10μg/g and 2.5±0.10 μg/g, respectively. 

The total mean and the standard deviation of the levels of Mn, Fe, Cu, Zn, and Pb in the virgin 

plastic sachets are: 53.3±1.19μg/g, 1150.8±3.08μg/g, 206.7±2.80μg/g, 1048.3±1.91μg/g and 

630.0±0.83μg/g, respectively. Cd and Pb were not detected in the virgin bottles while Cd and Co 

were not detected in the virgin sachets. Generally, the concentrations of these metals in the virgin 

plastics were found to be very low when compared with their concentration in used plastics. It was 

also noted that the detected heavy metals have lower concentration in virgin plastic bottles than in 

virgin sachets. It is concluded that environmental pollution with heavy metals arising from various 

human activities accounted for the relatively high concentration of these heavy metals in used 

plastics. On the other hand, the high concentration of these metals in plastic sachets was attributed 

to the colorants used to provide manufacturers’ information directly on the sachets unlike plastics 

bottles, which bears such information on stick label. [African Journal of Chemical Education—

AJCE 7(2), July 2017] 
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INTRODUCTION 

Plastics are synthetic materials that are made up of long chain monomer linked up together 

to form a polymer by polymerization process [1]. The term “Plastic” connotes the property of the 

materials to be moulded into almost any shape, may be soft or hard, coloured or colourless as 

crystal [2]. Plastics products are one of the most important materials used globally today and the 

amount needed is still growing. The products are very attractive, durable, easy to use and long 

lasting; used every day in our homes to make our lives more comfortable and our work lighter. 

The most common uses include food and water storage and packaging, household items, toys and 

furniture [3]. 

Plastic packaging accounted for 30% of the packaging in the market today [4]. Around 

70% of overall consumer packaging consumption is used for food and beverage packaging [5]. 

Many different types of plastics are being used as packaging materials like plastic water bottles 

and sachets. 

Most plastic water bottles are manufactured from polyethylene terephthalate (PET), a 

polymer derived from oil that adds flexibility, colour, and strength to plastic [6]. It is resistant to 

heat, mineral oils, solvents, acids and it is impermeable to carbonation. It is strong, light, impact 

resistant, naturally transparent, and completely recyclable. It does not impart a taste to its contents. 

This is making PET the most common plastic used for packaging food and water [7]. Roughly, 

80% of the PET manufactured in the United States of America ends up in Nestlé, Coke, or Pepsi 

containers [7]. 

Polyethylene (PE) is the most common plastic used for household packaging. 

Polyethylene resins are milky white, translucent substances derived from ethylene, which is 

permeable to gases, soft waxy surface, chemical resistance, stronger, and translucent. It is used to 
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produce grocery bags, car fuel tanks, packaging, and piping, jerry cans, toys, bottle caps, crates [1, 

8, 4, 2]. 

Most polymers are petrochemical compounds with additive materials to give them 

properties of flexibility, elasticity and resistance to fracture and transparency to light [9, 4]. Hence, 

the final plastic material produced contains other substances like additives, manufacturing aids, 

and by-products from the complex polymerization reaction that were not intentionally added to the 

polymers [10]. 

The polymers used in plastics are generally nontoxic. However, they are not used in pure 

form. Some inorganic compounds of heavy metals are added to the polymer. Almost all 

commercial plastics are compounded with monomeric ingredients to improve their processing and 

end-use performance [11]. 

The additives used in plastics processing are generally not chemically bound to the 

polymer; as such, they can leach out of the plastics during normal use or in response to light, 

chewing and other environmental factors [12]. The migration of additives or contaminants from 

plastic food packaging to foodstuff may be categorized into three different, but inter-related, 

stages: diffusion within the polymer, solvation at the polymer food interface, and dispersion into 

bulk food [9]. 

This study was carried out to asses and compare the levels of some heavy metals in virgin 

and used water plastic bottles and sachets in Nigeria. 

 

MATERIALS AND METHODS 

As a first step, the plastics were cut to smaller pieces and then heated. The essence of 

heating the plastic is to soften and deform it so that they become brittle and breakable after cooling.  
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The plastic were ground/pulverized to a grain size with a Mechanical grinder (Model: THOMAS 

WILEY MILL) which is equipped with the offset hard-metal cutters and powerful drive to make 

it ideally suited for the preliminary size reduction and homogenizing of the plastic sample. The 

plastics were ground to ensure efficient extraction of the stabilizer and other additives in the plastic 

sample and to increase the rate of dissolution of the sample. Appropriate amount of the ground 

sample was taken for further analysis. 

The pulverized plastic samples were ashed to break down the organic molecules in the 

plastic and then digested in accordance with CPSP-CH-E1002-08 Test Method [13]. Some grams 

of the grounded samples were transferred into pieces in a large silica crucible where it was charred 

on a hot plate till all the fume escaped, as reported by [14]. This is then followed by complete 

ashing in muffle furnace at 500 oC for 6 hours. The crucible was then taken out of the furnace and 

kept in desiccators for cooling. After cooling, the samples were powdered and homogenized in the 

silica crucible. Then 0.2g of the sample was taken in separate silica crucible for acid digestion. 5 

ml of Analar grade Nitric acid was used for digestion in an open vessel. After the initial reaction 

of the acid and the sample were completed, the digest was filtered using a Whatman 41 filter paper 

to remove the insoluble particles and the solution was brought to a final volume of 50 ml with 

distilled deionized water. Blank sample was also prepared similarly. Glass wares, crucibles and 

plastic containers were washed with liquid soaps, rinsed with distilled water and soaked in 10% 

HNO3 for 24 hours; cleaned with distilled deionized water and in such a manner that no 

contamination occurred [15]. 

The processed samples were quantitatively analyzed using Buck Scientific VGP 210 Flame 

Atomic Absorption Spectrophotometer. After every three samples analyzed using AAS, the first 

sample was repeated for quality check. The result from AAS was subjected to statistical analysis. 
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The total mean, standard deviation and range of each heavy metals was determined using Microsoft 

excel.  

 

RESULTS AND DISCUSSIONS 

The concentration of Mn, Fe, Cu, Zn, Co, Cd, Pb and Ni in plastic water bottles and sachets 

were determined in this study. The results of the level of these heavy metals in virgin and used 

plastic bottles are presented in Table 1 below. 

 

Table1: Mean and standard deviation of heavy metals concentration in virgin and used plastic bottles 

 

Sample 

Heavy Metals Concentrations in  μg/g 

Mn Fe Cu Zn Co Cd Pb Ni 

SBVB 25.0±1.14 460.0±1.80 5.0±0.70 1567.5±4.11 BDL BDL BDL BDL 

SBUB 27.5±2.26 465.0±5.00 15.0±0.50 1947.5±0.44 BDL BDL 2.5±0.44 2.5±0.10 

GAVB 27.5±0.89 207.5±1.14 5.0±1.08 1052.5±0.46 72.0±0.10 BDL BDL 2.5±0.17 

GAUB 55.0±0.98 410.0±1.66 20.0±0.36 1152.5±0.50 275.04.04 BDL BDL BDL 

SPVB 2.5±0.56 BDL 15.0±0.26 47.5±1.37 BDL BDL BDL BDL 

SPUB 27.5±0.50 130.0±1.32 17.5±0.70 2075.0±1.00 BDL BDL BDL BDL 

 

From Table 1, Mn, Cu, Zn and Fe (with the exception of SPVB sample), are detected in all 

the analyzed plastic bottles at varying concentrations. Cd and Pb are not detected in any of the 

virgin bottles. This is because Cd and Pb are banned from being used in commodity plastics [16]. 

This indicates that manufacturers of these plastic products have complied to this regulations and 

that Cd and Pb have been completely replaced by other nontoxic substances in plastic pellet used 

to manufacture water bottles [17]. Cobalt (Co) and Ni were both detected in GAVB.  Co is used 

as pigment to impact blue or green color to materials) [18]. Thus, GAVB contains Mn, Cu, Fe, Zn, 
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Co and Ni at varying concentration. It is also seen from Table 1 that GAVB contains more heavy 

metals than the other virgin plastics (SBVB and SPVB).  SPVB contains the least amount of heavy 

metals, with only Mn, Cu and Zn present at a very low concentration in comparison to either SBVB 

or GAVB. On the other hand, SBVB have the highest concentrations of Fe and Zn compared to 

other virgin plastics. 

From the results (Table1), it is also observed that the concentrations of the detected heavy 

metals are generally lower in virgin bottles than in their used counterparts. The high concentration 

of these heavy metals in used plastic is attributed to environmental contamination of the plastics 

by the respective heavy metals. Several studies have shown that heavy metals are present in the 

environment at different concentration and that these metals can migrate and contaminate food, 

water and other materials [19, 20, 21]. 

For the same reason, it was observed that some heavy metals which are detected in used 

plastic bottles are not detected in their virgin counterparts produced by the same manufacturer. 

Metals like Pb and Ni were not detected in any virgin bottles but are detected in used plastic at 

very low concentration. This implies that these metals were not intentionally added to the plastic 

during production but got into them as a result of contamination. This is in agreement with the 

study conducted by [22] on polyethylene litters. They observed that after 10 times duplicate 

measurement of virgin PE pellets, the quantification limit for Pb and Cr are 11mg/kg and 12mg/kg, 

respectively. On the contrary, the level of Pb and Cr ranged from below the quantification limit to 

10,000mg/kg in PE litters. They further observed that Pb and Cr contained in PE plastic litter 

exceeded 100mg/kg, which is far above the level of the metals in the virgin PE. 

The results of heavy metal concentration in virgin and used plastic sachets analyzed are 

presented in Table 2 below. From the results, it is seen that Mn, Fe, Cu and Zn are detected in all 
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the plastic sachets at varying concentrations while Co, Cd and Ni are not detected in any sachets 

because their salts are not used in the plastics. Quite unexpected is the detection of Pb in SBVS 

and SPVS at 2.5μg/g and 1257.5 μg/g, respectively. Pb due to its toxicity is one of the regulated 

heavy metals in plastics. 

 

Table 2: Mean and standard deviation of heavy metals concentration in virgin and used plastic sachets 

 

Sample 

Heavy Metals Concentrations in μg/g 

Mn Fe Cu Zn Co Cd Pb 

SBVS 85.0±0.79 1772.5±4.77 190.0±3.00 740.0±1.80 BDL BDL 2.5±0.44 

SBUS 237.5±056 6102.5±1.80 1252.5±1.04 842.5±1.40 BDL BDL 137.5±2.06 

GAVS 25.01±1.12 657.5±3.61 25.0±1.15 1247.5±2.57 BDL BDL BDL 

GAUS 280.0±3.60 10522±4.73 60.0±2.95 1455.0±117.0

7 

BDL BDL BDL 

SPVS 50.0±1.67 1022.5±0.87 405.0±4.26 1157.5±1.37 BDL BDL 1257.5±1.21 

SPUS 607.5±3.60 13875.0±2.19 2605.0±2.00 3475.0±7.81 BDL BDL 8612.5±0.87 

 

Virgin plastic sachets are most often made from polyethylene (PE), a polymer which does 

not require additives to soften it. PE can be made from hard to soft by modifying the hydrocarbon 

chain length or cross-linking [23]. Therefore, the main sources of heavy metals to virgin sachets 

are colorants used to print manufacturers’ useful information. 

Also evident from Table 2 is that the concentrations of the detected heavy metals are 

relatively high in the virgin plastics. This could be as a result of the application of high amount of 

compound of heavy metals as pigment during the manufacture of such plastics. All plastic sachets 

analyzed in this work are surface painted with ink base colorant. The manufacturers of this plastic 

sachet do this to make the plastic more attractive to consumers and also to indicate the 
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manufactures’ names and addresses. The pigments used to infer colors to plastics are compounds 

of heavy metals [24]. 

It was remarked that colorful plastics contain higher concentration of heavy metals in them 

than non-colored plastics [25]. It was also observed that plastic toys with outer coating paints 

contain high amount of tested heavy metals compared to non-painted toys [12]. As reported [26], 

the highest concentration of Pb is found in yellow plastic, Ni in pink and purple plastic, Zn in green 

and purple plastics. It was stated that heavy metals in plastic are loosely bound to the surface and 

can easily leach out [12]. It was further observed that heavy metals could migrate from candy 

packages into the candy because the ink on the packages are poorly designed that they did not 

maintain their structural integrity [25]. 

The above results (Table 2) show that the concentrations of the detected heavy metals are 

higher in used sachet than in the virgin sachets. The used sachet contains higher concentration of 

heavy metals because of environmental contamination of the used plastics sachets. It is reported 

that heavy metals are present in the environment, in water, food, air and our daily tools and they 

can be absorbed or adsorbed by materials [24, 27]. 

The results of the total mean value and standard deviation of the detected heavy metals in 

both virgin bottles and virgin sachets are as shown in Table 3 below. The range of each heavy 

metal in the entire virgin bottles and virgin sachet is also presented in Table 3. 
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Table 3: Total Mean value with standard deviation of heavy metals concentration and range of Heavy 

metals in virgin plastic bottles and virgin plastic sachets 

 

Sample 

Heavy Metals Concentrations in μg/g 

Mn Fe Cu Zn Co Cd Pb Ni 

V.S 53.3±1.19 1150.8±3.08 206.7±2.80 1048.3±1.91 BDL BDL 630.0±0.83 BDL 

Range 25.0-85.0 657.5-

1772.5 

25.0-405.0 740.0-

1157.5 

̶ ̶ 2.5-1257.5 ̶ 

V.B 18.3±0.86 336.2±1.47 16.7±0.68 889.2±1.98 72.0±0.10 BDL BDL 2.5±0.

1 

Range 2.5-27.5 207.5-465.0 15.0-20.0 47.5-1567.5 ̶ ̶ ̶ ̶ 

 

It is observed from the Table 3 that virgin sachet contains higher concentration of detected 

metals than virgin bottles. Both PET and PE are polymers that do not require the addition of 

stabilizer and plasticizers, which are contributors of heavy metals, to soften them or make them 

flexible. The high amount of heavy metals in virgin sachets is, therefore, attributed to the higher 

amount of colorants applied to sachets’ surfaces to make them more attractive. Since the entire 

analyzed sachets are painted on the surfaces with ink based paint, it is assumed that the pigments 

used to color the plastic sachets are compounds of heavy metals [24, 14, 26, 25]. 

Mn, Fe, Cu and Zn are detected in the entire plastic sachets at high concentration when 

compared to their concentration in plastic bottles. Among these, Fe and Zn control predominant 

concentration in the virgin plastics. This could be attributed to the fact that these heavy metals are 

the most common metals used in plastics. Seth [28] stated that FeO is the second most common 

pigment used in the plastic industry and that ZnS is one of the most common white pigment used 

in plastics. Zn is also used as catalyst during plastic production [29]. Co and Cd were not detected 

in any of the sachet plastic, but Pb and Ni were detected in some of the sachet plastic. 
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CONCLUSIONS 

In this study, the following conclusions are deduced: 

1. Virgin bottles contain fewer heavy metals than used bottles. 

2. Virgin bottles have lower concentration of detected heavy metals compared to used plastic 

bottles. 

3. Virgin bottles have lower concentration of detected heavy metals compared to virgin 

sachets. 

4. Virgin sachets have lower concentration of heavy metals compared to used sachets. 

5. Compounds of Pb and Cd are no longer used in production of plastic virgin bottles. 

6. Compounds of Cd and Co are no longer used to produce virgin sachets. 

7. Fe and Zn are detected in all the samples at concentrations above 200ug/g. 

8. Compounds of Pb are still used to color some plastic sachets. 

9. Plastic products manufactured from recycled plastics will have higher concentration of 

heavy metals than virgin plastic products. 

10. Compounds of Fe and Zn are the most popular colorant used to color plastic water bottles 

and sachets. 
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