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Abstract—Mass production of plastics began just six decades 

ago and has rapidly accelerated, creating 8.3 billion metric tons 

of waste, which exists mostly as disposable products that end up 

as trash. Incorporating plastic waste in the design of roads can 

be one alternative for preventing further pollution and 

minimizing existing plastic waste. The purpose of this research 

is to characterize the potential risks associated with the 

implementation of plastic to asphalt.  Samples included the 

following Low-Density Polyethylene (LDPE) plastic bags, and 

plastic pellets. These samples were tested for the concentration 

of Lead (Pb), Cadmium (Cd), and Chromium (Cr). All samples 

were digested and analyzed using: Inductively Coupled 

Plasma-Atomic Emission Spectroscopy (ICP-AES) testing, 

Atomic Absorption Spectrometer (AA) testing, X-Ray 

Fluorescence Spectrometer (XRF) testing, and the Fourier 

Transform Infrared Spectrophotometer (FTIR). XRF results 

indicated that black plastic bags had 0.132% of Cr and white 

plastic bags had 0.01% of Cr. All the other metals in 

consideration were non-detect or in the parts per trillion range. 

The extraction results using the ICP-AES indicated Pb 

concentrations of 12 mg/kg which does not exceed the USEPA 

permissible standards. Additional testing for Manganese (Mn), 

Nickel (Ni), and Antimony (Sb) will be conducted in upcoming 

procedures. 

 
Index Terms—Heavy metals in plastic, LDPE, plastics, 

sustainability. 

 

I. INTRODUCTION 

Plastics are defined as polymeric compounds with a high 

molecular mass and are classified by the chemical structure 

of a polymer's backbone and side chains. Some advantages of 

plastics are that they have high thermal and electrical 

insulation properties while remaining low-cost, lightweight, 

strong, and durable corrosion-resistant materials [1]. 

Typically, light weight plastics are simple polymers 

consisting of random-length (but generally very long) chains 

made up of two-carbon units, as shown in Fig. 1. 
 

 
Fig. 1. Chemical composition of light weight plastic. 

 

From 1950 until about 2012, plastics have seen a growth in 

production of about 8.7 percent per year, increasing from 1.7 

million tons to the nearly 300 million tons present today [2]. 

Among the various areas of industry that demand plastics- 

including transportation, construction, health care, food 
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products, telecommunications, and consumer goods- the 

packaging industry is responsible for the majority of plastic 

demand, representing 42 percent of the demand in the United 

States and 40 percent in Europe [3]. 

From the large volume of plastics being consumed, a large 

quantity of end-of-life plastics are disposed of to landfills [4]. 

However, the disposal of plastic products in landfills has 

become a concern due to the continuous decrease of available 

space in landfills as well as the potential for plastic leaching 

when plastic material is deposited in an unlined landfill [5]. 

During the manufacturing process of plastic bags and 

packaging, different types of polymers are often used. These 

include heavy metals and additives [6]. In addition, the 

compounds within plastic break down very slowly due to 

their high molecular mass and the formation of polymers, 

resulting in a very slow decomposition [7], [8]. Once in 

landfills, these additives can potentially leach into the 

environment throughout their life-cycle when exposed to 

light, heat, or other stimulants [9], consequently representing 

a threat to the health of the population and environment.  

The urgent need to reduce plastic presence in the 

environment has resulted in some countries, such as the 

Netherlands and India, to incorporate plastic into their 

roadways as a substitute of bitumen. Both plastic and 

bitumen- which is the major component of asphalt- originate 

from petroleum. Thus incorporating plastic in asphalt would 

serve as a possible alternative to recycling plastic.  However, 

most countries are hesitant to incorporate plastic products 

into roadways as they believe that plastic breaks down into 

microplastics, which have the ability to adsorb various other 

contaminants [10].  

The construction of roads required large amounts of 

various materials. Therefore, incorporating even small 

quantities of reclaimed material into the design of roadways 

could lead to the repurpose of significant quantities of 

polyethylene waste [11]. The incorporation of plastics into 

the design of roads has been proven by studies to add several 

advantageous qualities to asphalt. Some of these include 

increased strength, improved binding, and better surface 

conditions for a prolonged period of exposure to varying 

climate conditions, thus making tar roads suitable even 

during heavy traffic [12]. Thus, this alternative can prove to 

be an easy method to achieve sustainability within 

infrastructure.  

Among the various types of plastic, this research primarily 

focuses on the recycling of Low-Density Polyethylene 

(LDPE) such as Plastic Bags (PB) and Plastic Pellets (PP).  

Due to demand within the retail industry and among 

consumers themselves, PBs have gained increasing 

popularity [13], [14]. Annually, about 500 billion to one 

trillion PBs are consumed worldwide; i.e., 1.4–2.7 billion per 

day, the equivalent of roughly one million bags used per 

minute [15]. In a study produced by Redford in “Sources of 
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plastic pellets in the aquatic environment,” plastic pellets are 

described as “ovoid, cylindrical or spherical pieces of 

polymer, between 2 and 5 mm in diameter and it is in this 

form that raw plastics are transported to plastic processing 

facilities prior to forming or molding into consumer items” 

[16]. According to data obtained from the shorelines, from 

the open ocean and from debris ingested by seabirds, there is 

an indication that the quantities of PP are increasing in the 

environment (10% by weight of strandline material) [17]. 

It is critical, however, to understand the potential of 

leaching of LDPE when incorporated with bitumen, as the 

recent increase in use of recycled plastic materials has been 

associated with the increase of human exposure to heavy 

metals [18]. As previously discussed, heavy metals are 

commonly used in plastic production and to recycle plastic 

materials. High levels of heavy metals were detected in some 

PE rubbish as well as in grocery bags, where Cr and Pb were 

found to exceed standards in the trash bags. Different metals 

were found to be within permissible standards. Moreover, no 

similarity was found between PBs of different colors and 

polymer types in the case of metal contents [19]. 

In this study, Cd, Cr, Ni, Pb, Mn and Sb were quantified in 

LDPE PB and PP, using inductively coupled plasma-atomic 

emission spectrometry (ICP-AES), Atomic Absorption 

Spectrometer (AA), X-Ray Fluorescence Spectrometer 

(XRF), and the Fourier Transform Infrared 

Spectrophotometer (FTIR). All have the potential to cause 

serious health effects with prolonged exposure and/or 

ingestion and all are considered carcinogens by the Agency 

for Toxic Substances and Disease Registry [20]. 

According to the Environmental Protection Agency (EPA), 

serious health effects have been associated with each of these 

contaminants studied throughout this research. Exposure 

and/or ingestion to Cd can cause pulmonary irritation and 

kidney disease. Exposure to Cr can lead to lung cancer, 

bronchitis, pneumonia, and other respiratory effects. Lead 

poisoning can cause severe headaches, abdominal pain and 

various complications in the nervous system. Prolonged 

exposure or ingestion of Sb can lead to serious health 

problems such as lung disease, heart problems, severe 

vomiting, stomach ulcers and diarrhea [21]. Exposure to Ni 

can cause skin problems and increased risk of lung and nasal 

cancers. The health effects of Mn in humans include lethargy, 

increased muscle tonus, tremor, and mental disturbances.  

To act as stabilizers and pigments, heavy metals are added 

to PBs. These metal contents may vary region to region [22], 

[23]. When these PBs are disposed of in dumpsites, there is a 

potential for the spreading of toxic metals. These toxic metals 

will then result in contamination of nearby soil, plants, and 

water bodies [24]. As mentioned, heavy metals used as 

additives may be enfolded in PBs, meaning that they are not 

chemically bound within the polymer matrix. Once these 

metals are leached out, they spread into the surrounding 

environment. In the long-term, the environment will be 

exhausted by such contamination in addition to the growing 

human demand for food and drinking water [25]-[27]. 

The objective of this research is to evaluate the quantity of 

contaminants present in LDPE plastic bags and plastic pellets. 

To evaluate the presence of contaminants in plastic, several 

laboratory procedures such as an acid digestion, an extraction 

and XRF testing were conducted. Upon completion of this 

research, it is hypothesized that plastic products can be used 

as an alternative to bitumen in asphalt.  

 

II. METHODS 

Reams of plastic bags in multiple colors were either 

collected or purchased from grocery stores in Boston, 

Massachusetts. These samples were chosen based upon the 

frequent accessibility and use of plastic bags among typical 

American consumers. Plastic bag colors were chosen based 

on popularity and include: black, brown, and white. Plastic 

pellets were generously donated by New York-based 

company Domino Plastics Company and are free of dyes. All 

aforementioned plastics are of the low-density polyethylene 

variety.  

For the purposes of consistency, the plastic bags were 

hand-cut with clean scissors into 1cm-wide strips with 

varying lengths averaging about 30 cm. There was no 

necessary preparation for the plastic pellets for any of the 

testing. Table I summarizes the materials tested in this 

research. 
 

TABLE I: MATERIALS TESTED 

 
 

A. Acid Digestion 

The acid digestion procedure for this research was done in 

accordance to EPA 3051 and 200.2. The plastic bags (1-Bl, 

1-Br, 1-W) were initially sorted based on color and type of 

use. The plastic bags were cut to 1-cm wide and 30-cm long 

strips. A mixture of 5% HNO3 and 5% HCL, known as Aqua 

Regia, was prepared in a flask. Approximately 1 g of plastic 

strips were weighed and placed into a 200 mL beaker. 100 

mL of aqua regia was added to the beaker containing the 

plastic bags and heated on a hot plate. The mixture was 

heated until it reached its boiling point, based on the observed 

formation of bubbles. The samples were cooled, and the solid 

phase separated from the liquid phase. This experiment was 

performed in triplicate for each of the plastic bags. The liquid 

phase was then subjected to elemental testing using the 

Atomic Absorption Spectrophotometer (AAS). The analytes 

tested for this research were Cd, Cr, and Pb. The AAS was 

calibrated using stock solutions obtained from Fisher 

Scientific and are described in Table II.   
 

TABLE II: CONSTITUENTS AND STOCK SOLUTIONS USED 

 

Polymer Class Color Use Sample ID

Black Grocery Bag 1-Bl

Brown Grocery Bag 1-Br

White Grocery Bag 1-W

Black Trash Bag 2-Bl

White Trash Bag 2-W

Transparent Pellet 3-T

1 = Grocery Bag, 2 = Trash Bag, 3 = Pellet

Bl = Black, Br = Brown, W = White, T = Transparent

Low Density 

Polyethylene 

(LDPE)
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B. Extraction 

Samples tested for this experiment were 2-Bl, 2-W, 3-T. 

These samples were selected because the acid digestion 

procedure indicated lead concentration in the trash bags 

rather than the grocery bags. Samples were sent to an external, 

accredited laboratory to perform an extraction and analysis 

on each of the provided plastic samples. The laboratory 

procedure, an inductively couple plasma-atomic emission 

spectrometry (ICP-AES), was performed in accordance with 

EPA Method 200.7, Revision 4.4. 1 mL of concentrated nitric 

acid was added to a 50 mL aliquot of a well-mixed and 

preserved digestion solution sample. The sample was then 

heated to a high temperature, making sure not to exceed 95°C. 

The sample remained under heat until its volume was reduced 

by approximately one half. After sufficient volume reduction, 

the sample was set aside to cool and then gently refluxed for 

15 minutes with 1 mL of 50% concentrated hydrochloric acid. 

Finally, the sample volume was diluted back to its original 

volume using deionized water and mixed well prior to 

analysis. Analysis using the ICP-AES method tested for the 

following analytes: Cd, Cr and Pb. [28] 

C. XRF 

The samples tested for this equipment were 2-B1, 2-W and 

3-T. Testing using an X-Ray Fluorescence Spectrometer 

(XRF) was performed in accordance with the Background 

Fundamental Parameter (FP) method, patented by the 

instrument supplier, Shimadzu (Patent Pending: 

PCT/JP2013/78002, PCT/JP2013/78001). To prepare the 

sample, the plastic bags were trimmed and neatly folded and 

placed into the XRF so that the apparatus could test a layered 

sample of the plastic. The pellets were also tested but placed 

into a mylar cup for ease of containment. The XRF exposed 

each sample to x-rays, which in turn allowed for the sample 

itself to emit further x-rays due to component atoms of the 

sample. These x-rays produced wavelengths that were each 

characteristic of a specific element. Investigation of these 

wavelengths confirmed presence of the following analytes: 

Cd, Cr, Mn, and Ni. The XRF did not pick up any 

wavelengths for Pb. In addition to qualitative data, the XRF 

provided quantitative data based upon the intensity of emitted 

x-rays fluorescence.  
 

 
Fig. 2. Column leaching preparation. 

 

D. Column Leaching  

The column leaching test was performed only on the 

plastic pellets. The columns were filled with plastic pellets 

until they were tightly packed. The columns were then 

attached to a gravity head system as seen in Fig. 2, with one 

inlet tube feeding leachate from a holding tank and one outlet 

tube to allow for collection of the passed leachate. Based on 

the pore volume that was calculated to be one liter, it was 

determined that each time one liter of solution passed through 

the column, it would be tested for the selected heavy metals. 

The data would then be put into the Yalcin Leaching Model 

to predict the leaching behavior over an extended period of 

time. Each pore volume was tested twice to provide duplicate 

results. [29] 

E. Environmental Modelling  

“A Yalcin leaching model was formulated to capture the 

observed experimental leaching behavior of the contaminant 

exhibiting an initial increase in concentration followed by a 

decrease in concentration with further leaching until it 

reaches a low steady state concentration. The model is as 

follows: 

 

 ( )         
           

      
 

where kb is the dissolution rate coefficient (min-1), K = (S/S0)
a, 

S = Solid phase concentration (mg/g), S0 = Initial solid phase 

concentration (mg/g), Cs is the effective saturation 

concentration (solubility) of contaminant (mg/L), t is the time 

(min), and a is a dimensionless empirical constant” (Das 

2007).  

 

III. RESULTS AND DISCUSSION  

The acid digestion data revealed that only Pb was released 

from the plastic bags. The other analytes were in the 

non-detect range. The lead concentrations were in the µg/L 

range which were below permissible limits for soil 

contamination. The data is present in Table III.  
 

TABLE III: ACID DIGESTION DATA 

 
 

The extraction data proved similar to the digestion data 
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where only Pb was detected by the ICP-AES as well. The 

extraction data is shown below in Table IV.  
 

TABLE IV: EXTRACTION DATA 

Sample ID Analyte Results Reporting 

Limit (mg/Kg) 

2-W 

Cd ND 4.00 

Cr ND 8.40 

Pb <12 12.00 

2-Bl 

Cd ND 4.40 

Cr ND 8.10 

Pb <12 12.00 

3-T 

Cd ND 0.17 

Cr ND 0.33 

Pb <0.49 0.49 

 

The XRF data revealed a whole gamut of analytes, 

however Pb was not present in any of the samples. The results 

from the XRF are shown in Table V.  
 

TABLE V: XRF TESTING DATA 

 
 

Based on all the testing, it is hypothesized that the Pb 

concentrations found in a plastic bag are being sourced from 

the black dye and not from the plastic bag itself. The column 

leaching data is not presented in this paper as it is an ongoing 

test and will be presented at a later time.   

 

IV. CONCLUSION 

This research indicated that plastic did not release any 

heavy metals above permissible limits for soil. The Pb which 

was present in the plastic bags during the acid digestion and 

extraction was primarily from the dye and not from the 

plastic itself. This is an ongoing research project where 

column leaching tests are being conducted to evaluate the 

long-term leaching of contaminants from plastic bags and 

pellets. The Yalcin leaching model will be able to predict the 

concentration of the contaminants for hundreds of pore 

volumes. This data will give indication of the long-term 

leaching potential of plastic. Future research will be 

conducted to evaluate the leaching potential of plastic when 

placed in asphalt as a replacement for bitumen.  
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