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Abstract 

Microplastics (MPs) are now known to be a significant source of water pollution worldwide. 

Significantly less is known, however, regarding the ability of terrestrial and aquatic plants to 

tolerate pollution by microplastics. The effects of MPs exposed to Cd, Pb, and Zn on wheat 

(Triticum aestivum) and oat (Avena sativa) and a species of sedge (Carex scoparia) were 

assessed during 30 days of incubation in a growth chamber. Particles were analyzed for changes 

to surface characteristics by FTIR and light microscopic analysis. After a 30-day exposure to 

metal enriched MPs, Cd-treated MPs had a slightly toxic effect on plant growth and health while 

Zn-treated MPs sometimes promoted growth and health. Visual analysis of MPs after the 30-day 

period showed differences in surface texture and color, suggesting weathering or the presence of 

a biofilm. ATR-FTIR analysis found that MP exposure to metals affects the chemical bonds in 

PP and PE pellets and that metal groups may directly bond to PE at the 1472 cm-1 CH2 bend. The 

reported study shows that metal sorption to microplastics alters certain reactive groups; in 

addition, plants differ in their tolerance to metals sorbed to MPs. This has long-term implications 

in locations where microplastics pollution is an on-going issue. 
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Process Analysis Statement 

The following thesis regarding metal-enriched microplastics and their effect on soil and plants is 

the product of one semester of research and one semester of data analysis and writing. I was first 

introduced to Ball State’s department of Environment, Geology, and Natural Resources (NREM) 

thanks to an undergraduate fellowship granted by the Ball State Honors College. This fellowship 

allowed me to work with graduate students researching the effects of heavy metal nanoparticles 

(particles between 1 and 100 nanometers in diameter) on aquatic plants. I worked in this lab for 

about a year before beginning to brainstorm an idea for my senior thesis. I knew I wanted to 

create a scientific research paper because I am planning to pursue biological research as a career, 

I just needed to come up with a specific topic. A few other students working with my advisor 

were researching microplastics, so my advisor and I decided that I would research the effect of 

metal-enriched microplastics on plants. This project would combine assessing the health and 

growth of plants, which I had been working on through my undergraduate fellowship, with 

microplastic contamination, a topic my advisor has been recently researching. Though I did not 

know much about microplastics beforehand, I have always been passionate about environmental 

health and curious about ecological interactions, so I was happy to pursue this topic. 

 To begin the process, I had to first learn about microplastics and the risk they caused. 

 I browsed the existing literature and found that there are two main sources of microplastic (MP) 

pollution. The first type, called “nurdles,” are very small, usually round pieces of plastic less 

than 5 mm in diameter that are used in industry to manufacture plastic products. The second type 

is a result of the weathering and “decomposition” of plastic pollution. Plastic does not actually 

decompose, but prolonged exposure to the elements can cause it to crack and break off into very 
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small pieces that become difficult to detect and remove from the environment. I used some of 

these manufactured MP pellets, specifically polyethylene and polypropylene, for my experiment.  

Since most of the research on plastic pollution focuses on beaches and marine 

environments, my advisor and I decided I should focus on how they interact with soil and crops 

local to the Midwest for ease of access and to provide a novel take on this topic. I started by 

mixing the pellets with local creek water and metal salts for a few weeks, which was difficult at 

first because the machine I was supposed to use in our lab wasn’t working properly at first, so I 

had to borrow one from another lab. Unfortunately, one of the jars fell off at one point and I had 

to start that group over. In the meantime, I had to prepare a soil mixture for my plants. I mixed 

sand with two other soil mixtures including one that was very dry and clumped together, so it 

took quite a bit of work to break up and sieve it down to the proper texture. During this process, I 

was also germinating wheat, oat, and soybean seeds. This took multiple attempts because they 

kept getting moldy before they were ready to plant. I was eventually able to get the wheat and 

oats to germinate and sprout, but I was running low on time and had to give up on the soybeans. 

At this point, we also learned that another study very similar to mine had recently been 

published, so we gave up on the soybeans and added sedge plants in order to make my study 

novel again. Instead of growing them ourselves, we purchased sedge plants from a nearby 

greenhouse. Eventually, everything was finally ready, and I transferred the seeds to my soil and 

added the microplastics to the pots. At the start and end of a 30-day growth period, I measured 

the height of the plants, and after 30 days I measured the chlorophyll of each plant using a 

chlorophyll meter. 

This process took almost twice as long as I expected due to the COVID-19 pandemic and 

all of the roadblocks I faced, so when the 30-day growth period was over I had to harvest the 
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plant material, collects two layers of soil (above and below where the MPs were placed), and 

separate the MPs from the mixture. I had to let the plants and soil dry before storing everything 

to come back to after fall and winter break. Once I returned, I was supposed to use flame atomic 

absorption spectrophotometry (FAAS) to analyze the plant material and soil, but I hit another 

roadblock when we realized that very few people knew how to operate the FAAS machine. A 

few graduate students, faculty, and I had to use a manual and several videos to teach ourselves to 

learn how to use this machine over the course of several weeks. Eventually we learned how to 

operate the machine, but we were not able to produce the standard curves or collect any data 

successfully using our test samples. At this point, a graduate student offered to help me analyze 

the soil and the microplastics using ATR-FTIR, a form of spectroscopy that I could at least use to 

show if the metals were attached to my samples or if they had any effect on the structure of the 

molecules. We learned about this method in my organic chemistry class, but I had very little 

exposure to it beforehand and had to do more reading to become more familiar with how to 

interpret my results. I prepared soil and plastic samples that were analyzed using the FTIR 

machine and received graphs that showed which functional groups and chemical bonds were 

present in my samples. Although this would not tell me if there were metals present in my plants, 

it would at least strengthen my results by showing that the metals changed the composition of the 

pellets. Finally, I looked at the MP pellets under a microscope in order to see if they had visually 

changed after this entire process. As a result of my work, I had plant growth, chlorophyll content, 

visual analysis of the plants and the MP pellets, and the FTIR results to use for data analysis.  

As previously mentioned, this study came with its share of roadblocks and 

troubleshooting. My plan had to be reworked a few times, and my results were not very 

conclusive due to the large standard deviations in my growth and chlorophyll data. However, the 
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entire process was crucial for me to undergo as a young scientist going into research. 

Experiments do not always go as planned; adapting and overcoming obstacles and unexpected 

challenges is an important skill to have in a field that is always growing and changing. This was 

also the first project I have taken on independently. I received a great deal of assistance from my 

advisor and several graduate students I have worked with previously, but for the most part I was 

alone in the lab and made several decisions myself. Science is a largely collaborative field, but 

success in this field also requires independence and the ability to make important choices. I was 

able to practice both of these skills by taking on a solo project while also reaching out to other 

students and staff for help when I needed it. In the beginning, I was hoping to create a paper that 

could eventually be published. Restrictions due to the pandemic, limited time and resources, the 

issues I had along the way, and the large margin of error in my data changed those plans, but I 

am still very pleased with how this project turned out because I think it still provides insight to a 

field that is still developing. At the very least, I have learned more than I ever thought I would 

about plastic pollution and can spread my knowledge with others. It is thanks to this research that 

I will be continuing on to graduate school where I will be studying the effects of another form of 

environmental contamination. The opportunities, experience, and knowledge I have gained from 

this process has been crucial in my personal and academic development, and I am both grateful 

that I was able to partake in this project and excited to share it with the world. 
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Introduction 

Background 

Plastics are popular materials for countless industrial, commercial, and domestic uses by virtue 

of their durability, low weight, and cost effectiveness. The most common polymer types include 

polypropylene (PP), polyethylene (PE), polystyrene (PS), polyvinyl chloride (PVC) and other 

resins. These polymers are critical in the manufacture of numerous household and commercial 

goods, industrial equipment, electronics, medical supplies, clothing, and many other applications. 

Unfortunately, however, plastic is one of the most notorious global contaminants due to its 

widespread use, losses to the environment, and resistance to degradation. It is estimated that 

4900 MT of plastic waste is currently accumulating in the natural environment and in landfills 

around the world (1).  

Despite its resistance to chemical and biological decomposition, plastic is still capable of 

physical weakening and breaking into extremely small sizes (2). Microplastics (MPs) are defined 

as particles less than 5 mm in diameter that are either fragments of plastic waste or are 

manufactured for commercial and industrial purposes (1). The presence of these small plastic 

fragments on beaches and in waterways has been observed since the 1960s, but the term 

“microplastic” was coined only in 2004 when marine biologists brought to light the threat they 

may cause (3). Since MPs are similar in size to food sources of various marine and freshwater 

organisms, they pose a hazard to wildlife in these habitats (4).   

Metals which arise from industrial activities and other sources enter waterways and are 

capable of being adsorbed to MPs; this adds an additional risk of contaminating food and water 

sources when organisms unknowingly ingest these particles. When fish or other biota ingest 

metal-bound MPs, they pose the risk of moving up the food chain and potentially harming 
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humans who consume contaminated seafood (5). When metals sorb to MPs they can travel great 

distances and affect biota far from the original source. 

Due to their small size, it is difficult to determine the fate of MPs in the environment and 

the potential dangers they present. Much of the existing microplastic research focuses on 

pollution of beaches and in oceans where MPs have accumulated; however, there is little 

information as to how they interact with crops, soil, and freshwater ecosystems where they may 

have been introduced by industrial and agricultural activities and waste disposal.  

The combination of MPs and metals could potentially change the quality of soil by 

altering pH and electrical conductivity (EC), which could adversely affect the growth of plants if 

taken up. More importantly, while some metals such as Cu, Fe, and Zn are required in small 

quantities for plant life (6), an excess can be harmful to the plant (7). Other heavy metals that are 

hazardous to plant growth can also be absorbed by plants and impart direct toxic effects.  

 

Literature Review 

Microplastics (MPs) are defined as plastic fragments of a size less than 5 mm. MPs can be 

separated into primary and secondary particles; primary microplastics (aka ‘nurdles’ or ‘mermaid 

tears’) are intentionally manufactured to be of a desired size range for production purposes. They 

include particles used in facial cleansers, baby products, insect repellents and sunscreen. Other 

uses include synthetic clothing, abrasives found in cleaning products, drilling fluids, and air-

blasting media (8) Secondary microplastics are formed from the breakdown of plastic litter after 

exposure to water, wind, and sunlight. Microplastics are also categorized according to shape. The 

major types detected in the environment are fragments, pellets, fibers, films, and granules.  
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Primary microplastics are unintentionally released into freshwater and marine 

environments during loading and transportation, both on land and at sea, and during handling at 

plastic manufacturing and processing facilities. Secondary microplastics originate from many 

sources including wastewater treatment plants, and from macroplastics which have mechanically 

broken down on land or water.          

Due to their buoyancy and durability, particles have been transported considerable 

distances in freshwater and oceans before becoming temporarily or permanently stranded (9). 

MPs are now known to be widely distributed in the world's estuaries and oceans; they have been 

found suspended in coastal and oceanic waters, dispersed on beaches, and accumulated on the 

seafloor (3,10). There is evidence that the abundance of microplastics is increasing in the marine 

environment (11,12) Microplastics are now considered a contaminant of global concern 

(2008/56/EC Marine Strategy Framework Directive, Descriptor 10, United Nations Sustainable 

Development Goal 14 target 14.1.1) (13). 

In recent years, beached litter has been found to include heterogeneous assortments of 

nurdles, most commonly PE or PP. Pellets are usually disc-, ovoid- or cylindrical-shaped and 

may be colorless, translucent, or colored (14,15). As pellets age, they become discolored (e.g. 

yellowed) and experience abrasion, cracking, fouling, tarring and coating by precipitates. 

Pellets are also carriers of contaminants ranging from heavy metals, hydrocarbons, 

pathogenic microorganisms, and antibiotics. Some noteworthy hydrocarbons detected include 

PCBs and PAHs that sorb onto or into pellets during transport in water (14,16,17). Other 

contaminants of concern are the components of the plastic itself (e.g., plasticizers, pigments, 

flame retardant compounds). 
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MPs were shown to adsorb significant amounts of Cd, Co, Cr, Cu, Ni, Pb, and Zn in 

marine and freshwater environments (4,18). Accumulation of Al, Fe, and Cd was observed in 

MP pellets when exposed to seawater for extended periods (19). Plastic pellets can contain levels 

of pollutants up to one million times higher than those in the environment (16); thus, MPs may 

contain levels of metals in very large quantities compared to their size. Multiple studies have 

shown that adsorption of metals on beached MP pellets was significantly greater than on virgin 

pellets (18,20).  

Varying levels of metal accumulation on MPs is attributed to industrial and human 

activities (21). The range of metal concentrations in MPs range from 10−1 to 104 μg/g, and 

typically metal concentrations on MPs increase over the course of a year (19,20). In a study by 

Ashton et al. (22) in 2010, MP pellets were collected from four English coastlines and analyzed 

for major and trace metals. Cd- and Pb-enriched pellets were found at two of these sites; metals 

had accumulated by precipitation and adsorption processes. In a study on MPs containing metals 

leached from antifouling paint, levels of Cu were as high as 3000 ug/g, while Zn levels reached 

up to 270 μg/g (23).  These studies are evidence that MPs can retain and transport metals at 

levels significant enough to impact the environment, and that high contamination levels are 

caused directly by human activity. 

 

Purpose 

While MP contamination has been studied at beaches and in marine and freshwater systems, 

there is little information on the effect of metal-enriched MP contamination on crops and in soil 

ecosystems. The goal of the reported study is to determine the effects of MPs exposed to Cd, Pb, 

and Zn on wheat (Triticum aestivum) and oats (Avena sativa) as well as a species of sedge 
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(Carex scoparia) native to the American Midwest. These three species were incubated in the 

presence of metal-enriched MPs added to soil. Plant height and physical appearance, and 

chlorophyll content of leaves were used to assess the health of the study plants. Furthermore, 

visual and spectroscopic analyses were used to observe differences between appearance of MP 

pellets after metal treatment. Attenuated total reflection Fourier-transform infrared spectroscopy 

(ATR-FTIR) has been recognized as a successful technique for characterizing MPs (24). This 

method of spectroscopy is common in ecotoxicology and was used to identify the presence of 

metals and observe their effects on MPs and on soil after a 30-day incubation period. 

 

Experimental Methods 

PP and PE microplastic pellets were obtained from a manufacturing facility in Indianapolis, IN, 

and submerged in one of four solutions containing local river water (White River, Muncie, IN) 

mixed with zinc, cadmium, lead, or a control (i.e., with no metal). The metal solutions were 

prepared by measuring 1L of river water in glass jars and adding metal salts (PbSO4, ZnSO4, or 

Cd(NO3)2) to attain a concentration of 100 mg/L. The jars were placed on a rotary shaker and 

mixed (120 osc./min.) for three weeks to react the metals with the plastic. 

Seeds of wheat and oat were placed in moist paper towels and left in the dark to 

germinate for 5 days. After successful germination, the seeds were divided equally into 16 pots 

per species. Sedge was obtained from a commercial supplier (Muncie, IN) and also split into 16 

pots. A synthetic soil mixture, consisting of locally sourced Glynnwood silt loam, washed sand, 

and peat moss (1:1:1 ratio) was used as the growth medium.  

The metal-enriched pellets were removed from jars and rinsed with deionized water. 

Approximately 20-25 pellets (400 mg) were placed 2 cm beneath the soil surface in each pot. 
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Each plant species consisted of four plants per MP treatment group (Pb, Zn, Cd, or control). 

There were three replicates of each plant and metal treatment. 

In the growth chamber, fluorescent grow lights provided 12 hours light/12 hours 

darkness. The plants received water every 3-5 days to keep soil moist but not wet. Plant nutrients 

(N, P, K) were added as dilute Hoagland’s solution every two weeks. Plant growth was measured 

by recording the height of the tallest leaf of each plant at the beginning of the incubation period 

and again after 30 days. A SPAD® chlorophyll meter was used to record average chlorophyll 

production of each plant. 

To prepare soil and MP pellets for ATR-FTIR analysis, 15 PP and PE pellets were 

collected from each treatment group. The pellets were rinsed and shaken for 5 minutes in 

deionized water to remove any remaining soil particles. After rinsing, the pellets were gravity 

filtered and allowed to air-dry to remove excess water. A Frontier MIR Spectrometer (Perkin 

Elmer, Waltham, MA) was used to analyze pellet surfaces. Pellets were also observed by light 

microscopy using a Leica Zoom 2000 stereo microscope. 

Soil material was tested for particle size analysis using the pipet method. Soil pH was 

measuring using a glass electrode pH meter. To prepare soil samples for elemental composition, 

approximately 10 g from the top 2 cm of soil from each experimental group was removed and 

ground to a fine powder using a mortar and pestle. Five g of soil was reacted with 0.01 M 

diethylene triamine pentaacetic acid (DTPA) on an oscillating shaker for 2 hours. The 

suspensions were filtered through Whatman no. 1 filter paper, and the extracts were analyzed for 

metals on a Perkin-Elmer flame atomic absorption spectrophotometer. 
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Results 

Soil properties 

The soil material contained 66.4% sand, 33.5% silt, and 0.1% clay, resulting in a texture of sandy 

loam (Figure 1). Soil pH was 6.4. 

 

 

 

 

 

 

 

 

 

Figure 1: Soil textural triangle used to determine soil texture. 

 

Effects on plant growth 

Of the plants that survived the disruption of burying microplastics in soil, results varied widely. 

In wheat, control plants had greatest mean height (16.6 cm) while plants with Cd-enriched MPs 

had lowest height (4.8 cm) (Figure 2). Cadmium is relatively soluble and may have desorbed 

readily from pellets and been taken up by the wheat. Cadmium is known to adversely affect 

overall plant physiological processes (25,26). Data were, however, the reverse for oats: the Cd 

treatment resulted in greater plant height (14.1 cm) compared with the control (6.2 cm) (Figure 
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2). The Zn-enriched sedge had greatest mean height (8.4 cm) while the control group had lowest 

mean height (2.4 cm). Heights of the Pb- and Cd-enriched sedge were quite low (Figure 2). 

 

Figure 2. Plant height after 30 days as a function of metal/microplastic treatment. 

 

Wheat plants treated with Cd-enriched pellets produced lower amounts of chlorophyll 

(11.9 μmol/m2), while the Pb-treated plants produced the greatest amount (16.0 μmol/m2) (Figure 

3). Pb-enriched sedge also exhibited the greatest chlorophyll production (21.3 μmol/m2), while 

the Zn-treated sedge produced the lowest (14.4 μmol/m2) (Figure 3). These data are unusual, as 

Pb is known to be toxic to plant growth (27). The data are, however, highly variable as shown by 

the large standard deviations.  
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Figure 3. Plant chlorophyll content after 30 days as a function of metal/microplastic treatment. 

 

Visual analysis of plants 

In wheat plants treated with metal-enriched pellets, there were often lower numbers of leaves 

compared to the control and/or browning of leaf tips. Furthermore, metal-treated plants did not 

stand upright compared to the control (Figure 4). In sedge, the leaves of Cd-treated plants 

exhibited a crimping pattern not present in any other treatment group (Figure 5).  

      

Figure 4: Wheat plants after 30 days: (a) control; (b) Cd-treated. 
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Figure 5: Cd-treated sedge leaves after 30 days showing leaf crimping (arrows) 

 

Visual Analysis of MP pellets 

The PE pellets appeared brown and cloudy when treated with Zn compared to the control. One 

Cd pellet appeared to be tinted pink. The Pb pellets appeared more opaque than the control  

(Figure 6). These effects are likely due to reactions with soil organic and mineral matter, as well 

as development of microbial biofilms. 

For PP pellets, Zn and Pb appeared to have more gray streaks compared to the control, 

while Cd-enriched pellets had less streaking and were darker, which was similar to the control 

group. The Pb pellets had a dusty appearance compared to all other groups (Fig. 7).  
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Figure 6: Microscopic image (10x) of PE pellets: (a) control; (b) Zn-treated; (c) Cd-treated; and 

(d) Pb-treated 

 

 

 

 

 

 

 

 

 

Figure 7: Microscopic image (10x) of PP pellets: (a) control; (b) Zn-treated; (c) Cd-treated; and 

(d) Pb-treated 
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ATR-FTIR analysis of MP pellets 

The FTIR analysis of the PP pellets all contained peaks normally found in polypropylene (24). In 

Pb- and Cd-treated pellets, the 2950 (cm-1) peak shifted to 2951 (cm-1) while the peak normally 

at 1377 (cm-1) in pure PP (24) shifted to 1376 (cm-1) in all three metal groups (Figure 8). 

Analysis of the PE pellets showed that the peak normally at 2915 (cm-1) shifted to 2916 

in all three metal groups, while the peak at 2948 (cm-1) in the control group shifted to 2949 in Pb 

and Cd (Figure 9). In the control PE pellets, there is a peak at 1472 (cm-1) that does not show up 

in the metal groups. This wavenumber is associated with a CH2 bend in polyethylene MPs (24). 

It is suggested that the metals may have bonded to this group. 

 

Wavenumber (cm-1) 

Figure 8: ATR-FTIR analysis of PP MP pellets: (a) control; (b) Zn-treated; (c) Pb treated; and 

(d) Cd-treated 
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Figure 9: ATR-FTIR analysis of PE MP pellets: (a) control; (b) Zn-treated; (c) Pb treated; and 

(d) Cd-treated 

 

Discussion 

Plant response to microplastics 

Despite the high variation in data, treating the plants with metal-enriched MPs had adversely 

affected their health. There were few clear trends in the plant growth or chlorophyll data; in 

general, the Cd-treated plants produced less chlorophyll and grew significantly less except for 

the oat group, where Cd-treated plants grew best. Due to the low number of replicates and high 

standard deviation, however, it cannot be concluded that Cd is beneficial to oats. The amount of 
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chlorophyll produced by Cd-treated plants was the second lowest of the oat group, meaning that 

more growth does not necessarily indicate better performance. 

 The Cd-treated sedge plants exhibited a crimping pattern on leaves that was not present in 

any other group or before treatment. This could be due to the accumulation of Cd in the leaves of 

the plant, prevention of water and/or nutrient uptake, or nutrient deficiency. The plants exposed 

to Zn-enriched MPs exhibited among greatest growth and chlorophyll production in almost all 

cases, often outperforming the control group. Zinc is an essential nutrient for plant growth and is 

toxic only at very high concentrations in soil (7). It is likely that the Zn which was desorbed from 

the soil was sufficient to promote plant growth and not become toxic. 

Issues with germination resulted in the failure of some seeds to sprout; others did not 

survive the placement of MPs in the soil with the consequent soil and root disturbance. This is 

one potential source of data variability, and could be corrected by growing more plants in each 

treatment group in a future study. Allowing a longer incubation period would be beneficial as 

well, as prolonged exposure to metals may cause more obvious physical and physiological 

symptoms in plants. 

 

Changes in properties of pellets 

The ATR-FTIR spectroscopy provides insight to the properties of plastic pellets and how they 

interact with the metals. The metal-treated PE and PP pellets showed shifts of 1 cm-1 which may 

seem insignificant, but ATR-FTIR is highly accurate and even the slightest differences should be 

noted, considering the control peaks matched those previously documented (24). The shifted 

peaks may be due to metal groups interacting with the chemical bonds that compose the plastic. 

The most significant finding from the FTIR spectroscopy was the absence of the 1472 cm-1 peak 
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in all metal-enriched PE pellets. This indicates that the metals may have had a more direct effect 

and were either bound to the pellet surfaces at this location or caused a change in functional 

groups resulting in the loss of the CH2 bend typically seen here (24).  

As pellets age, they experience abrasion, cracking, fouling, tarring, and coating by precipitates 

(14), which may account for some of the visual differences between PP pellets such as stripes 

and faded coloring. The PE pellets appeared brown and cloudy when treated with Zn; one Cd 

pellet appeared to be tinted pink; and Pb-treated pellets appeared more opaque than the control. 

These effects are likely due to reactions with soil organic and mineral matter, as well as the 

possible development of microbial biofilms. The ability of pellets to adsorb metals has been 

attributed to the modification of the surface through the attachment of organic matter (24). In 

PVC, Cu and Zn Sorption increased with time, which was possibly caused by accumulation of 

dissolved organic matter which conferred greater reactivity to the surface (26). It is possible that 

similar effects can occur with similar metal particles in PP and PE. 

When microplastic particles are suspended in water, their hydrophobic surfaces often 

stimulate rapid formation of biofilms (29). Biofilms are highly heterogeneous environments 

which provide ecological advantages to microorganisms such as a protective barrier, a site for 

accumulation of nutrients, and a location of an assortment of different species that degrade 

complex substrates. It has been suggested that biofilms on microplastics attract organisms to 

adhere (30).A 2014 study detected bacterial colonization of PE microplastics after a 7-day 

exposure in marine sediments (31) while a study from 2018 reported that plastics-associated 

communities were distinctly different from communities growing on non-plastic substrates (32). 

Presence of bacteria or biofilms were not examined in this project, but they may have contributed 

to the visual changes in MPs and could affect the health of the plants. 
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Comments  

Time and equipment were a constraint in the reported study because, ideally, both soil layers, 

roots, and leaves would all be analyzed using flame atomic absorption spectrophotometry 

(FAAS) to determine the fate of the metals once they were desorbed from the particles. 

Unfortunately, the only available FAAS instrument was not functioning properly so this 

component of the study could not be realized.  

Understanding where the metals travel once they enter the ecosystem can help assess the 

danger that metal-enriched MPs pose to human health. Recently, studies have shown that fruits 

and vegetables are capable of absorbing trace amounts of nanoplastics and microplastics (34). 

The exact impact of consuming contaminated produce on human health is currently unknown; 

however, the ability of plants to absorb toxic materials is an increasing danger and will only 

become more common with continued contamination of microplastics to soil. 

 

Summary and suggestions for future research 

Though the large variation in plant growth and chlorophyll production make it difficult to 

provide consistent conclusions, it appears that Cd-treated MPs impart a slightly toxic effect on 

plant growth and health while Zn-treated MPs may in some cases benefit the plants. The ATR-

FTIR results confirm that MP exposure to metals affects the chemical bonds in plastic pellets and 

that they may even directly bond to PE pellets at the 1472 cm-1 CH2 bend. Future studies in this 

field should focus on plant tissue and soil analysis to locate and quantify metal concentration to 

determine the impact of metal-bound MPs more precisely. 
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