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Abstract 

 

Conventional and biodegradable polymers present in residential and commercial organic waste 

have a propensity to fragment during the composting process. This research explores whether 

microplastic residuals present in industrially produced compost bioaccumulate in plant tissue 

grown in this medium. The experimental design was modeled on methodologies used in aquatic 

research of microplastics in bivalves to determine whether these marine research methodologies 

can be adapted for terrestrial applications. Of the 30 plant tissue samples grown in the 

industrially produced compost, the presence of suspected microplastics was observed in 57% of 

the samples through histological staining. Additional phytotoxicity testing and heavy metal 

analysis of the compost samples showed no evidence of ecotoxicity in the industrial compost. 

Further observation of the plant tissue and compost samples through infrared spectrometry needs 

to be conducted to identify the observed foreign bodies in the plant tissue as microplastics of 

non-organic polymer origin.   
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Introduction 

Plastic debris is accumulating in the natural environment at a rapidly increasing rate due 

to its limited recovery process and durability (Rillig 2012). Microplastics are defined as plastic 

particles smaller than 5.0 mm in size (Arthur et al. 2009). The breadth and scope of how 

microplastics may be introduced into soil systems is not yet fully researched or understood, 

however it has been recognized that they can be introduced into the soil through industrially 

processed compost applied to agricultural land (Sullivan, 2011). This is a result of composting 

facilities accepting plastic coated paper products and biodegradable and bio-based plastic bags 

co-mingled with municipal and commercial food waste and yard waste. Plastic-coated paper 

products include milk and juice cartons, hot and cold disposable drinking cups, frozen food 

packaging, take-out containers and some paper plates (Woods End Laboratories, 2016). The 

resistance of polyethylene-based materials to degradation by microbes has been well established. 

Karlsson and Albertsson (1998) buried radiolabeled low density polyethylene (LDPE) in 

compost amended soil and followed the mineralization to 14C-carbon dioxide for 10 years, and 

reported that less than 10% of the LDPE was mineralized (Palmisano & Pettigrew, 1992). There 

is additional concern with uncertified material that may be entering composting facilities, such as 

plant-based hybridized polyethylene bags, where chemical additives are added to enhance 

degradation of the polyethylene component (Stevens & Goldstein, 2002).  

Because private landowners and members of the agricultural community are increasingly 

encouraged to use the finished compost product from municipal composting facilities on farms 

and in residential gardens for food production, there is concern both in the agricultural industry 

and the scientific community about potential contamination from certified compostable plastic 

products and non-certified petrochemical-based polymer plastic residual in municipal compost 
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destined for food growing. Historically, microplastics contamination research has focused on the 

aquatic environment and very little emerging research exists on terrestrial effects. The potential 

impact of accumulated un-degraded compostable plastic residuals on long-term agricultural and 

urban food production productivity is an important concern and may increase in relevance as 

more municipalities across Canada and the USA develop composting programs that incorporate 

and mandate the use of certified compostable bags and packaging.   

While there is a general recognition in the toxicological community that the literature on 

ecotoxicity of compostable plastics is scarce (Kapanen & Itavaara, 2001; Koutny et al., 2006), 

the main goal for ecotoxicological assessment of biodegredable polymers is to ensure that no 

harmful substances remain after the composting process that could adversely affect soil and plant 

health, and by extension human health (Sullivan, 2011). Through manual extraction and 

observation of microplastic particles in compost samples collected from an industrial composting 

facility known to contain plastic in its feedstock, the amount and size of any microplastics 

present was assessed and recorded in this thesis. The same procedure was conducted with a 

control compost produced from a residential compost system containing no known plastic 

material and the results compared.  Further to this assessment, a histological analysis of plant 

tissue from Pilgrim’s cabbage grown in both the control and potentially contaminated compost 

samples was conducted using a regressive staining technique, a method frequently used in 

marine systems to observe microplastic particles (Rillig, 2012), in an attempt to adapt and 

develop a methodology for a terrestrial-based analysis of microplastics. Supplementary tests 

were performed to assess the potential ecotoxicity of microplastics particles, including a 

phytotoxicity test (assessment of the germination and growth rates of seeds planted in the 

industrially produced compost compared with seeds planted in the control compost) and heavy 
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metal analysis using x-ray fluorescence (XRF), given that some biodegradable polymer products 

have been reported to contain heavy metals such as lead to aid in their disintegration. Finally, 

results from these experimental procedures were compiled and recommendations made for 

further research into determining the optimal methodologies to assess microplastics in the 

terrestrial environment.  

 

Research Questions 

Do microplastics exist in municipal industrially-produced compost? 

Do microplastic residuals in municipal compost bioaccumulate in plant tissue? 

 

Research Objective 

The purpose of this research was to determine whether microplastics present in compost 

processed at municipal composting facilities bioaccumulates in plant tissue grown in this 

medium. The findings from this research project form a basis for developing a best methodology 

to test for bioaccumulation of plastics in a terrestrial environment, whereas historically aquatic 

environments have predominantly been the focus of research development.  Very little research 

has been undertaken to assess microplastics in terrestrial ecosystems, though much research 

exists for analyzing biota in the marine environment particularly bi-valves, other filter feeders 

and marine sediment. This research also considers whether current methodologies employed for 

testing for microplastics in the marine environment can be adapted to test for microplastics in the 

terrestrial environment. 

To conduct risk assessments of microplastics in the environment, both exposures and 

effects must be quantified properly, and this requires a better understanding of properties of 
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microplastics and their environmental fate, importance of interaction with various biological 

receptors, and mechanisms of toxicological action leading to potential effects of microplastics 

(Syberg et al., 2015). Recently, attention has been given to the occurrence and effects of 

microplastics in terrestrial systems and addressing this gap in knowledge and research (Rillig, 

2012). Direct, quantitative evidence of microplastics in soil is limited, and most studies to date 

have reported the presence of synthetic fibres in soil but could not rule out natural sources, nor 

have they been able to quantify the amount or size of the particles (Rillig, 2012). The importance 

of investigating the presence and potential ecotoxicological effect of microplastics in soil 

systems becomes apparent when considering the similarities between aquatic and terrestrial 

environments.  

Though there are many different features and processes between soil and oceans, many 

biota, especially microorganism, are essentially aquatic, thriving in a thin film of water that binds 

to the soil particles. Therefore, some similar principles apply. Research in the marine and 

freshwater environments has confirmed that filter feeders such as plankton and bivalves ingest 

microplastic particles (Browne et al., 2008). Soil contains filter feeders as well, such as ciliates 

and rotifers, protozoa and pseudocoelomate animals that are active in the water films of soil 

surfaces Rillig, 2012). Theoretically, microplastics could be ingested by soil micro and 

mesofaunic arthropods such as mites, collembola, or enchytraeids potentially accumulating in the 

compost amended soil detrital food web. An additional concern is the potential for microplastic 

particles in compost amended soil to sorb harmful contaminants and concentrate them in the soil, 

altering the physical properties of the soil (Rillig, 2012).  However, more research is needed to 

quantify the amount and size of microplastics in compost amended soil systems, and whether 



MICROPLASTIC BIOACCUMULATION IN PLANT TISSUE    14 

these particles will persist, accumulate and potentially reach levels that could adversely affect 

soil functionality and terrestrial ecosystem health (Rillig, 2012).   

 

Literature Review 

Microplastics Transportation Pathway into the Natural Environment  

There are two main ways microplastics enter the natural environment. Primary 

microplastics are classified as manufactured raw plastic materials, such as virgin plastic pellets, 

scrubbers, and microbeads (Browne et al., 2000, Arthur et al., 2009) that generally enter water 

bodies via runoff from land (Andrady, 2011). Secondary microplastic introductions occur when 

larger plastic items (meso- and macro- plastics) enter a water body or terrestrial environment and 

undergo mechanical, photo (oxidative) and/ or biological degradation (Thompson et al., 2004, 

Browne et al. 2008; Cooper & Corcoran, 2010; Andrady, 2011). This degradation activity breaks 

the larger pieces into progressively smaller plastic fragments which eventually become 

undetectable to the naked eye. Microplastics were first noted in North American waters in 

plankton tows along the coast of New England in the 1970s (Carpenter et al., 1972). Following 

this, microplastics have been found in most large bodies of water; oceans, seas, lakes, and rivers 

and the majority of microplastics and ecotoxicology research and testing has focused on the 

aquatic environment.  

Within recent years, there has been a growing concern in the agricultural industry and the 

scientific community about the potential for microplastics contamination in terrestrial 

environments, particularly concerning the land application of composted soil amendment 

processed at industrial facilities where the organic feedstock may contain plastic-based and 



MICROPLASTIC BIOACCUMULATION IN PLANT TISSUE    15 

plastic coated products. Some of these facilities accept only certified compostable plastic 

products, however it is difficult to enforce this rule. 

Compostable plastics are in the class of biodegradable polymers and their development 

and application has grown exponentially (Stevens & Goldstein, 2002). According to the 

American Society of the International Association for Testing and Materials (ASTM) 

specification D6400-12, compostable plastics are defined as “a plastic that undergoes 

degradation by biological processes during composting to yield carbon dioxide, water, inorganic 

compounds, and biomass at a rate consistent with other known compostable materials and leaves 

no visually distinguishable or toxic residues”. However, there remains a disconnect of 

information between the manufacturers of biodegradable polymers, the certification bodies and 

the scientific community with regards to acceptable degradation rates of these materials in 

composting facilities, and the risk of ecotoxicity of the residuals in municipal compost and by 

extension, our food systems (Sullivan, 2011). Though many of these bags are industry certified 

to safely break down into natural components leaving no harmful substances, some products 

contain varying levels of petroleum-based polymeric plasticizers such as Polycaprolactone (PCL) 

to create tensile strength, extend the products’ shelf life and assist in the degradation of the 

product (Stevens & Goldstein, 2002). 

A significant volume of current research challenges the validity of compostability 

standards and the need for a clearer definition of ‘compostable plastics’, highlighting the data 

gaps such as a lack of information with regards to type of compost the plastics will be exposed to 

and the time limit required for the material to fully degrade as to not induce phytotoxicity, and 

the need for further scientific evidence to support these claims (Kale et al., 2007). Research using 

common and acceptable toxicity testing methodologies to ascertain any effects, adverse or 
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otherwise, of biodegradable polymers on soil pH, seed germination and environmental toxicity 

does not provide evidence related to the bioaccumulation of microplastic particles in plant tissue 

which this research intends to address.  

There is additional concern within the organic farming industry about compostable 

plastics and whether or not these materials, certified or otherwise, should be excluded from 

compost operations who sell their finished soil amendment to organic producers, referring to this 

material as a potential disallowed synthetic that contravenes with the USDA’s certified National 

Organics Program (NOP) (Sullivan, 2011). It has been discovered that some of the plasticizers 

and binding agents in marketed compostable food ware and bags are petroleum-based and could 

potentially impact food production and negate the organics certification farmers have worked 

towards (Sullivan, 2011). Because it is virtually impossible to distinguish compostable plastics 

from conventional plastics at compost facilities, they are often all removed at a heavy cost and 

for fear of contamination, confirming the rationale and growing importance of the interaction of 

compostable and conventional plastic residuals and their potential impact in the agricultural 

industry (Sullivan, 2011).  

 The Industrial Composting Process  

Composting is an aerobic biological process that results in the decomposition of organic 

matter such as food scraps and yard and garden waste into a nutrient-rich, soil-like product.  This 

process is facilitated by bacteria, fungi, worms, and many other microorganisms (David, 2013).  

The decomposing organic materials are converted into a biologically stable product intended to 

have no phytotoxic effect on plants when used as a soil amendment. Many regions across Canada 

have initialized bans or restrictions on kitchen scraps destined for landfilling and have 

encouraged municipalities to develop curbside organic collection and composting programs, with 
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many of the waste haulers insisting residents collect their food waste in certified compostable 

plastic bags. This waste is then typically processed at an industrial composting facility utilizing 

various technologies to biochemically stabilize the organic material into a soil amendment 

product, which is made available to residents and farmers for use in food production and 

landscaping, as well as packaged and marketed commercially. In British Columbia (BC), 

compost produced at an industrial facility is regulated under the BC Ministry of Environment’s 

(MOE) Organic Matter Recycling Regulation (OMRR) and must meet minimum requirements 

for heavy metal and pathogen levels to be used as a nutrient-rich soil amendment. However, 

OMRR does not currently have standards set for the thousands of chemicals classified as 

Contaminants of Potential Concern (COPC), some of which have been known to be used as 

degradation additives in compostable plastics, and therefore may still be present in the finished 

compost (BC Ministry of the Environment [MOE], 2008) 

In nature, waste products from plants and animals are gradually decomposed by a variety 

of microorganisms including fungi, bacteria and protozoa. Human-controlled composting 

enhances the natural biological process and optimizes conditions that are ideal for 

microorganisms to thrive resulting in the rapid decomposition of organic waste and stabilization 

of the finished soil amendment, one which poses no environmental risk to human, animal or 

plant health. With proper control of moisture, temperature, feedstock and aeration, composting 

results in the efficient transformation of raw organic materials into biologically stable, humus-

rich substances that are suitable for growing plants without any phytotoxicity (Paul & Geesing, 

2009).  

Depending on the scale and type of system, organic material in a passive backyard 

compost bin can take 6-12 months to compost completely. Backyard composting simply requires 
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mixing organic materials in an enclosed bin and ensuring that the conditions in the bin remain 

optimum for the decomposition of those materials. To create optimal conditions for 

decomposition, the following elements need to be considered: green material (nitrogen) to brown 

material (carbon) ratio, surface area of materials, moisture, and air flow. Residential (backyard-

scale) composting generally only processes small household amounts of fresh (uncooked and 

unprocessed) organic food waste and yard and garden waste in small enclosed passive systems 

requiring a longer time frame, generally 6 to12 months for the process to be complete. Small-

scale systems do not reach high enough temperatures to ensure pathogen kill which is why some 

feedstocks should not be processed at this scale (Paul & Geesing, 2009).  

In comparison, industrial composting systems are used widely for processing large-scale 

municipal organic waste collected from curbside programs. These systems employ various 

technologies and are established processes for transforming biodegradable waste of biological 

origin into a stable and sanitized product to be used in agricultural and land applications at a 

larger scale and expedited processing time. Commercial and municipal-scale composting is an 

active industrial form of composting organic waste that can process all food waste, certified 

compostable plastics and packaging and large-scale farm, fisheries, and forestry services organic 

waste. These range from large Covered Aerated Static Pile (CASP) systems, a higher tech 

version of old-fashioned windrows used on farms, to a completely enclosed, bio-filtered and 

aerated, agitated bed composting system with a bio-filter to reduce odour (David, 2013). The 

active (thermophilic) phase generally requires 3 days to 8 weeks in an industrial system and 

includes the time required for pathogen kill (in-vessel composting requires 3 days at a minimum 

of 55°C, and a windrow system requires 15 days) to comply with the Organic Matter Recycling 
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Regulation (OMRR), legislation that governs the production, quality and land application of 

certain types of organic matter in British Columbia.   

Depending on the technology of the system, a diverse and large amount of feedstock can 

be processed including cooked food, meat and fish waste and certified compostable plastic 

products (Paul & Geesing, 2009).  There are many different technologies available, however the 

general process of industrial composting follows the same formula. Generally, it is a two-part 

process divided into two distinct phases; an active composting phase followed by a curing phase. 

The environment inside the composting facility is monitored and controlled, aerobic conditions 

are maintained and follows a temperature profile with mesophilic and thermophilic phases, 

dependent on the type of composting system, scale and range of feedstock, oxygen supply and 

moisture content.  Different microorganisms dominate at different stages and phases. The first 

phase, the mesophilic bacterial phase occurs when easily degradable organic compounds such as 

sugars and organic and amino acids are decomposed.  Temperatures increase rapidly beyond 

45℃ and thermophilic bacteria take over. The thermophilic phase accelerates the breakdown of 

proteins, fats and complex carbohydrates such as cellulose and hemicellulose, the primary 

structural molecules in plants.  As the supply of high energy compounds which feed the bacteria 

becomes diminished, the temperature gradually decreases and mesophilic bacteria dominate once 

again.  

The active stage of composting generally lasts 3 to 8 weeks depending on the operating 

conditions and feedstock being processed. Following the active phase of composting, is a curing 

phase which generally takes 6 to 8 weeks in an industrial setting where decomposition of more 

complex organic molecules occurs and biologically stable humic substances known as biological 

polymers form to ensure stability and no phytotoxcity (Paul & Geesing, 2009). After the curing 
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phase, the finished compost is screened to remove any coarse material and debris that would be 

viewed as a contaminant including plastic particles. Film plastic is one of the most persistent 

contaminants in industrial produced compost.  Screening plastics and other perceived 

contaminants out of the material before the active composting phase is difficult due to the high 

moisture content of the unprocessed feedstock material. Film plastic is especially difficult to 

remove through screening as wet organic material adheres to the plastics inhibiting separation by 

mechanical means (David, 2013).  

Due to these complications, screening is generally carried out after the active and curing 

phases are complete. The majority of industrial screeners employed have a screen opening size 

of 8-25mm depending on the technology and manufacturer, with the smallest aperture being 

6mm, meaning anything less than 6-8mm in size remains in the compost. Because microplastics 

particles are defined as being 5mm or smaller, fragments of this particle size may be present in 

the post-screening finished compost product that is marketed.  

Due to the rapid rate of decomposition of a wide range of organic materials processed at 

industrial composting technologies, material such as compostable plastics have been accepted  

into the feedstock, as long as it is a certified material by American Society for Testing and 

Materials (ASTM), European Standard (EN), International Organization for Standardization 

(ISO) or the Bureau de normalisation du Québec (BNQ) standards.  However, little to no 

established methods are available for measuring the toxicity of composted polymer materials and 

literature on the ecotoxicity of biodegradable polymers is lacking (Sullivan, 2011). 

Biodegradation takes place when microorganisms utilize carbon substrates to extract chemical 

energy that drives their life processes. The carbon substrates become food which microorganisms 

use to sustain themselves. Under aerobic conditions (composting systems), the carbon is 
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biologically oxidized to carbon dioxide (CO2) inside the cell, releasing energy that is harnessed 

by the microorganisms for its life processes. Under anaerobic conditions (engineered landfills), 

CO2 + Methane (CH4) are produced. Thus, a measure of the rate and amount of CO2 or 

CO2+CH4 evolved as a function of total carbon input to the process is a direct measure of the 

amount of carbon substrate being utilized by the microorganism (percent biodegradation) 

(Sullivan, 2011). This forms the basis for various national (ASTM, BNQ) and international (ISO, 

EN) standards for measuring biodegradability or microbial utilization of chemicals, and 

biodegradable plastics.  

Additionally, conventional non-compostable, non-certified plastic bags are frequently 

used to package food waste by consumers, resulting in the potential for thousands of unique 

plastic materials to enter the composting facility’s feedstock (Karlsson & Albertsson 1998).  

Each proprietary blend will have a different chemical structure but will likely be based on one of 

four common polyethylene blends; High Density Polyethylene (HDPE), Low Density 

Polyethylene (LDPE), Linear Low Density Polyethylene (LLDPE), Medium Density 

Polyethylene (MDPE), or Polypropylene (PP) (Karlsson & Albertsson 1998). These materials 

will be discussed further in the next section.  

Petroleum-Based Polymers 

The synthetic polymer industry represents the main endpoint to most petrochemical 

monomers such as ethylene, styrene and vinyl chloride. Thermoplastics are the most common 

polymers used in the production of product packaging and plastic bags, specifically polyethylene 

(Andrady, 2003). The two most widely used grades of polyethylene are low-density polyethylene 

(LDPE) and high-density polyethylene (HDPE). Because LDPE is flexible and transparent, it is 

the thermoplastic most commonly used to produce film and sheets of plastics to produce carrier 
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bags (Andrady, 2003). HDPE plastic bags meet the USDA and FDA food handling guidelines, 

thus making them a popular choice for both storing and serving food in take-out and retail. 

LDPE also meets the USDA and FDA food handling guidelines and is commonly used for utility 

bags, food bags, bread bags as well as bags with moderate strength and stretch properties. 

LLDPE plastic bags have a slightly thinner gauge and are used for the manufacturing of food 

bags, newspaper bags, shopping bags as well as garbage bags. Bags made of MDPE are not 

associated with a high degree of strength, thus are not preferred for the carrying or storing of 

bulk products, so are generally used in consumer packaging for paper products such as toilet 

paper or paper towels. PP bags are characterized by their remarkable chemical strength and 

resistance and used for retail packaging situations for products that require a longer shelf life 

(Andrady, 2003).     

There is potential for any of these materials to be present in compost produced at an 

industrial facility, and researchers at Woods End Laboratory in Maine, USA have conducted 

multiple plastics examinations in industrial produced compost and found that polyethylene fibers 

and strands as small as 100 microns are universally present in these finished composts and 

impossible to recover or screen out (Brinton, 2005).   

Biodegradable Polymers 

Biodegradable polymers (BDPs) or biodegradable plastics refer to polymeric materials 

that are ‘capable of undergoing decomposition into carbon dioxide, methane, water, inorganic 

compounds, or biomass in which the predominant mechanism is the enzymatic action of 

microorganisms, that can be measured by standardized tests, in a specified period of time, 

reflecting available disposal condition’ (ASTM standard D6813). A subset of BDPs may also be 

compostable with specific reference to their biodegradation in a compost system, and these must 
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demonstrate that they are “capable of undergoing biological decomposition in a compost site as 

part of an available program, such that the plastic is not visually distinguishable and breaks down 

to carbon dioxide, water, inorganic compounds and biomass, at a rate consistent with known 

compostable materials (e.g. cellulose)” (ASTM standard D996, also see D6400). Initial steps 

may involve abiotic (thermal, photo, weathering) and biotic (bacteria, fungal) processes to 

degrade the polymer, under suitable conditions, to a low-molecular weight species. However, the 

residual fragments from breakdown must be completely used by the micro-organisms, otherwise 

there is the potential for environmental and health consequences (Narayan, 2005). The products 

of an industrial composting process (typically 12 weeks with an elevated temperature phase over 

50°C) must meet quality criteria (specific to each governmental geographical region), such as 

heavy metal (regulated) content, ecotoxicity and lack of obvious distinguishable polymer 

residues. For the environmentally safe application of biodegradable polymers and biocomposites 

(a matrix formed by polymers derived from renewable and nonrenewable resources), it is 

essential to prove that the end products resulting from degradation do not have any 

ecotoxicological effect (Rudnik et al., 2007).  

Depending on their origins, BDPs may be classified as being either bio-based or 

petrochemical-based. The former are mostly biodegradable by nature and produced from natural 

origins (plants, animals or micro-organisms) such as polysaccharides (e.g., starch, cellulose, 

lignin and chitin), proteins (e.g., gelatine, casein, wheat gluten, silk and wool) and lipids (e.g., 

plant oils and animal fats). Natural rubber as well as certain polyesters either produced by micro-

organism/plant (e.g., polyhydroxyalkanoates and poly-3-hydroxybutyrate) or synthesized from 

bio-derived monomers (e.g., polylactic acid (PLA)) fall into this category. Petrochemical-based 

BDPs such as aliphatic polyesters (e.g., polyglycolic acid, polybutylene succinate and 
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polycaprolactone (PCL)), aromatic copolyesters (e.g., polybutylene succinate terephthalate) and 

polyols (e.g., vinyl alcohol) are produced by synthesis from monomers derived from 

petrochemical refining, which possess certain degrees of inherent biodegradability (Clarival, 

2005; Smith 2005). This classification differentiates between renewable (bio-based) and non-

renewable (petrochemical-based) resources, however the majority of commercial BDP 

formulations combine materials from both classes to reduce cost, or enhance performance and 

compete with other manufacturers. Therefore, biodegradable plastics often comprise polymer 

blends that contain partly biogenic (renewable) carbon derived from biomass and partly 

petrochemical carbon (Clarival, 2005). 

Bio-based versus Biodegradable and Degradable  

It is important to recognize that not all bio-based polymer materials are biodegradable or 

compostable in industrial composting operations and vice versa. Equally, it is important to 

recognize that attributes like biodegradability of a given polymer need to be effectively coupled 

with appropriate waste management systems in order to capture maximum environmental benefit 

and reduce any likelihood of adverse toxicological effect to soil systems and human health 

(Narayan, 2005). For durable products where biodegradability is not a required element for 

reasons of performance, safety and product life, alternative methods of disposal like waste to 

energy or recycling need to be identified in waste management plans (Narayan, 2006). Examples 

of such durable bio-based polymers are bio-polyurethanes based on polyols from vegetable oils 

for automotive and farm vehicles, biofibre composites (renewable, biodegradable fibres 

produced from biomass such as agricultural residues and purpose-grown crops such as soy, hemp 

and flax) for industrial and automotive applications and recent developments in bio-polyethylene 

derived from sugar cane via ethanol to ethylene (Narayan, 2005). 
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A number of polymers in the market place are designed to be degradable, meaning they 

fragment into smaller pieces and may even degrade to residues invisible to the naked eye. While 

it is assumed that the breakdown products will eventually biodegrade, there is no data 

documenting complete biodegradability within a reasonably short time period (e.g., a single 

growing season per year) and there is potential for hydrophobic, surface area plastic residues to 

migrate into freshwater and marine ecosystems, exacerbating a known wide-spread issue of 

aquatic microplastics contamination (Barnes et al., 2009). Heat, moisture, sunlight and enzymes 

can shorten and weaken polymer chains, resulting in fragmentation of the plastic and potentially 

creating more persistent residues.  

Plant Root Transportation Mechanics   

To assess the feasibility of whether microplastic particles that are present in compost and 

composted amended soil could be bioaccumulated in the plant tissue of food crops, there is a 

need to first understand the plant root structure, relationship to the fungal soil network and the 

method to which plants uptake water minerals, and nutrients through mechanical and bio-

chemical transfer.  Plants require macronutrients, such as phosphorus (P) and sulfur (S), and 

micronutrients, such as iron (Fe) and zinc (Zn), to ensure basic cell functions (White & Brown, 

2010). Most plants acquire these water-soluble mineral nutrients from the soil through their 

roots. Plants inherently sense the levels of mineral nutrients in the soil and regulate processes, 

such as uptake, metabolism and sequestration, to maintain their intracellular levels within 

working ranges. These processes are collectively termed mineral nutrient homeostasis (Rouached 

& Rhee, 2017).  

In terrestrial plants, water and solutes must move from the bulk soil through a 

rhizosphere before entering roots. Within a plant root, radial transport carries resources to the 
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central stele where they are released into xylem vessels and made available for long-distance 

(axial) transport. Uptake is achieved through different mediums with a high degree of control 

and responsiveness unique to each plant species requirements. Inorganic nutrients are delivered 

to cells along the transpiration pathway and a proportion is subsequently transferred to phloem 

vessels for use in a wide variety of synthetic events throughout the plant (Atwell, 1999). 

Considering that the atomic weight of the macronutrient phosphorous is 30.974, with a 

density of 1.823 g/cm3, and the smallest microplastic particle discovered to date is 1 μm (de 

Costa et al., 2016), with a density of less than 1.0 g/cm3, it could be hypothesized that 

mechanical transport in suspension of these microplastic particles into plants may be plausible 

based on the particle density of the suspected microplastic particles relative to that of minerals 

that plants regularly uptake. Table 1 provides examples of plastic material densities from 

samples found in the aquatic environment (Duis & Coors, 2016), many of which are smaller or 

comparative with certain elements and trace minerals listed in Table 2. 

Table 1.  

Densities of Plastic Materials that are Commonly Found in the Aquatic Environment 

Plastic class Abbreviation Density (g/cm3)  

   

Expanded polystyrene (styrofoam) EPS 0.01–0.04 

Low-density polyethylene LDPE 0.89–0.93 

High-density polyethylene HDPE 0.94–0.98 

Polypropylene PP 0.83–0.92 

Polyethylene terephthalate PET 0.96–1.45 

Polyamide (nylon) PA 1.02–1.16 

Polystyrene PS 1.04–1.1 

Polymethyl methacrylate (acrylic) PMMA 1.09–1.20 

Polyvinylchloride PVC 1.16–1.58 

Polycarbonate PC 1.20–1.22 

Polyurethane PU 1.2 

Alkyd – 1.24–2.10 

Polyester PES 1.24–2.3 
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Polytetrafluoroethylene PTFE 2.1–2.3 

Source: Duis, K., & Coors, A. (2016). Microplastics in the aquatic and terrestrial environment: sources (with a 

specific focus on personal care products), fate and effects. Environmental Sciences Europe, 28(1), 2. 

 

Table 2.  

Densities of Plant Nutrients in the Soil 

Elements in the Soil  

(in order of greatest importance) 

Abbreviation Density (g/cm3)  

   

Nitrogen N 0.001145  

Phosphorus P 1.823 (white)  

Potassium  K 0.89  

Calcium Ca 1.54  

Magnesium Mg 1.74  

Sulfur S 2.07  

Iron Fe 7.87  

Manganese Mn 7.3  

Copper Cu 8.96  

Zinc Zn 7.134  

Boron B 2.34  

Molybdenum Mo 10.2  

Source: Royal Society of Chemistry, 2017 

Microplastics 100nm-5mm are not generally expected to be transported into plant tissue 

as it is expected that their larger molecular weight would prevent them from passing through 

plant cell walls. Nanoplastics (plastic fragments less than 100 nm), however, can and do get 

inside plant cells according to a study using tobacco plant cells which showed that 

nanopolystyrene beads of 20 to 40 nm were taken up, while beads of 100 nm were not 

(Bandmann et al., 2012). However, very few studies regarding transport of microplastics in 

plants exist to date, and more research is needed to confirm these findings and to determine to 

what extent plants are affected and whether there are any trickle-down effects in the soil 

ecosystem.  

 

 



MICROPLASTIC BIOACCUMULATION IN PLANT TISSUE    28 

Methodology 

The ecotoxicology concerns raised in the research question were addressed through 

quantitative data analysis using a mixed methodology approach to exploratory research, chosen 

to address the concerns of potential impact of compostable plastic residuals to soil health and 

fertility; germination and growth rates, and bioaccumulation of microplastics in plant tissue. 

There are many research and testing methods employed in the aquatic environment to assess 

microplastics contamination primarily in bivalves (Avio et al., 2015), and several of these 

methodologies were employed in this research to assess their adaptability for testing in the 

terrestrial environment. The in-situ experiment was conducted on-site at the Victoria Compost 

Education Centre (CEC), and at the Royal Roads University (RRU) School of Environment and 

Sustainability laboratory.  

Data Collection and Analysis 

Two garden plots one square meter in size each were constructed. One was filled with 

municipal compost from an industrial processing facility and known to contain compostable 

plastic residuals in macroscopic and microscopic form (NOW Compost), and the second plot was 

filled with the control compost processed on-site by the researcher with an absence of 

compostable plastic residue (CEC Compost). The industrially produced compost sample used in 

this research was sourced from the Nanaimo Organic Waste (NOW) municipal composting 

facility located in Nanaimo British Columbia. The NOW facility employs a proprietary industrial 

composting technology consisting of 50ft long rotating drum which rotates continuously, and 

where the composting material reaches temperatures over 55℃. The initial processing time is 1 

to 7 days and further composting using a Covered Aerated Static Pile (CASP) is required to 

complete the active phase before curing.  The facility uses a trommel screen following the curing 

phase to remove plastic and glass contaminants larger than 15mm.  The control compost sample 
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was sourced from compost processed in an Earth Machine backyard composter located at the 

researchers place of employment, the Victoria Compost Education Centre (CEC).  

Both garden plots were seeded with Pilgrim’s cabbage, a hardy vegetable in the brassica 

family chosen for its dense root system and consistent growth rate in a temperate regional coastal 

climate. The growing period before sampling was 25 weeks from October 2016 to April 2017. 

Test samples were selected from two plants in each plot by cutting a 6 inch section of the stalk 

including the root. The four plant tissue samples, two originating from the NOW compost plot 

and two originating from the CEC compost were rinsed in distilled water and then placed in a 

Ziploc bag and labelled. The samples were then placed in the refrigerator and of 5mm, 3mm, and 

1mm thick samples were cut from the samples within 24 hours and mounted on slides for 

observation.  

Data collection included an initial assessment of the existence of plastic fragments in the 

composted soil samples using a manual separation, measurement and count of meso, macro and 

microplastics present in the samples, as well as a flotation and filtration test using Saline (NaCl) 

solution and a vacuum system with grid paper for measurement of the microplastics (Thomas et 

al., 2004). Assessment of the presence of microplastics in the plant tissue included a histological 

examination of the plant tissue using Harris Hematoxylin and Eosin stain (H & E) and bright 

light microscopy to analyze potential bioaccumulation of microplastics, a common methodology 

employed to access microplastics occurrence in marine bivalves. Soil ecotoxicity as a result from 

potential contaminants associated with biodegradable polymers (Pearce, 2009) was measured 

through heavy metal analysis using an XRF, and though an observational comparison of plant 

germination and growth rates, comparing a plot containing compostable plastic residuals with the 
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control plot containing no compostable plastics. The individual data collection and analysis 

methods are described in greater detail below.  

Manual Separation and Observation of Plastic Fragments  

Ten grams each of the control compost from the Compost Education Centre (CEC) and 

compost sample from the Nanaimo Organic Waste (NOW) industrial facility were measured 

using a digital scale and placed onto a petri dish and observable macroscopic (>5mm) and 

microscopic (<5mm) were removed with tweezers. All removed particles were counted and 

individually measured by placing them on a 45 mm grid paper template. Results were recorded 

and full results can be viewed in Appendix A.  

Heavy Metal Analysis Using an XRF 

Because it has been documented that certain film plastics may contain heavy metals in 

their proprietary formulation (Stevens & Goldstein, 2002), an elemental analysis of the CEC and 

NOW composted soil samples was conducted using a Niton© XL3t GOLD X-Ray Fluorescence 

(XRF) analyzer in accordance with United States Environmental Protection Agency (USEPA) 

Method 6200 (USEPA, 2007). This procedure was carried out to determine if heavy metals 

known to have detrimental effects on human and environmental health including arsenic (As), 

cadmium (Cd), chromium (Cr), lead (Pb), mercury (Hg), copper (Cu), zinc (Zn) and nickel (Ni) 

(David, 2015; Wuana & Okieimen, 2011) were present in the compost samples.  Prolonged 

exposure to metals including arsenic, lead, mercury, nickel, cadmium, chromium, copper and 

zinc can lead to deleterious health effects in humans and animals. Unlike organic contaminants 

that oxidize to carbon dioxide through microbial activity and other abiotic processes, most metals 

do not undergo microbial or chemical degradation and tend to persist in the soil after 

introduction (Wuana & Okieimen, 2011).  
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Saline (NaCl) Solution Flotation and Filtration 

To establish the presence of potential microplastics in the finished compost, a 

concentrated saline solution (250 g NaCl/L H2O) was prepared to separate microplastics from the 

soil amendment via flotation following a procedure from a methodology used to separate 

microplastics from sediments, fecal casts, and mussel matter in the marine environment 

(Mathalon & Hill, 2014; Thompson et al., 2004). Ten samples from the NOW composted soil 

and ten samples from the control CEC composted soil were tested.  Each 10 g sample was placed 

into a beaker and 100 ml of NaCl solution was added. Using a magnetic stirrer, each sample was 

stirred at high intensity for 1-2 minutes followed by a settling time of 3-6 minutes depending on 

the observed clearance rate of the sediment from suspension (Thompson et al., 2004). Using a 20 

ml pipette, the supernatant was transferred onto 0.8 μm pore size, 45 mm gridded nitrocellulose 

filter using a vacuum system. After all the supernatants were extracted, filters were placed in 

unused petri dishes with lids and were dried at room temperature in a laboratory fume hood. The 

samples were then observed under bright light microscopy at 10x, 40x and 100x magnification to 

determine the amount and size of any suspected microplastics. These particles were recorded as 

foreign bodies (FBs) in the absence of proof of being plastic at this point in the testing period.    

Histological Examination of Plant Root Tissue to Access Microplastic Bioaccumulation 

Modeling a technique commonly used to access pollutants bioavailability and 

toxicological risk from microplastics to marine mussels (Avio et al., 2015), this sampling 

strategy was chosen to evaluate the possible presence of plastic particles in the plant tissue 

grown in the NOW compost and the CEC control composted soil. Microplastics that 

bioaccumulate in marine biota are considered as fragments with a grain size lower than 5 mm, 

that derive from macroscopic debris after chemical, physical and biological fragmentation  
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(Barnes et al., 2009). Therefore, this measurement was the standard used for this test. Plant tissue 

material was prepared and stained with Hematoxilyn and Eosin and the occurrence and 

localization of microplastics was assessed through bright light microscopy following a procedure 

utilized by Van Moos et al. (2012) to access microplastic occurrence in the gills of the blue 

mussel. This approach was chosen to try to determine whether plant root tissue and the 

associated root hyphae (fungal filament and main mode of vegetative growth) act as a 

mechanical transfer for microplastic to bioaccumulate in the plant tissues.  

Hematoxylin and Eosin (H & E) regressive stain is used for screening specimens in 

anatomic pathology and research applications. Regressive staining requires tissue sections be 

deliberately overstained and then further differentiated with ethanol until the optimal and desired 

endpoint is reached (Newcomer Supply Technical Memo, 2017). The stains used in this 

application were Harris hematoxylin, a ready to use high quality version that does not require 

filtering, is mercury-free and does not contain glacial acetic acid or ethylene glycol and Eosin Y, 

a ready to use counterstain with the ability to distinguish between the cytoplasm of different 

types of cells, or in this case, foreign non-organic bodies.  

Sixty plant samples were stained and accessed for suspected microplastics; 30 samples 

from plant tissue grown in the NOW compost and 30 samples from plant tissue grown in the 

control CEC compost. Sample thickness was varied to determine the optimal thickness of 

samples for successful application of the stain. The samples were cut at 5 mm, 3 mm and 1 mm 

thickness for each testing group. To further determine whether these particles were of plastic 

origin, a metal wire was heated and applied to the microplastics found in five of the 1 mm thick 

samples. For common commercial grades of medium- and high-density polyethylene the melting 
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point is typically in the range 120 to 180 °C (248 to 356 °F). The melting point for average, 

commercial, low-density polyethylene is typically 105 to 115 °C (221 to 239 °F). 

Phytotoxicity Sample Testing and Analysis of Seedlings 

Phytotoxicity is defined as a delay of seed germination, inhibition of plant growth or any 

adverse effects caused by a specific substance or specific growing conditions. To determine 

whether plant growth rate is affected by the biodegradable or conventional polymer residuals in 

the compost, a phytotoxicity test was conducted to determine whether toxicity exists that could 

adversely affect germination and growth rates. The phytotoxicity test was based on the ISO 

11269 standard that describes a method for the determination of the effects of contaminated soils 

or contaminated samples on the root elongation of terrestrial plants (ISO 11269-1, 2012). This 

method is applicable to soils, soil materials, compost, sludge, waste or chemical testing, and is 

applicable to the comparison of soils of known and unknown quality and to the measurement of 

effects of materials (compost, sludge, waste) or chemicals (biopolymers) deliberately added to 

the soil (Briassoulis & Dejean, 2010).  

The phytotoxicity tests follow a similar approach used by Greene (2007) where the 

germination rates of tomato seedlings were accessed over a known time scale.  The number and 

length of shoots were recorded for each sample and compared within the test sets, and the lack of 

emerging seedlings would indicate phytotoxicity. The percentage of seeds that germinated and 

the average length of the seedlings were recorded and the experiment repeated weekly. In this 

thesis Pilgrims cabbage was chosen over tomato seedlings due to its germination viability and 

temperature adaptation to the research location.  Soil pH and electrical conductivity (EC) 

analyses utilizing a portable Hanna HI9813-6 meter instrument with a 99% accuracy rate was 

also conducted to determine phytotoxicity. 
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The seeds chosen for the phytotoxicity test were Pilgrims cabbage seeds from the same 

batch that were grown in the NOW and control compost plots. Nine seeds were placed in a seed 

tray with each segment filled with 50g of CEC compost, and nine seeds were placed in a seed 

tray with each segment filled with 50g of NOW compost. The sample seed trays were kept in a 

greenhouse with an average temperature of 25℃ and relative humidity of 80%, and watered 

frequently for 5 weeks. The seedlings were observed and measured on weekly intervals for 5 

weeks with measurements recorded to determine an average growth rate and germination index. 

The number and length of shoots was recorded for each sample. A lack of emerging seedlings 

would indicate potential phytotoxicity.  A germination index is a time-weighted cumulative 

germination that measures the speed of germination and quantifies the seedling vigour (Brown & 

Mayer, 1988) and is determined by taking the product of percent germination and the average 

length and dividing by 100. The optimal pH range for healthy crop growth is 6.0 - 7.0 and 

anything outside of this range may reduce the availability of nitrogen, phosphorus and 

potassium, and bacterial/soil microbe activity may also be reduced (Marx, Hart & Stevens, 

1999). Soil electrical conductivity (EC) is a measurement that correlates with soil properties that 

affect crop productivity, including soil texture, cation exchange capacity (CEC), drainage 

conditions, organic matter level, salinity, and subsoil characteristics. A measurement outside of 

the acceptable range of <1.00 mS/cm may indicate reduced nutrient availability (Marx et. al, 

1999). Conversely, an EC of > 3 mS/cm may be an indication of too many soluble nutrients, 

potentially resulting in an osmotic effect that is harmful to the plants (Paul & Geesing, 2009). 
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Results and Discussion 

Manual Separation and Observation of Plastic Fragments  

No microplastics were observed or extracted from the 10 control CEC compost samples. 

In comparison, 85 individual microplastic particles were observed and extracted from the NOW 

compost samples. The particle sizes ranged from 0.5 mm to a macroscopic measurement of 34 

mm (Appendix A).  

   

XRF Heavy Metal Analysis Results 

The concentrations of  arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), 

mercury (Hg), lead (Pb), nickel (Ni) and zinc (Zn) in the NOW compost samples were either 

below the limit of detection (LOD) or well below the Canadian Council of Ministers of the 

Environment CCME) soil quality guideline (SQG) for agricultural land use (Table 3). In the 

control CEC compost samples, there was an elevated level of lead (16 ppm) in one of the 

samples, however this amount is still well below the 70 ppm limit set out in the CCME 

guidelines. Full results of the analysis and comparison with the CCME SQG for agricultural land 

use can be found in Appendix B. 

Table 3.  

Summary of Heavy Metals Concentrations (ppm) in Composted Test Soil Samples Using XRF 

Element As Cd Cr Cu Hg Pb Ni Zn  

CCME 
SQG* 
(ppm) 

12 1.4 64 63 6.6 70 45 200 

CEC 

Compost1 

3.24 <LOD <LOD 23.49 <LOD 15.98 <LOD 169.21 

CEC 

Compost2 

4.21 <LOD <LOD 10.99 <LOD 8.76 <LOD 112.26 
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NOW 

Compost3 

<LOD <LOD <LOD 24.55 <LOD 4.81 <LOD 95.34 

NOW 

Compost4 

2.59 <LOD <LOD 38.88 <LOD <LOD <LOD 98.57 

*CCME SQG: CCME Soil quality guideline for residential/parkland use 

Saline Flotation Test Results 

Results from the saline flotation test indicated the presence of potential microplastic 

particles predominantly in the NOW compost samples. Of the ten 10 g samples tested, eight 

samples presented foreign bodies (FBs) which were visually identified as being of potential 

plastic origin. Figure 1 illustrates the type of plastic fragments observed in the NOW compost 

samples observed under bright light microscopy at 10x magnification. The plastic particles 

ranged from 0.1 mm – 3.9 mm in size. A visible, congruent bubble-like pattern could be seen in 

the larger plastic particles (>1mm). In comparison, of the ten 10g CEC compost samples tested, 

only one sample was observed to contain an FB, a 1.2 mm colored partially shiny particle that 

resembles a partial fruit sticker (typically a rubber-based adhesive material), common in compost 

produced at the small-scale level. Refer to Appendix C for a full data of the samples tested.  

   

                       

 

Figure 1. Plastic fragments observed after saline flotation test extraction under bright light 

microscopy at 10x magnification 
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Hematoxylin and Eosin Regressive Tissue Staining and Observation Results 

Of the 30 plant tissue sections grown in the NOW compost, the presence of suspected 

microplastics, recorded as foreign bodies (FBs), was observed in 17 or 57% of the samples. The 

size of fragments ranged from 0.2 mm to 1.5 mm with an average of one particle per sample 

observed in each of the 17 samples found to contain an FB.  Figures 4 and 5 depict two of these 

potential microplastic particles (FBs) observed in the 5mm thick plant tissue sections grown in 

the NOW compost.  

            

A. FB = 0.9mm     B. FB = 0.4mm 

 

Figure 2: Suspected microplastic particles (foreign bodies (FB)) observed in 5 mm thick stained 

plant tissue under bright light microscopy with 10x magnification. 

 

Of the 30 plant tissue sections grown in the control CEC compost, only 1 FB was 

detected measuring 0.05 mm, however the presence of lignin particles (organic polymer) was 

much greater in the control samples than in the NOW compost-grown tissue samples. These 

observations are summarized in Table 4. 

Table 4.  

Summary of Microplastics (FBs) Observed with H & E Stain Test 
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Plant Tissue 

Sample 

Microplastics 

(FBs) Observed in 

5mm samples 

Microplastics (FBs) 

Observed in 3mm 

samples 

Microplastics (FBs) Observed 

in 1mm samples 

Grown in 

NOW 

Composted 

Soil 

FBs in 6/10 of 

samples 
 

Size range: 0.2mm-

1.2mm 

FBs in 6/10 in of 

samples 
 

Size range: 0.05mm-

1.5mm 

 

FBs in 5/10  

of samples 
 

Size range 0.4mm-1.5mm 

 

Grown in 

Control CEC 

Composted 

Soil 

FBs in zero 

samples 

FB in 1 sample 

Size: 0.5mm 

FBs in zero samples 

It proved difficult to prepare the 1 mm thick tissue samples due to the thickness and bark-

like quality of the dermal tissue (the outermost layer of a plant).  The thicker dermal tissue was 

likely due to the abnormally cold winter the region experienced during the growing period of this 

experimental research. A sharp razor blade was required to replace the scalpel to achieve this 

thickness. While the stain absorbed into the 5 mm and 3 mm thick tissue samples at a rapid rate, 

the 1 mm thick tissue samples had a higher clarity with smooth, even staining, allowing any FBs 

to be better contrasted with the stained plant tissue when viewed under the microscope. Figure 3 

illustrate two of the FBs observed in the 1 mm plant tissue samples from plants grown in the 

NOW compost. Both FBs had the observable properties of plastic filaments and have a smooth, 

glossy appearance.  Refer to Appendix D for a full data of the samples tested. 

A. FB = 1.4mm   B. FB = 1.8mm 

Figures 3: Suspected microplastic particles observed in 1mm thick stained plant tissue under 

bright light microscopy with 10x magnification. 
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To further determine whether these particles were of plastic origin, a metal wire was 

heated and applied to the microplastics found in five of the 1mm thick samples, two of which 

appeared to change shape or melt slightly. It was challenging to conduct this part of the 

experiment under the microscope with such small particles, and also difficult to confirm the 

exact heat needed to reach the melting point of common polyethylene materials. 

Phytotoxicity Test Results 

Of the nine seeds planted in each seed tray, 100% of the seeds planted in the control CEC 

compost soil germinated, and 88.89% germinated in the NOW compost soil. Seedlings that 

emerged grew at a rate consistent with an established expected germination index for brassicas 

grown at temperatures 25-27 C (White, 2000). The average length of the seedlings grown in the 

CEC compost was 29.80 mm after 14 days, and 168.02 mm after 35 days (Figure 4).  The 

average length of the seedlings grown in the NOW compost was 27.89 mm after 14 days and 

153.08 mm after 35 days (Figure 5). 

 

Figure 4. Growth rate of Pilgrims cabbage seedlings grown in CEC compost 
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Figure 5. Growth rate of Pilgrims cabbage seedlings grown in NOW compost  

 

The germination data indicated that any presence of microplastics in the NOW compost 

sample did not appear to inhibit the germination rate of the tested plants.  The 8.89% discrepancy 

in germination and growth rates (Table 5) could indicate a very moderate phytotoxicological 

effect with the NOW compost, however many other factors contribute to plant germination and 

growth rate including pH levels, soil moisture content, electrical conductivity and nutrient 

availability.  

Table 5.  

Germination Rates for Phytotoxicity Test 

Compost 

Substrate 

Germination Rate 

(%) 

Average length ± 

standard deviation 

after 14 days (mm) 

Average length ± 

standard deviation 

after 35 days (mm) 

Germination index  

CEC Compost 100.0  30.0 ± 5.5 176.7 ± 12.1 168.0  

NOW Compost 88.9  27.9 ± 11 170.9 ± 66.5 136.1  
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The results of the pH and EC measurements are shown in Table 6. The pH of the CEC 

compost measured at day 14 and day 35 at was within the acceptable range for growing food 

crops, and the EC measured was >1.00 mS/cm at both intervals which is within the range 

deemed suitable for growing (Marx et al., 1999).  The pH of the NOW compost was more 

alkaline and outside of the optimal pH of 6.0 - 7.0 (Marx et al., 1999) for growing food crops, 

however brassicas such as the Pilgrim’s cabbage used in this experiment can tolerate a wide 

range of pH in the soil. The EC measured at 14 days and 35 days was also outside of the suitable 

range for growing food crops and a higher EC reading can potentially indicate a higher soluble 

nutrient concentration in the soil, a factor common to industrially produced compost due to the 

wide range of food waste accepted into the feedstock. These parameters did not seem to greatly 

affect the germination index or growth rate of the seedlings, and were performed primarily as a 

baseline indicator to compost amended soil health.  

Table 6.  

Average pH and EC measurements at 14 days and 35 days (± the standard deviation SD) 

Soil Substrate pH at 14 days pH at 35 days EC at 14 days 

(mS/cm) 

EC at 35 days 

(mS/cm) 

CEC Compost 7.58 ± 0.18 7.38 ± 0.14 0.22 ± 0.20 0.20 ± 0.02 

NOW Compost 8.19 ± 0.15 8.00 ± 0.24  1.08 ± 0.34 1.08 ± 0.08 

 

 

Conclusion and Recommendations 

The occurrence of microplastics in the natural environment is increasing, and historically, 

microplastics contamination research has focused on the aquatic environment with very little 

research existing on terrestrial effects.  However, growing concern in the agricultural industry 
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and the scientific community about the potential for microplastics contamination in terrestrial 

environments, particularly concerning the land application of composted soil amendment, has 

prompted interest into the effects of microplastics to soil ecosystems.  

The breadth and scope of how microplastics may be introduced into soil systems is not 

yet fully researched or understood, however these particles may be introduced into the soil 

through industrially processed compost containing fragments of biodegradable and non-

biodegradable polymers that are applied to agricultural land. This is a result of industrial 

composting facilities accepting compostable plastics, plastic coated paper products and plastic 

bags co-mingled with municipal and commercial food waste and yard waste. The goal of this 

research was to utilize various methods employed in the research of microplastics in the aquatic 

environment to determine whether these methodologies can be successfully adapted to perform 

laboratory analysis of microplastics in the terrestrial environment. 

Through manual extraction and observation of microplastics in industrially produced 

compost compared to a control non-industrially produced compost, it was found that plastic 

fragments do exist in this medium. Macro, meso and microplastic fragments were recovered in 

85% of the NOW compost samples through manual extraction and observation, with no 

microplastics being observed in the CEC control compost samples. Further histological 

examination of plant tissue grown in both samples found the presence of foreign bodies (FBs), or 

suspected microplastics in 57% of the plant tissue samples grown in the industrially processed 

compost as compared to less than 1% in the control compost. The presence of suspected 

microplastics, recorded FBs in the absence of definitive proof of being of non-organic polymer 

origin, were observed in 57% of the plant tissue sections grown in the NOW compost, as 

compared to <1% in the CEC control compost. The size of fragments of these suspected 
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microplastics found in the plant tissue grown in the NOW compost ranged from 0.2 mm to 1.5 

mm. Supplementary testing for phytotoxicity and heavy metal analysis confirmed that any 

presence of microplastics in the NOW compost did not likely inhibit the germination rate of the 

tested plants. Additionally, no levels above the CCME agricultural soil quality guidelines for 

heavy metals were detected in either the NOW compost or the control CEC compost. 

Histological analysis of plant material in a terrestrial environment to assess 

bioaccumulation rates of microplastic is a relatively un-researched field, and research into the 

potential for bioaccumulation and transport mechanisms of plastic particles into plant tissue is 

scarce. It is recommended that further research be conducted on the potential microplastics 

observed in the plant tissue to identify and confirm the plastic polymer formulation through 

spectroscopic methods such as Fourier Transform Infrared Spectroscopy (FTIRS) analysis. An 

acid digestion test may also be used to observe any microplastics in the compost and plant tissue 

mediums, however this methodology requires careful formulation of the acid concentration 

levels so as to not destroy any polymers present.  

As municipal composting programs become more widespread, this research could have 

significant impacts for the soil ecotoxicology and agroecology communities, potentially leading 

to better quality control and industry transparency of compostable plastic products. Further 

research into the rate of accumulation and effects of microplastics in soil ecosystems, as well as 

plastic polymer identification through infrared spectroscopy analysis needs to be conducted to 

establish the extent of microplastics contamination and level of concern for ecotoxicity in 

terrestrial ecosystems. 
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APPENDIX A – Manual separation and measurement of macroplastic and microplastic particles 

from compost samples  
 

Compost Sample 

(10g) 
Number of 

Particles (per 

10g) 

Size of Particles (in mm) 

NOW 1 9   26.0, 7.9, 4.0, 4.9, 4.2, 3.8, 1.6, 1.5, 1.2  

NOW 2 5 5.0, 4.1, 3.4, 3.2, 3.0 

NOW 3 9 32.0, 5.8, 4.5, 4.4, 4.0, 3.9, 3.0, 0.8, 0.7 

NOW 4 11 10.0, 8.0, 8.1, 7.0, 5.2, 4.8, 4.3, 4.1, 3.0, 1.2, 1.0 

NOW 5 6 22.0, 9.8, 7.2, 4.0, 2.5, 1.5 

NOW 6 2    34.0, 11.2, 7.8, 7.5, 4.1, 3.4, 3.0, 2.1, 2.0, 2.0, 1.9, 1.0 

NOW 7  6 15.0, 4.4, 4.2, 3.1, 1.3, 0.8  

NOW 8  13 16.0, 6.1, 5.4, 5.0, 4.2, 2.6, 2.5, 2.2, 2.0, 2.0, 1.9, 1.2, 0.7 

NOW 9 5 4.4, 3.5, 3.4, 2.0, 0.5 

NOW 10 10 5.9, 4.6, 4.1, 3.2, 2.5, 2.2, 2.0, 2.0, 1.7, 1.6 

Total 85/100g Particle size range = 0.5mm – 34mm 
 

Compost 

Sample (10g) 

Amount (per 

10g) 

Size of Particles (in mm) 

CEC 1 0 N/A 

CEC 2 0 N/A 

CEC 3 0 N/A 

CEC 4 0 N/A 

CEC 5 0 N/A 

CEC 6 0  N/A 

CEC 7  0 N/A 

CEC 8  0 N/A 

CEC 9 0 N/A 

CEC 10 0 N/A 

Total 0 Average= N/A- no microplastics detected 
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APPENDIX B - XRF Analysis 

The table contained in appendix B includes the data from the XRF analysis performed at Royal 

Roads University. CCME limits are set as per agriculture sector specification.  

 

 

 

 

 

  

Element Mo Zr Sr U Rb Th Pb Au

CCME Limits (ppm) 5 23 70

SAMPLE

CEC Compost l 5.9 24.87 170.03 < LOD 11.99 < LOD 15.98 < LOD

CEC Compost 2 5.14 21.3 124.66 < LOD 9.84 < LOD 8.76 < LOD

NOW Compost 3 5.86 15.79 112.03 < LOD 7.91 < LOD 4.81 < LOD

NOW Compost 4 2.04 68.04 136.39 < LOD 9.23 < LOD < LOD < LOD

NOW Compost 4d 3.17 28.42 168.4 < LOD 10.21 < LOD < LOD < LOD

Element Se As Hg Zn W Cu Ni Co

CCME Limits (ppm) 1 12 6.6 200 63 45 40

SAMPLE

CEC Compost l < LOD 3.24 < LOD 169.21 < LOD 23.49 < LOD < LOD

CEC Compost 2 < LOD 4.21 < LOD 112.26 < LOD 10.99 < LOD < LOD

NOW Compost 3 < LOD < LOD < LOD 95.34 < LOD 24.55 < LOD < LOD

NOW Compost 4 < LOD 2.59 < LOD 98.57 < LOD 38.88 < LOD < LOD

NOW Compost 4d < LOD 3.4 < LOD 102.69 < LOD 40.92 < LOD < LOD

Element Fe Mn Cr V Ti Sc Ca K

CCME Limits (ppm) 64 130

SAMPLE

CEC Compost l 9722.8 263.57 < LOD 47.48 1498.7 161.6 50109 5565

CEC Compost 2 7642.3 214.19 < LOD 33.1 1193.7 100.01 37507 4152

NOW Compost 3 8181.6 160.02 < LOD 39.78 1260.9 113.17 41312 4322

NOW Compost 4 10221 151.83 < LOD 67.08 1848 133.61 46157 5019

NOW Compost 4d 13706 214.23 < LOD 84.03 2555.4 123.56 50519 6811

Element S Ba Cs Te Sb Sn Cd Ag Pd

CCME Limits (ppm) 750 20 5 1.4 20

SAMPLE

CEC Compost l 2047.5 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD

CEC Compost 2 1190.6 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD

NOW Compost 3 2387.9 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD

NOW Compost 4 2849.6 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD

NOW Compost 4d 3293.1 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD
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APPENDIX C1 - Saline Flotation Test Results 

The table contained in Appendix C includes the data from the saline flotation test for 

microplastics occurrence performed at Royal Roads University. Magnification at 4x, 10x and 

100x observed under bright light microscopy using a ZEISS Microscope Primo Star. 

 

Compost  
Sample ID 

Microplastics 
Present?  

Number 
of 
Particles 
Observed 

Size Additional Observations 

     
NOW 1 Yes  5 0.2mm, 0.4mm, 2.5mm, 2.7mm, 

3mm,   

Bubbles present in FB 

material 

NOW 2 yes 6 0.4mm, 0.6mm, 0.5mm, 0.8mm, 

,4mm, 5.5mm 

Torn and frayed edge of 

plastic visible (5.5mm) 

NOW 3  Yes 4 0.3mm, 0.4mm, 0.6mm, 1.5mm Dark sample, difficult to see 

gridlines; amber-coloured 

particle (1.5mm) 

NOW 4 Yes 2 0.2mm,0.6mm Frayed edge of FB(0.6mm) 

NOW 5 Yes 5 0.1mm,0.1mm, 0.2mm, 0.4mm,    

0.6mm 

Bubbled surface appearance 

(0.4mm, 0.6mm) 

NOW 6 Yes 4 0.3mm, 0.4mm, 0.5mm, 2mm Plastic string visible (2mm), 

split in middle (0.4mm) 

NOW 7 Yes 4 0.1mm, 0.2mm, 0.5mm, 1.2mm Bubbles evident in plastic 

(1.2mm) 

NOW 8 No 0       N/A No microplastics observed 

NOW 9 No 0       N/A No microplastics observed 

NOW 10 Yes 2 0.3mm, 3.9mm Long plastic filament-like 

appearance (3.9mm) 

Total  32 0.1mm - 3.9mm  
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APPENDIX C2 - Saline Flotation Test Results  

The table contained in Appendix C includes the data from the saline flotation test for 

microplastics occurrence performed at Royal Roads University. Magnification at 4x, 10x and 

100x observed under bright light microscopy using a ZEISS Microscope Primo Star. 

Compost  
Sample ID 

Microplastics 
Present?  

Amount Size Additional Observations 

     
CEC 1 No 0       N/A    Woody 4mm particle visible, poss. 

lignin 

CEC 2 No  0         N/A   Salt crystals from NaCl present 

CEC 3  Yes 1 1.2mm  Appearance similar to a partial fruit 

sticker, slight metallic sheen 

CEC 4 No  0        N/A  

CEC 5 No   0        N/A Salt crystals from NaCl present 

CEC 6 No  0        N/A   

CEC 7 No  0        N/A Salt crystals from NaCl present 

CEC 8 No  0       N/A Woody 2mm particle visible, poss. 

lignin 

CEC 9 No  0       N/A  

CEC 10 No  0       N/A Very dark sample, difficult to see 

gridlines 

Total  1 1.2mm   
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APPENDIX D1 – Plant tissue assessment for microplastics using Harris Hematoxylin and 

Eosin stain and bright light microscopy 

This table shows results from the histological examination of plant root tissue with a 5mm 

thickness using Harris Hematoxylin and Eosin stain viewed under bright light microscopy at 4x, 

10x and 40x magnification 

Compost 

Sample ID – 5mm 

thickness 

Microplastics 

Present? (FBs) 

Amount and Size Additional Observations 

CEC 1 No n/a   

CEC 2 No n/a  

CEC 3 No n/a  

CEC 4 No n/a Insect wing, possibly lignin fragments 

0.5mm x 2 FBs 

CEC 5 No n/a  

CEC 6 No  n/a Microscopic insect fragments poss. 

CEC 7 No n/a  

CEC 8 No n/a  

CEC 9 No n/a very small lignin filament 0.2mm 

CEC 10 No n/a  

 

NOW 1 Yes one : 0.3mm  very dark filament 

NOW 2 No n/a   

NOW 3 Yes one: 0.2mm Plastic thread/filament 

NOW 4 Yes one: 0.4mm Square, shape changed when heat applied 

NOW 5 Yes one: 0.8mm  Thin filament, appears to ‘melt’ change 

shape when heat applied 

NOW 6 No n/a  

NOW 7 Yes two: 0.8mm and 

5mm 

Shiny o.8mm fragment, 5mm black round 

fragment 

NOW 8 Yes one: 1.2mm No change in shape when heat applied 

NOW 9 No n/a  

NOW 10 No n/a Some lignin present < 0.5mm 
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APPENDIX D2 – Plant tissue assessment for microplastics using Harris Hematoxylin and Eosin 

stain and bright light microscopy 

This table shows results from the histological examination of plant root tissue with a 3mm 

thickness using Harris Hematoxylin and Eosin staining technique viewed under bright light 

microscopy at 4x, 10x and 40x magnification. 

Compost  

Sample ID – 

3mm thickness 

Microplastics 

Present? (FBs) 

Amount and 

Size 

Additional Observations 

CEC 1 No n/a Smooth and regular cell surface, even 

staining 

CEC 2 No n/a As above  

CEC 3 No n/a Striated and partially uneven staining 

CEC 4 No  n/a Even staining, no FBs detected 

CEC 5 No n/a  

CEC 6 Small Fb detected 0.05mm Mineral crystal? Fully opaque dot in upper 

right corner of sample 

CEC 7 No n/a  

CEC 8 No n/a  

CEC 9 No n/a  

CEC 10 No n/a Darker, uneven staining at edges of 

sample 

 

NOW 1 No n/a Smooth and evenly stained tissue surface 

NOW 2 No  n/a As above 

NOW 3 Yes one: 0.05mm x 

1.4mm 

Thread-like filament FB detected in 

sample 

NOW 4 Yes one: 0.7mm Thin filament FB detected, amber-

coloured 

NOW 5 No n/a  

NOW 6 Yes one: 0.05mm  Opaque FB, plastic appearance 

NOW 7 Yes one: 0.1mm Small circular FB, opaque 

NOW 8 Yes one: 0.03mm Opaque, dark coloured FB 

NOW 9 Yes two: 0.8mm and 

0.4mm 

Small, longish filaments  

NOW 10 No n/a  
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APPENDIX D3 - Plant tissue assessment for microplastics using Harris Hematoxylin and Eosin 

stain and bright light microscopy 

This table shows results from the histological examination of plant root tissue with a 1mm 

thickness using Harris Hematoxylin and Eosin stain viewed under bright light microscopy at 4x, 

10x and 40x magnification 

Compost 

Sample ID – 

1mm thickness 

Microplastics 

Present? (FBs) 

Amount and 

Size 

Additional Observations 

CEC 1 No n/a  

CEC 2 No n/a  

CEC 3 No n/a  

CEC 4 No n/a  

CEC 5 No n/a Hair filament, likely from outside 

contamination of sample 

CEC 6 No n/a  

CEC 7 No n/a Sample fell apart due to thinness, 

inconclusive observation 

CEC 8 No n/a  

CEC 9 No n/a  

CEC 10 No n/a Some v. small lignin particles detected 

 

NOW 1 Yes one: 0.4mm in 

diameter 

Tied-up filament  

NOW 2 No n/a  

NOW 3 No  n/a  

NOW 4 No n/a  

NOW 5 Yes one: 0.4mm Small blue string-like filament, doesn’t 

change form with heat application 

NOW 6 No n/a  

NOW 7 Yes one:1.5mm  long red filament, doesn’t appear to 

change form with heat application 

NOW 8 Yes one: 1.2mm Filament appears to melt/change form 

with heat application 

NOW 9 Yes one: 0.3mm Small clear thread-like filament, appears 

to change form with heat applied 

NOW 10 No n/a   

 


