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Executive Summary 

Plastic pollution is a ubiquitous concern throughout the world’s oceans and presents a complexity of 

issues for environmental health on all scales. Most research and public policy in the United States 

regarding the subject is focused on the prevention, distribution, and collection of physical micro- and 

macro-plastics, while the ecological impacts due to chemical leaching of additives from plastics are 

currently less acknowledged and understood. This project utilizes a three-tiered approach to analyze 

additive leaching at the intersection of both regulation and research.  

First, the current landscape of law and policy regarding plastic pollution was examined through a 

scientific lens to proactively identify areas of concern requiring additional research. This focused on both 

plastic pollution and chemical regulations internationally and within the United States at the state and 

national level. Findings suggested that policies regarding plastic chemical additives were nonexistent, 

but their need was starting to gain recognition at an international level. 

For the second part, an experimental procedure was designed to analyze the significance of chemical 

leaching determined from the mass change of plastic pre-production pellets in fresh water. Polyvinyl 

chloride, polycarbonate, polypropylene, polystyrene, high-density polyethylene, and low-density 

polyethylene were used for a series of testing periods up to seven days. A significant reduction of mass 

due to leaching was measured in all plastic types except polycarbonate. Salinity, temperature, and 

length of the soaking period were highlighted as method design limitations to be considered for future 

experimental designs.  

In the third section of this project, the final conclusions from part two are then projected back to plastic 

pollution policy to provide further suggestions for impactful pathways of incorporating the research 

findings in support of monitoring ocean health. Suggestions include the development of a chemical 

additive database, mapping of chemical uptake in ecological food webs, and an expansion of regulation 

efforts to include chemical additive monitoring in plastic pollution response. 

  

  



Part 1 – Policy Review 

1.1 Introduction 

 Plastic pollution around the world is an extensive and persistent issue. From large pieces of 

discarded trash, to microplastic particles, to chemical leaching, the organization of a response to plastic 

pollution is a complex challenge. Within the United States, plastic legislation exists at both the federal 

and state levels, however the majority of it is a response to solid waste, such as bag bans. Some 

multinational organizations have begun to recognize the need to include chemical additive monitoring in 

their plastic regulations and have requested additional research in that field. Approaching the issue from 

a chemical regulation perspective also does not yield much plastic pollution response, though there is 

potential to expand on chemical leaching response. 

 

1.2 Plastic Regulation 

1.2.1 United States – Federal Level 

 

Action and legislation within the United States take numerous approaches, however most 

address plastic pollution though solid waste regulations, such as recycling or single use plastic bans.  

Many federal programs tackle pollution prevention and removal through agencies such as the U.S. 

Environmental Protection Agency (EPA) or the National Oceanic and Atmospheric Administration 

(NOAA). A summary of the programs currently available are listed in Table 1.1. Other collaborative 

efforts, such as the U.S. Plastics Pact,1 bring together many government, public, and private 

stakeholders in an approach to develop a more circular economy. Legislation specifically regarding 



chemical concerns in plastic pollution was not proposed until the unsuccessful Break Free From Plastic 

Pollution Act of 2021. 

Agency Program Primary Focus 

Environmental Protection Agency National Recycling Strategy Increase U.S. recycling 

Environmental Protection Agency Sustainable Materials 

Management Program 

Solid waste monitoring and 

reporting 

Environmental Protection Agency WasteWise Program Material reuse 

Environmental Protection Agency Trash Free Waters Prevention of marine litter 

Department of Energy Plastics Innovation Challenge Funding and coordination for 

various circularity projects 

Department of Agriculture Certified Biobased Product Increase awareness of 

bioplastics 

Department of the Interior – 

National Park Service 

Ocean Plastics – Oceans, Coasts 

& Seashores 

Outreach and debris removal 

Department of the Interior – Fish 

and Wildlife Service 

 General Outreach and debris 

removal 

Food and Drug Administration Recycled Plastics for Food 

Packaging 

Recycling and manufacturing 

safety 

National Oceanic and 

Atmospheric Administration 

NOAA Marine Debris Program Debris removal 

National Science Foundation  General research 

Table 1.1. List of U.S. federally funded programs that respond to plastic pollution through prevention efforts, 

cleanups, and outreach. 

 

On June 8, 2022, the Secretary of the Interior issued Secretarial Order (SO) No. 34072 outlining 

the prioritization of plastic pollution reduction throughout the Department of the Interior (DOI). This 

was in response to the issuance of Executive Order 140573 which aimed to increase clean energy usage 

and sustainability in the federal workforce. SO 3407 ordered a ban on all single-use plastic products and 

packaging within DOI. All bureaus and offices were obligated to submit updated procurement plans that 

supported the Department’s initiative of phasing out single-use plastic by 2032, including within the 

entire National Park System.4 This SO was considered a significant movement in responding to plastic 

pollution issues, and its primary focus was preventing plastic solid waste from entering the environment. 

Oceana, an international advocacy organization, commended the Secretary on the decision, and 



provided further recommendations for avoiding toxic replacements, including a couple of mentions of 

chemical concerns from the use of bioplastics and clean drinking water sources.5 

The Break Free From Plastic Pollution Act (BFFPPA) was introduced in Congress on March 26, 

2021.6 This bill proposed an amendment to the Solid Waste Disposal Act to reduce single-use plastics 

and “prevent pollution from consumer products and packaging from entering into animal and human 

food chains and waterways.” It also directly addressed the concerns of toxic plastic by outlining a phase 

out of entire classes of chemicals used in products. Any items that would be labeled recyclable or 

compostable would not be allowed to contain certain chemicals, and polystyrene packaging would be 

banned entirely.7  The BFFPPA ultimately was not voted on in Congress or enacted. 

 

1.2.2 United States – State Level 

 

 State policies regarding plastic pollution are varied in their efforts across the country, but, 

similar to national level efforts, they are primarily focused on the handling of solid waste and recycling. 

Banning or fees for plastic bags and regulation for food containers are some of the top focuses for state 

regulation.  

 While federal regulation currently does not restrict single-use plastic, several states and cities 

have enacted laws to ban items such as shopping bags or plastic straws. Over 500 ordinances have been 

adopted across the country, and areas such as Washington D.C. and Chicago, IL have seen significant 

reductions in plastic bag consumption in grocery stores.8 Despite this, many states have also placed 

preemption laws into effect, preventing any local regulations on products and further complicating the 

reduction of plastic products across the county.9  

 A summary of states with leading plastic prevention regulations are listed in table 1.2. 



State/District Policy Category Description 

California Senate Bill 270 – 

Enacted 2014 

Single Use Ban First state law to ban plastic bags at 

large retail stores 

California Senate Bill 54 – 

Proposed June 16, 

2022 

Reduction 

Recycling 

By 2032 all packaging to be recyclable 

or compostable, reduction in plastic 

packaging, increase plastic recycling 

Maine Statue 1572 – 

January 1, 2021 

Single Use Ban Ban of polystyrene food containers 

Colorado House Bill 22-

1355 

Recycling Producer responsibility program for 

recycling 

Vermont Senate Bill 113 – 

Enacted July 1, 

2020 

Single Use Ban Ban of plastic bags, plastic straws, and 

polystyrene food containers 

New Jersey P.L. 2020, c117 – 

Enacted May 4, 

2022 

Single Use Ban Ban of plastic and paper bags in retail 

and food service, polystyrene food 

containers to be phased out by 2024 

Washington D.C. Bill 2010 B 150 

“Bag Law” – 

Enacted 2010 

Single Use Fee $0.05 fee for each paper and plastic 

bag used in retail and food service 

Table 1.2 A non-exhaustive list of U.S. states which currently have effective plastic policies in effect. Most of the 
policies include plastic bans or fees, but some focus on recycling instead. 

 

1.2.3 International Policy 

 When the scope of policy analysis is expanded to the international level, some crossover 

between plastic pollution and chemical regulation is observed. Multinational reports have been 

published focusing on the impact of toxic additives in plastics, but mention that more research is needed 

to determine the consequences on human health.10 While the international response to plastic toxicity 

is still developing, the United Nations Environment Programme has also initiated efforts for a global 

treaty regarding plastic solid waste.11 

 Plastic additives have gained recognition as a global concern even within chemical focused 

international groups, such as the International Council of Chemical Associations (ICCA) and the European  

Chemicals Agency (ECHA). The ICCA released a statement regarding their support of a global agreement 



on plastic pollution and chemical additives.12 The statement also recognized stakeholder desire for full 

transparency and disclosure of all chemicals used in plastic products, and an increase in research 

focused on plastic leaching.  ECHA serves to implement the legislation from the European Union in 

support of sustainable management of chemicals.13 In 2018, ECHA concluded a two-year plastic 

additives initiative project, and published the results in the following year.14 Working with various plastic 

production stakeholders, the initiative aimed to compile a comprehensive list of additives and 

developed an industry guide for estimating exposure from plastic materials throughout a product’s 

lifecycle.15 Additionally, in September 2020 the Regional Activity Centre for Sustainable Consumption 

and Production under the UN Environment Programme released a report to analyze the impact of toxic 

additives on the development of a circular economy.16 

 In February 2022, the United Nations Environment Assembly developed a resolution to produce 

a legally binding memorandum, known as the Plastics Treaty, on plastic pollution by the end of 2024.11 

51 nations with contributed to the resolution further collaborated on the High Ambition Coalition to End 

Plastic Pollution for continued legal support of the Plastics Treaty.17  Although the resolution does not 

explicitly outline concerns about toxic additives, it does encourage focus on the risks to human health 

and collaboration with organizations involved with hazardous chemicals.18 

 

1.3 Chemical Regulation 

 

1.3.1 Environmental Protection Agency Toxic Substances Control Inventory 

 The United States Environmental Agency (EPA) is tasked with mitigating environmental risks and 

enforcing federal laws that protect human health and the environment. As part of this mission, the EPA 

is involved with numerous regulatory topics, including toxic substances.19 This includes the Toxic 



Substances Control Act20 (TSCA) which maintains an inventory of all known chemical substances used in 

the United States.21 The TSCA Inventory currently lists more than 86,000 non-confidential chemicals. 

 Data on each of the listed chemicals can be accessed by the public through the EPA. Information 

includes flags such as export restrictions and polymer size.22 However, using the Inventory to profile 

collected plastic pollution would be difficult, even if the plastic type was known. Although most classes 

of additive chemicals are recorded, many plastic manufacturers do not release the specific compound 

names of what is used in their products. The EPA also provides regulation and guidance for other 

specific substances. This includes per- and polyfluoroalkyl substances (PFAS)23 and polychlorinated 

biphenyls (PCBs)24, which may be present in plastic products. 

 

1.3.2 Advanced Chemical Recycling 

 In 2018, the recycling rate of plastics was an estimated 8.7%.25 With increasing amounts of 

plastics being produced, landfilled, or ending up as pollution each year, new technology solutions have 

been introduced to address the issue and create a more circular economy for plastics. Of these, 

advanced chemical recycling presents a solution to break down plastic types into its original component 

molecules for reuse.26 

 Chemical recycling provides many benefits over traditional mechanical recycling and is 

theoretically infinitely circular.27 Due to its intensive energy input requirements, the process is much 

more tolerant of contaminated waste streams and creates the chemical equivalent of virgin plastics. It 

also provides an opportunity to increase recycling rates for plastic types that are traditionally difficult to 

handle using mechanical methods. Finally, if single-use plastic items were chemically recycled instead of 

landfilled, fossil fuel extraction for production of new items could theoretically be reduced.27 



 The process has also received high amounts of criticism, particularly for its hazardous waste 

outputs.28 Chemical recycling also allows plastic to be converted to fuel29, which takes those items out of 

a circular economy and does not alleviate demand for new plastic products. Chemical recycling also 

produces high amounts of benzene and air pollutants potentially containing plastic additives, and has 

raised environmental justice concerns due to where the facilities are located.28 As a result, advanced 

chemical recycling has been referred to by some as a “false solution.” 

 Currently, 18 states have laws promoting chemical recycling.29 These facilities are classified as 

manufacturing plants, not solid waste facilities, possibly allowing for less stringent regulations 

depending on the state. In 2020, the EPA submitted a proposal29 at the request of the industry that 

chemical recycling facilities be exempt from federal Clean Air Act regulations as they do not handle 

waste disposal. The proposal has not yet been finalized. 

  

  



Part 2 – Chemical Leaching by Mass Change Analysis 

 

2.1 Introduction 

 Current plastic policy, both globally and within the United States, focus primarily on recycling or 

the prevention and removal of plastic pollution, as outlined in Part 1. There is an increasing awareness 

of the risks of chemical additives, but regulations do not yet reflect this and numerous reports have 

concluded that additional research is needed to determine the impacts of chemical leaching from 

plastics on human and ecological health. Part 2 of this project aims to analyze the leaching potential of 

various plastic types. This was conducted through a direct observation of the mass change of plastic pre-

production pellets soaked in water as a simplified representation of plastic pollution in an aqueous 

environment.  

 

2.2 Leaching Background 

The scope of the challenge in responding to global marine plastic pollution is further exacerbated by 

the variety of polymer types, functions, and additives. The two primary classifications of plastic polymers 

are thermosets and thermoplastics. Thermosets are cured from a liquid or powder resin, and the 

resulting polymer bonds can not reshaped so the resulting plastic can not be recycled. Thermoplastics 

are composed of polymers which may be continually reshaped by heating and maintain their form once 

cooled.30 Both are comprised of polymer networks containing additives and other chemical 

contaminants which are free to move through the polymer matrix and leach into the environment. Due 

to the availability of plastic types for this experiment, a number of different thermoplastics were 

analyzed. The specific polymer types used, their general properties, and common additives are listed in 

table 2.1.  



 Additive compounds are common in all plastics and are not required to be publicly disclosed 

unless an ingredient is a classified hazardous substance and is present above an assigned concentration 

limit.31 Additives are used to enhance different properties of plastics, such as durability or heat 

resistance, and commonly include catalysts, plasticizers, coloring agents, antimicrobials, flame 

retardants, and UV stabilizers.32  

 

Name Common Uses Common Additives Other Notes 

Polyvinyl Chloride 
(PVC) 

Building and 
construction industries 

• Plasticizers as 
softening 
agents 

• Heat stabilizers 

• Fillers for 
improved 
performance 

• Lubricants for 
improved 
processing and 
surface 
properties 

• High chlorine 
content 

• Catalized with 
organotins 

Polycarbonate (PC) Electronic components 
and construction 
materials 

• Stabilizers 

• Flame 
retardants 

• Transparent 
and 
intrinsically 
damage and 
heat resistant 

• Contains 
bisphenol A 
(BPA) 

Polypropylene (PP) Food packaging and 
medical equipment 

• Clarifiers and 
pigments 

• Conductive 
fillers 

• Flame 
retardants 

• Lubricants 

Second most widely 
used plastic 

Polyethylene (PE) Packaging, moisture 
barriers, water bottles, 
fabrics, and containers 

• Stabilizers 

• Colorants 

• Most 
commonly 
produced 
plastic 

• Two types: Low 
Density PE 
(LDPE) contains 



branched 
polymers, High 
Density PE 
(HDPE) 
contains linear 
polymers 

Polystyrene (PS) Food packaging and 
expanded into foam 

• Blowing agent 

• Heat stabilizer 

• Poor ultraviolet 
resistance 

• Flammable 
Table 2.1. List of the plastic types used for the leaching analysis, including their common uses and additives. 
Polyethylene terephthalate (PET) was not included due to not having enough material available for the testing. 

 

An estimated 11 million metric tons of plastic entered oceans in 2016, and that amount is projected 

to increase to a total of 29 million metric tons by 2040 under current trends.33 Most research regarding 

additive leaching currently focuses on food, medical, and waste management industries,34 with relatively 

less study addressing chemical release in the oceans despite the large scale and distribution of plastic 

pollution. Two primary routes of chemical movement from plastics into marine ecosystems are additives 

as a direct component of plastic pollution, and hydrophobic compounds which are adsorbed by plastic 

particles then consumed by wildlife.35 

 

  



2.2 Methods 

2.2.1 Preproduction Pellets 

Preproduction plastic pellets were provided by the Duke University Marine Laboratory. The 

pellets measure approximately 1mm in diameter, and each of the following types were supplied: PS, 

PVC, PP, PC, LDPE, and HDPE, sourced from Novolex in Hartsville, South Carolina; and standardized 

samples of LDPE and HDPE from the National Institute of Standards and Technology (NIST). Additional 

samples of LDPE from Novolex in Texas were utilized for the 5 day comparison. 

Leaching testing was conducted at the Naval Research Laboratory in Washington D.C. All 

samples were soaked in deionized water in glass containers, as shown in Table 2.2, to prevent any 

contamination from plastic packaging. Each sample was dried in an oven prior to and after soaking, and 

the mass of each was recorded before and after the initial drying and after the final drying to analyze for 

a mass change resulting from leached additives. Samples were soaked for 1 day, 5 days, or 7 days. 

Differences in the plastic types, equipment used, and procedures for each time length are outlined in 

the sections below. 

 

2.2.2 1 Day Samples 

 Approximately 80g each of PS, PVC, PC, PP, LDPE, and HDPE were weighed into glass Pyrex 

dishes and dried for 30 minutes at 65C. They were weighed again after drying and each plastic type was 

further separated into three samples and one control of 20g each. The samples and controls were 

measured using a Mettler Toledo AL54 scale with an accuracy to 0.001g. The pellets were placed in glass 

jars which had been wiped down with ethanol and air dried. 200ml of deionized water was added to 



each of the sample jars, the controls had no water added. Each of the jars were sealed and stored on an 

agitator to encourage mixing at room temperature (23C). 

 After 24 hours, the water was drained from each jar. Each sample was rinsed in an additional 

50ml of deionized water and drained again. The lids were removed and each sample and control jar 

were placed directly in a vacuum oven and dried for 2 hours at 60C and 18.4mmHg. The mass of each 

sample and control were measured once more to determine any change after the soaking. 

 

2.2.3 5 Day Samples 

Approximately 20g each of the NIST standards (LDPE I, HDPE II, and HDPE III), HDPE and LDPE 

preproduction pellets sourced from South Carolina, and LDPE preproduction pellets sourced from Texas 

were weighed into glass Pyrex dishes and dried for 30 minutes at 65C. They were weighed again after 

drying and each plastic type was further separated into three samples and one control of 5g each. The 

samples and controls were measured and placed in jars using the same methods as the 1 day samples, 

but with only 100ml of deionized water and the soaking period continued for 5 days.  

On day 3, each sample was drained and replaced with a fresh 100ml of deionized water in order 

to flush the samples and avoid potentially saturating the solution and slowing the leaching process. 

After 5 days, the water was drained from each jar. Each sample was rinsed in an additional 50ml of 

deionized water and drained again. The lids were removed and each sample and control jar were placed 

directly in a vacuum oven and dried for 1 hour at 60C and 18.4mmHg. The mass of each sample and 

control were measured once more to determine any change after the soaking. 

 

2.2.4 7 Day Samples 



 Preparation for the 7 day samples were the same as the 1 day samples. Once per day during the 

sample period, each jar was vigorously shaken to improve exposure of each pellet to the solution.  

 On day 3 and day 5, each sample was drained and replaced with a fresh 200ml of deionized 

water in order to flush the samples and avoid potentially saturating the solution and slowing the 

leaching process. After 7 days, the water was drained from each jar. Rinsing, drying, and weighing 

methods were the same as the 1 and 5 day samples. 

 

 

 
Table 2.2. Images of the plastic samples (PS, PVC, PC, PP, LDPE, and HDPE) in glass jars at the start of the 7 day 
soaking period. 

 

  

PS PC PVC 

HDPE LDPE PP 



2.3 Results 

2.3.1 Mass Change from Initial Drying 

 Each of the initial samples were dried before soaking in order to determine the initial mass 

without any incorporated moisture. The plastics used for the 5 day soak used a smaller sample size due 

to limited availability of NIST pellets. The reduced precision for the measurement of these samples 

resulted in greater calculated mass change of µg/g for the 5 day samples compared to the 1 day. Each 

sample for all three days did show a mass reduction after drying, shown in Table 2.3. 

  
Samples before 
drying (g) 

Samples after 
drying (g) 

Mass Change 
(µg/g) 

1 Day PS 78.01 77.96 -641 

PVC 81.90 81.89 -122 

PC 81.84 81.81 -367 

PP 81.96 81.93 -366 

LDPE 82.99 82.95 -482 

HDPE 64.89 64.85 -616 

5 Day LDPE I 15.92 15.89 -1884 

LDPE II 15.60 15.46 -8974 

HDPE III 15.90 15.87 -1887 

LDPE (TX) 15.58 15.56 -1284 

LDPE 15.71 15.66 -3183 

HDPE 15.69 15.68 -637 

7 Day PS 86.47 86.40 -810 

PVC 87.14 87.09 -574 

PC 87.19 87.18 -115 

PP 85.87 85.80 -815 

LDPE 86.50 86.47 -347 

HDPE 85.34 85.32 -234 
Table 2.3. Initial measurements of each sample type prior to sorting into glass jars for soaking. Mass 
measurements were recorded before and after the first drying period in the oven in order to determine mass 
change due to moisture removal. 

 

  



2.3.2 Average Mass Change for All Samples 

 At the end of each soaking period, the samples and controls were dried before measuring the 

final mass. The mass change was calculated in µg/g and the mean was calculated for each plastic type of 

each soaking period. The standard error of the mean was calculated, and listed in Table 2.4. All plastic 

samples except the 1 day PC had a reduction of their average mass. The controls for all the 5 day 

measurements, the 1 day PS, PVC, and PC, and 7 day PP and HDPE showed an increase in mass change, 

possibly due to reabsorption of water vapor. 

 
Plastic Type Average Mass Change 

(µg/g) 
Standard Error 
(µg/g) 

Control Mass Change 
(µg/g) 

1 Day PS -32.942 8.120 184.534 

PVC -127.870 24.982 38.562 

PC 11.533 8.733 4.952 

PP -119.525 41.775 -9.648 

LDPE -114.705 38.958 -4.804 

HDPE -174.561 80.301 128.502 

5 Day LDPE I -674.914 217.755 538.138 

HDPE II -411.252 103.127 199.880 

HDPE III -711.601 75.055 419.765 

LDPE (TX) -549.321 118.261 909.235 

LDPE -396.905 131.869 295.934 

HDPE -317.718 80.301 515.781 

7 Day PS -146.474 8.803 -159.944 

PVC -241.314 27.608 -19.937 

PC -54.977 70.027 -94.483 

PP -143.087 31.674 34.944 

LDPE -691.699 96.755 -54.843 

HDPE -450.796 51.587 14.931 

Table 2.4. Calculated average mass change of each sample after the end of their soaking period and final drying. 
Each plastic type for each period had a total of three samples. The mean average, standard error, and control mass 
change was calculated for each. 

 

2.3.3 5 Day Mass Change – NIST vs. Novolex 

 A comparison of the 5 day samples shows little is shown in Graph 2.1. For the LDPE samples 

there was no significant difference between the NIST standard samples and the Novolex commercial 



preproduction pellets. For HDPE samples, NIST standard HDPE II shows the greatest similarity to the 

Novolex HDPE. NIST standard HDPE III had greater leaching than HDPE II, due to the greater amount of 

additives in HDPE III. Table 2.5 shows the mass fraction of each constituent in HDPE II and HDPE III, 

adapted from the NIST Certificate of Analysis.1 

 

Graph 2.1. A comparison of the National Institute of Standards and Technology (NIST) additive standards (LDPE I, 
HDPE II, and HDPE III) and the commercial Novolex preproduction pellets (LDPE, LDPE-TX, and HDPE). Each sample 
showed significant reduction in mass after 5 days. There was no difference in the amount of mass change between 
the NIST standards and the equivalent Novolex pellets. 

 

Constituent  HDPE Level II  
Mass Fraction (mg/kg) 

HDPE Level III 
Mass Fraction (mg/kg) 

Sodium (Na) 16.0 ± 1.5 16.4 ± 1.3 

Phosphorous (P) 22.0 ± 1.5 41.6 ± 2.9 

Sulfur (S) 21.0 ± 1.4 41.2 ± 3.1 

Calcium (Ca) 37.6 ± 5.1 77.2 ± 2.4 

Titanium (Ti) 10.4 ± 0.3 10.4 ± 0.3 

Chromium (Cr) 2.4 ± 0.5 2.4 ± 0.5 

Zinc (Zn) 415 ± 20 807 ± 15 
Table 2.5. The listed mass fraction values for the reported additives in the National Institute of Standards and 
Technology (NIST) pellets. Adapted from the NIST Certificate of Analysis. 

 



2.3.4 Novolex Mass Comparison – 1 Day vs. 7 Day 

 

Graphs 2.2 and 2.3 display the measured mass changes for each of the Novolex preproduction 

pellets for the 1 day and 7 day samples, respectively. For both soaking periods, PC shows no significant 

mass reduction. For the 1 day samples, all remaining plastic types have begun to show a measurable 

change, though no greater than 300µg/g. Of these, PS had the least change at 32.9±8.1µg/g. PP, PVC, 

HDPE, and LDPE had no significant difference from each other. 

For the 7 day samples, each plastic type except PC and PP had an increased mass reduction. PP 

and PS had similar mass changes within the range of 143.1±31.7µg/g. The next increases were PVC and 

HDPE, with LDPE showing the greatest mass change of 691.7±96.8µg/g. 

 

Graph 2.2. Mass change comparison of the Novolex preproduction pellets (PC, PP, PS, PVC, HDPE, and LDPE) after 
the 1 day soaking period. PC had no significant mass change. PS had the least amount of mass reduction. PP, PVC, 
HDPE, and LDPE all had greater mass reduction, but there was no significant different across the four plastic types. 
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Graph 2.3. Mass change comparison of the Novolex preproduction pellets (PC, PP, PS, PVC, HDPE, and LDPE) after 
the 7 day soaking period. PC had no significant mass change. PP and PS had the least mass reduction, with no 
significant difference from each other. LDPE had the greatest recorded mass reduction. 

 

2.3.5 Time Series Comparison – LDPE vs. HDPE 

  

 Graph 2.4 displays a time series comparison between the LDPE and HDPE Novolex pellets for the 

1 day, 5 day, and 7 day soaking periods.  The 1 day and 5 day samples show no significant difference 

between the two plastic types. For the 7 day samples, LDPE had the greatest mass reduction of 

691.7±96.8µg/g. Between days 1 and 5, the measured mass change for HDPE had increased by 

143.16µg/g. Between days 5 and 7 it increased by only 133.08µg/g, while the mass change for LDPE 

increased by 294.79µg/g, suggesting that the HDPE samples might reach their maximum mass reduction 

shortly after 7 days if the soaking was allowed to continue.  
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Graph 2.4. Time series comparison between Novolex LDPE and HDPE samples for the 1 day, 5 day, and 7 day 
soaking periods. For the 1 day and 5 day samples, there was no significant difference in mass change between the 
two plastic types. For the 7 day samples, LDPE had a greater mass reduction than HDPE. 

 

2.4 Discussion 

These results conclude that chemical leaching from plastics in fresh water is significant. PP, PS, 

PVC, HDPE, and LDPE all had a detectable mass change within 1 day of soaking. PS had the least change, 

and the remaining plastic types had no significant difference from each other. PC was the only plastic 

which had no detectable mass change, even after the 7 day soaking period. After 7 days, LDPE had the 

greatest mass change, followed by HDPE, PVC, then PS and PP. For the 5 day soaking period, there was 

no discernable difference between the LDPE and HDPE Novolex preproduction pellets and their 

equivalent NIST standards, though each sample in this test period did have a significant mass reduction.  

This project was conducted using deionized fresh water as a first step to determining the 

importance of chemical leaching in an aqueous solution. Because a discernable mass change was 

-900.000

-800.000

-700.000

-600.000

-500.000

-400.000

-300.000

-200.000

-100.000

0.000

100.000

LDPE 1 Day LDPE 5 Day LDPE 7 Day HDPE 1 Day HDPE 5 Day HDPE 7 Day

M
as

s 
C

h
an

ge
 (

µ
g/

g)

Plastic Types

Time Series - LDPE vs. HDPE



measured, the recommended next step is to repeat the experiment with saline water in order to further 

determine the potential impacts of leaching from plastic pollution in the oceans. PET, another 

commonly used plastic category, should also be included in any additional testing, but was not included 

in this research due to product availability. Additional considerations include temperature, pH, extended 

soaking periods, and a toxicology analysis of the solution recovered from leached samples. 

  



Part 3 – Future Recommendations 

 

3.1 Additional Research 

In addition to addressing the limitations listed in section 2.4, future research regarding chemical 

leaching from plastics should be linked to ecological and human health concerns. Chemical accumulation 

from plastics in the oceans is a complex phenomenon involving additives included in the plastic 

manufacturing process as well as compounds adsorbed from seawater.36 Past studies indicate that 

various plastic types containing different classifications of chemicals also display trends in biofouling37,38 

and known additives have been detected to bioaccumulate in coral polyps.39 This, plus the findings from 

Part 2, support the claim mentioned in Part 1 stating the importance of continuing research on the 

impact of plastic additives in food webs. 

The first suggestion is the development of an easily accessible database of chemical additives 

and fillers organized by plastic type. There are currently lists of additive classifications which are 

commonly used, but further toxicology studies on commercial plastics can help develop them further. 

An additive database would not be an exhaustive list as new compounds are routinely being developed 

and manufacturers are not obligated to publicly release proprietary formulas. However, it should be 

used in conjunction with ongoing efforts for plastic pollution distribution models40,41,42 in order to 

estimate a spatial analysis of leached additives and predict hotspots of high chemical concentrations and 

biological impacts. 

Second, to estimate ecological health implications, detailed vertical pathways of how these 

chemicals may be incorporated into food webs need to be mapped. While some models presently exist 

to estimate how microplastic particles are taken up in ecosystems,43 these do not account for chemicals 

that have leached into the environment. Rates of both leaching and chemical adsorption would need to 



be further analyzed in order to more accurately determine how these pathways might ultimately impact 

public health. 

 

3.2 Policy Recommendations 

 For a more effective response to plastic pollution, policy efforts need to extend beyond banning 

certain types of solid plastic waste or recycling efforts. Bans on items such as plastic shopping bags or PS 

takeout containers are a helpful first step, but their results are countered by preemption laws in other 

parts of the United States. Solid waste response should not be eliminated, however incorporating 

chemical additive regulation may be tricky as it is a less visible, yet still critical, aspect of the plastic 

pollution problem. 

 The first recommendation is an effort towards the release of plastic additive information from 

manufacturers. This could be compiled as a subset of the EPA Toxic Substances Control Act Inventory. 

This collection would not be released to the public in order for companies to maintain competitive 

control of their formulas, but may information be requested by other agencies for federally funded 

research regarding plastic pollution. 

 Much of this research would then need to be expanded beyond just solid waste impacts. Focus 

should be adjusted to the intersection of plastic pollution, toxicology, and public health. Plastic 

legislation databases, such as the Duke University Plastics Policy Inventory44 and the Surfrider 

Foundation Plastic Pollution Laws Data Set,45 may also benefit from having search filter options to 

highlight different aspects of concern. This can include “recycling,” “additives,” “public health,” and the 

ability to search by plastic type. 



 Finally, conversations need to be extended to legislators and decision makers regarding industry 

tendencies to advance “false solutions.” This phrase refers to the implementation of a technology or law 

to address a specific issue, which may only shift the environmental burden somewhere else. This is seen 

with the development of advanced chemical recycling, which removes discarded plastics from landfill 

waste streams, but critics argue the plastics-to-fuel process increases toxic emissions and does little to 

reduce consumer demand for virgin plastics, ensuring that new products continue to be produced. 

Instead, a complete approach fully addressing each stage in the life cycle of plastics is needed in order to 

successfully respond to the complex issue of plastic pollution in the oceans. 
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