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ABSTRACT

Packaging Materials account for 31% of the world’s municipal solid waste. Agencies
like the Environmental Protection Agency (EPA) and the Agency for Toxic Substances
and Disease Registry (ATSDR) are pushing for the increased use of recycled
thermoplastic materials. Polyethylene terephthalate (PET) is a commonly recycled
thermoplastic which is used to package ready-to-eat fruits and vegetables. Most recycled
polyethylene terephthalate (RPET) packaging materials contain heavy metal catalysts, the
most common being antimony. The recent increased use of recycled plastic materials has
been suspected as the source of increased human heavy metal exposure. In this study,
cadmium, chromium, nickel, lead and antimony were quantified in post-consumer RPET
rigid containers and films using inductively coupled plasma-atomic emission
spectrometry (ICP-AES). Two hundred samples were tested of which 29 were found to
be contaminated with heavy metals in the parts-per-million (ppm) range. Chromium was
found in all the contaminated sample replicates at an average level of 8.18 ppm.
Cadmium was found in all the contaminated samples as well. Lead was found in 90.4%
of the contaminated samples and concentrations ranged from a low of 0.02 ppm to a high
of 0.36 ppm. Nickel was found in 96.4% of the contaminated samples while antimony
was found in 97.6% of the samples. Due to limited sample material, 22 of the 29
contaminated RPET rigid containers and films were tested for heavy metal migration into
a 5% citric acid:water solution (w/v) or deionized water. Samples were subjected to
prolonged storage at 7.2 or 22.2°C for 1, 7 or 14 days, or were exposed for 5 minutes to
microwaves from a 1700-watt microwave oven set to 70% power before analysis.
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Leachate values were at ppb levels but were often below the ICP-AES Limits of
Detection which were at also the ppb level, whether calculated for deionized water or 5%
citric acid in water. No measureable levels of heavy metal were detected for any sample
exposed to water, regardless of treatment. For samples exposed to 5% citrate and stored
or microwaved, only chromium and nickel leached at measurable levels, and the number
of RPET’s releasing measurable chromium and nickel increased with microwaving
compared to the same plastics stored at 22.2 or 7.2°C. Since leaching was calculated as
µg/L of heavy metal lost from the entire inner surface (1021 cm2) of a retail salad bag,
actual exposure to heavy metal would be much less than measured in this study as retail
fruit and vegetable packages and microwaveable pouches usually contain very little
liquid in order to increase food safety. The results therefore suggest the potential for little
migration of heavy metal from recycled PET to whole or fresh-cut fruits and vegetables
when held at ambient or refrigerated temperatures, or when microwaved.

v

ACKNOWLEDGMENTS

I would like to thank everyone who has helped me prepare for and produce this thesis.
My parents have always been there for me and always believed I could achieve incredible
things. My committee, especially Dr. Brown and Dr. Vorst, guided me along every step
of the way to completing this thesis. I truly could not have done this without you two.

I would like to dedicate this thesis to my father, Ross Whitt, who succumbed to lung
cancer on April 17th, 2013. He made me promise him that I would stick with school and
complete this thesis after his death. I love you so incredibly much and miss you every
day!

vi

TABLE OF CONTENTS
Page
LIST OF TABLES ............................................................................................................. ix
LIST OF FIGURES ........................................................................................................... xi
CHAPTER
I.

LITERATURE REVIEW ........................................................................................1
Introduction ......................................................................................................1
The Recycling Process .....................................................................................3
Environmental Impacts of Plastic Packaging ...................................................5
Heavy Metal Contamination of Recycled Plastics ..........................................8
Determining Heavy Metals in Recycled Plastics .............................................9
Summary ........................................................................................................12

II.

MANUSCRIPT I ...................................................................................................14
Abstract ..........................................................................................................14
Introduction ....................................................................................................16
Materials and Methods ...................................................................................19
Validation of Testing Protocol for Baseline Heavy Metals ..................19
Sample Preparation................................................................................20
Statistical Analysis ................................................................................21
Heavy Metals Analyses .........................................................................22
Results and Discussion ...................................................................................23
Validation of Testing Protocol for Baseline Heavy Metals ..................23

vii

Page
Heavy Metal Contamination in Recycled
Polyethylene Terephthalate .........................................................23
Conclusions ....................................................................................................27
Funding ...........................................................................................................28
III.

MANUSCRIPT II ..................................................................................................29
Abstract ..........................................................................................................30
Introduction ....................................................................................................31
Materials and Methods ...................................................................................36
Sample Preparation................................................................................37
Heavy Metal Analyses...........................................................................39
Baseline Heavy Metal Determination ...................................................39
Results and Discussion ...................................................................................43
Baseline Heavy Metal Content of Simulants ........................................43
RPET and Deionized Water ...................................................................43
RPET and 5% Citrate ............................................................................44
Discussion ......................................................................................................49
Funding ...........................................................................................................51

IV.

REFERENCES ......................................................................................................52

viii

LIST OF TABLES

MANUSCRIPT I
Table

Page

1. Maximum allowable dose level (MADL) for cadmium, nickel,
lead, chromium and antimony................................................................................18
2. Heavy metal contamination from Pyrex vs. fused-quartz beakers ........................24
3. Levels of four heavy metals in 35 samples of RPET .............................................25

MANUSCRIPT II
1. Maximum allowable dose level (MADL) for cadmium nickel,
lead, chromium and antimony................................................................................34
2. Concentrations of heavy metals in 22 samples of RPET .......................................38
3. ICP-AES calibration factors used in analysis of heavy metal migration from
recycled PET plastics exposed to water. ................................................................41
4. ICP-AES calibration factors used in analysis of heavy metal migration from
recycled PET plastics exposed to 5% citric acid in water (w/v). ...........................42
5. Average levels of detectable chromium (micrograms/liter) leaching
from plastics exposed to 5% citric acid in water (w/v) when held at 7.2°C. .........45
6. Average levels of detectable chromium (micrograms/liter) leaching
from plastics exposed to 5% citric acid in water (w/v) when held at 22.2°C. .......46
7. Average levels of detectable nickel (micrograms/liter) leaching from
plastics exposed to 5% citric acid in water (w/v) when held at 7.2°C. ..................47

ix

Table

Page

8. Average levels of detectable nickel (micrograms/liter) leaching from
plastics exposed to 5% citric acid in water (w/v) when held at 22.2°C. ................48
9. Average levels of detectable chromium and nickel (micrograms/liter)
leaching from plastics exposed to 5% citric acid in water (w/v) during
a 5-minute microwave treatment. ..........................................................................50

x

LIST OF FIGURES
Figure

Page

LITERATURE REVIEW
1. Post-consumer plastic waste produced by various business
sectors of the world in 2010 .....................................................................................6

MANUSCRIPT II
1. Representative calibration curve: Cadmium in deionized water. .........................40

xi

