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Preface
The initial inspiration for performing this reselarcame in part from three trips to India

from 2004 to 2006. While traveling abroad in coiggmwhere drinking water is questionable or
unsafe, it is necessary to secure a clean potadtker wource. The most convenient and
sometimes safest water source is from disposaltier wattles. In some places these bottles are
sold and stored in direct sunlight. Through peas@xperience one may notice that a bottle of
water left in a hot car for a few hours on a hatyrsy day will produce water with a strange taste.
This taste is actually caused by a chemical caltadaldehyde, which is the same substance that
the body metabolizes ethanol into and causes hangovhis chemical is formed as a result of
UV photo-degradation of polyethylene terephtha(RIETE #1 plastic, used for two liter soda
and disposable water bottles). Another chemicalknto be in polyethylene terephthalate
bottles is the plasticiz€dEHP. Plasticizers like DEHP are chemicals that makstat softer and
are responsible for the plastic’s flexibility (EP2007). DEPH is also a known endocrine
disrupter (EPA, 2007). DEHP was banned from toyhieg rings and other products for children

under three years of age in Sweden in 2000 anttkitUs in 2009.

Figure 1: Drink Vender in India (Chennai, India)
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People in developed countries do not normally Haweorry about these effects as most
consumable products are transported in air-conaitidrucks and are stored in areas away from
intense heat and away from direct sunlight.

A process known aslar disinfection sterilization (SODIYS) is used in rural parts of India.
In SODIS, water is put into 2 liter PETE bottlesigbhare then put on a roof in the sun for 6
hours in an attempt to kill bacteria in the wat&hwV radiation from the sun. When | noticed
that many of these bottles were stored in the sdnoatside in the heat | thought of how this
might be affecting the health of anyone who driftksn them. A small chemical exposure may
be an acceptable price to pay for the easy renw@iganisms that cause dysentery, but | was
still concerned for those who live in areas whers often necessary to consume water from
these bottles that are stored in the sun. Thiserondrove me to perform my initial investigation
on plastic leaching.

During my senior year of high school | attemptedéwelop an experiment to study the
effects of water from PETE bottles exposed to Whtliby growing onions. My mentor during
this time was my chemistry teacher Jean Eamegl tdwd a similar study (Evandri, 2000)
performed at the University of Rome wheéd&um cepa onions were grown with water from UV
exposed PETE bottles. They observed mitotic abensaturing cell growth and they attributed

this to unknown chemicals in the water.

Figure 2: Onion Tumors: Tumors caused by growth in water ffIETE bottles exposed to sunlight
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The initial test was performed during the middievmter so | built an incubator that
could run for twelve hours a day. The incubatordusé&alogen lamp to mimic sunlight. The
temperature in the incubator was kept between #i84AC using an air conditioner
thermocouple, and two computer cooling fans.

Allium cepa onions were grown in the water from bottles theed been incubated for two
weeks. | counted the number of roots, measuretetiggh of the roots and observed pieces of
root tips under the microscope every 19 hoursléhgth of the mitotic cycle)evandri, 2000).
Experimental errors due to my ignorance of progdirabservation techniques nullified the
results of the microscope observations. The mastincing data obtained, however, came from
a Gas Chromatograph/ Mass Spectrometer (GC/MSYiexpet of the water performed at
Portland State University. There was no pre-comaéinh procedure performed so the results
were very rough. Water that was exposed for 35 dagswater from control bottles (bottles that
were not exposed to any heat or light conditions$ win through the instrument. A signal
appeared at the 105 and 91 dalton peak, the signettemical fragments of the PETE backbone
that indicates photo-degradation. These peaksappgared when the water from the treated
bottles was run through the GC/MS and were notgorteis any of the control samples. These
results were presented at one national and twa $ogence fairs in the spring of 2006, and

served as the basis for the start of the curresgtareh.
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Introduction

A number of different plastics are used to makstpudavater bottles. In recent years there
have been reports of chemical leaching from consuvager bottles. There is often ambiguity in
the minds of consumers as it is not always cleatwype of plastic one’s bottle is made out of
and if that plastic is considered safe. The prilecipsins being investigated in this study are
polycarbonate (PC #7 recycling code), polyethyliemephthalate (PETE #1 recycling code) and
Tritan™ copolyester. It will be important to undewrsd some key terms before reading the rest
of this study. Important nomenclature and vocalyupresented iAdppendix |.
Polycarbonate

Polycarbonate is the plastic that previously haghbhesed to make Nalgene™ and
Camelback™ water bottles that are designated Wwelrécycling code #7 PC (NOTE: The
current “BPA-free” bottles on the market are tyflicanade from either Tritan™ copolyester or
PETE) . Itis a polymer made up of two compoundgisgene and bisphenol-A (BPA). These
two monomers, or repeating units, react via a condemsegaction to produce the polycarbonate
polymer. The reaction for the formation of polycamhte is shown in Figure 3:

{T_'I‘.
HQ Q O OH Cl—C—Cl

Bisphenaol A Phosgene

Catalyst

Bisghenol a Polycarbonats

Figure 3: Polycarbonate Formation Reaction: Polycarbonatecieandensation reaction between Bisphenol-A and
Phosgene to form polycarbonate. (Mgller, 2003)
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It is important to understand that the chemicapbenol-A (BPA) is not an additive to
the plastic. It is the monomer group from which pladymer is made and is a part of the polymer
chain backbone. There may be a small amount (ipphe range) of free BPA left unreacted in
the plastic due to incomplete polymerization. Tumseacted BPA will not be able to be released
from the plastic matrix unless the plastic is aitthiegraded or it is heated above its glass
transition temperature (sé@pendix | for a full description of these terms). BispheAalk not
only present in Nalgene water bottles. It is alsgsspnt (even today) in the lining of aluminum
and tin cans for food, most plastic kitchen produstluding hard, clear plastic glasses, bowls,
blenders, dental sealants, and in a number of aodfelated products such as epoxy resins,
compact disks and lenses.

In 2009 Nalgene™ and Camelback™ officially switdhe a new polymer called
Tritan™ copolyester, which they marketed as “BP@eft This switch was due to the large
public fear of BPA leaching from the polycarbonhtdtles. In a few short years the
polycarbonate bottle went from being a ubiquitoasdehold item to a demonized product that
seemingly no one wanted to use.

How did this transition happen and what was thense behind it? There were a series of
experiments run in the late 1990s and early 200&@sktegan to show that BPA could leach from
polycarbonate under certain conditions. It sho@adbted that the maximum reference dose of
BPA as set by European Commission's Scientific Cateenon Food (SCF) is 10 pg/kg/day
(which is 5 times as strict as the level set byUlseEPA of 50 pg/kg/day) (Opinion of the
Scientific Committee on Food on Bisphenol A, 200RY0 kg person would have to drink 1 liter
of water a day continuously with a BPA concentraind 700 parts per billion (ppb) to

experience these minimal harmful effects (3500 wfib the US standards).
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There were two series of experiments, one at theddsity of Missouri and the other at
Washington State Universifidunt, 2003 (WSU) and Howdeshell, 2003 (UMphat showed
BPA could leach from used polycarbonate animal safjke studies tested used polycarbonate
cages that had been autoclaved, washed with sal&aty detergents, and that were showing
visible damage. New polycarbonate cages and gépgssavere used as the negative control. All
of the tests performed allowed the cages to besegto water for 1 week at room temperature
(22 C). The results showed that the damaged cagdsiged water with a BPA concentration as
high as 160 ppb (although most were less than 62 pjirther repeated testes with the same
cages only yielded a BPA release of 10 ppb. Thigates that a major release of BPA would
only happen once per container due to the limitadunt of free BPA that exists in the matrix.
The new cages released polycarbonate at a conttentod only 0.3 ppb. Further duplicate tests
of these cages did not yield detectable amounBPéf after the first trial.

The question that should arise is if the amouA that leaches from a new plastic in
a week is over 10,000 times lower than the US stahdf maximum daily exposure how did the
bottles get such a bad reputation? The main reiagbat there were other tests run by many of
the same researchers that BPA itself was a hawchirhical. BPA, in large enough daily doses,
can produce a hormone imbalance. The effects wanlidshow up due to a chronic daily
exposure because BPA is easily excreted by the &odynly remains in your body for less than
a day(Opinion of the Scientific Committee on Food on Bispol A, 2002. Other studies have
shown that BPA could cause harm but not underewel$ of BPA found to leach from
polycarbonate at room temperature (Hoa H. Lea, RT0B8re is debate on whether or not putting
boiling water in PC bottles is harmful, as somelss say that there is reason to be concerned

and others do not (Hoa H. Lea, 2008, Maragou, 2@}8ert, 2008). Nevertheless, it was due
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to these and other similar studies that polycarteopkastic developed a reputation as a plastic to
avoid. Due to the ambiguity in some of this testitlg goal of this study was to develop and
perform tests to determine how much BPA leacheas foolycarbonate under conditions of
varying temperatures and exposure times that wielldoser to common use conditions, but
somewhat more severe
Polyethylene Terephthalate

Polyethylene terephthalate (PETE recycling codastthe resin used to make disposable
soda and water bottles. Polyethylene terephthedateesin similar to polycarbonate. It is also
made up of an aromatic ester polymerized into lalgens. The chemicals that go into making
the PETE backbone are ethylene glycol and terepbthad. The condensation polymerization

reaction for PETE is shown in Figure 4.

0 0

Il Il
HO-CH,~CH;-OH + HO—C@C—DH

ethylene glycol i .
v 9y terephthalic acid

i i
— CHZ—CHz—o—c@c—o
n

poly{ethylene terephthalate)

+ (n-11 Hz0

Figure 4. Polyethylene Terephthalate Formation Reacti@ondenstion reaction between ethylene glycol and
terephthalic acid to form polyethylene tereptha(@kemical Heritage Foundation, 2001)

The potential risks of using PETE plastic are coesably higher than those of using
polycarbonate for several reasons. The first istti@products contained in the PETE bottles
have been stored in unknown conditions for an unknamount of time with the products one
consumes touching the plastic the entire time. &@laee also more additives in PETE than in

polycarbonate. The additive chemical of concerRETE bottles is Bis(2-ethylhexyl)phthalate
18



or DEHP.DEHP is a chemical that is added to a wide vaétydged plastics such as PVC and
PETE to make them more flexible. DEHP is one of ynamemicals calle@lasticizers that are
used to soften rigid plastics. The molecular wemffDEHP is low compared to that of
polymers in which it is used, such that is closethiat of the free, unreacted BPA monomers left
in the polycarbonate plastic. The difference betwis chemical and unreacted monomer is
that DEHP is added in concentrations that are nhigier than those of unreacted monomer.
Unreacted monomer may exist in the polymer matrithe 1 to 10 ppm range while DEHP can
be anywhere from 0.1 to 1 weight percent (1,0000t@00 ppm) (Hedenmark et al 2004). This
chemical is therefore much more likely to leach ®ETE also has a lower glass transition
temperature than polycarbonate af85ompared to 158C. Sweden and other members of the
European Union banned the use of DEHP from childreething toys in 2000 and banned it
from medical feeding tubes in 2005. The United &taecently banned DEHP from children’s
toys in 2009 (Greenpeace 2009).

It is suspected that PETE can also undergo phatdhermal degradation. One
mechanism of photo degradation is the Photo-Faagangement. In this process UV light
splits the ester bond leaving behind acetaldehpdeP&TE backbone fragments. This process is

shown in Figure 5 (Fechine, 2004).

o OH
AL ok 0 o
o R 4, o
—_— - - ————— + | —
@ @ .J\R
' R0

Figure5: Photo-Fries Rearrangement of Aromatic Esters.
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Photo-Fries rearrangement can happen to both REdPpolycarbonate esters (Diepens,
2007). The reason why this is more of a concerfPt6fE is because there is no way to tell if the
products one consumes from these bottles havelbftém the sun before consumption. One can
notice the photo-degradation of PETE by simply lega water bottle in the car on a hot, sunny
day. The strange taste in the water is acetaldel®ydaudy from thelournal of Water Supply:
Research and Technology performed in 2001 on the safety of solar watemdiegition shows that
PETE bottles will leach acetaldehyde, formaldehyuhel over eight different PETE aromatic
fragments when left in the sun for several weeksd@®in, 2001). They did not test for the
presence of DEHP.

The goal of this study will be to expose PETE wateghttles to sunlight for two months
and run the samples through GC/MS to determinmyifdetectable amounts of DEHP, PETE
monomers or degradation products were present.

Tritan™ BPA-free Copolyester

The “BPA-free” plastic that Nalgene™ has choseunde to replace polycarbonate in
their water bottles is called Tritan ™ copolyestexde by Eastman Chemical Company.
Chemical structure information on this plasticiicllt to find. The monomers used to make
the plastic are known, but the actual structurthefplastic and the monomer arrangement in the
repeating unit are unknown. The monomers used t@mdatan™ are currently not known
endocrine disrupters. It is likely that these moeosicould leach in the same way that unreacted
BPA leaches from polycarbonate. The unreacted mem®oould leach if the plastic is brought
close to its glass transition temperature. The atanstructures of the known Tritan ™

monomers are shown in Figure 6.
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HO o
oH + + Ho oH p— ?
HG/‘\\/ > <: : } 5
0 oH

Figure 6: Tritan™ Copolyester Monomer¥he known monomers used to make Tritan ™ copolyé€bterris,
1998 (Tritan Patent)). From left to right they athylene glycol, terephthalic acid and 2,2,4,4aekethyl- 1,3-
cyclobutanediol.

The monomers to make Tritan are very similar ts¢éhused to make PETE only with a
cyclobutanediol, which is likely added for extreesigth. It is likely that there are two
terephthalic acid monomers for every one monomeh eéethylene glycol and cyclobutanediol

because the condensation polymerization reactiquines there to be one acid for every alcohol

group.
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Materials and Methods

The testing of each material had four phases. ifsiepghase was background research.
The discussion thus far has been based on thisvedssrature search. The second step was
developing exposure, extraction and detection tigci®s for each resin. The third step was
performing the plastic leaching studies, and fogtép was analysis of the data.
Polycarbonate Exposure Techniques

Literature results indicated it was very diffictdtproduce detectable amounts of
bisphenol-A in water from polycarbonate bottlesaiteel with room temperature (20) or even
dishwasher (55 to 6%) conditions (Chang, 2005, Hoa H. Lea, 2008, ¥awto, 1999). The
first experiment is therefore to determine if leaghoccurs in any amount under high stress
conditions such as in an autoclave at 321 New 500 mL polycarbonate bottles were purchased
from Dicountmugs.com. The bottlers were confirmedée polycarbonate using differential
scanning calorimetry (DSC). The DSC shows therna@isition data such as glass transition
temperature, melting point, crystallization, ane talief of residual stress from the
manufacturing process. The DSC does this by comgdhie heat flow between an empty pan
and a pan that has a plastic sample. The DSC rdmapgemperature of both pans at the same
time and tries to keep the temperature of both pgnsl. The DSC must provide additional heat
to pans with sample that undergo melting (endotieeprocess) or a glass transition and less
heat to samples undergoing crystallization (exatheprocess) (Hohne, 2003) . See Figure 13 in
the Results and Discussion section.

An autoclave was used to heat the bottles and hinem closer their glass transition
temperature (158C). This heating couldause the polymer structure to partially relax, and

increase the mobility of lower molecular weight emiles (BPA monomer) through the matrix.
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Bottles were raised to 12C at 2 bar pressure for two hours. Figure 7 shtvsatitoclave

bottles exposure set up.

Figure7: Autolaving Polycarbonate Bottles

Two bottles were used with every test so thata tailume of 1000 mL could be used in
the solid phase extraction process. The bottlese wet modified in any way before they were
treated. The water that was used was filteredexanse osmosis before testing. Powdered 99.9
% pure bisphenol — A was purchased from FishemBtieto be used in standard solutions.
Standard solutions of 1000, 100 and 10 ppb BPA wexde for GC/MS calibration.
Polyethylene Terephthalate Techniques

The treatment to the polyethylene terephthalatddsotaries greatly from that for the
polycarbonate bottles. The study of PETE bottlesi$ed on the effect ultraviolet light in the
degradation on the polymer backbone. New bottlag warchased in sets of 24 that all had the
same bottling data. The bottles were proven toEBEEPuUsing differential scanning calorimetry.
The bottles were placed on the south-facing rodhefOregon State University Kelley
Engineering Center during the summer months (franelo September). There was no shade in
this area of the roof. The bottles were placedamnugated PVC plastic roofing material coated

in aluminum foil to simulate the placement of PEHIdtles on tin roofs in SODIS. One set of
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bottles was placed on the roof for 3 months andhandor 2 months. Temperature (measured
using a thermocouple several times per day) anddhg UV index (internet data) was recorded
during this time. Temperature was measured at AN012:00 PM and 5:00 PM. Temperatures
were recorded inside and underneath three of ttikedgusing the same three bottles for each
measurement to avoid opening new ones) as watl tieiambient air. Hourly air temperatures
and UV indices for the Corvallis Oregon area wdse aecorded from intellicast.com. There
were no stock chemicals available to make a GC/td&dsird solution, so there was therefore no
way of determining an exact concentration of DEHB ather leachants from the PETE bottles.

Figure 8 shows the PETE exposure arrangement aodfi@f Kelley Engineering Center.

Figure 8: Solar Exposure of PETE Bottles: Bottles were egpgds sunlight on
the roof of Kelley Engineering Center for 3 monthke bottles were place on
corrugated PVC material wrapped in aluminum foil.
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Tritan ™ Techniques

There was not sufficient time to develop a GC/M8aetion technique for this polymer.
The work done on the Tritan ™ bottles was mainlyufed on determining thermal transition
data using differential scanning calorimetry.

The Tritan™ bottles were autoclaved at 102 and°Ctb test the polymer matrix stress
and relaxation of bottles that have been heateskdimtheir glass transition temperature. The
bottles were also heated slowly from 25 to 125n an oven to test the effects of heating
without the being exposed to the humid conditionhe autoclave.

Extraction Technique

The exposure conditions for each plastic were #ighfferent but the extraction method
was the same regardless of plastic type. The flegetsfor this extraction technique is shown in
Figure 10. A reverse-phase solid phase extractiooggs was used because the extraction is
removing non-polar molecules from an aqueous phaghis process 1000 mL of treated water
is pushed through a filter using a syringe. A C&#8&ffilter from Fisher Scientific in a nylon
filter holder was used. The filter has a high affirior organic non-polar compounds and will
extract the organic leachants from the treated w8tdletin 910: Guide to Solid Phase

Extraction, 1998). The atomic structure of theefilis shown in Figure 9.

Figure 9: SPE C8 Silica Filter Wall. This filter can captuneganic
compounds (2009 by MACHEREY-NAGEL)
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The filter holders are then connected to a vacudre.tThe vacuum sucks the remaining

water out of the filter for 20 minutes. Dichlororhahe (DCM), a strong organic solvent is then

pushed through the filter to capture the organmpounds. A small amount of sodium sulfate

salt is then added to the DCM to remove any resiager. The top layer of this solution is then

removed and placed into a separate container. dluene of this solution is measured. The

solution is then evaporated using a nitrogen strddra DCM is much more volatile than the

extracted compounds. The DCM evaporates and trenmrgompounds become more

concentrated. This entire process effectively cotrages the compounds by a factor of 5000

from their initial state. The extraction processifldiagram is shown in Figure 10.

2

Use vacuum to dry

filter (remove all
water)

Push 1000 mL of
treated water
through C8 filter

Collect
leachants in
membrane

Figure 10: Solid Phase Extraction Proce$s1000 mL of solution is pushed through the C8ffilge
The filter is vacuum dried: 3 mL of dichloromethane is pushed through therfiftied the organic

compounds are extractetl. Nitrogen is purged through the headspace of tieg @vaporating away
most of DCM and thus further concentrating the aig@ompounds.

. _ .
[

4

Push 3 mLof strong
solvent to remove
leachants from filter
(dichloromethane)

Evaporate DCM
with N, stream
to further
concentrate
leachants

Concentrated

leachants in DCM

(~200 pL)
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There was no way of knowing if the extraction psxcactually removed all the organic
compounds contained in the filter. While techniqdesxist, it was not possible to perform them
at the time. Standard solutions of known conceiatnatere instead run through the same solid
phase extraction processes and run through the GCIie signals of these solutions were used
to compare the treated water from the bottlesdolation of known concentration so the
approximate organic compound concentration in rib&téed water could be determined.
Detection Technique

A gas chromatograph in tandem with a mass speeter (GC/MS) was used to detect
the organic compounds. The gas chromatograph B 6390 GC and the mass spectrometer
uses a 5973 Mass Selective Detector. The GC uSek8areverse phase column with an

elecrospray ionizer.
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Results and Discussion
Polycarbonate Results:

The results for the polycarbonate tests are stitesvhat qualitative. Due to time
constraints on the instrument only several runsevperformed. There was enough time to run 3
bisphenol-A standards (at 1 ppm, 100 ppb, and b). @iree successful 1 L volume trials were
also successfully run through the instrument (tveveannew bottles and one was a repeat of
bottles that had already been run through). Theuatnaf BPA that was detected fell below the
level of 10 ppb. The GC/MS figures can be seefppendix [1: GC/MS Data. Qualitatively the
amount of BPA is most likely between 1 and 5 pplegithe size of the peak seen relative to the
background and the 10 ppb peak. The second rumsghithe machine yielded a higher BPA
concentration than the first run for that particulattle. The difference, however, was very small
and they are not likely statistically different.

The most conservative estimate of the toxicityellasn this study can be taken using the
EU Food Commission’s lower chronic exposure linfil® pg/kg/day with a BPA concentration
of 4 ppb (4 ug/ L) in the water. The average 7@&gson would have to drink 175 liters of this
autoclaved water daily to experience these eff@tS L/day with the US EPA standards). This
would be considered the upper limit, the amoungéctet] in the leached bottles was likely less
than 4 ppb. Many previous studies have shown tR# 8oes not leach above 1 ppb in less than
a week under normal conditions (Maragou, 2008,eEh2008). According to a study frofAood
Additives and Containments (Goodson et. al. 2002), the amount of BPA in carfoed is usually
between 10 and 350 ppb (ranging from sliced carmnossilt water to canned ham respectively).
This level of BPA is considerably higher than timeocaint of BPA found in autoclaved

polycarbonate water bottles but is still not enotghause harm under chronic exposure.
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The leachants from the polycarbonate tests aresimowigure 11. Many of the
chemicals detected in the GC/MS samples were fratgrieom the filtration process. The filter
is silicate based with large carbon chains stickifighe ends that capture the organic fragments.
It is possible that too much force was used totéighthe filters in the filter holder. This would
cause some fragments to break off and become destsol the DCM. The two largest peaks in
all GC plots appear to be fragments that look tthieesilicate-alkane chains (Hexanoic acid,
trimethylsilyl ester and 1-hexacosanol). There wadse a number of aromatic silicate molecules
that were likely fragments from the filtration. Amyolecule that contains silicon is not likely
leaching from the bottles but from the filter. Taehemicals appear in both PETE and PC trials.
There were, however, other BPA-like fragments mdblution. These species include the

trimethyl benzene molecules and Phenol, 4-(1-methphenylethyl).
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Figure 11: PC Release Chart. It is likely that most of thesecies are a result of filtration.
Structures were obtained from webbook.nist.gov.
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Polyethylene Terephthalate Results

Two successful PETE samples were prepared andirangh the GC/MS. Both of the
PETE samples were from bottles that were on thefos®@ months (June through September).
There were 14 identifiable compounds in the PETENEEresults. It is likely that 12 of these
are from the filtration process. The complete tatfleompounds can be seen in Figure 12 on
page 33. Most of the compounds were either lonigazachains indicative of C8 filter fragments
or aromatic compounds containing silicon that wdeatical to the compounds seen in the PC
GC/MS also from the filter. The glycine ester coblte come from the nylon filter holder
interacting with DCM.

The main chemical that most certainly came fromptllastic was DEHP. The DEHP was
not quantified because there was no standard solatiailable. It is believed that the amount of
DEHP leaching was low (most likely < 10 ppb) beeatlse sample was still concentrated 5000
times and the DEHP peak was relatively small. Dueel toxicity limit for DEHP is 20
png/kg/day (EPA, 2007). The dosage of DEHP recefk@a 1 L of water would have to be
1400 ppb for a 70 kg person to receive this harmfigict. The bottles themselves, however, did
become more brittle which is an indication thatEiHeHP either evaporated into air or leached
into the water.

A small amount of benzophenone was also detectdiRETE bottles. Benzophenone
is a chemical added as a UV inhibiter to proteetirzg} photo-degradation. The GC peak for
benzophenone was extremely faint and it is likebt there is very little present in the water.
The UV protection gained by the benzophenone malaexwhy no photo-degradation products

were detected
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None of the PETE monomer groups were detected. €aype measurements were
taken three times a day in three different botth@s had been placed on the Kelley Engineering
Center roof. Temperatures were taken inside andmedth the bottles as well as from the
ambient air. The air temperatures typically ranfyech 15 to 20°C at 9:00 AM (average 1€)
and 23 to 32C at 5:00 PM (average 28). The average 5:00 PM temperature inside thégsott
was 34°C and the average 5:00 PM temperature underneatbotties was 38C. This
temperature is far below the glass transition teatpee of PETE of 88C. This could explain
the absence of PETE monomers in the GC/MS resdt)e polymer matrix would still be fairly
rigid.

It would have been beneficial to develop at teat tluantified the amount of
acetaldehyde in the water. This was not possillle the extraction and detection method used
in this study for two reasons. The first was tinat &cetaldehyde molecule partitions through the
column faster than the DCM solvent. In order teedeainy acetaldehyde one would have to
allow all of the solvent to pass through the GQuomh. The GC normally burns off all of the
solvent for 3.5 minutes because that amount of ma&feowing through the instrument at once
would damage the detector. It would therefore beassible to detect using this system. The
second reason why acetaldehyde cannot be detesitegithis technique is because acetaldehyde
will not patrtition into the C8 filter. Acetaldehydg more easily dissolved in the aqueous phase
than the filter. Thus a completely different metivealild be needed to detect acetaldehyde in the

UV treated PETE bottles.
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Figure 12: PETE Release Chart. It is likely that most of thepecies are a result of
filtration. Structures were obtained from webbod@it.gov
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Tritan™ Copolyester Results

Thermal stress and transition data for Tritan™ walatgined using differential scanning

calorimetry (DSC). DSC charts were obtained farg\plastic to verify the resin type was

correct. Figure 13 shows the DSC of all three bdttpes used in the experiment.
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Figure 13: DCS of PC, PETE and Tritan™. The samples werdhrtough
once and quench cooled prior to this measuremaetove any initial
stress in the bottles from the manufactuing process

The PETE and PC graphs are the known fingerpoineééch plastic. The thermal

transition properties for Tritan™ were not knowridsehand but it was assumed that these were

the correct plastic. It has therefore been showouthh this experiment that the glass transition

temperature of Tritan™ is 11C.

The other data obtained for the Tritan™ polymenes from analyzing the stress

patterns after the bottles have been heated tousatemperatures. Figure 14 shows the DCS

graph of a virgin bottle compared to a sample tjuginch cooled. The samples are quench

cooled so that the plastic does not have timeystallize or form a more relaxed structure. The

guench cooled DCS lines look very smooth becausgdhe essentially stress free. There is
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residual stress left over from the manufacturingepss in the virgin bottles. The Tritan™ bottles
may begin to leach if they are heated to a temperdhat shows a DCS with no stress. The
reason for this is that the plastic has relaxedthagolymer matrix would have literally shifted.
Figure 15 shows the DSC of plastic that was he@td®2°C (8 degrees below glass transition)

for two hours. The bottle physically shrank durthg test.

Heat Flow (Wig)
Heat Flow (Wig)

06 T T r T T
10 T T T r T 50 100 150 200 250 300
50 100 150 200 250 300 Temperature (°C) Uni s

Temperature (“C) Ur

,, Figure 15: DSC of Tritan™ Copolyester Bottle
Heated to 102C. A slight melting point appears in
the initial test that is not in the quench cooltt&s
heated in an autoclave for 2 hours.

Figure 14: DSC of New Tritan™ Copolyester Bottle.
There is stress from manufacturing.

The bottles begin to show signs of a melting paitgr being heated in the oven and
autoclave. This melting point appears to be atZ37This implies the samples that are heated in
the DSC do not exhibit this behavior even afteythiee quench cooled. This only happens after
thebottles have been heated in the oven or autoclave angimen the small DSC sample is
heated in the machine. This effect is even mormdtie after the bottles are heated to I2kas
shown in Figure 16. The melting point is much skathan the melting point shown in the
bottles that were heated to 12 All of the stresses due to manufacturing hawnluissipated
in this sample. The polymer has clearly had timeetax. It is unclear, however, how the plastic
began to produce crystallites and why they do ppear in the virgin plastic samples. Figure 17

shows several bottles heated in different ways.
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Heat Fllew (Wligh
]

Figure 16: DSC of Tritan™ bottle heated to 12C. A definite melting point has been produced thaiot seen in
guench cooled or virgin bottle sampl&ottles were heated in an autoclave for 2 hours.

Other bottles were heated slowly in an oven anahest as temperature increased from 25 to

125°C. The melting point also appeared on the DSC edetbottles.

1%

Figure 17: Heat Treated Tritan™ Copolyester BottldsNew Tritan ™ copolyester bottl&: After 1 hour
ramping from 25 to 128C. 3: 2 hours in autoclave at 16€. 4: 2 hours in autoclave at 121 This sample

has turned opaque which is an indication that atljtgts have formed.
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Conclusion

The results from this study have indicated thaygalbonate and polyethylene
terephthalate are benign in terms of the healkts nislated the leaching low molecular weight
migrant molecules. Polycarbonate was shown to lealgh around 1 to 4 ppb of bisphenol-A
when exposed to an autoclave at @for 2 hours. These tests were analyzing usingusC/
and concentrated using reverse phase solid phasetn. A 70 kg person would have to
consume 175 L of this water a day consistentlyxfmedence any of these harmful effects (based
off of the EU’s minimum daily tolerance of 10 pgg bodyweight / day). The lining of canned
food is also made out of BPA and is much softecaA of carrots leaches about 10 ppb BPA, a
can of spaghetti sauce about 40 ppb BPA and afdaano about 350 ppb BPA (Goodson et. al
2001). These are orders of magnitude higher thaBBA coming from autoclaved
polycarbonate bottles. Polycarbonate is therefotarsignificant source of BPA intake.

Polyethylene terephthalate (PETE) was only showaaoh a small amount of DEHP
after being left in the sun during the summer msmthJune through September. The DEHP was
not quantifiable due to the lack of a standardraké of Benzophenone was also detected with
no standard to compare with. No PETE monomers detected. This is likely because the
temperature of the plastic did not come close tassgtransition temperature while being
outside. The DEHP contained in sample is a muchdnigreight percent than unreacted
monomers (perhaps 1 wt % vs. ‘@t %) and would therefore be expected to have niger
mobility. No monomer fragments were observed bheostudies have shown that it is possible
to extract and detect PETE chain fragments whesneixposed to UV light (Wegelin M. et al,

2001).
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The other fragments shown in both the PC and PETBAS came from the extraction
process. It will be recommended for future groupsdntrifuge their samples before using them
to make sure there is no sodium sulfate salt irGB8&VIS sample. It was difficult to obtain
samples that were not contaminated with partictedium sulfate (which was used to remove
excess water from the samples). As a result oMéthesamples prepared were unsuited for
running through the sensitive GC/MS equipment.illtaso be recommended to use a metal
sample holder rather than a nylon one. C18 filbeay also be used instead of C8 because they
will increase the retention of migrant molecules.

The Tritan™ copolyester tests showed few significaaults because instrument time
was not available by the time an experiment wagyded that could test for possible monomer
leaching. Thermal transition data was obtainedHerTritan™ bottles heated to various
temperatures. The glass transition temperatureit#i™ was found to be 11C. The plastic
appears to be an amorphous polymer when the D&&iofjin, untreated bottle is observed as
there is no detectable melting point. When thelé®tire heated in an autoclave at 02nd
121°C there is an apparent crystallization. This cifigtgion is seen as a slight melting point in
bottles that have been heated that is not preseheiDSC of virgin bottles. There is no

explanation at this time as to why this crystati@a occurs.
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Appendix |: Important Terms
* Polymer structure terms

o Polymer: A polymer is a large macromolecule (molecular weigsually 40,000
grams/ mole and higher) composed of one or sevepeahting units. Examples of
polymers include all plastics (such as polyethyjgrodycarbonate and Nylon),
cellulose, gelatin and DNA.

o Monomer: Monomers are chemicals that make up the repeatiitg of polymer.
Monomers differ from polymers in that they are msataller, usually on the order of
100 grams/mol. Single monomers are not normallgguein the finished polymer
product, although it is possible to have extrensehall traces of unreacted monomers
existing in the polymer matrix. Examples of monosn&re styrene in polymer
polystyrene and ethylene in the polymer petitylene. Sometimes polymers are made
up of more than one repeating unit. These areccatipolymers. All of the plastics
investigated in this study are copolymers.

o Chemical Leaching: In the context of this project it is when low maléar weight
particles (such as broken chain fragments or utedanonomers) come out of the
polymer matrix and seep into their surroundingse THaching can also occur when
the surface of the plastic degrades and migrateghie contents of the container.

o Polymer matrix: Polymer molecules are large molecular strandss&&rands
entangle together to form large interwoven molecoiatrices. Many polymer
strands are connected in these matrices. It isihisix that gives plastics their solid

structure.
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Appendix I: Important Terms
0 Plasticizer: A small compound with a relatively low moleculaeight (100 — 500

g/mol) that is added to the polymer matrix to allibwo be more flexible or that
changes the tensile properties of the substance oOtihe most common plasticizers
is DEHP.

* Thermophysical properties

0 Glass Transition Temperature (Tg): Plastics do not necessarily have a melting

temperature as “melting” refers to the dissociaiad ordered crystal structures into
amorphous or liquid like arrangement. The transifrom liquid to solid of a plastic
is not straightforward because there are manyréiftechain lengths and variations
between crystalline and amorphous regions in thieixn# is important to know
when the polymer matrix can begin to relax. Thenpof total polymer relaxation is
called the glass transition temperaturg)(The Ty is the point at which the molecular
chains can begin to move within the matrix. Low ewllar weight substances such
as plasticizers, unreacted monomers and otheragklitan begin to move at when
the plastic becomes close to this temperature. iShie temperature of interest when

investigating leaching.
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Appendix Il: GC/MS Data: Figure 1:Polyethylene Terephthalate GC 3 month UV exposlire (
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Appendix Il: GC/MS Data: Figure 2:Polyethylene Terephthalate GC 3 month UV exposkire (

File :C:N\MSDChem~1~DATA\PMB ,DNFPETE#3.D

Operator : Paul

Acquired : 29 Aug 2008 15:14 using AcgMethod PMB_082608 .M
Instrument : Instrument #1

Sample Name: PETE#3

Misc Info

Vial Number: 1

Abundance TIC: PETE#3.D
6500000

6000000
5500000
5000000

4500000

40000004
35000004
3000000
25[!!]0[]0-3
2000000
1500000
1000000

500000 J‘ J l
g o e ML L _m_ﬂ,__.w.‘._r.,#L,.I.j__[__ - A . |1 A, K -

T T T T ey

Time-> 400 6.00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

45



Appendix II: GC/MS Data: Figure 3:Polycarbonate GC Autoclaved Once (1)
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Appendix Il: GC/MS Data: Figure 4: Polycarbonate GC Autoclaved Once (2)

File : C:\MSDChem~\1\DATANFPME . DNAC2 . D
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Appendix Il: GC/MS Data: Figure 5:Polycarbonate GC Autoclaved twice
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Appendix Il: GC/MS Data: Figure 6:Bisphenol-A Control Test 1 ppm

File
Operator
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Instrument
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Appendix Il: GC/MS Data: Figure 7: Bisphenol-A Control Test 100 ppb

File (C\MSDCHEMN1MDATANPMB . D\Snapshot~100MMP BPA2.D
Operator ! Brian
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Appendix Il: GC/MS Data: Figure 8:Bisphenol-A Control Test 10 ppb

File { C:\MSDCHEMN1N\DATANPMB . D\Snapshot~10PPB BPA.D
Operator : Brian
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