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Bis(2et hyl hexyl ) phthal ate (DEHP) is classifi
the European Union, a probable human carcinogen by the United Bt&iesnmental
Protection Agency, and issaispect human endocrine disruptd his ubiquitous
compound is measurable in many food matrices. Screening of nine fatty and processed
foods commonly consumed in the United States for DEHP was performed with an
internal standard addition methtiht utilized Gas Chromatograpiyectron Impact
Mass Spectrometry (GEIMS). Blankadjustedaverage mass fractions in each food
ranged from 0.18 mg/kd @@ = O0. 0@ 1.5%ggMgyl = 0. 24 mg/ kg ),
cheeses containing the largest. Organisms such as penicillium used in the production of
Stilton cheese have been considered likely sources of natodlyring phthalate.

While Anthropogenic DEHRs produced from petrogenic chemicals, biogenic DEHP is



likely produced by organisms utilizing atmospherpiilibrated carbon containing a

quantity of““C isotopes measaible by Accelerator Mass Spectrometry (AMS). Ti@

abundance of DEHP isolated frortilt®n cheese allowed for the determination of its

contempoar y, and thus biogenic, fraction of <ca
were extracted frord12 kg of cheese and isolated by silica gel, size exclusion, and high
performance liquid chromatography (HPLG) AMS. Sample masses were determined

by GGEIMS andcombusted C&manometric measurements. The purity of carbon as

DEHP in each isolate (& % + 17 % to %4.0 % + 13 %, n=5, 95 % CI.) was

determined by multivariate deconvolution of &&IMS fragmentation spectra.

Concurrently processed isolatiorethod blanks contained from6Q.ug £ 0.04 pg to
184pg+0.®0g (n=3, 10 uncertainty) DEHP per sa
extraneous carbon contamination. MeasuremenfiCAfC isotope ratios were made to

correct reported’C values for instrumental and natural fractionation. The r{&n

corrected cotemporary carbon fraction of DEHPali isolates wa$.242 + 0.06§n=5,

1 G), revealing t &t#&5%8 %+16.8 %nshliorocheeseis of DEHP

anthropogenic, but with a significant naturatigcurring component.
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Chapter 1: Introduction

Phthalic acid esters (PAE, i.e., h&nzenedicarboxylic acids), also known as
phthalates, are manufactured as additives foryriad ofcommonlyconsumedgroducts.
There is arestimatedive million-metricton annual worldwide productiasf phthalates
that areusedas amongst otheitems,plasticizers in polymeric materialsolvens of
lacquers and dyesnd fragranceébinding compound&LCSP 201). They thereforare
integral components of countlagsmssuch as clothing, cosmetiggerfumes, adhesives,

ink, paint, and a multitude of plasti@@ohen et al. 2007

Products containing polyvinyl chloride (PVC) plastic may contain up to 50 %
phthalate by weight, one of the most common bbeis(-ethylhexyl) phthalate (DEHP)
(LCSP 2011)to provide them with a desired degree of flexibilifi/his is a viscous

liquid that is produced by the esterification of phthalic anyhyride with ethylhexanol.

L
@iwﬁo ’ 3“‘3‘\/fmx N
Phthalic Anhydride Ethyl Hexanol DEHF

(1.1)

Due to the fact that liquid phthalate additiae not chemically bound to
polymeilic materials(Heudorf et al. 2007)and trat they areeommony usel as solvets,
it estimatedhat nearly2 % of thér total annual production is released into the

environmenby leachingand volatilization(Huber et al. 1996)



Despite possessind@v acute toxicity(Jarosova 2006 DEHP has been
classified as a prob&e human carcinogdsy the U.S. Environmental Protection Agency
(1997), a priority hazardous substance by the European (@Rl 2012, and is
suspected to be a human endocrine disruptor that mimics estia@tdestrogen hormone
receptor sitegMain etal. 2006) It is suggestethat itspotential for endocrine disruption
mayleadto irregular development and feminization in young bagd premature
developmenbof girls (Colon et al. 2000) Studiessuggesting that DEHP reducgserm
counts inlaboratoryanimak (Agarwal et al. 198) raises concern for its capacity to
decreaséertility in men In-uteroexposureand posfpartumhumanmilk consumption
alsoraise concerns of the risk of DEHP exposure to mottheisgtimes ofimportant

fetal and infant developme(Zhu et al. 2006)

Though ubiquibusly presenin much of the environmenEuropean studies infer
that direct use of phthalat®ntaining consumer products andoor environgprovide
the bulk of human exposure to most phthalates, with food having a particular prdolivity
cache disobutyl (DIBP),diethylhexyl (DEHB, and dibutyl phthalatg®BP) (Wormuth
et al. 2006) Phthalate absorption through human skin is minimal amaam dietary
consumption has been identified &g single moslikely route of exposre to the general
populacgFromme et al. 2004; Skakkebaek et al. 200®)thalates have@oclivity for
leaching into fattylietary consumablg€astle et al. 1990; Cavaliere et al. 2Q0G&) was
evidenced by their accumulation of 2 to 80 mg/kg in meatsstoletd with
dioctylphthalateplasticized PVC wrappin@Kondyli et al. 1992) As suchtheEU has
phased out the use of phthalates in fgodtact material@EC 2007)andits use irnthe

U.S. hasbeenseverely curtaileds manufacturers have hegto use alternative



plasticizers such dss(2-ethylhexy) adipateor polymers that do not requiréapticizer
(U.S. FDA 20®). The American Plastics Coaihclaims that phthalates an®tfiused in
plasticfood wrap, food containers, or any other type of plastic food packaging sold in the
United Stated(Enneking 2006)thoughthe USFDA lists it as an Indirect Additive Used
in Food Substances (USFDA, 2011) andaasessment @uropearfood-contact
materials conducted by the European Food Safety Authsuggest that they acdten
present ESFA, 2009, particularlyin printed wrappings witlphthalatecontaining ink
(Jarosova 2006)In addition,DEHP contamination of edible ingredients By C
materials used for their harvesting, processing, and storage supports the need for analysis
of several food typethat potentially contaisignificant quantities of these trace
contaminantgCastle et al. 1990; Petersen et al. 20&8peciallyas production processes
and the equipment they utilizary considerablgmongst producers and distributors
This has been dorfer a wide range diood matricesn European and Asian nations,
(Guo et al. 2012; Tomita et al. 1977; Wenzl 2009; Wormuth et al. 286@j)ever sparse
data exist quantifyingDEHP in food originating in the tited States

Of particular concern are fatty and higigyocessed foods which have a higher
propensity to leach fegoluble plasticizers from contacting materials and have extended
exposure to several synthetic surfaces during mechanized prod{ctionura et al.
2003) A comprehensive European study of DEHP in f@atbrmuth et al. 2006)
reporedthat averageoncentréions in nondairy beveragewere0.01 mg/kg td.04
mg/kg, those imonfatty foods such as fruit, vegetables, and grain prodwet0.01

mg/kg t00.57 mg/kgandthosein fatty foods such as oilglairy, animal, and nut



products wer®.22 mg/kg to 1.8 mg/kg. These concentrations were consistently greater
than those observed six other phthiates in the same food matrices.

In addition to food processing and storgg@halate in the environmerst
believed tocontribute to itgresencen raw food tems prior taheir directexposure to
plastics usedduring theér harvestand distribution. Oneuch instances suggested to be
theaccumulation of phthalate in meat and dairy products as a re#slposecein the
soil of pastures used for graziligestock(Rhind 2005) Given the propensity for
phthalate tamass in dairy produgtgarticularly those with a high lipid conteittjs little
surprise that European studies have found them to possess such relatively large mass
fractions of DEHRSharman et al. 1994)

Aside from theaforementioned sources of industriglispoduced DEHP, it has
also come to ghtthat several organismimcludingmarine algae and penicilliurhave
demastratedthe capacity to produce this phthalate naturally by, as yet unknown,
inherentmodes obiochemicakynthesigAmade et al. 194; Chen 2004; Namikoshi et
al. 2006; Sastry et al. 1995Many of these organisms are often used as additives or
supplements in commonlyonsumed foods around the world. Bluees®including
Stilton, is a foodvhich typically contains some speciesabmicrobial genus
(Penicillium)evidenced taaturally produce phthalai(@made 1994) Thereforean
assessment of the risk for phthalate expobyich a foodand subsequent measures
required to mitigate it, necessitate elucidatiothefp h t h adrigins dt & $or this
reason that the aims of this project were to quantify the presence of iDEENReral
matricesandfurther examine the potential for this compound to exist in food as a

naturallyproduced esterAccordingly, undertaken in thisugty was ascreening and



guantitative analysisf DEHPin severaldomesticallyproducedood productsby Gas
Chromatography Electron Impact Mass Spectrome(yC-EIMS), as well as a
guantitative determination of the contemporary, biogenic fradfdhisphthalate in

Stilton cheesevia compoundspecific*’C isotope analysis by Accelerator Mass
Spectrometry (AMS).These characterizations were made to provide additional, lecally
applicable information concerning the prevalence of DEHP contamination ig, &sod
well as investigate the identity of its sourcds identify appropriate measures required
to minimizeexposure to this phthalaté must firstbe determined if it is a potentially
preventable artifact of an anthropogenic process, or an intiodogical component of
the food.Unlike many other phthalateontaining materials, such as cosmetics and certain
plastic products, the consumption of food is a necessary and unavoidablef fautean
phthalateexposure.In the interesof public health,his makes recognition of thprimary

sources of dietary DEHRs well as the elucidation of its origiradl, the more pertinent.



Chapter 2Screening of Fatty and Processed foods for DEHP
2.1Background

Giventhatpackaging materialandsynthetic ontact surfacessedduringthe
production of food may impart DEHP contamination, hightgcessed and lipidic foods
havesignificant potential to accrue this phthalate by the time they reach the consumer
(Castk et al. 1990; Kondyli et al. 1992; Tsumura et al. 20@3heed exists to assess
phthalate contamination in the various products found in a typical American diet,
especially considering thaddd-processing methodsry considerablyrom farm to table
and ingredientsravelfrom severabeographically disparasources.Herein,the mass
fractions of DEHPRtypically greatetthanthose ofany other phthalate, were assessed
several fatty or processed foods

Many analytical laboratories contain polymplasticized withDEHP. Aside
from obvious sources such as plastic consumablesandinerghat may come into
contact with a sampla@uring preparation and analysésnbient particles anearious
tubingand fittings embedded in gas lines, chromatogragystemsandventilation
systemscan alsgose significant threats of camhination. Given the fact thahly 0.1
mg/kg to 10 mg/kgf DEHP ispresenin most foods, it is imperative to minimize this
contamination and fully account for its accruemargamplegiuring the analytical
process.Thephysical similarityof DEHPto the manyfatty acids and fatty acid esters
often necessitates extensive purificatiotiadfy samples prior to analysiand thus

increases s a negplosair@cspatentially-contaninaing surfaces. Methods



championing very diligent and minimal sample preparation, while achieving adequate
detection sensitivity, are imperative for the screening of foods for DEHP.

In this studyselecedion monitoringby Gas ChromatographyElecton Impact
MassSpectrometry (GEEIMS) providedadequateensitivity forrapid analysis of small
samplesAlso, theaddition ofa fully-deuterateddss-DEHP internal standard (I.Stp
food samplegrior totheir extractionand the determination of a DEH&é%-DEHPI.S.
Relative Response Factor (RRF) helpdeconcileeffects ofreduced extraction
efficiency, sample recovery, antstrumental inconsistencie3wo slightly different
sample preparation techniques were used to assess DEHP levels indeilyeavailable,
domesticallyproduced (U.S.) foodsDry food samples included supermarket brand
snack crackers, chocolate chip cookies, and cornstarch. Higdisture foods included
supermarket brand mayonnaise, vegetable shortening, cheddar cheggeAsharican
cheese (individuallywrappedsliceg, processed canned pork lunch meat, and bnanae

canned chicken sausage, none of which were of ddowariety.

2.2 Sample Preparation

Food samples were purchased from a local (Gaithersburg, MD) supétat and
stored in their original wrapping at20 °C. OrganicHPLC-graden-hexane, acetonitrile,
methylene chlorideand methanol (Mallinckrodt Baker Inc., Phillipsburg, NJ, USA) were
usedduringsample preparatigmralibration,and analyses. All glassre wadaked at
450eC f or rirsedgvithtacetonmad cevered with baked aluminum ftal
minimize phthalate contaminatioGare was taken during transfer of samples to

extraction vias and weighing to not touch themith any surface other thahe original



food packaging and a stainless steel spatula that was cleaned by sonication in organic

solvent.

Multiple 5 gi 10 g samples of each food were weigf&dpendix 1)into 50 mL

glass extraction vialwith a Mettler Toledol(angacher Greifense8witzerland)

Sartoriusprecision weighing balanc8amples were thespiked with aliquots of.S.

prepared with fullydeuterateddss, 98%) DEHP (Cambridge Isotope Laboratories,

Andover, MA, USA) in acetonitrile (6 3

€. ghhege)samples were prepadeding

threesest of extractions, each with a corresponding set of samgpaptioamethod

blanks(Table2.1) comprised of extraction solvent spiked wit8. andprocessed

alongside samples.

Table2.1 Foodextraction sets and corresponding sample (gjernal Standardmg),

and food matrix fa(%) masses

I.S. Spike
Extracted Masses % fat by
Food Type Mass (g) (mQ) n mas$
Crackers 4.90-6.31 40.2-40.8 3 27
Set A Cornstarch 5.20-5.39  40.0-40.5 3 0
Cookies 5.94-8.89 38.9-43.0 3 13
A-Blanks - 39.8-41.4 3 -
Mayonnase 5.56-9.23  39.8-41.2 4 77
Vegetable 4.71-5.03  39.8-40.9 4 100
Set B shortening
Cheddar Cheese 5.56-7.92 39.2-41.4 3 32
B-Blanks - 39.8-43.3 4 -
American Cheese 4.17-6.46 38.4-40.7 4 26
Chicken Sausage 7.63-8.86  39.1-41.9 3 20
SetC Processed Pork  6.81-8.04  42.7-44.4 4 29
meat
C-Blanks - 35.6-41.5 4 -

"Approximate, as determined from reported mass of fat on nutrition label (g)



Phthalates can be extracted frdood by many organic solventthoughthey are
ideally extractedrom fatty foods with acetonitrile (Wenzl 2009) due to the fact thay
are readily partitionedvhile many very notpolar lipids are notSamples of etraction
Set A,containingfoodswith very little water, weremanually homogenized with a
stainless steel spatula aextractednto 20 mL of acetonitrileat~40e @r 10 minand
sonicaton for ~25min. Theextract vials were cenftiged for 5 mirand their
supernatants werdecanéd into clearsecondry 50 mL glass extraction vial The
process was repeated with 15 mL of acetoni&ild both coespondingupernatants
were combined. Theseacetonitrileextracts vereshaken with 4 mL of acetonitrile
saturatechexane in &0 mL segratory funnel andlecanted into a 100 mL round bottom
flask forconcentratiorby vacuum rotary evaporatioBychi, Flawil, Switzerland. All
concentratiorwas performed by rotary evaporation to minimize the potential for DEHP
contamnation Concentration witla Turbovap(Biotage, Uppsla, Sweden) nitrogen gas
vortexconcentratio systendemonstrated markedgtevatedevels of laboratorfpEHP
contaminatio in previouslyassessed blanks.

The food matrices of extraction Set A and Beterehomogenizedspiked with
internal standardand extracted into-8 mL of hexanes Similar to samples of extraction
Set A, heywereheated at40 °C and sonicated fe25 min Hexane extracted the
lipidic components of these foods while limitiagtractionof water and other polar
constituents. Thedeexaneextractsof foods and blank&erepartitioned into 30 mL of
hexanesaturated acetonitrile a 60 mLseparatory funnel The solvents were allowed to
stratify and the acetonitrile layer wascdated andeduced to ~1.25 mL for additional

purificationby preparatorysize exclusion chromatography (SEC).



Size exclusion chromatography was performed vaittdem 30 cm, 21 nyhD.
Oligopore columns (Agilent Technologie®anta ClaraCA) containingg € m parti cl e
with poly-dispersed pore diameteand conditioned with 100 % methylene chloride
These columns weigeceded by BLGel(Agilent) guard column containing 10 um
particles with100-angstronporediameters. Mobile phag®w rate was 10 mL/mm,
deliveredby a Varian 9012 pump systerdilent). Samples (1.25 mLyere injected
onto a 1.5 mL stainless steel sampiectionloop. DEHP eluted from the colunadfter
~ 19 minwith mobile phase¢hateluted189 mLi 199 mL after injection. Thesesdfttions
were collected it clean 10 mL volumetric flaskeptary evaporated to dryness in a 10
mL pearshaped glass recovery flasind reconstituted in ~ 0.5 mL of methanm f
analysis by GEEIMS. Samples were delivered into 2 mL glass amPeyilent) auto
loading GC vials by glass pipette and tightly capped patlytetrafluoroethylene

(PTFE}lined polysiloxaneseptum screveaps.

2.3 Quantification of DEHP Mass Fractions with €€IMS Calibration

Analysesof samples were performéa methanol due to itsigh phthalate
solubility andsuitability for gaschromatography It also possesses a lowepor
pressure at room temperattinansomeother common GC solvents, such as methylene
chlorideand diethyl ethemwhich allowedfor more accurate gravimetd@EHP calibrant
mass fraction determinations and sample analysgsendix 1.3) GGEIMS
instrumentation consisted ah Agilent Technlmgies 6890N Network GC system7683
Series Autosampler, arab973inert quadrupole masselective detector (MSD).
Sample, blank, and calibra EI-MS measurements were maaléer1 pL oncolumn

injectionsto a 0.25 mm x 60 m DELB (Agilent) 0.25 ummethyl polysiloxane
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stationary phaseolumncoupled to a 3 m deactivated fussitica capillary retention gap
Helium carrer gasflow during analysisvas1.5 mL/min.

The GC temperature program was set ét@8r 3 minafter injection ramped
45 °C/min to 200 °Ghen rampd 7.5 °C/min to 320 °Gwrhere it held for 3 min. DEHP
eluted at 20.1 min. The MSD performed contimsiscans of ions with ¥ 50to m/z =
300.

Eight calibrants were prepardm gravimetric dilution®f three separale-
preparedstock solutions obis(2ethylhexy) phthalate 9.8 % + 0.1 %Supelco
Analytical, Bellefonte, PA, USA) and I.S. in methano determineanappropriate
relativeresponse factqiRRF)for sample analysi@ppendix 1) GC-EIMS data
acquisitionwas automated by Agilent MSD Cheamatior® software and analyzqubst
collection with its EnhanckeData Analysis featureThe seleadion integrated a20.1
min. for quantification of DEHP was m/z = 149, and that fordieDEHPI.S. was m/z =
154. The I.S. EAMS fragment of mass 154 has the same structure as that of DEHP
fragment with mass 149 (Figure 2.1.a), though containing gwedium rather than

normal*H hydrogen atoméFigure 2.1.b)
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The mass fractions of unlabeled DEHP and bfing with their integrated ion
relative abundanceare shown in Tabl2.2.

Table 22 GC-EIMS calibrant DEHRug/g) and I.S . massfractions(g/g).

Original
Stock  Calibrant m/z=149:154

Solution 1.D. [DEHP] (ug/g) [1S] (9/9) ratio [DEHP]/I.S.]
1 1-1 0.00C - 0.0022¢ + 0.00002 0.0000 0.000
1 1-2 0.09C + 0.001  0.0015 * 0.00002 0.0760 57.4
2 2-3 0.1 + 0.001 0.0006. + 0.00001 0.3807 292.7
2 2-4 0.464 + 0.003  0.001® * 0.00001 0.385 2899
2 2-5 0.43C+ 0.003 0.0010 + 0.00001 0.3403 2529
2 2-6 0.481 + 0.002  0.0021¢ + 0.00001 0.3153 219.3
3 3-7 0.421 £ 0.007  0.0012¢ + 0.00002 0.3508 243.5
3 3-8 0.287 + 0.005  0.0017: + 0.00002 0.1255 99.2

The solutions were preparsedchthatthe magnitude of theintegratedn/z = 149
and m/z = 154 signals bracketed those observed in all signals and blanks (DEGF: @
to0. 6 8 1.8.%60g g to@ 8 7 0 dheorde) of calibrant, blank, and sample GC
EIMS analygswas randomizetb acount formaximum uncertainty resulting from
variations such as inconsistent El ionization, quadrupole performance, ddtéttor
memory effects

Given that:
(&) — RRF % (@) 2.1)
[DEHP]/ pEHP std 151/ s, '

where Asgand As,are the integrated peakeas obtained a21 min of the m/z=149
and m/z=154 chromatograms, and [DEHP] and [I.S] are the mass fractions of DEHP and
I.S. as pug/g and g/g, respectively, then the relative response factor of DEHP and I.S. is

determined by,
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A_rd-‘?
RRF = %= /DEHP] (2.2)

sl

Theanalysisand resultanéightpoint linear least squares regressiogalibrant
detector responseB {sdA1s4) With respect to their DEHP and I.S. mass fractiwas
used to determine this response factor and its lingarthye appropriate rangd hus, the
slope of theleast squaresalibrationregressiorin Figure 2.AR?*=0.9935)is the

determined response factor of DEHP: |.S. (RRF) and is equdad8 x 10° + 4.5 x 10°.

0.5

A14dA154

'01 T T T T T T
0 50 100 150 200 250 300

[DEHP]/[1.S.]

Figure 2.2 Linear least squares regression of &IMS calibration Slope of the
regression (1.368 x 10+ 4.5 x 10°) is equal to the DEHP: I.S. GEIMS relative
response factor
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The masssof DEHP accruedh the method blankisom all solventand sample
preparation steps weoalculated by theilfDEHP] (ng/g) determined fronthis

calibration andheir total mass in methanol by

Azsg
RRF II Mg

Mgigpenp = Muaoon (—A'“—} ), (2.3)

whereM;., My .on, andMg znep are the masses of the internal standatdtion added
to the blankprior to processingmg), mass of GEEIMS-analyzed blank in methan(d),
and mass of estimated DEHP in method blank, (fegpectively. The valuaketermined

for Mg kpenp are shown in Tablg.3.

Table2.3 Mass estimates @EHP in method blank§ig).

Blank Foods Ceprocessed
Set with blank (n) Mass DEHP (ugd)
A Cookies, Crackers, 3 094 + 0.97
Cornstarch
Mayomaise, Vegetable
B Shortening, Cheddar 4 0.75 = 0.75
Cheese
Pork Meat, Chicken
C Sausage, American 4 047 = 0.24
Cheese
"MgLkpEHP

The mass fractions of DEHP in each food sanif&HF] ;) were correspondingly

adjusted for these blank masses and calculated by,

Ay
RRFX(?"H} - MBLKDEHP‘) X Msr:m‘,t:!ﬂ (2-4)

[DEHP]fﬂod = (
Mg

WhereMg,,...;. iS the mass of the whole foodraple prior to extraction (g).

15



2.4 Screening Results

There was a degree of relative variability in the mass of contaminant DEHP in the

blanks, particularly in Blank S&. The vaiability likely results from the ubiquity of

DEHP in indoor environmentandthe factthatany incident contamination has a large

relative effect on the small mass present in each blank. Many blanks had no detectable

DEHP. The calculated estimatesbtdnkadjustedDEHP mass fractions in the food

matricesand the standard diation of n samples of eachre shown in Tabl2.4. These

results are illustrated by box pldEgyure 23.

Table2.4 Results of GEEIMS analyses of food samples: Relative DEHP and I.S.
detector responses, masses of DEHP in extracts (ug),lani-adjused mass fractions
(mg/kg)of DEHP inscreenedood.

Agao Mass of Bl_ank-
Arss Extracted Adjusted
Range DEHPRange [DEHP] Range Mean[DEHP]
Food Type () (mg/kg)' (mg/kg)"
Crackers 0.2745to 8.08+0.27%0  1.19+0.06to 127+ 0.11
0.2777 8.29+0.7 1.50+0.09
Set A Cookies 0.1100to 3.39+0.11to  0.35+0.04to 041+ 0.01
0.1192 3.44+0.12 0.41+0.05
Corn Starch 0.0577to 1.69+0.06t0  0.14+0.05to 0.20+ 0.8
0.0897 2.63+0.09 0.32+0.05
Mayonnaise 0.1001to 2.93+0.10 0.25+0.11to 0.39+ 0.05
0.1094 3.29+0.11 0.44+0.17
Setp Vegetable 0.0398 to nd’ nd’ nd+ n/a
shortening  0.0409
Cheddar 0.2812to 8.52+0.280 1.39+0.19to 1.56+ 0.24
Cheese 0.4809 13.49+120 1.73+0.23
Processed 0.0650to 2.03+0.07to  0.23+0.04 to 0.25+ 0.03
Pork meat  0.0822 2.64+0.09 0.30+0.04
Chicken 0.0468to 1.34+0.04t0  0.11+0.03to 0.25+ 0.13
SetC  gausage  0.1241  3.62#0.12  0.36+0.03
American 0.2451to 6.97+0.230 0.96+0.03to 157+ 0.30
Cheese 0.2940 8.66+0.28 1.87+0.0.6

"mass fraction ifiood
not detected
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Figure 2.3 Boxplots of blank-adjusted DEHP mass fractions sareenedoods. The
range of mass fractions calculated for each type of feandicated by the width of its
shaded box and the mearinglicated by thembeddedhorizontalblack line.

Confidence in the identification of DEHRas a mp ¢hmrdéasogam was
supported by referencirits m/z=50 to m/z=300 mass spectratr21.0 min to the DEHP
EIMS referenceontainedn the NIST/EPA/NIH Mass Spectral Database (NIST 11) with
theNIST Mass Spectral Search Program (Version 2.0g).

The masses of DEHP extracted from all food samples were greater than those in
the blanks, with the exception of sampiesn vegetable shorteningflhem/z=149 and
m/z=154 ion signalf'om these samples could raiscerredfrom their baselines at the

expected time of DEHP elutiandno quantificationof DEHP could benade The

limits of detection fothemass of DEHP extracted from food matrices in extraction Sets
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A, B, andC were 0.79 pg, 1.76 ug, and 0.h6, respectively. These were determined by
multiplying the standard deviation of total DEHP masses estimated in corresponding
method blanks by the appropriaire sided t valudor 95 %confidence The errors

reported are determined from the propagatedr or s of t he response
determined by the uncertainty of the slope in Figure@#)mass measurement
uncertainties used to calculate the estimated mass fraction of DEHP in food matrices.
These estimates in most foods were comparableosetteported in recent years from
various European studi€d/ormuth et al. 2006)ith mass fractions of DEHP typically

below 2 mg/kg This indicates that foods produced in the U.S. may not pose any greater
risk of DEHP exposure than those produced in other industrialized nddetesmined

mass fractionef DEHP inboth cheesesvhich are noted to be the highest of the food
matrices analyzed in this studyerevery similar, asverethosein both types of

processed meat (pork and chicken sausaga$ed upon these results, the amount of

DEHP ina givenfood wasnot observed to directly correlateith the relative amourdf

fatin the sample matrix From this, it can bmferredthat the inherent qualities of

specific ingredients and the materials used during their production and handling are more

influential to the levels of DEHP contamination in food.
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Chapter 3: Natural Phthalate and Background

3.1. Evidence oBiogenic Phthalate

Evidenceadvocatinghe natural synthesis phthalatesas metaboliteby species
of brown algag€Sastryand Radl995)and marine fungi(Cui et al. 1996; Liberra et al.
1998)has been reportedn adlition, DEHP wadoundto compose 2.3 % of the mass of
ethanolextracted residue froBtreptomycesp. (Uyeda et al. 199nd 23 % of that
extracted from laboratorgultured marine fungugenicillium olsonii(Amade et al.

1994) MacKenzie et al(2004)isolated DEHP from culture broths Efonodictys

pelagica a marine fungus collected off the coasPance Edward Island, Canada,
howeverthe authors were suspicious that the isolated phthalate was not necessarily a
metabolite, but an artifact of the culturing and extraction procedures.

In 2004Chen demonstrated further evidence for the biosynthe€BiEHP and di
n-butyl phthalate (DBP) by red alga Bangia atropupurea. This red alga was cultured in a
seawater medium that had been spiked Wah{““CO; (250 uCi ands.8 mCi/mmole).

The alga was harvested, extracted, and DEHP and DBP were isuititénhh
performance liquid chromatographRLC). A scintillation counter wassed to
determine that theadioactivity of GC-MS-verified DEHP andBP isolateswere160
cpm and 87 cpm, respectively, which webpethsignificantly higher than the

background rdioactivity of 28 cpm.This was indicative that DEHP was synthesibgd
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the alga through fixation of tH&C - labeled bicarbonate spike, rather than being a
laboratory contaminant.

Some of these organisms are used in the production of foods, possibly
cortributing to the risk of human exposure to DEHPne such food is Stilton cheese,
which penicillium roqueforti, of a genus evidenced to produce DE$i&d]dedo give
this blue cheese its characteristic flavor, blue marbling, and strong lodaddiion, it
contains bacterial cultures that were adtteahilk at the beginning of its production to
inducecurding by the conversion of lactose to lactic acgiventherelativelylargemass
fractions of DEHHn cheese compared to several other foodswieeat screened and have
been reported in literatuf@/enzl 2009; Tomita 1977as well as the use oficrobial
additivesin specific varietieshat have demonstrated a propensity for the synthesis of
phthalate, the FDAenter for Food Safety and Applied Ntibn (CFSAN)Office of
Food Additives and Safeghose Stilton cheese as a suitadarce of DEHRo gain

insight into itsorigins in foodby carbon isotope analysis

3.2 Radiocarbonn Natural Sources

In 1946 it was demonstrated thvethenhigh-energy cosmic ray neutronsollide
with atmospheri¢*N, they are absorbed by the atomic nyatausinghemto emit a

proton and yieldadioactive**C (Libby 1946)according to the reaction,

n+ ¥N - ¥c+ 1p (3.1)
This isotopeeacts wih atmospheric oxygen fwroduce**CO; that is incorporated into
the atmospheric carbon cycle at a natural relative abundant&a,110'* *2C0O, (one
part per trillion). Autotrophic organisms at the base of food chains, both terrestrial and

marine incorporatethis radiacarbonproduced in the atmosphearto the primary
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components of their tissuemdthus the tissues of heterotrophic organisvhich
consume themNatural DEHP synthesized by contemporary organisrtiserefore
expected thave a“C/C ratiothat is comparable to thesatural materials

The death of an organism terminatiesuptake of"’C. Radiocarbon, with a half

life of 5730 years, beta decays according to,

Be - BCte+ 7, (3.2)
Petroleum is formed from the hyararbon remains of decomposed organisms that
have been buried and compressed by the deposition of thousands of meters of
sedimentary layers over millions of years. These hydrocarbons H4uA?E ratio that
has nearly completely decay@damikoshi et al. 2006)Anthropogenic, industrially

produced DEHPQH,(CO, C,H,.),) used to plastice PVC materials is produced from

17)2
a two-step alcoholysis of petrogenic phthalic anhydride with petrogenic ethylhexanol

(ECPI 2013 according to the reaction
C.H,(C0)20 +2 CH,,0H —~ C.H,(CO, C;H ), + H,0 (3.3)

andlikewise containg **C/**C ratio that has nelgrcompletely decayed.
The fractionof DEHP whi ch i s bi ogecanibedetermnediicont e

by normalization of it§’C/**Cr at i o t o that of :a fAcontempor a

(3.4)

f CpEHp
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- contemporery standard

Wheref, ... is the fraction of contemporary carbon in a sample of DEHP, and therefore

the fraction which is of biological origin.
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3. 3 Accelerator Mass Spectrometry

For decades, radiocarbon measurements of biologidaliyed materials were
made with Geiger countefisat continuously monitoredC decay eventsver several
daysi n or der t o diage@aaaording to theeradinactive decaplawd s

N = Noe™* (35

whereN; is the number of radioactive atoms present at tinid, the initial number of

e
=

radioisotopes present in the sampae, ”: and:;, = 5730 years. Aside from lengthy

ta; ]

analysis times, samples requirgalto a full gram of livecarbonmassto obtain adequate
counting statisticéLibby 1967)

The adventof AMS n t he 19 7 Gdradiocadhonahalydis iwithrhe z
ability to detect attomole quantities G€ isotopes, as they exist, on suidligram
masses of cadm (Ingalls et al. 2005) More recent technical improvementdsionizaton
sources and ion deflectanawe allowed for rotine analyses adamples containing <100
ug of carbonPearson et al. 2001and reliable measuramts of samples as small as 10
Kg (Uchida et al. 2004) This ability to produce reliable counting statistics from such
small samples of carbon has made AMS the standard methcatifocarbon analysis
and has opened the door for th@ characterization of rare and composme:cific
sourcegIngalls et al. 2005) In particular, it has allowed for the practicarbon isotope
characterization of traelevel compoundssuch as DEHP in food.

At the most basic level, AMS broadijpares a comnmotheory of operation with
other mass spectrometgbait achieves an incredibly high degree of selectivity required
to resolve a single atomic isotope due to the great velda@tyidnized sample particles

arepassed through its series of mass selectiiis**C/A*C measurementa this study
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were maddy a9 MV High Voltage Engineering Europa (HVEE) Fi\ass tandem
electrostatic AMS systeiat the Lawrence Livermore National Laboratory Center for

Accelerator Mass Spectrometry (LLNL CAMS) (Figlgé).
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Figure 3.1 Floor plan of he Lawrence Liver National Laboratory Center for Accelerator
Mass Spectrometiacility (Figure 1from Tuniz et al. 2008)

e Samples’ 6))

; ~ (€) % ¢
High-energy mass N ’ Negative
spectrometer 5) IR SRR v “ ion source

13(a+ Gl MV )  Low-energy mass
w 3 Quadrupole Tandem electrostatic accelerator spectrometer(z)
Faraday lens | () e
cup (6) l lonization
- BN S ‘detector
= =19
?"t%'?'ty ™ (Wien) fi?;er 7 S

Figure 3.2 LLNL CAMS operational diagrarfirigure 1,AMS System at Lawrence
Livermore National Laboratorfrom VVogel, et al1995.
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The following delineatiorof AMS operationat LLNL refers to the numbered
elements in Figur8. 2and its description by Vaj etal. (1995) Samples to be analyzed
atLLNL CAMS must first be graphitized and pressed into targets which typicaiitain
a metallic powder as a binder and thermal conductor. These targets are bombarded with
ions from a high energy cesium sputtering source (1) that impart electrons to incident
sample atoms as they are knocked out of the pellet matrix, formingveegmental
ions. These ions are accelerated through adpgrgy magnetic dipole (2) by the
difference in electrostatic potential betweengrod and t he mahgmesdt 6s po
central vacuum chamber. The production of negative atomic ions isdiahiefi‘C
analysis becauséN, a ubiquitous atomic isobar, is not stable as a negative ion. The low
energy(207 100 keV/ion)magnetic masspectrometer selects ionfsl3 andl4 amu,
though is unable to resolve molecular isobars, such¥ &hd CH? , from*“C",

Remaining negative ions are then accelerated toward the positive + 9 MV terminal of the
Tandem Van de Graaf electrostatic accelerator (3), where they pass through argon gas.
The resulting collisions with this gas strip electrons fromdahs, thus dissociating

molecular isobars and making positive ions of various charge states that are then
accelerated from the positive terminal back to ground potential. These ions reach
energies of up to over 100 MeV. Now accelerated tdacirg thatis a few percenthe

speed of light, the ion beaimfocused (4) to a higanergy seconthagnetic dipole
spectrometer (59nd switching magnet whesenall mass deviatiors atomic isobars

from *“C causethemto be defécted to the spectrometer waff¥C** is deflected t@n

off-axis faraday cup (&p monitor'3C and serve as an isotopic ratio referencé®
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ions. Theremainingion beanpasses throughraagnetic dipole (7) toemove interfering
ions ofincorrectrigidity (momentuméharge, and an Edctrostatic Analyzer (8) to
remove thosef incorrect velocity before entering a gas ionization detector (9), capable
of measuring individual isotopes. &Hetector contains propane gas that decelerates the
incident ion beam and ejects an electron emel &'“C isotope is brought to rest. This
provides a weak electronic signal to a metal plate in the detector that is then amplified.
The nuclear charge of the ion, and thus confirmation of the identificatiye o
algorithmically deduced by the raté energy loss during deceleration.

Contemporary and fossilerived carbon sources have been differentiated®y
characterization of several natural materials, includeigsolparticles (Jordan et al.
2006) lipid biomarkers (Pearson et al. 2001) and specific polycyclic aromatic
hydrocarbongReddy et al. 2002)In 2006 Namikoshi et al. isolated DBP and DEHP
from Undaria pinnatifidaandLaminaria japonicatwo edible species of brown algae,
andUlva sp., a green alga, by high performance liquid chromatography (HPLC).
Radiocabon contents of these isolates, along with those of industdatiyed
petrochemical phthalate standards, were measur&iChyccekrator Mass Spectrometry
(AMS; Center for Chronological Research at Nagoya University) to determine the
fraction of each pthalate that was synthesized by these alga with carbon from the
atmospheric C@cycle, containing measureable quantities’6f The amounts dfC in
both petrogenic phthalate standards were below the detection limit. Isolates of DBP
demonstrated radiacbon levels that were well above those observed in the atmosphere
(up to 281.2 £ 0.6 % live) and DEHP isolates from the same alga were found to contain

relative'*C abundances well above that of the petrogenic standard (49.8 + 0.2 % to 87.2
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+ 0.2 % live arbon), indicating they were biologically synthesized. However, such
elevated radioactivity in DBP extracts suggest that the alga were grown in a carbon
reservoir with a high’C abundance, making measurements of the much lower modern
carbon component oesred in DEHP less conclusive. This is especially pertinent given
that'H NMR and GGMS-assessed purities of these isolates were 60 % and 70 %,
respectively, for théJlva sp. and.. japonicaspecies, with the remainder being
unsaturated fatty acids dertvéom this seemingly’C-enriched carbon source. Despite
the degree of uncertainty of the results, they are indicative that phthalate, particularly

DBP, is likely produced naturally by these algae species.

3.4 Carbon Isotopein Natural Materials

It hasbeen long known, even prior to the definitive discover}@fin 1940 by
Martin Kamenthat carbon isotope ratios vary in natural materegdswas evidenced by
greater®C/%C ratios in limestonérmationscompared to thosgetectedn plant sources
(Nier et al. 1939) In 1953 it was first established that specific biochemical processes
directly influence these isotope ratios and that organisms in marine environs, primarily
utilizing bicarbonate, had highEC/*?C ratios than their terrestrial counterpdftsaig
1953; Smith 1972) It has since been revealed tbatbon isotope raticamongst
biological materials areven moremultifariousand thatvariations exist between
individual speciesvhose biochemical processes fagpecificisotopedy varying
degreegHarkness et al. 1979)n turn,the cells oheterotrophic organisms can have a
carbon constituency that not only has irgpecies isotope variation, but a
constat™*C/**C flux amongst likepopulations and individuals thebnsumedifferent

dietary sourcesarbon(DeNiro et al. 1978; Smith 1972; Tieszen et al. 1983)ese
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13c/*4C variations are expressed as tipeirmille difference with respect to that in the
standard for*C measurements, Vienna Pee Dee Belemnite (VP®B)boratory
produced remake of the origindC standard material consisting of limestone from the

Pee Dee Belemnite formation in South Carolldss. This difference is denoted &5C

f13c

l‘]:L?)Cmaterial VPDB= ( -

flrlEC :lmatar'iﬂl

13c,
(13¢/ .o veDE

— 1) - 1000 %o (3.6)

where, tC/*C)nawerialis the corresponding isotope ratio of a particular cadmnaining
material and *€C/*?C)Vppg is that of Vienna Pee Dee Belemnifehotosynthetic
processes tend to favor lighté€ isotopes td°C (Harkness et al. 197@)nd thusi*C<0

in most biological matter (Figure 3.3)
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sources.Figure 1 from Stuiver and Polach, 1977; C variation in nature.

Given that*“C is heavier yetits fractionation irbiological processes is taken to
be approximately twice that &iC in biogenicmaterials(Higham 1999.

Recent anthropogenic influences on the isotopic character of atmospheric carbon
further contribute to those of contemporary biomas$&sticularlysince the beginning
of the 20" century, as the world at large has seen exponential industrial growth, huge
amounts of fossil fuels have been burned. Given that these fuels contéGrdepleted

organic carbon sources, it has had a diluting effect @virall*’C content of
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atmospheric carbon available for use by biochemical processes. Conversely, there was
largeincrease in th&'C/**C ratio of atmospheric carbon in the late 1950s and early
196006s coinciding with wehpsnshatdriasykndwn asithe o f
ibomb s pidaeeédrequentiésodtmosphericadiocarborto nearly double
(Reimer et al. 2004)Records of**CO, maintained over thpast few decades

demonstrate that glob¥iC distributions have not been nearly as uniform since the peak
of this weapons usadeevin et al. 1997; Nydal et al. 19837l of these factors

influencing isotopic compositiocomplicate quantitative assessment of contemporary
carbon fractions from natural material3hereforemeasuremestwere appropriately
adjustedo compensate fohese factors and radiocarb@porting techniquevas
standardized anchade uniform to eliminate ambiguity amongst the radiocarbon

community as a whole.

3.5 Reporting Fraction of Moderr,{) Carbon

In 1977, Minze Stuiver andethry Polach set the field stdard for reporting
radiocarbormeasurements. Their efforts were originally intent upon structuring
radiometricdatingby **C-beta decaybut thér suggeste@pproactinherently and
directly transcensito the realm ot“C atomcountingby AMS. It was aleady common
consensus among the scientific community that all reported results be referenced to a
standardvith **C activity consistent wit85 percent of that ithe National Bureau of
Standards (now NIST9xalic acid (SRM 4990 B, HOxIh AD 1950,normalzed toa
Ut3C=- 19 per mille VPDBthoughthe techniques used by different labs were various

and contingent upon individual interpretation. This standard definitiadviantageous
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because though the radiocarbon content of the oxalic standards (SR 488(B5RM

4490 C, HOxII) decay over time, th&C/*2C deduced byhis definition is fixed. It is

equal to the measured activity of the abso
extrapolated to the year 19500baeedesnasat
absolute radiocarbon standard because it is representative of a carbon isotope ratio in
terrestrial plant matter whose atmospheric cafbation ceased prior to extensiveC

dilution by heavy fossil fuel combustion and the spékalin **C/*°C ratios resulting from

nucl ear weapons testing. The year 1950 wa
reference only as an honorary nod to the first publication of dating results caldrdate
radiocarbon measurements in the closing days d (Ddvis 1988)

Given that*“C fractionatioris approximately twice that dfC, this aspect of the

radiocarbon standard definition mitigates the variability in radiocarbon content related to
reservoir effects in the isotopic composition of different natural materials and, in the case

of AMS, instrunental fractionation.

The outlined approach to reporting of radiocarbon measurements is in accordance
with that delineated in Stuiver and Pol ach
(2977).

Theabsolute international standard activiggsg), 0o r def i ni ti on of i

carbon, is determined from measurement of an oxalic acid standard gétisify by,

2-(19+540)
Agea = 95% -(ﬂoﬂ (1 -HEE ]) (3.7.1)
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with §**C being that of the adic acid with respect tPDB. The oxalic acid standards

measuredalue is normalizedo U**C=- 19 to account for variability resulting from
isotopic fractionatiorthat occurs when certain carbon isotopes in a graphite target are
preferentially ionized during AMS analysis.

Measurements dfC at LLNL CAMS are referenced those of:°C. A

Amoderno sample measurement by AMS is thus
cte cie 2-{19+813E])
bl of - | =2— . —ziEre M
o, 95% (Cia“ (1 o0 ) (37.2

The'*C/*C values obtained by AMS analysis afrphite targetan be normalized to

this moderndefinition to obtairastandardizeéd f r act i on of f,eserginn car

the sample Prior to normalization to this value, the Amrived% ratios of samples

are frst adjusted for contaminant carbon mass, as determined by analysis of process
blanks. In addition, adjustments are made for biologsmabpic fractionation by

nor mal i 2°€t-250n to

cie cls 2+(—25+612(C)
o1z, o1z ' (1 - —) (38)
C %adj C*"sample 1000
Cid-
The value of; is the measured isotope ratio after rlaased correction for
sample

contaminant carbon and®C= -25is thatof terestrial wood. This adjusted value is then

referenced to the absolute standardetermine its modern fractiday,
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oy
fmgamp.!g = a J/C_“ (39)

Cl¥:ta

whereby a sample with a normaliz€8/**C ratio equal to that of the absolute standard

hasaf,=land i s consi de r(Bohahde@t®?d99Dmoder no

Fossil fuel burning habeen a significant diluent 6fC carbon in the atmosphere
andalthough™C/"C r ati os have been on the decline
of the fAbomb spi ke @andhe‘CHC aicorttemporayn mi t i gat e
atmospheric carbon is conaially in flux. ThebiogenicDEHP present in Stilton cheese
that is available for consumption is not from 1890 and its carbon isotope padileeen
influenced bysubsequerftuctuations of atmospherféC. For this reason, it is necessary

to referencestandardized values ¢f t o t hat of a @ c@®eddyetapor ar yo

2002)in order to determine the actual fraction of carbon in a sample that is from a
coetaneous sourc&iogenic DEHP in Stilton cheese is beliewede produced by
constituent organisms which use carbon from the remainder obtttemporary,
biological matter of theheese matrix. Therefore, the perfemhtemporaryeference to
determine th biogenic fraction of DEHP Stilton cheese in its wh@form. This
reference, with appropriate correctidnsaccount forsotopic fractionatiorof biogenic

DEHP, is made by:
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(1_2 ['5 CVPDB-}DEHF)

£ 1000
— MDEHF

chEHF o ) 5 % vrpE) on
Merilton 1—2 = mDDStzIrun)

(3.10)

wheref ¢, .. is the fraction of contemporary carbon in DEHPir8tilton cheese and

andf,, are the fractions of fimoderno carl

f'm' NEHP Stilton

and in Stilton cheese, respectively.
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Chapter 4: Extraction, Isolation, and Preparation of DEHP for

“C AMS Analysis

4.1 Stilton Cheese andffirmation of LaboratorySuitability

4.1.1 Stilton Cheese

Of distinctly English heritage dating to the™&entury,Stilton cheesdas gained
protected designation status (PDO), whereby production is legally bound to a strict code
of operation and smladrea of geographical origiftibery et al. 200Q) As suchit is only
produced in thé).K. countiesof Derbyshire, Leicestershire, and Nottinghamshire from
the pasteurized local milk of five licensed daiie$St i | t on Cheesemaker so
2013) Startebacterialculturesare added to milk to ripen fipllowed byrennet induce
curding, and the addition genicillium roqueforti sporew laterassist aging After
drainage of the whey, the curds are salted, molded, and washed in brine for development
of a rind, and stored fd@ weeks. At this point the cheeg pierced with stainless steel
needles to allow entry of air to its center and induce the growittepencillium

roquefortianddevelopment oits characteristic blue veins.
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Figure 4.1 Photographed interior of bisected Colston Bassett Stdtmesecylinder.

Two cylindersof Colston Bassett (Nottinghamshire, U.K.) Stiltdreesg~7.5
kg)wereacquired r om Neal 6s Yar d iBtdbutorwa WhdleoFnodso n, U. K
Grocery Store (Gaithersburg, MDThese uncutylinderswere received on égust 1,

2011 and February 9, 2012 in paper packaging, wrapped with aluminum foil, and stored

at-2 0 e C.
4.1.2L aboratory Swipes and Aerosol Sampling

Although the historiesf thelaboratories in which DEHP from Stilton cheese was
extracted and isolatederewell-known, and nonotableprior work with **C-enriched
materials had taken plaeéthin them very little **C contamination is needed to have a
large relative impact othe ~10'* *C isotope abundances aAMS measurements of
natural and contemporamyaterials Thereforecontamination byracelevels of

artificially **C-enriched substancéisat may bainknowinglyintroduced to a laboratory
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via brief contact with materials or persons that have occugpeges where such work
has takerplaceare ablgo invalidate*C measurements of natural materidal® ensure
that there was no potential for this to occur during the isolation of DEHP and sample
preparationa series of swipes amgrosol samples were taken frathlaboratoriest
locationswhich wauld have frequent contachese swipes and aerosols wemnalyzed

by AMS to check for supemodern carbon.

A swipe kit was sent from LLNL CAMS thabnsisted ofjlass fiberswipe cloths
and aluminurrfoil -wrappedaerosol monitors that contained fudee soot mixed with
iron powder The swipes were taken tia synthetic cloth that wagetted with
isopropyl alcohol. The first swipe sample was a blank that had beesdwséth alcohol
and the others were used to sampleraximately100 cn? of several ommonlyused
surfacessuch as doorknobs, LC system parts, labdbench topgTable4.1). These
were rolled to fit in 4 mm [.D. glass v&which werecapped witlPTFElined polymer
caps. The aerosol monitorplaced, at various points throughout thled,were left in
their aluminum foil wrapping with two ends open to allow for incidental aerosol
collectionand allowed to sit for a week befgricing in a sealableag These swipes
and aerosol collectors wereturnedto LLNL CAMS for **C AMS analyss. The results
of these swipepresented atheir fraction of modern carboin Table4.1(f,,), are all
well below one and indicative that there wasemtensive’C-enriched carbon
contamination of laboratory workspacd®esults of amples cthected at UMCP and

NIST were not significantly different.
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Table4.1 Laboratoryswipe surfacesand aerosolsamplinglocationsfor **C
contaminatiorandtheir AMS measurements ff.

Date and Serial Location Fraction of
Number (Inst./Bldg./Rm.j LocationDescription Modern Carbon
07-06-2011-001 UMCP 091 3110 Door Handle 0.205 + 0.009

07-06-2011-002 UMCP 091 3110 Computer Keyboard 0.1776 + 0.011
07-06-2011-003 UMCP 091 3110  Bench top near IGIMS 0.1764 + 0.008
07-06-2011-004 UMCP 091 3110 Berch top near sink 0.1812 + 0.012

07-06-2011-005 UMCP 091 3110 Fume hood 0.1644 + 0.011
07-06-2011-006 UMCP 091 3110 Balance 0.1741 + 0.012
07-06-2011-007 UMCP 091 3110 Window 0.1528 + 0.001L0
07-06-2011-008 UMCP 091 3110 Blank 0.1624 + 0.010
07-06-2011-009 UMCP 091 3107 Door Handle 0.1756 + 0.011
07-06-2011:010 UMCP 091 3107 Keyboard 0.206 + 0.012
07-06-2011-011 UMCP 091 3107 HPLC pump 0.1847 + 0.007
07-06-2011:012 UMCP 091 3107 Detector 0.4022 + 0.017
07-06-2011-013 UMCP 091 3107 Bench top 0.1557 + 0.016
07-0-62011014 UMCP 091 3107 Fume hood 0.143 + 0.010
07-06-2011-015 UMCP 091 3107 Gas tank valve 0.1659 + 0.0®
07-06-2011:016 UMCP 091 3107 Blank 0.1456 + 0.013
07-14-20113-001 NIST 227 A134 Blank 0.2247 + 0.050
07-14-2011-002 NIST 227 A134 Door Handle 0.1381 + 0.010
07-14-2011-003 NIST 227 A134 Fume hood 0.2031 + 0.053
07-14-2011-004 NIST 227 A134 Oven 0.2267 + 0.028
07-14-20113-005 NIST 227 A134 Bench top near sink 0.2138 + 0.069
07-14-20112-:006 NIST 227 A134 Refrigerator 0.3123 + 0.05
Rotatory evaporator benct
07-14-2012-007 NIST 227 A134 top | 0.144 + 0.007
Rotatory evaporator benck
07-14-2011-008 NIST 227 A134 top Il 0.1557 + 0.022

0-71420112-009 NIST 227 B123 Balance room bench top 0.1466 + 0.022
07-14-20113-010 NIST 227 B129 GPC roon bench top 0.2019 + 0.016
07-14-20113-011 NIST 227 A126 Centrifuge bench top 0.0936 + 0.009
07-14-2011-012 NIST 227 A126 GC-MS bench top 0.1442 + 0.010

lUMCP : University of Maryland, College Park, MD 20742
NIST : National Institute of Standards anechnology, Gaithersburg, MC
20899
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4.2 Extraction

Preliminary analyses of these specific cylinders indicated that they only contained
approximately 0.11 mg/kgp 0.14 mg/kg DEHP, requiringearly 7.5million fold
enrichmenbf DEHPto obtain a sample @dequate masgith a purity of 90 %.Due to
the large mass of cheese that needed to be extracted in order to produce several DEHP
isolates of requisite size, extractions were performed on multiple portions of this cheese
during several occasions. Thissvdue to practicalities concerning the size of glassware
and volume of solvents that were readily and safely manageable at such a scale. Seven
batches of cheese, whose masses are givEabie 4.2 were cut and extracted alongside
four method blanks ia clean analytical chemistry aerosol Laboratory at the University
of Maryland, College Park Chemistry Buildinglwo batches were extracted in the
summer of 2011 The final isolate of onef these batchesnd a blankveresent as pilot
samples to LLNL CMS. This was done to assess the working method used to prepare
samples and evaluate the quality of information it would provide before processing

subsequergamples.
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Table 4.2 Mass and date of extraction everanad identification of corresponaly
contemporaneouslgrocessed method blanks.

Process Element Batch1l Batch2 Batch3 Batch 4 Batch5 Batch6 Batch7

Cheese Wheel IC 1 1 2 2 2 2 2
Extraction Date  8/24/2011 9/26/2011 2/14/2012 2/27/2012 2/27/2012 4/3/2012 4/3/2012

Mass of Cheese

2640 2622 1192 1633 1687 1247 1262
Extracted (g)
Blank ID BLO1 BLO1 BLO2 BLO3 BLO3 BLO4 BLO4
Column Pass
RatioNo.;
Columns 3523 35/23 2021 23/12 26/12 21/19 19/19
IsolatéNo.

Columns Blank

"Approximately ¥4 of batch lost during isolation
“Ratio of number ofchromatographic passased tdsolateDEHP from cheesand
numberof passesisedfor methodblank ( ¥¢z).

Prior to extraction, the cheese cylinder waallowed thaw. When partitioning
and weighing samplesare was takenotto touch the cheese with any surfaces other
than the original folined wrappingor acetonerinsedstainless steel spatula. Glassware
used during the extraction was washethwlkonox® Powdered Precisiondaner
detergent, baked nsdadwithadeten€ pribrdoruseladd képbcoversd,
with baked aluminum foil to minimize phthalate contamination. Hexane and acetonitrile
solvents used during eactions were HPL&rade Mallinckrodt Baker Ing. Cheese
was weighed, transferred into 4 Labers and spiked with weighed aliquatappendix
2, Table A2.2 of dsg-bis(2ethylhexyl) phthalate (98%Cambridge Isotope

Laboratoriesyiluted in acetonitrilé~2540 pg/g) Method blanks wersimilarly
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prepared andontemporaneously processgithout cheese Cheese batches were first
homogenizedavith a stainless steel spatulalong with method blanks, they were
extractednto as much as 4500 nilexane. The extracts were covered with foil and
gently heated at 40 °C fap to 60minutes, withperiodic gentle stirring. This solvent
wasgently decanted by incremenfauring into a 1 lround bottom flask and
concentratedia rotary evaporatianEach cheese batch was again extraatéiul up to
2250mL of ~5:1 volume ratio acetone:hexanerhis extractvas decanted and combined
with the first extract, as was a subsequent third extragb &d 900mL hexane.

Combined extracts wemncentrated byotary evaporabn and centrifuged an
acceleration 0f12,000g for 10 minto remowe any decanted or uended solidbefore

further processing.

The DEHP was next selectively partitioned from many-polar species of the
extractinto hexanesaturated acetonitrileAccordingly, each hexane extract was split
into multiple 400 mLaliquots andextracted withacetonitrile using a 2 L glass separatory
funnel. Aliquots wergypically first partitioned into 1350 mL of hexaweatracted
acetonitrile solution byigorous shakingnd allowing thewo immiscible layerso
stratify for 30 minbefore decanting the aceitrile from the funnel This was repeated
once more on each aliquot with 800 mL of hexaaturated acetonitrile. All decanted
acetonitrile extracts were combinexbncentrated bsotary evaporadn, and stored a20
°C in 1L glass bottles.Chilling of the extracts caused somlgeese matrix constituertts
precipitate fromacetonitrilesolution The acetonitrile extraat/as gravity filtered while

still cold to removehis matter
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4.3 Liquid Chromatographilsolation ofDEHP

Three methods of chrortagraphic separation were used to adequately isolate DEHP for

14C AMS measurement from Stilton cheese extracts.

4. 3.1 Silica Gel AFl asho Chromatography

Preparatory silica gel Afl asho chromato
from much of the remainingotar and bulk cheese matrix components. This
chromatography work was executed in a fume hood whose surfaces were covered with
aluminum foil to minimize exposur® polymeirc surfaces.Custommade colums
(Figure 4.2)weremanufactureavith 1.75 inch intenal diameterl5 inchglass tubes
toppedby 500 mLsolvent reservogwith 24/40 joint opening Mobile phase flow
through the column was induced by manualppliedpressuravith a synthetidhand
poweredpump bulbwhich was connecteoly a shortir-tight segment of rubbéroseto a
size24/40 malejointedvacuum distilling adapteslamped to the opening of the solvent
reservoir. Eluent was manually controlled withPAFEstopcockat he col umndés t a

bottom end.

A column was packed by first pluggjrihe tapered end with a small wad of
cotton fiber, followed by addition of hcmthick layer of sandNlallinckrodt Bake}. It
was filled with 900 mL ob % acetoned5 % hexane volumiactionsolutionand175 g
of 32mm to 63mm i f | -@rade silica departicles (Dymmic Adsorbents, Atlanta, GA)
A 200 mL aliquot of this solution was eluted five times to minimize inconsistencies or

pockets in the gel andhather 1 cnsandlayertoppedthe column.
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Figure 4.2 Photograph ofilica ge | A Fl as hgraphy bolumena t o

Each columrpacking was suitable for separation of an aliquot of extract
representative 0f400 g of cheeseTo removecontaminant DEHRProm the silica
particles, 400 mL of a 33 % acetone / 67 % hexane by volume solution was added to the
reservoir and eluted through the column at ~ 5 mL/min. The column veand&ioned
for use by elution of 500 mL of 100 % hexanes (~ 5mih), allowed to sit for 30 min
and flushed with another 600 mL of 100 % hexanes. An excess of 10 mL hexane was

kept in the reservoir to keep the top of the column from drying.
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After gravity filtration of acetonitrile extractsplvent wagotally removed froma
~250 mL aliquoby rotary evaporatianThe samfe residue wageconstituted in-5 mL
of hexaneandcarefully added to the top a of conditioned silica column with a glass
Pasteur pipetteSolvent wasluted until the entire plug had descended below the sand
and was in full contact with the silica stationary phas¢éiceable aa yellow band(~

2cm)on the whie silica slurry.

To start each chromatographic separation, 200 mL of 100 % hexane was added to
the column reservoir to elute compounds of very low polarity that were partitioned into
the acetonitrile. Given that pressure was manually applied to the sygtemhand
operatedulb, the flow rate had some variability but was targeted to remain consistent at
~15- 20mL/min. Mobile phase subsequity usedhada 1.6 %acetone38.4 % hexane

composition anavas added to the solvent reservnialiquots 0400 mL.

Six fractions of 100 mL were individually collectdakeginning after the elution of
1000 mL of thismobile phase These fractions we3mk each r
andqualitativelycheckedor DEHP by GCGEIMS analysis as identified by the presence
of discernible peaki them/z=149 and m/z=15dhromatograms at ~21 mirfFractions
from each silica columthatweredeterminedo contain DEHP were combinethd
rotary evaporated to 1.2 n{[ables A2.3.a and A2.3.b in Appendix 2.3 he results of
GCEI MS analyses of 100 mlimL, fad depittionmitleosec on c e n't
fractionsthatwere combinedareshownin Appendix 2.3, Tables A2.4.a to A2.4.A.
Total lon chromatogram of the GEIMS analysis oh DEHRcontaining fraction
collected for Batch 2 is ishownFigure 4.3. Though well on the way to achieving a

nearly 8million-fold enrichment of DEHPseveralfatty acid estersverelargesources of
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carbon mass in the sample after this stage of purificabbethyl 6,1*octadecadienoate
andMethyl 8,11,14eicosatrienoatevere identified by referencing the m/z=50 to
m/z=300 mass spectra®.6 and 18.0 m, respectively, to theNIST/EPA/NIH Mass
Spectral Database (NIST 1djth theNIST Mass Spectral Search Program (Version
2.0g)and were present at each step of the purificatidre integrated ion count of the

DEHP peak is ~1.5 % of all ions detectadhe sample

1e+6
8e+5 A
Methyl 6,11-octadecadienoate
. DEHP

¢ Ge+5 A T | Methyts, 11, 14-
=) eicosatrienoate c/“TiT\/“\
~
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Figure 4.3Total m/z=50 to m/z=300 GEIMS ion chromatogram of DEHEontaining
flash chromatographic fractio(Batch 2)concentrated in ~ 3 mhexane The red box
outlines the DEHP peak. Its integrated area contains ~1.5 % of the totabiandance
of the chromatogram.

4.32 Size Exclusion Chromatography

To isolate DEHP fronmany othefatty acid esters and compourafslisparate

size, the recovered DEHP fraction from each silica column was passed through tandem
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30 cm, 21 mm.D. Oligopae columns (Agilent Technologies) containing 6 pm particles
with poly-dispersed pore diametemeceded by RLGel(Agilent) guard column
containind.0 pmparticleswith 100 angstronporediameters These columns wefest
conditioned for use with 100 %ethylene chloride from a VarigAgilent) 9012 solvent

delivery system.

The 1.2 mL DEHRcontaining fractions from the silica chromatography runs were
each injected onto this column at a flow rate of 10 mL/min. DEHP was eluted in 10 mL
fractions that wee collected in clean 10 mL volumetric flasks after prior elution of 189
mL of methylene chloride mobile phasBetails of the sample and blank passes made on
these columns are found in Appendix 2.4 Tal#2.5.a and A2.5.bFractions
corresponding to thsame cheesextract batches were combined and concentrated to
~1.5 mLfor GG-EIMS analysis. A Total lon chromatograph of one of these analyses
from Batch 2s in Figure 4.4. The integrated ion abundance of the DEHP peak in this
chromatogram is ~ 8.5 Uf all ions detected from the sampterresponding ta~ 5.5
fold increase irenrichment oDEHP with respect to its concentrationtime flash fraction
(Figure 4.3) Samples werransferred to 40 mL pearshaped recovg flask in which

all solvent wa removedandreconstituted in 3 mL of acetonitrile.
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Figure 4.4Total m/z=50 to m/z=300 GEIMS ion chromatogram of DEHEontaining
size exclusion chromatographic fracti(@atch 2)concentratedn ~ 1.5 mL methylene
chloride. The red box outlineseaDEHP peak. Its integrated area contains ~8.5 % of
the total ion abundance of the chromatogram, a -f6l& enrichment of DEHRromthe
flash fraction.
Section 4.3.3 High Performance Liquid Chromatography

The final chromatographic purification BEHP extractswas obtained biAPLC
with asemipreparatory 15 cm x 9.4 miD. Agilent ZorbaxEclipseC18 column
preceded by &18guard column, andoupledto aSpectroflow 757 UV/VIS Absorbance
detector Data acquisition from the detectesponse was aut@ied withE-Lab

software Acetonitrile samples wengurified byinjections of115 pLaliquots @ 15

injectiongbatch) on d50pL stainless steel sample injector 1009 90 % acetonitrile/10
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% water(volume ratig initial mobile phase flow was set4&tmL/min by a Dioex
(Sunryvale, CA)P580 solvent delivery system. Twentynuies after sample egtion
this mobile phaseomposition was brought to 95 acetonitrile/3%6 water.Elution of
DEHPwas detected biys UV absorbancat254 nm typically after~33 min. d3g-DEHP,
which typically elutechearly2 minutesprior to unlabeled DEHP, served as a
chromatographic markéor anticipationof DEHP elution, and thus its collection time
The fractions oftl;s-DEHP and DEHPwereindividually and manuallgollected from a
short segment of LC tubing connected to the detector outefparatel0 mL
borosiicate glas vials withPTFElined caps. These vials were kept tightly capped when
DEHP fractiors were not being collectedcach samplef DEHP contained a total
volume ofa 80 mL of HPLCeluent Thissolventwastotally removedby rotary
evaporatiorandsamples wereeconstititedi n 1 rAL of methylene chlorideDetails of
individual injectionsareprovidedin Appendix 2.5, Tables A2.6 and A2.7a. to A2.7.c.
Collection times and volumes of DEHP fractidossamples isolated in 2012 are in
Appendix 2.5Tables A2.8.a to A2.8.cA Total lon Chromatogram of tteC-EIMS
analysis ofa collected DEHP HPLC fractias shownin Figure 4.5. The integrated ion
abundance of the DEHP peak in this chromatograa®is % of all ions detected from

the sample, ~ 10-f6ld enrichmenbver DEHP in thesize-exclusion fraction.
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Figure 4.5Total m/z=50 to m/z=300 GEIMS ion chromatogram of DEHEontaining
HPLC chromatographic fraction (Batch 2) concentraied 1.5 mL methylene chloride.
The integrated DEHP peak cams 91 % of the total ion abundance of the
chromatogram and the insestthe chromatogram from 15 min to 20 ragaled on the-y
(lon Abundance) axis to better show resolution of compoundtutiong with DEHP in
the HPLC fraction.

4.4 Isolate Aggregatio

Preliminary GCGEIMS assessment of DEHRassessolatedin each batch made it
clear that some did not yieddmas®f carbonthat wasadequate for AMS analysis. This
was true foibatches 3 through (Table 4.3. These approximate estimations were made
based on a previous calibration of the operativeE3iaS for DEHP and th&nowledge

that DEHP is 73.8 % carbon by mass.
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Table 4.3 Preliminarymassestimates of DEHP isolatggg).

Preliminary
Preliminary Carbon
DEHP Mass Mass

Estimate Estimate
Batch (M) (M)
03 43 32
04 59 44
05 56 41
06 63 47
07 62 46

Batched3 to 07, isolated in 201provided enough mass for a total of three AMS
samplesThe isolates of some extraction batches were therefore aggrématasdin the
requisite mass fof'C analysis. Batch 04 wagavimetricallysplit into two aliquots

Table4.4denotes the mass fraction of each isolatewlasia constituent of the newly

aggregated and termed AMS samples STO1 through STO05.

Table 4.4 Massfractions of batch isolates iive AMSsampleg(STO01 to ST05)

Batch ID
Sample
ID 01 02 03 04 05 06 07
STO1 1
STO02 1 1
STO3 0.48 1
ST04 0.52 1
STO05 1
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4.5.Quantification of DEHP in Samples and Method Blanks byEIKIS

Themasses of DEHP in isolates and blanks were deterrbyedlibrated GE
EIMS analysiausing an Agilent Technologies 6890N Network GC system, with a 7683
Series Autosampler, and 59iri@rt quadrupole masselective detector. Analyses were
performed by orcoumn injection a63 °C to a 0.25mm x 6Gm, DB-XLB (Agilent)
polysiloxane(0.25 pum)wall-coated epillary column preceded by a B deactivated
fusedsilica capillary retention gapHelium flow was1.3 mL/min. The GC was
programmedo elute DEHP at 21.0 min Its temperature was held &@°C for 3 min,
ramped45°C/minto 200 °C, 6llowed bya 7.5 °C/minrampto 320 °C whichwas held
for 3 min. DEHRN samples and GEIMS calibrantsvas quantified by integration of
the ion fragment nz£149 (Figure 21.a)relative ion abundance 21.0 minafter
injection. Three calibrations were performed that coincided with the analysis of samples
sent to LLNL for AMS analysis on 11/1/2011 (STO01), chesskated samples sent

6/1/2012, and blanks sent 6/1/2012.
45.1Pilot Samples

A stock solution of 1442.5 ug/g + 5.0 pg/g DEHP in methylene chloride was
gravimetrically prepared in a baked (450 e
of a Supko (Bellefonte, PA) pat Bis(2ethylhexyl)phthalate (99.8%) stamdamaterial
(Appendix3.1). Eight GC-EIMS calibrantsolutionswere gravimetricallypreparedrom
this stockwith a Mettler Toledo Sartorius precision weighing balafi@ble 4.5) Three
aliquots of each calibrant wedeliveredinto separate 2 mL glassméer GC aud-loading
vials (Agilent). Tiplicate GC-EIMS analysis of 1.5 pL of eaclwas performedo

determingprecision in injection volumesonsistency oDEHP electron impact
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fragmentationandlineaiity of detector responselhe average relative stdard deviation
of m/z=149 ion counts measured by these triplicate calibrant analyses was3aniile
STO01 was measured during calibratidrhe linear least squares regression fromGC

EIMS analysis of these calibranssshown in Figurd 6.

Table 45 ST0O1 GGEIMS Calibrant mass fractions of DEHP in methylene chloride
(ng/g) and GGEIMSdetectorresponses

[DEHP] in
methylene
chloride
(ug/9) Meanm/z=149 peak aréa

132 + 1.0 74700 + 35800

494 + 1.0  34859D0 + 346300
651 + 1.0 5226500+ 709100
789 + 1.0 6002300+ 130580
957 + 1.0  978928@ + 2083L00
128.3 + 1.4 12775800+ 92920
147.8 + 1.6 136124D0° + 5503700
161.7 + 1.7 15560600+ 707300

Area of ion relative abundances at 21 raiiterinjection
Average of 2 injections
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Figure 4.6 GC-EIMS calibration regressiorof integrated m/z149 ion abundances at
21.0 min with respect to DEHP mass fractions in methylene chldadsample STQly
=1,033,000% 11,610,000 , with Rz = 0.983

Theregresionwerefitted to the equatioy =1,033000x - 11,610,000, with R2 =
0.983. Its standard deviationtbieslope is 5.4 %andstandard error of regressi¢s)) is
7571000 Sample STO1 had a mass of 1.28975 g + 6Xdlih methylene claride at the
time of analysis and iSEHP mass fractiom methylene chloridevas113.3 pg/g £ 7.9
pg/g. This sample was thereforgeterminedo containl46.2 ug + 10.2 pgf DEHP

(207.9 pg £ 7.5 pg of carbcas DEHP)
4.5.2Primary Samples and Method Blanks.

Given tle somewhat large 7 % relative uncertainty of the DEHP mass estimate
obtained for sample ST01, more effort was applied to obtain precise mass estimates of

Samples ST02, ST03, ST04, STO5, and their respective methods blan#ts.so, three
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series of DEHP @ibrants were gravimetrically prepardm dilutions of one of three
stock solutions of DEHP standard (Supel®.8 %) in methylene chloriddéble4.5).
The calibrants wergravimetrically preparedAppendix3.2) such that their DEHP mass
fractions ad m/z=149 relativaon abundances provided much tighter bracketing of

corresponding values in the samples tbalibrants preparefr quantification of STO1.

Table 46 GC-EIMS Stock solution assfractions of DEHP irmethylene choridgug/qg).

Stock Solubn ID [DEHP] (ug/g)
Stock 1 13411.: + 3.0
Stock 2 14780.t £ 10.2
Stock 3 15283.! + 8.7

From each stock solution, a serie$aalibrants was gravimetrically prepared
(Appendix3.2) whose masfactions of DEHP ranged fros0.5 pg/gto 90.55ug/g
(Table 47). Stock solutions were weighed just prior to dilution, as calibrants were just
prior to analysisto makeadjustnentsto DEHP mass fractionsesulting from methylene
chloride evaporation. Solutions were transferred to 2 mL amber glass GEaapter
vials (Agilent) which were tightly capped witRTFElined polysiloxaneseptum screw

caps
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Table 47 GC-EIMS CalibrantMassfractions of DEHFANn methylene chloridgug/qg).

[DEHP] Calibrant Solution a

Diluted Stock time of GCMS Analysis
Solution: Calibrant ID (Hg/g)
1 11 50.05 = 0.01
1 1-2 71.41 + 0.01
1 1-3 74.47 = 0.01
1 14 81.27 = 0.06
1 1-5 85.59 + 0.01
1 1-6 90.51 + 0.01
2 2-1 67.49 + 0.03
2 2-2 7151 + 0.03
2 2-3 75.74 + 0.77
2 2-4 80.79 + 0.03
2 2-5 85.97 + 0.04
2 2-6 89.56 + 0.04
3 31 67.79 + 0.02
3 3-2 71.41 + 0.02
3 3-3 76.44 + 0.03
3 34 78.81 + 0.03
3 3-5 90.55 + 0.03
3 3-6 85.72 + 0.03

Injections of 1.0 pL of each of the eighteen calibrants and four samples were
randomlyanalyzedo account for mamum calibration uncertainty resultirigpm
inconsistent El ionization argliadrupole performance, detector daftd memory
effects. The order by which these samples were run, along with the obseafzeti49

chromatogranpeak areas at 21in are lised inAppendix3.2, TableA3.9.

Calibrants were prepared from three stock solutions in the event that the small
mass of neat DEHP in any one of them was erroneously weighed or there were transfer

inconsistencies during dilution. Signals produced fromkS8ocalibrants did not
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demonstrate linearity consistent with those from Stock 1 and Stock 2. Given the
randomization of analysis ord#rs inconsistency wasot resultant ovariability in GC-

EIMS performancebut rathein DEHP stock solution dilutionrdransfer Analysis of

calibrants prepared from Stock 1 and Stock 2 were thus used to fit a lineaqleasts

regression for the quantification of DEHPthe remaining samplesThowgh its signal

was weltalignedwith the regression, calibrantllwas not included in the calibration

since its mass fracti on enieanbfEhd Bthemcalibrantse ar | y
and not necessafgr calibration This regression ohiegrated nz=149ion abundances

at 21.0 min, with respect tddEHP mass frationsin methylene chloride (Figure 4.7), is

shown in Figure 4.and fit according to the equation y = 675800%350000R? =

0.974
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Figure 4.7 GC-EIMS calibration regressiorof integrated m/z=149 ion abundances at
21.0 min., with respect to DEHP mass fractions in methylene chiaidgamples ST02,
ST03, ST04, and ST0.= 675800%11350000 R? = 0.974,5.5 % standard error of the
slope, and standard error of regressiop=904200.

Methods blanks were similgranalyzed with calibrants containing much lower
closelybracketingDEHP mass fractions amd/z=149ion abundancesThree stock
solutions of DEHP standard were used to prepare 3 sets of calibFaetéwo sets
whose GCEIMS analyses wenmost in agreemermwere used for calibrationThe
regression obtained from thealibrationis depicted irFigure4.8 andfit to the equation y
= 253300x 70650,R* = 0.978 Mass data and calculated mass fractioinsalibrants,
along with their measured/z=149ion abundancesareprovidedin Appendix3.2, Table

A3.10.
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Figure 4.8 GC-EIMScalibration regressiorof integrated m/z=149 ion abundances at
21.0 min., with respect to DEHP mass fractions in methylene chhandsolation
method blanks BL02, BLO3, and BLOA= 253300% 70650 R* = 0.978 4.6 %
standard deviation of the slope, and standard error of regressjor, 13870.

The uncertainties ddEHP mass fractions estimated froneseregressiongs,)

were determined &ording to Equatiod.1

|1 1 [:}'nnk_}'au :I:
sp=-k by 1y DumkDmg) 4.1
ST PR —— (4.1)

wherem = slope,n = number of calibrant data pointg.= integrated ion abundance of
m/z =149 at 21.0min in the DEHP sampler methodblank,x; is theestimatednass
fractionof DEHP in methylene chloride (pug/gand k= number of repeat measurements

of the unknown.Also in this equationya,g andxayg are, respectivelythe meanntegrated
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m/z=149 relative ion abundances and mass fractions of OJg#{B) in thecalibration

soluions.

4.5.3 GGEIMS -measured DEHPmasses

Prior to GCGEIMS analysis, the DEHP isolates and method blanks were
concentrated i1 mL methylene chloride andeighedinto 2 mL GC autesampler
vials. These massegere used taeterminghe mas®f DEHP in i®lates and blanks
from ther measuredEHP mass fractions in methylene chloridehesevalues and the
masses of carbon as DEkiPisolates and blanks, along with their propagated ¢

uncertainties, are listed in Talkles.

Table4.8 Mass fractions of DEHP in methylene chloride (ug/g) and total DEldBses
(ug) in cheeseextracted amples ananethodblanks

Samplé DEHP mass Massof Carbon
Blank Mass inMeCl, (g) [DEHP] (ug/g) estimate (ug) as DEHP (ug)
STO1 1.28975 + 6.0E05 1133 + 7.9 146.2 + 102 1079 = 75
STO2 1.31996 = 2.0E05 72.67 £ 1.44 95.87 = 1.91 70.75 = 141
STO3 1.32816 = 1.0E05 69.93 + 1.49 92.88 = 1.97 68.55 + 1.16
STO4 1.32023 =+ 1.0E05 72.76 + 1.44 9607 + 1.91 70.90 + 1.40
STOS 150618 + 2.0E05 78.06 £+ 140 116.10 + 2.11 87.16 = 1.56
BLO1 0.33988 + 6.0E05 4.4 + 1.7 15 £ 0.6 1.1 £ 05
SBLO2 1.62083 = 3.0E05 1.13 + 0.06 1.84 + 0.09 1.36 + 1.00
SBLO3 0.72814 + 5.0E05 0.83 + 0.06 0.61 + 0.04 045 + 0.33
SBLO4 0.79032 + 2.0E05 1.04 + 0.06 0.82 + 0.05 0.60 + 0.45

T
Mg
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4.6 Assessmemf carbon purity as DEHP in cheeiselated samples

Chromatograms d6C-EIMS analygsof isolates collected after HPLC
processing indicated the prese of small quantities of severaletuting compounds
(Figure 46.), largelyconsisting of fatty acid esters, whose identifications were attempted
via correlationof mass spectrabserved during chromatograplpieaksto reference
spectran the NIST/EPANIH Mass Spectral Database (NIST bi)NIST Mass Spectral
Search Program (Version 2.0g) (Tabl@.}}. These compounds are present at much
higher mass fractions in cheese than DE&t#] their physical similaritynade total

resolution by liquid chromatogoay very difficult and incompleteSincegraphitization

14
of samples for C AMS is nonselective and carbon isotope ratios are determined for

entire samples regardless of their chemical source, these impurities contributef],to the

of DEHPsampes isolatedrom Stilton cheeseBeing contemporarypiologicaly-
synthesizedcarboncontaining matter from the cheese mattitgyhadmeasurable
quantities of“C.

Purity assessments are often made by detamgthe integrated area afgiven
commpundds measured signal peak relative to
However, a more rigorous approaghs needeth order to accurately assess the pusity
carbonas DEHP insolateshy GGEIMS. The analysis must take into account the
possilility that other compounds may elute simultaneously from the GC colastimere
may besome impuritiesvhose EIMS signals are indiscernible anTotal lon

Chromatogram The analysis must also consider the factttameasured ion
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abundances are of fpfoduced ion fragments with different masses and mass fraction

carbon.
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Figure 49 Sample STO®®tal m/z=50to m/z=300 GCEIMSion chromatogram

4.6.1Time-ResolvedMass Spectral Deconvolution

The purity of carbon as DEHP in edsblatewas calculaté according to,

(Counts.grpont.._
Purity, = 1— e x 100 (4.2)

':Counrfcarbun}“mpla

where(Counts, , pom) co—siusea 1S the amount of carbaas impurities from the cheese

matrix that ceeluted from the HPLC column with DEHP, a{@ounts is

cr:rb::-njsrzmp!a

theamount of carboim theentire sample These amounts were determined witm-

negative leassquares multivariate deconvolutiopsogrammed with Matla®
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computational softwar@f thetime-resolved GEEIMS fragmentation spectra tife
samples ad pure (99.8%) DEHP standard.

The GGEIMS analyss of anisolateor standargroduced a 3381 x 251 data
matrix which contained theetected iormbundancesf eachm/z=50 to m/z=300 (25ibn
massepduring eachof the 3381quadrupole scatollected at- 0.35 gntervals(2.9
scans/s)from 6.1 minto 256 min after sample injection to the GC columiEigure 4.10
illustrates the data matrix of S$@om 10 min to 25 minthe time range of the
chromatogram that compoundere detected isampleSTOS The inset is the same data
matrixillustratedat a scak ofion abundancéiat more clearly allows the ion peaks from

impurities to be discerned.
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Figure 410 Sample ST05 GEIMSsingleion chromatogramsvhose color gradient
represents each measunedz=50 tom/z=300.
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Prior to deconvolution, ea@881l x Bl datamatrizvas A bi nnedo wit h

time by summing the ion abundances of corresponding freapaentfrom
chronologicallyadjacent quadrupole scans. This was performed to mitigate minor
differences in the sample and standard spectra that cefualbtevariations inthe

algorithmic binning of detector responses during the continuous quadrupole scan. It was
also utilized tdncrease signal to noisatios for ion masses pertinent to the measured
spectra of compounds in the isolatggure 4.11 rpresents the single ion chromatograms
of STO5, at the ion abundance scale of the inset of Figli@e after its time resolution

was reduced by a factor of twelve (0.23 bins/s). Figure 4.12 is the binned spectra of the
pure (99.8 % + 0.1 %) DEHP standamtkasured after 1 lnjection of 76.6 pg/g DEHP

in methylene chlorideA binning factor of 12 was determined to be the most suitable
owing to its ability to provide sufficient reduction of noise without compromising the

resolution of the data attribut&blo GC chromatography.

Deconvolutiors wereperformed according to the notion that DEHP produces a
GC-EIMS fragmentation spectrum that is consistent at all tilp@sthe chromatograms
of samples and standard. Therefore, the measured sample sfegira.(;) is the sum
of the DEHP spectral component, as determined frgaticate injectionsof 99.8 % + 0.1
% pure DEHP standar(....qrz), and the spectral component of impurities

(sco—a!uring) WherEby;

Smsﬂsursdr =% ssrﬂndﬂrdr +Sco—a!uri:—:gr (43)

andy, = t" DEHP mixing coefficient
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Figure 4.11 Sample ST05 GEIMSsingleion chromatograms: 12 Scans/bifhe
different olors represenfragmentation ions frorm/z=50 to m/z=300.

Figure 412 DEHP standard GGEIMSsingleion chromatograms: 12 scans/birhe
different olors represenfragmentation ions frorm/z=50 to m/z=300.
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