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stocks or isin-fact, the result of naturgrocesses. Herein, the fraction of
contemporary cadn (i.e., naturally produced) DEHP was determined for each of
seven 1.1 kg samples of unsalted market bbfteiccelerator mass spectrometry

(AMS) at the lawrence Livermore National Laboratoafter isolation and

purificationmethodsptimized to providé 250 ug of the DEHP in buttercontaining
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as determinebly gas chromatograpksiectronimpactmassspectrometryGC-
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Chapter 1: Introduction and Background

1.1. DEHP Properties

Phthalate esters acemmonlyusedin as (1) plasticizers in plastics, €.9.
polyvinyl chloride (PVC) (2) viscosity controbgents innk and cosmeticand(3)
dispersants and emulsifying age(®o & Lee, 2004. One of the major phétate
esters produced for these purpasdss (2-ethylhexyl) phthalateThe contenof
DEHP in polymer materials may valpytis typically ! 30% (w/w)(European
Chemicals Bureau, 20D@EHP is not covalently baled topolymeric matrices and
therefore it readily diffuses outdm plastics and leaches irtteeenvironmentThe
annual production worldwide is 1 to 4 million metric t§R®ecar et al., 2012
Approximately 2% of the worldOs phthalates are released into the environment each
year and part of this release is incorporated into the food Haber, GrasKraupp,
& SchulteHermann, 1996

DEHP has a low acute toxicity and can be metaedlguickly in humasi in
fact,! 47%of ingested DEHRs excreted via urine within two dayBhe major
metabolites arenono (2ethyt5-hydroxyhexyl) phthalate (5SOMMEHP), mono (2
ethyl5-oxohexyl) phthalate (5oxMEHP) and mono (2thylhexyl) phthalate

(MEHP) (Koch, Bolt, & Angerer, 2004(seeFigurel1.1).
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(0] 0]

(0] (0]
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Figure 1.1 Structural brmulae of DEHP, MEHPSOH-MEHP and SoxeMEHP

Long-term exposuréo or overdose of DEHP may induce tumorigenéissset
al., 2007, andmale feminizatior(Lottrup et al., 200p6andor infertility by endocrine
function disruption(Hirosawa, Yano, Suzuki, & Sakamoto, 2p0®hthalate
intoxication may occur by percutaneous absorptideisinger, Pey, & Guest,
1998, inhalation, and consumption. Konie@&ktial colleced 252 personal care
products inCanadan markets and detected phthalates in more than 50% of them
(Koniecki, Wang, Moody, & Zhu, 20)1More recentlythe U.S. Congress passed the
Consumer Product Safety Improvement Act of 2@®&ch included a federal ban on
phthalates in toys and children's produttdseduce th@hthalateexposure of

children



DEHP is lipophilic and easily accumulated in lipidi&ere are various ways
for lipophilic phthalateso migrateinto food, especially oily and liptdch foods(i.e.,
fatty foodg. For example, packing with plastialafas, Shaw, & Whitfield, 1999
and usg food additives (e.g., clouding agenare known sourcg¥en, LinTan, &
Lin, 2017). Such pactices mak®EHP contaminatiomwidespread. The main fatty
food groups Be meat andlairy productsincludingmilk, cheese and butteCowOs
milk containsfrom 0.0085 to 0.17 mg/kg DEHP dmeported levels ioheese vary
from 0.041 to 1.23 mg/kg DEH@Vormuth, Scheringer, Vollenweider, &
Hungerbuhler, 2006 Nelsonet al.(2013) recentlyeportedan average DEHP
concentration 00.14 mg/kgn Stilton cheeséNelson, Ondov, VanDerveer, &
Buchholz, 2013 Butter, which is usuallymadefrom pasteurized fresh milk without
fermentationjs consumed daily b large fraction othe U.S. populé&ion (although,
some butter is made from fermented cream with commercial starter culture bacteria,
for instancel.actobacillus, Lactococcus, Leuconostoc and Streptocp¢isasia,
Kruse, Johnsen, & Herikstad, 2Q0Buttercontains thénighest meai81.1% , w/w)
level of lipids(listed inTable1.1) of anydairy of theproductgU.S. Department of
Agriculture, 2013, andDEHP concentratioaas large a2.4 mg/kghave been
reported(Sharman, Rad, Castle, & Gilbert, 1994 The DEHP contenbf Giant

store brand unsaltdzltterused in my studyas 0.7mg/kg (Tong, unpublished data).



Tablel1.1 Nutrientcontent in 100 g unsalteditier

Nutrients Content
Energy, kcal 717
Water, g 17.94
Protein, g 0.85
Total Lipids, g 81.11
Saturated-at, g 51.37
Monounsaturated Fat, g 21.02
Polyunsaturated Fat, g 3.04
Trans Fat, g 2.98
Cholesterol, mg 215
Total Carbohydrates, g 0.06
Ash, g 0.04
Vitamins
Vitamin A, IU 2499
Vitamin E (alphatocopherol), mg 2.32
Folate, ug 3
Niacin, mg 0.04
Riboflavin, mg 0.03
Thiamin, mg 0.005
Vitamin Bs, mg 0.003
Vitamin D, IU 56
Pantothenic acid, mg 0.11
Vitamin By, ug 0.17
Vitamin K, ug 7
Minerals
Calcium, mg 24
Iron, mg 0.02
Magnesium, mg 2
Phosphorous, mg 24
Potassium, mg 24
Sodium, mg 11
Zinc, mg 0.09
Selenium, ug 1
Unsaturated fatty acids
Monounsaturated, g 21.021
16:1 Palmitoleic, g 0.961
18:1 Oleic, g 19.961
Polyunsaturated, g 3.043
18:2 Linoleic, g 2.728
18:3 Linolenic, g 0.315




Saturated fatty acids

4:0 Butyric, g 3.226
6:0 Caproic, g 2.007
8:0 Caprylic, g 1.19
10:0 Capiric, g 2.529
12:0 Lauric, g 2.587
14:0 Myristic, g 7.436
16:0 Palmitic, g 21.697
18:0 Stearic, g 9.999
Inorganic carbons
Carbonates/bicarbonates’ g 0.024°

Source: USDA National Nutrieatabase for Standard Reference, Release 20 (2007)
#Sodium carbonate (or bicarbonate) is a normal additive that is used in dairytpydillams, 1887.
®unpublished data (Tong, 2018)easured with ion chromatography

1.2. Industrial Synthesis dDEHP

Most manufacturers synthesize DEHP from petrogenic phthalic anhydride and
2-ethykhexanol(European Chemicals Bureau, 2p0Bhis involves a Atep
esterification as shown:inrapid alcoholysis of phthalic acids and reversible
esterification from monoester to-dster, which is the ratgetermining step. Since
anthropogenic DEHRs made frommillion-yearold fossilcarbon its isotope ratio of
1C/*C is below the detection limit of Accelerator M&sectrometry (AMS). For

this reason it is regarded as bediC-dead(see section.4).
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Figure 1.2 Industrial synthesis of DEHP from phthalahydrideand 2ethythexanol

by esterification

1.3. DEHP Occurrencen VariousOrganisms

Phthalate esters are found in many species of plais first discovery of
phthalates in plants was reportedJapanese scientistdayashiet al.found several
kinds of phthalatesncluding dimethyl phthalate, Bi-butyl phthalate (DBP), Diso-
butyl phthalate (DiBP), and DEHR Cryptotaenia Canadensis DC. Var. Jayonic
Makino (OmitsubaO in Japaneaajegetable both cultivatend growing in wild
areas all over Japdhlayashi, Asakawa, Ishida, & Matsuura, 1R6lhough these
phthalates were identified with GK2S and NMR, tleir concentrations were not
provided.Uyeda identified DEHP in the filtrate of a culture $treptomycesp. strain
No. A-1135(Uyeda, Suzuki, & Shibata, 19p(hey isolated 1.4 mg of an oily and
colorless liquid from 4_ of culture filtrate after a-2veek cultivation, and identified
it as DEHP with*C NMR and'H NMR. They alsspeculatedhat DEHP syntésis
by this might havegeneticallyevolveda natural synthesis routavingto DEHP
interactions with some hydropholsites on cell membrangsresumed to be
beneficial to this organisnit has been suggested that sam@dsmightalso
synthesize DEHPSpecifically, Amadeetal. (Amade, Mallea, & Bouaicha, 1994
reported that DEHP existed in filtrates@feptomycesp.cultures and that the
producing organism was identified Renicilliumolsoni. But whether its presence in
the filtrate truly resulted from natural synthesis byReaicillium olsoniior by

petrogenic DEHP contamination of the medium was not ascertained.



More recentlyChen(2004)found thatared algaBangia atropurpureafrom
shallowcoastalwaters of Taiwan, synthesized DEIdE novoas evidenced by
cultivatingit in the laboratory with NaMCO; (Chen, 2004 Radioactive DEHP and
DBP wereproducedafterwards. Additionally, ifis control groups, different algae.(
Angusta and P. Dentatavere cultivated and only.35 + 0.91 and 18.53 + 0.18
mg/kg DEHP in dry filaments were detected compared to the experimental group
(Bangia atropurpureg in which the concentration was determined to be 34.74 £ 1.2
mg/kg.

Thus, aside from itanthropogenic sourceBEHP contamination of butter
might occurowing to natural sythesis by organisms in foragand possiblhby

fermentatiormicrobes duringlairy productgroduction

1.4. Radiocarbon

Carbon is a fundamental element of nat@euntless cebon skeletons
contribute to theliversity of organic compounds. There are 15 known carbon
isotopes, most afhich are shortived with haltlives of less than a seconaés
Table A1.1) (Audia, Bersillonb, Blachotb, & Wapstrac, 2Q0Zhere are two
naturally occurringstable carbon isotope$C and*®C, with abundances of 199% and
| 1% respectivelyand one londived radioisotopeC, which accounts for
1'0.0000000001%f the carbon atoms in contemporary carbonaceous material in
equlibrium with the atmospher@nternational Atomic Energy Agency (IAEA) and

United Nations Educational Scientific and Cultural Organization, 2001



4C isformed by cosmimeutrons agltitudes between 9 arids kmoverhigh-
geomagnetic areat a rate of 1.54$10Bq/year(Svetlik et al., 201

A R e B (11)

4C atoms in the upper atmospheapidly reactwith oxygen to form carbon
monoxide which is subsequently oxidized into radiocarbon dioX6€, become
distributedthroughouthe entireatmospherdelowwithin weeks and is subsequently
incorporated intdhe biospherdoy photosynthesisinterchange between mass and
theatmosphericeservoir maintaisithe “C levelsin living organismsOnce the
exchange cease$igtisotope ratio of*C/*?C begins tadecrease due to beta decay of
Yc, e,

B Yoo iy (1.2)
with ahalf-life of 5730x 40 years (Cambridge hdife, 1962).

Thus, the only difference between DEHP from diffemithetic routes is its
radiocarbon abundance. As discussed below, mdiffezences in the abundance of
radiocarbon in individual compounds can be determined with great precision by
CompoundSpecific IsotopeAccelerator Mass Spectrometry (CSMS). These
differences can be used to determine the relative amounts of Diaté#Pe
synthesized from biogenic processes and petrochemicals, respectively.
CSIA-AMS has beempplied tosuccessfullymeasure the fractioof Omodern
carbonOf() (see sectioB.7.9, i.e., carborderived from atmospherieservoir,n
dibutyl phthalate in alga@Namikoshi, Fujiwara, Nishikaa, & Ukai, 200¢. By
conventionthe termOmodern carbonO is defineda®donhaving an isotope

composition of biogenic carbon compounds synthesized in the yea(3@bier &



Polach, 197). As described below, Omodern carbonO is differentiated from
contemporary carboas the l&er containg 5% less™“C.

The difference of*C/*°C between the sample and the contemporary
atmosphere reservoir can be used to estimate the age of organic materials'f&cause
continuously decay t¥N without replenishment.

The equation of radioage decay is as follows:

111 e (1.3

o (S e, (1.4

[
No is the initial number of'C atoms and N is the current numbel“ef
atoms. - and % are constants of the particular radioactive isdtop&ambridge
half-life of *C is 5730 + 40 years, so %=8267 {ie&@onsequently petroleum derived
carbon, having been aged more than 250,000 years (4316/88)f contains no

detectablé’C by AMS (Baumgadner, Humphreys, Snelling, & Austin, 2003



Chapter 2 : Objective and Approach

As demonstrated abov@EHP in dairyproductsmay come fronboth
microbialmetabolismand industrial contaminatioAccording to Nelson (2013)hé
fraction of contemporanDEHP in Stilton chees®,.235+ 0.073 (1"), indicated that
at least 75% oit waspetrogeniqNelson et al., 2013 despite the fact that it contains
penicillium. Sincemostbutter is nofermented while Stilton cheese Iswer
abundanceof *“C in DEHPextracted from buttezould beexpectedPrior t02010,
no study of DEHP origins in butt@r other dairy products consumed in the &l
been undertakeil€onsequentlytheU.S. Food and Drug Administration (LFDA)
sought to determine the oigof DEHP in fatty fod and provided us with fundirtg
optimize and applCSIA-AMS methods to U.S. grocery store butter

CSIA demands higlpurity analyts that in our ase, had to bisolated froma
complex organic matrig81.1 % lipids and 1% proteipsA variety of refinementsf
the methods typically used for quantitative analytical determinations of phthalates in
fatty foods, were required, not the least of whidreto achieve a millioffold
enrichment over the DEHP concentration in butter and scaleeupethods$o
produce 250 pguantities of highlypure DEHP, and to do so without compromising
the isolates with ubiquitous phthalate contamination. As described below, this was
accomplished bliquid-liquid extraction flash chromatographynd preparative scale
high-performancdiquid chromatographyHPLC). Isotopic ratio measurements were
accomplished ahe Lawrence Livermore National Laboratory CenterAccelerator

Mass Spectrometrft LNL -CAMS). Sincethe principle route of human exposure to

10



DEHPrelevant to the U.S. FD& food intake a welldevelopednethod for
guantitative determination ¢ie fraction of petrogenighthalate estemsereneeded
as was itsapplication to a variety of fatty foods supporther mission to protect

human health.

11



Chapter 3: Laboratory and Computational Methods, and
Preliminary Results

3.1. Preparation anBEHP Content Measurement

Beforethe work could bénitiated, it was necessary ®valuate potentidf’C

contamination andstimate the DEHP content in raw butter.

3.1.1.Swipe Test

As suggested by LLNL, the laboratory preparing AMS samples must be free
of **C contamination resulting from the use of radiocasladreled materials that
might have been used, most anywhere in the laboratory or even elsewhere in other
laboratories in the same buildings accessed by resea(Bluetsholz, Freeman,
Haack, & Vogel, 200p

To do so, glass fiber filters, wet with ethanol, were used to gently OswipeO
approximately2-3 cnf areas of various surface in each of the tatwries used in the
project(seeTable3.1). The swipedilters andoneblankfilter (unused, an ethanol
wetted) were place in individual glass vials with PTlied phenolic caps and sent
to LLNL-CAMS.

The carbon in the filter matrix, as well as that picked up by swipes, was
converted to graphite after spiking with 1.2 mg carbon indira df tributyrin carrier
to provide enough carbon for AMS measuren{Boichholz et al., 2000 The mean
measuredanodern fractionf(,) of the filters was !0.17The suggested radiocarbon
level on surfacein the in sample preparation laboratory iSGamol / mg (see

Table3.2) (Buchholz et al., 2000 The measured fraction modern of filtarelisted

12



in Table3.1 andFigure3.1. The condition of our lab was deemed Onot seriousO and

the only action to be performed was Ostaying alertO.

Table3.1 Swipetestresult inthe smplepreparationlaboratory®

. Fraction Modern Isotopic Ratio
Location

(Fm) amol **C/mg C°

Blank 0.162 + 0.010 13.5+ 0.8
Door Handle 0.205 + 0.009 17.1+0.8
Computer Keyboard 0.178 £ 0.011 14.8£ 0.9
Bench Top 0.176 + 0.008 14.7 £ 0.7
Bench Top near Sink 0.181 + 0.012 151+1.0
Fume Hood 0.164 + 0.011 13.7+0.9
Balance 0.174 £ 0.012 145+1.0
Window 0.153 + 0.010 12.7+0.8

oivﬁ'ﬂ’@tgétl vlvas performauith Michael Nelsonin Room 3110BLDG091, University of Maryland, College Park

® atto mol=10"® mol, the nature abundance*¢ is 1$10'

13



Radiocarbon Levels of Glass Fiber Swipes
in Sample Preparation Lab Measured by AMS
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Figure 3.1 Radiocarbon {’C) levels of glass fiber swipes measured by AMS

Table3.2 The''C attentionlevelsfor swipe test (Buchholz, 2000)

amol 14C/mg C fCi ® Conclusion Action
5-50 0.33 Not Serious Stay alert
50-100 3-6 May be dirty Clean and reswipe
>100 >6 Contaminated Resurface

@amol = atto mol = 1& mol
®fCi = femto curie = 18°C
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3.1.2. ButterMatrices

Giant store brand unsalted buttefigtributed by Foodhold USA, LLC,
Landover, MD 2078pwas selected fanalysisn this study Three batches dhat
butterwere purchased at a local grocery store (Gi&0834,3521 EasWWest
Highway, Hyattsville, MD 20782. The first batch, fivggpounds purchased in
December 2011, was used for screening and method development. The second 18
pound batch purchasedMarch2011 wasextracted tgrovidethe first six samples
for AMS, while athird 6-pound batchpurchased in November 201#2as extracted to
producethe seventlsample.

As received, btter was packagdd 4-ouncesticks and wrappeith waxed
paper, 4 sticks per paper box. Purchased biaties original packingvas wrapped

with baked aluminum foil and stored in a freez@0(C) for further treatment

3.1.3. Measuremendf DEHP Content in Butter

To meet the recommend&tC measurement level at LLNCAMS (>50 pg
carbon) DEHP contengestimation in raw buttewas perform prior tdatch
extractiors.

Accordingly,113.6 g butteplus 27.85 pgi38DEHP (98 % pure, Cambridge
Isotope Laboratories, Andover, MAeeFigure3.2) as an internal standavehs
dissolved in 300 mL hexar{@.T.Baker, 95% nHexane)and 30 mL acetonSigma
Aldrich , ACS reagent, >99.5%yith gentle heat The supernatantvasthen
collected bygravity filtration. Theresultingclear solution was extracted with 500 mL
acetonitrile Afterwardsthe acetonitrile layer was stored in a fregz2€°C) for 12 h

to precipitate lipidsAcetonitrile waghen remove@nd evaporately rotary

15



evaporation and thesulting !0.7g oilly sampletransferred to a newly prepared-25
mL column (10 g silica geB2 um to 63um, Dynamic Adsorbents, Atlanta, GAor
further purification of the DEHPThis columnwas prepared by filling it with 25 mL
8% (v/v) acetone in hexammdthenpouringin thesilica gel Prior to loading the
butter samplegolumnconditioningwas performed by rinsing with 25 mL of hexane
Thesample was first eluted wis0 mL hexando remove most lipids and ngoolar
matrix constituents. This was followed by elution wsthmL 2%(v/v) acetone in
hexanewhile collecting the last 20 mL of eluate inrl aliquots DEHP in ech
aliquot was measured by&C-EIMS (Shimadzu QP2010SShimadzu SHRXI-

5MS with polysiloxane coated 30 m@&25 pm I.D. column a temperatureamp of
15{C/min starting at 9QC, and He mobile phase flow rate 1.00 mL/jniDue to the
large quantities of lipids and fatty acids, the split ratio was set to 200 to prevent the
capillary from cloggingDEHP andd38DEHP weredetected only in the lagtmL

aliquot

D o) c CD,
D D,C D2
2
cD,
CD,
D D,C
D,
D o _C___CDy

C C C
D, D D, D2

d38-DEHP

Figure 3.2 The structure of the fully deuterated DEHP (3BHP)

In this preliminary work, only an estimation of the DEHP concentration was
needed. This was obtained usthg know concentration and responskthe internal
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standard andpectra collected in selected ion monitoring (SIM) ;xddEHP reliably
produces three major fragmentatipepaksn EIMS: m/z=149 (base peak), 1&hd
279 GeeFigure3.3 andFigure3.4). The fragmentation pattern d88-DEHP is
similar while its base peak is shifted tozml54as expected from its structui®@ee

Figure3.5).
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Figure 3.3 DEHP mass spectrometry fragment ions

x 10

4 Mass Spectrum of DEHP
T T T

%)
T
I

Sy
T
1

Abundance

1-
ol JL‘ ‘m“ \ L

L L 1 L L L
50 100 150 200 250 300 350 400 450 500

m/z

Figure 3.4 Electronimpact mass spectrum @03.96 mg/kgolution ofDEHP in
hexane(prepared with99.8+ 0.1 % pue DEHP,Supelco Analytical, Bellefonte, PA)
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Figure 3.5 Electronimpact mass spectrum @b.56 mg/kgolution ofd38DEHP in

hexane
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Figure 3.6 Selected ion monitoring (m/z=149, 154) chromatograms of butteacs

Since two differenin/z channels werapplied to measure DEHP add8
DEHP, te DEHP content in butter was calculateddssuming the DEHP a8

DEHP havehesame response factor to thetrument

! g
Lygg 1 11

o rme V1S (3.1)

wherec is the contehof analytein butter in mg/kg and is the peak area in the
corresponding SIM chromatogram. The calculated DEHP comtéotierwas!0.73

mg/kg.
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3.2. DEHP Batch Extraction and Enrichment

3.2.1.Crude Etractionof the Phthalate from Lipids

According to the computed DEHP dent in raw butter abay at least !300 g
of butter wereneeded to obtain '200guDEHP forAMS measuremeni{d.00 %
recovery. However, theecovery was expealé¢o bemuch lower and in fact was
later found to bé38% (seeTable3.5). Moreover, a portion of DEHRwst be
reservedor other measurements besides AMS, sble carbon isotope analysis.
Thus!1.1 kg of butter(six sticks)wasextractedor each designated samgés
shown inTable3.3).

Along with the butter extracts, severethod blanks were prepared
simultaneouslythe 6" and 7" method blanks were preparbut not sent to LLNL for
AMS. Only five method blanks were quantified)70 ug of fully deuteratedi38
DEHPwerespikedinto both butter mixtures and method bla@itgshe very begining
of the extraction and purification procesedetermine the yields and identify peaks in

the HPLCchromatograms.
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Table3.3 The mass of butter and interndéhsdard d38-DEHP

Butter Extraction Butter Mass Internal Standard
SamplelD Date (9)? d38-DEHP (ug)

Butterl 3/14/2012 1137.1+0.1 544.33+ 0.05
Butter2 4/23/2012 1135.8+0.1 565.42+ 0.08
Butter3 5/14/2012 1139.0+0.1 582.75+ 0.07
Butter4 7/13/2012 1136.1+0.1 594.64+ 0.04
Butter5 8/22/2012 1133.1+0.1 584.85+ 0.03
Butter6 11/17/2012 1137.1+0.2 578.26+ 0.06
Butter 7 11/28/2012 1126.0+£0.2 474.35+ 0.04

#Uncertainty was calculated from standard deviation, n23, 1

For eactsample 1.1kg butter was dissolved in 1 L hexane (J.T.BaRé&gjo
n-Hexane) with gentledat(!40 jC). The supernatanvasgravity filtered to remove
insoluble residueThe insoluble leftover wakenextracted with 300 mL 17%v/v)
acetone in hexane for the second tiffiirates were combined and reduced @L1

with arotary evaporator
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Figure 3.7 Butter extraction and method blank preparation

Acetonitrile (J.T.Baker, HPLC grade, 99.9%) was used to perfoiuent
partitioning Each 400 mlhexaneextract was mixed witlhOOmL acetonitrile to
enrich DEHP due to itsigher solubility inacetonitrile compared to mostexisting
non-polarcomponentsi.e, lipids. Another 500 mLof acetonitrile was used to extta
the same batch of hexane extragain The acetonitrile/hexangartition coefficient
(Kan) of DEHP is 1.52 0.12(Kotowska, Garbowska, & Isidorov, 200®ecause
DEHP is a nonelectrolytand maintainsnolecular form in both hexne and

acetonitrile the following estimation is acceptable:

Distribution!""#$%I(! )! ! . ! 11521+10!12 (3.2)
Hexane and acetonitrile aseghtly miscible. To simplify the calculation, the

volume of hexane is assumidbeinvariant
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Vh was the volume of hexane avgwas the volume of acetonitril&he
calaulated recoveryE) of DEHP from the hexane extrast!88%.

In contrast, lipids or fatty acids have much lowgr. No exact partition
coefficient wadound for abutter fatmixture. A 20carbon saturated fatty acid ethyl
esterwhoseKanis approximately 0.08hou, Chen, & Li, 200Rwas used as a
representativéor the acetonitrile/hexaneystem at room temperaturEne separation

factor(SF for DEHP and lipids is:

SF1 28y (3.4)

Dy ygop
After partitioning theresulting six 500 mL lighyellow acetonitrile extrast
werecombinedfeduced to 1 lwith rotary evaporatioand then storedh a freezer{
20 C) for 12 hLipids and proteins precipitated after cooling and were removed by
gravity filtration. Solvent (a mixture of hexane aadetonitrile)was removed by
rotary evgoration and theresiduewas retrievedn 4 mL hexanedr further

purification bypressurizedlash column chromatography
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Figure 3.8 Liquid-liquid extraction of the butter extract in a separatory funnel

3.2.2.Flash Chromatography

A flow control system was installed, includiagylinder ofcompressed
nitrogen an organic carbon scrubb@RS model 300hydrocarbon purifier)a
stainless st filter (Swagelok, stainless steel itine particulateifter, 0.5 micron
pore siz¢ and two 506mL glass columns with PTFE stopcocHsvo stainless steel
valveswere mounted teontrolthegas flowand adjust the pressui®10 psi) All
parts were connected with stainless steel hose or copper tube with Swaéigrhags,

which were sonicated and rinsed with acetone prior to installation.
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Figure 3.9 Columns withthe flow control system

The fash colunms werepackedwith 175 g silica geindividually. The
columrs were flushedvith 500 mLof 5% (v/v) acetone in hexarte compact the
silica gel Thegelwas topped witla thin layer of baked sand to prevent silica gel
from splashing wheadding eluent400 mLof 33% (v/v) acetone in hexarend 1000
mL hexane werapplied to the column to rinse and condition the stationary phase.
Each! 1 mL ofthe postliquid-partitioningsamplewas loadedo a newly
packed flash columrand thereforéour columns in total were needed to purify each
butter extract. The firgluion wasperformed with200 mLof hexane to elutenost
of thenorpolar compounds and wésllowed byelution with 1500 mL ofL..6%(v/v)

acetonen hexane to elute more polar compaosind
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Eluates (50 mL per aliquot) werkrstly monitored with thin layer
chromatography (TLC)AnaltechUniplate TLC plate, silica gel HLF scored 10$20
mm 250 micron w/UV251 The ceveloping agent was 1:1 methanol/hexane
(Jayakrishnan & Sunny, 1998 he developed plate was dipped into KMrgolution
(3 g KMnGy, 20 g KCOs, 5 mL 5% NaOH and 300 mLJ&®) and dried with a
heating gun. A yellow dot witthe sameetardation factorR) value aghe standard
DEHP demonstrated the existence of DEHP in that aliquot.

GC-MS wasthenused as a validation methdéach aliquot was qualitatively
checledwith a Shimadzu QP5000 GEIMS with a DB-5 column Agilent J&W,

30 m $ 0.25 mm, 0.25 micron, (5ghenyl}methylpolysiloxanePEHP

Identification was based on selected ion monitoring (SIM) for DEHP (m/z=149) and
d38DEHP (m/z=154)4eeTable A2.5). The result showed that DEHP adi83-

DEHP wereusuallyeluted from the columbetween 1100 mand1500 mL1.6%

(v/v) acetone in hexane.

All DEHP-containing eluates wer@mbined to yielda total 0f1600 mL
DEHP-containingsdution. Solvent was removed subsequentith a rotary
evaporatoandtheleftoverwas reconstituteth 1 mL of acetonirile for preparative

scale HPLC purification

3.2.3. Preparative Scaleigh Performance Liquid Chromatography

3.2.3.1. InstrumentSetup

EachPostflash-chromatography sample was injectegeatedlynto a

HewlettPackard 1050 highgsformance liquid chromatograpfHPLC) with a C18
27



column @gilengt Zorbax Eclipse, XDBC1815 cm $ 9.4 mriD, 5 micror) for

final purification Gradient elution wa applied starting with 90% acetonitrile and

10% water at 3QC, and4 mL/min. The mobile phase composition wamtinuously
adjusted ta final composition 095% acetonitrile and 5% watafter 10 minat the

same tenperature and flow rate. Th#P1050was equipped with diode array

detector (DAD)whichwas set to 254 nm because DEHP has the highest absorbance
at this wavelengtfOrsi et al., 2006 d38-DEHP am DEHP were eluted out at H&d

21 min respectivelyas shown irFigure3.10. Based on peak initial and end times,
d38DEHP and DEHP leates were collecteghanually at the mobile phadeain
respectively irseparatelean vialsvith PTFE lined phenolic cap$he total volume

of the DEHP-containing eluatewas! 50 mL.
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Figure 3.10 HPLC chromatogram of one injection of butter extract (BTRg}, t

penP=19 Min, bepp=22 Min

3.2.3.2. Calibration

DEHP andd38DEHP calibrants were prepargdadvance(seeTable A2.14)
andobtained calibration curves ashown inFigure3.11 andFigure3.12. The DEHP
mass (g) was calculated based oncihrecentration of thpreparedSupelco DEHP

standard solution and the injected volurseelable A2.14andTable A2.15).
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HPLC Calibration Curve of DEHP
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Figure 3.11 HPLC calibration curve of peak area with respect to DEHP mass, n=6,
slope=51.13+ 0.38, intercept=44.44+ 11.18, =0.9998
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Figure 3.12HPLC calibration curve of peak area with respecti83-DEHP mass,
n=6, slope=52.96: 0.44, intercept=41.37+ 10.70, R=0.9997

3.2.3.3. Resolution and Peak Contaminatidasessment

Sinced38DEHP was elutedheadf DEHP,therewas a chance of
contamination duéo tailing of the internal standarBesolutionis the ability ofa
chromatograplo searate two adjacent peaks, and wakulated from peak width
and retention time.

An approactio estimate the percentaged38-DEHP contaminatiorwithin
the DEHP peak wabased on two independent ideal Gaussian distributiReek
areas were the intedraf detector signal over peakution time.The peak area was

proportional to the analyte concentrati(/v).
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f isthe detecteresponseorrection factor foa specific analyteSandn arethe
detector signalaunts and the mass fractiond88-DEHP in DEHP peak
respectively

Table3.4 Peak properties of standard DEHB.403 mg/m).andd38-DEHP (0.329

mg/ml) for simulatingpeak contamination

Start End Peak Standard

Peak Compound time time width  deviation Retentpn Peak Correction
) : ! time (min) Area Factor, f
(min) (min) (min) !
1 d38DEHP 25289 26.669 1.380 0.345 25.769 1005.244  0.0196
2 DEHP 26.845 28.472 1.627 0.407 27.364  1194.776  0.0189

Calculatiors showed thathere wadess than 0% (w/w) d38-DEHP in
collected DEHP eluaseAs a matter of facthe GGMS resuls demonstrated that the
content ottheinternal standara the DEHP eluate collectedwas in each case
below thedetection limit

The esolution factorR) is another measure tife separation between two
compoundsR & 1.5 is consided to be a baseline separatwiile 1' R< 1.5is
moderate separation but acceptdblegquantitative analysi@Rouessac & Rouessac,
2007). The resolutionfactorin this casecan be calculateusing the following

equation(data listed inrable3.4):
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| = 'Rras ! iy BEIG (3.8)

orwgg Do 11

whereW, is the peak width antk is the retention time of DEHP dB8-DEHP
as indicated. While acceptable for analyticalgoses, a value of 1.06 indicatiht
12.3% of DEHP might be contaminated \38DEHP. Howevernod38DEHP peak

was detected with GEIMS afterwardsandis presumed to be more accurate

3.2.3.4. DEHP Conterdin Butter and Recover@omputation

To calculate the concentration of DEHP in the butter samples that were
processedhe DEHRPA38-DEHP ratiomust be calculated firébr each injection as

follows:

U pus HS%ry ,(! rug 1! rus ) (3.9)

Upg U HS%pug Ppge Vg
wherem andA arethe mass of analy@nd peak area a single HPLGnjectionof a
butter extractslopeandb are the slope and intercepif the corresponding
calibration curve. The content of DEHRcpenp) in eachraw buttersamplewas

subsequentlgomputedas follows

3! (' I"#$ n)
| L e | MUy P gy
T rpaene  HS%pwg !

! g (3.10

wheren is therequirednumber ofinjectiors to the HPLC columror each butter

extract
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Table3.5 DEHP contents in rawudter and recovery ofsolationsand purifications

g;r:glre Butter Mass gt];irg:rld Nucr)r]lcber Average. [i)nEsngE(:Stttee r:t Recovery
D (9 d38DEHP Injection  Mass Ratio (ma/kg) (%)
(h9)
Butterl 1137.1+0.1 544.33+0.05 13 - - -
Butter2  1135.8+ 0.1 565.42+0.08 13 - - -
Butter3  1139.0+ 0.1 582.75+ 0.07 12 1.32+0.04 0.67+0.02 38,5+ 0.1
Butter4  1136.1+ 0.1 594.64+0.04 10 1.32+0.03 0.69+0.01 36.9+ 0.1
Butter5 1133.1+ 0.1 584.85+0.03 10 1.35+0.01 0.69+0.01 36.4+ 0.1
Butter6  1137.1+ 0.2 578.26+ 0.06 15 1.43+0.06 0.73+0.03 34.3+£0.1
Butter7  1126.0+ 0.2 474.35+0.04 14 0.73+£0.02 0.31+0.01 445+ 0.2

Theacetonitrilewater solvent in eaghostHPLC DEHRcontaining aliquot
was removed by rotatory evaporation. The tentpeeaofthe watetbath was
increasedo 70 jC toevaporatehewaterin theHPLC eluate Hexang3-4 mL) was
added into the recovery flasgh retrievethe DEHP. Thiswas the last stejp the
purificationprocess. Masses apdrities of thessampls for AMS werequantified
andtransferedto a2-mL Agilent vialswith extraordinary caution and starén a
-20 iC freezerfor further processingvhile the remainingamplemassesvere
reserved for stable carbon isotope analysis

The DEHP isolates from butter and method blanks were neid as BTR
and BLK in the following measuremeniscluding stable carbon isotope analysis,

GC-EIMS and AMS.
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3.3.Mass and PuritAssessments with GEIMS

3.3.1. AMS Sample MasQuantificationwith GCG-EIMS

The massof DEHPwasdeterminedn each isolatéy GC-EIMS (JEOL
JMS700 M$ation double focusing agnetic ector mass spectrometepupled with
Agilent 6890N GC systejrwith 1 pL injectiors, 1.00 mL/min column flow of
helium, 15;C/min temperature programmirggarting a©0 jC. DEHPwas elutedat
15.8min. The mass spectra were collectemm m/z 50 to 5@ at intervalsof 1-s
duration Two series of standard DEHP solutions frpetrogenic DEHP (99.8 0.1
% pure,Supelco Analytical, Bellefonte, PAyvere prepared to make an analytical
calibration curvdor both hutter extract samples and method blanks

These samples were analyzed in two batches: (1) hatchudedBTR1,
BTR2, BLK1 and BLK2; batch 2 included BTR3 to BTR7 and BLK3 to BLKS5.
Calibration curves for batch 1 analysis were showfignire3.13 andFigure3.14.
Those or batch 2 analysis astown inFigure3.15andFigure3.16. Because AMS
measures only’C and"*C atoms i samples vided for analysisDEHP masses in
all butter and blank samples were converted to carbon mass frionovts molecular

formula(seeTable3.6).

35



#$!!

#

I

/7647

"

AT7=

&l

$

@AB)!'/CO 1,DAB/O7E8F675812/0G6H4/11/+,-./I116/IKL#/72M/IKLS

1
I I'$ "% g, " "( ")
+,-/0123425675812/9:;<=;>

Figure 3.13 GC-EIMS calibration curve for BLK1 (0.320.11 mg/kg) and BLK2
(0.45£ 0.13 mg/kg), n=6, replicates=3, slope=14244%213.73, intercept=136.86
80.45,R2=0.9174
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Figure 3.14 GC-EIMS calibration curve for BTR1 (71.30 = 8.40 mg/kg) and BTR2

(62.35 = 7.12 mg/kg), n=5, replicates=3, slope=265.18 + 10.96, interep12.01

+ 1106.14, R=0.9949
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15 GC-EIMS calibration curve for BLK31(38+ 0.10mg/kg), BLK (0.82+
kg) and BLK5Q.87+ 0.07mg/kg, n=6, replicates=1 slope=54.65+ 26.83

intercept=40.79+ 23.28, R=0.9862
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Figure 3.16 GC-EIMS calibration curve for BTR3 (96.6814.03 mg/kg), BTR4
(149.41+ 18.05mg/kg), BTR584.48+ 13.23 mg/ky BTR6 (88.28 13.47 mg/kg)
and BTR7 (85.8% 13.32mg/kg), n=5 replicates=1, slope26.81+ 2.67,
intercept=360.9G 273.47 R*=0.9710

3.3.2.C-LabledandPetrogenieDEHP-Spiked Method Blanks

Thecarbonmassof DEHPin themethod blank sampsavereinsufficientto
provide enougltountsfor AMS, and thereforexternal DEHP &sspiked into each
sample The total carbon mass is neelbecause, as later demonstrated, the method
blanks contained carbon in forms other than DEHP. To remedy this situation, BLK1
and BLK2 were both split equally into twomrtions on a mass basi€©ne of the
halves of eacmethod blankvas spiked with40 pL deadDEHP solution(3292.9+

2.3 mg/kg)from the Supelco standard, and the remaining half for each was spiked
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with 110 pLof live DEHPsolution(727.93+ 1.73 mg/kg)n CH.CI,, prepared with
Bis (2-ethylhexy}t’H7) phthalate[carbony}“C]- (Moravek Biochemicals Inc.,
2000 dps/g)after dilution withQleaddDEHP. Priorto spiking, the activity of the
“C-labeled solution obtained from Moravewas verifiedby Liquid Scintillation
Counting(LSC) usinga volume of solution equivalent 10.4843+0.0002 gf DEHP
(SeeTable A1.2). The spiked solution mass weraneasured witla Mettler
Toledo balance tpermitaccuratecomputation othe mass oDEHP.

As described below, the results'& measurements on these samples by
AMS demonstrated that the method blgnkdeed contaired carbon informs other

than DEHP As a resultadditional workhadto be done taletermine its identity
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Table3.6 Carbon mass of DEHP in AM&maples

Carbon mass Carbon mass Carbon Mass Carbon_ Total carbon
Sample of DEHP of DEHP Mass of live
ID from method  from butter of de_ad DEHP DEHP spike mass of DEHP
plank (ug) (o) spike (ko) (o) (o)
BLK1D 0.21+0.07 - 52.00+ 0.06 - 52.21+0.09
BLK1L 0.28+0.10 - - 46.14+0.11  46.42+0.15
BLK2D 0.30+ 0.09 - 65.63+ 0.06 - 65.94+ 0.10
BLK2L 0.35+0.10 - - 45.83+0.11 46.81+0.15
BLK3D 1.08+0.08 - 77.93+0.01 - 79.01+ 0.08
BLK4D 0.73+0.06 - 75.85+ 0.01 - 76.58+ 0.06
BLK5D 0.79+ 0.07 - 77.58+0.01 - 78.37+0.07
BTR1 0.52+0.19 123.87+14.65 - - 124.39+ 14.65
BTR2 0.70£0.20 113.16%+ 13.00 - - 113.86+ 13.00
BTR3 1.08+£0.08 76.77+11.27 - - 77.85+ 11.27
BTR4 0.73+£0.06 104.16+ 12.64 - - 104.89+ 12.64
BTR5 0.79+0.07  70.04+11.07 - - 70.83+ 11.07
BTR6 0.87+0.19 64.86+ 10.03 - - 65.73+ 10.03
BTR7 0.87+0.19  65.89+10.35 - - 66.76+ 10.35

abthe carbon mass of DEHP from method blank for BTR6 and BTR7 were not measerealue here was the average of
BTR3, BTR4 and BTR5

3.3.3. Quantification of the Carbon Purities DEHP isolateswith GG-EIMS

The carbon purities of DEHP in butter isolate samples\fd% were
determined by GEIMS. BTR1 and BTR2 were measuneith a Shimadzu
JMS700 as described in Sect®3.1, while BTR3 to BIR7 were measured with
Shimadzu QP2010S $himadzu SHRXEMS column, 30 m $ 0.25m1.D.,
polysiloxane coated) with 1 pL injection, 1.00 mL/min column flow elium,
temperature programmed at a rateldfjC/min from 90 jC to 300°C. DEHP was

elutedat 17 min and m/z scanned from 50 to 500.ascanss’. StandardEHP
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solutionspreparedrom petrogenic DEHP (99.8 0.1 % pureSupelco Analytical,
Bellefonte, PAwereusedto calculate purities

The purity(Prc) is often determined from the total ion chromatograph of an
analyte from the ratio of the area of the peak at its retention(@isnghown in

equation3.11), i.e, Apenpto the total area of all pegks

g | L (3.11)

Figure3.17 shows thdotal ion chromatogranT(C) of seven butter isolates:
BTR1 to BTR7(GC column was changed after the first two sampleremeasured
and thus the retention time of DEHP vaiedll peaks in each chromatogram were
identified and listed in Appendix.3he butter isolates contained as mang2hs
compounds in addon to DEHP. In each caseo-eluted compounds were identified
by similarity matching with NIST MS librargpectraAs indicated inTable3.7,
BTRS3 contained only two additional compounds, cholesterol aid2/13-
octadecadiefi-ol at minor concentrations. These two compounds werergrese
many of the samples but in every case, the area of each peak was <1%. However, in
many of the isolates, most of the peaks identified were silex@@#1SiO)x, which
were attributed to GC column bleeding owing to the high tempenaquered to

elute DEHP.
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Figure 3.17 Total ion chromatograms of BTR1 to BTR7
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Figure 3.18 The total ion bromatogram of BTR3

Given the large numbeand high concentrations of compounds in the butter
matrix there existed a distinct possibility thatoor more of them might havedre
co-eluted at the sametention timeas DEHR(Guo, Liang.Xu, Li, & Huang, 2004
Therefore, the m/z spectra in the TIC region containing the DEHP peak were
subjected to multivariate deconvolution with spectra developed from the Supelco
DEHP standard using the same-GM/S instrument, to determine the net DEHP
contribution. This was accomplished witheasit squarsdeconvolution algorithm
implemented in Matlah wherein the spectra of each scan of a standard DEHP

samplewereusedto fit the corresponding scan of the DEHP péak6(min) of each
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isolate(seeAppendix3 for additional details The residual counts were taken to
belong to ceeluted compounds. Before deconvolution,gpectra of each isolate
werecorrected for backgroun@olvent blank and column bleeding). Results for the
deconvolution of the DEHP peak region of BTR3, ttasdard, and the residual were
plotted inthreein three dimensiondlgures (sed-igure3.19). The residual was

calculatedas follows:

: !”#$%! !

Doragoee DD I g (3.12)
whereR.esiq wasthe residual of deconvolutioMsampewasthe MS signal of the

isolated DEHP sample from butterthe elution region (50 scans before peak initial
time and 50 scans after the peakl #me respectively Mg wasthe MS signal

matrix for the correspondingtandard DEHPR wasthe deconvolution cfficient
obtained for thedast square fithn some cases, negative residuals were obtained due
to mismatches between the m/z calibration between the sample and standards. In
those cases, simplified approximation was appligtie channel containing a

negative residual was added to the nearestel with positive counts

2T rusoon
| iagoeg | ! 22'#—1;/2# (3.13)
P b Dpg U1y g (3.14)

" D W rgs
I#$%E, | P Bewg D X0 (3.15)

wherePipeakWas the ratio of DEHP within the peak, which was estimated by the
residual signal after deconvolutidPyc was the DEHP ratio based on the peak areas
in the total ion chromatograr®; andr; were the ceeluted compounds and their

carbon ratiosespectively
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The deconvolution result demonstrated than there were no identifiable co
eluted compoundsnglerneath the DEHP peak and owing the large number of
siloxane compounds eluted from the GC ol the carbon content of each
unidentified residual peak was calculated by assuming it repressioteahes,

(C2HgSIO) (carbon ré0=0.3237) (sedppendix3).
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Figure 3.19 BTR3deconvolution at peak region wittasdard SupelcoDEHP
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Table3.7 Example of ceeluted peak identification and purity calculation

demonstration (BTR3)

Retention

Purity within

. Carbon DEHP Peak by Carbon
T|r_ne Compound Ratio Peak Area Peak Area Deconvolution Purity (%)
(min) (%)

13.985 Cholesterol 0.8394 84516 0.79
Z,E-213
14.08 Octadecadierl- 0.8120 118219.2 1.06
ol
17.15 DEHP peak 12400179
DEHP 0.7375 94.26+3.46 9559+ 1.80°
Residual 0.3237 5.74+0.27  2.56%0.18

#unidentified residual calculated as siloxa(@HsSiO),

® 1" uncertainty, n=3

The resolved chromatogram is showrrigure 3.20. At current magnitude,

the resolved signal (black line) is closdlie original signal (blue line).he integral

residual (red line) is less than 10% of the integral original signal.
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x10° Resolved Chromatogram of BTR3 DEHP Peak Deconvolution
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Figure 3.20 Resolved chromatogram of BTR3 DEHP peegothvolution
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Table3.8 Carbon purity of each po$iPLC butter isolate

DEHP Purity within

D peak area DEHP Peak by DEHP Carbon  Average of carbon

Sample | o ) : Purity purity and
_II’_IaCt:IO(OI/I(’)I) Deco(rlx)c))lutlon Purity (%) (%) uncertainty (%) ®

99.28 94.45 93.77 96.76

BTR1 99.37 93.97 93.38 96.63 97.29+ 1.03
99.59 97.50 97.10 98.48
98.56 95.79 94.41 96.60

BTR2 98.75 97.37 96.15 97.53 97.11+0.47
98.83 96.45 95.33 97.20
98.39 94.26 92.74 95.59

BTR3 93.72 93.86 87.97 92.53 93.51+1.80
92.17 93.31 86.01 92.40
96.89 90.67 87.84 93.83

BTR4 91.91 91.76 84.34 92.19 92.54+ 1.15
91.09 91.11 83.00 91.61
98.54 93.86 92.48 96.24

BTR5 99.56 95.57 95.15 97.54 97.13+0.77
99.44 95.76 95.23 97.60
99.41 92.76 92.22 96.16

BTR6 99.69 94.63 94.34 97.29 95.71+1.85
97.29 94.51 91.95 93.68
99.10 89.78 88.98 94.23

BTR7 99.81 92.14 91.97 96.21 95.58+ 1.17
99.89 92.07 91.97 96.29

a n:3,1"

The total carbon mass measured with-BEI®IS (Mmscmg was calculated from

carbon mass of DEHFPGenp) and carbon purityseeTable4.1):

Dorgs wigs
" | e =

P s v (3.17)
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3.4. Measurements of Carbonates with lon Chromatography
The purity derived from GEIMS datadid not reflect inorganic carbon
impurities, eg., carbonates, which anenvolatile electrolyts andas such are
invisible to gas chromatographs indicatedn Tablel.1, carbonates arenown
components of butter anide possibiliy of carbonate migration through the
purification processould not be excluded.
For water in the open aihé concatration of dissolved C&can be calculated

by HenryOs Law.
O (3.18)
pis the partial pressure of GO the atmospherd&y, is the HenryOs Law.

T N (3.19)

[ P10 v et

Carbonates and bicarbonates exist in aqueous solution (jgét>#)cro
particlesas fine particles in organic solventshe predominant species of pptotic

acid varies with the pH change. For carbonic acidrdhies for the major species are

as follows:
| | it
L LT DO 1t ! (3.20)
IR
! . : ! T (3.21)
I I P e
L :' SERTINIY [! !]! ol L (322)
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(is the fraction of each particular form dfe total dissolved carbonates. With the

values, the ratios of carbonateesf@s were plotted iRigure3.21.
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Figure 3.21 Bjerrum plotof carbonic acid and fraction of each species

According tothe Bjerrum plotin Figure3.21, both carbonate and bicarbonate
ions existed in the systeat pH=7.5, whiclwas the pH value of the ion
chromatography (IC)ndeed they were indistimgshable by IQunderthe conditiors
for measurementn succeeding interpretationarbonates refer to both species unless

otherwise specified.
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3.4.1.Carbonaté&Content in Butter

To determine the content of carbonate iongaw butter37.1 g of buttewas
dissolved in 50 mL hexane and extracted @0 mL 4 mM Sodium 4
Hydroxybenzoate. The aqueous layer wagst in a freezef-20 jC) for 12 hto
solidify lipids. Afterwards, thdiltrate collected after filtering througa0.45um
porediametersyringe filterwas injected into an anion column (lonP#S14, 4 $
250 mm, P/N 46124) installed irionex DX120 (Thermo Scientific, USA) ion
chromatographygystem The mobile phase vga mM Sodium 4Hydroxybenzoatat
pH 7.5, and the flow rate was set to 1.00 mL/min (pressure 1250 psi). An integrated
conductivity detector was used to acquiresignal. The retentionme of carbonate

was1.99 min(seeFigure3.22).
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lon Chromatogram of Butter Extracts
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Figure 3.22 lon chromatogram o# butter etractin 4mM dium4-hydroxybenzoate
(Rearbonate=1.99 min)

The concentration of carbonaieghe agueous extract was calculatsthga
series of calibrants (sdable A5.2): 0.0015+ 0.0001mol/L. The content of

carbonates in ralutterwas" 242ppm.
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Carbonate lon Calibration Curve
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Figure 3.23IC carbonates calibration curve for butter carbonates test (0.6015
0.0001 M), n=5, replicates=3, slope=682+312.8, intercept=0.057+ 0.031,
R°=0.9955

3.4.2. Method Derived Carbonates

Besides carbonates in bert, carbonates in solvent, in thidica gel andor in
theapparatus may migrate intioe final sample as wellConsequentiya methodblank
sample was prepared with proceducdentical to thoselescribed in sectiors2.1
3.2.3 After the final purification step, thelentof thepostHPLC eluate was
removed byotary evaporatiomandtheresidual waslissolvedn 2 mL hexaneNext,

2 mL Milli-Q waterwas addedo extractcarbonatesnda25-)L portion of the
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resulting agueous solutiamas injected into the IC column and eluteith 4 mM

sodium 4hydrobenzoateNegative signals were observed because the conductivity of
the extracteédqueous layer was lower than the mobile phasenake it easier to

read, inverse aaluctivity was plotted (sefeigure3.24). Undermost circumstance,

the mobile phaseould be usedtb extracthe sampleHowever,4-hydroxybenozic

acid, the conjugate acid oflsenzoate, is more soluble in hegarvariation in their
abundances would affeconductivity unpredictablySo Milli-Q water was used

instead oflhe mobile phas® extract the sampl&loreover, note that we chose not to
acidify the samplasolates with carboifree acid to remove carbonates as this might
have resulteghthalate hydrysisat the same time, whickould have reduced

further thealready trace amounts of DEHP.
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lon Chromatograms of Standard Sodium Carbonate Solutions and
Aqueous extract of the Method Blank
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0.5 | | | | | | |
! . 3

Time (s)

Figure 3.24 lon chromatograms of standard sodium carbonate solutions and aqueous
extract of the methoddmk
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Figure 3.25IC carbonates calibration curve for butter carbonates test (0.G013
0.0003 M), n=6, replicates=3, slope=573t120.6, intercept=1.25+ 0.03,
R°=0.9802
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The retention tnes of carbonate and solvent wdre same undehe above
mentionedC conditiors. Using @librantswith various concentrationthe
concentrationof carbonatein aqueous extracts of the method blamkesre
determined to averad@e0013+ 0.0003 M(seeTable A5.3). Converting the
concentration into mass, we found thie method blanlextraction procedures may

induce 31.2 7.2 )g extraneas carbon intheform of carbonat&ns (Mexo carbmtg-

3.5. AMS Sample Packing

Samples were sent to LLNL in two batches: the first batch included BLK1D,

BLK1L, BLK2D, BLK2L, BTR1 and BTR2 plus twoontemporary raw butter
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samples. Each sample was dissolved in 1200 pL dichloromethane and stored in a
borosilicate vial (Vheaton V-Vials Conical Bottom Vials1 mL) with aPTFElined
phenolic capThese vials were placed intteermallyinsulatedpacking box with dry
ice and shipped to LLNL on June 2012

The resof thesamples listed iffable 3.8were shipped to LLNL in
December o012 in quartz tubes (Glass Technologist Inc., 420 Afton Drive,
Middletown, DE 19709Quartz Tube, 1/40 O.D, 4 mm 1.D, 60 Length, one flame
sealed enpwithoutsolvent, and sealadith Swagelok unionfittings and glass rods

(seeFigure3.26).
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I Glass rod

I Swagelok
union fitting

I Quartz tube

Figure 3.26 Quartz tube for AMS sample storage

3.6. Graphitization and“C Quantificationby AMS

AMS has become the standaf@ counting method for samples containing as
little as tens of micrograms of carbon, i.e., the same magnitutie aszass of carbon
isolated as DEHP in butter. AMS waisccessfullyapplied to measure the natural
abundance of'C of dibutyl phthalate from marine algae by Namikadtamikoshi et
al., 2006. AMS can measuras low asl0*® mole of radiocarbon with precision of
better than 10%or this work, we collaborated with LLNCAMS, whichwas
established to make AMS available to a wide variety of researchers.

Carboncontaining sampleis quartz tubeor AMS werecombusted to CO
and graphitized to elemental carbbecause the analysis must be performed on pure
carbon targets to achieve the best sensitivity. To perform combustion and

graphitization, analyte inachthetubewasdried in advance withn oitfree pump
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overnight to remove potential solvent residualOwasadded to the quartz tupend
then the tubevassealed with an O, torch. The sealed quartz tuas therbaked
at900 jC for 2 h to oxidize all carbon compound€<0,. Afterwards the tubaas
cracked and C@wasforced to pass eold trap anctcryogenically isolated from other
byproducts of combustioe,g, H,O. The pressure of neaporized CQwas
measured and converted to mgaantitativelyafterwards CO, thenvolumdrically
pasedthrough ironcatalystembedded tubes amehsreduced to elemental carbon
with H,. To graphitize the sampthoroughly CO, washeatedat500 iC for 3 hand
550 C for 4 h(Xu et al., 200Y. A schematic diagram of LLNLOs vacuum line is

shown below:

Reaction Tube

Tube Cracker

Figure 3.27 Sclrematicdiagram of the vacuum line to extract €&hd measure
pressure at LLNACAMS (Xu et al., 2007)

Thegraphitized sample pelletasbombarded with a Cdbeam to fom

negatively charged elemental icarsd molecular ions, e,dC’, C*, Cand CH. The
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primaryinterfererial species foradiocarbormeasurement’N, waseliminated due
to the instability of the negatively charg nitrogen ion$™N" will not be produced at
this stage]McNichol, Jull, & Burr, 2008. lon beam passla low energy
spectrometer at firdb separaté’C fromionswith atomic/moleculamass 13 and 14.
In general **C ions are choppdinto a smaller beam (usually 1% mass) arehsured
asthecurrentcreated irFaraday Cup because the iecount rates are too high for
single ion countingHowever, thé’C data of the samples were measured at LLNL
CAMS. The rest of the ionwereaccelerated to gain at le@&b MeV energies in a
tandem accelerator and pass through a molecular st({idpélichol et &, 2009.
Molecular ionsweredestroyedaccordingly bycollisions withtheatoms in the
stripper where they alstose one or more electrortsC ionsweremeasured in
another Faraday Cup after the stripgenally, 1“C ionswerecounted byeithera

solid surfacebarrier detector or a gas ionization detec&MS couned*“C as
individual nuclei rather thaderivingthe amount ot*C from measurements of

activity.
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Figure 3.28 Schematic gram of AMS (from LLNL,
https://bioams.lInl.gov/technique.php

The*C/C ratio wasthenapplied tofraction modernf() and fraction of

contemporaryff).

3.7. Fraction Modernf(,) andFraction of contemporarf.) Calculation

To determine eithdf, or f; of the samples, several concepts and standards

have to be introduced first.

3.7.1. Standards for Measurement

The first standard is Pee Dee Belemnite (PDB), the established standard based
on a cretaceous marine fossielemnitellaAmericanain North CarolingStuiver &
Polach, 197y, whose isotopic rati®C/*°C is 0.0112372Slater, Preston, & Weaver,

2007). After PDB was used up, ViearPee Dee Belemnite (VPDB) wsalected as
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the substitute, which is supposed to be identical to RIFB was set as a standard
to correct isotopic fractionation during sample preparation, inclugimlggical
processedsotopic fractionation occuiig all living organisms due to thaifference

in the rates of absorption and metabolism of carbon dioxide molecules of differing
molar mass. For example, the photosynthesis pathway, plants favor lighter carbon
isotopes rather than heavier ones, resultiigwer activities in the plants than
observed in the atmosphere. The degree of fractionation is defined as the relative
difference of thé>C/**C ratio in sample to that &PDB, usuallypresented in a unit

of per mil(a ). Since the mass difference betwé& and'“C is twice that between

3¢ and'“C, the depletion of'C is calculated as twice th#€’C value for each sample.

1= (3.23

() e (3.29

Py

Ris the carbon isotopic rati®-pg=0.0112374Slater et al., 2001

#3C measurementieterminedvith anlsoprime elemental angker because
no *?C data is provided by LLNL: Amall portion of each isolate was prepared for
carbon isotope ratio measurement in the Stable Isotope Laboratory, Department of
Geology, Universityof Maryland. Approximately 10QiL aliquots of each post
HPLC sample was removed from its Agilent vial and transferred to a tin capsule
(Valencia, CA, 3.5$5 mm) for#C measurement. The mass was obtaioed
Mettler Toledo UMT2 Ultra-microscale balancentil the hexane solvent evaporated
as indicated by achievirggconstant weight. The stable carbon ratio was independent

of the massslong as it was above limit of quantification (LOQ>5, jpgak height
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between 112 nA). Tin capsules were folded with acetone rinfdeps and stored in
a sample holder till measurements were made. Seven raw butter samples (CTP) were
prepared between each DEHP isolate, and submitted for analysis.
The Isoprime elemental analyzer isotope ratio magsctrometer (EARMS)
is equippedvith a multicollector and @ontinuousflow (CF) sample preparation
system, coupled with a high temperature combustion oven (1040¢6
measurements were madeanrea sample of knowf°C fractionationfor use as
instrumental calibration referenc&se calibrated>C values of samplesrelisted in

Table3.9.
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Table3.9 Isotopic mtios (#°C VPDB) ofcontemporary butter and DEH$vlates

Sample - 13 Standgrd
Date D Description 1-C DEVI?'[IOH
1"
9/6/2012 CTP1 Raw Butter -21.08
9/6/2012 CTP2 Raw Butter -21.31
0.16
12/20/2012 CTP3 Raw Butter -21.04
12/20/2012 CTP4 Raw Butter -21.09
12/20/2012 CTP5 Raw Butter -21.20
12/20/2012 CTP6 Raw Butter -21.13
12/20/2012 CTP7 Raw Butter -20.90
0.11
9/6/2012 BTR1 DEHP isolated from butter -31.23
9/6/2012 BTR2 DEHP isolated from butter -30.85
0.27
12/20/2012 BTR3 DEHP isolated from butter -24.59
12/20/2012 BTR4 DEHP isolated from butter -27.74
12/20/2012 BTR5 DEHP isolated from butter -27.73
12/20/2012 BTR6 DEHP isolated from butter -25.23
12/20/2012 BTR7 DEHP isolated from butter -23.42
1.93

The second standard represents carbon harvested in the OmodernO year. The
radiocarbon modern year is defined as 1950 AD. To avoid fossil fuels combustion
interference during the industrial revolutithe OmodernO activity is tHe€ activity
of virtual OwodO in 1950 AD, which was actually extrapolated from 1890 AP tree
rings whosef*C=-254 wrt VPDB (Stuiver & Polach, 19%7By definition, the
specific of activity OmodernO is 226.0 + 1.1 Becquerel per kilogram of ¢selon

Table3.10) (RousselDebet, Gontier, Siclet, & Fournier, 2006
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The third standar¢e.g., HOxXI) is thatused tocalibrateeither LSC or AMS
instruments and calculate normalized sample activities, i.e., fraction matiern.
international agreed modern carbon standard for the radiocarbon meassrement
HOxI (SRM 49908, which was oxalic acid created by tNational Bureau of
Standards (NBSh 1955 AD (one batch, 1000 IbZJhe modern activity is scaled
95% of themeasuredctivity (-"C counts) with#*C=-194 wrt VPDB because
HOXxI incorporated the ObombO carbon that was spiked in to the atmosphere as a result
of nuclear weapon tests. Due to the limited quantity of the first standard, the first
oxalic acid HOxI is no longer available. Hence a second standard, HOxII, was
prepared byational Institute of Standards and TechnolagiS(T) from French beat
harvests in the 1970s. The desired activity was scaled to 0.7459 of the measured
activity and normalized t4**C=-254 wrt VPDB and isin precise agreement with

HOXI.

3.7.2. CalculatingFraction Modern(f,,) from Isotopic Ratio Measurements

Fraction modern can be calculated froothbactivity and carbon isotopic
ratios Given the fact that activities was only measured for the live standard but not
butter isolates, thderivation of fraction moda from acivity is listed in Appendix 1
for further reference.
AMS counts*‘C particles directly instead of activity. AccordinghicNichol
et al.summarized the method of fraction modern calculation from raw AMS data as

follows (McNichol et al., 200%

| Disgoeag)  m o

(3.25

D imsgoes 1o 1
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o P ragoes 1 11

R |S the ISO'[OpIC I’a'[IO, elthé%C/lzC Or14C/13C RnomﬁampleandRmodemare the
normalized isotopic ratios of sample and standard, deddoom isotopic

fractionation as described above.
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LOrss (Leg ey )!"#$$ LrEs (1 !135)!"#$$ 408" I(' T ri$S ) (3.29
For the sample isotopic ratio, the machine background must first be subtracted
from the measured value before norizetion. As defined above, tH&°C of sample

is normalized te254a with regard to PDB regardless of its compositiponahue,

linick, & Jull, 1990.
I I pr P
(1 ps e )!"#$%&$'() N (- )!n#fs%&... -(—! ,,,,,, T !) (3.29

(! w1 )!"#$%&$'() ! (! Pr 1% )!"#$%&"' «%) (3:30

Il
According to thalefinition, the fraction modern is a nonnegative valy&Q).
A variety of units have been used to presé@tvalue.ln order to compar
data readily, a table of equivalent concentration$®fn various units is listeds

follows (Burlingame, 200Y.
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Table3.10 Equivalent concentrations &C units (Burlinggame2007

14C value Unit

1.0 modern
1.176$ 10*? atm/atm C
1.176 pmolmol C

13.56 dpmg C
226.0 puBg/mg C
6.108 fCi/mg C
97.89 amolmg C

3.7.3. FractionContemporaryand Fraction Petrogenic

The abundance 6fC in the atrosphere continuously fluctuatsihce 1950,
the year designated as Omodgoathg to both negative armbsitivefactors Nuclear
weapon tests spiked in a huge amount of radioactive céoliba atmosphergl.64%
relative share of the globe inventofgvetlik et al., 2010 Meanwhile, increasing
fossil fuels combustion dilutes the abundanc¥®f So the contemporaneous carbon
activity (or isotopic) cannot juste derivedrom the Omoderra@ivity by applying
the correction fol“C half-life. In this project, we aimed to apportion the source of
DEHP in butter produced in the actual year of measurement, so it was necessary to
adjust the result from conventional fraction modern (based on the OmodernO year) to
the contemporary year, i.éaction of contemporargf;) as expressed by Reddy
(Reddy et al., @Q02),

| Py owws
T

(3.31)
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wherefy, amiS the value measured for a contemporary sample of atmospheric carbon.
However, sich a sample would produce a OsupedernO value of fraction modern
(f>1).

Sincefm aimvaries with location and time, a new specific stansaaddefined
in this project: i.e., raw butteAs a ©ontemporarydairy product wherein the major
constituents argoy far, fats and proteins made from contemporaryngvanimals, its
activity (with isotopic fractionation correction) represents the current natural activity
of the organisms appropriate to our studgluding any fluctuations that occurred
relative to the atmosphe(Bearson, 20QQNelson et k, 2013.

o DUy nsmsoesion (3.32

1! Pyowws (I' !! !! !! ' | g ) (333

Pyownpssoe YL pgusoe
Fraction petrogenic represents the ratio of anthropogenically derived DEHP in

the isolated DEHP from butter, i.e.,

» (3.34
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Chapter 4 : Resultsand Data Interpretation

For spikedblank samples, the total carbon mass of DEHP includes mass
introduced by contamination derived from solvents, surface of the glassware used in
processing, atmospheric deposition, and any other source acting during processing
(Mmnig) and the correspondingi&e (Mspike

! I"#$  N"IHS . I"# Pl 1"#3% (41)

For butter isolate samples, tb@rbonmass of DEHP measured with GC
EIMS (Mpenp wota) iNcluded the one from raw buttén,cwa) and the one introduced

during sample purification due the ubiquity of DEHP, which was fnoethod blank

sample ().

! "#$ WH$S - - "% - - I'#$1% (42)

4.1 CarbonMass Measured ManometricallyldtNL

Carmbon mass of each sample was determined manometrically at LLNL.

Unfortunately the first batchBTR1 and BTR2, leaked during shipmethat
remainedn BTR1to be analyzewvas below detection limaf AMS andthere was
only '40% BTR2 solution left, and sthese samples were not processed by LLNL.
For the second bataf samples prepared for AM$emanometrically determined
carbon masémeasured at LLN)Lwastwice as much asmass measured with GC
EIMS. The difference was termed exogenous cash (mgcusasshown in equation
3.16).

D res (4.3)
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Exogenous carbon was determined for each sample and the results were listed

in Table4.1.

Table4.1 Mass dfference betwensample carbon mass measured\gtationally in
College Pak and total arbonmass measuredanometrically al_LLNL

Sample m m " m
D7 M) muote) TN moto) meeus@g) THEE feo
BTRL  123.87+14.65 0524019 124.39+14.65 3.33+040 127.72+15.1 © :

BTR2 113.16+13.00 0.70+0.20 113.86+13.00 3.39+0.39 117.25+13.4 44+ 2 -73.25+13.18

BTR3 76.77+11.27 1.08+0.08 77.85+11.27 5.41+0.80 83.26+12.16 247+12 163.74+16.72

BTR4 104.16+12.64 0.73+0.06 104.89+12.64 8.45+1.03 113.34+13.73 200+10 86.66+16.12

BTR5 70.04+11.07 0.79+0.07 70.83+11.07 2.10+£0.33 72.93+11.41 143+ 7 70.07+13.18

BTR6 64.86+10.03 0.87+x0.19 65.73+10.03 2.95+0.46 68.68+10.56 221+11 152.32+14.92

BTR7 65.89+10.35 0.87+x0.19 66.76x10.35 3.09+0.48 69.85+10.86 990+50 920.15+ 50.57

#Carbon mass as DEHP in each butter extract sample, whicheteamihed by Shimadzu QP20BEL-EIMS with ananalytical
calibration curve, gravimetricallgrepared from standard Supelco DEHP. 1" uncertainty, n=3.

® Carbon masdetermined by C@pressurevolume manometry after combustian LLNL; relative uncertainty reported b§%.
¢ Sample spilled during shipment. No data was acquired.

4.2 Fraction Modern Measured with AMS

Values of factionmodern {,) determined in solverftee isolateshat were

analyzed by LLNL were listed in

Table4.2: Seven DEHP samples isolated from butsayenspiked method

blank sampls, two Supelco DEHP, threeGleaddDEHP standards arttireeQiveO

DEHP standards
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Table4.2 Fraction modernf{measureg measured at LLNL CAMS

Sample . MeasuredFraction
D Description Modern by LI;NL
(fm.measured
BTR1 DEHP isolated from butter -
BTR2 DEHP isolated from butter 0.0682+ 0.0101
BTR3 DEHP isolated from butter 0.6484+ 0.0032
BTR4 DEHP isolated from butter 0.2960+ 0.0021
BTR5 DEHP isolated from butter 0.3045+ 0.0025
BTR6 DEHP isolated from butter 0.6670+ 0.0027
BTR7 DEHP isolated from butter 0.9414+ 0.0034
BLK1D Method blank with dead spike  0.0479+ 0.0045
BLK1L Method blank with live spike 0.6945+ 0.0038
BLK2D Method blank with dead spike  0.1249+ 0.0043
BLK2L Method blank with live spike 0.7132+ 0.0058
BLK3D Method blank with dead spike  0.4075+ 0.0030
BLK4D Method blank with dead spike  0.4260+ 0.0027
BLK5D Method blank with dead spike  0.3918+ 0.0027
STD1 Supelco DEHP (98.8%) 0.0018+ 0.0042
STD2 Supelco DEHP (98.8%) 0.0000+ 0.0044
DS1 Dead DEHP standard solutior  0.0110+ 0.0053
DS2 Dead DEHP standard solutior  0.0076+ 0.0053
DS3 Dead DEHPstandard solution 0.0085+ 0.0053
LS1 Live DEHP standard solution 0.8473+ 0.0064
LS2 Live DEHP standard solution 0.8154+ 0.0064
LS3 Live DEHP standard solution 0.8021+ 0.0077
CTP1 Contemporary butter 1.0545+ 0.0041
CTP2 Contemporary butter 1.0576+ 0.0037

# two-sigma limits

73



4.3 Explorationof PossibleExogenous Carbon Sources

The measurettaction modern of each AMS sampleaisveighted arithmetic

mean ofall componert (i.e.,a mass balance methd#)cNichol et al., 200%

I p 2t 4.4
1 IES%&™ . T ( . )

As indicated inTable4.1 the DEHP sample from butter isolatiogexcept
BTR1 and BTR2) contained more than 70 pg of exogenous carhos tre
measured fraction modern does not reflectthevalueof f,,of DEHP isolated from
butter. As a resulthemass oimodern carbofimyc) from themethod blank
(Mvc.mid), the ceeluted compound8niyc cod and exogenous componetSic exo
had to be subtracted from the total modern carbon mass of sample
By definition, mycis the product of the sample mass and its measured modern

fraction, i.e.,

. (4.5)

The actual mass of modern carbon from the DEHP in the samyedua)

! "OMES$I% - - I IES%&™ - - It g - s I g s s I IR (46)

and its actualy, (fm actua) IS:

I I P wmasiop

R a— (4.7)

In the above equatienthemodern carbon mas$ the method blankmyic mig
is calculated from the corresponditajal carbormass(mnyg) and fraction modern
(frmta)- Due to the ubiquity of PVC material and other plastic products, the fraction

modern of method blank DEHP wassumed to bielenticalto that ofthe petrogenic
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Supelco standards, which is 0.00890.0013 Themodern carbon mass efichco-
eluted blanKmyc cod Was calculated from itetal co-elutedcarbon masém..e and
thefraction modernf(, .09 Of the co-eluted compounddviost ceeluted compounds
were organic compounds from butteg., cholesteroandZ,E-2,13-Octadecadiei-
ol, and therefore its fraction modern was assumed tbhd@ame ashat determined
for raw butter, which wa$.0561+ 0.0022.

Thecarbonmass of exogenous carbfmney) in each samplevas calculated
from the mass difference betwetiose determined from GEIMS andthose
reported byL LNL (seeTable4.1). Thesources of exogenous carbwmareidentified
and the correspondirfgaction moderrfor eachtype ofexogenous carboffiy eo,i)
wereconmputed or measuress describeth the following sectionsandthe fraction
modern of DEHP isolated from buttdr, ¢ctua) Wascalculatedaccadingly.

Explorationof exogenous carbomasfocused on camaminationoccurring
during thepostHPLC handling(Mexo postHpLg, INncluding packingshipping and

graphitizationand inorganic carbonates.

4.3.1 PostHPLC ExogenougCarbon

The fraction modern of po$tPLC exogenous carbon waalculated fronthe
three dead standard samples, which were diluted from Sug@EedP in hexane

without any chromatogiphc separation
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Table4.3 Mass and fraction modern of the p¢#PLC exogenous carbon

Sample m m
ID P EEIlE'ngP)éotal (;LQ;\I)L Mexo (Hg)b fm,measureg fm,exqpostHPLCd

DS1 47.30+£0.04 78+2 30.7+2.0 0.0110+0.0053 0.0266+ 0.0071
DS2 47.95+0.04 81+2 33.0+2.0 0.0076+0.0053 0.0173+0.0100
DS3 47.73+£0.04 83+2 35.27+2.0 0.0085+0.0053 0.0188+ 0.0085

#n=3, 13
® calculatedrom error propagatiort 3

As a result, the fraction modern of pé#PLC exogenous carbon

(fm,exopostipLd Was 0.020% 0.005Q which was 8c-deadO petrogenic contaminant.

4.3.2 Carbonatefrom Raw Butter

The carbon mass of exogenous carbon as carbonatebditten (Mexo carbsy

was calculated accordinglgr each sample:

e wugopes | Lo DL e wusvesr( ! !

"# N"#$%&' (48)
Carbonates generated during butter manufaxgwere mainly contemporary,

andthereforethe fraction moderffm exo.arbatr) Was 1.056 0.0022.

4.3.3 Methodderived Carbonage

The mass of methederived carbonates was calculated in Se@idr?2
which was 31.2+ 7.2 ug. The fraction modern of the method derived carbonates
(fm,exocarovtd ) Wascalculated from the spiked blankgth mass balance metheoal

eliminate the interference of demates from experimental matrices

| | Powsgoeer Mo DN s s
Pvoww rasoes ! .
L 0&'

PV pgg wag U Vo g wasoeer( M e mesoesy

(4.9)

76



Table4.4 Fraction modern of method derived carbonates

Sample MpPEHP total My NL Mexo,postHPLC MexogcarbMtd

ID fm,measured (#g)a (#g) (#g)b (#g)c fm,exqcarbMtdd

BLK1D 0.0479+0.0045 52.21+0.09 88+4  22.94+531 128+ 3.0 0.2871+0.0893
BLK1L  0.6945+0.0038 46.42+0.15 109+5 48.71+6.32 18.4+4.2 0.6254+0.2105
BLK2D 0.1249+ 0.0043 65.94+0.10 94%5 9.71+6.33 13.9+3.2 2.6520+0.7475
BLK2L 0.7132+0.0058 46.81+0.15 62+3 -2.14+5.06' 17.3+4.0 0.3514+0.1946

*n=3, 1
b<dCalculated from error propagation, 1"
€ This is acalculated valueMassshould be aon-zero value

TheDixonOs Q test was applied to reject potential outlier.

TI"#$ | LI'ES

[
T TS 1 nEg

LIS L LI (0 g5y o (4.10)

Accordingly, fi exocanmdf BLK2D could be eliminated at tH#:% confidence

level. The fraction modern ahethodderivedcarbonates was.4213+ 0.1797.

4.4 Determination ofy, actual

As the compositiof exogenous carbon had been resolved, fraction modern
of DEHP isolated from buttef(actia) Can be calculated from the measured value

evertually.

Poeg D mypy vugne( T exolcarbmed ! My rasvess [H11ITH(A.11)

| Lo resea My rasvss( Tt ! miexolcarbmed ' My rusye: + ! miexolcarber | My rusean

Ty 0
* exo

(4.12)
The method blank as DEHP, the-eloited blank and the exogenous carbon
wereadded up to the total blank:

I"I#$%$HE i mtd+! coe! ! exo (413)
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s MES%SHE!

Thefraction of contemp@ry can be calculated as folloNelson et al.,

2013:

Fiso Was the isotopic fractionatiarorrection coefficient.

! mlactual -

Vmmed' M %+ micoeMr# +! miexo'Mexo

! I"#$1%

[ rus%ee™

M "1#500$#&'

! LLNL !

my

totalBlank

—! mimssws#e’ *! totalBlank

! actual

1000

-
1 2_,5' Cras  1ugws

1. 1
* iso -

f — fm!actual .
e

- iso

1000

by

13
| _1 .. VPDBI'#g%

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

Table4.5 Mass and fraction wdern §,) of components dhetotal carbon blanks for

BTR3BTR7

Sample mexo,ca[abBtr mexo,postHPLC f MiotaiBlank f totalBlank f wal f d

ID (#g) (#g) m, exo (#g) m,totalBlan| m,actual c
BTR3 130.7%20.87 1.7%9.12 0.936&0.1655 170.2%17.10 0.92220.2041 0.04130.5069 0.03940.4832
BTR4 33.24t20.84 22.229.70 0.58630.2803 95.84:t17.02 0.60140.2856 0.015@0.2819 0.01430.2688
BTR5 18.44:18.09 20.439.70 0.501&0.2973 72.96:13.39 0.48330.3066 0.11820.3342 0.1134:0.3205
BTR6 119.3319.19 1.79%9.12 0.927&0.1635 156.14:15.26 0.9115-0.2016 0.0784:0.5419 0.0748&0.5171
BTR7 867.6352.10 21.331.27 1.012%0.0823 924.1#51.17 1.00980.1137 -0.0176:1.9168 -0.01681.8230

# The fraction modern of carbonates in butter was assumed to be equal to fraction modern as raw butter, which#is 1.0561

0.0022

PBLK6 and BLK7 were not sent to LLNL, so we assume that the postCHflogenous carbon of BTR6 is same as BTR3 due
to similar fraction modern and mass of exogenous carbon
® The post HPLC exogenous carbon of BTR7 is the average value as that of BTR5 and BTR6, uncertainty is the standard

deviation.

4 Unrounded data from errgropagationreported to 4 decimal places; .
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Chapter 5 : Uncertainty Analysis and Monte Carlo
Simulation

5.1Uncertainty Analysis

The uncertainty of, acwalin Table4.5 was calculated by errgropagation
using the total differential method. However, this method overestinetes/erall
uncertainty whemegrees of freedorecorrelatedAs a result, Mont€arlo
simulation a computerized mathematical techniquenimic repeatedampling
actions, was implemented Matlab programsto computdraction of contemporary
of DEHP extracted and its uncertainty for each san@phe set of datavasimported
to the program as inputs for each AMS sample of butter extract. Each data set
included the carbon mass of DEHP in the sample, masses and fraction nfodern
blanksand #°C of isolates. Additional input parameters are liste@iahle5.1. A
uniformly distributed peuderandom perturbatiomatrix was generately the
programand applied to thancertainty of each variabte simulate tas of thousands
of replicatesEach of the variables waerturbedndependery.

The larger the perturbation matrix size is, the more acctiratestimation of
fraction of contemporarwould be Ten to one milliorperturbations were tested with
the program and the results showed that fractions cpatemry tended to be stable
after 1000 perturbationgzor this reasothe choice of 5@00 perturbations was

judged to be more than adequate.
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Fraction Contemporary vs Number of Occurrence
(Perturbations of Monte Carlo Simulation)

u(# -

"(18 !

u(! L

wngm i HE A i HE R S A | i | i R S A
i"("& 1 “ $ % &

Number of Occurrence

Figure 5.1 Fraction of contemporargf DEHP isolated from butter vs. number of

perturbed data sets
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5.2Monte Carlo Simulation (n=50,000)

Each data set of BTR3 ®I'R7 was pdurbed to heuristically calculate

uncertaintieand exploreheir probability distributioss.

Table5.1 Example of input @rameters for Monte Carlsimulation(BTR4)

Parameters BTR4
MDEHP total 104.89+ 12.64
Mmtd 0.73+0.06
fmmtd 0.0009+ 0.0013
fim,coe 1.0561+ 0.00219
purityc 0.9254+ 0.0115
fm measured 0.296+ 0.0021
fin,btr 1.0561+ 0.00219
1 ¥Ceam -24.74+1.93
1 3Chy -21.11+0.13
MLLNL 200+ 10
Mexo,carbMtd 31.2+7.2
fm,exo carbMmtd 0.4213+ 0.1797
Mexo,postHPLC 22.22+9.70
fim,exo,postHPLC 0.0209+ 0.0050
fm exo,carbBtr 1.0561+ 0.0022
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BTR3 BTR4

W% 4 4§ Yy 3§ 4 &
Petturbed Data Sets %10 Perturbed Data Sets %10

BTRS BTRE

e i 2 3 3 5
Petturbed Data Sets %107 Perturbed Data Sets %10

BTR7

Perturbed Data Sets %107

Figure 5.2 Fraction of contemporaryersus number of perturbed data sets
(Nmax=50,000)

The profability distribution for each samplevgas shown irFigure5.2. Thef.
of computer simulated replicates randowdyiednear O with more scattered
distributionin thenegative regioifeitherf,, or f; should be a nonegative valug.
Therefore e statistical distributiosof fraction moderrareconstructed bgounting

the occurrences df between1.5 andl1.5 The binning interval is 0.05
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Figure 5.3 Histograms of fc distribution of 5 DEHP isolates from butter
Thecomputed, of each DEHP wathe mean of 5000 computerized
replicates and the uncertainties were the standard deviation (1").
The finalfraction of contemporargnd fraction modern of each DEHP
isolated from butter extracts disted inTable5.2. Normalizedfraction of

contemporaryrobability distribtions were presentdeigure5.4
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Table5.2 Fraction modern andraction of contemporaryf.) of DEHP isolated from

butter by Monte Carlo Simulation

Sample
ID

1 3¢

fm,actual

fca

fo

BTR3
BTR4
BTR5
BTR6

BTR7

Mean
(n=5, 11)

-24.59+ 1.93

-27.74+ 1.93

-27.73+1.93

-25.23+1.93

-23.42+ 1.93

-25.74 +£1.93

0.0175+ 0.2403

0.0008+ 0.1965

0.0901+ 0.2618

0.0531+ 0.2629

-0.0470+ 0.2937

0.0229+ 0.0520

0.0167+ 0.2290

0.0008+ 0.1874

0.0864+ 0.2511

0.0507+ 0.2509

-0.0447+0.2794

0.0220+ 0.0497

0.9833+ 0.2290

0.9992+ 0.1874

0.9136+ 0.2511

0.9493+ 0.2509

1.0447+0.27%

0.9780+ 0.0497

2*ynrounded, computed data

Fraction Contemporary Statistical Distributions (n=50,000)
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Figure 5.4 Statistical distributiorof Fraction ofcontemporary(f;) of DEHP in Butter.

Fraction Contemporary (fc) of DEHP Isolated from Butter
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Chapter 6 : Conclusion

The existence of DEHP in method blanks strongly proved the ubiquity of
DEHP in the avironment. The method of miciscale compound specific isotope
analysis in a fatty food matrix, buttevas optimized. Compared to tfraction of
contemporarygarbon in DEHP isolateflom Stilton cheese, thgof theDEHP in
butter is relatively lowerpossibly owing to the lack éérmentatiorand possibly
moldsinjection The resull demonstrate th#e fraction petrogenig,) of the
isolated DEHP frontutter,97.80 +4.97 %, is of petrogenigossibly from butter
productionandpacking Thus at the 95% confidence level, no less than 88% of the

DEHP in butter is opetrogenicrigin.

It is noteworthy that BTR€ontained 920.1% 50.57 pg exogenous carbon
while the other isolated DEHP samples only contaomdy 70-160 pg.lt is possible
thatcontaminatiorcame fromsome contemporaneous compounds Widsame
level of **C asthe contemporary buttestandardIf BTR7 is eliminated, the mean
value off; would be 0.034& 0.0380 and, would be 0.9614 0.0380 (n=4, 1").
However, compared g 0.9780+ 0.0497 (n=5, 1"), the relative difference is only

1.70%.

Despite the finding that more than 70 pg of exogenous carbon existed in each
DEHP isolates from butter, the fraction of contemporary carbon could be determined
with a sufficient degree of accuracy to be useful to agencies responsible for

monitoring and reglating the food supply system. Nevertheless, future work should
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be undertaken to reduce the amounts of exogenous carbon observed in the current
method.

In the future, this compound specific radiocarbon analysis method should be
applied to more dairy prodts and lipidsich food, including fatty meats, to

determine the concentrations and origin(s) of phthalates in the U.S. diet.
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Appendices
Appendix 1 : Background Data

1. Carbon Isotopes

15 known carbon isotop&gth their haltlife and decay modes are listed in

the folowing table

Table Al.1 Half-life anddecay nades ofcarbonisotopes

Nuclides Half-life Decay Mode Decay Daughter
8c 2.0$10%'s 2p °Be
°Cc 0.126s  **** p:* ( °B(60%);®Be(23%): Li(17%)
oc 19.290s * 18
e 20.39 min * g
¢ Stable - -
B¢ Stable - -
4c 5730 years %" 1N
5c 2.449 s %" BN
toc 0.747 s * ¥ >N(97.9%):"°N (2.1%)
tic 0.193 s ¥ %7 YN(71.6%):"°N (28.4%)
8¢ 0.092 s ¥ %7 8N (68.5%):'°N (31.5%)
c 0.0462s *,n;*:*, 2n BN(47%);°N (46%);:'N(7%);
c 0.016 s * ¥ N (72.0%):°N(28.0%);
2c <3$10%s n 2c
2C 0.0062 s * 2N
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2. Liquid Scintillation Counting (LSC)

Beta counting is a method of measuring radioactive activity by detecting beta
particles emitted from the decayiffiC atoms. One beta counting technology is
liquid scintillation counting. The energy of beta particles is converted into photons
with two stes: first, aromatic solvent molecules with + electrons absorb the energy of
beta particles and transfer the energy to scintillgtbes+ cloud of the aromatic ring
absorbs the energy$econd, the excited scintillator molecules return to the ground
stateby photonemission. The intensity of the emitted photons is measuiteda

photomultiplier circuit that outputs voltage pulses that are proportional to the number

of decays.
@ ©/ ie. butyl PBD
V hv
14C——» SolventT> ScmtlllatorT> Phototmultiplier
Chemical Color Voltage
Quench Quench Pulses

(ie., H,0)

Figure A1.1 Schematic Diagram of Liquid Scintillation Counting*t®

The counting efficiency is calculated as the ratio of counts per minute (CPM)

to the actual decays per minute (DPM).
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Counting!"""#$#%&$' ! % X"l (A 1.0

The difference between CPM and DPM is due to chemical quenching, which
involves energy loss when it is transferred from beta particles to the solvent
molecules and scintillators (for instance, water in solvent is a typical quencher), and
color quenching, which involves the intensity reductafrphotonscaptured byhe
photomultiplier due to color interferen@®oss, Noakes, & Spoulding, 1991

Though liquid scintillation counting is a welkeveloped technology, the
sample siz¢! 1g carbon)limits its application to measure the activity'8€ in
DEHP isolated from butter at the magnitude to approximatefygi®&rajcar Broni,,
Horvatin-i,, Bare.i,, & Obeli,, 2009). For this reason, LS®as only used to
measure the activity of live DEHP standafd27.93 mg/kg DEHP in CiTla,
prepared wittBis (2-ethylhexy}?H17) phthalate[carbony}t**C]-, Moravek
Biochemicals Ing 2000 dps/g, and diluted with dead DEH®ttwere applied for

live spike.
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Table A1.2 LSC Measurements of 0.4843+0.0002 g Live DEHP standard

Background

Cycle ID  CPM (2%) DPM  tSIEa Eff'(co'/‘:)”cy cO[;rPe'\c/lted ( dApf;"/"éyC)

1 B° 257370 509 27.2766 587.46  94.36

S 207144 474 319339 44788  93.05
4.66+2.05 13.03+5.F

2 B 255147 511 27.0427 58646  94.35

S 279167 489 299933 450.25  93.08
2.05:2.02  8.26+5.8

3 B 233833 534 247926 580.88  94.32

S 271324 496 291618 447.11  93.04
437+1.96 12.22+5.49

4 B 228021 541 241752 58155  94.32

S 263052 503 282749 44646  93.03
410+1.93 11.47+5.41

5 B 222353 548 235713 58353  94.33

S 264970 502 284767 44773  93.05
4914193 13.7245.39

6 B 231076 537 244997 58116  94.32

S 266609 500 286589 44599  93.03
4.16+1.95 11.64+5.4

@ Transformed External Standard Spectruvhich was used to measure sample quenching.
® Background

¢ Sample
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3. Calculation of Fraction Moderti{) from Activity
The convention for reporting activities relative to HOxI as the standard to
calculate the activities is as follows:

1 (19! 8" Cp
Lon! 095! pour '[! — ( 1000'#$ )! (Al2

Aon is the normalized activity of HOxI. If HOxII is used, the equation alters

to:

Aoy ! OI'HS | oyt [11 20"+ P wou) g y111yA 1.3

The absalte international standard activitg(9 is defined as the standard
activity on the year of measuremeitcorrect the radioactive decay of standard from

1950

Ly =1 gy 1 A0S —148) (A 1.4
#C of theanalyte is normalized t®54 with respect to PDB by definition

regardless of its compositi¢Btuiver & Polach, 1977 Fractionmodern {y)

(Equation 2.14pnd Percent Moderpk) (Equation 2.15)vereestablished at the"s

International Conference of Radioban Dating.

Lo 14 111 & s ) (A 1.5
fi =l,— (A 1.6)
pM | j—#x 100% (A17)

Asnis the normalized activity of thenalyte whileAsis the measured activity.
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Appendix 2 : Extraction and Chromatography Data

1. Sample and Internal Standard Masses

Table A2.1 Butter sample mass

Sample ID Butter sticks Waxed paper Butter mass

mass (g) mass (g) 9)
1154.3 16.6
BTR1 1154.2 16.6
1154.3 16.6
Mean 1154.3 16.6 1137.7
Standard deviation (1!) 0.1 0 0.1
1150.3 14.6
BTR2 1150.5 14.6
1150.4 14.6
Mean 1150.4 14.6 1135.8
Standard deviation (1!) 0.1 0 0.1
1156.0 17.1
BTR3 1156.0 17.0
1156.1 17.0
Mean 1156.0 17.0 1139.0
Standard deviation (1!) 0.1 0.1 0.1
1151.7 15.7
BTR4 1151.9 15.8
1151.9 15.7
Mean 1151.8 15.7 1136.1
Standard deviation (1!) 0.1 0.1 0.1
1148.5 15.4
BTR5 1148.6 15.4
1148.5 15.5
Mean 1148.5 15.4 1133.1
Standard deviation (1!) 0.1 0.1 0.1
1151.5 14.3
BTR6 1151.7 14.5
1151.6 14.6
Mean 1151.6 14.5 1137.1
Standard deviation (1!) 0.1 0.2 0.2
1139.4 13.4
BTR7 1139.7 13.6
1139.6 13.7
Mean 1139.6 13.6 1126.0
Standard deviation (1!) 0.2 0.2 0.2
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Internal Standardd38-DEHP (2541 mg/kg in Acetonitrile)

Table A2.2 Mass of internal standardsl88DEHP) spiked in butter samples

Mass of Mass of Mass of
; . I.S.
Mass of vial plus empty vial I.S.
Sample ID . : mass
vial (g) I.S. after Solution
solution (g) spiking (g) (9) ()
2.51264 2.73275 2.51851
BTR1 2.5127 2.73273 2.51853
2.51274 2.73276 2.51854
Mean 2.51269 2.73275 2.51853  0.21422 544.33
Standard deviation (1!) 0.00005 0.00002 0.00002  0.00002 0.05
2.52942 2.75360 2.53112
BTR2 2.52939 2.75364 2.53110
2.52940 2.75366 2.53112
Mean 2.52940 2.75363 2.53111  0.22252 565.42
Standard deviation (1!) 0.00002 0.00003 0.00001  0.00003 0.08
2.52548 2.75530 2.52594
BTR3 2.52551 2.75532 2.52597
2.52549 2.75528 2.52597
Mean 2.52549 2.75530 2.52596  0.22934 582.75
Standard deviation (1!) 0.00002 0.00002 0.00002  0.00003 0.07
2.51453 2.75166 2.51765
BTR4 2.51452 2.75167 2.51766
2.51451 2.75169 2.51765
Mean 2.51452 2.75167 2.51765 0.23402 59464
Standard deviation (1!) 0.00001 0.00002 0.00001  0.00002 0.04
2.50930 2.74045 2.51028
BTR5 2.50931 2.74046 2.51030
2.50931 2.74046 2.51030
Mean 2.50931 2.74046 2.51029 0.23016 584.85
Standard deviation (1!) 0.00001 0.00001 0.00001  0.00001 0.03
2.52833 2.75733 2.52975
BTR6 2.52836 2.75734 2.52977
2.52835 2.75736 2.52979
Mean 2.52835 2.75734 2.52977  0.22757 578.26
Standard deviation (1!) 0.00002 0.00002 0.00002  0.00003 0.06
2.50922 2.69777 2.51111
BTR7 2.50923 2.69778 2.51110
2.50922 2.69779 2.51109
Mean 2.50922 2.69778 2.51110 0.18668 474.35
Standard deviation (1!) 0.00001 0.00001 0.00001  0.00001 0.04
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Table A2.3 Massof internal standardsd38DEHP) spiked in method blank samples

Mass of Mass of Mass of
; . I.S.
Mass of vial plus empty vial I.S.
Sample ID : : mass
vial (g) I.S. after Solution (L)
solution (g) spiking (g) (9) HY
2.48945 2.67990 2.49042
BLK1 2.48947 2.67991 2.49043
2.48946 2.67994 2.49045
Mean 2.48946 2.67992 2.49043 0.18948 48148

Standard deviation (1!) 0.00001 0.00002 0.00002 0.00003 0.07

2.53446 2.74727 2.53570

BLK2 2.53444 2.74729 2.53574
2.53445 2.74730 2.53576
Mean 2.53445 2.74729 2.53573 0.21155 53756

Standard deviation (1!) 0.00001 0.00002 0.00003 0.00003 0.09

2.51789 2.74042 2.51906

BLK3 2.35179 2.74040 2.51909
2.35179 2.74041 2.51912
Mean 2.40716 2.74041 2.51909 0.22132 562.37

Standard deviation (1!) 0.09590 0.00001 0.00003 0.00003 0.08

2.49413 2.70464 2.49830

BLK4 2.49412 2.70463 2.49829
2.49413 2.70462 2.49829
Mean 2.49413 2.70463 2.49829 0.20634 524.30

Standard deviation (1!) 0.00001 0.00001 0.00001 0.00001 0.03

2.52721 2.75485 2.52772

BLK5 2.52720 2.75484 2.52775
2.52719 2.75484 2.52774
Mean 2.52720 2.75484 2.52774 0.22711 577.08

Standard deviation (1!) 0.00001 0.00001 0.00002 0.00002 0.04

2.53460 2.76130 2.53932

BLK6 2.53459 2.76125 2.53931
2.53461 2.76127 2.53930
Mean 2.53460 2.76127 2.53931 0.22196 564.01

Standard deviation (1!) 0.00001 0.00003 0.00001 0.00003 0.07

2.52297 2.72711 2.52364

BLK7 2.52299 2.72712 2.52366
2.52298 2.72711 2.52365
Mean 2.52298 2.72711 2.52365 0.20346 51700

Standard deviation (1!) 0.00001 0.00001 0.00001 0.00001 0.03
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2. Liquid-Liquid Extraction

Table A2.4 Liquid BELiquid extraction data

2nd

Number of 1 _ extraction  Final yol. Sample _ ACN Vol. Nu;\ncl:)’(\elr of Final ACN

Sample ID paper extraction w/ 16.7% of oily vol. for !_-L Extractl_on for ea(_:h extraction Sample

filtration s w/ hexane acetone in sample extraction subunit extraction for each vol. (mL)

(mL) hzer:](i?e (mL) (mL) (mL) subunit

BTR1 8 1000 300 1200 400 3 500 2 1000
BLK1 8 500 150 400 400 1 500 2 500
BTR2 8 1000 300 1200 400 3 500 2 1000
BLK2 8 1000 300 1200 400 3 500 2 1000
BTR3 8 1000 300 1200 400 3 500 2 1000
BLK3 8 1000 300 1200 400 3 500 2 1000
BTR4 8 1000 300 1200 400 3 500 2 1000
BLK4 8 1000 300 1200 400 3 500 2 1000
BTR5 8 1000 300 1200 400 3 500 2 1000
BLK5 8 1000 300 1200 400 3 500 2 1000
BTR6 8 1000 300 1200 400 3 500 2 1000
BLK6 8 1000 300 1200 400 3 500 2 1000
BTR7 8 1000 300 1200 400 3 500 2 1000
BLK7 8 1000 300 1200 400 3 500 2 1000
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3. Flash Chromatography

Each post liquidiquid extraction butter isolate was splitftaur 3-mL
subunits and loaded tonewly packed silica colunsirespectively(except BLK1,
which was split to 2 subunitfolumns were packed with 175 gicdl gel and 500 mL
5% (v/v) acetonan hexane. Thenobile phaséeluent)was changed as follows:

0 400 mL 33%(v/v) acetone in hexane

0 1000 mL hexane

0 Load butter isolates or method blanks

0 200 mL hexane

0 1500 mL 1.6%v/v) acetone in hexane

Once switched to 1.6%%/v) acetone in hexane, eluates were collected in
baked glassware for GMS measurement. So the volumes of eluates in the following

table denote the volume of 1.68v) acetone in hexane used to elute DEHP.
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Table A2.5 Eluate fractions/olumesof flash chromatographgmL)#

S(;'Hﬁn')[) GCMS Instrument #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
10001030 10301060 10601090 10901120 11201150 11501180 11801210 12101240 12401270 12701300
BTR1-1 Shimadzi QP2010S #11 #12 #13 #14 #15
13001330 13301360 13601390 14201450 14501480
BTR1-2 Shimadzi QP2010S 900950 9501000 10001050 10501100 11001150 11501200 12001250 12501300 13501400 14001500
BTR1-3 Shimadzi QP5000 900950 9501000 10001050 10501100 11001150 11501200 12001250 12501300 13501400 14001500
BTR1-4 Shimadzi QP5000 900950 9501000 10001050 10501100 11001150 11501200 12001250 12501300 13501400 14001500
BLK1-1 Shimadzi QP2010S 900950 9501000 10001050 10501100 11001150 11501200 12001250 12501300 13501400 14001500
BLK1-2 Shimadzi QP5000 900950 9501000 10001050 10501100 11001150 11501200 12001250 12501300 13501400 14001500
BTR2-1 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500
BTR2-2 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500
BTR2-3 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500
BTR2-4 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500
BLK2-1 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500
BLK2-2 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500
BLK2-3 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500
BLK2-4 Shimadzi QP5000 11001150 11501200 12001250 12501300 13001350 13501400 14001450 14501500

Bold fractions contain38-DEHP
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Figure A2.1 DEHP containing fraction of flash chromatography eluate for BTR1,
BTR2, BLK1 and BLK2
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4. Shimadzu QP5000GC-EIMS Calibration
o Shimadzu QP5000Calibration with standard DEHP ad88-DEHP

solutionsu

0 d38DEHP stock solutiofl.S.): 2541 mg/kg inAcetonitrile

Table A2.6 d38-DEHP standard solutions for ShimadzQP5000 GCEIMS
calibration

Vol. of I.S. \%;}Séfsf Total Mass [d38
Sample ID solution Mlass of LS. _ after DEHP]( Peak
vial (g) ; dilution w. Area
(%)) SO|(lét)I0n hexane (g) mg/kg)

2.50847 2.51643 3.58869
CALD38V1.D01 10 2.50852 2.51641 3.58870
2.50846 2.51643 3.58868

Mean 2.50848 2.51642 3.58869 18.68 128463
Standard deviation (1!) 0.00003 0.00001 0.00001
2.51937 2.53447 3.66136
CAL D38v2.D01 20 2.51943 2.53448 3.66134
2.51944 2.53450 3.66139

Mean 2.51941 2.53448 3.66136 33.53 305917
Standard deviation (1!) 0.00004 0.00002 0.00003
2.51849 2.54165 3.67063
CAL D38v3.D01 30 2.51848 2.54167 3.67065
2.51849 2.54168 3.67067

Mean 2.51849 2.54167 3.67065 51.12 416562
Standard deviation (1!) 0.00001 0.00002 0.00002
2.52359 2.55466 3.68442
CAL D38v4.D02 40 2.52362 2.55466 3.68441
2.52363 2.55470 3.68440

Mean 2.52361 2.55467 3.68441 67.99 639830
Standard deviation (1!) 0.00002 0.00002 0.00001
2.50847 2.51643 3.58869
CAL D38v5.D01 50 2.50852 2.51641 3.58870
2.50846 2.51643 3.58868

Mean 2.50848 2.51642 3.58869 77.13 743135
Standard deviation (1!) 0.00001 0.00002 0.00001
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Figure A2.2 Shimadzu QP5000 GEIMS Calibration Curve fod38-DEHP, n=5,
replicates=1, slope10277.8+ 644.7, intercept-63921.3+ 34908.7, R=0.9883.
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0 DEHP stock solution3919 mg/kg in Acetonitrile

Table A2.7 DEHP standard solutions for ShimadzQP5000 GCEIMS calibration

Mass of

Vol. of vial plus Total Mass
DEHP Mass of P after  [DEHP]  Peak
Sample ID . . DEHP oo
solution (u vial (g) . dilution w.  (mg/kg) Area
solution
o)) hexane (g)
(9
2.51882 2.52233 3.65523
CALDEHP1.D01 5 2.51882 2.52235 3.65523
2.51883 2.52237 3.65521
Mean 2.51882 2.52235 3.65522 12.16 50443
Standard deviation (1!) 0.00001 0.00002 0.00001
2.52730 2.53543 3.73083
CALDEHP2.D01 10 2.52732 2.53548 3.73082
2.52731 2.53547 3.73085
Mean 2.52731 2.53546 3.73083 26.54 106443
Standard deviation (1!) 0.00001 0.00003 0.00002
2.49069 2.50597 3.61115
CALDEHP3.D01 20 2.49070 2.50596 3.61115
2.49067 2.50596 3.61115
Mean 2.49069 2.50596 3.61115 53.43 355353
Standard deviation (1!) 0.00002 0.00001 0.00000
2.55238 2.57548 3.67195
CALDEHP4.D02 30 2.55239 2.57548 3.67192
2.55235 2.57551 3.67197
Mean 2.55237 2.57549 3.67195 80.92 650430
Standard deviation (1!) 0.00002 0.00002 0.00003
2.51770 2.54806 3.64058
CALDEHP5.D01 40 2.51773 2.54805 3.64055
2.51772 2.54809 3.64059
Mean 2.51772 2.54807 3.64057 105.93 814501
Standard deviation (1!) 0.00002 0.00002 0.00002
2.51037 2.54987 3.57593
CALDEHP5.D01 50 2.51036 2.54989 3.57591
2.51038 2.54987 3.57592
Mean 2.51037 2.54988 3.57592 145.30 1204219
Standard deviation (1!) 0.00001 0.00002 0.00001
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Figure A2.3 Shimadzu QP5000 GEIMS Calibration Curve foDEHP, n=6,
replicates=1, slope8846.6+ 311.Q intercept-95343.5+ 26206.0 RF=0.9951
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The DEHP containing fractions of each subunit were combined and reduced
to 2 mLhexane solution. These pdaE sample were measured with Shimadzu

QP5000 to estimate DEHP content in raw butter and method recoveries.

Table A2.8 DEHP andd38DEHP content®f four BTR2 subunits (peB{C) samples.

. DdSI—?P DEHP [d38 [DEHP] [Ii?lEr:vPv]
Sample ID File peak DEHP]
peak area (ma/kg) (mg/kg)  butter
area (mg/kg)
FCBTR2.D05 608817 919578
BTR2-SUB1 FCBTR2.D06 599103 928107
FCBTR2.D07 605452 944924
Mean 604457 930870 65.0 116.0 0.88
Standard deviation (1!) 4933 12897 5.3 5.2 0.13
FCBTR427.D01 330103 613019
BTR2-SUB2 FCBTR427.D02 324001 605065
FCBTR427.D03 347296 633798
Mean 333800 617294 38.7 80.6 1.04
Standard deviation (1!) 12080 14836 4.3 4.4 0.25
FCBTR429.D01 190521 419694
FCBTR429.D02 155577 379411
FCBTR429.D03 174770 349878
BTR2-SUB3 FCBTR429.D04 165748 329952
FCBTR429.D05 165257 336606
FCBTR429.D06 165023 319017
Mean 169483 355760 22.7 51.0 1.11
Standard deviation (1!) 11964 37589 3.9 5.5 0.23
FCBTR430.D01 89642 218793
FCBTR430.D02 107948 246773
FCBTR430.D03 106764 221573
BTR2-SUB4 FCBTR430.D04 97760 211879
FCBTR430.D05 102749 219257
FCBTR430.D06 107882 221439
Mean 102124 223286 16.2 36.0 1.11
Standard deviation (1!) 7264 12038 3.6 3.5 0.27
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Figure A2.4 DEHP content in raw butter, computed from fpastFC subunits of
BTR2.

The estimated recovery of BTR2 at this stage was8% (the mass of each

postFC subunit is 1.5 g and the mass of spiked Id8.BTR2 was 55.429).
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5. HPLC Calibration
BTR1, BLK1, BTR2 and BLK2 wereneasured wittan assembleHPLC

system: Dionex P580 pumpAgilent Zorbax Eclipse XDBC18 column (15 cm $
9.4 mmiID, 5 micron) and Spectroflows7 Absorbance Detector (254 nriv)obile
phase was 90 % Acetonitrile and 10 % wated switched to 95 % Acetonitrile and
5% water. Pressure was 1500 psi.

0o DEHP standardolution:80.0 pg/mLin Acetonitrile

Table A2.9 HPLC (with Dionex P80 pump) calibratiorwith DEHP

Vol. of

Sample ID stand_ard Pressure lljnllz,[:_:r DEH_P End Retgntion Peak Area
solution (bar) . Time Time
Time
(M)

cal2274a 50 60 0:33:16 0:34:00 0:33:35 13770
cal2274b 50 56 0:32:28 0:33:18 0:32:50 18710
cal2274c 50 58 0:31:40 0:32:27 0:32:04 16940

c2276a 75 57 0:31:46 0:32:44 0:32:10 24370
c2276b 75 55 0:31:43 0:32:28 0:32:07 24480

c2276¢C 75 56 0:31:47 0:32:41 0:32:07 24450
cal2278a 100 58 0:31:34 0:32:28 0:31:59 30700
cal2278b 100 47 0:31:38 0:32:31 0:32:02 30200
cal2278c 100 50 0:31:38 0:32:30 0:32:02 31740
c22710a 125 52 0:31:50 0:32:45 0:32:13 40740
c22710b 125 53 0:31:42 0:32:36 0:32:06 39390
c22710c 125 53 0:31:27 0:32:23 0:31:55 41280
c22712a 150 56 0:31:39 0:32:37 0:32:06 47290
c22712b 150 56 0:32:14 0:33:10 0:32:37 45630
c22712c 150 56 0:32:22 0:33:28 0:32:50 47930
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4 HPLC Calibration Curve of DEHP

Peak Area
w

0 2 4 6 8 10 12 14
DEHP mass (ug)

Figure A2.5 HPLC (with Dionex P580 pump) calibration curve EHP,n=5,
replicates=3, slope3849.5+ 125.0, intercept1045.3+ 1060.3, R=0.9865.
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Table A2.10 BTR1 HPLC peak properties

Sample File Inj. Pressure D38 D38 D38 D38 DEHP ~ DEHP  DEHP  DEHP Peak
D Name Vol. (bar) _:Em_ m.:a Wmﬁ. Peak _:Em_ m.:a Wmﬁ. Peak Interval
(uL) Time Time Time Area Time Time Time Area
BTR1 btr101 100 58 0:30:30 0:31:28 0:30:57 33470 0:32:41 0:33:41 0:33:06 83310 0:01:13
BTR1 btr102 120 61 0:30:05 0:30:49 0:30:24 35530 0:31:55 0:32:54 0:32:18 105900 0:01:06
BTR1 btr103 120 60 0:29:56 0:30:42 0:30:16 36490 0:31:56 0:32:57 0:32:20 103600 0:01:14
BTR1 btr104 120 60 0:30:00 0:30:48 0:30:22 37850 0:32:05 0:33:06 0:32:29 104800 0:01:17
BTR1 btr105 120 61 0:29:54 0:30:56 0:30:22 42330 0:32:02 0:33:03 0:32:27 100500 0:01:06
BTR1 btr106 120 58 0:29:44 0:30:44 0:30:11 40440 0:31:50 0:32:53 0:32:16 102400 0:01:06
BTR1 btr107 120 61 0:29:43 0:30:39 0:30:07 42200 0:31:45 0:32:49 0:32:11 104200 0:01:06
BTR1 btr108 120 61 0:3043 0:31:39 0:31:06 38980 0:32:49 0:33:51 0:33:14 104900 0:01:10
BTR1 btr109 120 58 0:29:34 0:30:21 0:29:54 36660 0:31:34 0:32:35 0:31:59 102600 0:01:13
BTR1 btr110 120 62 0:29:25 0:30:15 0:29:47 38630 0:31:24 0:32:24 0:31:48 103700 0:01:09
BTR1 btr111 120 62 0:29:24 0:30:17 0:29:50 40450 0:31:26 0:32:27 0:31:50 103900 0:01:09
BTR1 btr112 125 55 0:29:06 0:29:55 0:29:28 36240 0:31:03 0:32:05 0:31:27 108800 0:01:08
BTR1 btr113 80 60 0:28:53 0:29:37 0:29:10 21940 0:30:45 0:31:36 0:31:07 56470 0:01:08
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Table A2.11 BLK1 HPLC peak properties and DEHP containing portion collection

sample  File . ocsure P38 D38 D38 D38  DEHP DEHP DEHP DEHP
D Name Vol. (bar) _:Em_ m.:a Wmﬁ. Peak _:Em_ m.:a Wmﬁ. Peak Interval
(uL) Time Time Time Area Time Time Time Area
BLK1  plkio1 120 58 0:28:24 0:29:19 0:28:46 103500 0:30:30 0:31:30 - - 0:01:11
BLK1  plki0o2 80 59 0:27:55 0:28:45 0:28:15 70280 0:29:53 0:30:53 - - 0:01:08
BLK1  plk103 100 56 0:27:47 0:28:41 0:28:09 87140 0:29:56 0:30:56 - - 0:01:15
BLK1  plk10o4 100 57 0:27:25 0:28:26 0:27:55 88240 0:29:39 0:30:39 - - 0:01:13
BLK1  plk105 100 56 0:27:34 0:28:25 0:27:54 87100 0:29:37 0:30:37 - - 0:01:12
BLK1  plkio6 100 55 0:27:16 0:28:09 0:27:38 89890 0:29:20 0:30:20 - - 0:01:11
BLK1  plk10o7 100 56 0:27:17 0:28:07 0:27:37 88400 0:29:21 0:30:21 - - 0:01:14
BLK1  plk108 100 57 0:27:18 0:28:07 0:27:38 89390 0:29:19 0:30:19 - - 0:01:12
BLK1  plk109 100 57 0:26:58 0:27:49 0:27:19 90380 0:29:01 0:30:01 - - 0:01:12
BLK1  plk110 100 52 0:28:39 0:29:32 0:29:01 84180 0:30:41 0:31:41 - - 0:01:09
BLK1  plk111 120 59 0:28:28 0:29:23 0:28:49 107500 0:30:38 0:31:38 - - 0:01:15
BLK1  plki12 150 56 0:28:03 0:29:00 0:28:25 133200 0:30:11 0:31:11 - - 0:01:11
BLK1  plk113 165 58 0:27:40 0:28:35 0:28:01 144800 0:29:52 0:30:52 - - 0:01:17
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Table A2.12BTR2 HPLC peak properties

Sample File Inj. Pressure D38 D38 D38 D38 DEHP ~ DEHP  DEHP  DEHP Peak

D Name Vol. (bar) _:Em_ m.:a Wmﬁ. Peak _:Em_ m.:a Wmﬁ. Peak Interval

(uL) Time Time Time Area Time Time Time Area

BTR2 btr201 130 58 0:30:35 0:31:25 0:30:56 61550 0:32:38 0:33:40 0:33:06 86880 0:01:13
BTR2 btr202 120 63 0:29:54 0:30:45 0:30:16 57110 0:31:58 0:32:56 0:32:23 79830 0:01:13
BTR2 btr203 120 63 0:29:43 0:30:34 0:30:06 57430 0:31:46 0:32:43 0:32:11 77190 0:01:12
BTR2 btr204 130 65 0:29:33 0:30:29 0:29:57 61890 0:31:45 0:32:47 0:32:11 86800 0:01:16
BTR2 btr205 130 58 0:30:35 0:31:28 0:30:58 62930 0:32:44 0:33:43 0:33:09 84200 0:01:16
BTR2 btr206 130 62 0:30:14 0:31:07 0:30:38 58170 0:32:21 0:33:20 0:32:46 83220 0:01:14
BTR2 btr207 130 61 0:30:03 0:30:55 0:30:26 59430 0:32:09 0:33:08 0:32:33 84510 0:01:14
BTR2 btr208 130 62 0:29:43 0:30:35 0:30:05 62840 0:31:47 0:32:45 0:32:12 85980 0:01:12
BTR2 btr209 130 61 0:29:46 0:30:37 0:30:08 59870 0:31:49 0:32:47 0:32:13 82940 0:01:12
BTR2 btr210 130 62 0:29:45 0:30:40 0:30:08 65540 0:31:49 0:32:48 0:32:14 85770 0:01:09
BTR2 btr211 130 59 0:29:47 0:30:40 0:30:09 58690 0:31:50 0:32:47 0:32:14 75790 0:01:10
BTR2 btr212 160 61 0:30:07 0:31:02 0:30:30 72740 0:32:13 0:33:15 0:32:28 101500 0:01:11
BTR2 btr213 150 61 0:30:24 0:31:20 0:30:48 71720 0:32:33 0:33:37 0:33:00 101200 0:01:13
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Table A2.13BLK2 HPLC peak properties and DEHP containing portion collection

Sample  File . ocsure D38 D38 D38 D38  DEHP DEHP DEHP DEHP
D Name Vol. (bar) _:Em_ m.:a Wmﬁ. Peak _:Em_ m.:a Wmﬁ. Peak Interval
(uL) Time Time Time Area Time Time Time Area
BLK2  blk201 120 60 0:29:09 0:30:04 0:29:31 99840 0:31:15 0:32:15 - - 0:01:11
BLK2  plk202 130 60 0:28:07 0:29:05 0:28:30 113900 0:30:10 0:31:10 - - 0:01:05
BLKZ  plk203 130 57 0:28:29 0:29:25 0:28:52 112000 0:30:32 0:31:32 - - 0:01:07
BLK2  plk204 130 56 0:28:13 0:29:09 0:28:35 111700 0:30:17 0:31:17 - - 0:01:08
BLK2  plk205 130 54 0:27:59 0:28:57 0:28:22 115600 0:30:04 0:31:04 - - 0:01:07
BLK2  plk206 130 54 0:28:20 0:29:16 0:28:42 114500 0:30:26 0:31:26 - - 0:01:10
BLK2  pk207 130 54 0:28:22 0:29:19 0:28:45 110400 0:30:25 0:31:25 - - 0:01:06
BLK2  plk208 130 54 0:28:12 0:29:10 0:28:34 115000 0:30:18 0:31:18 - - 0:01:08
BLKZ  plk209 130 53 0:28:07 0:29:03 0:28:29 111900 0:30:13 0:31:13 - - 0:01:10
BLK2  pk210 130 54 0:27:59 0:28:56 0:28:21 111400 0:30:04 0:31:04 - - 0:01:08
BLK2  pk211 130 54 0:28:04 0:29:03 0:28:27 116000 0:30:13 0:31:13 - - 0:01:10
BLK2  pk212 130 54 0:27:47 0:28:43 0:28:09 113500 0:29:52 0:30:52 - - 0:01:09
BLK2  pk213 130 54 0:27:30 0:28:21 0:27:51 75050 0:29:31 0:30:31 - - 0:01:10
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Figure A2.6 HPLC chromatograms of btr102, blk102, btr202 and blk 2§@38
DEHP) ! 30 min, R DEHP) ! 32 min.
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BTR3, BLK3, BTR4, BLK4, BTR5, BLK5, BTR6 and BTR¥ere measured
with HewlettPackard 1050 HPLC systerhgilent Zorbax Eclipse XDBC18
column (15 cm $ 9.4 mAD, 5 micron) andAD (254 nm). Mobile phase was 90 %
Acetonitrile and 10 % water amacreasedo 95 % Acetonitrile and% water
gradually. The column temperature was set to 30 C.

HPLC calibration standards were prepared from DEHP (3919 mg/kg) and

d38DEHP (2541 mg/kg) stock solutions and diluted with acetonitrile (ACN).

Table A2.14 HewlettPackard 1050 HPLC calibration standards

Empty w/. Total [d38
Sample ID vial mass DEHP w/. D38 mass in [DEHP] DEHP]

@  stockig) %@ acn(g HKD (g

2.54184 2.58896 2.64945 3.87428

HPLCSTD1112 2.54188 2.58897 2.64946 3.87429
2.54183 2.58895 2.64945 3.87426
Mean 2.54185 2.58896 2.64945 3.87428 138.59 115.36
Standard deviation (1!) 0.00003 0.00001 0.00001 0.00002 0.08 0.02
251381 2.63388 2.78536 3.43218
HPLCSTD1126 251379 2.63387 2.78537 3.43219
25138 2.63387 2.78535 3.432D
Mean 25138 2.63387 2.78536 3.43219 512.38 419.13
Standard deviation (1!) 0.00001 0.00001 0.00001 0.00001 0.05 0.03
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Table A2.15HP 1050 HPLC calibration

. Inj. Temp. Pressure _uw.m Ret. _umm D38 D38 DEHP _u_m_..__u DEHP DEHP Resol
Sample File Vol Time Ini. End Peak Ret. Ini. End Peak :

(uL) ©) (bar) (min) Time Time Area Time Time Time Area ution

HPLCSTD1112 TTO0002 20 30 135 18.486 18.139 18.995 76.118 19.965 18.995 20.689 94.762  1.160
HPLCSTD1112 TTO003 40 30 136 18.460 17.950 19.103 176.567 19.896 19.343 20.616 209.915 1.184
HPLCSTD1112 TTO0004 60 30 139 18.429 17.875 18.955 278.116 19.879 19.302 20.775 338.335 1.136
HPLCSTD1112 TTO005 80 30 135 18.154 17.559 18.865 396.723 19.610 18.865 20.312 461.196 1.058
HPLCSTD1112 TTO0009 100 30 140 19.305 18.755 20.089 476.305 20.904 20.182 21.672 566.188 1.132
HPLCSTD1112 TTO0010 100 30 130 17572 16.952 18.352 473.608 18.837 18.352 19.645 563.126 0.939
HPLCSTD1126 TT0012 20 23 139 25822 25294 26.454 304.662 27.408 26.634 28.244 365.284 1.145
HPLCSTD1126 TTO0013 100 23 140 25878 25.095 26.895 1718.331 27.457 26.928 28.325 2030.888 0.988
HPLCSTD1126 TT0014 40 23 127 25778 25.071 26.585 661.663 27.357 26.585 28.355 781.745 0.962
HPLCSTD1126 TTO0015 60 23 127 25769 25.289 26.669 1005.244 27.364 26.845 28.472 1194.776 1.061
HPLCSTD1126 TTO0016 80 23 139 26.188 25.627 27.187 1350.826 27.982 27.417 29.284 1597.740 1.047
HPLCSTD1126 TTO0017 100 23 134 20.258 19.607 21.327 1689.718 22.006 21.427 23.377 2001.002 0.953
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Table A2.16 HP 1050 HPLC peak properties of BTR3

. Inj. Vol Temp. Pressure _uw.m Ret. _umm D38 D38 DEHP _u_m_..__u DEHP DEHP Resol

Sample File (uL) ©) (bar) ._._Bm _.:_. m.:Q Peak _u.mﬁ. _.:_. m.:Q Peak ution
(min) Time Time Area Time Time Time Area

BTR3 TTO047 100 35 138 16.242 15.847 16.830 1027.953 17.415 16.830 18.270 1331.646 0.968
BTR3 TTO048 100 35 135 15.749 15.152 16.293 1009.805 16.950 16.293 17.725 1295.886 0.934
BTR3 TTO049 100 35 131 16.222 15.782 16.785 998.091 17.447 16.785 18.099 1286.087 1.057
BTR3 TTOO50 100 35 129 16.475 15.890 17.250 1003.381 17.729 17.350 18.556 1299.148 0.977
BTR3 TTOO51 100 35 179 15.847 15423 16.530 977.458 16.968 16.530 17.460 1253.966 1.101
BTR3 TTO0052 100 35 159 16.110 14961 16.775 1077.520 17.206 16.775 17.711 1258.044 0.797
BTR3 TTOO53 100 35 135 15.698 15.192 16.372 979.330 16.789 16.372 17.315 1254.466 1.028
BTR3 TTO054 100 35 130 16.175 15.676 16.930 970.522 17.501 16.983 18.396 1252.423 0.994
BTR3 TTOO055 100 35 123 16.408 15.700 16.968 963.269 17.670 16.968 18.586 1243.055 0.875
BTR3 TTO056 100 35 123 15.741 15.230 16.377 943.504 16.844 16.377 17.404 1206.623 1.015
BTR3 TTOO57 100 35 124 16.249 15.768 16.686 904.983 17.378 16.686 18.181 1206.533 0.936
BTR3 TTOO58 80 35 125 15.907 15461 16.341 523.359 17.037 16.562 17.568 672.534 1.198
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Table A2.17HP 1050 HPLC peakroperties of BTR4

. Inj. Vol Temp. Pressure Dwm Ret. Dmm D38 D38 DEHP D_m_..__u DEHP DEHP Resol

Sample File ) ©) (bar) ._._Bm _.:_. m.:Q Peak _u.m_”. _.:_. m.:Q Peak ution
(min) Time Time Area Time Time Time Area

BTR4 TTO059 100 35 130 16.500 15493 17.004 1256.570 17.768 17.004 18.596 1636.111 0.817
BTR4 TTO060 100 35 123 16.062 14924 16.684 1248.000 17.189 16.684 17.657 1550.718 0.825
BTR4 TTO061 100 35 130 16.079 15490 16.586 1113.627 17.278 16.586 17.796 1391.255 1.040
BTR4 TT0062 100 23 130 18.257 17.330 18.983 1096.670 19.976 18.983 20.783 1444.505 0.996
BTR4 TTO0063 100 23 131 19.587 18.722 20.098 1123.639 21.346 20.765 21.938 1416.908 1.380
BTR4 TTO0064 100 23 132 19.422 18.009 19.995 1101.223 21.118 19.995 21.822 1429.798 0.890
BTR4 TTO065 100 23 130 19.763 18.846 20.278 1066.430 21.453 20.278 22.072 1381.986 1.048
BTR4 TTO066 100 23 130 19.511 18.220 20.074 1096.046 21.211 20.074 21.860 1422.483 0.934
BTR4 TTO067 100 23 129 19.391 18.152 19.992 1081.931 21.071 19.992 21.792 1393.988 0.923
BTR4 TTO068 100 23 131 19.397 18.129 20.435 1033.620 21.093 20.435 21.742 1303.669 0.939
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Table A2.18 HP 1050 HPLC peak properties of BTR5

. Inj. Vol Temp. Pressure me Ret. Umm D38 D38 DEHP U_m_.u__u DEHP DEHP Resol

Sample File (L) ©) (bar) ij _.:_. _m.:a Peak er _.:_. _m.:a Peak ution
(min) Time Time Area Time Time Time Area

BTR5 TTO069 100 23 130 18.904 18.181 19.421 1066.112 20.412 19.421 21.004 1412.223 1.068
BTR5 TTOO070 100 23 130 19.667 18.847 20.194 1042.888 21.457 20.754 22.167 1363.633 1.297
BTR5 TTOO071 100 23 131 19.168 18.063 19.730 1038.323 20.872 20.236 21.636 1351.940 1.111
BTR5 TTO0072 100 23 130 18.690 18.045 19.205 1039.082 20.167 19.205 20.831 1366.036 1.060
BTR5 TTOO073 100 23 130 10.204 9.869 10.622 1024.443 11.020 10.622 11.645 0.919
BTRS TTO074 100 23 130 19.519 18.821 20.079 971.524 21.245 20.079 21901 1278.411 1.121
BTR5 TTOO075 100 23 130 18.723 18.004 19.263 951.673 20.239 19.684 20.857 1241.265 1.247
BTRS TTOO076 100 23 131 18.775 17.726 19.380 944.476 20.302 19.714 20.954 1232.507 1.055
BTR5 TTOO77 100 23 130 18.729 18.089 19.235 932.723 20.219 19.235 20.849 1228.962 1.080
BTR5 TTOO078 100 23 130 19.782 19.140 20.287 906.722 21.495 20.287 22.180 1197.858 1.127
BTR5 TTO09 100 23 130 19.646 18.301 20.155 887.354 21.271 20.155 22.061 1162.466 0.864
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Table A2.19HP 1050 HPLC peak properties of BTR6

. Inj. Vol Temp.  Pressure Dwm Ret. Dmm D38 D38 DEHP D_m_..__u DEHP DEHP Resol

Sample File (uL) ©) (bar) ._._Bm _.:_. m.:Q Peak _u.m_”. _.:_. m.:Q Peak ution
(min) Time Time Area Time Time Time Area

BTR6 TTO0018 100 23 138 19.080 17.887 19.700 609.139 20.587 20.145 21.327 773.620 1.006
BTR6 TTO0019 100 23 139 18.657 18.244 19.210 98.352 20.129 19.657 20.850 147.740 1.364
BTR6 TT0020 100 23 140 19.876 19.100 20.335 795.612 21.556 21.055 22.220 1024.756 1.400
BTR6 TT0021 100 23 135 19.083 18.284 19.924 821.788 20.724 19.924 21.537 1202.978 1.009
BTR6 TT0022 100 23 136 20.089 19.637 20.674 764.581 21.809 21.287 22.607 1014.512 1.459
BTR6 TT0023 100 23 140 20.004 18.862 20.609 776.928 21.762 20.609 22.475 1114.628 0.973
BTR6 TT0024 100 23 130 17.141 16.553 17.900 757.040 18.772 18.098 19.367 990.958 1.247
BTR6 TT0025 100 23 129 19.370 18.791 20.031 751.477 21.069 20.471 21911 1084.708 1.268
BTR6 TT0026 100 23 130 18.778 18.302 19.316 738.307 20.254 19.715 21.155 1056.370 1.203
BTR6 TT0027 100 23 131 19.350 18.605 19.979 746.209 21.055 20.405 21.952 1073.807 1.167
BTR6 TT0028 100 23 130 19.280 18.192 19.925 729.707 20.991 20.379 21.939 1038.484 1.039
BTR6 TT0029 100 23 130 19.382 18.670 19.950 714.546 21.070 20.324 21.857 1020.850 1.200
BTR6 TTO030 100 23 131 19.523 18.980 20.180 696.598 21.243 20.180 21.980 999.217 1.147
BTR6 TTO031 100 23 130 18.794 17635 19.635 696.784 20.284 19.635 21.075 976.980 0.866
BTR6 TT0032 80 23 130 18.363 17.685 19.032 191.847 19.837 19.152 20.605 288.173 1.053
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Table A2.20HP 1050 HPLC peak properties of BTR7

. Inj. Vol Temp. Pressure _uw.m Ret. _umm D38 D38 DEHP _u_m_..__u DEHP DEHP Resol

Sample File (W) ©) (bar) ._._Bm _.:_. m.:Q Peak _u.mﬁ. _.:_. m.:Q Peak ution
(min) Time Time Area Time Time Time Area

BTR7 TTOO033 100 23 139 19.082 17.874 19.630 1182.281 20.731 20.194 21.340 839.797 1.136
BTR7 TTO034 100 23 138 17.736 16.830 18.390 981.066 19.151 18.390 19.990 674.763 0.896
BTR7 TTO035 100 23 130 17.638 16.674 18.310 869.744 19.048 18.310 19.737 596.210 0.921
BTR7 TTO036 100 23 130 17.566 17.008 18.212 448.704 18.975 18.212 19.848 297.558 0.992
BTR7 TTOO037 100 23 131 18.126 17.366 18.713 831.408 19.538 18.713 20.460 578.922 0.913
BTR7 TTOO38 100 23 130 18.786 17.890 19.423 825.777 20.334 19.423 21.316 570.179 0.904
BTR7 TTO039 100 23 142 18.770 17911 19.498 780.151 20.345 19.781 20.858 502.249 1.182
BTR7 TTO040 100 23 133 18.192 17.248 18.888 703.829 19.753 18.888 20.328 480.550 1.014
BTR7 TTO041 100 23 134 18.082 17.610 18.658 436.688 19.609 18.658 20.116 304.956 1.219
BTR7 TTO0042 100 23 150 18.672 18.062 19.244 778.724 20.211 19.244 21.009 537.215 1.044
BTR7 TTO043 100 23 135 18.289 17.339 18.819 766.076 19.914 19.179 20.192 514.961 1.304
BTR7 TTO0044 100 23 157 18.340 17.383 18.886 750.442 19.919 19423 20.434 504.170 1.256
BTR7 TTO045 100 23 135 18.191 17.311 18.711 650.617 19.746 19.165 20.338 436.277 1.209
BTR7 TTO046 100 23 137 18.309 17.702 18.832 597.106 19.871 19.329 20.449 403.465 1.388
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Table A2.21 HP 1050 HPLC peak properties of BLK3

. Inj. Vol Temp.  Pressure Dwm Ret. Dmm D38 D38 DEHP D_m_..__u DEHP DEHP Resol

Sample File (uL) ©) (bar) ._._Bm _.:_. m.:Q Peak _u.m_”. _.:_. m.:Q Peak ution
(min) Time Time Area Time Time Time Area

BLK3 TTO080 100 23 131 20.190 19.625 20.700 1857.856 - 21.300 22.300 - -
BLK3 TTO081 100 23 130 19.014 18.448 19.600 1846.357 - 20.200 21.200 - -
BLK3 TT0082 100 23 137 19.635 19.026 20.200 1787.867 - 20.800 21.800 - -
BLK3 TTO083 100 23 135 20.063 19.499 20.600 1752.076 - 21.200 22.200 - -
BLK3 TTO084 100 23 142 20.007 19.384 20.700 1588.728 - 21.300 22.300 - -
BLK3 TTO085 100 23 142 20.385 19.783 21.100 1572.479 - 21.700 22.700 - -
BLK3 TTO086 100 23 137 20.421 19.731 21.100 1539.215 - 21.700 22.700 - -
BLK3 TTO087 100 23 135 20.358 19.732 21.000 1530.990 - 21.600 22.600 - -
BLK3 TTO088 100 23 136 20.300 19.610 20.900 1525.203 - 21.500 22.500 - -
BLK3 TTO089 100 23 139 20.173 19.561 20.800 1503.722 - 21.400 22.400 - -
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Table A2.22 HP 1050 HPLC peak properties of BLK4

. Inj. Vol Temp. Pressure Dwm Ret. Dmm D38 D38 DEHP D_m_..__u DEHP DEHP Resol

Sample File (uL) ©) (bar) ._._Bm _.:_. m.:Q Peak _u.m_”. _.:_. m.:Q Peak ution
(min) Time Time Area Time Time Time Area

BLK4 TTO090 100 23 139 19.321 18.657 20.800 1696.188 - 20.400 21.400 - -
BLK4 TTO091 100 23 134 19.328 19.681 19.900 1670.200 - 20.500 21.500 - -
BLK4 TT0092 100 23 130 19.424 18.749 19.900 1683.984 - 20.500 21.500 - -
BLK4 TTO0093 100 23 130 19.234 18.595 19.800 1654.985 - 20.400 21.400 - -
BLK4 TT0094 100 23 140 19.297 18.730 19.900 1591.156 - 20.500 21.500 - -
BLK4 TTO0095 100 23 140 19.328 18.634 19.900 1635.743 - 20.500 21.500 - -
BLK4 TTO096 100 23 133 19.012 17.860 19.600 1617.296 - 20.200 21.200 - -
BLK4 TTO097 100 23 134 19.331 18.442 19.900 1599.020 - 20.500 21.500 - -
BLK4 TTO098 100 23 133 19.567 18.960 20.100 1558.567 - 20.700 21.700 - -
BLK4 TTO0099 100 23 134 19.250 18.628 19.800 1471.643 - 20.400 21.400 - -
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Table A2.23HP 1050 HPLC peak properties of BLK5

. Inj. Vol Temp. Pressure Dwm Ret. Dmm D38 D38 DEHP D_m_..__u DEHP DEHP Resol

Sample File (uL) ©) (bar) ._._Bm _.:_. m.:Q Peak _u.m_”. _.:_. m.:Q Peak ution
(min) Time Time Area Time Time Time Area

BLKS5 TTO0100 100 23 139 19.257 18.962 20.100 2077.897 20.700 21.700 - -
BLKS5 TTO101 100 23 135 19.733 19.061 20.300 2042.664 20.900 21.900 - -
BLKS5 TT0102 100 23 132 19.463 18.910 20.100 2057.859 20.700 21.700 - -
BLKS5 TTO0103 100 23 139 20.001 19.256 20.600 2045.465 21.200 22.200 - -
BLKS5 TT0104 100 23 133 20.166 19.458 20.800 2026.207 21.400 22.400 - -
BLKS5 TTO105 100 23 134 20.099 19.390 20.800 1984.979 21.400 22.400 - -
BLK5 TTO106 100 23 133 20.105 19.479 20.700 1963.502 21.300 22.300 - -
BLKS5 TTO0107 100 23 134 20.101 19.189 20.700 1943.225 21.300 22.300 - -
BLKS5 TTO0108 100 23 133 19.475 18.795 20.100 1893.747 20.700 21.700 - -
BLKS5 TTO0109 100 23 133 20.050 19.425 20.700 1816.160 20.300 21.300 - -
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Appendix 3 : Mass measurements anéPurity Assessments
with GC-EIMS

1. Shimadzu IMS00 GCMS calibration
BLK1 and BLK2 were measureith June 2012 while BLK3, BLK4nd BLK5

were measured in December 2012. Therdforesets of standard solutions were

Mass of Mass of

Sampleip  DEWPSlock Emptial vialw.  DEWP |Gl massin  (DEHP)
stock (g) added (g) ™M2sS(@) ACN(9)
246792  2.48639 15.80199 21.41398
JMS700STK1 S”pg'é:ﬁ;eat 246792  2.48641 15.80197 21.41397
246793  2.48641 15.80197 21.41396
Mean 246792  2.48640  0.01848 15.80198 21.41397 329395
Standard deviation (1!) 0.00001  0.00001  0.00001  0.00001  0.00001 230
252042  2.52990 3.81931
IMS700STK2 JMS700STKL  2.52044  2.52988 3.81932
252044  2.52988 3.81931
Mean 252043 252989  0.00945 3.81931  23.97
Standard deviation (1!) 0.00001  0.00001  0.00002 0.00001 0.04
252453  2.55772 3.73293
JMS700STK3 JMS700STK1  2.52453  2.55770 3.73293
252454 255770 3.73292
Mean 252453 255771  0.00671 3.73203  17.98
Standard deviation (1!) 0.00001  0.00001  0.00001 0.00001 0.02
252453  2.55772 3.73293
JMS700STK4 JMS700STKL  2.52453  2.55770 3.73293
252454 255770 3.73292
Mean 252453 255771  0.03317 3.73293  90.40
Standard deviation (1!) 0.00001  0.00001  0.00001 0.00001 0.04

prepared for calibrationsplitless, detector voltage 1.000 kV)

Table A3.1 DEHP stock solutions preparation for BLK1 and BLK2
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Table A3.2 Standard solutions of IMS700 e&IMS calibration for BLK1 and BLK2

Mass of \%;SSL?; TOt:fltg/rlaSS [DEHP] Peak
Sample ID Stock solution vial (g) DEI—!P dilutionw. (mglkg) Area
solution CH,C, (g)
(9
2.51612 2.52133 5.03026
JMS700BK12-1 JMS700STK3 2.51612 2.52134 5.03023
2.51613 2.52134 5.03022
Mean 2.51612 2.52134 5.03024 0.0373 133.06
Standard deviation (1!) 0.00001 0.00001 0.00002 0.0001
2.53325 2.53867 4.73775
JMS700BK12-2 JMS700STK3  2.53327 2.53866 4.73774
2.53327 2.53868 4.73776
Mean 2.53326 2.53867 4.73775 0.0441 96.41
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0001
2.49432 2.49944 4.68995
JMS700BK12-3 JMS700STK2  2.49434 2.49945 4.68996
2.49433 2.49946 4.68996
Mean 2.49433 2.49945 4.68996 0.0560 272.63
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0002
2.52156 2.55602 4.66508
JMS700BK12-4 JMS700STK3  2.52157 2.55603 4.66506
2.52156 2.55605 4.66506
Mean 2.52156 2.55603 4.66507 0.2891 759.79
Standard deviation (1!) 0.00001 0.00002 0.00001 0.0004
2.51159 2.56392 4.86229
JMS700BK12-5 JMS700STK2 2.51160 2.56392 4.86228
2.51161 2.56393 4.86228
Mean 2.51160 2.56392 4.86228 0.5335 792.78
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0009
2.48171 2.49693 4.47720
JMS700BK12-6 JMS700STK4  2.48172 2.49693 4.47719
2.48171 2.49694 447721
Mean 2.48171 2.49693 4.47720 0.6895 1116.5
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0005

123



Table A3.3 DEHP sto& solutions preparation for BLK3, BLK4 and BLK5

Empty M.ass of Mass of Empty Total
Sample ID DEHP stock vial mass vial w/. DEHP Vol. flask mass in [DEHP]
used © DEHP stock mass (g) hexane(g) (ng/kg)
stock (g) added (g)
253506  2.53886 15.84304 22.54339
JMS700STKA S”pgg’ﬁ;eat 253507  2.53887 15.84303  22.54338
253505  2.53885 15.84302 22.54337
Mean 2.53506  2.53886 0.00380 15.84303 22.54338 567.1
Standard deviation (1!) 0.00001  0.00001 0.00001  0.00001 0.00001 2.1
2.53388  2.53905 15.99359 21.87950
JMS700STKB S”pgg’ﬁ;eat 253389  2.53904 15.99358  21.87961
2.53390  2.53906 15.99359 21.87959
Mean 2.53389  2.53905 0.00516  15.99359 21.87957 876.7
Standard deviation (1!) 0.00001  0.00001 0.00001  0.00001 0.00006 2.4
2.52304  2.63003 3.52694
JMS700STKA1 JMS700STKA 2.52305  2.63002 3.52693
2.52305 2.63004 3.52693
Mean 2.52305 2.63003 0.10698 3.52693 60.44
Standard deviation (1!) 0.00001  0.00001 0.00001 0.00001 0.23
2.52867  2.59775 3.63728
JMS700STKB1 JMS700STKB 2.52868  2.59776 3.63725
2.52869  2.59775 3.63723
Mean 2.52868  2.59775 0.06907 3.63725 54.62
Standard deviation (1!) 0.00001  0.00001 0.00001 0.00003 0.15
2.52844  2.62434 3.63468
JMS700STKB1-1 JMS700STKB1 2.52845 2.62435 3.63470
2.52844  2.62436 3.63468
Mean 2.52844  2.62435 0.09591 3.63469 4.74
Standard deviation (1!) 0.00001  0.00001 0.00001 0.00001 0.01
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Table A3.4 Standard solutions of IMS700 e&IMS calibration for BLK3, BLK4
and BLK5

Mass of
vial plus Total
Sample ID Stock solution M_ass of DEHP Mas;; after  [DEHP] Peak
vial (g) . dilutionw. (mg/kg) Area
solution
hexane(g)

()]

2.50465 2.52978 3.56686

JMS700BK3451 JMS700STKA1 2.50464 2.52977  3.56687
2.50465 2.52979  3.56687
Mean 2.50465 2.52978  3.56687 14301 632.18
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0055

2.51941 2.66548  3.19000
JMS700BK3452 JMS700BK3451 2.51940 2.66549  3.19001
2.51940 2.66547  3.19002
Mean 2.51940 2.66548  3.19001 0.3115 126.43
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0012

2.54036 2.63490 3.53447
JMS700BK3453 JMS700STKB11 2.54038 2.63491  3.53446
2.54039 2.63490 3.53445

Mean 2.54038 2.63490 3.53446 0.4507 154.64
Standard deviation (1!) 0.00002 0.00001 0.00001 0.0010
2.53609 2.54846 3.67704
JMS700BK3454 JMS700STKA1 2.53610 2.54846 3.67702
2.53609 2.54845 3.67702
Mean 2.53609 2.54846  3.67703 0.6549 241.98
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0025

251576 2.71273  3.68091
JMS700BK3455 JMS700STKB11 2.51577 2.71273  3.68090
251575 2.71275 3.68089
Mean 251576 2.71274  3.68090 0.8013 329.04
Standard deviation (1!) 0.00001 0.00001 0.00001 0.0017

2.53642 2.79203  3.69609
JMS700BK3456 JMS700STKB11  2.53643 2.79201 3.69613
2.53643 2.79199 3.69611
Mean 2.53643 2.79201 3.69611 1.0447 403.79
Standard deviation (1!) 0.00001 0.00002  0.00002 0.0022
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BTR1 and BTR2 were measured in June 2012 while BTR3, BTR4 and BTR5

were measured in December 2012. Therefore two sets of standard solutions were

prepared for calibrationsplitless, 0.800 kV)

Table A3.5 Standard solutions of IMS700 €EIMS calibration for BTR1 and BTR2

Mass of
Mass of vial plus Ma-rs(;tee‘tlfter [DEHP] Peak
Sample ID Stock solution vial (g) DEHP dilutionw.  (mg/kg) Area
solution hexane (g)
(9
2.52337 2.53024 4.78156
JMS700BR121 JMS700STK1  2.52339 2.53023 4.7815
2.52338 2.53024  4.78155
Mean 2.52338 2.53024 4.78154 10.00 2967.97
Standard deviation (1!) 0.00001 0.00001 0.00003 0.02
2.49955 2.51971 4.47544
JMS700BR122 JMS700STK1  2.49954 2.51972 4.47542
2.49956 2.51973  4.47543
Mean 2.49955 2.51972  4.47543 33.61 10333.28
Standard deviation (1!) 0.00001 0.00001 0.00001 0.03
2.54637 2.5929 4.85169
JMS700BR123 JMS700STK1  2.54636 2.59289  4.85167
2.54637 2.59288 4.8517
Mean 2.54637 2.59289 4.85169 66.45 21117.98
Standard deviation (1!) 0.00001 0.00001 0.00002 0.05
2.51567 2.58909 4.58698
JMS700BR124 JMS700STK1  2.51568 2.58908 4.58697
2.51568 2.58909 4.58696
Mean 2.51568 2.58909 4.58697 116.71 33140.78
Standard deviation (1!) 0.00001 0.00001 0.00001 0.08
2.52758 2.64258  4.65625
JMS700BR125 JMS700STK1  2.52757 2.64259  4.65624
2.52758 2.64259  4.65626
Mean 2.52758 2.64259  4.65625 177.91 47818.02
Standard deviation (1!) 0.00001 0.00001 0.00001 0.12
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Table A3.6 DEHP stock solutions preparation for BTR3, BTR4 and BTR5

Empty I\\ﬂZlSiv? f I\éaESSF? ' Empy mTé’st? Iin [DEHP]
Sample ID DEHP stock used vial(mass DEHP. stock Vol. flask hexane (ug/ka)
9  stock(g) added(g MS@ ()
2.5132 2.54874 15.53459 22.51043
JMS700STKC Supelcé neat DEHP 2.51319 2.54876 15.53458 22.5104
251321  2.54877 15.53454 22.51028
Mean 251320 2.54876 0.03556 15.53457 22.51037 5097.15
Standard deviation (1!) 2.5132 2.54874 15.53459 22.51043 2.62
2.52431  2.59269 3.62826
JMS700STKC2 JMS700STKC 2.52432 2.5927 3.62827
2.52434 259271 3.62825
Mean 252432 2.59270 0.06838 3.62826 315.71
Standard deviation (1!) 0.00002 0.00001 0.00002 0.00001 0.18
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Table A3.7 Standard solutions of IMS700 eEIMS calibration for BTR3, BTR4,
BTR5, BTR6 and BTR7

Mass of
Mass of vial plus Ma-rs(;tee‘tlfter [DEHP] Peak
Sample ID Stock solution vial (g) DEHP dilutionw.  (mg/kg) Area
solution hexane (g)
(9
2.52569 2.59682  3.45317
JMS700BR371 JMS700STKC2  2.5257 2.59681  3.45318
2.52569 2.5968 3.45318
Mean 2.52569 2.59681  3.45318 24.21 412.56
Standard deviation (1!) 0.00001 0.00001 0.00001 0.01
2.53106 2.70801 3.53128
JMS700BR372 JMS700STKC2 2.53107 2.708 3.5313
2.53105 2.70798 3.53128
Mean 2.53106 2.70800 3.53129 55.85 1315.97
Standard deviation (1!) 0.00001 0.00002 0.00001 0.03
2.51622 2.76802  3.48482
JMS700BR3%3 JMS700STKC2 2.51621 2.76801  3.48475
2.51623 2.76801  3.48477
Mean 2.51622 2.76801  3.48478 82.07 1627.09
Standard deviation (1!) 0.00001 0.00001 0.00004 0.05
2.52351 2.89631 3.57204
JMS700BR37%4 JMS700STKC2 2.52352 2.89629 3.57205
2.52353 2.89628 3.57204
Mean 2.52352 2.89629 3.57204 112.24  2308.35
Standard deviation (1!) 0.00001 0.00002 0.00001 0.06
2.54667 2.58123 3.57686
JMS700BR3%5 JMS700STKC  2.54668 2.58126  3.57688
2.54669 2.58128 3.57688
Mean 2.54668 2.58126  3.57687 171.08 4475.2
Standard deviation (1!) 0.00001 0.00003 0.00001 0.16
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2. GC-EIMS Chromatogranfeak Identifiation and htegration

Carbon purities of samples were calculated basgukak areas and
deconvolution. BTR1 and BTR2 were measured with Shimadl5700 GCEIMS.
To identify these tiny peaks, twgiep measurement method was used: first, the
sample was injected with splitless mode (detector voltage 1.000 kV), while the ion
intersity for the DEHP peak was too high and the peak was Ochopped offO due to
detector saturation. Secqrtle sample was injected again with split mode (split
ratio=20, detector voltage 1.000 kV) to get completed DEHP peak while the impurity
peaks were invible. To compute the purity by peak areas, a substitutive equation

was used:

! "4 ! M s (A 31)

N D R AT IN
BTR3, BTR4, BTR5, BTR6 and BTR7 were measured Bitimadzu
QP2010S, which was able to detect and show complete peaks for both DEHP and

impurities.
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Figure A3.1 BTR1 GCEIMS total ion chromatogram
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Table A3.8 BTR1 ShimadzuJMS700 GCEIMS TIC peak identification

t Peak Spe Mol c
# R Widt P Compound Formula : mass Structure Peak Area %
(min) h c.# Mass ratio
[o]
53 Octanoic acid, A/\/\)L
1 4,232 256 255  2-methoxyethyl C11H2,03 202 0.6535 7 571424.004 0.053
ester Kﬁ
N
H2 o
4-
2 4.432 265 267 Piperidinecarbo  CgH1:N,0O 128 0.5625 151482.8655 0.014
269 xamide
Ni
N\
Cyclopentasilox o N0 N
3 5.398 325 ane, C10H3005Sis 370
L e
decamethyl Y I\O /s.\o/ﬁ.
Nd
Cyclohexasiloxa O> { O/J_O S/
4 7.046 424 ne, C1,H3606Sis 444 \sj é AN
dodecamethyl A O
O—/S\\ / .
Cycloheptasilox N 1/0\\ i/o\\ O g
5 8545 514 ane, CiHsOSi; 518 Lo o
tetradecamethyl S s s
/N /N /N
(o]
531 Benzoic acid, 4 |
6 8.844 534 532 ethoxy, ethyl C11H1403 194 0.6804 o 375999.624 0.035
ester
o K
Cyclooctasiloxa ~dior Mo
7 9.877 594 ne. CigHugOsSls 592 0™ 80”5
. hexadecamethyl 16 '48-82%8 =S8 _0Si_ 06
7 0-Si_ 7| O-8i
N ~
- ! I
644 1,22
8 10.726 647 645 Docosanediol CyoHi60o 342 0.7719 Ho~~ 2794256.946 0.260
649 Tetradecanoic v"w
9 10.809 652 650 acid, ethyl ester C16H3,0, 256  0.7500 L 1509452.037 0.140
10 10.992 662 661 name:14 Cy7H30 252  0.8095 - 271029.699 0.025
Heptadecenal
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11

12

13

14

15

16

17

18

19

20

21

11.026

12.075

13.007

13.856

13.906

14.655

15.371

16.087

16.770

17.519

18.418

835
838

923
935

663

726

782

833

836

881

924

967

100

105

110

Cyclononasiloxa
ne, C18H5404Sig
octadecamethyl

Tetracosamethyl

cyclododecasilo
xane

C24H 72(312S i12

Tetracosamethyl
cyclododecasilo CadH72012Sh
xane

Tetracosamethyl

cyclododecasilo
xane

C24H 72(312S i12

Bicyclo[2.2.1]he
ptane2-acetic
acid, 30x0-,

(r1,cis3,cis4)-

CoH1203

Tetracosamethyl

cyclododecasilo
xane

C24H 72(312S i12

Bis(2-
ethylhexyl)
phthalate
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Table A3.9 BTR2 ShimadzuJMS700 GCEIMS TIC peak identification

tr Peak Spec. Mol.  C mass Peak o
# (min)  Width P Compound Formula Mass  ratio Structure Area )
2-Amino-5,6- W
253 dihydro-4,4,6 589053.3
1 4.216 256 254 trimethyk4H-1,3 C;H14N,O 142 0.5915 N\r 57 0.089
oxazine
NH2
\S\/ \SI
Cyclopentasiloxan . o~ So7 Mo
2 5.398 325 e, decamethyl C10H3005Sis5 370 NN L/
~No N
/o 0 \
s \/S/Jio\/
Cyclohexasiloxane ) 070 sl
3 7.046 424 " dodecamethyl C1oH3606Sis 444 >5[.\ ) \s‘/é AN
O—/S\ / N
VYA
Cycloheptasiloxan . v s
4 8.545 514 e, tetradecamethyl C14H4,07Si7 518 \s|/o\s|/o\s|/
/N /N /N
0]
532 Benzoic acid, 4 | 384455.1
5 8.861 535 533 ethoxy, ethyl ester C11H1403 194 0.6804 L 6 0.058
/\o
. é-o §|
Cyclooctasiloxane, . ' é/
6 9.877 594 hexadecamethy! C16H4g05Sig 592 \S O-Si O
7 0-Si_7 | 0-8Si_
1 ]
7 10743 %% 6u6 Heptadecanal CiH30 254 08031 - 4112384 400
647 838
649 Tetradecanoic 7 2116373.
8 10.809 652 650 acid, ethyl ester C16H3,0, 256 0.7500 /\OM 508 0.320
o 10002 960 g  3Dodecenl-ol CiaH20 184 07826 o 2301593 4449
662 @- 1
- SN Y
10 11.042 64 Cyclononasiloxane o 4\ o gee oo 0 0 0
, octadecamethyl ,SLO_ Lo S St ,SJ
AN AN /\ A\
s &
Tetracosamethyl SIOO OoO st
11  12.075 726  cyclododecasiloxa C,4H;;01,Si, 888 \z"o oSK
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Table A3.10 BTR3 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 1)

. Carbon
tr Carbon Pe_ak A%EZLed Punty
. BTR3 coelutedcompounds : Peak area ratio : (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy  0.3243
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.08) Cyclooctasiloxane,hexadecameth:  0.3243
11.265 n/a
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15,1%exadecamethyl 0.3322
13.525 n/a
13.985 Cholesterol 0.8394 84516 0.67 0.56 0.79
14.08 Z,E-2,13Octadecadiesi-ol 0.8120 118219.2 0.93 0.76 1.06
14.910 Cyclononasiloxane, octadecameth 0.3243
15.995 n/a
16.100 Heptasiloxane,hexadecamethyl  0.3609
16.955 n/a
17.1% DEHP peak 0.7375 12400179 98.39
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13,13,15,1%exadecamethyl 0.3322
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 ,11,13,13tetradecamethyl 0.3333
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15,1%exadecamethyl 0.3322
21.025 n/a (countédas siloxane) 0.3237
22.435 n/a
Purity within DEHE peak by 94.26
deconvolution
DEHP 0.7374 92.74 68.38 95.59
Residual with DEHP peak by
deconvolution calculateas 0.3237 5.65 1.83 2.55

siloxane GHgSIO
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Table A3.11 BTR3 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 2)

. Carbon
t Carbon Peak A%EZLed Purity
R BTR3 coeluted compounds : Peak area ratio : (normalized
(min) ratio ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a

7.110 Cyclohexasiloxane, dodecamethy 0.3243
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864 25767.45 0.20 0.59 0.84
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth:  0.3243
11.265 n/a
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1

12.335 11,13,13,15,1%exadecamethyl 0.3322
13.525 n/a
13.985 Cholesterol 0.8394 82881 0.65 0.55 0.78
14.080 Z,E-2,13Octadecadiesi-ol 0.8120  110352.45 0.87 0.71 1.01
14.910 Cyclononasiloxane, octadecameth 0.3243
15.995 n/a
16.100 Heptasiloxane,hexadecamethyl  0.3609 60607.35 0.48 0.17 0.25
16.955 n/a
17.150 DEHP peak 0.7375 11876830.5 93.72
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13.13,15, 1hexadecamethyl 0.3322 138959.85 1.10 0.36 0.52
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 11,13, 13tetradecamethy| 0.3333 168064.05 1.33 0.44 0.63
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15, 1hexadecamethyl 0.3322 138089.4 1.09 0.36 0.52
21.025 n/a (countédas siloxane) 0.3237 71219.1 0.56 0.18 0.26
22.435 n/a
Purity within DEHE peak by 93.86
deconvolution
DEHP 0.7374 87.96  64.87 92.54
Residual with DEHP peak by
deconvolution calculateas 0.3237 5.75 1.86 2.66

siloxane GHgSIiO
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Table A3.12 BTR3 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 3)

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTR3 coeluted compounds : Peak area ratio : (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy 0.3243
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864 18706.95 0.14 0.06 0.08
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth:  0.3243 20175.45 0.15 0.05 0.07
11.265 n/a
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15,1%exadecamethyl 0.3322
13.525 n/a
13.985 Cholesterol 0.8394 69390.75 0.53 0.45 0.65
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 92086.8 0.70 0.57 0.83
14.910 Cyclononasiloxane, octadecameth 0.3243
15.995 n/a
16.100 Heptasiloxane,hexadecamethyl  0.3609 43135.5 0.33 0.12 0.17
16.955 n/a
17.150 DEHP peak 0.7375 12057828.9 92.17
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13.13,15, 1hexadecamethyl 0.3322  363610.65 2.78 0.92 1.35
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 11,13, 13tetradecamethy| 0.3333  204999.15 1.57 0.52 0.76
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15, 1hexadecamethyl 0.3322 155845.5 1.19 0.40 0.58
21.025 n/a (countédas siloxane) 0.3237 55789.2 0.43 0.14 0.20
22.435 n/a
Purity within DEHE peak by 93.31
deconvolution
DEHP 0.7374 86.01 63.42 92.40
Residual with DEHP peak by
deconvolution calculateas 0.3237 6.17 2.00 291

siloxane GHgSIiO
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Table A3.13BTR4Shimadzu QP2010S GEEIMS peak identification,

deconvolution and eaon purity calculation (Trial 3

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTRA4 co-eluted compounds : Peak area ratio : (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy 0.3243
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth:  0.3243 15889.2 0.26 0.08 0.12
11.265 n/a (countédas siloxane) 0.3237 20071.2 0.33 0.11 0.15
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15, 1hexadecamethyl 0.3322 16689.75 0.27 0.09 0.13
13.525 n/a (countédas siloxane) 0.3237 1475295 0.24 0.08 0.11
13.985 Cholesterol 0.8394 16916.7 0.28 0.23 0.34
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 20095.2 0.33 0.27 0.38
14.910 Cyclononasiloxane, octadecameth 0.3243 22483.65 0.37 0.12 0.17
16.100 Heptasiloxane,hexadecamethyl  0.3609 30091.95 0.49 0.18 0.26
17.150 DEHP 0.7375  5947997.1 96.89
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13.13,15, 1hexadecamethyl 0.3322 26254.5 0.43 0.14 0.21
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 11,13,13tetradecamethy| 0.3333 7848 0.13 0.04 0.06
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15,1#exadecamethyl 0.3322
21.025 n/a (countédas siloxane) 0.3237
21.835 n/a (countédas siloxane) 0.3237
22.435 n/a (countédas siloxane) 0.3237
Purity within DEHE peak by 90.67
deconvolution
DEHP 0.7374 87.85 64.78 93.83
Residual with DEHP peak by
deconvolution calculateas 0.3237 9.04 2.93 4.24

siloxane GHgSIO
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Table A3.14 BTR4 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 2)

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTRA4 co-eluted compounds : Peak area ratio : (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy 0.3243 5112.9 0.08 0.03 0.04
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864 19871.7 0.32 0.12 0.18
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth:  0.3243 23942.7 0.38 0.12 0.18
11.265 n/a (counted as siloxane) 0.3237 21079.2 0.34 0.11 0.16
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15, 1hexadecamethyl 0.3322 27572.1 0.44 0.15 0.22
13.525 n/a (counted asiloxane) 0.3237 25842.6 0.41 0.13 0.20
13.985 Cholesterol 0.8394 5421.45 0.09 0.07 0.11
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 7769.4 0.12 0.10 0.15
14.910 Cyclononasiloxane, octadecameth 0.3243 43979.7 0.70 0.23 0.34
16.100 Heptasiloxane,hexadecamethyl  0.3609 62204.7 0.99 0.36 0.53
17.150 DEHP 0.7375  5783204.7 91.91
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13.13,15, 1hexadecamethyl 0.3322 101178.9 1.61 0.53 0.79
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 11,13,13tetradecamethy| 0.3333 71226.3 1.13 0.38 0.56
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15, 1hexadecamethyl 0.3322 44127.9 0.70 0.23 0.35
21.025 n/a (counted as siloxane) 0.3237 27266.55 0.43 0.14 0.21
21.835 n/a (counted as siloxane) 0.3237 1724.55 0.03 0.01 0.01
22.435 n/a (counted as siloxane) 0.3237 20512.2 0.33 0.11 0.16
Purity within DEH.P peak by 91.76
deconvolution
DEHP 0.7374 84.34  62.19 92.19
Residual with DEHP peak by
deconvolution calculated as 0.3237 7.57 2.45 3.63

siloxane GHgSIO
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Table A3.15BTR4 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 3)

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTRA4 co-eluted compounds : Peak area ratio : (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy 0.3243 8755.8 0.14 0.05 0.07
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864 21872.7 0.35 0.13 0.20
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth:  0.3243 22417.95 0.36 0.12 0.17
11.265 n/a (counted as siloxane) 0.3237 24498 0.39 0.13 0.19
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15, 1hexadecamethyl 0.3322 28892.1 0.46 0.15 0.23
13.525 n/a (counted as siloxane) 0.3237 39404.55 0.63 0.20 0.30
13.985 Cholesterol 0.8394
14.080 Z,E-2,13Octadecadieii-ol 0.8120
14.910 Cyclononasiloxane, octadecameth 0.3243 43995.3 0.70 0.23 0.34
16.100 Heptasiloxane,hexadecamethyl  0.3609 61040.1 0.97 0.35 0.52
17.150 DEHP 0.7375 5723554.35 91.09
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13.13,15, 1hexadecamethyl 0.3322 114705 1.83 0.61 0.91
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 11,13,13tetradecamethy| 0.3333 85534.95 1.36 0.45 0.68
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15, 1hexadecamethyl 0.3322 70538.4 1.12 0.37 0.56
21.025 n/a (counteas siloxane) 0.3237 37882.8 0.60 0.20 0.29
21.835 n/a (counted as siloxane) 0.3237
22.435 n/a (counted as siloxane) 0.3237
Purity within DEH.P peak by 9111
deconvolution
DEHP 0.7374 83.00 61.20 91.61
Residual with DEHP peak by
deconvolution calculated as 0.3237 8.10 2.62 3.92

siloxane GHgSIO

143



Table A3.16 BTR5 ShimadzuQP2010S GEEIMS peak identification,
deconvolution and carbon purity calculation (Trial 1)

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTRS5 co-eluted compounds : Peak area ratio : (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.115 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth:  0.3243 12635.1 0.10 0.03 0.05
11.265 n/a (counted as siloxane) 0.3237 16601.7 0.14 0.04 0.06
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15, 1hexadecamethyl 0.3322 9592.95 0.08 0.03 0.04
13.525 n/a
13.985 Cholesterol 0.8394 22281.6 0.18 0.15 0.21
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 3241185 0.26 0.21 0.30
14.910 Cyclononasiloxaneyctadecamethyl 0.3243
16.100 Heptasiloxane,hexadecamethyl  0.3609 21169.35 0.17 0.06 0.09
16.955 n/a (counted as siloxane) 0.3237 27272.25 0.22 0.07 0.10
17.150 DEHP 0.7375 12108346.2 98.54
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13.13,15, 1hexadecamethyl 0.3322 37952.4 0.31 0.10 0.14
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 ,11,13,13tetradecamethyl 0.3333
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15,1#exadecamethyl 0.3322
Purity within DEHE peak by 93.86
deconvolution
DEHP 0.7374 92.49  68.20 96.24
Residual vith DEHP peak by
deconvolutiorcalculated as 0.3237 6.05 1.96 2.76

siloxane GHgSIO
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Table A3.17 BTR5 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 2)

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTRS5 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.115 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a (counted as siloxane) 0.3237
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15, 1hexadecamethyl 0.3322 6248.85 0.05 0.02 0.02
13.525 n/a
13.985 Cholesterol 0.8394 18597.15 0.16 0.13 0.19
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 27006.6 0.23 0.19 0.26
14.910 Cyclononasiloxane, octadecameth 0.3243
16.100 Heptasiloxane,hexadecamethyl 0.3609
16.955 n/a (counted as siloxane) 0.3237
17.150 DEHP 0.7375 11622163.05 99.56
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13,13,15,1#exadecamethyl 0.3322
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 ,11,13,13tetradecamethyl 0.3333
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15,1#exadecamethyl 0.3322
Purity within DEH.P peak by 95.57
deconvolution
DEHP 0.7374 95.15 70.16 97.54
Residual with DEHP peak by
deconvolution calculated as 0.3237 441 1.43 1.98

siloxane GHgSIO
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Table A3.18 BTR5 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and ¢on purity calculation (Trial 3

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTRS5 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.115 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a (counted as siloxane) 0.3237
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15, 1hexadecamethyl 0.3322 9342.45 0.08 0.03 0.04
13.525 n/a
13.985 Cholesterol 0.8394 20731.2 0.18 0.15 0.21
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 20447.1 0.17 0.14 0.20
14.910 Cyclononasiloxane, octadecameth 0.3243
16.100 Heptasiloxane,hexadecamethyl 0.3609 7439.7 0.06 0.02 0.03
16.955 n/a (counted as siloxane) 0.3237
17.150 DEHP 0.7375 11627427.75 99.44
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13.13,15, 1hexadecamethyl 0.3322 7238.4 0.06 0.02 0.03
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 ,11,13,13tetradecamethyl 0.3333
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
19.875 11,13,13,15,1#exadecamethyl 0.3322
Purity within DEH.P peak by 95.76
deconvolution
DEHP 0.7374 95.23 70.22 97.60
Residual with DEHP peak by
deconvolution calculated as 0.3237 4.2 1.3& 1.90

siloxane GHgSIO
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Table A3.19 BTR6 ShimadzuQP2010S GEEIMS peak identification,
deconvolution and carbon purity calculation (Trial 1)

. Carbon
tr Carbon Pegk A%g:\:(ed Punty
: BTR6 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy 0.3243
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a (counted as siloxane) 0.3237
13.250 n/a (counted as siloxane) 0.3237
13.985 Cholesterol 0.8394
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 36186.15 0.39 0.32 0.45
15.995 n/a (counted asiloxane) 0.3237 17839.2 0.19 0.06 0.09
16.100 Heptasiloxane,hexadecamethyl 0.3609
16.605 n/a (counted as siloxane) 0.3237
17.150 DEHP 0.7375  9123937.5 99.41
18.100 n/a (counted as siloxane) 0.3237
18.220 n/a (counted as siloxane) 0.3237
19.975 n/a (counted as siloxane) 0.3237
Purity within DEHP peak by 92.76
deconvolution
DEHP 0.7374 92.21  68.00 96.16
Residual with DEHP peak by
deconvolution calculateas 0.3237 7.20 2.33 3.29

siloxane GHgSIO
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Table A3.20 BTR6 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 2)

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTR6 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy 0.3243 1560.45 0.02 0.01 0.01
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a (counted as siloxane) 0.3237 2261.55 0.03 0.01 0.01
13.250 n/a (counted as siloxane) 0.3237 1527.45 0.02 0.01 0.01
13.985 Cholesterol 0.8394
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 18670.2 0.21 0.17 0.24
15.995 n/a (counted as siloxane) 0.3237 1059.9 0.01 0.00 0.01
16.100 Heptasiloxane,hexadecamethyl 0.3609
16.605 n/a (counted as siloxane) 0.3237
17.150 DEHP 0.7375 8875409.85 99.69
18.100 n/a (counted as siloxane) 0.3237 2075.55 0.02 0.01 0.01
18.220 n/a (counted as siloxane) 0.3237
19.975 n/a (counted as siloxane) 0.3237
Purity within DEH.P peak by 94.63
deconvolution
DEHP 0.7374 94.34  69.57 97.29
Residual with DEHP peak by
deconvolution calculated as 0.3237 5.35 1.73 2.42

siloxane GHgSIO
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Table A3.21 BTR6 ShimadzuQP2010S GEEIMS peak identification,
deconvolution and carbon purity calculation (Trial 3)

. Carbon
tr Carbon Pegk A%EZLed Punty
: BTR6 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
3.125 Hydroperoxide, imethylhexyl 0.6364
5.315 n/a
7.110 Cyclohexasiloxane, dodecamethy 0.3243 2158.05 0.02 0.01 0.01
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a (counted as siloxane) 0.3237
13.250 n/a (counted as siloxane) 0.3237
13.985 Cholesterol 0.8394 1803.45 0.02 0.02 0.02
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 20270.7 0.22 0.18 0.24
15.995 n/a (counted as siloxane) 0.3237 5596.8 0.06 0.02 0.03
16.100 Heptasiloxane,hexadecamethyl 0.3609
16.605 n/a (counted as siloxane) 0.3237 134562.3 1.43 0.46 0.64
17.150 DEHP 0.7375  9143716.2 97.29
18.100 n/a (counted as siloxane) 0.3237
18.220 n/a (counted asiloxane) 0.3237 5778.9 0.06 0.02 0.03
19.975 n/a (counted as siloxane) 0.3237 84125.7 0.90 0.29 0.40
Purity \(/jwthln DEH.P peak by 9451
econvolution
DEHP 0.7374 9195 67.81 93.68
Residual with DEHP peak by
deconvolution calculated as 0.3237 5.34 1.73 2.39

siloxane GHgSIO
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Table A3.22 BTR7Shimadzu QP2010S GEEIMS peak identification,
deconvolution and carbon purity cailation (Trial 1)

. Carbon
tr Carbon Pegk A%g:\:(ed Punty
: BTR7 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
5.090 n/a (count as siloxane) 0.3237
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
9.040 n/a 0.3237
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15,1%exadecamethyl 0.3322
13.525 n/a
13.985 Cholesterol 0.8394 18462.9 0.45 0.38 0.54
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 18310.5 0.45 0.36 0.52
14.910 Cyclononasiloxane, octadecameth 0.3243
16.100 Heptasiloxane,hexadecamethyl 0.3609
17.150 DEHP 0.7375  4065726.9 99.10
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13,13,15,1#Hexadecamethyl 0.3322
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 ,11,13,13tetradecamethyl 0.3333
Purity within DEHE peak by 89.78
deconvolution
DEHP 0.7374 88.98 65.61 94.23
Residual with DEHP peak by
deconvolution calculateas 0.3237 10.13 3.28 4.71

siloxane GHgSIO
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Table A3.23BTR7 ShimadzuQP2010S GEEIMS peak identification,
deconvolution and carbon purity calculation (Trial 2)

. Carbon
tr Carbon Pegk A%g:\:(ed Punty
: BTR7 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
5.090 n/a (count as siloxane) 0.3237 1888.65 0.05 0.01 0.02
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
9.040 n/a 0.3237
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15,1%exadecamethyl 0.3322
13.525 n/a
13.985 Cholesterol 0.8394 5780.7 0.14 0.12 0.17
14.080 Z,E-2,13Octadecadieii-ol 0.8120
14.910 Cyclononasiloxane, octadecameth 0.3243
16.100 Heptasiloxane,hexadecamethyl 0.3609
17.150 DEHP 0.7375  4076268.3 99.81
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13,13,15,1#Hexadecamethyl 0.3322
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 ,11,13,13tetradecamethyl 0.3333
Purity within DEH.P peak by 9214
deconvolution
DEHP 0.7374 91.97 67.82 96.21
Residual with DEHP peak by
deconvolution calculated as 0.3237 7.85 2.54 3.60

siloxane GHgSIO
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Table A3.24 BTR7 ShimadzuQP2010S GEEIMS peak identification,

deconvolution and carbon purity calculation (Trial 2)

. Carbon
tr Carbon Pegk A%g:\:(ed Punty
: BTR7 co-eluted compounds : Peak area  ratio ; (normalized
(min) ratio o ratio by .
(%) carbon peak ratio by
carbon) (%)
5.090 n/a (count as siloxane) 0.3237 2358.75 0.06 0.02 0.03
3-Butoxy-1,1,1,7,7,fhexamethw
8.695 3,55 0.3864
tris(trimethylsiloxy)tetrasiloxane
9.040 n/a 0.3237 1176.6 0.03 0.01 0.01
10.080 Cyclooctasiloxane,hexadecameth' 0.3243
11.265 n/a
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
12.335 11,13,13,15,1%exadecamethyl 0.3322
13.525 n/a
13.985 Cholesterol 0.8394
14.080 Z,E-2,13Octadecadiesi-ol 0.8120 1010.1 0.02 0.02 0.03
14.910 Cyclononasiloxane, octadecameth 0.3243
16.100 Heptasiloxane,hexadecamethyl 0.3609
17.150 DEHP 0.7375  4218950.7 99.89
Octasiloxane,1,1,3,3,5,5,7,7,9,9,1
18.035 11,13,13,15,1#Hexadecamethyl 0.3322
Heptasiloxane,1,1,3,3,5,5,7,7,9,9,:
18.900 ,11,13,13tetradecamethyl 0.3333
Purity within DEH.P peak by 9207
deconvolution
DEHP 0.7374 91.97 67.82 96.29
Residual with DEHP peak by
deconvolution calculated as 0.3237 7.92 2.56 3.64

siloxane GHgSIO
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IR-MS "13C Measurements

Isoprime

Appendix 4

Table A4.1Isoprime IR-MS "*C measurements (thé'batch)

sampe oo S cuem MM Wem g g UEO Eemens g oo 1 on 1 con
(LA) SMOW - -
urea-R1 9/10/12 14:28 292.7 150 2.9806  0.049 -31.9499 -1.2512 29.5701 20.7276 -29.4833  -29.3166 0.1463
urea-R2 9/10/12 14:37 296.7 150 3.3386  0.055 -31.7057 -1.8001  29.0044 21.3666 -29.2391
urea-R3 9/10/12 14:46 296.8 150 6.2098 0.104 -31.6237 -2.2719  28.5180 20.9155 -29.1571
urea-R4 9/10/12 14:55 298.3 150 49332 0.094 -31.8535 -2.6859  28.0912 18.4129 -29.3869
BTR1 9/6/12 13:34 265.7 100 1.2934 0.018 -33.8844 -3.2150  27.5458 26.4941 -31.2298  -31.0393 0.2694
BTR2 9/6/12 13:43 265.9 100 1.1800 0.025 -33.5034 -3.0105 27.7566 17.3809 -30.8488
CTP1 9/10/12 15:04 299.4 150 46141  0.038 -23.5454 -2.7940 27.9798 42.7927 -21.0788  -21.1936 0.1623
CTP2 9/10/12 15:12 303.1 150 2.9864 0.028 -23.7749  -2.7474  28.0278 38.2622 -21.3083
urea-R5 9/10/12 15:21 303.9 150 5.6470 0.105 -31.9697 -3.0164  27.7505 19.3407 -29.5031  -29.5368 0.0476
urea-R6 9/10/12 15:30 304.6 150 8.0605 0.151 -32.0371 -3.0402  27.7259 19.2367 -29.5705
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Table A4.2 Isoprime IR-MS "*C measurements (thé%batch)

Trap delta®0

mmﬂﬁu_m Date Am_uw.ov Current _._%_Mv: t SMMMV: t e ®0 W.r.t. O_w_ﬂﬂmmﬂ_u: 13C_corr _ ;Omw\ooo: _ ;mwﬁ%\:
(UA) SMOW - =

urea-R1 12/20/1212:59 PM 236.8 100 8.19 0.10 -31.81 -5.71 24.98 18.91 -29.3432 -29.3900 0.0648
urea-R2 12/20/12 1:05 PM 236.8 100 8.23 0.09 -31.84 -6.48 24.18 20.53 -29.3628
urea-R3 12/20/12 1:12 PM 236.5 100 9.00 0.10 -31.94 -7.07 23.57 20.38 -29.4640

CTP3 12/20/12 1:19 PM 236.8 100 6.77 0.03 -23.52 -6.89 23.76 62.59 -21.0414

CTP4 12/20/12 1:26 PM 236.3 100 15.58 0.03 -23.58 -7.20 23.44 118.88 -21.0929

CTP5 12/20/12 1:33 PM 236.4 100 14.00 0.03 -23.69 -6.98 23.66 106.75 -21.1984

CTP6 12/20/12 1:3PM 236.5 100 8.51 0.03 -23.62 -6.57 24.09 67.23 -21.1285

CTP7? 150 -20.8978

BTR3 12/20/12 1:53 PM 236.8 100 2.56 0.01 -27.09 -5.53 25.16 99.72 -24.5889

BTR4 12/20/12 2:00 PM 236.5 100 2.73 0.01 -30.25 -5.22 25.48 63.34 -27.7415

BTR5 12/20/12 2:06 PM 236.5 100 4.81 0.01 -30.24 -4.84 25.87 122.89 -27.7264

BTR6 12/20/12 2:13 PM 236.4 100 5.21 0.01 -27.75 -4.80 25.91 132.79 -25.2311

BTR7" 150 -23.4246
urea-R4 12/20/12 2:33 PM 236.2 100 7.67 0.09 -31.90 -4.29 26.44 19.90 -27.5679 -29.3900 0.0321
urea-R5 12/20/12 2:40 PM 236.4 100 8.38 0.09 -31.95 -4.04 26.69 20.29 -29.3673

abOnly #°C data provided.
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Appendix 5 : lon Chromatography Data

Table A5.1 Stock solution of sodium carbonate for IC

Mass of Na2CO3 Flask Vol. Concentration
Sample ID o) (mL) (mol/L)

0.51229
CBNSTK1 0.51230
0.51229

Mean 0.51229 50.00 0.09666

Standard deviation (1!) 0.00001 0.00001
0.08190
CBNSTK2 0.08191
0.08192

Mean 0.08191 50.00 0.01545

Standard deviation (1!) 0.00001 0.00001
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Table A5.2 IC calibrants for carbonates contents measurements in butter

Vol. of . .
Sample ID stock Final Concentration  Peak Eirier;eeng?nn I_r|1_::|nael 1I':_irr:1de
CBNSTK1 vol. (mL) (mol/L) Area ; .
(mL) # bin # bin #
2.6108 599 536 1099
CBN1-1 1.00 25.00 2.4591 599 528 1099
2.6565 599 514 1099
Mean 0.00387
Standard deviation (1!) 0.00001
0.4719 592 542 843
CBN1-2 0.20 25.00 0.4722 592 544 813
0.4815 592 540 800
Mean 0.00077
Standard deviation (1!) 0.00001
0.724 594 544 824
CBN1-3 0.30 25.00 0.7236 593 542 856
0.7623 594 539 873
Mean 0.00116
Standard deviation (1!) 0.00001
1.141 594 532 1003
CBN1-4 0.50 25.00 1.3141 594 535 1008
1.2754 595 540 928
Mean 0.00193
Standard deviation (1!) 0.00001
2.0819 599 540 1099
CBN1-5 0.80 25.00 2.0277 600 540 980
2.0894 599 503 1024
Mean 0.00309
Standard deviation (1!) 0.00001
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Table A5.3 IC calibrants for method derived carbonates contents measurements

Vol. of . .
Sample ID stock Final Concentration  Peak Eirier;eeng?nn I_r|1_::|nael 1I':_irr:1de
CB(I:ln?_')I'KZ vol. (mL) (mol/L) Area 4 bin # bin #
-0.9711 585 519 849
CBN2-1 1 25 -0.9862 586 513 848
-0.9892 582 519 849
Mean 0.00062
Standard deviation (1!) 0.00001
-0.5795 583 520 830
CBN2-2 2 25 -0.5556 584 515 835
-0.5441 586 516 840
Mean 0.00124
Standard deviation (1!) 0.00001
-0.163 582 518 771
CBN2-3 3 25 -0.1717 581 521 771
-0.1602 583 515 780
Mean 0.00185
Standard deviation (1!) 0.00001
-0.6252 579 522 828
CBN2-4 1.6 25 -0.7019 582 526 791
-0.7092 580 516 804
Mean 0.00099
Standard deviation (1!) 0.00001
-0.3146 577 519 787
CBN2-5 2.6 25 -0.309 582 522 785
-0.3061 585 519 799
Mean 0.00161
Standard deviation (1!) 0.00001
-1.236 590 537 800
CBN2-6 0 25 -1.1586 586 520 904
-1.1751 585 523 885
Mean 0

Standard deviation (1!)
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Appendix 6 : Simulation parameters andfraction of

contemporary plots

The following matrix was perturbated 50000 times withdbscribedvionte
Carlo Method. The fraction modern anfdaction of contemporarwere computed as

the mean value and standard deviation for each set of pErturibespectively.

Table A6.1 Parameters, initial input values and output values for Monte Carlo

simulation
Index Parameters BTR3 BTR4 BTR5 BTR6 BTR7
Inputs

1 MDEHP total 77.85 104.89 70.83 65.73 66.76
2 uncertainty (1") 11.27 12.64 11.07 10.03 10.35
3 Mmtd 1.08 0.73 0.79 0.87 0.87
4 uncertainty (1") 0.08 0.06 0.07 0.19 0.19
5 fm,mtd 0.0009 0.0009 0.0009 0.0009 0.0009
6 uncertainty (1") 0.0013 0.0013 0.0013 0.0013 0.0013
7 frm.coe 1.0561 1.0561 1.0561 1.0561 1.0561
8 uncertainty (1") 0.00219 0.00219 0.00219 0.00219 0.00219
9 purityc 0.9351 0.9254 0.9713 0.9571 0.9558
10 uncertainty (1") 0.0181 0.0115 0.0077 0.0185 0.0117
11 fm measured 0.6484 0.296 0.3045 0.667 0.9414
12 uncertainty(1") 0.0032 0.0021 0.0025 0.0027 0.0034
13 frn.btr 1.0561 1.0561 1.0561 1.0561 1.0561
14 uncertainty (1") 0.00219 0.00219 0.00219 0.00219 0.00219
15 1 ¥Ceam 2459  -24.74 -27.73 -2523  -23.42
16 uncertainty (1") 1.93 1.93 1.93 1.93 1.93
17 1 3Chy 2111 -21.11  -21.11 2111 -21.11
18 uncertainty (1") 0.13 0.13 0.13 0.13 0.13
19 MLLNL 247 200 143 221 990
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20 uncertainty (1") 12 10 7 11 50

21 Mexo,carbMtd 31.2 31.2 31.2 31.2 31.2
22 uncertainty (1") 7.2 7.2 7.2 7.2 7.2

23 fim,exo,carbMtd 0.4213 0.4213 0.4213 0.4213 0.4213
24 uncertainty (1") 0.1797 0.1797 0.1797 0.1797 0.1797
25 Mexo,postHPLC 1.79 2222  20.43 1.79 21.33
26 uncertainty (1") 9.1 9.7 9.7 9.1 9.7

27 fim,exo,postHPLC 0.0209 0.0209 0.0209 0.0209 0.0209
28 uncertainty (1") 0.0050 0.0050 0.0050 0.0050 0.0050
29 fm.exo,carbBtr 1.0561 1.0561 1.0561 1.0561 1.0561
30 uncertainty (1") 0.0022 0.0022 0.0022 0.0022 0.0022

Outputs

31 Mexo,carbBir 130.7496 33.0111 18.6712 119.3179 867.8953
32 uncertainty (1") 20.7091 20.9107 18.0799 19.0462 52.6404
33 fm,exo 0.9223 0.5381 0.4495 0.9124 1.0104
34 uncertainty (1") 0.0755 0.1944 0.2307 0.0804 0.0139
35 Fiso 1.0067 1.0070 1.0127 1.0079 1.0044
36 uncertainty (1") 0.0037 0.0037 0.0037 0.0037 0.0037
37 Mcoe 54270 8.4748 2.0919 29774 3.0916
38 uncertainty (1") 1.8133 1.7581 0.6663 1.4254  0.9896
39 Mexo 163.7437 86.5267 70.1614 152.3177 920.4226
40 uncertainty (1") 17.1553 17.0322 13.4215 15.2371 51.2743
41 MhotalBlank 170.2507 95.7312 73.0433 156.1636 924.3837
42 uncertainty (1") 16.5303 16.1494 13.1339 14.8774 51.1728
43 fim totalBlank 0.9209 0.5855 0.4647 0.9102 1.0096
44 uncertainty (1") 0.0724 0.1619 0.2152 0.0783 0.0139
45 fm,actual 0.0175 0.0008 0.0901 0.0531 -0.0470
46 uncertainty (1") 0.2403 0.1965 0.2618 0.2629 0.2937
47 fc 0.0167 0.0008 0.0864 0.0507 -0.0447
48 uncertainty (1") 0.2290 0.1874 0.2511 0.2509 0.2794
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Relative composition of each AMS sample

100 - mactual
90 L i E mmtd
m
80 [ 7 |:| mexo,postHPLC
- mexo,carbMtd
70 i ] - mexo,carbBtr
601 1
X 50 ]
401 :
301 1
20F 1
10} 1

BTR3 BTR4 BTR5 BTR6 BTR7

Figure A6.1 Relative composition of each AMS sample
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Appendix 7 : Flow Diagram

Final butter
extract for
AMS
fm,measured
M NL
Fractionof Carbon
contemporary of from Total
DEHP which is Isolated extraneous
isolated from butte <€ DEHP carbon
fm,actua\ fm,tolaIBIank
f Mactual MiotalBlank
[
Co-eluted
Raw butter > blankcarbon
fm,btr:fm,coe fm,coe
mCOE
Supelco N:)?;?\?(d Exogenous
DEHP carbon
— carbon p
fm,STDl fm mid m,exo
fm,STDz Mintd Mexo
Carbonates
from raw
butter
fm,exo,carbBtr
Mexo,carbBtr
PostHPLC Methab
exogenous derived
carbon carbonates
fm,exo,postHPLC fm,exo,carbMId
mexo,posHPLC Mexo,carbMd
Dead spike Spikedmethod blank
solutions BLK1D, BLK1L, BLK2D,
DS1,DS2,D BLK2L, BLK3D, BLK4D,
S3 BLK5D
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Glossary

Absolute international standard activity of oxalic acid

Aabs standard

AMS Accelerator MasSpectrometry

Aon Normalized activity of oxalic acid standard

As Measured activity of the analyte

Asn Normalized activity of the analyte

BLK Blank, prepared with the identical method

BTR Isolated DEHP from butter

CPM Counts per minute

CSIA Compound specific isotope analysis

CTP Unprocessed contemporary butter

D Distribution factor

DEHP Bis (2-ethylhexyl) phthalate

DPM Decays peminute

fc Fraction of contemporaryf carbon as DEHP in butter
Fiso Isotopic fractionation correction coefficient

fm.actual Fraction modern of carbon as DEHP in butter

fm btr Fraction modern of the raw butter reported by LLNL
fm.coe Fracton modern of the celuted compound

fm,exo Fraction modern of the exogenous carbon
fm.exo,carbBtr Fraction modern of carbon as carbonates from raw butter

Fraction modern of carbon as carbonates from sample
preparatiorprocedures

Fraction modern of exogenous carbon introduced after HF
handling

fm,exo,carl:\Mtd

fm,exo,postHPLC
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fm,measured
fm,mtd
fm,totaIBIank
fp

HOXxI
HOXII

Kan

LLNL -CAMS
LSC
Mactual
Meoe

MDEHP total
Mexo
Mexo,carbBtr
Mexo,carbMtd
mexo,postH PLC
MLLNL

Mmc
Mmc,coe
Mmc,mtd
Mmtd

Mmtd

MiotalBlank

Fraction modern of the sample reported by LLNL

Fraction modern ofarbon as DEHP frommoetaneous metho
blank

Fraction modern of carbon as total blank

Fraction petrogenic

SRM 4990B oxalic acid created by NIST in 1955 AD (one
batch, 1000 Ib.)

Oxalic acid, prepared by NIST from French beat harvests
1970s.

Partition coefficient between acetonitrile and hexane

Lawrence Livermore National Laboratory Ceritar
Accelerator Mass Spectrometry

Liquid Scintillation Counting (LSC)

Carbon mass of the isolatBdEHP in butter
Carbon mass of eeluted compounds

Carbon mass of DEHP measured with-6MS
Carbon mass of total exogenous carbon

Carbon mass as carbonates from raw butter

Carbon mass as carbonates from sample preparation
procedures

Carbon mass of exogenous carbon introduced after HPLC
handling

Carbon mass of the sample determimethometricallyat
LLNL

Mass of Modern carbon
Modern carbon mass of each-eloited blanks

Modern cabon mass of the method blank

Carbon mass of DEHP that was from coetaneous method
blank

Carbon mass of the method blank

Carbon mass of total blank carbon, which includes methot
blank, ceeluted compounds and total exogenous carbon
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PDB
pM
purity c
R
Rmodemn

RnormSampIe

SF
SIM
tiz

1 130,

13
! Csam

Number of perturbations

Pee Dee Belemnite

Percent Modern

Carbonpurity of the isolated DEHP determined by 5

isotopic ratio, eithet*C/**C or**C/C

Normalized isotopic ratio of oxalic acid standard, correctes
from isotopic fractionation

Normalized isotopic ratio of sample, corrected from isotop
fractionation

Separationdctor

Selected ion monitoring

Half-life, the Cambridge value dfC is 5730+ 40 years
#C fractionatiorfor the raw butter

#*C fractionation for the isolate DEHP sample
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