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1. Introduction

Environmental factors are recognized as important determinants of life-long health
trajectories (Cohen Hubal and others 2014; Grandjean and Landrigan 2006; Manciocco and
others 2014; Sharma and others 2014). In studying the health effects arising from the
interaction of environmental chemicals and human physiology, exposure assessment in most
epidemiological studies is limited to a single toxicant or a small group of toxicants.
However, humans are exposed to thousands of environmental chemicals which may exert
effects jointly that are distinct to their individual effects (Kortenkamp and others 2007). The
“Exposome” concept addresses this issue and encompasses the complete life long
experience of environmental exposures from the prenatal period onwards (Rappaport 2011;
Vrijheid 2014; Wild 2005; Wild 2012). Unlike the human genome, the exposome is dynamic
and must be examined at key developmental stages to understand its role in human health. In
this review, we propose the use of novel tooth matrix biomarkers to capture the composition
and timing of the exposome retrospectively.

1.1 Importance of exposure timing

Alongside the growth of the exposome concept, is also the increasing body of evidence that
internal and external exposure to chemicals (and their reaction products) exerts a variable
influence on our physiology at different developmental stages (Selevan and others 2000). As
a consequence, windows of susceptibility exist when vulnerability to environmental
chemicals is heightened (Grandjean and Landrigan 2006). It, therefore, becomes important
to look beyond how much exposure has been experienced (i.e. the dose) to also consider the
timing of exposure. The prenatal period is particularly important when considering critical
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windows. During fetal life and early childhood, the tissues and organs of the body undergo
periods of rapid growth, during which a toxic insult or nutrient deficiency can lead to long-
term effects (Osmond and Barker 2000; Selevan and others 2000). Considering the brain as
an example, the complexity of its developmental process underlies its unique sensitivity to
the environment. As early as the second week of gestation, the neuro-ontogenic process in
humans begins with the folding and fusion of ectoderm to form the neural tube (Tau and
Peterson 2010). The development of the human central nervous system (CNS) involves the
production of 100 billion nerve cells and 1 trillion glial cells. These neurons must undergo
migration, synaptogenesis, selective cell loss, myelination, and selective synaptic pruning in
stages that ebb and flow before development is complete (Faustman and others 2000). These
processes commence early in the first month of gestation and continue well into the second
trimester. For example, neuronal migration peaks between gestational weeks 12 and 20 and
is largely complete by weeks 26—29 (Tau and Peterson 2010). Other critical processes in
brain development continue postnatally (Andersen 2003).

Even weak inhibitory or excitatory signals imposed by environmental toxicants during
specific CNS developmental stages can alter subsequent processes over-riding a normal
growth trajectory towards a maladaptive phenotype. For example, neurotoxic chemicals can
lead to permanent reductions in cell number (Bayer 1989) or altered synaptic architecture
(Bressler and others 1999). In many cases, developmental processes occur sequentially,
rather than concurrently; hence the observed specificity of exposure timing on health effects,
as exposures might affect only a process that is operant at a specific life phase. Thus, when a
person is exposed to a toxic chemical is as important as the dose. In this regard, our focus is
on the prenatal period because the lack of exposure assessment tools that can directly
measure fetal chemical exposure in large population based studies without imposing undue
risk on the pregnancy remains an important barrier to environmental health research.

The semi-penetrable nature of the placenta coupled with the increased susceptibility to
chemicals makes the prenatal period of critical interest to understanding the fetal
environmental determinants of life long health trajectories. The placenta only partially (and
in some cases negligibly) regulates a large number of potentially toxic chemicals.
Polybrominated diphenyl ethers (PBDES) can be transferred to the developing fetus across
the placenta (and to children via breast milk) (Lorber 2008). A prior study has shown almost
identical PBDE concentrations in maternal blood collected at delivery and in cord blood,
suggesting that the placenta offers limited protection to the fetus (Mazdai and others 2003).
Studies have also shown that bis(4-chlorophenyl)-1,1,1-trichloroethane (DDT) and DDT
metabolites levels are higher in fetal circulation than maternal levels (Waliszewski and
others 2001). Similarly, manganese (Mn), an essential metal that can be neurotoxic at high
levels, is actively transported across the placenta resulting in higher levels in fetal
circulation (Takser and others 2004).

1.2 Challenges to studying fetal chemical programming

Epidemiologic studies that investigate fetal programming of long-term health trajectories
face major challenges when trying to estimate the fetal exposome, and we focus on two
barriers that are especially relevant to lower frequency health outcomes. Longitudinal birth
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cohort studies that collect biomarkers of environmental chemical exposure during pregnancy
and then follow offspring into childhood provide the highest evidence study design to assess
the impact of exposures during key developmental windows in humans. However, the
expense and time required for such studies are major barriers to investigating lower
frequency conditions with long latency periods. For example, to determine the fetal origins
of a disorder that occurs at a frequency of 1:100 live births, a study would have to recruit
10,000 pregnant women and study the offspring prospectively until a stable clinical
diagnosis can be made many years later. This is compounded by another, equally important
barrier to uncovering fetal environmental exposures. Even in studies that commence with
recruitment of pregnant women, measurements of maternal biomarkers do not necessarily
provide accurate measures of fetal exposure for all chemicals. Reliance on maternal
biomarkers of fetal exposure fails to account for variability in placental transport and
metabolism, potentially overlooking the significant interplay at the maternal-fetal interface.
Additionally, in population-based studies it is not feasible to obtain prospective fetal
samples without imposing unacceptable health risks to both mother and child. Umbilical
cord blood has been successfully collected at birth in epidemiologic studies and has
provided valuable exposure information (Aylward and others 2014; Cooke 2014; Delvaux
and others 2014; Lin and others 2013). However, for compounds with a short half-life in
blood, cord blood levels can only provide information on the latter part of the third trimester.
It is important to consider that even though case-control studies nested within large
population cohorts may overcome the first barrier of requiring of long-term follow ups, the
absence of a direct fetal measurement would remain a limitation.

To overcome these limitations, researchers have long sought a biomarker that is
retrospective, objective, and capable of directly measuring fetal exposures to multiple
chemicals. For health outcomes that occur at lower frequencies, this biomarker would be
applied in population-based case-control designs. Unlike contemporary biomarkers that are
cross-sectional, this novel biomarker would provide time-series exposure data similar to that
obtained from a longitudinal study, whilst doing so retrospectively. In this perspective, we
discuss a novel dental-matrix based biomarker that brings us closer to this ideal of
retrospectively reconstructing the dynamic internal exposome. We provide a conceptual
framework for this approach and provide data to support the utility of this biomarker in
epidemiologic studies. We place emphasis on case-control studies of lower frequency and
rare outcomes with long latency periods where prospective cohort studies would prove
inefficient. Our discussion is limited to internal chemical exposures, although some of the
concepts we introduce are also relevant to other domains of the exposome.

2. Teeth as a Novel Matrix for Reconstructing the Early Life Exposome

2.1 Aspects of Tooth Development Relevant to this Biomarker

Between the 14t to 19 week of intrauterine development, the tooth germ enters the
advanced bell stage characterized by the appearance of enamel and dentine at the future
dentine-enamel junction (DEJ) on the cusp tip (Fig. 1a) (BKB Berkovitz 2009).
Subsequently, enamel and dentine deposition occurs in a rhythmic manner, forming
incremental lines akin to growth rings in both enamel and dentine (Fig. 1b). At birth, an
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accentuated incremental line, the neonatal line, is formed due to disturbances in the
secretory cells during protein matrix deposition (Sabel and others 2008). A resultant change
in crystal orientation and lower degree of mineralization has been detected at the neonatal
line in enamel of human primary teeth (Figs. 1c,d,e). This line forms a clear histological
landmark that demarcates pre- and postnatally formed parts of teeth (Sabel and others 2008).
Beyond the neonatal line, teeth manifest daily growth lines, which allow chronological ages
to be determined at various positions within tooth crowns and roots. We have previously
validated this biomarker for certain metals (Mn, Pb, Ba, Sr) (Arora and others 2014; Arora
and others 2012; Arora and others 2004; Arora and others 2011; Austin and others 2013)
and validation for a range of organic targets is underway in our laboratory.

2.2 Comparison of teeth with other biological matrices to uncover prenatal exposure
timing retrospectively

Biological matrices vary in their response to environmental chemical exposures. Here we
contrast the prenatal exposure information that is gleaned from tooth matrix biomarkers with
the most commonly used biological media (blood and urine; Fig. 2). We present a scenario
where there are discrete exposure events to a chemical with a short half-life (< 1 month)
during the prenatal period but the first sample is collected postnatally in childhood,
adolescence or adulthood. In Figure 23, it can be seen that maternal environmental exposure
events may expose the fetus to chemicals during first (T1), second (T2) or third (T3)
trimesters. For chemicals that cross the placental barrier, fetal blood levels rise in response
to a limited exposure but return to pre-exposure levels due to the short half-life of the
chemicals in blood unless exposure is sustained. In a case-control study, cconcentrations of
chemicals in blood or urine at a collection time (C) in childhood or adulthood will not
provide a direct measure of the timing or intensity of exposure during any trimester, or of
cumulative exposure over the entire prenatal period. In the biologic matrices considered in
this example, deciduous teeth alone would provide exposure timing and intensity over the
2"d and 3'd trimesters and during early childhood, and would also provide cumulative long-
term exposure. In Figure 2, grey shaded areas represent the developmental times when
exposure information is not available at postnatal sample collection. The table in Panel B
summarizes the scope of the information from these biomarkers.

3. Key Aspects of Methodology

Five deciduous teeth were randomly selected for exploratory, non-targeted metabolite
profiling. The main aims were to: (i) collect developmental stage specific dentine layers
formed during (a) 2"d and 3" trimester of two children (Child A and B), and (b) prenatal
(pool of 2" and 37 trimester) and postnatal (up to 6 months from birth) phase of three
children (Child C, D, and E), and (ii) perform an exploratory global screening of small
molecules using a liquid chromatography coupled quadrupole time-of-flight mass
spectrometry (QTOF-LC/MS) based metabolomics approach.

Method development for the trimester-specific tooth layer analysis has been described
previously (Arora and others 2012; Austin and others 2013). Our analytical methodology
consisted of isolating dentin layers from desired developmental time periods followed by
extraction and concentration of the embedded analytes. Separation of analytes was
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undertaken using chromatographic separation and the final extract was introduced in to the
tandem mass spectrometer as an aerosol using electrospray ionization (ESI). Metabolite
profiling was undertaken using Agilent 6550 iFunnel QTOF with Jet Stream ESI and both
positive and negative ions were detected sequentially using positive and negative operating
modes (schematic presented in Fig. SI-1). We provide a detailed discussion of our approach
including the analytical method and instrument operating conditions in Supplementary
Information (Fig. SI-1, Table SI-1). Briefly, representative workflows applied in this study
were: (i) hard tissue sample preparation for multi-omics studies (Blackwell 2013) (ii) non-
targeted screening with an accurate-mass Q-TOF LC/MS (Zamboni 2012) and (iii) data
mining. The computational tools used for targeted analysis in this study were (a) ‘Personal
Compound Database (PCD)’ (Kuhlmann 2009a; Kuhlmann 2009b), which is a large
database with accurate mass measurements for several thousand chemical compounds, and
(b) ‘Find by Formula’ (Broecker 2010), which is a ‘feature extraction’ algorithm for ion
extraction, formulae calculation, grouping based on user-specified adducts (e.g. sodium) and
multimers (e.g. several halogens), reconstruction and verification of spectra, and matching
with compounds present in the large chemical compounds databases compiled by Agilent
Technologies. The tools used for untargeted screening in this study were (a) ‘Molecular
Feature Extraction (MFE)’(Jenkins 2013), which is a unbiased algorithm that tests
chromatographic covariance and chemical relationship, finds related ions including isotopes
and ion adducts, and reconstruction of spectra and their verification against molecular
formulae in the available large databases, and (b) ‘Batch Recursive Feature Extraction
(BRFE)” (MassHunterProfinder 2014), which improves quality of the identified target list
and reduces the amount of manual interpretations. LC/MS spectra were curated for a
threshold of 1500 counts for ion abundance and 70 percent for quality score, with a
minimum of two ions requirement. Chemically qualified compounds were classified into
three classes (i) known unknowns (with available chemical characterization in databases and
reference standards), (ii) suspected unknowns (with a priori information from literature and
available chemical characterization in databases, but no reference standards), (iii) unknown
unknowns (with neither a priori information nor chemical characterization in databases or
reference standards) (modified description of the terminology from Naegele (Naegele 2011)
and Little et al (Little and others 2012)).

4. Multi-Chemical Exposure Profiles During the Prenatal and Early
Childhood Periods

Preliminary QTOF-LC/MS data showed promising results to support the application of the
dental matrix for reconstructing the prenatal exposome. Results of a typical non-targeted
profile of organic compounds and metabolites accumulated in dentine formed during the
prenatal period are demonstrated for Child C (Fig. SI-2). An unbiased MFE data mining
algorithm on Child C generated 7,043 and 5,137 distinguished peaks in positive (Fig. SI-2a)
and negative (Fig. SI-2b) mode, respectively.

Results from the target analysis for known unknowns and screening for suspected unknowns
in both negative and positive ESI mode are presented in Figure 3. Targeted analysis using
reference standards identified bisphenol A, five phthalate metabolites (of 13 targeted) and
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three tobacco metabolites in the majority of time-specific dentine fractions from all five
children (Fig. 3). This is amongst the first reports on the presence of bisphenol A in teeth.
Moreover, for the first time in the tooth matrix we observed (i) mono-methyl phthalate,
mono-ethyl phthalate, mono-butyl phthalate and mono-benzyl phthalate, in addition to
mono-ethylhexyl phthalate, and (ii) hydroxycotinine in addition cotinine and nicotine
reported in previous studies.(Garcia-Algar and others 2003; Marchei and others 2008;
Pascual and others 2003) It is important to note, that neither the oxidative metabolites of di-
ethylhexyl phthalate (e.g. mono-2-ethyl-5-hydroxyhexyl phthalate, mono-2-ethyl-5-
oxohexyl phthalate) nor higher molecular weight phthalate metabolites (e.g. mono-octyl
phthalate, mono-isononyl phthalate) were observed in the study samples. Bisphenol A and
phthalates are widely dispersed contaminants in our environment and detection in our
samples does not necessarily indicate that only the absorbed fractions have been measured.
While we have undertaken precautions, including analyses of method blanks, we agree with
concerns recently raised over the routine analyses of these compounds in non-traditional
media, (Calafat and others 2013; Wolff and Swan 2010) and are undertaking (i) validation
against other established biomarkers (Calafat and Needham 2009), (ii) monitoring oxidative-
metabolites as reliable measures of phthalates exposure (Barr D.B and others 2003), (iii)
simultaneous analysis of unconjugated BPA (free BPA) and BPA conjugates such as BPA-
glucuronide and BPA-sulfate (mono and bi) to assess introduction of BPA from external
sources during sample preparation (Vandenberg and others 2014; Volkel and others 2005),
and (iv) application of NIST Standard Reference Material 3673 (Organic Contaminants in
Non-Smokers’ Urine) as a quality control to assess recovery and contamination of phenol
and phthalates metabolites.

Furthermore, a suite of chemical contaminants and metabolites were compiled based on
literature for prenatal and children’s exposures to environmental factors (e.g.(Bellinger
2013; Gonzalez-Alzaga and others 2014; Lyall and others 2014; Meeker 2012)). This list
was used to screen the suspected unknowns using the PCD feature. We observed the
following classes of chemicals with abundances varying between developmental time points
(Fig. SI-1): structural analogs of bisphenol (Bisphenol S, Bisphenol F, Bisphenol AP),
parabens (methyl, ethyl, propyl, butyl and benzyl), UV filters (benzophenone-1 and 3),
polyflourinated compounds (pentadecafluorooctanoic acid, perfluorooctanesulfonic acid),
and pesticides (diethyl dithiophosphate, dimethylphosphate, 2,4-dichlorophenol). Tandem
mass spectrometry (MS/MS) experiments were not performed during this pilot phase and
hence confirmation on suspected unknowns is currently unavailable.

Calibration curves and limits of detection were not calculated despite available reference
standards for the known unknowns as our goal was not to quantify the targets. However, ion
abundance was used as a benchmark to compare the occurrence and intensity of compounds
across the tooth layer fractions from the study children. Our results demonstrate the
vulnerability of conventional biomarkers, such as single measures of blood and urine, or the
use of pulverized whole teeth, to exposure misclassification. For example, bisphenol A ion
abundances (counts) in 2"d and 3™ trimester-specific dentine were similar in Child A
(112,902 vs 169,687) but not in Child B (4,834,665 vs 23,108). Analysis of a single sample
during the prenatal period would not capture the 200 fold higher intensity of bisphenol A in
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the 2"d compared to 3™ trimester of Child B. Similarly, nicotine ion abundances (counts) in
pre- and post-natal specific dentine were 140,694 and 7,825,123 in Child C. Pulverized
whole teeth would not capture the 55-fold change in nicotine levels from the pre- to
postnatal period in Child C.

We used established computational methods to identify the compounds from the peaks we
detected in our analyses. Molecular Formula Generation (MFG) algorithm available in the
MFE was used to generate chemical formulas of the different peaks detected in our analyses
based on overall scoring that takes into account the monoisotopic mass (ppm), isotope
spacing (ppm) and distribution (%), and the matching of spacing, abundance and compound
mass. MassHunter Profinder (MassHunterProfinder 2014) was used to perform BRFE with
moderately strict filters, which condense the number of chemical signatures by minimizing
false positives and negatives. The 100 most abundant compounds were selected based on ion
intensity in each study sample, and comparisons were made for inter- and intra-child
variability in nontargeted analysis profiles. Tables SI-2 and SI-3 give the highest prevalence
compounds detected in each of the samples analyzed (pre- and post-natal of Child C and E)
in negative and positive ESI mode, respectively. Characteristic alteration in metabolites
pattern were observed between the pre- and post-natal samples for each child and between
children, in both ionization modes (Fig. 4). Percent difference in peaks is graphically
represented in Figure 5. For example, percent difference in detection frequency of the top
prevalence compounds observed in negative ESI mode between (i) pre- and post-natal
dentine was 93% for Child C (186 out of 200 peaks) and 54% for Child E (108/200 peaks),
(ii) prenatal dentine of Child C and E was 81% (162/200 peaks), and (iii) postnatal dentine
of both children was 89% (178/200 peaks) (Table SI-2, Fig. 5). Similarly, percent difference
in detection frequency of the highest prevalence compounds observed in positive ESI mode
between (i) pre- and post-natal dentine was 76% for Child C (152/200 peaks) and 55% for
Child E (72/132 peaks), (ii) prenatal dentine of Child C and E was 80% (133/167 peaks),
and (iii) postnatal dentine of Child C and E was 64% (105/165 peaks) (Table SI-3, Fig. 5).
Of the 100 most prevalent compounds across the 4 samples analyzed, only 7% (22/309
peaks) were common in negative mode and only 6% (13/225 peaks) in positive mode in a
pool of peaks from pre- and postnatal samples from two children (Table SI-2 and SI-3).

We grouped compounds with the same base molecular formula (for example C1gH12N303
and C4H15N401g were added to the CxHyN,O, group) and compared the chemical
composition of the predominant compounds between samples. Large differences in the base
molecular formula detected between negative and positive ESI modes were also observed
across the four samples (Table SI-4). For example, CxHyN,O4P; compounds were detected
with a 14% frequency across the samples in positive ESI mode but were not detected at all
in negative mode, and CyHyN,0,S, compounds were detected with a frequency of 21% in
negative ESI mode but only 5% in positive mode. CxHyN,O, compounds occurred with the
highest frequency in both ionization modes (i) 38% in prenatal and 51% in postnatal dental
layers from Child C, and 50% and 37% from Child E, respectively, in negative mode, and
(ii) 30% in prenatal and 40% in postnatal dental layers from Child C, and 36% and 37%
from Child E, respectively, in positive mode. Together, these results highlight the
differences in chemical signatures between individuals and across developmental times.
These data also rule out the possibility that the predominant compounds we have detected
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are baseline housekeeping components of our matrix that would be present at a higher
frequency across all teeth samples.

5. Conclusion and Perspectives

The archival nature of dentine, which captures and preserves important aspects of
developmental history, provides an opportunity to retrospectively study health outcomes in
response to early life environmental stressors including chemicals. We have shown here and
in previous work that a surprisingly large number of chemical signatures can be recovered
from teeth ranging from metals to organic compounds some of which have very short half-
lives in blood and urine (Arora and others 2014; Arora and others 2012; Arora and others
2004; Arora and others 2011; Austin and others 2013). Dentine, which undergoes very
limited remodeling, preserves both the timing and intensity of chemical signatures over the
second and third trimesters (conceptual framework summarized in Fig. 2). Taking advantage
of this property, we uncovered trimester-specific information for more than 12,000 unique
signatures. Most importantly, this was done 7 to 10 years after the exposure event for the 5
teeth we have analyzed (Figs. 3, 4). Similar methods can be applied to permanent/adult teeth
for the study of adult disease outcomes as we have recently proposed for adult
neurodegeneration such as Parkinson’s disease (Hare and others, in press). An important
consideration in case-control studies that collect biospecimens cross-sectionally at the time
of clinical assessment is the degree to which the chemical measures in the biological media
have been affected by the disease rather than being causally associated with disease onset.

While our discussion here has focused on teeth, there are other biological media, such as
placenta and newborn hair, which could provide important information on prenatal
exposures (Jin and others 2013; Sakamoto and others 2013; Varrica and others 2014; Wright
and others 2006). Other biomonitoring approaches can also contribute to the prenatal
exposome. Historical air pollution data as well as satellite-based estimation of particulate
matter can be a rich source of information on the external exposome from many years ago
(Hyder and others 2014; Kloog and others 2012). It is also important to note the limitations
of using teeth for exposure assessment. At present, teeth cannot be used to uncover
information on exposures during the first trimester, and because deciduous teeth shed
between the ages of 6 to 12 years for most children, on-the-spot sampling is not possible.
However, the non-invasive collection and stability at room temperature does offer an
advantage when using naturally shed deciduous teeth. As with any biological media, the
complex biology of teeth is another important consideration in understanding whether
chemical signatures in teeth reflect exposure or some aspect of local tissue-specific
metabolism. In this regard, we caution against methods that pulverize whole teeth or
fragments of teeth, without regard for the developmental physiology of teeth, and in the
process lose temporal exposure information.

Exposure to environmental chemicals during fetal and early childhood periods may alter
life-long health trajectories, increasing the risk of conditions that are global priorities
including neurodevelopmental disorders, cardiovascular disease and cancer. A major
challenge to identifying critical developmental windows of heightened susceptibility is the
absence of retrospective biomarkers that objectively measure the timing of environmental
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chemical exposures. This problem is further compounded when the susceptibility window
occurs prenatally and the health outcome under study is uncommon. The development of
tools for a comprehensive retrospective temporal exposome that encompasses the prenatal
and early childhood periods would be an important advancement in better understanding the
early life environmental determinants of long-term health trajectories.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Schematic of tooth development(Arora and others 2012)
(a) Earliest deposition of dentine (grey area) at DEJ at cusp tip (b) Continued extension of

dentine (and enamel) towards the tooth cervix. (c) Neonatal line (NL), a histological feature,
formed at the time of birth (d) Completion of enamel and primary dentine formation
between 2 to 11 postnatal months depending on tooth type. Secondary dentine continues
forming at pulpal margin (not shown). (e) Confocal laser scanning micrograph of NL in
enamel. Reprinted with permission from Environ. Sci. Technol., 2012, 46 (9), pp 5118-
5125. Copyright 2012 American Chemical Society."”
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Fig. 2.

Conceptual framework of how blood, urine, and deciduous teeth collected postnatally
compare in estimating prenatal exposure to chemicals that have a short half-life. Grey

shaded area indicates time periods for which exposure information is missing when using a

biomarker collected in childhood.
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Fig. 3.

Intensity and distribution of ‘known unknowns’ and ‘suspected unknown’ compounds in the
pre- and postnatal tooth layers of the study children. QTOF-MS was operated in a dual
electrospray ionization mode (positive and negative mode).

Environ Int. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Andra et al. Page 17

ESI Negative mode ESI Positive mode
Prenatal Postnatal Prenatal Postnatal
o - -
. 0 vm o8 .
X ? s [} ?
£ g g _ e ]
£ - -
o . > g i
Ol g H S s Eu
3 5 B £ og o g
5 ik he of i- ol | T g
e %8 o Hpol mg O o d
% 8 - ol S -
© 20 BE- - o4
P o ¢O = R % =
500 700 200 100 100 300 500 700 900 1.00 RT (min.) 100 300 500 700 900
RT (min.) RT (min.) RT (min.)
- . "
i i e
) ) Q) )
Sl & ) £ € E
WoEl o e B £ £
2 © e 2 K]
E e e e e
= 2 g g £
5 § 000 E 000 § 000 § 000
- - - .
- - ) -
RT (min.) RT (min.) RT (min.) RT (min.)
Fig. 4.

Scatter plots of retention time (min.) versus accurate mass (single isotopic m/z) of the top
100 ‘unknown unknowns’ obtained using the Batch Recursive Feature Extraction, and
detected in both negative and positive electrospray ionization mode. Data from two children
is depicted for graphical representation of chemical composition differences observed within
(prenatal versus postnatal) and between (Child C versus E) children.
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Fig. 5.

Venn representation of the common and dissimilar peaks among the pre- and post-natal
dentine layers of two representative children from the study in both negative [A] and
positive [B] electrospray ionization mode. The 100 most prevalent ‘unknown unknowns’
were obtained using the Batch Recursive Feature Extraction. We observed that only a small
proportion of peaks were common between pre- and postnatal periods within the same
child’s samples (for example, in negative mode, Child C had only 7% common peaks
between the pre- and postnatal periods). Furthermore, when comparing the same time
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periods between children, we saw that only a small proportion of peaks were highly
abundant for both children (for example, in negative mode, only 19% of peaks were
common for both children during the prenatal period). These data rule out that the
predominant compounds we have detected are generic housekeeping components of our
matrix.
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