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Abstract

The oxidative potential (OP) of atmospheric fine particulate matter (PM> 5) has been linked

to organic content, which includes polycyclic aromatic hydrocarbons (PAHSs). The OP of

135 individual PAHSs (including six subclasses) was measured using the dithiolthreitol (DTT)
consumption assay. The DTT assay results were used to compute the concentration of each PAH
needed to consume 50% of the DTT concentration in the assay (DTTsgg), and the reduction
potential of the PAHs (AG,yy). Computed reduction potential results were found to match
literature reduction potential values (r2 = 0.97), while DTTsg results had no correlations with

the computed AG,y,, values (r2 < 0.1). The GINI equality index was used to assess the electron
distribution across the surface of unreacted and reacted PAHs. GINI values correlated with AGyn,
in UPAH, HPAH, and OHPAH subclasses, as well as with all 135 PAHSs in this study but did not
correlate with DTTsg, indicating that electron dispersion is linked to thermodynamic reactions and
structural differences in PAHSs, but not linked to the OP of PAHs. Three ambient PM, 5 filters
extracts were measured in the DTT assay, alongside mixtures of analytical standards prepared to
match PAH concentrations in the filter extracts to test if the OP follows an additive model of
toxicity. The additive prediction model did not accurately predict the DTT consumption in the
assay for any of the prepared standard mixtures or ambient PM,, 5 filter extracts, indicating a much
more complex model of toxicity for the OP of PAHs in ambient PM, 5. This study combined
computed molecular properties with toxicologically relevant assay results to probe the OP of
anthropogenically driven portions of ambient PM5 5, and results in a better understanding of the
complexity of ambient PM, g OP.

"Corresponding Author Tel: (805) 794-0524. alkramer@g.ucla.edu.

6.0ASSOCIATED CONTENT

6.1 Supporting Information

Tables S1-S2 provide additional information on the chemicals in this study, measured and calculated results. Tables S3-S4 provide
correlation results. Figure S1 shows the DTT reactions occurring in the assay. Figure S2 shows structural characteristics used for

correlation analysis with assay results. Table S5 provides ambient PM2 5 filter and mixtures measurements in the DTT assay. Table S6

provides full computational results for GINI inequality values for compounds.
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1 Introduction

Reactive oxygen species (ROS), created through exposure to fine particulate matter (PM> 5),
have been linked to inflammation, cardiopulmonary and respiratory diseases, and even
cancer through various oxidative stress pathways 1 - 2. PM, 5 has been deemed by both the
US Environmental Protection Agency (EPA) and the World Health Organization (WHO) as
the most dangerous portion of atmospheric particulate matter (PM) to human health 3, 4.
Recent studies have indicated that the anthropogenically enhanced organic portion of PM> 5
is directly linked to the oxidative potential of PM, 5 > 6. The ability of a sample to cause
cellular oxidative stress is referred to as oxidative potential (OP) and can be measured using
various cellular and chemical assays and acellular assays ’ -8, 9. The dithiothreitol (DTT)
assay uses a chemical redox reaction to determine the amount of ROS produced, and has
been increasing in use for evaluating the OP of the organic portions of atmospheric PM due
to demonstrated correlation with biological OP assays 1911, Classes of compounds found

in PM,, 5, such as polycyclic aromatic hydrocarbons (PAHSs), have been linked to oxidative
stress through cellular assays 12, 13, The elucidation of the OP of components of PM, s, such
as individual PAHSs, could improve predictive modeling of PM; 5 OP, and is a growing area
of research, particularly using the DTT assay 14. Finding a predictive model for OP of PM, 5
would aid the assessment of human health impacts of PM, 5 exposures 13: 15,16 17 114

PAHs are a class of compounds emitted through incomplete combustion which undergo
long-range atmospheric transport entrapped in PM, 5 18: 19 Unsubstituted PAHs (UPAHS)
are directly emitted through combustion processes. Sixteen UPAHSs appear on the US EPA
Priority Pollutant List (PPL) due to their characterized toxicity, and availability of standards
at the time the list was made 20 21, Other subclasses of PAHs have since been measured in
atmospheric PM, 5 samples along with UPAHSs, but there is limited data on their toxicity,

or individual oxidative potentials 19 22- 23 These substituted PAHs can be directly emitted
from combustion sources along with UPAHS, such as heterocyclic PAHs (HPAHS), which
contain a non-carbon atom in the ring-structures, oxy PAHs (OPAHSs) which contain a
carbonyl oxygen substituted outside the rings, and have been linked to oxidative stress
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in humans, and high molecular weight (HMW) PAHSs, which are less volatile and have a
molecular mass over 300 AMU 222425 JPAHSs can also undergo atmospheric reactions
leading to nitro (NPAHS) and hydroxy (OHPAHS) substitutions on the UPAH rings 24 26,
While many studies have looked at the carcinogenic, mutagenic, and developmental toxicity
of individual PAHSs, the OP of individual PAHs measured in ambient PM> 5 has not been
evaluated using the DTT consumption assay 24, 27, 28 22 14,

For the first time, we combined the use of the DTT consumption assay to evaluate the OP
of 135 individual PAHs (23 UPAHSs, 24 NPAHSs, 18 OPAHSs, 12 HPAHSs, 15 HMWs and

43 OHPAHS), with computational chemical models to attempt to predict the OP of PAHs

in ambient PM,, 5 filter extracts, along with mixtures of PAH standards prepared to match
measured PM> 5 PAH concentrations. We calculated a DTTgp, (the concentration of each
compound required to consume 50% of the DTT in the assay), as a representation of the OP,
and to allow comparison of this OP between individual PAHs as well as the subclasses of
PAHSs. To assess if currently available computational modeling could predict the PAH OP

in PM, 5, the DTT consumption assay results were used to calculate the Gibbs free energy
(AG;xn) of the redox reaction, and also compared to various structural components of PAHS,
as well as electron density across each PAH using the GINI (statistical measurement of
unevenness) method 2930, By combining computational analysis with assay analysis, we
demonstrate the efficacy of the DTT consumption assay to reliably predict the reduction
potentials of PAHs. We also demonstrate the complexity of the OP in mixtures, as well as
in ambient PM,, 5, and the inability, thus far, to model OP using DTT consumption results
alone.

2 Materials and Methods

2.1 Materials.

Compound names, CAS numbers, molecular mass, abbreviations, and sources in PM, s, can
be found on Table S1 of the Supplemental Information. Analytical standards were dissolved
in dimethylsulfoxide (DMSO) and diluted to ~1 mM concentration. For individual DTT
consumption assay analysis, six-point concentration ranges for each PAH were made by
diluting standards dissolved in DMSO to between 20-100 uM in DMSQO. Concentration
ranges were measured in triplicate, along with controls of non-reacted PAH of the same

six concentration points. Linear results of PAH concentration and DTT consumption were
calculated and used to calculate the concentration of each PAH required to use up to 50% of
the DTT (DTTgp), allowing for comparisons between individual PAH results in terms of the
DTTgg, as a measure of OP.

2.2 DTT assay.

DTT assay reaction can be found in Figures S1. DTT was dissolved in 0.05 M monaobasic
potassium phosphate buffer (PBS), making a 5 mM solution of DTT. As described
elsewhere, six-point calibration curves of DTT were made by diluting the stock solution

to between 0 and 1 mM concentrations 31 32, For sample exposure, DTT stock was diluted to
1 mM, and 5 pL were added to samples in each well. DTNB (5,5-dithio-bis-2-nitrobenzoic
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acid) was dissolved in methanol to a concentration of 10 mM. For reaction quenching,
DTNB was diluted to 1 mM in PBS and 10 pL wase added to wells31 32,

DTT consumption assay was performed in flat bottom 96 well plates. Wells were first
prepared with 100 pL of 5.0 mM PBS buffer, then, for DTT calibration curves, 10 pL of
DMSO and 5 uL of DTT calibration standard was added 33. Sample wells were prepared by
adding 10 uL of each PAH concentration, (or analyte mixture or extract), to the PBS buffer.
Lastly, 5 uL of 1 mM DTT was added to the sample wells, and plates were incubated at
37°C for 15 minutes. Control wells were volume corrected by supplementing additional 5.0
mM PBS buffer to ensure all wells had a final volume of 125 uL. After incubation, 10 yL of
1 mM DTNB was added to all wells to quench DTT reactions, and plates were gently shaken
for 5 minutes. Absorbance (412 nm) was measured using a BioTek Synergy HTX multimode
reader (Winooski, Vermont, USA).

2.3 Computations.

The Gibbs free energy (AG,yy) of the redox reaction involving PAHs and DTT (Figure

S1) was calculated for both the parent PAH as well as the radical anion PAH, based on
equation 1 and the calculated DTTgq of each PAH. Geometry optimizations were performed
using density functional theory (DFT) B3LYP 34 with the 6-311++G(d,p) 3° - 36 basis set

in Gaussian 09 37. All geometry optimizations and thermal corrections were performed

in the gas phase at 298 K. Refined single-point energies were computed in ORCA at

the DLPNO-CCSD(T)/def2-TZVPP level of theory 38 -39, Both steps were performed for
all molecules involved in the reaction (equation 1). The computed AGyy, of PAHS was
compared to available literature reduction potential values and with the DT Tz 40: 41,

HO HO

SH S

SH + 2H,0 + 2PAH —>» - + 2Hs0* + 2pPaH’
HO HO

Equation 1:

Structural composition was considered for possible differences in AGy,, observed between
isomers. Understanding that PAH structural components such as a bay region containing
only 6-atom rings, versus bay regions that have at least one 5-atom ring involved in the

bay would have differences in electron density (Figure S2), the numbers of these features
were summed for each molecule and used for correlation analysis (Table S4). The structural
components considered are illustrated in Figure S2 and are combined in the main correlation
data as “Structural Component” (Table S2).

2.4 GINI Value Methods.

To assess if the OP of each PAH was related to the electron density throughout each
molecule, GINI index values for inequality were calculated for each PAH 2930.42 The

GINI index is a statistical measure of the unevenness of a population. In Baders’ Quantum
Theory of Atoms in Molecules,*’ the electron densities of a molecule can be partitioned into
atom basins and further partitioned into unshared, shared-bonded, and shared-nonbonded
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pair densities. The GINI indices of these electron densities are related to the concepts
of chemical hardness and charge transfer capacity and has been shown to be a reliable
predictive tool for pKgs of substituted aromatic carboxylic acids and the aromaticity of
multi-ring aromatics*% 41,

The optimized parent (P) molecule and resulting radical anion (A) PAH structures were
analyzed with AIMAII software package (Table S6) 43 44, A localization / delocalization
matrix was extracted for both states (P and A) of each PAH and used to calculate two

GINI index values for potential indicators of OP. The first GINI index value calculated was
for the equity of electron density at localized non-hydrogen atoms, while the second GINI
index value was calculated for the equity of electron localization / delocalization on and
between bonded (hon-hydrogen) atoms. GINI index values range between 0 and 1, with 0
representing total equality for electron density across the potential indicator (for example
the electron density of the carbon atoms in benzene equals 1), and 1 representing total
inequality 2%, The change in electron density across the molecules for both the localized
GINI values and the GINI values calculated for all electrons during reduction was calculated
by subtracting the anionic GINI (Agn;) values from the parent molecule GINI (Pgini)
values (Pgini - AcINi-

2.5 Structural analysis.

Several structural features of PAHs were used to analyze for correlations with the DTT
results. Several isomers of PAHs were found to have different results in the DTT assay. For
instance Phenanthrene, a three ringed bent PAH resulted in a DT Tsg concentration of 72
UM, while the three ringed straight isomer, Anthracene, resulted in a DT Tsg concentration of
17 UM (Table S2). To assess if the structural conformation of such isomers was responsible
for the differences in OP results, a number of structural characteristics (Figure S2) were
summed up for each of the 135 PAHSs and used for correlation analysis.

2.6 PMygsamples.

Three available ambient PM, 5 samples were each collected using a Tisch Environmental
(Village of Cleves Ohio, USA) high volume cascade impactor on quartz fiber filters (QFF)
for a 24 hour period along the northern coast of the US State of Washington during the
spring of 2018 23. The PM, 5 samples were collected alongside samples for another study,
with detailed filter handling, extraction and quantification processes are detailed elsewhere
23 in short, filters were stored at —20°C until undergoing extraction via accelerated

solvent extraction (ThermoFisher (USA) Dionex ASE 350). Filter extractions underwent

a cleanup step using solid phase extraction, and concentration, under a fine nitrogen
stream, before aliquoting portions for quantitative analysis. PAH analysis of each of the
extracts was performed using gas chromatography mass spectrometry (GC/MS) operated in
electron Impact mode (UPAH, HPAH, OPAH, OHPAH (Agilent 7890), and HMW (Agilent
6890N) analysis) and in negative chemical ionization (NPAH (Agilent 6890) analysis) using
established quantitative methods with UPAH = 81%, HMW = 86%, NPAH = 124%, OPAH
= 127%, HPAH = 76%, and OHPAH 54% recovery rates for each class 24 4% 23 DTT
analysis of the PM 5 extracts followed the same steps as the individual PAH standards.
PM,, 5 filter extracts were stored at 4°C. An aliquot of 100 pL of the extract from each of
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the three ambient PM,, 5 filters was evaporated to near dryness under fine nitrogen stream.
To help reduce evaporation loss of volatile PAHs from extracts, the vials of aliquots were
incased in ice during concentration. Before total dryness was observed, 100 pL of DMSO
was added to the aliquots and evaporation continued for ~10 minutes to ensure solvent
evaporation. From this stock solution, dilutions were made for final total PAH concentration
of 1.5 mM (% 0.3) for use in the DTT assay. For analysis 10 uL of each filter extract was
used in the DTT assay. Each of the three filters (A, B, and C) were analyzed in six separate
wells to ensure statistical viability.

To assess if the total DTT consumption could be predicted by the measured individual

PAH DTT consumption rates, mixtures of US EPA Priority Pollutant List (PPL) PAHs
standards (PPL), and mixtures of standards of the entire suite of measured PAHs (Whole)
were prepared in DMSO to match measured concentrations of PAHSs for the three (A, B, C)
ambient PM 5 filter extracts (Extracts). Measured PAH concentrations for the Extracts can
be found in Table S2. The Whole and PPL mixtures were measured alongside Extracts the
in the DTT consumption assay for a total concentration (based on chemical composition) of
35 —59 uM. Extracts, PPL mixtures, and Whole mixtures were measured in replicates of six
in the DTT consumption assay, with the consumed concentration (mM) of DTT reported as
average (x 1 Standard Error) in Table S5.

2.7 Statistical analysis.

Statistical analysis was performed using R statistical software on the RStudio user platform
(v 3.6.2). Pearson’s Correlations were performed to assess if given parameters were related
to each other, which may be linked to the OP of the molecules. Student’s t-tests were
performed to establish differences or similarities between data sets. One-way ANOVA on
ranks was performed using the Dunn’s Method applied to the Kruskal-Wallis test. All
reported statistical significance is based on p-value < 0.05.

3 Results

3.1 DTT assay results.

DTTjsq concentrations (the concentration of each PAH required to use up 50% of the DTT

in the assay) were not strongly correlated with the calculated molecular properties (reduction
potentials, and changes in electron density) in this study (Table 1). DTTgy was statistically
negatively correlated to molecular mass of all 135 PAHs, but was not correlated to any of
the other parameters identified in this study. (Tables 1, Table S3). Within each class of PAH
only the number of OH substitutions on OHPAHSs had correlation with the measured DTTsgg
concentrations (Table S3).

Comparisons of DTTgg concentrations per PAH class and the computed AG,y,, for each class
showed that there was no statistically significant difference between the average DTTsgq of
each PAH class (Figure 1). Applying the Dunn’s Method to account for different numbers
of PAHs in each class allowed for a Kruska-Wallis one-way ANOVA on ranks analysis

and resulted in significantly lower AGy, of OPAH and NPAH from UPAHSs, HPAHS,

and OHPAHSs (Figure 1). Figure 1 also shows the relative abundance of each class of
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PAH measured in 96 ambient PM> 5 samples collected between 2016 and 2018 along the
northwest coast of the state of Washington for a previous study by this group 23.

3.2 Computational analysis.

The calculated AG,y,, of all PAHs were found to have a number of correlations with other
parameters in this study, as well within different subclasses of PAHs (Table 1). The AGx
was statistically correlated with the molecular mass (AMU) of all 135 PAHs used in this
study (ALL), as well as with UPAH, NPAH and OHPAH classes. The change (Parent —
Anionic) in both localized electron density and all electron density (delocalized) across the
molecule were correlated with the AG,y,, for all 135 PAHSs, as well as the UPAH, NPAH, and
OHPAH classes of PAHs. Localized electron density changes were correlated with the type
and number of substituents, where only NPAHSs had correlations between all electron density
and the number of substituents (Tables 1). There were correlations of both AG,y,, and GINI
values with structural bay regions of different ring proportions in UPAHs (Figure S2 & Table
S3),

To assess if the reduction potential calculated from the DTT assay was accurate, available
documented reduction potential (eV) of several PAHs was compared to the AG,yy, from

this study (Figure 2) 40: 41, The strong correlation (r2 = 0.97) of the documented reduction
potential with the calculated AG,y,, (Figure 2), demonstrated the accuracy of the DTT assay
to measure the reduction of individual PAHs. However, when attempting to use the AGyy,
values to predict DTTsg, there was no correlation (r2 < 0.1) for these individual PAHs
(Figure 2).

3.3 Ambient PM, s filter and PAH Mixture Results.

PAH concentrations measured in the DTT assay were used to create linear regression
models for each PAH. Using these regressions, and the measured concentration of each
PAH found in ambient PM,, 5 filter extracts, the consumption of DTT for mixtures and
extracts was calculated assuming an additive OP model (Table 1). If OP followed the
additive model, the predicted DTT consumption would match the DTT assay results. Figure
3 shows the measured DTT assay results for the three ambient PM,, 5 filter extracts, along
with mixtures of analytical standards made to match the concentrations of PAHs measured
in the extracts. The calculated DTT consumption concentrations were plotted (triangles)
against the measured DTT consumption (bars) of extracts and mixtures of PAH standards
to determine if the OP were additive (Figure 3). Extract measurements were significantly
different from Whole PAH standard mixture measurements (Filters A and B), or the
mixtures of the 16 PAHs on the EPA priority pollutant list (PPL) measurements (Filter

C) (Figure 3, Table S4).

4.0 Discussion

Based on equation 1, a lower AG,y,, value indicates a more favorable oxidation of DTT by

a given PAH and, therefore, a greater OP. Results shown in Figure 1 indicate that OPAH

and NPAH have a greater OP than UPAHs, HPAHSs, and OHPAHS, based on the statistically
different average AG,y,, per class. Previous studies have linked OP to quinones®6 47, of which

Environ Pollut. Author manuscript; available in PMC 2023 January 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kramer et al.

Page 8

there were fourteen in the measured OPAHS in this study (Table S1). The lack of statistically
significant differences in DT Ts between classes of PAHs (Figure 1) indicates that the OP
of individual PAHSs, or classes of PAHSs, is a more complex phenomenon than was captured
by AGxn measured in the DTT assay. While molecular mass for all 135 tested PAHs was
correlated with DTTg, the substitution of PAHs was not a significant predictor of OP in the
DTT consumption assay.

Individual PAH comparisons of computed AG,y,, from the DTT results with available
documented reduction potentials of individual PAHs 49 41 as shown in Figure 2, suggest
that the PAH-DTT reaction follows thermodynamic principles measured through more
typical electrochemical experimentation. However, the lack of correlation between measured
DTTsg concentrations and AG,y, Values (RZ = 0.04), indicate that thermodynamic properties
alone, do not explain the OP of the PAHs measured in this study (Figure 2). The lack

of correlation between the DTT consumption, (as a representation of the OP), and the
thermodynamic properties calculated here, is further supported by the inability of the DTT
assay results to predict the OP of the PAHs in PM, s The lack of the additive model of DTT
consumption to predict measured OP of mixtures of PAHs and extracts of ambient PM, 5

in this study support previous studies that have demonstrated synergistic, additive, and
antagonistic effects of quinones 46, 47, 14 of which were included in the OPAH compounds
in this study (Table S1). Beyond the quinones, the 121 other PAHs may also be enhancing
the suggested synergistic, additive, and/or antagonistic effects of the components of PM5 5
on overall OP.

The use of the GINI inequality system allowed us to examine what effect the reduction

of each PAH had on the electron dispersion across the surface of each molecule. While

no correlation was found between DTTsq and of the computed GINI values in this study,
there were correlations between structural components and substituents with the change
in electron dispersion (GINI values analysis) when PAHs underwent the redox reaction

in the DTT assay (Tables S2 and S3). This illustrates how electron affinity between
different incorporated non-carbon atoms (sulfur, nitrogen, and/or oxygen) can change the
OP of a molecule. Structural correlations (Table S3) within HMW and UPAH subclasses
can help to explain differences between isomers of the same molecular mass. Figure 4
shows the difference between GINI values for parent and anionic PAH classes for localized
electrons (red and blue boxes), as well as the GINI values when all electrons were used

in the calculations (green and orange). Statistical analysis shows that the difference in
electron dispersion between the parent PAHSs and the radical anions produced in the redox
reaction are significant for UPAH, OPAH, NPAH and OHPAHS, in both forms of electron
calculations.

Analysis of the computed GINI values (Table S5) indicates that the re-dox reduction of
PAHSs, either localized electrons only, or both local and delocalized electrons, results in
more equity in the distribution of electrons across the surface of the PAH molecules (Figure
4). While the results of this work do not indicate that the GINI values can be used in
modeling OP, the demonstration of PAHs to accommodate an additional electron (reduction)
provide insight into the thermodynamics of PAHS, suggesting a longer lifetime of these
radical anions that previously assumed. The statistical correlations of GINI values with
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AGx, values (Tables 1 & S3) in all of the 135 PAHSs, as well as with the UPAH, NPAH, and
OHPAH classes, indicate that the electron distribution across the surface of PAHs could be
useful in the determination of PAH toxicity.

The ambient PM, 5 filter results, shown in Figure 3, demonstrate the complexity of OP in
ambient PM5 5 These limited results support other works that have suggested additional
factors, such as antagonistic effects, that need to be assessed to fully be able to model OP
from PM, 5 chemical characterization studies 4/. Measuring only the PPL PAHSs resulted in
the underrepresentation of the ROS generating components of PM> 5 in this limited ambient
sampling. While it has been suggested that PAHs provide a synergistic effect on OP of
PM, 5 13, these results suggest the OP of PAHSs likely follows a non-additive or antagonistic
model (Table S4).

5.0 Conclusions

The results of this study illustrate that, while the DTT assay has documented similarity to
biological assays for measuring oxidative stress 10: 11 the DTT assay results, in terms of
the measured DTTs5g, do not correlate with thermodynamically driven molecular properties
commonly used for computational modeling of the individual PAHSs in this study. While
several computational parameters assessed here correlate with each other, demonstrating
the efficacy of the DTT assay to measure the reduction potential of PAHSs, the lack of
correlation between DTTgq results and any of the computed parameters demonstrates the
continued need to further assess PM, 5 components, their interactions, and the complex
nature of the OP of PAHSs in PM> 5. Examination of the three ambient PM, 5 filters used

in this study;, illustrate that, while only PPL PAHSs are measured in most PM, g screenings
21 they do not account for all of the OP of the PM, 5 extracts (Figure 3 and Table S4).

The largest overall concentration percent of measured PAHs was HPAHSs in each of the
analyzed PM, s filters (Table S2) while OPAHSs (second largest overall percent composition
of PAHSs in PM5, 5) had the lowest AG,y,. The measurement of substituted PAHs in ambient
PM, 5, along with the OP of these compounds measured in this study, adds to the growing
evidence for the expansion of air monitoring campaigns to quantify PAH compounds not
included on the USEPA’s PPL 21, Further exploration of the drivers of OP in ambient
PM, 5 should include synergistic and antagonistic drivers of OP, such as ionic salts, metals,
and non-volatile organic compounds, as well as physical characteristics such as the metal-
organic framework and surface functionalities of the particles themselves, which have been
shown in other works to effect the production of ROS 48, 4. The ability to fully model

the potential OP of ambient PM, s in order to protect communities from harmful exposure
events, will no doubt require more interdisciplinary research into the physical and chemical
nature of atmospheric PM. Future studies should include ambient PM collected in different
atmospheric environments, to better understand the if the OP of PM 5 is universal, or if
specific regional atmospheric conditions might change the OP of PM> 5 exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Graph showing the average PAH class DT Tsg concentration (UM) as a function of the

average PAH class reduction potential (AG) of PAHs measured in this study. The size of
each data point represents the proportional percent composition of each class of PAHs
measured in 96 ambient PM, 5 collected in Northwest Washington State (USA) (2016-
2018) 23, Vfertical crosshairs represent one standard error for DTTso (M), and horizontal
crosshairs represent one standard error of the average PAH class reduction potential (AG).
Applying the Dunn Method to the Kruska-Wallis One-way ANOVA on ranks test (due to
different number of compounds in each class), OPAH and NPAH AG values (eV) were
significantly different (p-value < 0.05) from the UPAH, OHPAH, and HPAH classes of
PAHSs, indicated with *. Using the same statistical test there were no significant differences
between the average DTTsg of any of the PAH classes.
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Figure 2.
Comparison plot showing on x-axis the computed AG (eV) values for listed PAHS

compared to available experimental literature reduction potential values (blue), and DTTgg
concentrations (red). Blue circles indicate linear relation (r2 = 0.97) between experimental
reduction potential*® of indicated PAHs with the computed reduction potential calculated
from the DTT assay results (AG eV). Red triangles indicate the DTTgg concentration (UM)
compared to the calculated reduction potential are not linearly related (r2 = 0.04).
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Figure 3.
DTT consumption assay results for PAH mixtures. Bars represent the DTT consumption

for PPL mixtures, whole PAH mixtures, and filter extracts. Mixtures were prepared to
match measured PAH concentrations in ambient PM,, s filters A, B and C (x SE). The *
indicates that Extract measurements were significantly (p-value < 0.05) different from the
whole mixture measurements for 2 of the filters (Filters A and B). The # indicates that the
extract measurement for Filter C was significantly different than the PPL mixture. Triangles
represent predicted DTT consumption using the linear relationships of PAHs measured in
the filter extracts, assuming an additive mixture effect.
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Figure 4.
Box and whisker plots showing the GINI values per class of PAH as computed in four

different scenarios. Red (parent) and blue (radical anion) boxes show inter-quartile GINI
values for localized electrons only, and orange (parent) and green (radical anion) boxes
show the inter-quartile values for localized and delocalized electrons. Whiskers represent
the standard deviation of the data in each class, dots show the 51 and 95t percentiles.

The solid line in each bar represents the median of the data, while the dotted line is the
mean value. * indicates a statistically significant difference (p-value < 0.05) between the
parent and radical anionic GINI value for localize electrons only. # indicates a statistically
significant difference (p-value < 0.05) between the parent and radical anion GINI values for
both localized and delocalized electrons as determined using the Kruskal-Wallis One-way
ANOVA on ranks.
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Table 1.

Statistically significant (p-value < 0.05) correlation results between PAH molecular mass (AMU),
concentration required to use 50% of the DTT in the assay (DTTsg), the AG,y,, of the reduction of the

PAH (eV), the difference in GINI value for localized electrons (Parent — Anion), the difference in GINI value
for delocalized electrons (Parent — Anion), type and number of substituents, and structural components. “All”
indicates correlations between parameter and the entire suite of 135 PAHs measured in the assay. Subclasses
of PAHs are identified by letters as follows: “U” (UPAHS), “N” (NPAHS), “O” (OPAHS), “H” (HPAHS), “W”
(HMW PAHS), and “OH” (OHPAHS). Grayed in boxes represent the X:X in the correlation matrix.

Molecular DTTs AG (P-A) GINI (P-A) GINI Substituent Structural
Mass (AMU) (UM) (eV) localized e delocalized e Component
Molecular Mass All, U, N, All, U, O, OH,

(AMU) All OH N H U, H, N, OH All U, N, OH
DTTsp (M) All OH
AG, (V) All, U, N, OH All, U, N, OH All, U, N, OH All, N U,0
(P-A) GINI All, U, O, OH, All, U, N, All, U, H, W, N, All, H, N, O,
localized & N, H OH OH OH All, U, W, OH
(P-A) GINI All, U, N, All, U, H, W, N,

delocalized e U, H, N, OH OH OH All, N U, H, OH
Substituent All All, N AllH.N. . All, N
Structural

Component U, N, OH OH U, 0 All, U, W, OH All, U, W, OH
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