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ABSTRACT

Rainwater dissolved organic matter (DOM) is a complex mixture of organic compounds, the
composition of which remains to a large extent unknown. This is despite its central role in a host
of fundamentally important atmospheric processes (e.g. aerosol hygroscopicity, light absorption,
etc.). The molecular composition of DOM has been used to infer emission sources and
investigate atmospheric reactions that produce secondary organic aerosols (SOA), which
comprise the main contributor of uncharacterized compounds in rainwater organics. This work
illustrates the molecular composition of DOM in rainwater collected from February 2020 to June
2021 (n = 32 of rain samples) in Ribeirdo Preto, SP (21.166 S, 47.845 W) using complimentary
methods of traditional ion chromatography cooperatively with Orbitrap mass spectrometry and
novel statistical analysis. This approach provides a detailed, ultra-high resolution, high-
throughput method for future rainwater DOM investigations which is demonstrated here with
direct-injection, positive mode electrospray ionization. Using this method, 41,383 total molecular
formulas in 32 samples were identified over the mass range m/z* range of 80 to 800; among them
2,788 molecular formulas were unique. DOM character in Sdo Paulo rainwater is revealed to be
largely influenced by organic nitrogen, as 2,397 of the unique formulas identified contained
nitrogen. This represents 86.0% of the total variety of organic compounds identified, with many
of these likely peptides or amino acid derivatives. These findings also show that in terms of
variety and number the general proportions of elemental formula classes remain relatively
consistent over many samples, but the composition of the individual classes varies as function of
its constituent emission sources. Recent pandemic related influences on anthropogenic activity as
well as biomass burning in the S&o Paulo region of Brazil are seen through variations in

rainwater DOM characteristics. Rainwater collected prior to the COVID-19 pandemic’s



emergence in Brazil is distinct from reduced anthropogenic activity rainwater in both DOM
character—seen in the increase in primary compounds and direct amino acid contribution, wider
range of O:C ratios, and the absence of atmospheric NOx related CHON oligomers—and major
ion content—marked by a reduction in sulfate, nitrate, potassium, and formate. Clustering
analysis shows that these distinctions are mostly driven by changes in anthropogenic reactive
nitrogen emissions as well as in part to seasonal influence. This research highlights the potential
for public policy to reduce the emission of air pollutants and other biologically relevant
anthropogenic emissions, particularly through reducing traffic loading and expanding remote

working.
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CHAPTER I. INTRODUCTION

Atmospheric OM—also referred to as aerosols—is a major component of both marine
and continental rainwater'? that influences climate, air quality, and ecosystem health® and is
generated by a variety of anthropogenic and biogenic emission sources. The molecular
composition of atmospheric OM results from its emission source and aging processes.® Its
molecular composition will, in part, determine its impacts on properties such as light absorption,’
aerosol hygroscopicity,®® and bioavailability upon deposition.}%* These properties define the
role atmospheric OM plays in regulating climate through direct and indirect effect in both
radiative forcing and cloud seeding,*>1%13 as well as its role in nutrient loading.'**® Certain
aerosols can supply nutrients that stimulate net ecosystem growth or, alternatively, toxins that
suppress a biogeochemical cycle.® Acidic aerosols (such as sulfates or nitrates) deposit over
terrestrial ecosystems as acid rain and enhance the leaching of nutrients from the system.

While atmospheric OM influences many natural systems, its role in air quality and public
health is often the most visible. In the form of particulate matter (PM) and volatile organic
compounds (VOCs)—the dominant forms of OM—it is an environmental factor that is
associated with increased respiratory morbidity and mortality.1”~1° PM is responsible for 3.7-4.8
million premature deaths worldwide.?® Of these deaths, 92% occur in low and middle income
countries*’?22 and 2.8 million of these deaths are due to biomass burning for wood
cookstoves.?® VOCs have complex risk factors, supporting ozone production®* and posing
individual toxic and carcinogenic risks.?®> High mass concentrations of PM and VOCs are
common indications of poor air quality and smog events.?®2” The currently understood driving
forces of PM toxicity are size fraction, mass concentration, and composition/oxidative

potential.2-3% While the EPA regulates PM based on mass concentration,®! recent studies using



in vitro exposure techniques now suggest that PM mass concentration is not the causal factor in
health risks and that overall PM toxicity differs from the toxicity of its individual components.>?
In vitro exposure techniques in tandem with chemical and biological characterization have begun
to identify specific constituents of PM most relevant to overall toxicity.?8333* Current research
has demonstrated that secondary processing of aerosols, namely photochemical changes, result in
differential in vitro genomic responses, suggesting an increase in overall toxicity.%35-3" For
example, secondary organic aerosols (SOA) from isoprene photooxidation are demonstrated to
significantly increase known inflammatory biomarkers IL-8 and COX-2 mRNA levels in human
bronchial epithelial cells (BEAS- 2B).%®

The many primary sources (emitted directly into the atmosphere) of atmospheric OM can
be categorized as biogenic (emitted by natural systems) or anthropogenic (emitted by human
activity). Biogenic primary sources are related to emissions of VOCs from vegetation,
mechanically suspended biological particles (pollen, plant debris, soil, dust, bacteria, and
viruses), forest fires, emissions from marine environments (sea-air gas exchange and bubble
bursting action suspending OM in the sea surface microlayer), volcanoes, etc. Anthropogenic
primary sources include: combustion and production of fossil and biofuels (motor vehicle
exhaust, electric generation units), biomass burning, domestic heating and cooking, tire and
asphalt wear, solvent use, emissions from agriculture (such as pesticides), and natural gas
exploration.* Globally, primary sources are mostly biogenic in origin (80%) and are dominated
by isoprene and monoterpene emissions from vegetation.3%4°

At least half of global primary emissions of atmospheric OM are chemically transformed
in the atmosphere to create SOA.*24! These reactions generally follow one of two pathways:

degradation of large molecules by oxidation or generation of higher weight molecules through



oligomerization. Both of these pathways are mediated by oxidants and/or solar radiation.*?
Secondary processing of organic aerosols have seen increasing attention and study in the past
decade, notably in relation to climate effects. Secondary processing bolsters OM’s role as cloud
condensation nuclei, incorporating OM into cloud droplets and aiding its subsequent removal
through precipitation.** Precipitation removes organic compounds from atmospheric circulation
with efficiency and is a major process by which balance between sources and sink of
atmospheric organics is achieved.*® This dissolved organic matter (DOM) has been sparsely
characterized and used to investigate atmospheric reactions that produce SOA, which comprise
the main contributor of uncharacterized compounds in rainwater OM.*+2

Rainwater DOM is a complex heterogeneous mixture of organic compounds, the
composition of which is considered less than 50% chemically characterized.!? Identifying the
composition of organic species in atmospheric waters has been held back largely by the difficulty
of analyzing species present in very low abundances in a complex matrix of thousands of unique
compounds. Significant progress has been made to identify the composition of complex DOM in
organic aerosols and rainwater DOM using Fourier transform ion cyclotron resonance mass
spectrometry (FT-ICR MS),*4" however these methods have a low throughput and the resultant
studies are limited in sample size (the highest being seven samples*). These methods also
involve preconcentration usually through solid-phase extraction (SPE), which contribute to
analyte loss particularly for higher oxygen content and more polar species.*®° Alternative high
resolution mass analyzers in the Fourier transform family such as the Orbitrap have started to
become part of routine analysis in numerous areas of research.>*2 Orbitrap has been used to
characterize riverine DOM and ambient aerosols,*>*~* and its high resolution, mass accuracy, and

ability to be used in combination with other mass selection technologies make it an ideal



candidate for complex analysis and has begun to garner global attention for its application in
studying environmental systems. At present however, no studies using Orbitrap MS to
characterize rainwater DOM nor any high-resolution chemical characterization of DOM in South
American rainwater have been published. Currently only 9-14% of the water soluble organic
compounds (WSOC) have been identified in any chemical characterization study of South
American aerosols.® In this present work, direct injection Orbitrap mass spectrometry was used
on rainwater samples collected in Brazil to further the study on rainwater DOM and as a
representation of WSOC in South American airsheds.

Primary emission sources of atmospheric OM are zonally and seasonally variable.** To
that effect, the Brazilian wet season occurs during the months of October to March whereas the
dry season occurs during the months of April to September. During dry seasons, wildfires and
slash-and-burn agriculture makes Brazil susceptible to biomass burning influence and subsequent
air quality issues.>” Starting August 2019, the Amazon rainforest has seen significant increase in
both area of effect and number of forest fires, mostly related to deforestation. Smoke from these
fires have been observed via satellite to travel 2,700 km from the Amazon rainforest to the city
of Sdo Paulo.%® These large forest fires have undoubtedly influenced OM input into the airshed.

The COVID-19 pandemic has triggered a variety of responses in Brazil from federal,
state and local governments, impacting on politics, education, the environment, and the
economy.®® The profound impact of the pandemic response accelerated deforestation and
decreased travel and industrial activity.® It is unknown how these processes influence OM input
and cycling into the Sao Paulo airshed, but it appears likely that these influences will decrease
biogenic VOCs and anthropogenic emissions. Preliminary studies into the S&o Paulo airshed

during the COVID-19 pandemic have observed drastic reductions on NO (up to —77.3%), NO>



(up to —54.3%), and CO (up to —64.8%) concentrations in the urban area compared to the five-
year monthly mean and to the four-week mean before the partial lockdown. As an effect, an
increase of 30% in 0zone concentrations was observed in urban areas highly influenced by
vehicle traffic.5!

In this study, a series of continental rainfall samples were collected in a typical urban and
agricultural region, Ribeirdo Preto, S&o Paulo, to study the influence of pandemic policies,
biomass burning, and social isolation on the molecular composition and chemical character of
DOM. This study covers the period before partial lockdown orders were issued (February 26 to
March 24, 2020) through to March 2021. High-resolution Orbitrap mass spectrometry was used
to characterize the specific molecular composition of rainwater DOM during this period, which
was then analyzed alongside inorganic ion and select organic acid content. Potential compounds
of interest along with possible emission signatures were identified using powerful statistical
techniques such as principal component analysis, volcano plotting, and positive matrix
factorization. Conclusions drawn from the analysis of these samples further the discussion

around the role of organic nitrogen in the water-soluble fraction of organic aerosols.



CHAPTER Il. METHODS
2.1 Study Site and Description

Ribeirdo Preto, Sdo Paulo, Brazil

The state of S&o Paulo, Brazil is in the southeast Brazil subtropical region bordering the
Atlantic Ocean. The state has an area of 248 x 108 km2.2> S#o Paulo is the largest state in Brazil,
with a population of 45,919,049 people, and a total of 29,057,749 vehicles. Its capital, Sdo Paulo,
is the largest city in Latin America, with a population of 12,252,023 people, and an urbanization
rate of 99.1%.52 S&o Paulo has important agriculture and industrial economic sectors as well as
defined wet and dry seasons.® The agro-industries, metallurgical, food, and agriculture
industries are contributors to emissions. Biomass burning as part of slash-and-burn practices is
performed during sugar cane harvesting which is a large source of reduced nitrogen and of gases
and aerosols containing oxidized nitrogen.'® During the winter there is less precipitation than the
summer, resulting in more biomass burning during the winter. In rural areas of the state, sugar
mills are common.

The city of Ribeirdo Preto shown in Figure 1 is a municipality located in the northeast
region of the state (21°09°58.64 S, 47°50°42.960 W). The central, northern, and western regions
of the state’s economy is based on agro-industries: sugar/alcohol, orange, livestock and meat
packaging. The southern regions of the state rely more heavily on metallurgical and food
industries and agriculture industry (i.e. tea and banana) for its region’s economy. Because of its
location, the city of Ribeirdo Preto economy is based primarily on agro-industries. The distance
from the city to the South Atlantic Ocean is about 338 kilometers and hosts an estimated 700,000
citizens. Furthermore, its position geographically puts Ribeirdo Preto free from influence by the

Atlantic — as indicated by air mass projections being almost entirely landlocked, with few



samples originating from the Atlantic Ocean. This city was chosen for sampling due to ongoing
collaborations between the research group at Texas A&M University — Corpus Christi and the
group at the University of Sdo Paulo Ribeirdo Preto.

In response to the global COVID-19 pandemic, partial lockdown was ordered by the Sdo
Paulo state government on March 24™, 2020,% which closed many public spaces like shopping
malls, restaurants, fitness centers, elementary, middle and high schools, and universities.
Supermarkets and drugstores continued operating with restrictions concerning person-to-person
distance and public transportation continued with reduced hours. Since partial lockdown was
first ordered, estimated social isolation varied from 54% (March 24™"), achieving a minimum of
47% (April 9™ and a maximum of 59% (several dates), with an average of 54%.5 It is important
to highlight that while industrial activity was not ordered to lockdown, many industries saw
reduced operation which in part is related to decreasing demand.®* Publicly available mobility
data from registered cell phone activity indicates that the average activity deviation in Ribeirdo
Preto of retail, transit, and workplace areas leaves baseline on March 14, 2020 reaching a seven-
day average minimum of -54.8% on March 27" and then gradually increases for the rest of the
year.54 The seven-day average of this deviation first returns to baseline on December 17, 2020. In
this study, sample groupings contrasting different levels of anthropogenic activity conditions use
the publicly available mobility data to distinguish the sample cohorts. This data and details are
provided in the Appendix. The sample groupings are divided into (1) reference, before March
14" whereafter average activity deviation falls below baseline and doesn't return; (2) reduced
activity, after March 14" to December 17" where seven-day average of activity deviation is
below baseline; and (3) post return to baseline, after December 17, 2020 where seven-day

average of activity first returns to baseline.



21°4'0"S

21°9'30"S
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47°54'30"W 47°49'0"W 47°43'30"W

Figure 1. Location of the city of Ribeirdo Preto, Sdo Paulo, Brazil

2.2 Sample Collection
Rain samples (n = 32) were collected using an automatic wet-only collector on an event-
basis from 2/26/2020 through 5/2021 in Ribeirdo Preto, Sdo Paulo, Brazil (21°09°58.64 S,
47°50°42.960 W). Samples were collected in previously cleaned high density polyethylene
bottles and were retrieved from the field immediately after the event or during the following
morning (when the rain event occurred at night). New sets of clean sampler funnels and flasks
were installed after each rain event. Further description can be found in Coelho et. al. 2011.°

After collection, each sample was filtered with a 0.2 um quartz fiber filter to isolate DOM from



PM. Samples were then stored at 0°C until analysis to preserve the chemical composition of
rainwater samples. Samples were shipped from USP-RP to TAMU-CC in coolers containing
freezer packs.
2.3 Back trajectory
The NOAA’s Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) online
transport model was used to examine the air mass back trajectory from the Sdo Paulo sampling
location. Backward trajectories were run starting at altitudes 200 m, 500 m, and 700 m with a
duration of 48 hours prior to sample collection at 21°09°58.64 S, 47°50°42.96 W. These
parameters default parameters were used for mixing layer heights and estimated releasing height
for this region based on parameters used by prior studies on rainwater DOM.%® Model Vertical
Velocity was used for the vertical motion calculation method.
2.4 Ultrahigh-Resolution Mass Spectrometer (UHRMS) analysis
Sample analysis was performed with an UHRMS (Orbitrap Fusion Tribrid Mass
Spectrometer (OT-FT-MS); Thermo Fisher Scientific, Waltham, Massachusetts, USA) coupled
to a UPLC system (Vanquish Ultra Pressure Liquid Chromatography). Analytes were separated
using a 1.7 um ACQUITY UPLC BEH Cis reversed-phase column by Waters (130A, 1.7
um, 2.1 mm x 150 mm) with mobile phases consisting of a linear gradient of acetonitrile:formic
acid and Milli-Q water:formic acid. The gradient started at 5% formic acid for 2 min (including a
7-min prerun equilibrium), increasing to 65% formic acid over 20 min, holding at 65%
acetonitrile for 1 min, and then increasing to 100% formic acid over 3 min. The spray voltage of
the ESI source was +3.2 kV, to produce ions in positive mode. The injection volume of each

sample was 20 pL and blank samples were also analyzed for background subtraction.



2.5 Inorganic lon and DON/DOC Quantitation

Inorganic ions along with DOC and dissolved organic nitrogen (DON) were quantitated
using the same method described in Crispim et. al. 2018. Inorganic nitrogen species (NO3,NO>",
and NHz") were analyzed using suppressed ion chromatography with conductivity detection
(Model 881 Compact IC pro; Metrohm, Brazil). The anion analysis employed a Metrosep A
Supp 5 column (Metrohm) and an eluent composed of sodium carbonate (3.2 mmol L %) and
sodium bicarbonate (1.1 mmol L™1). A solution of sulfuric acid (100 mmol L) was used as the
regenerant for chemical suppression. The cation analysis was performed using a Metrosep C4
column (150x4.0 mm, Metrohm) and an eluent composed of nitric acid (1.7 mmol L™*) and
dipicolinic acid (0.7 mmol L™). lon chromatography standard solutions were used to construct
the analytical curves. The limits of detection (LODSs) were estimated visually by decreasing the
concentration of each standard until the signal reached a value approximately 3 times higher than
the noise.®"%8

2.6 Data Processing

The obtained LC-MS spectrums were processed with Compound Discoverer software
(version: 3.2.0.421). Molecular formula assignments were made using Molecular Formula
Calculator (v.1.2.3) and an in-house python code. It should be noted that the compositional
elemental of these formulas was constrained as Cs-~100H4~20000~50No-10S0~3Po-~3 and that the
allowed m/z tolerance was 2 ppm. Several indicators were adopted to illustrate the characters of
OM subgroups including elemental ratios, double bond equivalent (DBE), Aromaticity index

(A, and Kendrick mass defect (KMD). Their specific calculation and utilization are as follows.

10



2.7 Van Krevelen Analysis

Van Krevelen (VK) analysis was used to show the H:C and O:C molar ratios for each
sample formula to describe the general overall composition or organic mixture composition.®
The area within the diagram further characterize the atmospheric OM distinct classes.*®

2.8 Homologous Series Analysis

To identify compounds of a homologous series that have different numbers of specific
base units, Kendrick mass (KM) analysis was used.®® To determine the Kendrick mass, the
measured IUPAC mass is normalized to 14.000u instead of the IUPAC 14.01565. Subtracting the
nominal mass from KM will produce the Kendrick mass defect (KMD).*” When the KMD is
plotted as a function of the nominal mass these series of oligomers fall on a horizontal line
separated by 14 Da, differing chemically by a methylene unit. This makes identifying
compounds of different classes visually simpler as they are displaced vertically.

2.9 Double Bond Equivalence

The double bond equivalence (DBE) was calculated in order to determine the

characterized ions using the following formula (1). DBE = number of rings plus double bonds to

carbon.*” DBE cannot be a negative integer.*®
DBE =c—sh+-(n+p)+1 (1)

Where elemental composition is CcHhOoNnPpSs

11



2.10 Aromaticity index
Aromaticity index (Al), based on Koch and Dittmar 2006, was assigned to each
molecular formula. The following formula (2) will be classified as Al<0.5 non-aromatic, A1>0.5
aromatic and AI>0.67 condensed aromatic.*’

_ DBE4 1+-(2c-h-20-25)

= ()

Car c—0—Nn—-s—p

Al

2.11 Volcano Plot

To identify statistically relevant changes in the rainwater DOM dataset, volcano plots
were created by plotting significance against fold-change (FC) on the y and x axes respectively.
These plots are common in omic experiments such as genomics, proteomics, and metabolomics
where the most meaningful changes need to be identified from a set of thousands of replicate
data points between two conditions.” The x axis is the log of the FC between the two conditions
while significance (-logio of p-value from an ANOVA or t-test) is on the y-axis. For all plots, p-
value was set to 0.05 and FC was set to 1. The log of the FC is used so that changes in both
directions appear equidistant from the center. Plotting points in this way results in two regions of
interest in the plot: the top of the plot far to either the left or right side. These points represent
values that display large magnitude FC (being far to the left or right) as well as high statistical
significance (being towards the top). Compounds with significant p-values and FC meeting the
upper or lower FC threshold are specific to that group of samples or can be said to be
characteristic of that sample group. It follows that these statistically distinct compounds can be
isolated to explore how sample groups differ based on compound class and structure. The

volcano plots produced were created using Compound Discoverer software (version: 3.2.0.421).
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2.12 Principal Component Analysis

Principal component analysis (PCA) was used to characterize both the ion species and
organics measured in the rainwater. A full description of this statistical technique can be found in
Jolliffe (2002).”* lon PCA was performed using Matlab software (version R2020b) while organic
matter PCA was performed using Compound Discoverer software (version: 3.2.0.421). Formulas
present in only one sample and formulas present in all samples were removed to avoid biasing
the PCA toward rare formulas and to eliminate formulas that do not contribute to the sample
variance.**

2.13 Positive Matrix Factorization

Positive Matrix Factorization (PMF) analysis was performed on the ion concentrations
data using the EPA PMF 5.0 model.”? PMF was used as a multivariate factor analysis tool to
identify source apportionment of species and can be briefly described by its foundational
equation (3):

Xij = Yho19ufij +eij (3)
where Xjj is a data matrix of i by j dimensions, p is the number of factors, gix is the contribution
of the k™ factor to the i sample, fi; is the fraction of the k™" factor arising from congener j and ej;
is the residual for each sample/species. Samples with missing values were excluded from the
data matrix before PMF was performed. The model was run 20 times for all eligible samples
with a random seed of 80 and then run 20 times again excluding outliers with a random seed of
23. The five factor models were chosen for analysis after comparison with three, four, and six
factor models on the basis of residual size, mapping bootstrap factors to base factors, and species

regression accuracy. The details of the model can be found in the EPA PMF 5.0 user manual and

13



associated materials.”? The calculation of data uncertainties is illustrated in the supplementary

materials.
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CHAPTER Ill. RESULTS AND DISCUSSION
3.1 Organic Characterization

This analysis assigned 41,383 total mass features in 32 samples with 2,788 of these
molecular formulas being unique. This is specifically an underestimate of the actual number of
compounds because for each elemental composition there are multiple structural isomers
possible, with the number of isomers increasing as molecular weight increases. In addition, the
single ionization mode means species that do not readily ionize in positive ESI are not detected,
this may include species such as, for example, nitrooxy- or nitrooxy-organosulfates. The
omission of a preconcentration step may also put DOM constituents in particularly trace
concentrations below detection limits. This does however prevent the loss of particularly volatile
components or components lost during extraction; it is known that methods such as SPE
contribute to analyte loss for higher oxygen content and more polar species up to 70% loss by
mass.*8-%

Table 1 provides a breakdown of the number of molecular formulas and their atomic
characteristics per species subclass and its percent abundance relative to the total number of
unique formulas in all samples. The most prominent species are CHON and CHONP, together
making up 53.8% of unique formulas identified followed by CHONS with 17.6%. The other N
containing species CHN, CHNS, and CHONSP then represent 14.6% of the total unique
formulas. The remaining 14.0% are CHO, CHOP, CHOS species with a few CHS and CH
formulas. No CHOPS species were identified within detection limits in any sample. Overall,
species containing a nitrogen atom represent 86.0% of the organic species identified in this
study. These findings differ from studies on total atmospheric organics in aerosol content, which

show 36.6% atomic content for nitrogen containing species in mixed source aerosols and, at
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highest, only 53.3% for biomass burning aerosols.** This prominence of N containing species is
in part due to ion source bias, since this study used only positive ion mode in its MS analysis.
This does corroborate with other UHRMS studies using positive ion mode to focus on
characterizing rainwater DON which report nearly 2455 N containing formulas as compared to
the 2397 presented here.*> However, this does still suggest that true rainwater DOM character
content is strongly influenced if not dominated by DON. Other rainwater DOM UHRMS studies
using negative ion mode have reported only a total of 552 unique molecular species,? of which at
least 15% are N containing formulas. To add the identified species from such a negative ion
mode study to this would still imply the majority of characterized DOM are N containing (~74%,
or ~71% assuming all N containing formulas are duplicates). This of course makes many
specious assumptions, such as that (1) duplicate formulas do not exist, (2) the union of both ion
modes represents characterization for all DOM constituents, (3) extraction loss is minimal and
unbiased in all studies, and (4) the datasets are congruent. Regardless, it is possible that the large
portion of N containing species seen here are species typically lost during extraction and
preconcentration. This method of looking at chemical species highlights the variety of
compounds present, rather than the total mass or amount, so while other species may be more
abundant, N containing species present the highest variety of unique compounds in this analysis.
In this method, variety will tend to influence how chemical character is judged more than
abundance. To illustrate, by concentration the samples in this study show DON/DOC ratios that
range from 0.1% to 16.9%, averaging 5.8%, while the total N:C ratio of all unique formulas

assigned is 20%.
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Atomic
n Formulas | Content H/C o/C O/N o/s N/C DBE
(%)
CHN 262 9.40 1.70 £0.52 0.00 0.00 - 0.14+0.13 | 2.82+2.55
CHNS 94 3.37 1.72+0.51 0.00 0.00 0.00 0.18 £0.07 | 4.44 £2.67
CHO 173 6.21 1.38+0.64 | 0.30+£0.11 - - 0.00 449 £3.35
CHON 716 25.68 200+£0.28 | 0.19+0.11 173+18 - 0.19+0.14 | 2.23+1.95
CHONP 784 2812 | 242+0.14 | 0.23+0.10 | 0.74+£0.30 - 0.32+0.05 | 0.04+1.49
CHONS 490 1758 | 2.11+0.20 | 0.24+£0.22 | 1.53+2.75 | 2.98+2.79 | 0.23+0.11 | 2.14+1.80
CHONSP 51 1.83 2.16+0.18 | 0.70+0.33 | 6.30+£5.57 | 8.75+454 | 0.20+0.12 | 1.85+1.38
CHOP 34 1.22 2.21+0.09 | 0.39+0.03 - - 0.00 0.38 £ 0.69
CHOS 176 6.31 1.87+0.11 | 0.65+0.11 - 5.68+2.34 0.00 1.90+1.10
CHS 5 0.18 1.38 £0.02 0.00 - 0.00 0.00 6.70 + 0.45
CH 3 0.11 1.59+£0.10 0.00 - - 0.00 2.50+0.00
All 2788 100.0 2.06 +£0.42 0.23+£0.2 121+203 | 356+340 | 0.20+0.14 | 1.82+2.38

Table 1. Total unique formulas and atomic content of all species positively identified from all
samples (n = 32).

However, there are various other potential explanations for what drives ON’s

disproportionately large influence on DOM chemical character. Such explanations could be that

ON emissions are large relative to other organic emissions (i.e. N containing species are high

input into this system, likely biomass burning related), ON emissions have more variety relative

to other organic emissions (i.e. emissions of N containing species are diverse), that N containing

species have higher water solubility than other organics (i.e. rainwater scours ON preferentially

to other organics), or that atmospheric nitrogen chemistry—particularly that involving NOx and

NHs—adds diversity to DOM (i.e. species have many pathways to chemically incorporate

nitrogen into their structure once in atmosphere). The findings here concerning the water soluble

organic nitrogen (WSON) fraction are generally consistent with other studies that demonstrate
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the important role of ON as a ubiquitous and significant component of both rainwater and
aerosol chemistry.*>"® These findings may also suggest that other studies that miss this high N
content may inaccurately infer certain properties about rainwater DOM, namely underestimating
its potential bioavailability. Many studies have demonstrated the high bioavailability of rainwater
DOM relative to other matrices, such as streams, rivers, and estuaries, and those that use
molecular indicators for bioavailability, e.g. N:C ratio, very well may be underestimates.’
Furthermore, the findings here may begin to explain the drivers of rainwater DOM’s high
bioavailability molecularly. Many general explanations are often attributed to inputs of labile
DOM, namely fresh terrestrial plants,”®8 marine phytoplankton,! and combustion sources,? but
few consider photochemical transformations of organic compounds in atmosphere, particularly
those involving atmospheric NOx and NHs.

The relative abundances of each class of fomulas are not static over time. Figure 2
illustrates this by graphing the percent abundance of each formula class for each sample. The
proportions of each class remain relatively stable over the whole sample set with no immediately
recognizable trends. The largest variations are associated with the CHON and CHONP classes
which can deviate as much as 20% with notable variations in CHO, CHN, and CHONS which
can deviate as much as 8%, 9%, and 12% respectively. CHS only appears in samples n23
through n26, reaching only as high as 1.2% abundance. Backtrajectories for n23 though n26 do
not show any marine influence nor any strong similarity in backtrajectory. Inorganic data
indicates n23 and n24 have the same primary factor influence however no inorganic ion data is
available for n25 and 26. In the organic PCA, these four samples are clustered in Q1 with the
most positive PC 1 and PC 2 values. Within the groupings of anthropogenic activity (shown in

the supplemental material Figure A2), no strong trends or deviations are observed between
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groups. The largest deviation is associated with CHON with a maximum difference of 4.6% with
the next highest of 2.6% for CHN. Simplifying down to only observing the percent of formulas
containing N, containing S, or containing P does not indicate any apparent trends or differences
between groupings. For all formulas, 86.0% contain N, 29.3% contain S, and 31.2% contain P
with standard deviations among all samples of 2.5%, 3.3%, and 4.4% respectively. The
maximum deviations for these metrics are 11.2%, 13.0%, and 20.6%. This shows that the largest
variations are among P containing species, mostly driven by deviations in CHONP. Since CHON
is the formula class with the largest maximum deviation while N containing species hold the
lowest deviations overall, this indicates that changes in CHON abundance are compensated by
changes in other N containing species. Simple Pearson correlations between percent containing
N, containing S, and containing P show a slight negative correlation between %N containing and
%S containing of r =-0.24 (p = 0.19) and a positive correlation between %S containing and %P
containing of r = 0.33 (p = 0.07), with no significant correlation between %N containing and %P
containing (r = 0.04, p = 0.84). This could suggest that N containing species and S containing
species may have stronger differences in emission origins while S containing species and P
containing species may be more related in origin. It could also imply that chemical exchange in
the atmosphere is competative among N containing species and S containing species. Concerning
the anthropogenic activity groupings, the maximum deviations between the groupings are 0.9%
for N containing, 2.0% for S containing, and 2.8% for P containing. With each of these being
below the standard deviations, it appears there is no significant difference between the
Reference, Reduced activity, and Post-baseline groups in regards to percent containing N,

containing S, or containing P species.
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Figure 2. Percent abundance of formula class detected in each sample in order of collection.

Highlighted in the VVan Krevelen diagram in Figure 3, the majority of identified

compounds are in the O:C ratio range of 0 to 0.4, particularly among CHON, CHONP, CHO

species. Sulfur containing species, such as CHONS, CHONPS, CHOPS, and CHQOS inhabit a

wider range of O:C ratios and are the primary species in higher oxidation ranges, likely related to

the oxygen dense organsulfate functional group. Conversely, the H:C ratio range of the CHO

species is much wider than the other organic species, sitting between 0.5 and 2.5. Of the N

containing species, CHN and CHS species have the lowest H:C ratio (1.71 £ 0.52 and 1.72 +

0.51 respectively) while out of all oxygen containing classes CHON, CHONP, and CHONS have
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the lowest O:C ratios (Table 1). While CHONP is localized rather tightly in the 2 to 2.5 range of
H:C ratios with an average of 2.42 £ 0.14 (Table 1), indicating mostly phospholipids, CHON
compounds range between 1.3 and 2.4 with an average of 2.00 + 0.28 strongly indicating a
variety of BVOCs, amino acids, and peptides. Amino acids are a commonly measured
component of WSON as they are highly reactive, easily oxidized in the atmosphere, and can
have a catalytic role in condensation reactions.®® Indeed, the presence of valine, glycine,
glutamine, glutamate, phenylalanine, and proline were directly confirmed with fragment ion
spectral matching, along with serine, leucine, glycine, glutamine, glutamate, and phenylalanine
derivatives. While the direct contribution of amino acids typically range from only 2-25% of
total WSON, 2485 their true contribution to total WSON is likely higher as the presence of certain
amino acid derivatives are already confirmed, CHON class compounds are the dominate fraction
of WSON, and there are regular patterns in CHON mass difference (seen in the Kendrick
analysis in Figure 8) indicating the presence of reaction product oligomers. This is congruent
with other studies that suggest amino acids contribute more to total WSON than just the free

amino acid content.*8

21



2.5 [ i . .

LR
-

"l Ere e

(&)
T
_-ame 8

* CHN
CHNS
CHO
CHON
CHONP
CHONS

. *  CHONSP

CHOP 7

CHOS

CHS

Other

0 | | | | 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

O/C Ratio

H/C Ratio

Figure 3. Van Krevelen Diagram of all unique organic species positively identified from all
samples. (n = 32).

The presence of aliphatic S containing species, that is CHOS and CHONS with O:C
ratios between 0.3 and 1.2 and H:C ratios between 1.3 and 2.0, are indicative of oxidized
anthropogenic urban/vehicular emissions.** However, other species also indicative of oxidized
anthropogenic urban/vehicular emissions such as CHO and CHON formulas with O:C ratios
between 0.35 and 0.85 are not present. This could indicate that either these species are not
present in the airshed or that more oxidized CHO and CHON compounds have reduced solubility
in water, thus not appearing in the WSOC fraction. That however is contrary to other work that
has shown that secondary formation via aqueous reactions in the anthropogenic environment
with higher NOx concentrations produce water soluble carbonyls with high O:C ratios.®® It is
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more likely that these oxidized species are simply not ionized in positive mode ESI, and
therefore not detected.

None of the S containing free amino acids methionine, cysteine, homocysteine, or taurine
were detected in these samples. However, CHONS compounds dominate the S containing
compound classes (which are 29.3% of all formulas), representing 60% of all S containing
formulas. This lends itself to the strong possibility that S containing amino acids derivatives are
still strong contributors to the organic S content. Free methionine has been detected in marine
rainwater studies and likely undergoes secondary reactions to alter the C, O, and N content of the
molecule.®® These reactions retain the thioether bond leading to a variety of CHONS compounds
analogous to other known amino acid reactions. The failure to detect S containing free amino
acids here doesn’t necessarily indicate that S containing amino acids do not contribute to the
organic S content, but that they may only contribute through peptides or secondary products of
the free amino acids. The CHOS and CHONSP classes have the highest O:C ratio of all
compound classes (0.65 = 0.11 and 0.70 £ 0.33 respectively) while all P containing classes have
O:C ratios higher than the total average O:C ratio. These higher O:C ratios indicate it’s more
likely that the majority of CHOS and P containing species are derived from secondary reactions
involving inorganic S and P rather than from primary emission of organic S and organic P.%’

On the whole, with an average H:C ratio of 2.06 = 0.42 and O:C ratio of 0.23 £ 0.20, this
study shows DOM that is more hydrogenated, less oxidized than bulk aerosol OM studies* and
marine related rainwater DON studies also using positive mode ESI.** Comparing atomic ratio
per sample, shown in Figure 4, indicates that both Reference and Post-baseline samples occupy a
narrow range of H:C and O:C ratios, while Reduced activity sample have a much broader range

of H:C and O:C ratios. This could indicate a strong reduction in the primary species that weight
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the ratios in the Reference and Post-baseline groups. Alternately grouping the samples by season
(in Figure 5), it can be seen that the dry season samples occupy slightly higher O:C ratios than
the wet season samples, likely indicating the presence of more oxidized species in the dry
season. This is congruent with higher proportions of biomass burning related compounds, which
tend to be highly oxidized. Average atomic ratios for other heteroatoms do not show similar

relationships for these same groupings (presented in Figures A4-AG).
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Figure 4. Van Krevelen Diagram of each sample’s average atomic ratio labeled by activity
group. (n = 32).
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Figure 5. Van Krevelen Diagram of each sample’s average atomic ratio labeled by season. (n =
32).

3.2 Organic PCA

PCA was utilized to describe the differences in the overall chemical character of the
organic species present between samples. In the initial PCA, PC1 and PC2 described 19.6% and
11.8% of the variance, respectively. The PCA shown in Figure 6 manages to roughly distinguish
samples from different levels of anthropogenic activity, placing six out of the seven Reference
period samples in quadrant four (Q4), generally locating Reduced period samples around zero in
PC 2 in a wide range of PC 1 values, and clustering Post-baseline samples with positive PC 2
values and PC 1 values near the Q1 and Q2 boundary, leaning towards Q1. This grouping
contrasts samples at different levels of anthropogenic activity to demonstrate a change in DOM
chemical character as a response to pandemic related trends in anthropogenic activity. Looking at
the samples ordinally, the Reference period samples tend to be more negative in PC 2 and

positive in PC 1 moving from Q4 to Q3 and Q2 as their PC 1 values decrease and their PC 2
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values increase. These samples, n20 to n29, cover February to May 2020. However, the samples
in the Reduced period with PC 2 values closest to zero also have a wider range of PC 1 values

than samples with more extreme PC 2 scores. These samples encompass the range of n30 to n41,
collected between June to November 2020. The Post-baseline samples tend to be the highest PC

2 valued samples with generally positive PC 1 scores. These samples, n42 to n51, go from

December 2020 to June 2021.
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Figure 6. Organic Character PCA plot of all samples, labeled by activity deviation group.
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Figure 7. Organic Character PCA plot of all samples, labeled by if the sample was collected in
either the wet season (orange) or the dry season (blue).

Comparing the activity deviation grouping in Figure 6 to Figure 7, grouped by wet or dry
season, it can be seen that the two seasons cannot be significantly distinguished from each other,
indicating that Figure 6’s clustering is likely not seasonally derived or at least not primarily, as
the inorganic ion PCAs could be. Performing this same analysis for air mass back trajectory
using HYSPLIT (Figure A3), provides a similar result with no particular relationship arising
from spatial distribution. As long range backtrajectory is not a primary driver of clustering, this
suggests that long range transport is not a large influence relative to local emissions, as also
suggested by other studies in this region.552® Isotopic studies also illustrate that local emissions
tend to be influential in determining rainwater DOC, with residence time on the order of days.®

In order to probe what species drive the differences in chemical character, identifying the

species that weigh in the PCA loadings plot is a viable option. However, a statistically more

27



rigorous method is found in volcano plotting, discussed further on. Alternately, looking at how
specific classes or related compounds are represented in the PCA loadings plot may reveal their
relevance to overall organic character. The Kendrick analysis in Figure 8 identifies a series of
related oligomers which when highlighted in the PCA loadings plot in Figure 7, all weight
positively in PC 1 and evenly balanced in PC 2. This indicates that samples placed in Q1 or Q4
of the organic character PCA likely contain some or all of these oligomers. These samples,
largely the Reference group and samples nearing the December Post-baseline crossing, could
represent a higher level of nitrogen input, likely related to agricultural or anthropogenic sources.
The oligomers of interest were all assigned a CHON formula with a mass tolerance < 1ppm,
which supports the notion that these are related SOA compounds. It is known that heterogeneous
multiphase chemical transformations are a pathway for anthropogenic related alkaloids to
undergo oligomerization and incorporation into the WSOC fraction of SOA.5868%-1 However,
further study and structural analysis is needed to make more definitive assertions towards the

origins and possible secondary processing of these specific oligomers.
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Figure 9. Kendrick mass defect plot all organic species positively identified. Highlighted in red
are related oligomers also highlighted in the previous PCA loadings plot in Figure 7.
3.3 Volcano Plot
Volcano plots were used to identify statistically relevant changes in the rainwater DOM
dataset between different groupings of samples. The first pairing in Figure 10, contrasting
Reference and Reduced activity samples, found 57 up-regulated compounds (i.e. significant to
Reference period samples) and 127 down-regulated compounds (i.e. significant to Reduced

activity samples), presented in full in Tables Al and A2. The up-regulated species are
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compounds such as choline, linoleamide, chloropicrin, and what appear to be mostly CHON and
CHONP compounds whose structures could not be resolved. Many of these compounds appear
to be biosynthetic related,’>% however many can be agriculture or industrially related,
particularly noted by the presence of chlorinated species confirmed with fragment ion analysis.
The down-regulated compounds appear to be a variety of molecules, particularly BVOCs, some
of which contain aromatic rings, others are amino acids such as phenylalanine, serine, norvaline,
or amino acid derived like tyramine or biosynthetic such as the carnitine derivatives and many
that cannot be structurally resolved. Altogether they do not point to a specific emissions
relationship, though individually they are likely biosynthetic or biomass burning related. The
significance of direct amino acid contribution to the Reduced period samples may be a strong
indicator of the increased proportion of primary species in these samples. This suggests that
either these samples were influenced more directly by primary emissions or overall atmospheric
secondary processing decreased with decreasing anthropogenic activity. Other research has
begun to demonstrate that the atmospheric oxidation capacity and the formation potential of
SOA increases with increasing air pollution,®*% however both the Rio de Janeiro and Sdo Paulo
regions both saw an increase in ozone concentration of nearly 30% during the Reduced period
due to NOx reduction in VOC controlled ozone conditions.5% Typically an increase in ozone
would also suggest an increase in secondary processing of VOCs due to its strong oxidative
potential, however that would neglect the changes in the overall oxidation capacity of the
airshed, which these results would suggest decreased during the Reduced period.

Combustion related emissions, likely biomass burning are likely the sources for the
aromatic and condensed species identified here such as thioquinox, phenethylamine, and

pyridoxal. Although traditionally defined to be water insoluble, it has been shown that many
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combustion derived aromatic and condensed compounds that fit the definition of black carbon
(BC) do appear in the WSOM fraction of atmospheric organics** and aquatic DOM.®" Indeed,
BC is recognized to exist on a spectrum of solubility and recent studies have demonstrated that
the oxidation of BC can increase its solubility,?®*° supporting the idea that secondary processing
may enhance the incorporation of combustion products into the WSOC fraction of OA. These
aromatic and condensed aromatic compounds have higher potential for absorbing light than more

saturated molecules,” highlighting their importance in climate systems.

-log,o(P-value)

Log(Fold Change)

Figure 10. Volcano plot of Reference group samples against Reduced activity group samples.
Up-regulated compounds are located in the red region (Reference group significant compounds)
while down-regulated compounds are located in the green region (Reduced group significant
compounds).
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The second pairing in Figure 11 contrasts Reference and Post-baseline activity samples.
This analysis found 221 down-regulated compounds (i.e. significant to Post-baseline period
samples) and 86 up-regulated compounds (i.e. significant to Reference period samples),
presented in full in Tables A3 and A4. The up-regulated compounds are largely the same or
similar to the up-regulated compounds in the prior volcano analysis contrasting the Reference
and Reduced groups, with 45 out of the 57 compounds in the previously up-regulated—
Reference significant compounds—being up-regulated compounds here. However, the additional
up-regulated compounds here are more biosynthetic related and amino acid related such as
leucine and carnitine. The down-regulated compounds here have a few overlapping species with
the prior down-regulated compounds, namely thioquinox and phenethylamine, which are the
aromatic containing species previously discussed to be more biomass burning related. This
indicates that the Reduced and Post-baseline groups are likely similar in biomass burning
influence, which is corroborated by their similarity in season. The Reference and Post-baseline
groups differ most in season and not in their activity. To that effect, the most notable down-
regulated compounds are carbamates, palmitates, and some glycerol and sorbitol related
compounds. Carbamates are notably involved in photosynthetic CO2 capture® while palmitates
are natural biosynthetic products of a wide variety of tropical plants, particularly the
Pandanaceae family and many domesticated crops such as Vitis vinifera (the common grape),
Aloe vera, and, most importantly, palm 0il.1°%1% The glycerol and sorbitol species are also likely
photosynthetically related, being rather notable biomolecules. These particular compounds may
be seasonal indicators of photosynthetic activity in this region and may prove useful as BVOC

indicators in future work.
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Figure 11. Volcano plot of Reference group samples against Post-baseline group samples. Up-
regulated compounds are located in the red region (Reference group significant compounds)
while down-regulated compounds are located in the green region (Post-baseline group significant

compounds).

The last volcano plot analysis pairing contrasts Post-baseline and Reduced activity
samples in Figure 12. This analysis found 24 down-regulated compounds (i.e. significant to
Reduced period samples) and 135 up-regulated compounds (i.e. significant to Post-baseline
period samples), presented in full in Tables A5 and A6. The up-regulated compounds have many
overlapping species with the down-regulated compounds in the previous volcano analysis
contrasting the Reference and Post-baseline samples, particularly the palmitates, sorbitol, and
glycerol species. The carbamates notably are mostly missing, indicating that many of them likely
appear both in the Reduced and Post-baseline samples. This may suggest the palmitates, sorbitol,

and glycerol species may be more prevalent or only present during a specific seasonal transition
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or timeframe that is not covered in the Reduced group while the carbamates are more ubiquitous.
Most of the down-regulated species are strikingly simple biomolecules and amino acids, namely
norleucine, leucine, I-threo-3-Phenylserine, norvaline, and carnitine derivatives. This again
suggests that there is an increase in the proportion of primary species in the Reduced samples,
likely indicating that overall atmospheric secondary processing for these primary species
decreased with decreasing anthropogenic activity. It also indicates conversely that as
anthropogenic activity came closer to returning to baseline, the proportion of these primary
species decreased and their secondary processing increased. In this analysis, there is a higher
variety and number of up-regulated compounds. This larger diversity could indicate a larger
variety of emission sources, a higher input of specific sources that have a higher chemical
diversity, or the enhancement of secondary processes, which often promotes chemical
diversity.* However, basing this assertion solely on the number and variety of up or down-
regulated species identified is a rather specious claim when considering the statistical basis of
volcano plot analysis.

Volcano plots are traditionally used in proteomic, genomic, and metabolomics studies
and this is one of its first applications in environmental systems. VVolcano plotting selects
significant and relevant compounds based on their p-value and fold change, and adjusting the
tolerance for each of those parameters will drastically alter the number of selected compounds
and not proportionally. This means that the number and variety of selected compounds may have
more to do with the parameters of the analysis and less with true variety of species in the sample
groups. For instance, raising the p-value threshold from 0.05 to 0.04 in the first volcano plot
analysis in Figure 10 would eliminate 11% of the significant up-regulated compounds while only

eliminating 4% of the significant down-regulated compounds. Adjusting further to 0.01 would
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eliminate 60% and 51% of selected significant up and down-regulated compounds respectively.
Indeed, even with consistent parameters volcano plots have come under scrutiny for a high type |
error rate, leading to an inflation of false discoveries.'®® While remedies for these issues have
begun to be applied and the technique itself is a strong statistical tool, it is important to
remember that features identified through this analysis are not conclusive nor comprehensive but
merely statistically strong indicators of relevant components. Further study and considerations

are required to sufficiently begin adopting volcano plotting techniques for use outside of their

traditional fields.
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Figure 12. Volcano plot of Post-baseline group samples against Reduced activity group samples.
Up-regulated compounds are located in the red region (Post-baseline group significant

compounds) while down-regulated compounds are located in the green region (Reduced group
significant compounds).
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3.4 Inorganic lon PCA

PCA was also utilized to describe the differences in the inorganic species present
between samples. In the unaltered PCA, PC 1 represents 51.7% of the variance in the sample set,
indicating it can explain about half of the variance in the ion concentrations, while PC 2 and 3
only explain 19.1% and 12.2% respectively. The PCA as presented in Figure 13 strongly
identifies three outlier samples, n3, n11, n12 in the ion PCA that lie outside the main cluster
around the origin, each with at least one PCA score that is greater than three standard deviations
from the mean. These outlying samples score positive along PC 1, indicating that they are
influenced by species that weight positively in the component factors for PC 1, such as Ca?* and
Mg?* as seen in the component factor loadings in Figure 15. The component loadings show that
PC 1 weights reactive nitrogen species positively as well as PO+ and DOC, suggesting high PC
1 scores indicate those samples are likely agriculturally influenced. For organic acids, PC 1
favors acetate, glycolate, and oxalate over formate, possibly indicating that higher scored PC 1

samples may represent less oxidative processing.
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N12 scores very high in PC 1 and negatively in both PC 2 and PC 3, quite possibly due to
its high concentration of NO3™ and organic acids, specifically glycolate, formate, and oxalate. n11
scores high in all three PCs, likely due to its high NH4*, Ca?*, acetate, formate, and SO4>". n3
however scores only barely higher in PC 1 than the main cluster of samples, while it has the
highest PC 2 score and lowest PC 3 score. This could be attributed to its high concentrations of
Na*, K*, Ca% and Mg?*. PC 2 weights NO3 and Na*" most positively with K* and Ca?* weighted
most negatively. PC 2 also favors formate over acetate and oxalate, suggesting that higher PC 2
scores indicate more oxidative processing but less biomass burning influence. PC 3 weights

NH.", acetate, formate, and CI- most positively while weighting strongly against DOC.
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Figure 15. Component Factor loadings for major ions and DOC (n = 25)
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Adjusting the PCA by removing the strongly outlying samples shows a more balanced
PCA than the unaltered PCA, displayed in Figure 16 compared to Figures 13 and 15. However,
this trimmed PCA does not strictly cluster samples into discrete groups that can easily be
distinguished. Since n3, n11, n12 are thought to be heavily influenced by biomass burning or
agriculturally related soil resuspension, removing these samples from the PCA leaves samples
that are either more subtly related to these emission sources or related to vehicles, industry,
biogenic emissions. The component loadings as shown in Figure 17 indicate how each species is
weighted in the PCA. Both PC 1 and 2 weight reactive nitrogen species positively, suggesting
samples in quadrant 1 (Q1) have agricultural influence. PC 1 and 2 both weight Na* and Ca?*
negatively but differ on K* and Mg?*, with PC 1 weighting them positively and PC 2 weighting
them negatively. This might place samples with biomass burning influence in quadrant 1V (Q4).
PC 2 weights SO4% very positively while PC 1 weights DOC very positively. As for organic
acids, glycolate weights positively and oxalate weight negatively in both PC 1 and 2, while

acetate weights negatively in PC 2 and formate weights positively in PC 1.
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Figure 17. Component Factor loadings for major ions and DOC (n = 22) with outliers removed

41



Alternatively labelling the PC plot with information from other analysis reveals how
effectively the ion PCA differentiates or clusters the samples presented. In Figure 16, the
Reference period samples cluster tightly on the PC 2 axis but have more variance within PC 1.
This suggests that the Reference period samples are rather similar in regards to PC 2. Figure
18(a) shows that dry season samples tend to cluster near the top of the PCA plot with similar PC
2 scores but may vary more along PC 1. This might suggest that the differences of the Reference
samples relative to the Reduced group may be due in part to the season the samples were
collected. More ion data is required to better understand the extent of this influence.

Figure 18(c) indicates how the organic character PCA and ion PCA compare in their
clustering. Samples with organic PCA scores in Q4 show clustering in quadrant 11 (Q2) of the
ion PCA. These samples comprise the Reference group, indicating that the Reference samples
are distinct from Reduced activity samples in both ion composition and organic matter character.
Because other organic character PCA groups don’t show as strong clustering as the Q4 group in
Figure 18(c), this could suggest that organic matter character and ion composition for these
samples may not be as strongly related to each other in Reduced activity samples. Conversely,
this suggests that organic matter character and ion composition are related in Reference group

samples, indicating strong similarity in either emission source or secondary production.
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Figure 18. Inorganic lon PCA plots of PCA 1 (45.2%) against PCA 2 (16.7%) with outliers
removed (n = 22) labeled by groupings of (a) season, (b) HYSPLIT backtrajectory, (c) quadrant
the sample is located in the organic PCA plot, (d) primary PMF factor contributor from the
combined five factor PMF model. Factor 2 was not the primary factor contributor for any sample
in this figure, but was the primary factor contributor for n11 and n12 which were removed in the
base PCA.
3.5 Combined PCA

Incorporating organic character parameters into the PCA model further expounds on the
characteristics of the arising clusters. Figure 19 shows the PCA clustering plot arising from the
union of inorganic ion and DOM characteristic data. This plot clusters Reference sample very
tightly on PC 2 with wider variation in PC 1. These Reference period samples all present positive
PC 2 values with mostly negative PC 1 values, thus located in Q2. The Reduced activity samples

then inhabit a wide range of various regions of the PCA, with the samples closest to the return to

Post-baseline date appearing close to the Reference cluster in Q2. Looking at the drivers of
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clustering, exhibited in the PCA loadings plot in Figure 20, parameters located closely to one
another are generally believed to be related parameters in terms of emission source. Mg?* and
K™ are very close to DBE in Q1, indicating that these species are most likely related through
biomass burning. O:C and O:N are both collocated at the top of the plot, indicated that more
oxidized species appear close to the top of the PCA plots via strong PC 1 values. Since most
Reduced samples in Figure 19 fall below zero in PC 1, this may indicate that the Reduced
samples are mostly less oxidized than the Reference period samples as well as indicate that the
Reduced samples located far in Q1 are biomass burning related. The location of Na* closer to the
top of the loadings plot suggest that the presence of Na* in this system is related to biomass
burning rather than marine influence, as seen in other studies that correlate its presence to marine
influence with CI". All the quantitated organic acids and reactive nitrogen species, along with F-
and CI" as well as DOC and DON, appear rather closely in Q4. This may suggest that these
parameters are related through anthropogenic activity. Because the organic acid constituents are
considered part of the DOC fraction, it is not surprising that they are closely weighted in the
PCA. Their relation to NOs and DON are more revealing in that it suggests that reactive
nitrogen, organic nitrogen, and organic acids are moderately linked in emission source. Indeed,
recent studies have also highlighted organic acids as notable anthropogenic emissions
contributors.®® Both H:C and N:C appear in Q3, suggesting that less oxidized species and more
nitrogenated species are placed towards the bottom of the PCA. These atomic ratios though, as
previously discussed, are rather stable in all samples and they can simply be considered as
balancing parameters in the PCA. Balancing these ratios, the distribution of parameters in the
RHS cluster is more relevant to understanding the drivers of the PCA clustering. Following that

reactive nitrogen species and DON are centrally located, compounds that incorporate
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atmospheric NOx would be located towards the center left of the PCA. These drivers indicate that
the Reference period samples all have similar levels of oxidation and are likely influenced by
chemical exchange with atmospheric reactive nitrogen, which is not present in most Reduced
activity samples. The decrease in anthropogenic emissions, particularly vehicle-related NOy, is
the most probable driver in the reduction of these NOx influenced characteristics. Conversely, the
NOy influenced characteristics in the Reference period samples are indicative of the larger

influence of vehicle-related NOx and other anthropogenic emissions during this period.
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Figure 19. Combined Inorganic and Organic PCA plot of PCA 1 (36.5%) against PCA 2 (14.6%)
with outliers removed (n = 22)

Performing a simple Pearson correlation calculation of all parameters also indicates

(shown in Table A7) that parameters like NOs", K*, F*, CI, POs*, and the organic acids are
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positively correlated to DBE in the DOM fraction and to each other rather strongly. Inversely,
H:C is negatively correlated to all these parameters and to DBE. The strongest correlation that
O:C has with any other parameter are with the other oxygen ratios, O:N and O:S. It appears that
O:C ratio does not have simple direct relationships with other parameters. It does however
negatively correlate with NOs', K*, F7, CI', POs*, and the organic acids slightly. lons such as
Na*, Ca?*, Mg?*, and K* are strongly correlated to each other, likely indicating these parameters
are related through mechanical suspension of soils. SO4% strongly correlates with NH4* and NOs™
as well as the organic acids. It also slightly correlates to DBE, suggesting that it is not marine

related but more likely a combustion product.
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Figure 20. Combined Inorganic and Organic PCA loadings plot of PCA 1 (36.5%) against PCA 2
(14.6%) with outliers removed (n = 22)
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3.6 Positive Matrix Factorization

As previously discussed, because the distance from the observation site to the South
Atlantic Ocean is about 338 kilometers, its position geographically puts Ribeirdo Preto virtually
free from influence by the Atlantic. Confirming this, all previous analysis in this study have
pointed to typical marine indicators like CI, SO4%, and Na* as being combustion or soil
suspension in origin. Thus, marine emissions are eliminated as a potential source of emissions.

Since most of the energy produced in Brazil is from hydroelectric power; coal,
petroleum, and natural gas burning power plants can also be ruled out as a significant source of
emissions. This leaves agriculture, soil resuspension, vehicles, industry, biogenic emissions, and
biomass burning as the remaining major potential sources of emissions for Ribeir&o Preto.

The factor profiles for all inorganic species and quantitated organic acids are presented in
Figure 21 and in Figure 22 where outliers are removed. Concerning the base PMF factor profiles
for all samples with inorganic ion data available, most species are associated with either three or
four factors, with only PO4% and C204% associated with two factors. NO2", Ca?*, and CI are the
only species associated with all five factors. Based on the prominence of Na*, Ca®*, Mg?*,
formate and SO.?" in the factor 5 profile, the factor can be assigned as some combination of soil
resuspension and industrial activity. Factor 5 also shows a K*/Ca?* ratio of 0.524, which is most
similar ratio to the one found by Coelho et. al. 2011 (0.0126) for resuspended soil dust.®® The
K*/Ca?* ratios for factors 1, 2, 3, and 4 are 0.686, 1.009, 6.890, 0.603 respectively, suggesting
either factor 2 or 3 could be influenced by agricultural activity or sugar cane smoke based on
their elevated K*/Ca?" ratio, similar to the relationship found by Coelho et. al. 2011 (1.19). The
prominence of both NH4* and PO4* lends credence to assigning factor 4 as agricultural

emissions, while the dominance of both NH4" and NO3z in factor 1 suggest more vehicle
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emission influence. Indeed, factor 1 has the lowest HCOO/H3CCOQO" ratio with 0.515,
supporting the notion it may represent direct vehicle emissions or anthropogenic nitrogen inputs.
Biomass burning, biogenic emissions and direct vehicular emissions tend to favor emission of
acetic acid relative to formic acid.** With HCOO/H3sCCOO" ratios being 0.515, 0.881, 1.185,
undefined, and 0.000 for factors 1, 2, 3, 4, and 5 respectively, it is plausible that factors 1, 2, or 5
are related to biomass burning, biogenic emissions or direct vehicular emissions. Other studies
have demonstrated that direct traffic formate:acetate ratios tend to be closer to 0.25 and increases
in that ratio may be related to photochemical production of formate by H,CO oxidation.!® This
would indicate the factors here, even if they do represent vehicle emissions, are likely more
oxidized than direct traffic emissions. Following that, factor 3 is likely to be biomass burning
based on the dominance of NO2 and the HCOO/H3sCCOO" ratio favoring acetate, however PO4>
is not a contributor to this factor profile which is typically associated with agricultural emissions.
Overall, assigning emission sources for each factor in the base inorganic ion and organic
acid PMF model is inconclusive. However, it does suggest that factor 5 may represent
resuspended soil influence, factor 3 or 4 may be agriculturally influenced, factor 2 could be

biomass burning, and factor 1 may be oxidized vehicle or urban emissions.
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Figure 21. Factor Profiles of All lon Species
Factor Profiles (percent of species sum) from Base Run #13 in the five factor PMF model

of ion concentrations. (n = 24)

Simplifying by removing outliers in the base PMF model, specifically n4, n11, n12, and
n13, may help reduce the uncertainty in assigning emission sources to the factor profiles. The
nll, n12, and n13 outlier samples are believed to be biomass burning or agriculturally related
due to their elevated DOC, formate, and K* concentrations while n4 may be more related to soil
resuspension due to its high Ca?*, CI- and Na* concentrations in addition to its high K*
concentration. Removing these samples may help discern the other emissions source assignments
drowned out by their strong signal in the model.

For the factor profiles present in Figure 22 representing the PMF model with outliers
removed, most species did not decrease the number of associated factors compared to the base
model. Instead, most species are associated with four factors with only NH4*, NO2", and HCOO"
being associated with three factors. PO4* is still only associated with two factors, factors 2 and 4.
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Factor 1 can be likely thought of as soil resuspension due to its Na*, Ca?*, Mg?*, and SO4*
prevalence. This factor has only formate present and not acetate in its profile and its K*/Ca?*
ratio is the lowest of any of the K* containing factors. Factor 2 is likely agriculturally related due
to the prevalence of nitrogen species, K*, POs*, and DOC. Factor 2 also has a formate:acetate
ratio of 0.000 and a K*/Ca?* of 6.170, indicating it favors acetate and has the highest K*/Ca?* of
all factors. Factor 3 and 4 are difficult to constrain. Both F~ and CI" are prominent in their profiles
along with notable portions of the organic acids. Both have low formate:acetate ratios however
factor 3 has a K*/Ca?" ratio of 0.0817 while factor 4 is 0.000. This may suggest they are related
to industrial or anthropogenic activity, but their assignments are generally inconclusive. Factor 5
is likely same vehicle or urban emission signature as factor 1 in the base PMF model, as can be

seen by the proportions of the nitrogen species and organic acids.
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Figure 22. Factor Profiles of All lon Species excluding Outliers
Factor Profiles (percent of species sum) from Base Run #3 in the five factor PMF model

of ion concentrations, excluding outlier samples. (n = 20)
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3.7 Combined PMF
Bringing DOM characteristics into the model may elaborate on the potential DOM
characteristics associated with the factor profiles. The combined PMF factor profiles presented in
Figure 23 are mostly similar to the base model PMF concerning only the inorganic ion species
and organic acids. Factor 1 is most similar to factor 5 in the base model while factor 2 is to factor
4 in the base model, factor 3 is to factor 2 in the base model, factor 4 is to factor 1 in the base
model, and factor 5 is to factor 3 in the base model. Their factor profile analysis earlier in the

base model discussion is applicable here.

The organic parameters have little variation to them. Relative to the standard deviations
of the inorganic species, the organic parameters have much larger deviations and are not the
drivers of the model. For instance, the maximum relative standard deviation for any inorganic
species is 5%, while the average relative standard deviation for the organic parameters is over
100% simply due to the wide diversity of organic species in the DOM fraction. The nature of
these organic parameters are simply not highly compatible with the way PMF models function.
To then try to infer emissions properties from their representation in any factor profile would
lead to invalid assertions. For example, factor 2 is not represented in any organic parameter,
which would imply that factor 2’s corresponding emission signature lacks DOM, which can
casily be dismissed by observing that DOC is present in factor 2’s profile. However, information
that can still be gleaned from this combined PMF model is that atomic ratios and DBE alone are
not enough to profile emission signatures. The model also implies that factor 4 may contain the
most oxidized and aromatic DOM constituents, as its profile has the largest representation in the
oxygen ratios and Al. This would corroborate the idea that factor 4 represents combustion

products from vehicle and urban emissions, but would also imply that factor 1 (possibly
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representing resuspended soils) is more oxidized and aromatic than factor 5 and factor 3

(possibly representing agricultural influence and biomass burning respectively).
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Figure 23. Combined PMF Factor Profiles of all parameters.
Factor Profiles (percent of species sum) from Base Run #14 in the five factor PMF model
of inorganic, organic acid concentrations, and DOM characteristics. (n = 24)
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CHAPTER IV. CONCLUSIONS AND IMPLICATIONS

Demonstrating the use of electrospray ionization ultrahigh-resolution Orbitrap mass
spectrometry (ESI-UHRMS) for atmospheric organic characterization, the molecular
characterization of DOM in continental Brazilian rainwater provides insight into the variability
of atmospheric WSOC and WSON. Rainwater DOM shows significant variety in its chemical
composition which can inform source apportionment and displays its dynamic role in many
environmental processes. This form of analysis presents a high throughput method that supports
the study of biologically relevant organics in the atmosphere which are meaningful to public
health and ecosystems.

WSON represents a significant part of overall chemical character in the analyzed
continental rainwater DOM, suggesting that true rainwater DOM character content is strongly
influenced if not dominated by DON. Nitrogen containing species represent 86.0% of the organic
compounds identified, many of these likely peptides or amino acid derivatives. While direct
contribution of amino acids typically ranges from only 2-25% of total WSON, 8+ their true
contribution to total WSON is likely higher. Further exploration focusing on their secondary
contributors could very well elucidate and constraint the upper bound of their contribution. Other
studies that miss this large contribution of WSON may vastly underestimate the bioavailability
of rainwater DOM.

The general proportions of classes of molecules as well as the proportions of them that
contain specific heteroatoms remain relatively stable over the many samples presented. The
average atomic ratios may differ sample to sample, indicating changes in the variety and atomic

ratios of compounds within specific classes, but the proportions of the classes remain relatively
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stable. Averaging along the different groupings of samples yields no significant differences
between these class proportions.

This continental rainwater OM shows distinct evidence indicative of secondary
processing and oxidized anthropogenic urban/vehicular emissions, however missing some key
components shown in other studies such as CHO and CHON formulas with O:C ratios between
0.35 and 0.85.* Kendrick analysis identifies a series of related CHON oligomers, which are
known markers of oxidized anthropogenic emissions. These oligomers play a strong role in
distinguishing organic character in clustering analysis. The samples distinguished by these
oligomers are largely prepandemic and samples collected towards the beginning of 2021,
concerning the Reference and Post-baseline groups, thus markedly absent from samples collected
in the months following the height of social isolation measures, April to November 2020. This
change in the presence of these oligomers is likely in response to a strong reduction in ambient
NOx concentrations, which is corroborated in concurrent air quality monitoring studies.®* The
incorporation of this reactive nitrogen into DOM alters its properties and is a potential
explanation for rainwater DOM’s high bioavailability relative to other matrices.

Volcano plotting suggests that while despite an increase in average ambient ozone
concentration, the proportion of primary species present, namely direct amino acid contributors
and other biosynthetic compounds, increased with less secondary processing during the Reduced
period. Condensed and aromatic compounds became more common going into the Reduced and
Post-baseline periods and are likely biomass burning related species that became more prevalent
as wildfire season progressed. Typical BC compounds were not found, but more water-soluble
potential secondary products of BC were present. Possible indicators for seasonal BVOCs in this

region may have been identified in carbamates and palmitates, however the novelty of volcano
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plot analysis in environmental study and its high rate of false positives—also called type I
errors—gives cause for concern and further consideration.

Further contrasting the chemical character of samples before and after the institution of
partial lockdown orders, PCA analysis shows that Reference period rainwater is distinct from
Reduced activity rainwater in both DOM character and major inorganic ion content. However,
these distinctions are lost approaching the Post-baseline period. Reference period and Post-
baseline DOM is distinguished by a higher variety of unique compounds and the CHON
oligomers previously discussed while ion content is distinguished by a reduction in sulfate,
nitrate, potassium, and formate in Reduced activity samples. The influences of seasonality on
these effects are difficult to constrain and likely a contributor to inorganic variation. More data
regarding the inorganic species is necessary to clarify this relationship. HYSPLIT analysis
indicates no strong spatial influence on DOM character nor inorganic ion content, indicating that
local emissions prevail over long-range transport. Other studies in this region have suggested the
same.%>® Analyzing both organic and inorganic content in tandem reveals the relationships
among inorganic and organic character parameters. Reactive nitrogen, organic nitrogen, and
organic acids appear close in PCA loadings indicating that they are moderately linked in
emission source. Attempting to do the same using PMF is misleading as bulk organic
characteristic parameters such as atomic ratios and DBE tend to be incompatible with how the
PMF analysis functions. Parameters such as NOs", K*, F, CI", PO4*, and the organic acids are
positively correlated to DBE in the DOM fraction and to each other rather strongly. Inversely,
H:C is negatively correlated to all these parameters and to DBE. While O:C ratio does negatively
correlate with NOs", K*, F, CI, PO%, and the organic acids slightly, it does not have simple

direct relationships with other parameters.

55



While the consequences of pandemic related public policies are multifaceted and
complex in effect, this work highlights the potential for public policy to reduce the emission of
air pollutants and other biologically relevant anthropogenic emissions, particularly through
reducing traffic loading and expanding remote working. Investigating both the organic and
inorganic constituents of rainwater chemical character provides a fuller picture of the important
components that indicate emission profiles and contributions. Orbitrap ESI-UHRMS and
traditional 1C methods provide a complementary set of data that can be thoroughly deconstructed
through powerful statistical tools such as PCA, volcano plotting, and PMF. These methods
demonstrate a high-throughput method with minimal sample prep that lay the groundwork for
building a more comprehensive inventory of atmospheric OM as well as constraining the

influences of emission sources.
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APPENDIX A.

SUPPLEMENTAL FIGURES AND TABLES
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Figure Al. Average activity deviation of retail, transit, and workplace areas in Ribeirdo Preto
relative to the two months prior to February 16, 2020. Red line represents rolling seven-day
average. Data retrieved from the Google COVID-19 Community Mobility Reports.®*
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Figure A3. Organic Character PCA plot of all samples, labeled by HYSPLIT backtrajectory

grouping.
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Figure AS5.
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Figure AG.
Predicted Compound Predicted Calculated m/z
Formula MW
L-Phenylalanine CI9H11NO2 165.0789 166.0862
217.9427 109.9786
C20H39 N O7 | 405.2724 406.2797
THIOQUINOX C9 H4 N2 S3 235.9532 118.9839
CI0HN304sS | 258.9691 130.4918
O-ureido-D-serine C4 H9 N3 04 163.0597 82.53715
145.0225 146.0298
176.9679 159.9646
181.895 223.9288
Phenethylamine C8HI11 N 121.0891 122.0964
145.0225 128.0192
C8H704P 198.0079 100.0112
N-{4-[(2R,3R)-3-(Hydroxymethyl)-4-isobutyl-5- C20 H28 N2 O4 | 382.1965 383.2038
0X0-2-
morpholinyl]phenyl}cyclobutanecarboxamide
toluidine C7HI9N 107.0735 108.0808
SJ4950000 C6H7NO 109.0528 110.0601
253.9418 254.9491
117.9765 118.9839
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COH7NO2S2 | 2249917 225.999
C8H704P 198.0079 100.0112
C4H5NO 83.03715 101.071
AE4025000 C8HINO2 151.0632 152.0706
(2E)-2-Bromo-4-oxo-2-hexenedioic acid C6 H5 Br O5 235.9312 236.9385
147.3233 148.3306
303.8884 304.8957
phendimetrazine C12H17NO 191.1309 192.1382
100.977 101.9842
C3H4 N30O9P | 256.9686 129.4915
227.9368 135.489
153.9001 154.9074
141.9691 184.0029
MFCD00130070 C10H21NO 171.1622 172.1695
172.0243 87.01944
adrenaline C9HI3NO3 183.0895 166.0862
233.9526 117.9836
(3E)-4-(4-Hydroxy-3,5-dimethoxyphenyl)-3-buten- | C12 H14 O4 222.0891 205.0858
2-0ne
C16 H37 N8 P 372.2873 373.2945
333.9074 334.9147
208.9696 105.4921
C10 H22 N2 170.1782 171.1855
108.4717 109.4789
180.1225 181.1298
CI0HNO3 182.9956 184.0029
C3H209S 213.942 107.9783
106.4687 89.46536
C7H2N30O6P | 254.9683 128.4914
268.9634 135.489
200.9683 201.9756
97.46336 98.47065
381.197 382.2042
L-threo-3-Phenylserine C9H11NO3 181.0738 182.0811
212.9373 107.4759
2-((4-Nitrophenoxy)methyl)oxirane C9HIO N O4 195.053 196.0603
179.8943 180.9016
344.838 173.4263
2-Methylhippuric Acid CI0H11N O3 | 193.0738 194.0811
5-acetyl-2,6-dimethyl-1,2,3,4-tetrahydropyridin-4- | C9 H13 N O2 167.0945 168.1018
one
Tyramine C8HIINO 137.084 138.0913
C12 H27 N 185.2143 186.2216
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Umbelliferone C9 H6 03 162.0316 163.0389
126.9818 127.9891
C4HINBO5P | 280.0436 281.0508
255.9696 128.9921
Phenethylamine C8HI11 N 121.0891 122.0964
C17H31NO6 | 345.2149 346.2221
2-Cyclopenten-1-one, 4-hydroxy-3-methyl-2-(2- C11 H16 02 180.115 181.1222
pentenyl)-
356.1398 357.1471
C3H4010S 231.9526 116.9836
232.9537 117.4841
220.9209 221.9282
Thymine C5 H6 N2 02 126.0429 127.0502
344.84 173.4273
Pyridoxal C8HI9N O3 167.0581 168.0654
113.4901 114.4974
257.892 258.8993
C17H31NO6 | 345.2148 346.2221
C10H23 N7 06 | 337.1714 338.1786
92.97685 93.98413
SJ6078000 C7THINO 123.0684 124.0757
(4S)-6-Methyl-2-oxa-6- C8 H13 N 02 155.0946 138.0913
azatricyclo[3.3.1.0~3,7~]nonan-4-ol
218.9211 219.9284
122.9331 263.8993
177.8942 178.9015
262.8921 263.8994
Cl6 H24 NP 261.1647 262.172
Propoxur C11H1I5N O3 | 209.1051 210.1123
N-acetyldopamine C10H13N O3 | 195.0894 196.0967
(+/-)-Metanephrine C10H15N O3 | 197.1051 198.1124
390.101 391.1083
Cl6 H33N O2 | 271.251 272.2582
5-Imino-L-norvaline C5H10 N2 02 130.0742 131.0815
O-propenoyl-D-carnitine C10H17NO4 | 215.1157 216.1229
178.8954 220.9293
258.9082 259.9154
235.901 236.9083
311.8527 312.86
236.9173 237.9246
104.4848 105.4921
151.8996 152.9067




Clomazone C12H14CIN 239.0712 240.0785
02
231.0181 116.5163
Furfural C5H4 02 96.02117 97.02844
279.9382 280.9455
180.8957 222.9295
propionylcarnitine CI0HI9NO4 | 217.1313 218.1386
C2 H5 N3 06 167.0181 168.0253
240.932 241.9393
253.9638 127.9892
159.9796 160.9869
153.1113 154.1186
134.4817 135.4889
QV1IMVOIR ClI0H11NO4 | 209.0687 210.0759
261.9055 262.9128
Methyldopa ClI0H13NO4 |211.0844 212.0917
294.1425 295.1498
121.9172 122.9245
C21 H42N3 O | 415.2778 416.2851
PS
255.8913 256.8985
138.4899 139.4971
207.9543 208.9616
1-Indolizidinone C8HI3NO 139.0996 140.1069
221.9221 222.9293
196.9936 198.0009
127.4843 128.4916
333.8681 334.8754
methyprylon C10H17NO2 | 183.1258 184.1331
128.9854 129.9922
1640340 C10H17N O3 | 199.1208 200.1281

Table Al. Down-regulated species from Figure 10, i.e. species significant to Reduced activity
samples against Reference period samples

Predicted Compound Predicted Formula Calculated MW m/z
Phosphoric acid H3 04 P 97.97694 98.98421
466.7934 467.8007
Choline C5HI3NO 103.0997 104.107
466.7937 467.8009
511.8148 494.8113
448.783 490.8168
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C7HION3OP 183.0565 184.0637
489.8096 490.8169
494.7884 495.7956
SL3675000 C18H300 262.2295 280.2634
C6 H4 N10 216.0623 217.0695
Cl1H2NO8PS 338.9239 170.4693
Linoleamide C18H33NO 279.2561 280.2633
219.8583 220.8656
203.9595 204.9667
227.9243 4948113
293.8585 316.8477
493.8041 494.8114
466.7938 467.8011
493.804 4948113
494.7885 495.7958
235.1603 236.1676
Chloropicrin CCI3NO2 162.8998 163.9071
119.0946 120.1019
466.7935 467.8008
cyclohexenone C6H8 0O 96.05754 138.0913
222.0788 223.086
297.8974 149.956
466.7936 467.8009
466.7935 467.8008
288.1613 289.1686
493.8037 494.811
466.7934 467.8007
414.8249 208.4197
489.8095 490.8167
265.8754 266.8835
466.7935 467.8008
466.794 467.8013
464.7985 465.8058
509.8057 510.813
489.8097 490.817
BX2625000 C6H5CI2N 160.9798 161.9871
347.9385 174.9765
93.49661 94.50394
193.9306 194.9379
136.0115 178.0453
200.9853 201.9926
494.7885 495.7958
494.7884 495.7957
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489.8093 490.8166
120.9507 121.9579
494.7884 495.7957
493.8039 494.8111
494.7882 495.7954
D-PANTOTHENIC ACID C9 H17 N O5 219.1106 220.1178
126.0924 127.0997
296.9562 297.9634

Table A2. Up-regulated species from Figure 10, i.e. species significant to Reference activity
samples against Reduced period samples

Predicted Compound Predicted Formula Calculated MW | m/z
Phosphoric acid H3 04 P 97.97694 98.98421
466.7934 467.8007
466.7936 467.8009
C5H2N204s 185.9736 186.9808
538.1212 561.1104
120.9589 121.9662
466.7933 467.8006
Choline C5HI3NO 103.0997 104.107
466.7937 467.8009
511.8148 494.8113
448.783 490.8168
C7HION3OP 183.0565 184.0637
4,5-dihydroxy-6-(hydroxymethyl)-2- C26 H24 014 560.1031 561.1104
[2,4,6-trihydroxy-3-(4-
hydroxybenzoyl)phenyl]oxan-3-yl 3,4,5-
trihydroxybenzoate
489.8099 490.8172
489.8096 490.8169
C24H31NO2S 397.2074 398.2147
200.9853 201.9926
494.7887 495.796
494.7884 495.7956
D-Carnitine C7H15N 03 161.1051 162.1124
C10 H21 N O5 235.1418 236.1491
473.3409 474.3482
Cl11H2NO8PS 338.9239 170.4693
219.8583 220.8656
203.9595 204.9667
227.9243 494.8113
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293.8585 316.8477
Cl11H2NO8PS 338.924 170.4693
466.7938 467.8011
493.804 494.8113
494.7885 495.7958
235.1603 236.1676
564.7262 283.3704
C8H5 N6 O3 P 264.0157 265.023
635.1226 636.1298
C7H1I5NO4S 209.0721 210.0793
Chloropicrin CCI3NO2 162.8998 163.9071
C4HN3O7S 234.954 235.9613
119.0946 120.1019
466.7935 467.8008
cyclohexenone C6H8 0O 96.05754 138.0913
297.8974 149.956
466.7936 467.8009
466.7935 467.8008
C7H7N306S 261.006 262.0133
466.7934 467.8007
414.8249 208.4197
L-alpha-Glycerylphosphorylcholine C8H20NO6 P 257.1027 258.11
489.8095 490.8167
265.8754 266.8835
466.7935 467.8008
466.794 467.8013
C8H2N3OP 186.9933 94.50393
L-(+)-Leucine C6 H13 N 02 131.0946 132.1019
464.7985 465.8058
489.8097 490.817
2-(4-Methylthiazol-5-yl)ethyl butyrate C1I0H15NO2S 213.0822 214.0895
93.49661 94.50394
C5H7N609P 326.0006 327.0078
136.0115 178.0453
184.9932 93.50388
Hopantenic acid C10H19 N O5 233.1262 234.1335
200.9853 201.9926
466.7935 467.8008
494.7885 495.7958
Benzophenone C13H100 182.0731 183.0803
494.7884 495.7957
489.8093 490.8166
175.9996 177.0069
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149.4489 150.4562
120.9507 121.9579
494.7884 495.7957
493.8039 4948111
371.2516 372.2588
207.9825 208.9897
234.954 235.9612
g-Butyrobetaine C7 H15N 02 145.1102 146.1175
355.2568 356.264
494.7882 495.7954
D-PANTOTHENIC ACID CO9H17N OS5 219.1106 220.1178
341.2411 342.2483
297.2149 298.2222
102.9483 103.9556
296.9562 297.9634
4-Nitrosobiphenyl C12HINO 183.0683 184.0756
236.1452 237.1525

Table A3. Up-regulated species from Figure 11, i.e. species significant to Reference activity
samples against Post-baseline period samples

Predicted Compound Predicted Formula Calculated m/z
MW
C44 H/ION O4 P 707.504 708.5113
COHI9ONO 157.1466 158.1539
C39H61 N2 06 P 684.428 685.4353
217.9427 109.9786
C20 H39 N O7 405.2724 406.2797
THIOQUINOX C9 H4 N2 S3 235.9532 118.9839
CI0HN304S 258.9691 130.4918
C36 H63 N5 S 597.4815 598.4887
C18 H32 O7 360.2146 361.222
C40 HB5 N2 O P S2 684.4282 685.4354
5-(1,4-Dihydroxycyclohexyl)-1,2- C26 H37 N 06 459.2618 460.269
dihydroxy-3-[(2E,4E,6E,8R,10R)-
6,8,10-trimethyl-2,4,6-dodecatrienoyl]-
4(1H)-pyridinone
176.9679 159.9646
181.895 223.9288
Phenethylamine C8HI11 N 121.0891 122.0964
C8H704P 198.0079 100.0112
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7-(1-Ethoxyethoxy)-4,10-dimethyl- C15 H32 06 308.2196 309.2269
3,5,9,11-tetraoxatridecane
C8H704P 198.0079 100.0112
N-{4-[(2R,3R)-3-(Hydroxymethyl)-4- C20 H28 N2 O4 382.1965 383.2038
isobutyl-5-0x0-2-
morpholinyl]phenyl}cyclobutanecarbox
amide
Methyl palmitate C17 H34 02 287.2822 288.2895
C19H45N8 O3 P 464.3345 465.3418
253.9418 254.9491
C21 H44 08 424.3033 447.2925
C21 H42 O7 406.2927 424.3266
117.9765 118.9839
172.421 173.4282
C28 H66 N9 O6 P 655.4868 656.4941
C5H2N50P 178.9995 90.50701
C8H704P 198.0079 100.0112
C30H58N3OPS 539.4029 540.4102
C24 H51 N 08 481.3611 482.3684
(2E)-2-Bromo-4-oxo-2-hexenedioic acid | C6 H5 Br O5 235.9312 236.9385
441.3297 442.337
C12 H26 O5 250.1779 251.1852
C32 H76 N10 O11 776.5689 777.5762
C22 H51 N8 04 P 522.3763 523.3836
169.9503 170.9576
C24 H50 09 482.3451 500.3789
89.49972 90.507
353.2775 354.2848
C18 H38 O7 366.2615 367.2687
Bis(4-ethylbenzylidene)sorbitol C24 H30 06 414.2039 415.2112
C39H64 06 S 660.4421 661.4494
156.9812 100.0112
Methyl palmitate C17 H34 02 287.2822 288.2895
C30 H66 N6 04 S2 638.4598 656.4937
C22 H53 N8 O5 P 540.3868 541.3942
C3H4 N3 09 P 256.9686 129.4915
227.9368 135.489
147.0201 185.9833
115.9546 116.9619
157.0606 158.0679
C27 H52 N10 O4 580.4181 598.4519
153.9001 154.9074
C16 H37 N8 P 372.2873 373.2945
Glycerol 5-hydroxydodecanoate C15H30 05 290.2092 291.2164
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C8H503P 179.9973 91.00593
C30H60N302PS 557.4134 558.4207
171.0597 172.067
143.9495 185.9833
tranexamic acid C8H15 N O2 157.1102 158.1175
208.9696 105.4921
295.2357 296.2429
108.4717 109.4789
588.3844 589.3917
115.9547 116.962
143.9495 185.9833
383.2881 384.2954
C19 H38 N6 06 446.2851 447.2924
C25 H48 N6 O7 544.3584 545.3657
C3H209S 213.942 107.9783
554.4587 555.4659
C15H33NO 243.2561 244.2634
C30H46 03 S 486.3165 487.3237
C18 H36 06 348.251 349.2582
106.4687 89.46536
598.4847 599.4919
C15H33NO 243.2561 244.2634
C7H2N306P 254.9683 128.4914
C28 H58 N10 S2 598.4286 599.4359
268.9634 135.489
411.3192 412.3265
200.9683 201.9756
benzyl N-(1-{[(3,4- C23 H30 N2 05 431.2304 432.2377
dimethoxyphenethyl)amino]carbonyl}-
2-methylpropyl)carbamate
NP-020014 C15H26 03 254.188 255.1953
97.46336 98.47065
381.197 382.2042
C21H43N40O2PS 446.2852 447.2925
C16 H30 N6 04 370.2329 371.2402
C25H60 N9 O5 P 597.4445 598.4518
AJ4900000 C2H405S 139.9782 162.9673
13-oxotrideca-9,11-dienoic acid C13 H20 03 224.1411 225.1484
Methyl palmitate C17 H34 02 287.2823 288.2895
212.9373 107.4759
C25 H62 N9 06 P 615.4553 616.4625
275.8894 276.8966
339.9244 340.9317
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117.4769 118.4842
C18 H39 N O6 365.2775 366.2848
179.8943 180.9016
344.838 173.4263
C17 H37 N O5 335.267 336.2742
C21 H45N 08 439.3142 440.3215
184.976 185.9833
98.52392 99.53119
482.3645 483.3718
383.288 384.2953
C12 H27 N 185.2143 186.2216
126.9818 127.9891
C4HIN8O5P 280.0436 281.0508
C26 H52 N3P S 469.361 470.3683
255.9696 128.9921
356.1398 357.1471
C3H4010S 231.9526 116.9836
232.9537 117.4841
Diethanolamine C4 H11 N O2 105.079 106.0863
133.9652 116.9619
dihydromethanophenazine C37H52N20 540.4061 541.4133
C28 H49 N6 P 500.375 501.3822
220.9209 221.9282
C28H51 N8P S 562.3689 563.3762
C38H67N503S 673.4967 674.504
344.84 173.4273
C14 H28 N8 06 S 436.1859 437.1932
C23 H49 N O7 451.3508 452.3581
113.4901 114.4974
482.3645 483.3718
598.4479 599.4552
C10 H23 N7 O6 337.1714 338.1786
C17 H35N 02 285.2666 286.2739
206.9779 207.9851
C18 H39 N O7 381.2724 382.2797
218.9211 219.9284
122.9331 263.8993
177.8942 178.9015
262.8921 263.8994
Cl16H24 NP 261.1647 262.172
C30H59N2O5P 558.4169 559.4242
C24H3402S 386.2278 387.2351
C5 H7 N9 09 337.0373 338.0446
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C27 H58 N2 012 602.3998 603.4071
C29 H47 N5 S 497.3561 498.3634
C16 H33N 02 271.251 272.2582
C13 H24 N6 O4 328.186 329.1932
178.8954 220.9293
161.96 144.9568
266.9627 134.4886
311.8527 312.86
236.9173 237.9246
C14 H31 N O4 277.2252 278.2324
C24 H60 N10 08 616.4584 617.4657
C22H54 N9 O5 P 555.3977 556.405
C17 H37 N O6 351.2619 352.2692
104.4848 105.4921
151.8996 152.9067
C28 H56 N6 09 620.4103 621.4176
380.8618 381.869
309.9054 310.9127
233.9526 117.9836
231.0181 116.5163
189.9914 116.5163
279.9382 280.9455
174.9472 175.9545
C39H61N502S 663.4551 664.4623
367.265 368.2723
180.8957 222.9295
393.3088 394.316
240.932 241.9393
253.9638 127.9892
C29H58N3OPS 527.4028 528.4101
429.2782 430.2855
407.9118 408.919
94.99574 96.00304
6,8-Dimethyl-6,7,8,9- C16 H17 N2 237.1382 238.1455
tetradehydroergoline
153.1113 154.1186
134.4817 135.4889
C28 H45N5 S 483.3403 484.3476
4232620 C14 H28 06 292.1884 293.1956
C21 H40 N10 02 464.3342 465.3415
C30 H61 N 010 595.4292 596.4365
354.2808 355.2881
122.9737 123.981
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C42 H69 N9 S 731.5391 732.5464
367.2649 368.2722
312.8744 313.8817
C21 H44 08 424.3034 425.3107
C13H29N40O2PS 336.1749 337.1822
C20 H50 N9 O3 P 495.3763 496.3836
C19 H36 N6 O6 444.2696 445.2769
C23H44 N3P S 425.2987 426.306
C34 H47 N3 O3 545.3618 546.3691
C10 H20 N6 O3 272.16 273.1672
C15H33 N O6 323.2306 324.2379
C22 H47 N 09 469.3246 470.3319
138.4899 139.4971
354.2809 355.2882
207.9543 208.9616
1-Indolizidinone C8HI3NO 139.0996 140.1069
221.9221 222.9293
196.9936 198.0009
127.4843 128.4916
C24 H47 N4 O3PS 502.3116 503.3189
C32H64 N3 O2PS 585.4447 586.452
C41H70N3 03P 683.5167 684.5239
C29 H58 N4 04 S 558.4169 559.4242
C10 H18 N6 02 254.1493 255.1566
C41 H63 N2 04 P 678.4528 679.46
(2E,62)-N-Cyclopropyl-2,6- CI12H19NO 193.1465 194.1538
nonadienamide
C31 H62 N6 010 678.4519 679.4592
C21 H52 N9 O3 P 509.3927 510.4
500.3749 501.3822
128.9854 129.9922
C19H41 N O8 411.2828 412.2901
C16 H35 N O6 337.2462 338.2535
C27 H55 N 09 537.3873 538.3946
383.2882 384.2954
479.3454 480.3527
C23 H49 N 08 467.3454 468.3527
C38 H67 N5 03 S 673.4971 674.5043
C21 H43 N O7 421.3038 422.311
C10 H18 N6 O3 270.1443 271.1516
527.3669 528.3742
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Table A4. Down-regulated species from Figure 11, i.e. species significant to Post-baseline
activity samples against Reference period samples

Predicted Compound Predicted Formula Calculated MW | m/z
C44H70N O4 P 707.504 708.5113
COHI9INO 157.1466 158.1539
C39H61N2O6P 684.428 685.4353
5-Methoxybenzimidazole C8H8N20O 148.0632 149.0704
Medronic Acid C H6 06 P2 175.9645 176.9718
158.9617 159.969
C40H65N2OPS2 | 684.4282 685.4354
C42 H66 N O4 P 679.4727 680.4799
5-(1,4-Dihydroxycyclohexyl)-1,2- C26 H37 N 06 459.2618 460.269
dihydroxy-3-[(2E,4E,6E,8R,10R)-6,8,10-
trimethyl-2,4,6-dodecatrienoyl]-4(1H)-
pyridinone
99.05589 100.0632
7-(1-Ethoxyethoxy)-4,10-dimethyl- C15 H32 06 308.2196 309.2269
3,5,9,11-tetraoxatridecane
Medronic Acid C H6 06 P2 175.9645 176.9718
C8H704P 198.0079 100.0112
Methyl palmitate C17 H34 02 287.2822 288.2895
C19H45N8 O3 P 464.3345 465.3418
253.9418 254.9491
C21 H44 08 424.3033 447.2925
C21 H42 O7 406.2927 424.3266
172.421 173.4282
C28 H66 N9 O6 P 655.4868 656.4941
C30H58N3OPS 539.4029 540.4102
C24 H51 N 08 481.3611 482.3684
441.3297 442.337
C12 H26 05 250.1779 251.1852
C22 H51 N8 O4 P 522.3763 523.3836
C24 H50 09 482.3451 500.3789
353.2775 354.2848
C18 H38 O7 366.2615 367.2687
136.98 159.969
Bis(4-ethylbenzylidene)sorbitol C24 H30 O6 414.2039 415.2112
C39H64 06 S 660.4421 661.4494
156.9812 100.0112
Methyl palmitate C17 H34 02 287.2822 288.2895
C30 H66 N6 O4 S2 638.4598 656.4937
C22 H53 N8 O5 P 540.3868 541.3942
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Linoleamide C18 H33NO 279.2561 280.2633
157.0606 158.0679
C27 H52 N10 O4 580.4181 598.4519
Glycerol 5-hydroxydodecanoate C15H30 05 290.2092 291.2164
C3HN20O3PS 175.9448 176.9521
C30H60N3 O2PS | 557.4134 558.4207
295.2357 296.2429
143.9495 185.9833
383.2881 384.2954
C19 H38 N6 06 446.2851 447.2924
C25 H48 N6 O7 544.3584 545.3657
C15H33NO 243.2561 244.2634
C30H46 03 S 486.3165 487.3237
C18 H36 O6 348.251 349.2582
C15H33NO 243.2561 244.2634
C28 H58 N10 S2 598.4286 599.4359
411.3192 412.3265
benzyl N-(1-{[(3,4- C23 H30 N2 O5 431.2304 432.2377
dimethoxyphenethyl)amino]carbonyl}-2-
methylpropyl)carbamate
C21H43N4O2PS | 446.2852 447.2925
C16 H30 N6 O4 370.2329 371.2402
C25H60N9 O5P 597.4445 598.4518
AJ4900000 C2H405S 139.9782 162.9673
13-oxotrideca-9,11-dienoic acid C13 H20 O3 2241411 225.1484
Methyl palmitate C17 H34 02 287.2823 288.2895
C25H62 N9 O6 P 615.4553 616.4625
275.8894 276.8966
119.0162 161.05
C18 H39 N 06 365.2775 366.2848
C17 H37 N O5 335.267 336.2742
C33H66NO2P S 571.4556 572.4629
C21H45 N O8 439.3142 440.3215
482.3645 483.3718
383.288 384.2953
C26 H52 N3P S 469.361 470.3683
Diethanolamine C4H11 N O2 105.079 106.0863
dihydromethanophenazine C37H52N20 540.4061 541.4133
C28 H49 N6 P 500.375 501.3822
C28 H51 N8P S 562.3689 563.3762
C38 H67 N5 03 S 673.4967 674.504
C14 H28 N8 O6 S 436.1859 437.1932
C23 H49 N O7 451.3508 452.3581
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482.3645 483.3718
598.4479 599.4552
C17H35N 02 285.2666 286.2739
C18 H39 N O7 381.2724 382.2797
C14 H31 N O5 293.2201 294.2273
C30H59 N20O5 P 558.4169 559.4242
C24H3402S 386.2278 387.2351
C27 H58 N2 012 602.3998 603.4071
C29H47 N5 S 497.3561 498.3634
C13 H24 N6 04 328.186 329.1932
161.96 144.9568
C14H31 N O4 277.2252 278.2324
C24 H60 N10 08 616.4584 617.4657
C22H54 N9 O5 P 555.3977 556.405
C17 H37 N O6 351.2619 352.2692
C28 H56 N6 09 620.4103 621.4176
233.9526 117.9836
189.9914 116.5163
174.9472 175.9545
367.265 368.2723
393.3088 394.316
C29H58N3OPS 527.4028 528.4101
429.2782 430.2855
94.99574 96.00304
6,8-Dimethyl-6,7,8,9- C16 H17 N2 237.1382 238.1455
tetradehydroergoline
C28 H45N5 S 483.3403 484.3476
4232620 C14 H28 06 292.1884 293.1956
C21 H40 N10 O2 464.3342 465.3415
C30 H61 N O10 595.4292 596.4365
354.2808 355.2881
C42 H69 N9 S 731.5391 732.5464
367.2649 368.2722
C21 H44 08 424.3034 425.3107
CI13H29N4O2PS | 336.1749 337.1822
C20 H50 N9 O3 P 495.3763 496.3836
C19 H36 N6 06 444.2696 445.2769
C23H44N3PS 425.2987 426.306
C34 H47 N3 03 545.3618 546.3691
C10 H20 N6 O3 272.16 273.1672
C15H33 N O6 323.2306 324.2379
C22 H47 N 09 469.3246 470.3319
354.2809 355.2882
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C24 H47TN4 O3PS | 5023116 503.3189
C32H64 N3O2PS | 585.4447 586.452
C29 H58 N4 O4 S 558.4169 559.4242
C41 HE63 N2 O4 P 678.4528 679.46
C31 H62 N6 O10 678.4519 679.4592
C21 H52 N9 O3 P 509.3927 510.4
500.3749 501.3822
C19H41 N O8 411.2828 412.2901
C16 H35 N O6 337.2462 338.2535
C27 H55 N O9 537.3873 538.3946
383.2882 384.2954
479.3454 480.3527
C23 H49 N O8 467.3454 468.3527
C38 H67 N5 03 S 673.4971 674.5043
C21 H43 N O7 421.3038 422.311
C10 H18 N6 O3 270.1443 271.1516
527.3669 528.3742

Table A5. Up-regulated species from Figure 12, i.e. species significant to Post-baseline activity
samples against Reduced period samples

Predicted Compound Predicted Calculated m/z
Formula MW
Farnesylacetone C18H300 262.2296 280.2634
C5H2N204S | 185.9736 186.9808
Acetyl-L-carnitine C9H17 N O4 203.1157 204.1229
4,5-dihydroxy-6-(hydroxymethyl)-2-[2,4,6- C26 H24 014 560.1031 561.1104
trihydroxy-3-(4-hydroxybenzoyl)phenyl]oxan-3-
yl 3,4,5-trihydroxybenzoate
D-Carnitine C7H15N O3 161.1051 162.1124
Amide C18 C18H37NO 283.2874 284.2947
Acetyl-L-carnitine C9 H17 N O4 203.1156 204.1229
C7HIS5NO4S | 209.0721 210.0793
Hydroxynorleucine C6 H1I3 N O3 147.0895 148.0968
L-threo-3-Phenylserine C9H11NO3 181.0738 182.0811
norfenefrine C8 H11 N O2 153.0789 154.0862
2-((4-Nitrophenoxy)methyl)oxirane C9HI N O4 195.053 196.0603
L-(+)-Leucine C6 H13 N 02 131.0946 132.1019
5-Imino-L-norvaline C5H1I0N202 | 130.0742 131.0815
4-Aminophenol C6H7NO 109.0528 142.0862
propionylcarnitine CI0HI9NO4 | 217.1313 218.1386
Benzophenone C13H100 182.0731 183.0803
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371.2516 372.2588

601.7593 301.8869

C21 H42 N3 O | 415.2778 416.2851
PS

g-Butyrobetaine C7H15N 02 145.1102 146.1175

355.2568 356.264

341.2411 342.2483

297.2149 298.2222

Table A6. Down-regulated species from Figure 11, i.e. species significant to Reduced activity
samples against Post-baseline period samples

NH," NO,” NO; DON Na K Ca Mg” F C,H305 [HsCCOO| HCOO® cr PO, so,” | c,07 | boC HIC 0/C OIN 0/S N/C DBE
NH.™
NO, 0.475
NO; 0.425 0.000
DON 0.488 0.248 0.432
Na* -0.088 | -0.046 0.079 -0.035

0.412 0.197 0.352
ca® 0.204 0.174 0.120 0.144
Mg | 0510 | 0137 | 0387 | 0.252
F 0.108 -0.195 0.315 0.057 0.482 -0.019 0.192
C;H;0; | 0.510 0.025 0.326 0.023 0.154 0.519
H;CCOO'| 0.236 0.149 0.457 -0.029 0.487 -0.030 0.135
HCOO™ | 0.382 -0.113 0.359 0.063 0.114 0.482
cr 0.396 0.016 0.345 0.425 0.483
PO | 0152 | 0060 0382 | 021 | 0519 | 0034 | 0.232 0.532
SO;~ 0.138 0.327 0.049 0.269 0.446 0.427 0.334
C,0,” 0.168 -0.157 0.395 0.068 0.530 0.016 0.234 0.463
DOC 0181 | 0546 | 0537 | 0.268 | 0.162 | -0.099 | 0040 | 0.332 | 0453 | 0550 | 0372 | 0385 | 0190 | 0.202 | 0332
HIC -0.261
orc 0.048 0.272 -0.230 0.043 -0.160 0.008 0.006 -0.251 -0.316 | -0.226 -0.024 0.058
OIN 0.141 0.091 -0.177 | -0.150 0.054 -0.100 | -0.059 0.020 -0.308 | -0.175 | -0.216 | -0.178 | -0.117 | -0.075 | -0.024 | -0.274 | -0.191 0.015
ors 0.256 0.400 -0.242 0.017 -0.249 | -0.278 | -0.138 | -0.188 -0.203 | -0.236 | -0.336 | -0.165 | -0.243 | -0.135 | -0.330 0.024 -0.054 0.496
N/IC -0.237 0.033 -0.079 | -0.033 | -0.186 | -0.117 | -0.121 | -0.253 0.005 -0.064 0.007 -0.085 | -0.108 [ -0.031 | -0.178 | -0.029 0.023 0.214 -0.186
DBE 0.254 0.282 0.350 0.359 0.349 0.396 0.524 0.545 0.367 0.220 -0.122 0.002 -0.058 | -0.118
Al 0.122 -0.122 | -0.192 | -0.247 | -0.129 | -0.275 | -0.123 | -0.114 | -0.252 | -0.152 | -0.295 | -0.212 | -0.103 | -0.303 [ -0.110 | -0.247 | -0.031 | -0.043 0.491 0.504 -0.065

Table A7. Pearson Correlation Coefficients

93



lon PMF Contributors
(Outliers Removed)

Combined PMF Contributors

0 lon PMF Contributors
Dominant | Secondary

1 3

2

3

4 3

5 2

6 2

7 2

8 3

9 3

10

11

12

13

14 2

15 2

16

17

18

19

20

21 2

22 2

23

24 3

25 3

26

27

28

29

30

31

32

Dominant Secondary
3

3

REMOVED

3

3

REMOVED

Table A8. Primary and Secondary Contributing Factors
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Dominant Secondary

4

3 4

3

3 4

4

4

3

3

4

4

4

4 3

3 4

3




Sample Date NH4* NO2 NO3 DON TDN Na* K* Ca*

n (d/m/yyyy) (UM) (UM) (LM) (LM) (UM) M) | M) | (M)
26-

1 27/02/2020 14.1 0.55 3.6 15.94 34.2 3.7 2.8 1.9
27-

2 28/02/2020 27.7 0.58 15.7 13.66 57.6 15 1.6 3.7
01-

3 02/03/2020 10.9 0.51 3.8 5.99 21.2 1.5 1.1 1.2
19-

4 20/03/2020 19 0.55 15.7 21.81 57.1 18.8 15.3 41
20-

5 21/03/2020 22.6 0.52 9.2 24,51 56.8 1.7 1.8 3.2

6 29/03/2020 2 0.51 2 9.45 13.9 0.7 0.9 1.3

7 3/4/2020 53 0.59 15.4 13.34 82.3 2.4 35 3.6

8 14/4/2020 16.1 0.54 5.7 10.61 33 9 5.4 2.4

9 23/5/2020 12.9 0.55 45 7.78 25.8 5.6 4.1 4.7

10 7/6/2020 59.1 0.53 17.2 30.55 107.3 4.7 45 5.5

11 22/9/2020 84.4 1.38 27 62.78 175.6 3.3 6 6.7

12 28/9/2020 119.5 1.02 37.3 24,52 182.3 4 10.9 18.1

13 18/10/2020 53 0.27 127.8 46.89 227.9 5 14.9 6.3
19-

14 20/10/2020 45.9 0.309 20.8 29.7 96.7 2.6 4.7 5.9

15 20/10/2020 9.6 0.125 7.4 38.25 55.4 0.8 1.1 1.7

16 24/10/2020 29.1 0.125 10.3 31.49 71 1.4 1.4 2.4
29-

17 30/10/2020 69 0.352 317 36.55 137.5 2.7 2.8 45

18 12/11/2020 53.1 0.319 18.4 17.59 89.4 1.7 3.9 4
13-

19 14/11/2020 70.4 1.658 29.2 47.11 148.4 2.3 6.4 6.9

20 18/11/2020 61.9 1.106 24.8 10.28 98.1 1 3.8 4

21 18/11/2020 38.5 1.233 20.5 13.97 74.1 1.2 2.4 33
18-

22 19/11/2020 34 1.257 22.6 12.33 70.1 4 5.2 7.6
04-

23 05/12/2020 33.4 0.161 54.7 11.72 100.1 4.4 2.6 38

24 6/12/2020 42.9 0.213 15.8 0.65 59.6 48 4 1.7
12-

25 13/12/2020 7.4 0.2 0.4 9.81 17.9 1.8 1 0.4
13-

26 14/01/2021 16.9 <LD 6.2 NA 23.1 1 0.7 1.2
18-

27 19/01/2021 37.9 <LD 14.9 NA 52.8 6.5 2.9 4.1

28 21/2/2021 36.6 <LD 11.7 NA 48.3 3.6 3.1 6
06-

29 07/03/2021 6.2 <LD 2.4 NA 8.6 1 6.2 1.2

30 18/4/2021 25.9 0.3 13.6 NA 39.8 5.3 2.2 7.9

31 18/4/2021 10.4 <LD 7.3 NA 17.7 1.8 1.8 0.7

32 10/6/2021 27.6 <LD 10.9 NA 38.5 3.1 4.6 3.9
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Sampl [ Mg* | F [ CHsOs | HsCCOO [ HCOO- | CIF [ PO | SO [ C,04 | DOC
en MM) M) | (uM) (UM) MM) | (M) | (M) | (M) (UM) (UM)
1 0.66 | 0.2 0.2 4.1 3.1 3.6 <LQ 1.2 0.28 119
2 094 | 0.25 0.51 3.6 8.1 3.2 0.13 4.8 0.65 208
3 031 | 0.27 0.36 0.4 2.4 2.5 0.11 1.6 0.35 89
4 6.48 | 0.21 0.53 2.1 0.8 9.9 0.12 1.9 0.51 146
5 1.06 | 0.26 0.38 1.6 3.1 2.6 0.15 1.5 0.28 145
6 0.31 | 0.18 0.35 0.7 2.2 1.7 0.11 0.4 0.25 92
7 1.43 | 0.24 2.02 1.3 28.8 4.8 0.38 45 0.55 257
8 0.76 | 0.25 0.36 0.4 7.3 2.4 0.33 2.2 0.31 152
9 1.56 | 0.28 0.38 3.8 5.4 4.4 0.39 5.4 0.44 167
10 2.07 | 0.12 0.85 1.3 36.1 45 0.39 5.3 1.03 322
11 205 |<LD | 095 9.2 405 4.1 0.4 10.4 0.12 1073
12 6.95 | <LD | 10.35 <LD 301.3 8.4 <LD 60.4 <LD 585
2.68
13 3.68 5 16.03 31 6954 | 16.6 | 1.321 | 44.2 6.522 964
0.60
14 2.38 8 1.54 3.6 47.6 44 | 0.699 3.7 1.572 710
0.18
15 0.26 4 0.55 2.3 20.5 1.8 <LD 1.4 0.539 599
16 022 |<LD | 235 2.4 13.7 5.4 <LD 3.3 <LD 833
0.85
17 1.35 7 2.58 3.7 51.1 5.9 <LD 7.6 1.9 878
0.22
18 1.54 5 1.89 4.4 47.8 43 | 0.294 4.2 0.488 863
0.35
19 0.89 5 2.52 10.3 19.3 6.8 | 0.323 6.6 0.919 752
20 0.99 | 0.35 1.93 8.6 12.7 4.1 <LD 4.9 0.532 877
0.30
21 0.75 1 2.91 10.3 20.6 3.4 <LD 3.2 0.441 807
0.22
22 1.03 2 2.61 3.8 3.6 6.8 | 0612 2.2 0.788 571
0.55
23 1.03 1 4.09 6 129.3 8.7 <LD 5.6 0.211 795
0.19
24 0.55 6 1.69 3 29.5 5.1 <LD 1.7 0.626 648
25 014 |<LD | 0.07 2.2 0.4 1.5 <LD 0.7 <LD 433
26 02 |<LD| <LD 4.9 6.5 1.6 <LD 0.5 0.2 843
27 09 |<LD 1.8 11.7 12.6 5.9 <LD 1.8 0.8 918
28 1.6 | <LD 35 9.3 8.5 3.7 0.4 5.7 0.9 217
29 0.3 0.1 0.5 0.4 0.6 2.6 0.1 0.2 <LD 165
30 21 | <LD 15 8.1 6.9 48 <LD 2.7 0.4 255
31 01 |<LD 1.6 3.8 3.7 7.8 <LD 1.9 0.2 211
32 1.24 | 02 1.9 8.2 12.6 45 <LD 5 0.1 282

Table A9. Inorganic and Organic Species concentrations for all Samples
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