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Introduction
Particulate Matter (PM) and its effect on human health is an important field of study that

needs to be undertaken to ensure the health and safety of the world's population. PM has serious
health effects, including exacerbating preexisting conditions, cgusieart and lung disease,
respiratoryinflammation, andeven premature deth.

COBWEB, Complexity and Organized Behaviour Within Environmental Bqguisda
computer modeling systemthat is able to addressthe researchof a multitude of topics.
COBWEB was usedto model alveolar epithelial tissue, and the effect that PM has on the
generationof Reactive Oxygen Species(ROS) through Fenton type reactions with iron and
Polycyclic Aromatic Hydrocarbons (PAH).

The model answers the questiondiat is the syergistic relationship between iron and
PAH within human alveolar tissue and how does it compare to other studies? Moreover, on the
cellular level, is it possible to see a relationship betweentissue destruction and ROS
concentration/reactivity?t providesan indepth look into the structure and operation of human

lung tissue.

Literature Review

Introduction
Environment and Climate Change Canada (ECCC) is the regulatory body tasked with

protecting and preserving Canadaébés natural an
the protection of Canadian citizens from harmful or toxic substances in the environment which
includes ensuring clean and breathablé. @ine of the key pollaints regulated is Particulate

Matter (PM)!. The humanhealthimplicationsand its researchwill be thoroughlydiscussedn

this review.
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PM as defined by the ECCC fdconsists 2of air
Baird andCanri define PM asfi t isalidior liquid particles- otherthanthoseof purewater- that
are temporarily suspended in air, and that ar
various terms are used, including mist or fog for liquid particulates, and dust or soot for solid
particulated Throughout human history, air pollutants and PM have enveloped cities and caused
severe health implications: London in 1952 from homes burcdad, killing several thousand;
Los Angeles in the 40s and the orange haze, also known as photochemical smog, scattered over
the city from car pollution; Beijing in the 90s with thick blankets of PM covering the city and
restrictingvisibility .

Formation, Composition,and Classification
To fully understand how PM affects human health, it is important to understand the main

concepts behind PM: formation, composition, and classification. The formation and composition
of PM is quite complicated, as there aggional and geographic implicatiohd The majority of

these factors comprise sources of pollution in the vicinity, the topography (especially peaks and
valleys),and meteorology (wind patterfs)

Environmental chemists classify 2 types of pollutantsnary, and secondatyPrimary
pollutants are substances directly released from sources that can affect the environment, while
secondary pollutants are formed from the decomposition or other various reactions of primary
pollutants. These pollutants include: organic carbon (alkanes,alkenes,aldehydes,aliphatic
hydrocarbons, and Polycyclic Aromatic Hydrocarbons (PAHS)), black carbon, sulfate, nitrate,
ammonium, trace metals (magnesium, copper, zinc, chromium, and selenium), as well as, heavy
metals incluithg lead, mercury, and arsenic, and all of their derivatives after reaction in the

tropospherg’. All of thesepollutantscome from a variety of sourcesbut transportatiorand
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energy production are some of the larjesThese emitted pollutants undergo processes called
nucleationand surface growth to form PM’. Nucleation occurs when small gas molecules
condense with molecules in the solid or liquid phase, combining to form very small PM, while
surfacegrowth occurs whe moleculesor particles add oto existing, nucleated PM

PM can then be classified into two fundamental size ranges: coarse and fine, where
coarse represents particles with a diameter larger than 2.5 um, and fine less thafoweser,
in environmentakegulation,the definition changes slightly: although PM extends to between
100 um and 0.002 um, PM,, and PM, . are the main particulatesregulated where PM,, hasa
diameterlessthan10 um, and PM ;hasa diameter lesthan2.5um?2. Ultrafine PM is classified
as having a diameterlessthan 0.1 um, but are underintenseresearchas little is known about

their deleterious effects

Health EffectsIntroduction
It hasbeenwell documentedn scientific literaturethat the size of PM is directly linked

to the deleterious effects: as PM gets smaller, it gets more dangerous to humaif-fidalth
Moreover, scientists believe there is no safe level of PM in the tropospteiké is linked to

various adverse health effects ranging from exacerbating pre existing allergies, causing heart and
lung diseasetriggering respiratoryinflammation, to prematuredeat¥'°. To understandthe

health effects, the method of entry must first be establisimedthen deposition and distribution

of PM throughout the body needs to be explored.

Methodsof Entry, Deposition,and Distribution
PM has two known methods of entering the body: inhalation, and ing€stdsorption

through the skin and through medical njections are still under review and resedtchvith

ingestion,PM being swallowedthroughfood consumptions onemethod while the ingestionof
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mucus through the mucociliary transport is the main méthdthis is because PM greater than

10 Om in diameter get trapped byS Aftereettimgin i a an
the throat or upper bronchial passages, this PM can be expelled through processes like sneezing
and coughing, where the PM can then be ingested®!% This new field of researchis then
determining how PM influences chronic diseaseslike Cr o h and mflammatory bowel,
appendicitisand cancer in the gastrointestitiact™.

Inhalation is the route wherein PM is breathed in through the three regions of the human
airway system:the head airways (which include the nose, mouth, pharynx, and larynx), the
tracheobronchial region, and the alveolar reffioNew studies suggest thaM between 5 and
10 um are generally deposited in the tracheobronchial tree, while PM between 1 and 5 pm are
deposited in the respiratory bronchioles, where they can then enter into the bloodstream and
affect a multitude of systems, including the gastestibal, reproductive, cardiovascular, and
pulmonarysysteri.

However, other newer studiessuggestthat PM greaterthan1 um, or lessthan0.01pum
are deposited in the head airways, while PM less than 1 um and greater than 0.02 um represent
the greatest tieat to deposition within pulmonary tisdtieThis is due to the fact that the PM
greater than 1 um deposit on to airways, and are effectively removed by mucociliary processes,
while PM less than 0.01 um easily diffuse in the head airways, as the PMsimnah it is
effectively acting as a g4s This is not to say that these sizes of PM are still not deleterious to
other regions of the body, as ultrafine PM diffused in the head airways are able to deposit on the

olfactorynerve, and eventually reach theint®.
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In one study, PM was seenthroughoutthe pulmonaryartery, the peribronchialtissues,
and the adjacent alveolar septal walls in previously deceased males in C4lifbhisais a key
finding, as these structures in and around the bronchioles have highly specialized cells, including
ciliated cells, nonciliated bronchiolar epithelial cells, and neuroendocrine cells, that take damage
with high uptake of PM

The body has methods for remad of PM from deposition within pulmonary tissue,
which include macrophage phagocytosis, PM transport to lung lymph nodes, and dissolution into
the blood'°. Macrophagephagocytosisis very effective at removing PM, but this results in
inflammation, as inkmmation occurs from cytokines being released, mediated by highly active

macrophages)eutrophils, and epitheliaklls®1°.

ReactiveOxygenSpecied-ormation
One of the major contributors to producing highly active macrophages, neutrophils, and

epithelid cells from the depositionof PM is the oxidative stressplaced on the pulmonary
tissué®*. This oxidative stress is created by an excess of Reactive Oxygen Species (ROS), when
the bodies natural antioxidants are overwhelréd. This is due to the indiscriminate redox
chemistry of ROS when there are no antioxidants, they chemically change DNA, proteins,
lipids, cause cell and tissue damage, and even cellular apépt&sime of these ROS include
free radicals, which are extranely reactive specieshaving one unpairedelectron, like the
hydroxyl (£2H), hydroperoxy(¥0OH), alkoxy (OR), alkylperoxyradicals(ROQg, andreactive
speciesncluding superoxideadicalanion(O,), hydrogenperoxide(H,0,), andozone(O)*%*2

PM can either contain these reactive species, or, they have the precursors within them
that end up creating these harmful species within the pulmonary cells and?tiSguee of the

major contributorsto the productionof these ROS are transition metals, and in particular,
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iron®101314 |ron is necessarfor humanlife, but notin pulmonarytissue- wheniron is deposited,
it undergoeshe Fentonreaction,with the mechanisnshownbelow?810:113.15

Fe* +H,0,Y Fe" + OH+OH
WheretheradicalspecieOH is formed(hydroxyl radical).Fe* canthenreactwith other

ROSto form Fé&*, forming a catalyticycle.

This catalytic cycle is quite detrimental, as the reformation of F&* allows for the
continuing generation of ROS, adversely affecting pulmonary tissue. Moreover, it becomes more
complicated with the implications of Polycyclic Aromatic Hydrocarbons (PAHSs), and quinones
within PM, as a synergistic effect has been shown between iron, PAHigjunone®*2 The
guinones can form hydrogen peroxide, which can then be catalytically broken down into ROS by
iron'3,

Physiologyof Alveolar Epithelial Tissue
Lastly, after a basicunderstandingf the chemistrybehindformationof ROSand

depositionof PM is formed, a basic understanding of alveolar epithelial tissue can be developed.
Alveolar epithelialtissueis acontinuous liningof epithelialcells withinthe lung®. These

epithelial cells, also called pneumocytesare the most abundantcells in the lung and canbe

brokeninto two classesType | andType 11151 Type | pneumocytesovera largerareaof the

alveolartissue,asthesearethe simplestcellswithin the lung thatallow for gasexchang®. Type

| cells are long andthin, with a smallnucleus®. Type Il cells are bulkier, more cubicin shape,

andnot asprevalentwithin alveolartissueastheydo not regulategasexchang&. Their function

is productionof surfactantwhich is critical for gasexchangeas it lowers the surface tension of

theinterstitialfluid, allowing for gasmoleculego diffusein high concentration'$.
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Thesecells form a meshnetwork with capillarieswithin the alveoli, while the spacein

between the cells is called the alveolar interstitial space. Figure 1 depicts the cellular structure.

Figure 1: Courtesyof ANA300at the Universityof Toronto,depictingTypel & Typell cells;interstitial spaceis
representativef thewhite background
Moreover, alveolar macrophageare the main removaland transportof fine particulate

matter,while also helpingcontributeand signatheimmune response foreignparticles®.
Conclusion

It is quite well documented that the study of PM, whether it is in the formation and
composition, the distribution throughout the body, or the health effects presented from these
varying particles is quite complicated.

Mice have been the main source ofdés in measuring the health effects of PM, as it is

not ethicalto do in vivo studieson humans.A study looking at the possibleroles of metalsin
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inflammatory and defence responses was recently completed ik*28&Be, mice were subject
to the inhalation of collected roadside particulate matter, specifically containing variousinetals
Their immune responses were measured 24 and 48K |B@ecifically, the researchers were
looking at the amount of metals and filluced inflammation idung tissue, by studying the
BroncheAlveolar Lavage Fluid (BALF).

A varying amount of immune response mechanisms includingeNfelated factoi2
(NrF2), interleukin6 (IL-6), and Tumor Necrosis Factor alpha (FNK all cytokines (proteins
that inducethe inflammation of tissue), were all measured to be higher after oxidative stress was
inducedfrom PM after 24 hourdyut not after 48 hout$

Moreover, other research has focused on the concentration of ROS in Epithelial Lining
Fluid (ELF) in humans, sing a system called Kinetic Multiayer Model of Surface and Bulk
Chemistry in the Epithelial Lining Fluld This is to address the major lack of research done in
the areaof kineticsof ROSwithin therespiratorysystem.The studyfoundthatasPM - increases
logarithmicallyfrom 1 pug/n? to 1000ug/n?, ROS alsoincreasesogarithmically, but noton the
sameorderof magnitude yangingfrom 1 nmol/L to 250 nmol/L*®. Althoughthe kineticsbehind
the Fentontype reactionswithin the body are quite complexand are difficult to model, they are
vital to the formationof ROS,whereiron isthe mostefficient catalystfor hydroxy!l productiof?.

It is between these studies and the use of COBWEB that the questions can bevpated:
is the synergistic retionship between iron and PAH within human alveolar tissue and how does
it compare to other studies? Moreover, on the cellular level, is it possible to see a relationship

between tissue destruction and ROS concentration/reactivity?

Methods
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To addresstheseresearchquestionsin an ethical manner in which both human and
animal life are not exposed to the risks of particulate matter, system modelling can be a very
valuable tool. Moreover, system modelling allows for a deeper look at cellular processes, which
in the laboratory, would not be possible with the same accessibility or ease.

COBWEB is a computer modelling tool created to address real world systems rgvolvin
around the ideology of complexity.

Within the systemagents(represented by triangles) are able to move and consume food;
they can reproduce, eat one another, be restricted in area and movement, and produce waste.
Their food source (represented by s@sarcan grow and spawn, and also be restricted by area.
The complexity of the system lies within the random genetic algorithms that tell the agents how
to reactand move; moreover the interconnectednessf the agentsgives the simulationa realt
worldappl cabi |l ity, where an agent or collective
other agents, as well as the system as a whole.

In modelling alveolar epithelial tissue within COBWEB, there are different options in
presentation; a more visual model iegling the structure or a more empirical approach where
agent populations represent different cellular processes. In this paper, a combination of the two
was taken to obtain a full scope of the synergistic effect between iron and PAH in relation to
produdion of ROS, as well as how ROS degrades cellular membranes.

The island parameterwithin the agent abiotic tab, which restricts the movement of
agents, was used to create two cell membrane like structures, by placing a smaller island within a
larger island. This forced agents1 and 2 into oval and cubic like shapes,respectively,

representingpothtype | andtype Il pneumocyte cell membranes. Agents 1 and 2 are designed to
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represent the mosaic of moving phospholipids and other proteing whihicell membrane. The
island parameter was also used to form nucleic structures by placing islands within the cell. This
is where agents4 and 5 would reside, representingthe genetic material presentin both
pneumocytes.

Two angled split parameters frothe agent abiotic tab were also set up at an angle of 14
degrees, and set at the top of the model where agent 3 was used to represent the capillary mesh
present in alveolar epithelial tissue.

The interstitial space was set using the split parameter from the agent abiotic tab, where
agents6 and 7 were confined, representingthe processof depositionof fine and ultrafine
particles within the alveolar epithelial tissue. Agents 6 and 7 were ablento mate, under
COBWEBG6s new mating functionality, to produce
iron and PAH to produce ROS. This catalytic cycle is quite complicated, as various products
including hydroxide (OH) and superoxide(O,) radicals react with other PAH and organic
molecules that may not have been reactive or detrimental to human health, and turn them into
reactive specié&'2 This propagates radical formation. For this model, a simplified agent 6 +7 to
form 8 was used to modtie creation and reaction of ROS within the cells.. Figure 2 depicts the

model before any experiments were completed.



ERCOBWEB

Figure 2: Agents are triangles, and their food is the coloured squares; | and Il represents type | and Il pneumocytes,
respectively;lll representghe capillary mesh interconnected with the pneumocytes (green agents); IV represents
the interstitial space, the blue and pink agents represent iron and PAH, while the third agent coloured light pink is
formedcompletelffrom the matingof the blueand pink agents.

Before the experiments were run, it is important to note that the cell structures (both cell
membranes, the nuclei, and the capillary mesh) were artificially introduced into the model. This
was done by selecting tHedit pull down tab, and clicking on the respective agensdtect
agents.The agents were then placed in the areas where they were expected to form, to speed up

the time of experiments. This is depicted in figure 3.
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Figure 3: Artificial Production of cell membranesswell asnucleiand meshnetwork of capillaries through
placementf agentsFigure 3 is the starting point of the organizationof the systenthroughagentmanipulation.
10 experiments were run in total, each containing two parts to each experiment. For the

first part of the experimentthe independenwvariable was the mating chancebetweenagentss
and 7, while the dependent variable was the population of agent 8. This is the representation of
the effective reactivity of the iron and PAH in solution; an increase of the mating parameter
represents more chemical potential in the system. Note, theeindept variable was not the
initial populations of agents 6 or 7, rather just their ability to mate. This can be viewed from a
chemical viewpoint as having reactive species in solution that can create greater amounts of ROS
due to their reactivity, not ta change in their initial concentrations. The model was run until 500
ticks, at which point the population of agent 8 was recorded.

Next, dueto the natureof the model,agent8 was not ableto move effectively towards
the cells. At this point, the modelas pausedhe population of agent 8 formed in the interstitial

space, and moved towards the cells. The model was then restarted, and ran until 750 ticks.



