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Abstract
BelmontCounty,Ohioisheavilydominatedbyunconventionaloilandgasdevelopmentthat
resultsinhighlevelsofambientairpollution.Residentsherechosetoworkwithanational
volunteernetworktodevelopamethodofparticipatorysciencetoanswerquestionsaboutthe
associationbetweenimpactonthehealthoftheircommunityandpollutionexposurefromthe
manyindustrialpointsourcesinthecountyandsurroundingareaandrivervalley.Afterfirst
directingtheirquestionstothegovernmentagenciesresponsibleforpermittingandprotecting
publichealth,residentsnotedthelackofdetaileddataandunderstandingoftheimpactofthese
industries.Theseresidentsandenvironmentaladvocatesareusingtheresultingsciencetoopena
dialoguewiththeEPAinhopestoultimatelycollaborativelydevelopairqualitystandardsthat
betterprotectpublichealth.Resultsfromcomparingmeasurementsfromacitizen-led
participatorylow-cost,high-densityairpollutionsensornetworkof35particulatematterand25
volatileorganiccompoundsensorsagainstregulatorymonitorsshowlowcorrelations(consistently
R2<0.55).Thisnetworkanalysiscombinedwithcomplementarymodelsofemissionplumesare
revealingtheinadequacyofthesparseregulatoryairpollutionmonitoringnetworkinthearea,and
openingmanyavenuesforpublichealthofficialstofurtherverifypeople’sexperiencesandactin
theinterestofresidents’healthwithenforcementandinformedpermittingpractices.Further,the
collaborativebestpracticesdevelopedbythisstudyserveasalaunchpadforothercommunity
scienceeffortslookingtomonitorlocalairqualityinresponsetoindustrialgrowth.

1.Background

BelmontCounty(BC),nestledinEasternOhioin
the OhioRiverValley,takesitsnamefromthe
Frenchwordsfor‘beautifulmountain.’Appalachia,
onceapristinemountainousecosystem,becamethe

backboneoftheU.S.fossilfuelsystem,firstbeing
reshapedbythecoalindustry,andmorerecently
becomingahotbedforunconventionaloilandgas
development(UOGD).Decadesofenvironmental
regulation,suchastheCleanAirActof1970[1],the
CleanWaterActof1972[1],andtheSafeDrinking
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WaterActof1974[2],havebeenestablishedtoprotect
people’shealthbyregulatingairandwaterpollution,
butgapsintheregulatorystructuresuchasthe‘Hal-
liburtonLoophole’havereducedthebarriersUOGD
facesinpermittingstructures[3].
Previousworkhasfoundthatinfrastructureasso-

ciatedwiththisindustryemitsairpollutants,includ-
ingparticulate matter(PM2.5),radioactivepartic-
ulatematterandvolatileorganiccompoundssuch
asbenzene,toluene,andethylbenzene[4,5].These
pollutantshavebeenlinkedtoadverserespiratory
andcardiovascularhealtheffects[6].ForeveryOhio
RivercountywheretheOhioEnvironmentalPro-
tectionAgency(EPA)hadavolatileorganiccom-
pounds(VOCs)orheavy metal monitoringsta-
tion,theagencyfoundacancerriskfromambi-
entairpollutionthatexceeds1in10,000—EPA’s
upperlimitfor‘acceptablerisk’[7].Thesecounties
arealllocatedinAppalachian Ohio,designated
aseither‘at-risk’or‘transitional’countiesbythe
AppalachianRegionalCommission[8].Beyondelev-
atedbaselineambientconcentrations,BCresidents
havealsohadtoadapttofrequentlarge-scaledis-
asters.TheStatoil Well-padFirein2014burned
$25millionofequipment,andindustrialwastethat
flowedintotheOhioRiverkilledatleast70,000fish
[9,10].In2018,awellpadoperatedbyXTOEnergy,
anExxonMobilsubsidiary,explodedatPowhatan
Pointleadingtooneofthenation’slargestmethane
releases[11].
Additionally,HouseBill278[12],whichgives

theOhioDepartmentofNaturalResources(ODNR)
fullcontrolovertherapidlyexpandingplacement
ofoilandgasdrillingoperations,furtherremoved
localcommunitiesfromthedecision-makingprocess.
Thisisanationalenvironmentalinjusticecrisis[13]
wherelow-incomeand marginalizedcommunities
aredisproportionatelyimpactedbylargeindustries
whereexternalitiesarenotfullytakenintoaccount
intheiractivities.InaNovember2020webinar[14],
LeatraHarper,ManagingDirectoroftheFreshwa-
terAccountabilityProject(FAP),sharedaclipof
theWilliamsSalemCompressorStationinJefferson
County[14].Pointingtoitasasourceofthecom-
munity’sailments,shestated‘Localresidentsthere
havesufferedheadaches,fatigue,andburningsen-
sationsintheirthroatsandnoses’[15].Steinzor
[16]detailedOhio’sdeficienciesinregulationsand
responsivenesstocommunityconcerns,anddocu-
mentedmanycasesofcommunityconcernsbeing
inadequatelyhandledorwillfullydownplayedbyreg-
ulators.BCresidentshavelongcalledfortranspar-
enttrackingofcumulativepermittedemissions,but
haveyettoreceivesubstantialresults.Inthisway,we
refertocommunitymembersasmarginalized,under-
standingthatthismarginalizationisduetosystemic
under-servinganddeplatformingoftheirvoices
andconcerns.

Theproliferationoffracking,increasingevidence
ofitsdetrimentalenvironmentalandpublichealth
impacts[17–19],andfailureinregulatoryoversight
havenecessitatedcommunityscience,community-
basedknowledgeproduction,andhealthadvocacy
network-building[20].
Thispaperdescribestheongoingcommunity-led

project,andaimstoprovideanexampleofcontin-
uedandactiveengagementbetweenscientistsand
communitymembers. Weexplorethecollectionof
baselineairqualitydatathroughacommunitymon-
itornetwork,engagewithsimpleplumemodelsto
validatedocumentedexperiencesofpollution,and
describethebenefitsofthistypeofapproachtosci-
ence.Notethat,inthescopeofthiscommunitysci-
encepaper,wearenotaimingtoclassifythespecific
healthandairqualityoutcomesoftheregion.

2.Studydevelopment

2.1.Identifyinglocalissuesandconcerns

ConcernedOhioRiverResidents(CORR),founded
in2018,isagrassrootsadvocacyorganizationdealing
directlywiththeharmfulimpactsoffracking.In2015,
permittingofthePTTGlobalChemical(PTTGC)
EthaneCrackerPlantinBCraisedseriousconcerns
aboutthelargeamountsofvolatileVOCs,hazardous
airpollutantsandgreenhousegasemissions.Harper
explained:‘WithBCalreadybeingthemostheavily
frackedcountyinOhio[21],withalltheinfrastruc-
tureandwastehandlingfacilitieslikeAustinMasters
and4K,withthemanyinjectionwellsthattakefrack
wastethatarenotregulatedforairemissions,wecan
seethatthecumulativetoxicairemissionscouldbea
bigproblem,evenbeforeahugeethanecrackerplant
isbuilttoproduce1.5milliontonsofpolyethylene
forplasticwedonotneed.’Addingahighlypollut-
ingfacilityliketheproposedPTTGCEthaneCracker
PlanttothehighexistingtoxicloadcreatedbyUOGD
couldbeespeciallydetrimentalinaValleythatalready
carriesalegacyofhighindustrialpollution[22].
Previousworkhasshownlocalandregionalspa-

tialheterogeneityofairpollutantswithinurban
andoftenruralindustrialregions[23–25],point-
ingouttheinadequacyofthesparse monitoring
networkintheareafordeterminingattainmentin
ahighlyheterogeneousregion.TheUSEnviron-
mentalProtectionAgency’s(USEPA)currentmon-
itoringinfrastructureintheregionrelieslargelyon
threereference-grademonitorsinOhioandWestVir-
ginia(blue‘E’symbols,Figure1).Giventhediverse
experiencesofresidentslivingnearfrackingoper-
ations,CORR/FAPraisedconcernsaboutthisnet-
work’sinadequacytocapturedifferentialexposures
withinthecommunity.BChasbeendesignatedas‘in
attainment’forthePM2.5NationalAmbientAirQual-
ityStandards(NAAQS)since2013and8-hourozone
NAAQSsince2007[26].However,airpollutantshave
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Figure1.MapofBCwithEPA,PurpleAir,andAirvizmonitorsshown,ontopofUOGDinfrastructure.Notethatsymbolsfor
monitorsincloseproximitysometimesoverlap.Theinteractiveversionofthismapcanbeaccessedat[53].Somelocationshave
beeneditedslightlytoprotectparticipantprivacy.DevelopedbyFracTrackerAlliance.

beenshowntobeharmfultohumanhealtheven
atlevelsbelowNAAQS[23,27,28],andtheWorld
HealthOrganizationrecommendsdailyguidelinesfar
lowerthantheUSEPANAAQS[29].
Interestinpollutiondatafromresidentsexper-

iencinghealthconcernsledtocommunityleaders
applyingforandreceivinga$40,000grantfromthe
CommunityFoundationfortheAllegheniestobet-
terunderstandthebaselineambientairqualityin
thishighlyindustrialareawithhighdensity,low-
costsensornetworks,and makedataavailableto
thepublicandregulators.However,anurgentneed
forexternaltechnicalassistanceinconductingthe
modelingstudiesandutilizingthesensornetwork
becameclear.

2.2.Definingtheprojectandbuildingateamwith
theAGUThrivingEarthExchange

Sinceitslaunchin2013,AmericanGeophysical
UnionThrivingEarthExchange(AGUTEX)has
providedsupport,resources,andforumsfornearly
200volunteercommunitysciencecollaborationsas
theyworktogethertotacklelocalchallengesrelatedto
climatechange.TEXisorganizedaroundthepremise
thatcommunity-centeredscienceenhancestheability
forsciencetobothserveandbeinformedbywider

society,particularlycommunitiesthathavebeenhis-
toricallymarginalizedandunderserved.
While‘citizenscience’issometimesco-optedby

traditionalacademicinstitutionsastheprocessof
academicexpertsdefiningastudy,recruitinglocal
volunteersforcollectingmaterialinputs,andthen
publishingthestudywithouttangiblebenefitto
thelocalcommunities,therehasbeenasignific-
antamountofresearchintobestpracticesforcom-
munityscience,whichemphasizesputtingscientists
andcommunitymembersonequalfooting,draw-
ingfromtheirpertinentexpertises[30–34].Within
thiscontext,TEXstrivestobringscientistsandcom-
munitymemberstogether,workingjointlytowards
acommongoal[35]. Whiletherearechallenges
todeployingthis methodologyindifferentcom-
munitycontexts,thepremiseisthatcommunitylead-
ersidentifyproblems,thenseekoutvolunteerscient-
iststoaddresstechnicalbarriers[36].Unitygoalsare
prioritizedinthenarrativeandexecutionofthework.
TEXprovidessupportintheformofafour-phase
projectmilestoneprocess[37]whichcanhelpframe
aproductiveandcollaborativeprocess.
CORRappliedtotheTEXprograminNovem-

ber2019,identifyinganeedforexternalassistance
towardstwogoals[38]:
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(a) Understandingcurrentcumulativeemissions:
‘Wewouldliketobeabletotakealltheairper-
mitsandstudythecumulativeeffectsofsmall
particulatematter,VOCsandgreenhousegas
emissionsthathavebeenalreadyapprovedinthe
region,andoverlaythatwiththeexpectedemis-
sionsfromtheethanecrackerplant.’

(b)Establishing baseline measurements and
installingahigh-densitymonitoringnetwork:
‘Thereisanimmediateneedtodobaselinemon-
itoringaboveandbelowprevailingwindsofthe
proposedethanecrackerplant.’

Onceaccepted,CORRwasconnectedwithGar-
imaRahejaastheCommunityScienceFellow,which
beganacollaborativeprocesstoarticulatethetwo
goalsindetail.ThenRahejaadvertisedtheprojecttoa
broadnetworkandrecruitedgraduatestudentLyssa
FreeseastheVolunteerScientistforPart(A).Local
resident-activistandformerRensselaerPolytechnic
InstituteProfessorYuriGorbyjoinedasScientistPart
(B).Duetothegeographicspreadoftheprojectteam,
aswellastheCOVID-19pandemic,projectmeetings
wereheldweeklyoverZoom.Aswillbeseeninthis
work,thegoalsandprioritiesoftheprojectevolved
overtime,shiftingtoanemphasisonbaselinemon-
itoringandplumemodelinginresponsetothelived
experiencesofcommunitymembers.

3.Methods

3.1.Publicparticipationnetworkbuilding

Inclusivepublicparticipationnetworkstoauthentic-
allydrivetheprojectweredevelopedthroughtwo
mainstrategies.

(a)First,developpublicawarenessthroughregional
marketing,withadvertisingbillboards,websites
[39],socialmediapages[40],andoutdoorral-
lies[41]featuringchantsandposters[42]to
shareinformationaboutenvironmentalissues
andrelatedhealthimpacts.Thiswasmademore
challengingassafe,socially-distant modesof
communicatinginformationwerenecessitated
duetotheCOVID-19lockdownwhichhalted
traditionalindoororganizingmeetings.

(b) Thetruepowerofthepublicoutreachefforts
wasbuiltthroughpersonal,long-term,word-
of-mouthorganizing.CORR/FAPrespondedto
requestsforhelpfromneighboringSalemTown-
shipresidents;faithleadersincludingPastorBill
MyersandFatherMichaelengagedparishmem-
bersininstallingaPurpleAirmonitoratalocal
church,andencouragedresidentstohostairpol-
lutionmonitorsattheirhomes.Contactsata
localhighschoolhelpedwithsettingupasensor
atthelocationandengagedstudentinvolve-
ment.Thisword-of-mouthorganizingserves

Table1.CumulativepollutantspermittedbyOhioEPAforBC
Jurisdiction(January2019–June2019permits).

Pollutant
Amountpermitted
(tons/month)

CarbonMonoxide 27.73
NOx 6.68
PM 3.1
SO2 3.09
VOCs 112.35

atwo-foldpurpose.First,involvedcommunity
organizersspreadthewordaboutupcoming
advocacyandairqualitymonitoringusinglow-
costsensors.Inthereversedirection,organ-
izerslistenedtocommunitymemberconcerns
andsuggestions,bringingtothewiderorgan-
izingeffort[41].Thisintentionallyincludes
deplatformed marginalizedcommunity mem-
bers(oftenthesearecommunitymemberswho
arethemostburdened,elderly,low-income,or
immobile)intheorganizingefforts,broadening
thesourcesofinputintotheproject’sgoals.Such
distributedorganizingnetworksblurthelines
between‘leader’and‘participant,’thusencour-
agingallcommunitymemberstobeco-creators.

3.2.Assessmentofcumulativeemissionsfromoil
andgasdevelopment

Basedoncommunityconcernsaboutcumulative
emissionsduetorampantpermittingofUOGD,the
groupconducted,toourknowledge,thefirstmanual
reviewofalloperationspermittedfromJanuaryto
June2019inordertoestimatecumulativepermitted
pollutantlevels.Thepermitreviewforthefirsthalfof
2019issummarizedintable1.
Thisworkisbuildingevidenceformoreformal

studytodetermineiftheregionisinattainmentwith
NAAQS,andcreatemoretransparentregulatoryper-
mittingschemes.

3.3.Sensornetworkbuilding

CORR/FAP,workingwiththeAGUTEX,andadvised
byVolunteerScientists,createdanetworkandbudget
planofhigh-prioritydeploymentlocationsbasedon
proximitytopointsourcepollutersandprevalence
ofhealthconcernsassociatedwithairpollutionand
selectedtwotypesoflow-costsensors:

•35PurpleAirPM2.5sensors(withtVOC mod-
uleretrofitting)manufacturedbyPurpleAirInc.
(Draper,UT)whichusePMS5003andPMS1003
laserparticlecounterstomeasureconcentrations
ofPM2.5,ESP8266chipstosyncreal-timedataover
WiFi,andoneBoschBME280sensortoestimate
pressure,relativehumidityandtemperature[43].
ThePlantowersensorssampleatapproximately
1minfrequency.PurpleAirsensorswerechosen
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fortheirlowcost,easeofreal-timedataupload
toapre-establishedglobalnetwork,andrelative
accuracy.

Whencorrectionfactorsareappliedtoraw
PurpleAirdata,PM2.5concentrationsreportedby
PMS5003sensorshavebeenknowntocorrel-
atestronglywithPM2.5concentrationsreported
byreference-grademonitors[44–48].Therefore,
wecorrecttherawPurpleAiroutputsusingthe
GaussianMixtureRegressionmodel-basedcorrec-
tion[49,50]trainedonfourdatasetsofnearby
colocationsoflow-costsensorswithreference-
grade monitors(3inPittsburgh,PAand1in
Columbus,OH),andthenaveragethecorrected
outputtohourly,dailyandannualtimescalesfor
qualitativeandsemi-quantitativeanalysis.Figures
S1–S4(availableonlineatstacks.iop.org/ERL/17/
065006/mmedia)showtheperformanceofthiscor-
rection;FigureS5showsanexampleofthecor-
rectionondatafromPurpleAir#43972locatedin
Barnesville,OH.

•25AirvizDuotVOC+PM2.5monitors,manufac-
turedincollaborationwiththeCarnegieMellon
UniversityCREATELab(Pittsburgh,PA),which
usetheSensirionSPG30multi-pixelgassensor
platformtomeasuretVOCsandtheSharp1014
infrared(IR)dustsensormoduleforPM2.5.These
monitorshavebeenevaluatedbyinitialstudiesand
havebeenfoundtohavesomeaccuracy,butfuture
workshouldinvestigatesensorperformancemore
thoroughly[51,52].Hereweuserawsensorout-
putonlyforqualitativeconclusions.Actingasa
liaisonbetweensensordevelopersandusers,Ana
HoffmanfromtheCREATELabintegratedcom-
munitymembers’suggestions,advice,andinsight
intoonlinereal-timevisualizationsoftware.

Through a public participation network,
CORR/FAPrecruitedandtrained35householdswho
agreedtoinstallandmaintainasensorandpayfor
WiFiconnection.

4.Studyresults

4.1.Airpollutionmodelingandmonitoringresults

4.1.1.PM2.5
Figure2showsthemonthly-averagedplotofGMR-
correctedPurpleAirPM2.5concentrationsforthe
durationofthestudyperiod.Eachnodeisdis-
playedusingalightcoloredline;theaverageofall
nodesismarkedusingthedarkreddottedline,and
thePM2.5measurementsfromthe Wheeling, WV
EPAmonitorareshownindarkgreendottedline.
Therelativeagreementintrendsbetweenthelow-
costnetworkandtheEPAsitedemonstratesthat,
onaseasonalscale,thetwotypesof monitoring
trackwell.Thisishelpfulforestablishingaregional
baseline,andidentifyingareasofconcernwhenone
nodespikesabovetheagreementoftheothers.Note

alsothat monthlyaveragevaluesremainconsist-
entlyabovetheWorldHealthOrganization(WHO)
AnnualPM2.5Guideline(5µgm

−3),andduring
thewinterandsummer,hitthe WHODailyPM2.5
Guideline(15µgm−3).
Incontrast,Table2showsthehighly-variablecor-

relationbetweentheEPAmonitorsandPurpleAir
network,whenthecorrelationisassessedusingdaily-
averageddata.TheR2valuesoftheordinaryleast
squaresregression(OLS)betweenthereference-and
PurpleAirsrangefrom0.01to0.55(FiguresS6and
S7showtheOLSandjointdensityplotsfromthe
onehigherR2andonelowR2correlation).Thevar-
iedbutgenerallylowR2valuesindicatethattheEPA
measurementisinsufficientforunderstandinghet-
erogeneousairqualitytrendsthroughouttheregion.
Table2alsogivesthenumberofdaysmeasuredby
eachPurpleAir,thenumberofmeasureddaysabove
theWHODailyPM2.5guideline(15µgm

−3),andthe
slopeandinterceptsofsite-specificOLS.

4.1.2.VOC

Residentsrecorded,byhand,airpollutionevents
andassociatedhealtheffects.On16October2020,
therewereparticularlynumerouspoorhealthexper-
iencesrecordedbymanyinthecommunity.Volun-
teerscientistsusedNOAAHybridSingle-ParticleLag-
rangianIntegratedTrajectory[54],High-Resolution
RapidRefresh(HRRR)[55]andCMUCREATELab
PlumePGHtomodelplumesofemissionsfromthe
DominionCompressorStationatPowhatanPoint,
Ohio(Figure3,yellow)andtheWilliamsCompressor
stationinSalemTownshipofJeffersonCounty,Ohio.
(Figure3,green).Thismodelwasusedtounderstand
potentialsourcesofspikesintVOCsensorsseennear
PowhatanPointbetween5AMand7AM.InFigure3,
thetoprightpanelshowsthatemissionsfrom
DominionCompressorStationwereoverPowhatan
Pointatthistime.Variationsinwindpatternscarry
pollutantstoallquadrantsofthesurroundingresid-
entialareabasedontopography,windspeedandmix-
ingheight,whichchangehourly.ElevatedrawtVOC
valuesweremeasuredonmultipleAirvizmonitorsin
thecommunitynetworkupto12milesfromDomin-
ionon16October2020.Figure3,aswellastheVideo
Abstract,showthatthemodeledplumesshowvari-
abilityinpollutiondirectionofmodeledplumeson
thisday.
Thecorrelationsoftheseindependentdata

sourcesprovidesinsightintoregionsandcommunit-
iesmostat-risk,andemissionsspikepatternshelped
identifyspecific,concerningindustrialoperations.
Thishasallowedcommunityleaderstosubmittar-
getedpublicrecordsrequestsabouttheseoperations
andthevalidityofattainmentcompliance.
Onaseparateoccasion,organizersalsoobserved

correlationsofnaturalgasprocessingoperationslike
pipelinepiggingandcompressorstationblowdown
operationswithdownstreamambientairpollution
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Figure2.MonthlyaverageplotofGMR-correctedPurpleAirPM2.5overstudyperiod.Eachlightcoloredlinerepresentsonenode.
ThedarkreddottedlinerepresentsthemeanofallPurpleAirnodes.ThedarkgreendottedlinerepresentstheEPAWheeling,WV
PM2.5measurement.

Table2.SummaryofPurpleAirData,withPurpleAirNodeIDnumber,totalnumberofdaysmeasuredbynode,numberofmeasured
daysabove15µgm−3(WorldHealthOrganizationDailyPM2.5Standard),slope,interceptandR2valuesofordinaryleastsquares
regressionofdaily-averagednodedataagainstWheeling,WVEPAmonitor.ThetableissortedbyhighesttolowestR2values.Node
dataispubliclyavailableatenvironmentaldata.org.

Node
#ofdays
measured

#ofdaysabove
WHOguideline Slope Intercept R2

55516 57 6 0.93 2.77 0.55
57427 336 50 0.69 4.86 0.44
57428 336 42 0.73 4.61 0.43
65171 206 20 0.73 5.73 0.43
62336 19 1 0.86 9.01 0.37
45855 156 11 0.76 6.39 0.36
41922 377 19 0.78 4.39 0.33
43984 379 2 1.12 3.97 0.32
45853 68 0 0.76 2.32 0.29
45825 169 25 0.48 6.63 0.28
34941 576 28 0.71 4.74 0.28
43986 597 30 0.78 5.22 0.26
43972 635 29 0.68 5.71 0.23
65170 382 17 0.70 6.77 0.22
45846 434 36 0.51 6.95 0.21
65522 387 20 0.57 7.44 0.19
45850 146 0 0.65 3.44 0.19
43938 590 48 0.43 7.56 0.18
65523 387 20 0.53 7.63 0.17
43970 590 46 0.40 7.45 0.15
64823 398 31 0.43 8.25 0.15
64822 398 26 0.42 8.40 0.15
58263 422 42 0.34 8.68 0.12
58264 422 40 0.30 9.10 0.11
88437 49 2 0.27 6.59 0.11
43958 166 3 0.27 5.16 0.08
94104 86 8 0.23 15.49 0.01
41823 73 2 0.02 7.28 0.00

spikeeventspickedupbytheirmonitor(Figure4)and
correlatedwithheadachesandnausea(Figure5).

4.1.3.Plumemodeling

Thedispersednetworkprovidestheabilitytoinvest-
igatespecificsourcesofemissions,particularlyas
UOGDcontinuestoexpandinthearea.Asseenin
figure6,weusedtheCREATElab’spythonversionof

theNOAAHybridSingle-ParticleLagrangianInteg-
ratedTrajectorymodel(HYSPLIT)[54,56,57]to
evaluatethehighestreceptorareasforaprimarypol-
lutantfromtheDominionTransmissionsite,aplant
locatedrightoutsideofPowhatanPoint.Thisversion
ofHYSPLITusestheforwarddispersionsimulation,
andemissionsareataheightof50meters.Integrated
over26months,thetrajectoryofpollutionfromone

6
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Figure3.ModeledplumesofemissionsfromtheDominionCompressorStationatPowhatanPoint,Ohio(yellow)andthe
WilliamscompressorstationnearDilliesbottom,Ohio(green).

Figure4.Screenshotfromvoc.createlab.org,demonstratingtheuncorrectedlow-costobservedtotalVOCconcentrations
recordedby2outdoorsensors(green,orange)locatedneartheWilliamsSalemCompressorStation(yellowstar),notingelevated
rawVOCconcentrationsspikingabove1000partsperbillionmultipletimesfrom15Decemberto18December(sameperiodas
notedinfigure5).Non-shadedcirclesindicateindoorsensors.
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Figure5.Top:month-longlogofhealthconditionsandobservedoperationsrecordedbyaSalemTownship,OHresident,noting
thatelevatedperiodsofbadsmellsfrom15Decemberto18DecemberpromptedacalltotheEPA.

Figure6.ModeledaverageconcentrationofprimaryairpollutantsfromtheDominionTransmissionsiteoutsidePowhatanPoint,
OH.Themeteorologicaldatausedcovered3January2019–5January2021.Bluecirclesdenotelow-costmonitorssetupby
communitymembers,andgreendotsdenoteregulatorymonitors.(Note:somemonitorlocationsareexcludedduetoresidents’
privacyconcerns).Thehighestreceptorofprimarypollutantsfromthissourceoverthe26monthtime-periodismarkedin
purple,andareaswithabovea10%,5%,2%,1%,and0.5%ofthepollutionthatistransportedtothehighestreceptorareshaded
inagradient.

sourceintheareavarieswidely,anditisusefultohave
alargerarrayofmonitors(whichserveasreceptors)
tounderstandsourcecontributions.Alreadyitcanbe

observedthatatleastsevenofthemonitorsfromthe
high-densitynetworkfacilitatedbyresidentsintersect
withareasofhighestreceptors(yellow/redzones),
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butnoneoftheregulatory monitorsfallwithin
therange.
Inourfurtherwork,wehopetoanalyzeindividual

sourcecontributionstomonitordata;thiswillbean
importantnextstepinthispartnership,particularly
asnewemissionssourcesarebuilt.

4.2.Socialresults:publicparticipationbenefitsin
thecommunity

4.2.1.Communitysolidarity

Recognitionandacknowledgementofsharedexper-
ienceorinjusticebuildcollectiveconfidence.Resid-
entsfeelvalidatedwhentheirneighborsalsocitesim-
ilar,sometimesobscurehealthissueswithdatacorrel-
atinghealthimpactstospikesinairpollutantsnearby.
Community memberKevinYoungstates,“Before
CORR/FAP,therewasnoonetohelpus.Noneofthe
Ohioregulatorswouldcometowitnesstheextreme
airpollutioneventsthatmademywifeandmevery
sick.Justknowingsomeonecaresandvalidatesour
seriouscomplaintshasbeensohelpful.Nowthatwe
havedatatosubstantiatetheharmfulamountsofthe
airpollutants,itseemstheregulatorsaretakingus
moreseriously.BeforeIgotinvolved,Ifeltalone,
hopelessandvictimized.ButonceIstartedorganiz-
ingwiththegroup,Ihadhopewecouldgetthehelp
weneeded.”

4.2.2.Technicalcapacity

Residentsbecamefamiliarwith maintainingand
interpretingmonitors,checkingthemeverymorning,
and,noticingpatterns,begantomakedecisionsusing
monitorinformation.

4.2.3.Personalhealthprotection

Communitymembersusedlocalsensordatatoknow
whentoclosewindows,wear masks,orupdate
indoorairpurificationsystems,withsome mem-
bersobservinghighlevelsofairpollutionpersonally
phonecallingupto50neighborstoprovideevac-
uationwarningsandguidance[58].Forexample,
theWilliamsonsandHamlinsevacuatetheirhomes
afterreadingvaluesontheirmonitors,andondays
wherescheduledpiggingoperationswereexpectedto
createhazardousairconditions,DarleneWilliamson
discouragedtheirout-of-towngrandchildrenfrom
visitingandsecuredalternativechildcare[58].

4.2.4.Crowdsourceddatabuildsregionaladvocacy,
whichbenefitslocalcommunities

Communitydatacollectionreliesheavilyoncom-
munitycontribution,wherethecrowdsourcedknow-
ledgeisgreaterthanthesumofitsparts. Mul-
tiplemonitorsinanareashowthespatialrelation
andmovementofpollutionevents,thereinprovid-
ingvalidationthroughoutthenetwork.Tosupple-
mentthelow-costsensordata,manyhouseholdstook
copiousnotes,includinghourlylogsofairqual-
ity,weatherconditions,personalhealtheffects,and

sensorperformance(Figure3showsoneofthemany
communityhandwrittenlogs).Further,community
knowledgeisvitalinmappingcurrentfrackingoper-
ations,pipelines,andinfrastructure,withmanylong-
timeresidentsprovidingdetailedinformationand
photosoffracking-relatedinfrastructure.BCcom-
munitymembers’collaborationwiththeFracTracker
AlliancehasledtotheNationalEnergyandPetro-
chemicalMap[59].Crowdsourceddatacollectionin
thesemanyformsresultedinamoreconstructive
waytoengagewithEPA,ODNR,theOhioDepart-
mentofHealth,andindustrialoperators.Dataoffered
thecommunityasharedlanguagewithregulators
toarticulatecomplaints.Forinstance,intheSalem
Townshipcase,residentscomplainedandthemedia
publishedthosecomplaints[60],buttheregulat-
oryagenciesdidnotacknowledgecomplaintsorvisit
homesforinspectionuntilaftersignificantcrowd-
sourcedregionalairmonitoringresultsandpersonal
healthlogswerepublicized.

4.2.5.Broadercommunityeducation

Incontrasttotraditionalscientificpracticeofsharing
afterprojectcompletion,thegroupinsteadchoseto
sharethroughouttheprocess.Resultswereinform-
allycommunicatedfrequentlytocommunitystake-
holders;residentswereencouragedtoprovideguid-
ance,direction,opinionsandinsightintofuture
steps.In November2020,CORR/FAPandTEX
teamedwiththeSouthwesternPennsylvaniaEnviron-
mentalHealthProject,HalttheHarmNetwork,and
FrackTrackerAlliancetoproducetwoformalCom-
munityEducationwebinars.About50+attendees
fromaroundtheregionattendedthewebinars,and
350+havewatchedtherecordedlivestream,whichis
availableonYoutube[14].Thewebinarsfocusedon:

(a)Introducinglocalissuesandtheextentofthe
industry

(b)Explainingairqualitybasics:vocabulary,typesof
pollutants,andhealtheffects

(c)Identifyingregulatorydeficienciesandoppor-
tunitiesforimprovement

(d) Demonstratingcurrentmodelingandmonitor-
ingactivities(withacallforvolunteersandmon-
itorhostsites)

(e)Sharinginsightsandbestpracticesforenvir-
onmentalactivistsinnearbyregionshopingto
launchsimilaradvocacyefforts

(f) Hostingaforumforcommunitymemberstodis-
cussissuesandfreelyaskquestionstoexperts
fromhostorganizations

(g)Providing methodsforallyshipforattendees
fromoutsidethecommunity(financialdona-
tions,materials,technicalassistance).

4.3.Broadersocialresults

CORR/FAPeffortsintheregionhavegarnered
nationalattention.LocalactivistJillHunklerwas
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invitedtotestifytotheUSHouseofRepresentatives
SubcommitteeontheEnvironment[61].TheCOR-
R/FAP/TEXcollaborativegrouphasalsobeeninvited
topresentatscientificconferences,includingthe2020
AmericanGeophysicalUnionFallMeetingandShale
NetworkConference.FAPwasalsoaskedtopresent
resultsandcollaborationadviceattheAGUTEXNew
FellowsOrientation[62,63].Regionalofficialshave
invitedactiviststoshareinsightsandgivepresenta-
tionstoregulatorygroups.

4.4.Collaborationresults:bestpracticesdeveloped

TheCORR—FAP—TEX—CREATELabcollabor-
ationstartedin December2019,andcontinued
throughtheCOVID19pandemic,andcontinuesto
growtodate.Overthecourseofthetwoyears,the
teamhasdevelopedthefollowingbestpractices:

4.4.1.Virtualmeetings

Regularly,weeklymeetingsonZoomvideoconfer-
encingallowedparticipationfromaroundtheworld,
providedasafe methodofgatheringduringthe
COVID-19pandemic,andincludedvitaltoolssuchas
screensharingandfiletransfer.Oneparticipanttook
notesonasharedGoogleDrivedocument.

•Despitethebenefitsofvirtualmeetings,oneofthe
hardshipsinnavigatingthistypeofrelationshipis
thatsomenon-localcollaboratorshavenotbeento
BC,Ohio.Thisalsocreatespartnershipsthatcan
potentiallyrelyonnon-localcollaborators,leaving
agapincapacitywhentheyleaveifthereisnota
properplaninplace.

4.4.2.Inclusion

Localresidents,out-of-townallies,scientificexperts,
andothercolleaguesoftheorganizationwereinvited
tojoinweeklycalls.Teammemberswouldlistento
concerns,identifywaystoworktogether,andoften
developlong-termsymbioticrelationships.

4.4.3.Flexibilityanddistributedleadership

Theteam’s‘comeasyouare,comewhenyoucan’
approachrecognizedthatcommunityactivistsare
oftenvolunteeringonorganizingeffortsontopof
full-timejobs,school,orcaretakingresponsibilit-
ies.Participantswereinvitedtogivewhattheyhad
bandwidthtocontribute,withmembersfrequently
steppinginandoutforeventsorurgentemergen-
cies.Consistentnotetakingandemailcommunica-
tionallowedthosewhosteppedouttoeasilyrejoin.
Thisflexibility,especiallyduringtheCOVID-19pan-
demic,helpedcreateacultureofcarethatpervaded
advocacyefforts,andallowedparticipantstodevelop
healthy,supportiverelationships.Despitebestefforts,
therewereperiodsofvolunteerburnoutasactivists
involvedinmultipleadvocacyeffortsfeltstretched
thinbyorganizinginmanyspaces.

4.4.4.Networksofnetworks

Group membersattended meetingsandparticip-
atedineffortsatotherenvironmentalnetworks,thus
webbingtogetherabroaderregionalnetworkofnet-
works.

•TheBreatheCollaborativeisacoalitionofcitizens,
environmentaladvocates,publichealthprofession-
alsandacademicsworkingtoimproveairquality,
eliminateclimatepollutionandmaketheSouthw-
estPennsylvaniaregionahealthyandprosperous
placetolive.TheCollaborativepowerstheBreathe
Projectthroughscience-basedworkandacom-
munityoutreachplatform.
•TheAirEmissionsEnvironmentalJusticeWorking
GroupwasdevelopedtobringtogetherCORR/FAP
andanti-frackingactivistsinLouisiana,tobuild
uponbothnetworks’bodyofknowledgeandcre-
ateabroaderregionalsharingoflessonsandbest
practices
•AGUThrivingEarthExchangeCommunitySci-
enceNetwork:CORR/FAPleaders,theProjectFel-
lowandVolunteerScientistsattendedregularvideo
conferenceshostedbyAGU,tolearnaboutother
communityscienceefforts,solicitrecommenda-
tionsandideasforprojectstudy,hearaboutnewly
launchedproductsandservices,andjoininceleb-
ratingsuccessfulcommunityefforts.

4.4.5.Communityrelationships

CORR/FAPleadersfosteredtrustandasenseofbeing
caredabout,andsupportednewcommunitymem-
berswhowantedtostartspeakingoutandparti-
cipatingintheresearch.Communitytrustisvital:
manyresidents’complaintshavebeendownplayedor
ignoredbytheregulatoryagencies.Inanenviron-

mentwherethereisalreadysomuchmistrust,itis
vitalforresidentstoknowthattheyhavesafetyand
supportfortheirconcerns.

4.4.6.Sciencepoweredbylocalknowledge

Whilescientificstudyandmeasurementsarevital
tounderstandingaregion,oftenlocalknowledgeis
discounted.Thisstudyemphasizedthatlocalknow-
ledgeiscentraltounderstandingthehistory,dynam-
ics,andfutureofaregion.Byinvolvingabroadpub-
licparticipationnetworkinthescientificstudy,this
workbroughttogetherquantitativeandqualitative
knowledgethatwasgreaterthanthesumofitsparts.
Impactedcommunitymembersareempoweredas
theirownadvocatesthroughdocumentationofongo-
inghealthcomplaintsthatwereassociatedwithmon-
itorspikes,overcomingblindspotsinknowledgeand
datarelatedtoairpollutionfromUOGD.

•Pairedwithdeepeningknowledgeaboutairquality
dataandcorrespondinghealthimpactcameaware-
nessandstressfromworryingaboutandadvocat-
ingforthehealthofthecommunity.
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4.4.7.Transitions

Thiscollaborationshiftedfromitsinitialgoalofper-
mitresearchandanalysisofcumulativeimpactof
existingpollutersintodataanalysisandbroadcom-
munication.

•Ascapacitiesandconcernschange,andcommunit-
iesbecomemoreknowledgeableaboutairpollu-
tionimpacts,thecollaborationwillassessstrategies
thatensurethatthelocalcommunitymembers
havetheresourcesandinfrastructuretocontinue
thework.

5.Futurework

AdditionalVOCmonitoringwithSummapassivated
stainlesssteelcanisterswouldbebeneficialformeas-
uringactuallevelsofharmfulpollutantsandhelp
identifythesource.Automatically-triggeredcanisters
wouldallowsamplingonrapidtimelinesandodd
hours,whichcanbechallenging manually.Addi-
tionally,giventhelevelsofVOCsmeasuredinside
residentialhomes,thereisaconcernaboutvapor
intrusioncontributingtowardsthetotalVOCindoor
concentrations.Vaporintrusionisthemigrationof
vapor-formingchemicalsfromasubsurfacesource
intoabuildingandisconsideredthepathwaywiththe
greatestpotentialtoresultinhumanexposureatsites
impactedbyvolatileorganiccompoundsinground-
water[64].Understandinggroundwaterflowandsoil
gasconcentrationssurroundingandbeneathplaces
wherepeoplelive,workandattendschoolisneededto
calculatepotentialcontributionsofsubsurfacevolat-
ilepollutantstoindoorairquality.Effortsareongoing
todetectpossiblemechanismsofvaporintrusioninto
somehomesthatshowhighlevelsofcontamination
insideversusoutside.
Further,thereisinterestinpotentiallydevelop-

ingcollaborativetoolsthatcancorrelatepersonal
healthexperiencesandsensordataonbothhyper-
localandregionallevels,innearreal-time,tofacil-
itatecommunicationinsidetheaffectedcommunities
aswellasbetweenthecommunitiesandindustry,aca-
demia,andgovernment.Crowd-sourceddatafrom
low-costmonitorsareimportanttoobtaintheatten-
tionandremedialactionneededtobetterprotect
publichealth,especiallyinthefaceoftheprolifera-
tionofahighlypollutingindustrylikefrackingina
region.
Broadly,inordertotrulyadvancecommunity-

basedscience,thereisanurgentneedtoreviseorcre-
ategrantprocessesthatallowforcommunitygroups
toreceivenecessaryfunds,inamethodthatremoves
overheadcostsandreportingburdens,andtruly
allowscommunityleadersthelong-termagencyand
theabilitytoprocurethenecessaryequipment,sci-
entificanalysis,andregulatoryattention,validation
andpartnershipsoverthecourseoftheproject.

6.Conclusion

Thehigh-densitysensornetworkdeploymentand
sustainment,thelocalizedwarningsystems,and
thedetaileddocumentationandloggingofhealth
impactsassociatedwithmonitorspikesaretheres-
ultofthousandsofvolunteerperson-hours.Thevital
airqualityheterogeneityassessmentandtheshort-
term mitigationofhealthimpactsaredirectres-
ultsofpublicparticipationandcommunity-based
networkingandestablishmentofcommunity-based
scientificresources.TheAGUTEXprogramsup-
portsongoinggrassrootsorganizingandcommunity
empowerment,andCORR/FAPareestablishedvital
localandregionalresourceswithscientistsfrom
aroundthecountrybytheirside.Initialmonitoring
andmodelingresultsfromBChaveenlivenedpublic
engagementwiththemedia,regulatoryagenciesand
industry,providingevidentiarybackingtoresidents’
experienceandhelpingtotranslatethisexperience
intothelanguageusedbygovernmentrepresentatives
ofpublichealthafterlong-heldpracticesofmargin-
alizationofcommunityconcerns.Thesocialbenefits
andbestpracticesdevelopedarenowbeingusedas
modelsforgrowingcommunityscienceeffortsand
empoweringmarginalizedresidentsfacingenviron-
mentalinjusticearoundthecountry.

Dataavailabilitystatement

ThepublicaccesspointforPurpleAir,Airviz,andEPA
monitoringdataistheCarnegieMellonUniversity
CREATELab’sEnvironmentalSensorDataReposit-
ory.NOAAHYSPLITandalldatanecessarytorunthe
modelareavailableatready.noaa.gov/HYSPLIT.php.
Modificationshavebeen madetothecodefrom

PlumePGH.orginordertoproducethevideosand
visualizationsseenhere.
Thedatathatsupportthefindingsofthisstudy

areopenlyavailableat:environmentaldata.org.
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