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!BSTRACT
2ESTAURANTS AND VEHICLES ARE IMPORTANT URBAN SOURCES OF PARTICULATE MATTER �0-	� $UE TO THE
UBIQUITOUS PRESENCE OF THESE SOURCES WITHIN CITIES� LARGE VARIABILITIES IN 0- CONCENTRATIONS OCCUR IN
SOURCERICH ENVIRONMENTS �E�G� DOWNTOWN	� ESPECIALLY DURING TIMES OF PEAK ACTIVITY SUCH AS MEAL
TIMES AND RUSH HOUR� $UE TO INTRACITY VARIATIONS IN FACTORS SUCH AS RACIALETHNIC COMPOSITION AND
ECONOMIC STATUS� WE HYPOTHESIZED THAT CERTAIN SOCIOECONOMIC GROUPS LIVING CLOSER TO SOURCES ARE
EXPOSED TO HIGHER 0- CONCENTRATIONS� 4O TEST THIS HYPOTHESIS� WE COUPLED MOBILE 0-
MEASUREMENTS WITH CENSUS DATA IN TWO MIDSIZE 53 CITIES� /AKLAND� #!� AND 0ITTSBURGH� 0!� ! NOVEL
ASPECT OF OUR STUDY IS THAT OUR MEASUREMENTS ARE PERFORMED AT A HIGH �BLOCKLEVEL	 SPATIAL
RESOLUTION� WHICH ENABLES US TO ASSESS THE DIRECT RELATIONSHIP BETWEEN 0- CONCENTRATIONS AND
SOCIOECONOMIC METRICS ACROSS DIFFERENT NEIGHBORHOODS OF THESE TWO CITIES� 7E FIND THAT RESTAURANTS
CAUSE LONGTERM AVERAGE 0- ENHANCEMENTS OF ��� TO ��� µG M−� OVER LENGTH SCALES BETWEEN �� AND
��� M� 7E ALSO FIND THAT THIS 0- POLLUTION FROM RESTAURANTS IS UNEVENLY DISTRIBUTED AMONGST
DIFFERENT SOCIOECONOMIC GROUPS� /N AVERAGE� AREAS NEAR RESTAURANT EMISSIONS HAVE ABOUT ���×
PEOPLE OF COLOR �!FRICAN !MERICAN� (ISPANIC� !SIAN� ETC	� ���× POVERTY� AND ���× HOUSEHOLD
INCOME� COMPARED TO AREAS FAR FROM RESTAURANT EMISSIONS� /UR FINDINGS IMPLY THAT THERE ARE
SOCIOECONOMIC DISPARITIES IN LONGTERM EXPOSURE TO 0- EMISSIONS FROM RESTAURANTS� &URTHER� THESE
SOCIOECONOMIC GROUPS ALSO FREQUENTLY EXPERIENCE ACUTELY HIGH LEVELS OF COOKING 0- �TENS TO
HUNDREDS OF µG M−� IN MASS CONCENTRATIONS	 AND COEMITTED POLLUTANTS� 7HILE THERE ARE LARGE
VARIATIONS IN SOCIOECONOMIC METRICS WITH RESPECT TO RESTAURANT PROXIMITY� WE FIND THAT THESE
METRICS ARE SPATIALLY INVARIANT WITH RESPECT TO HIGHWAY PROXIMITY� 4HUS� ANY SOCIOECONOMIC
DISPARITIES IN EXPOSURE TO HIGHWAY EMISSIONS ARE� AT MOST� MILD� AND CERTAINLY SMALL COMPARED TO
DISPARITIES IN EXPOSURE TO RESTAURANT EMISSIONS�

�� )NTRODUCTION

%XPOSURE TO URBAN FINE PARTICULATE MATTER �0-���	 IS
A SERIOUS GLOBAL HEALTH RISK ;�n�=� )NTRAURBAN VARI
ABILITY IN 0-��� CONCENTRATIONS IS STRONGLY INFLUENCED
BY SPATIAL AND TEMPORAL PATTERNS OF ANTHROPOGENIC

SOURCES� TWO IMPORTANT URBAN SOURCES ARE COMMERCIAL
COOKING AND VEHICULAR TRAFFIC� #OOKING 0- IS HIGHER
IN LOCATIONS AND DURING TIMES OF COMMERCIAL COOK
ING ACTIVITIES �I�E� NEAR RESTAURANTS AND DURING MEAL
PREPARATION TIMES	� AND VEHICULAR 0- IS HIGHER ON
OR NEAR HIGHWAYS� ESPECIALLY DURING PERIODS OF PEAK
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ACTIVITY OF HEAVYDUTY DIESEL TRUCKS� 2EALTIME MEAS
UREMENTS OF SPATIAL VARIABILITIES IN 0- COMPOSITION IN
THE PAST DECADE HAVE SHOWN LARGE INTRAURBAN SPATIAL
GRADIENTS IN THE IMPACTS OF THESE SOURCES ;�n��=�

4HE LONGTERM AVERAGES OF 0-��� ARE HIGHER
����n� µG M−�	 IN AFFECTED NEIGHBORHOODS �E�G� CITY
CENTERS A�K�A� @DOWNTOWNS�� NEIGHBORHOODS WITH HIGH
RESTAURANT DENSITY� ETC	� COMPARED TO CONCENTRATIONS
REPORTED BY STATIONARY REFERENCE MONITORS AT URBAN
BACKGROUND SITES ;��� ��=� IMPLYING HIGHER LONGTERM
EXPOSURES FOR RESIDENTS OF SUCH SOURCERICH NEIGHBOR
HOODS� 4HESE RESIDENTS ARE ALSO FREQUENTLY EXPOSED TO
SHORTLIVED� HIGH CONCENTRATIONS OF THESE POLLUTANTS�
WHICH ALSO HAS HEALTH CONCERNS ;��=� &OR EXAMPLE�
2OBINSON ET AL ;��=� SHOWED THAT INDIVIDUAL RESTAURANT
PLUMES RESULT IN INTERMITTENT� SIGNIFICANTLY ENHANCED
COOKING 0- CONCENTRATIONS �TENS TO HUNDREDS OF
µG M−�	 AT THE NEIGHBORHOOD SCALE �∼��� M	� &UR
THER� NEAR POINTS OF EMISSION� THESE PLUMES ARE RICH IN
@ULTRAFINE� PARTICLES �DIAMETER <��� NM	;�� ��n��=�
WHICH IS A SERIOUS CONCERN BECAUSE HEALTH RISK FROM
INHALATION OF PARTICULATE MATTER MAY INCREASE WITH
DECREASING PARTICLE SIZE ;��n��=� )T IS THUS EVIDENT THAT
OVER THE COURSE OF A TYPICAL DAY� PEOPLE LIVING IN CER
TAIN URBAN NEIGHBORHOODS CAN HAVE HIGHER LONGTERM
AND ACUTE EXPOSURES TO 0-����

3OCIOECONOMIC FACTORS SUCH AS HOUSEHOLD
INCOME� POVERTY� AND RACIALETHNIC DISTRIBUTION CAN
VARY ACROSS NEIGHBORHOODS WITHIN A CITY ;��� ��=� AND
ALSO ON AN INTERCITY BASIS ;��=� ,ARGE VARIABILITIES IN
POLLUTANT LEVELS AND EXPOSURES ACROSS SUCH NEIGHBOR
HOODS CAN THEN ALSO RESULT IN DISPARITIES IN POLLUTION
EXPOSURE FOR CERTAIN SOCIOECONOMIC GROUPS ;��=�
! RECENT STUDY BY 4ESSUM ET AL ;��=� ESTIMATED THAT
EMISSIONS ALONG THE SUPPLYCHAIN OF GOODS AND SER
VICES EXERT UNEQUAL 0- EXPOSURES AMONG THE 53�S
DIVERSE RACIALETHNIC GROUPS� WITH !FRICAN !MERICAN
AND (ISPANIC GROUPS BEARING A ��� EXCESS POLLUTION
BURDEN� 7HILE THIS FINDING OFFERS A CRUCIAL INSIGHT
INTO THE SOCIOECONOMIC DISPARITY IN EXPOSURE TO 0-
AT A NATIONAL SCALE� IT DOES NOT PROVIDE AN EXPLICIT
LINK BETWEEN SPECIFIC URBAN 0- SOURCES AND SOCIO
ECONOMIC DISPARITIES IN NEARSOURCE EXPOSURE� 3EVERAL
OTHER ENVIRONMENTAL JUSTICE STUDIES HAVE EXPLORED THIS
DIRECT LINK USING EITHER DISPERSION MODELING OF POL
LUTANTS ACROSS AN AREA� AND�OR A NETWORK OF STATIONARY
MONITORS WITH GEOSPATIAL INTERPOLATION �E�G� +RIGING	
AND REGRESSION �E�G� LAND USE REGRESSION	 ;��n��=� )N
CONTRAST� HIGHSPATIALRESOLUTION MEASUREMENTS OF
POLLUTANT CONCENTRATIONS HAVE BEEN RARELY COUPLED
WITH SOCIOECONOMIC INFORMATION ;��=�

/UR NOVEL APPROACH IN THIS STUDY IS TO COUPLE
SOCIOECONOMIC INFORMATION WITH MOBILE MEASURE
MENTS OF SOURCERESOLVED 0- COMPONENTS �E�G� FROM
COOKING	 CONDUCTED AT BLOCKLEVEL SPATIAL RESOL
UTION� 4HE OBJECTIVE OF THIS STUDY IS THREEFOLD�
&IRST� WE ASSESS THE SPATIAL EXTENTS OF COOKING 0-
ENHANCEMENTS IN THE IMMEDIATE �∼��� M	 VICIN
ITY OF RESTAURANTS� 4O ACHIEVE THIS OBJECTIVE� WE USE

PREVIOUSLY PUBLISHED DATASETS GENERATED FROM MOBILE
AEROSOL MASS SPECTROMETRY MEASUREMENTS IN TWO
MIDSIZE 53 CITIES� /AKLAND� #! AND 0ITTSBURGH� 0!
;�� �=� 4HESE MEASUREMENTS WERE PERFORMED OVER
MULTIPLE WEEKS� THEREBY PROVIDING ROBUST SPATIAL AND
TEMPORAL PATTERNS OF THESE POLLUTANTS AT BLOCKLEVEL
SPATIAL RESOLUTION�

/UR SECOND OBJECTIVE IS TO INVESTIGATE SOCIO
ECONOMIC DISPARITIES IN EXPOSURE TO THESE COOKING 0-
ENHANCEMENTS� $ATA PROVIDED BY THE 53 #ENSUS AT
THE BLOCK GROUP LEVEL PROVIDES INFORMATION SUCH AS
RACIALETHNIC COMPOSITION AND HOUSEHOLD INCOME AT
BLOCKLEVEL SPATIAL RESOLUTION� 7E COUPLE OUR ASSESS
MENTS FROM THE FIRST OBJECTIVE TO THIS CENSUS INFORM
ATION ABOUT /AKLAND AND 0ITTSBURGH� TO CALCULATE THE
AVERAGE SOCIOECONOMIC COMPOSITION OF THE POPULA
TION GROUPS THAT ARE EXPOSED TO HIGH LONGTERM AND
ACUTE LEVELS OF COOKING 0-�

,ASTLY� RECENT STUDIES HAVE SHOWN THAT CONTRIBU
TIONS OF URBAN CARBONACEOUS 0- FROM VEHICLES AND
RESTAURANTS ARE COMPARABLE ;�� �� ��=� (OWEVER� SINCE
THESE TWO SOURCES ARE NOT ALWAYS SPATIALLY CORRELATED
�E�G� SEE FIGURE �� AND 2OBINSON ET AL ;��=�	� OUR THIRD
OBJECTIVE IS TO CONTRAST THESE TWO SOURCES IN TERMS
OF SOCIOECONOMIC DISPARITIES IN EXPOSURE TO THEIR
EMISSIONS� !NALOGOUS TO THE FIRST TWO OBJECTIVES� WE
CHARACTERIZE CONCENTRATIONS OF FUELCOMBUSTION 0-�
AND SOCIOECONOMIC FACTORS� WITH RESPECT TO HIGHWAY
PROXIMITY�

�� -ETHODS

���� -OBILE SAMPLING
!S PART OF THE #ENTER FOR !IR� #LIMATE� AND %NERGY
3OLUTIONS �#!#%3� WWW�CACES�US	 PROJECT� WE CAR
RIED OUT MOBILE SAMPLING STUDIES IN TWO CITIES� 0ITT
SBURGH� 0! AND /AKLAND� #!� 0ITTSBURGH MEASURE
MENTS OCCURRED BETWEEN !UGUST ���� AND &EBRUARY
����� /AKLANDMEASUREMENTS OCCURRED LARGELY IN *ULY
����� $UE TO REPEATED DAILY SAMPLING DURING THESE
PERIODS� WE SAMPLED NEARLY ALL STREET BLOCKS IN DOWN
TOWN AND SOME URBAN RESIDENTIAL NEIGHBORHOODS ON
AT LEAST �� DIFFERENT DAYS� -EASUREMENTS IN /AKLAND
WERE TYPICALLY BETWEEN � !- AND � 0- LOCAL TIME�
WHILE THOSE IN 0ITTSBURGH WERE TYPICALLY BETWEEN �
!- AND � 0- LOCAL TIME�

7E DEPLOYED THE SAME MOBILE LABORATORY AND
INSTRUMENTATION SUITE IN BOTH THESE LOCATIONS� 4HE
KEY INSTRUMENTS WERE� A	 A HIGHRESOLUTION TIME
OFFLIGHT AEROSOL MASS SPECTROMETER �(24O&!-3�
HEREAFTER @!-3�� !ERODYNE 2ESEARCH )NC ;��=�	 TO
MEASURE MASS CONCENTRATIONS OF NONREFRACTORY SUB
MICRON PARTICLES �0-�	� AND B	 A SEVENWAVELENGTH�
DUALSPOT AETHALOMETER �!%��� -AGEE 3CIENTIFIC	 TO
MEASURE MASS CONCENTRATIONS OF REFRACTORY BLACK CAR
BON �"#� TYPICALLY EMITTED FROM HEAVYDUTY DIESEL
COMBUSTION TRUCKS	� $ETAILED DESCRIPTIONS OF THE
SAMPLING PLATFORM DESIGN AND QUALITY ASSURANCE
METHODS CAN BE FOUND IN 3HAH ET AL ;�=� AND

�
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'U ET AL ;�=� ! MAP OF ALL !-3 DATA IN 0ITTS
BURGH AND /AKLAND ARE SHOWN IN FIGURES � AND
3� �HTTPS���STACKS�IOP�ORG�%2,�����������MMEDIA	�
RESPECTIVELY�

���� $ATA ANALYSIS
������ 3OURCEAPPORTIONMENT OF 0-
7E PROCESSED !-3 DATA USING 315)22%, ����) AND
0)+! ����) ROUTINES ;��= IN )GOR 0RO ���� �7AVEMET
RICS� ,AKE /SWEGO� /2�	� 4HE AVERAGE TOTAL MEASURED
0-� WAS ���� AND ���� µG M−� IN /AKLAND AND 0ITTS
BURGH� RESPECTIVELY� WITH THE CARBONACEOUS CONTRIBU
TION EXHIBITING THE LARGEST SPATIAL AND TEMPORAL VARI
ABILITY ��n� µG M−�	 IN BOTH CITIES� 5SING CHEMICAL
SOURCEAPPORTIONMENT ANALYSIS OF THE ORGANIC 0- IN
BOTH CITIES� DATASETS� WE IDENTIFIED A COOKINGRELATED
FACTOR �AVERAGE ��� AND �� CONTRIBUTION TO AVER
AGE TOTAL 0-� IN /AKLAND AND 0ITTSBURGH� RESPECT
IVELY	 AND A TRAFFICRELATED FACTOR �AVERAGE �� AND ��
CONTRIBUTION TO AVERAGE TOTAL 0-� IN /AKLAND AND
0ITTSBURGH� RESPECTIVELY	� #OOKING 0- EMISSIONS ARE
ALMOST ENTIRELY COMPOSED OF ORGANIC MATTER ;��=� SO
THIS COOKING FACTOR REPRESENTS THE ENTIRE CONTRIBUTION
OF COOKING SOURCES TO 0-� 6EHICULAR 0- EMISSIONS
ARE A MIXTURE OF ORGANIC MATTER AND BLACK CARBON�
AND THUS THE SUM OF THESE TWO COMPONENTS REPRESENTS
THE TOTAL CONTRIBUTION OF VEHICLES TO 0-� 7E BASED
THE SOURCEAPPORTIONMENT ON THE FOLLOWING� �A	 THE
CHEMICAL MASS SPECTRA OF THE 0- COMPONENTS ARE
CONSISTENT WITH PREVIOUSLY PUBLISHED MASS SPECTRA OF
COOKING AND VEHICLE EXHAUST MEASUREMENTS� �B	 THE
DIURNAL PROFILES OF THESE 0- COMPONENTS RESEMBLE
THE EXPECTED PATTERN OF THE CORRESPONDING ACTIVITY
E�G� COOKING 0- PEAKS DURING TYPICAL TIMES OF PEAK
RESTAURANT ACTIVITY� $ETAILS OF SOURCEAPPORTIONMENT
METHODS AND QUALITY ASSURANCE ARE DESCRIBED IN PRE
VIOUS COMPANION PAPERS ;�� �=� &URTHER DESCRIPTION
OF THE ROBUSTNESS OF OUR SOURCE APPORTIONMENT ANA
LYSES IS PROVIDED IN THE 3)� .OTE THAT WHEN REFERRING TO
THESE SOURCERESOLVED 0- COMPONENTS� WE ONLY REFER
TO THE PRIMARY EMISSIONS I�E� THOSE DIRECTLY EMITTED IN
THE FORMOF 0-� AND NOT ANY ADDITIONAL SECONDARY 0-
THAT MAY FORM AS THESE PLUMES UNDERGO ATMOSPHERIC
PHYSICAL�CHEMICAL PROCESSES ;��=�

������ .EARSOURCE SPATIAL EXTENT ESTIMATIONS
7E PERFORMED ALL GEOSPATIAL ANALYSES IN 1')3
OPENSOURCE SOFTWARE� 7E DOWNLOADED LOCATIONS OF
RESTAURANTS AND FOOD TRUCKS �HEREAFTER COLLECTIVELY
REFERRED TO AS RESTAURANTS	 FROM MULTIPLE SOURCES�
LOCAL HEALTH DEPARTMENT WEBSITES ;��n��=� AND SCRAP
ING THE 9ELP�COM ;��= WEBSITE APPLICATION PRO
GRAMMING INTERFACE ;��=� 7E OBTAINED GEOGRAPHIC
SHAPEFILES OF HIGHWAYS FROM THE PUBLIC DATA REPOSIT
ORIES OF !LAMEDA ;��= AND !LLEGHENY ;��= COUNTIES
�FOR /AKLAND AND 0ITTSBURGH� RESPECTIVELY	� &OR ALL
MOBILE SAMPLING LOCATIONS� WE CALCULATED %UCLIDEAN

DISTANCES TO NEAREST RESTAURANT AND NEAREST HIGHWAY
POINT� 7E THEN USED THESE DISTANCES FOR BINNING THE
MEASUREMENTS AS FUNCTIONS OF PROXIMITY TO RESTAUR
ANTS� AND SEPARATELY� TO HIGHWAYS�

7HILE OUR MEASUREMENTS HAVE A NOMINAL ��� M
SPATIAL RESOLUTION ON LATITUDINAL AND LONGITUDINAL
DIMENSIONS� PROJECTING THEM ON TO A @DISTANCEFROM
SOURCE� DIMENSION INCREASES THEIR RESOLUTION EVEN
MORE� BECAUSE OF MULTIPLE� NONUNIFORMLY DISTRIB
UTED SOURCES �E�G� RESTAURANTS	 IN THE CITY� 7E THUS
ARBITRARILY USED A �� M LENGTHSCALE TO RESOLVE OUR
MEASUREMENTS ON THIS DIMENSION�

7E CLASSIFIED OUR POLLUTANT MEASUREMENTS INTO
�� M @DISTANCEFROMSOURCE� BINS �WHERE @POLLUTANT�
IS A SOURCERESOLVED 0- COMPONENT� AND @SOURCE� IS
RESTAURANTS OR HIGHWAYS	� 7ITHIN EACH �� M BIN� WE
CALCULATED THEMEDIAN POLLUTANT CONCENTRATION� 4HERE
WERE TYPICALLY ��� − ��� SAMPLES IN BINS WITHIN ���M
OF SOURCE� AS SHOWN IN FIGURE 3�� )N THE INTEREST OF
COMPARING NEARSOURCE ENHANCEMENTS� WE NORMAL
IZED THESEMEDIAN CONCENTRATIONS TO THEMEDIAN IN THE
FARTHEST DISTANCE BIN WITH AT LEAST �� SAMPLES� &OLLOW
ING !PTE ET AL ;�=� WE FIT THESE MEDIANS USING AN EXPO
NENTIAL MODEL TO CHARACTERIZE THE POLLUTANT�S FALLOFF
BEHAVIOR WITH INCREASING DISTANCE FROM THEIR SOURCES
�RESTAURANTS FOR COOKING 0-� HIGHWAYS FOR TRAFFIC
RELATED 0-	�

F(D) = α+β · EXP(−D/K), ��	

WHERE α IS THE MEDIAN CONCENTRATION IN THE FARTHEST
DISTANCE BIN �NOMINALLY THIS SHOULD BE UNITY� SINCE
WE ARE NORMALIZING NEARSOURCE MEDIANS TO THIS
CONCENTRATION� HOWEVER� WE DID NOT PIN α	� β IS
THE FRACTIONAL ENHANCEMENT IMMEDIATELY NEXT TO THE
SOURCE I�E� AT D= � �E�G� β = ���� I�E� α+β= ����
IMPLIES THAT IMMEDIATELY NEXT TO RESTAURANTS� MEDIAN
COOKING 0- IS ���× BACKGROUND	� AND K IS THE
CHARACTERISTIC EFOLDING LENGTHSCALE DESCRIBING HOW
FAST� WITH INCREASING DISTANCE �D	 FROM SOURCE� THE
POLLUTANT CONCENTRATION DECAYS TO BACKGROUND LEVEL�
#OEFFICIENTS α� β� AND K ARE DETERMINED BY THE ITER
ATIVE ,EVENBERG-ARQUARDT NONLINEAR LEASTSQUARES
ALGORITHM IN )GOR 0RO�

$UE TO WIND RECIRCULATION AND TURBULENCE
BETWEEN BUILDINGS� RESOLVING MEASUREMENTS BASED ON
WIND DIRECTION CAN BE CHALLENGING� (ENCE� WE DID NOT
CLASSIFY OUR MEASUREMENTS INTO @UPWIND� AND @DOWN
WIND� OF SOURCE� 4HE FALLOFF BEHAVIOR CHARACTERIZED
BY EQUATION ��	 SHOULD THUS BE CONSIDERED AN AVERAGE
REPRESENTATION OF A UNIFORM BUFFER OF RADIUS D AROUND
THE SOURCE�

������ 3OCIOECONOMIC ANALYSES
7E DOWNLOADED SOCIOECONOMIC DATA FROM THE 53
#ENSUS "UREAU�S ���� COMMUNITY SURVEYS� RESOLVED
AT THE BLOCK LEVEL ;��=� RACIALETHNIC COMPOSITION

�

https://stacks.iop.org/ERL/15/114039/mmedia
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&IGURE �� �A	 -AP OF 0ITTSBURGH� 0!� SHOWING !-3 SAMPLES COLLECTED DURING MOBILE SAMPLING �ORANGE DOTS	� AND OUR ARTIFICIAL
��� M GRID �EACH GRID CELL COLORED BY DISTANCE TO NEAREST RESTAURANT OR FOOD TRUCK	� OVERLAYED ON THE CENSUS BLOCKS �BLACK
BOUNDARIES	 WITHIN THE CITY� (IGHWAYS ARE SHOWN AS PINK LINES� (ISTOGRAMS OF DISTANCE TO �B	 RESTAURANTS OR FOOD TRUCKS AND
�C	 HIGHWAYS ARE SHOWN TO COMPARE THE SPATIAL DENSITY OF THESE TWO SOURCE TYPES� 7HILE THE ENTIRETY OF 0ITTSBURGH FALLS WITHIN
���� M OF RESTAURANTS� ONLY ABOUT ��� FALLS WITHIN ���� M OF HIGHWAYS� ! SIMILAR MAP FOR /AKLAND IS SHOWN IN FIGURE 3�� -AP
DATA Ç /PEN3TREET-AP�

�TABLE "�������	� MEDIAN HOUSEHOLD INCOME �TABLE
"�����	� AND POVERTY �TABLE "������ POVERTY IS
DEFINED AS THE NUMBER OF HOUSEHOLDS WITH INCOME
BELOW A CERTAIN THRESHOLD	� &IGURE ��A	 SHOWS THESE
CENSUS BLOCKS� #LEARLY� WITH OUR MOBILE SAMPLING�
WE OVERSAMPLED SOME CENSUS BLOCKS� WHILE UNDER
SAMPLING �OR NOT SAMPLING AT ALL	 OTHER CENSUS BLOCKS�
#OUPLING SOCIOECONOMIC METRICS DIRECTLY TO OUR
SAMPLING LOCATIONS WOULD HAVE PROPAGATED THESE
BIASES AND SKEWED OUR RESULTS TOWARDS OVERSAMPLED
BLOCKS� 4O AVOID THIS� WE OVERLAYED AN ARTIFICIAL ��� M
GRID OVER THE ENTIRE CITY� AND USED THESE UNIFORMLY
SPACED GRID CELLS TO REPRESENT THE CENSUS BLOCKS WITHIN
WHICH THEY FALL�

&OR EACH ��� M GRID CELL� WE CALCULATED THE %UC
LIDEAN DISTANCE OF THE GRID CELL CENTER TO THE NEAREST
RESTAURANT AND HIGHWAY POINT IN 1')3� 7E THEN
CLASSIFIED THE GRID CELLS INTO �� M BINS OF PROXIMITY
TO SOURCES �SAME AS HOW WE CLASSIFIED OUR MEASURE
MENTS INTO �� M BINS OF SOURCEPROXIMITY EARLIER	�
AND CALCULATED THE CITYWIDE DISTRIBUTIONS OF THESE
PROXIMITIES �AS SHOWN IN FIGURES ��B	 AND �C		�7E ALSO
CALCULATED AVERAGES OF EACH SOCIOECONOMIC METRIC
�E�G� MEDIAN HOUSEHOLD INCOME	 WITHIN EACH OF THESE
PROXIMITY BINS� 4HIS EFFECTIVELY RESULTS IN A WEIGHTED
AVERAGE OF EACH SOCIOECONOMIC METRIC� WHERE EACH

�� 0EOPLE OF ALL RACES WHO ARE (ISPANIC OR ,ATINO SHALL BE REFERRED
TO AS (ISPANIC IN THIS STUDY� /UR ANALYSES FOR 7HITE� !FRICAN !MER
ICAN� !SIAN� AND /THER GROUPS USE DATA ON PEOPLE THAT ARE NOT
OF (ISPANIC ORIGIN �LISTED AS @NOT (ISPANIC� 7HITE�� @NOT (ISPANIC�
!FRICAN !MERICAN�� ETC IN CENSUS TABLE "�����	�

CENSUS BLOCK�S WEIGHT IS SIMPLY THE FRACTION OF TOTAL
GRID CELLS FALLING INSIDE IT� 7ITH INCREASING DISTANCE
FROM RESTAURANTS OR HIGHWAYS� THE NUMBER OF PEOPLE
OF DIFFERENCE RACES AND ETHNICITIES CAN BE CONFOUNDED
WITH OTHER FACTORS SUCH AS DENSITY OF HOUSING� ZON
ING LAWS IN CERTAIN CENSUS BLOCKS� ETC &OR EXAMPLE�
FIGURE 3� SHOWS THAT POPULATION HAS A DECREASING TREND
WITH INCREASING DISTANCE FROM RESTAURANTS� (ENCE� TO
CONTROL FOR THESE CONFOUNDING FACTORS� WE USED THE
FRACTIONAL CONTRIBUTION OF THESE POPULATION GROUPS
INSTEAD OF ABSOLUTE POPULATION�

,ASTLY� WE USED OUR EFOLDING LENGTHSCALE CALCU
LATED FROM EQUATION ��	 TO BROADLY CLASSIFY THE BINNED
AVERAGES OF SOCIOECONOMIC METRICS AS EITHER @NEAR� OR
@FAR FROM� RESTAURANTS� )N OTHER WORDS� IF K= ��� M�
THEN THE AVERAGES OF SOCIOECONOMIC METRICS IN BINS
LESS THAN ��� M ARE FURTHER AVERAGED TO REPRESENT
A @NEAR RESTAURANTS� AVERAGE� WHILE THE OTHER BINS
�>��� M	 ARE FURTHER AVERAGED TO REPRESENT A @FAR FROM
RESTAURANT� AVERAGE�

�� 2ESULTS AND DISCUSSION

���� 3PATIAL INFLUENCE OF PARTICULATE MATTER �0-	
EMISSIONS FROM RESTAURANTS
&IGURE � SHOWS THE FALLOFF BEHAVIOR OF COOKING 0-
WITH INCREASING DISTANCE FROM RESTAURANTS IN /AK
LAND AND 0ITTSBURGH� $ATA ARE PRESENTED AS BINNED
MEDIAN ENHANCEMENTS OF COOKING 0- RELATIVE TO
BACKGROUND� FITTED BY THE THREEPARAMETER EXPONEN
TIAL MODEL �EQUATION ��		 TO CHARACTERIZE THE EFOLDING
LENGTHSCALE� K�7E LIMIT THE ABSCISSAE TO ���M BECAUSE

�
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&IGURE �� &ALLOFF BEHAVIOR OF COOKING PARTICULATE MATTER WITH INCREASING DISTANCE FROM RESTAURANTS IN /AKLAND �PANELS AnF	 AND
0ITTSBURGH �PANELS GnL	� 3INCE DATA ARE PRESENTED AS ENHANCEMENTS RELATIVE TO BACKGROUND LEVELS� THE FITS DESCRIBE THE DECAY OF
MEDIAN RELATIVE COOKING 0- ENHANCEMENTS FROM IMMEDIATELY NEXT TO SOURCES �β	 TO BACKGROUND LEVEL �α	� AND THE SPATIAL EXTENT
�K	 AROUND RESTAURANTS WHERE THESE ENHANCED LEVELS ARE OBSERVED� 4HE SHADED GRAY REGIONS ARE UNCERTAINTIES IN BACKGROUND
COOKING 0-� SPECIFICALLY� � σ OF MEDIAN CONCENTRATIONS MEASURED>��� M FROM RESTAURANTS �±��� IN /AKLAND�±��� IN
0ITTSBURGH	� 3TANDARD DEVIATIONS OF K ARE CALCULATED DURING FITTING� χ� IS THE SQUARED RESIDUAL OF FIT� @5RB� RESID��= URBAN
RESIDENTIAL� 7HILE THE AFTERNOON PANEL IN /AKLAND �PANEL �F		 ONLY INCLUDES DATA TILL � 0- LOCAL TIME� THAT FOR 0ITTSBURGH �PANEL �L		
INCLUDES DINNER TIME DATA I�E� TILL � 0- LOCAL TIME�

WE HAVE LITTLE TO NO SAMPLING COVERAGE BEYOND THIS
POINT IN BOTH /AKLAND AND 0ITTSBURGH �AS SHOWN IN
FIGURE 3�	�

&IGURE � SHOWS DATA AND FITS FOR THE ENTIRE DATASETS
IN BOTH CITIES �PANELS A AND G	� AS WELL AS FOR DATA STRATI
FIED BY LANDUSE AREAS �DOWNTOWN AND URBAN RESIDEN
TIAL PORTIONS OF BOTH CITIES ARE ANALYZED SEPARATELY IN
PANELS �B	� �C	� �H	� AND �I		� AND BY DIFFERENT PERIODS
OF RESTAURANT ACTIVITY �MORNING� MIDDAY� AND AFTER
NOON� IN PANELS �D	n�F	� AND �J	n�L		� ! MAP OF DOWN
TOWN AND URBAN RESIDENTIAL NEIGHBORHOODS OF /AK
LAND AND 0ITTSBURGH IS SHOWN IN FIGURE 3�� &OR EACH

PANEL OF FIGURE �� BINS WITH FEWER THAN �� MEASURE
MENTS ARE CONSIDERED INSUFFICIENTLY SAMPLED� AND ARE
THUS NEITHER GRAPHED NOR INCLUDED IN FITTING� 7E SET
THIS TOLERANCE FOLLOWING THE FINDINGS OF !PTE ET AL ;�=�
AND -ESSIER ET AL ;��=� ,ACK OF DATA IN THE DOWN
TOWN PANELS ��B	 AND �H		 IS DUE TO HIGH RESTAUR
ANT DENSITY IN THESE RELATIVELY SMALL NEIGHBORHOODS�
RESULTING IN MOST MEASUREMENTS FALLING WITHIN A FEW
HUNDRED METERS OF THE NEAREST RESTAURANT� AND VIRTU
ALLY NO MEASUREMENTS BEYOND THAT POINT�

)N BOTH CITIES� DATASETS� THE EXPONENTIAL MODEL
GENERATES A WIDE RANGE OF KVALUES FOR DIFFERENT

�
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SPATIAL AND TEMPORAL STRATA� 4HIS VARIABILITY SEEMS
TO BE AFFECTED BY BOTH RESTAURANT COOKING ACTIVITY
�E�G� HIGHER EMISSIONS DURING MIDDAY	� AS WELL AS
RESTAURANT DENSITY� !S MENTIONED EARLIER� SOME OF
THIS VARIABILITY IS LIKELY ALSO DUE TO METEOROLOGICAL
FACTORS �E�G� LOCAL WIND SPEED AND DIRECTION	� WHICH
WE DID NOT ACCOUNT FOR� (ENCE� FOR THE SUBSEQUENT
SOCIOECONOMIC DISPARITY ANALYSES IN/AKLAND�WEWILL
USE A CENTRAL K OF ��� M� AND WILL USE THE �� M AND
��� M AS LOWER AND UPPER BOUNDS FOR TESTING SENSIT
IVITY� 3IMILARLY� IN 0ITTSBURGH� WE WILL USE A CENTRAL K
OF ��� M� WITH �� M AND ��� M AS LOWER AND UPPER
BOUNDS�

)N THE FULL /AKLAND DATASET� RELATIVE ENHANCE
MENTS IN COOKING 0- IMMEDIATELY NEXT TO RESTAUR
ANTS �I�E� AT D= �	 ARE ���× BACKGROUND LEVELS �PANEL
�A		� 7ITH INCREASING DISTANCE� 0- DECAYS TO BACK
GROUND LEVELS WITH AN EFOLDING LENGTHSCALE� K� OF
��M�$OWNTOWN/AKLANDHAS A SIMILAR KVALUE� ALBEIT
WITH A HIGHER LOCAL ENHANCEMENT� β� OF �× BACK
GROUND� WHILE COOKING 0- IN URBAN RESIDENTIAL /AK
LAND IS ALMOST SPATIALLY INVARIANT� 4HIS IS LIKELY BECAUSE
OF THE VERY LOW RESTAURANT DENSITY IN THIS PART OF
/AKLAND ��� KM−�	� !S A RESULT� IT MAY BE CHALLEN
GING TO DISTINGUISH EMISSIONS FROM RESTAURANTS VERSUS
THAT FROM HOUSEHOLD KITCHENS� )N OTHER WORDS� ALL
KITCHENS �RESTAURANTS AND HOUSEHOLDS	 MAY COLLECT
IVELY ACT AS AN AREA SOURCE� RAISING THE OVERALL BACK
GROUND COOKING 0- LEVEL OF THE NEIGHBORHOOD� BUT
WITHOUT ANY DISCERNIBLE POINT SOURCES� 4HIS IS CON
SISTENT WITH THE FINDINGS IN 3HAH ET AL ;�=� COOK
ING 0- IN URBAN RESIDENTIAL /AKLAND WAS SHOWN
TO HAVE VERY LITTLE SPATIAL AND TEMPORAL VARIABILITY�
"ECAUSE OF THIS INVARIANCE WITH RESPECT TO RESTAUR
ANT PROXIMITY� THE KVALUE GENERATED BY THE EXPONEN
TIAL MODEL �∼� KM	 IS NOT PHYSICALLY MEANINGFUL� )N
CONTRAST� DOWNTOWN /AKLAND� WITH A HIGHER RESTAUR
ANT DENSITY OF �� KM−�� EXHIBITS A CLEAR EXPONENTIAL
FALLOFF OF COOKING 0- WITH INCREASING DISTANCE FROM
RESTAURANTS�

3TRATIFYING THE DATA BY DIURNAL PERIODS ALSO OFFERS
MEANINGFUL INSIGHTS� )N /AKLAND� THE MORNING �� AM
TO �� AM	 AND AFTERNOON �� PM TO � PM	 PERIODS
HAVE LOW β OF ���× AND ���× BACKGROUND� INDICATING
LOW COMMERCIAL COOKING ACTIVITY DURING THESE PERI
ODS� #ONVERSELY� THE MIDDAY PERIOD ��� AM TO � PM	
HAS A HIGHER β VALUE OF ���× BACKGROUND� SHOWING THE
EFFECT OF INCREASED COOKING EMISSIONS� &URTHER� A K OF
��� M DURING THIS PERIOD INDICATES A FARTHER EXTENT OF
RESTAURANT INFLUENCE ON NEARBY AIR QUALITY� "OTH MID
DAY AND AFTERNOON PERIODS IN 0ITTSBURGH HAVE HIGH β
OF �× �OFFSCALE IN FIGURE ��K		 AND ���× BACKGROUND�
INDICATING HIGH COMMERCIAL COOKING ACTIVITY IN THESE
PERIODS� !S MENTIONED EARLIER� UNLIKE IN /AKLAND� WE
PERFORMED MEASUREMENTS IN 0ITTSBURGH AFTER � 0-
LOCAL TIME� (ENCE� WHILE THE AFTERNOON PANEL IN /AK
LAND �PANEL �F		 SHOWS LITTLE INFLUENCE OF RESTAURANTS�
THE SAME FOR 0ITTSBURGH �PANEL �L		 SHOWS A CLEAR DIN
NERTIME EFFECT�

&IGURE �� 4HE LOGLINEAR DEPENDENCE OF RELATIVE
ENHANCEMENTS IN COOKING 0- ON RESTAURANT DENSITY�
βMEAS =MEDIAN RELATIVE ENHANCEMENT OF COOKING 0-
MEASURED WITHIN �� M OF RESTAURANTS I�E� THE FIRST MARKER IN
PANELS �B	� �C	� �H	� AND �I	 OF FIGURE ��

/VERALL� THE QUALITY OF FITS �χ�	 IS LOWER IN 0ITTS
BURGH THAN IN/AKLAND� 4HIS IS BECAUSE ABSOLUTE COOK
ING 0- CONCENTRATIONS ARE LOWER IN 0ITTSBURGH �AS
SHOWN IN FIGURES � AND 3�	� !S A RESULT� NORMALIZ
ING TO BACKGROUND LEVELS AMPLIFIED THE NOISE IN THE
0ITTSBURGH PANELS OF FIGURE � �ESPECIALLY IN THE MORN
ING� WHEN RESTAURANT EMISSIONS ARE LOWEST	� $ESPITE
THIS� THE DEPENDENCE OF COOKING 0- ON RESTAURANT
PROXIMITY IS STILL REASONABLY WELL CONSTRAINED BY THE
EXPONENTIAL MODEL �AS INDICATED BY THE χ� OF FITS	�
)N THE FULL 0ITTSBURGH DATASET �PANEL �G		� ENHANCE
MENTS IMMEDIATELY NEXT TO RESTAURANTS ARE ���× BACK
GROUND LEVELS� 7ITH INCREASING DISTANCE� COOKING 0-
DECAYS WITH AN EFOLDING LENGTHSCALE� K� OF ��� M�
$OWNTOWN AND URBAN RESIDENTIAL NEIGHBORHOODS OF
0ITTSBURGH ALSO HAVE HIGHER β ��× AND ���× BACK
GROUND	 COMPARED TO RESPECTIVE NEIGHBORHOODS OF
/AKLAND� 0ITTSBURGH HAS A HIGHER RESTAURANT DENSITY
THAN /AKLAND� WHICH EXPLAINS WHY IT HAS A HIGHER β
THAN /AKLAND �PANEL �A		� 4HIS IS ANOTHER EXAMPLE
OF THE EFFECT OF RESTAURANT DENSITY� DOWNTOWN AND
URBAN RESIDENTIAL 0ITTSBURGH HAVE RESTAURANT DENSITIES
OF ��� KM−� AND �� KM−�� RESPECTIVELY �MUCH HIGHER
THAN THE �� KM−� AND �� KM−� IN RESPECTIVE PARTS OF
/AKLAND	� $UE TO THIS� URBAN RESIDENTIAL 0ITTSBURGH
STILL EXHIBITS A DISCERNIBLE� ALBEIT NOISY DEPENDENCE ON
RESTAURANT PROXIMITY �UNLIKE URBAN RESIDENTIAL /AK
LAND	� 4HE EFOLDING LENGTHSCALE� K� IN URBAN RESIDEN
TIAL 0ITTSBURGH ���� M	 IS SIMILAR TO THAT FOR THE ENTIRE
DATASET ���� M	�

!S DISCUSSED ABOVE� RELATIVE ENHANCEMENTS OF
COOKING 0- NEAR RESTAURANTS ARE NOT ONLY AFFECTED
BY PROXIMITY AND ACTIVITY� BUT ALSO BY DENSITY OF
RESTAURANTS� &IGURE � SHOWS THIS DEPENDENCE MORE
CLEARLY� )N DIFFERENT LANDUSE AREAS OF /AKLAND AND

�
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&IGURE �� !VERAGE COOKING 0- CONCENTRATIONS AND SOCIOECONOMIC METRICS NEAR AND FAR FROM RESTAURANTS IN /AKLAND �UPPER ROW	�
AND 0ITTSBURGH �LOWER ROW	� 4HE BEIGETINTED PANELS SHOW RACIALETHNIC COMPOSITION� AND THE TEALTINTED PANELS SHOW ECONOMIC
STATUS� %RROR BARS INDICATE EXTREMECASE AVERAGES CALCULATED BASED ON SENSITIVITY ANALYSES� AS DESCRIBED IN PREVIOUS SECTION� 0EOPLE
OF ALL RACES WHO ARE (ISPANIC OR ,ATINO ARE REFERRED TO AS (ISPANIC� /UR ANALYSES FOR 7HITE� !FRICAN !MERICAN� !SIAN� AND /THER
GROUPS USE DATA ON PEOPLE THAT ARE NOT OF (ISPANIC ORIGIN�

0ITTSBURGH� THE MEASURED ENHANCEMENT WITHIN �� M
OF RESTAURANTS� βMEAS �I�E� THE FIRST MARKER IN PANELS
�B	� �C	� �H	� AND �I	 OF FIGURE �	� EXHIBITS A LOGLINEAR
DEPENDENCE ON RESTAURANT DENSITY� )T IS WORTH NOTING
THAT IN ADDITION TO RESTAURANT COUNT� RESTAURANT DENS
ITYWAS ALSO A COOKING 0-PREDICTOR VARIABLE IDENTIFIED
BY THE LANDUSE REGRESSION MODEL OF 2OBINSON ET AL
;��= IN /AKLAND�

���� 3OCIOECONOMIC DISPARITIES IN EXPOSURE TO
RESTAURANT EMISSIONS
)N THIS SECTION� WE COUPLE SPATIAL INFLUENCE OF PAR
TICULATE MATTER EMISSIONS FROM RESTAURANTS WITH
SOCIOECONOMIC METRICS AROUND RESTAURANTS� !S
DESCRIBED EARLIER� WE FIRST BINNED SOCIOECONOMIC
METRICS �E�G� HOUSEHOLD INCOME	 IN THE SAME �� M
BINS OF RESTAURANT PROXIMITY AS USED IN FIGURES � AND ��
4HIS PRELIMINARY BINNING IS SHOWN FOR 0ITTSBURGH AND
/AKLAND IN FIGURE 3�� #LEARLY� IN BOTH CITIES� CERTAIN
SOCIOECONOMIC PATTERNS EXIST WITH RESPECT TO RESTAUR
ANT PROXIMITY� &OR INSTANCE� IN BOTH CITIES� POVERTY
DECREASES WITH INCREASING DISTANCE FROM RESTAUR
ANTS� 4HE FRACTION OF !FRICAN !MERICAN POPULATION
ALSO DECREASES� WHILE FRACTION OF 7HITE POPULATION
INCREASES WITH INCREASING DISTANCE FROM RESTAURANTS�

4O CHARACTERIZE THESE SOCIOECONOMIC METRICS
WITH RESPECT TO RESTAURANT 0- EMISSIONS� WE USE THE
EFOLDING LENGTHSCALE �K	 CALCULATED IN THE PREVIOUS
SECTION AS THE SPATIAL EXTENTS OF INFLUENCE OF PAR
TICULATE MATTER EMISSIONS FROM RESTAURANTS� 7E USE
THIS LENGTHSCALE TO BROADLY CLASSIFY THE CITIES INTO TWO
REGIONS� NEAR RESTAURANTS �I�E� DISTANCE TO NEAREST RES
TAURANT � K	� AND FAR FROM RESTAURANTS �DISTANCE TO
NEAREST RESTAURANT � K	� "ECAUSE THIS DELINEATION IS

SENSITIVE TO K� WE ALSO USE THE LOWER AND UPPER BOUNDS
OF K OBSERVED IN THE PREVIOUS SECTION AS OUR EXTREME
CASES TO TEST SENSITIVITY� 4HESE VALUES� WITH SENSITIVITY
ESTIMATES� ARE SHOWN IN FIGURE ��

!S SHOWN IN FIGURE �� AVERAGE COOKING 0- CON
CENTRATIONS NEAR RESTAURANTS ARE ��� TO ��� µG M−�

HIGHER THAN THOSE FAR FROM RESTAURANTS� 7HILE THESE
DIFFERENCES MAY SEEM SMALL� TWO POINTS SHOULD BE
NOTED� FIRST� WHILE THESE REPRESENT LONGTERM AND CITY
WIDE AVERAGES� CERTAIN AREAS �E�G� DOWNTOWN� AREAS
WITH HIGH RESTAURANT DENSITY	 HAVE LONGTERM AVER
AGE COOKING 0- ENHANCEMENTS AS LARGE AS � µG M−�

�ESPECIALLY DURING PEAK RESTAURANT ACTIVITY PERIODS	�
AS SHOWN IN FIGURES � AND �� 3ECOND� AS DISCUSSED
IN THE NEXT SECTION� THESE DIFFERENCES ALSO REPRESENT
LARGE VARIATIONS IN ACUTE COOKING 0- LEVELS� WHICH
ARE DAMPENED BY THE MULTIPLE STAGES OF AGGREGATION
PERFORMED ON >����� INDIVIDUAL MEASUREMENTS IN
EACH CITY�

#OMPARING /AKLAND AND 0ITTSBURGH IN FIGURE �
REVEALS INTERCITY DISPARITIES IN COOKING 0- CONCEN
TRATIONS AND RACIALETHNIC COMPOSITION� /AKLAND HAS
�× HIGHER AVERAGE COOKING 0- CONCENTRATION THAN
0ITTSBURGH� /AKLAND ALSO HAS ���× MORE PEOPLE PER
CENSUS BLOCK THAN 0ITTSBURGH� WITH �× HIGHER (IS
PANIC FRACTION� �× HIGHER !SIAN FRACTION� AND ���×
LOWER 7HITE FRACTION THAN 0ITTSBURGH� 4HE OVER
ALL ECONOMIC STATUS IN /AKLAND IS HIGHER THAN THAT
IN 0ITTSBURGH �I�E� HIGHER HOUSEHOLD INCOME� LOWER
POVERTY	� 4HIS IS LIKELY A RESULT OF OTHER FACTORS� SUCH
AS DOMINANT INDUSTRY TYPE� THAT INFLUENCE THE OVERALL
STANDARD OF LIVING�

&IGURE � ALSO SHOWS INTRACITY SOCIOECONOMIC
DISPARITIES IN BOTH CITIES� /VERALL� NEAR RESTAURANT

�
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EMISSIONS� THE TOTAL FRACTION OF PEOPLE OF COLOR �� IS
HIGHER� 7HITE FRACTION IS LOWER� POVERTY IS HIGHER�
AND MEDIAN HOUSEHOLD INCOME IS LOWER COMPARED TO
FAR FROM RESTAURANT EMISSIONS� )N /AKLAND� !FRICAN
!MERICAN AND (ISPANIC FRACTIONS LIVING NEAR RESTAUR
ANT EMISSIONS ARE RESPECTIVELY ���× AND ���× HIGHER�
WHILE 7HITE FRACTION IS ���× LOWER� COMPARED TO
FAR FROM RESTAURANT EMISSIONS� 3IMILARLY� NEAR 0ITTS
BURGH�S RESTAURANT EMISSIONS� THE !FRICAN!MERICAN
FRACTION IS ���× HIGHER� WHILE 7HITE FRACTION IS ���×
LOWER� COMPARED TO FAR FROM RESTAURANT EMISSIONS�

/AKLAND�S MEDIAN HOUSEHOLD INCOME NEAR RES
TAURANT EMISSIONS IS ���× LOWER� WHILE POVERTY �=
NUMBER OF HOUSEHOLDS WITH INCOME BELOW POVERTY
LINE	 IS ���× HIGHER THAN FAR FROM RESTAURANTS� 7HILE
0ITTSBURGH�S MEDIAN HOUSEHOLD INCOME NEAR RESTAUR
ANT EMISSIONS IS SLIGHTLY HIGHER ����×	 THAN FAR FROM
RESTAURANTS� POVERTY IS STILL ���× HIGHER NEAR RES
TAURANTS THAN FAR FROM RESTAURANTS� 4HAT INCOME AND
POVERTY ARE ANTICORRELATED IN /AKLAND� BUT NOT SO IN
0ITTSBURGH� MAY DUE TO OTHER DIFFERENCES BETWEEN THE
TWO CITIES� AS PROPOSED ABOVE� &OR EXAMPLE� /AKLAND
IS PART OF THE 3AN &RANCISCO/AKLAND3AN *OSE COM
BINED STATISTICAL AREA� AND THUS HAS DIFFUSION OF POP
ULATION ACROSS THESE NEIGHBORING CITY LIMITS� /N THE
OTHER HAND� 0ITTSBURGH IS THE ONLY MAJOR CITY IN THE
GREATER 0ITTSBURGHMETROPOLIS� WITH AMAJOR INDUSTRIAL
AREA ON THE OUTSKIRTS� WHICH LIKELY PLAYS A ROLE IN THE
LOWERMEDIAN HOUSEHOLD INCOME FAR FROM RESTAURANTS�

7HILE COOKING 0- CONCENTRATIONS ARE UNEVENLY
DISTRIBUTED FOR CERTAIN SOCIOECONOMIC GROUPS� THEY
ARE ALSO EVENLY DISTRIBUTED FOR OTHER GROUPS� &OR
EXAMPLE� IN /AKLAND� FRACTIONS OF !SIAN AND /THER
GROUPS ARE SIMILAR �WITHIN ���	 NEAR AND FAR FROM
RESTAURANTS EMISSIONS� 3IMILARLY� 0ITTSBURGH�S (IS
PANIC AND/THER GROUPS ARE SIMILAR �WITHIN ���	 NEAR
AND FAR FROM RESTAURANTS�

!S NOTED ABOVE� THE ERROR BARS IN FIGURE � REPRES
ENT SENSITIVITY OF THE RESULTS TO THE CHOICE OF K USED
FOR CLASSIFYING AREAS AS NEAR OR FAR FROM RESTAURANTS�
5SING THE LOWER AND UPPER BOUNDS OF K IDENTIFIED
IN FIGURE � CHANGES THE SPECIFIC CONCENTRATIONS AND
SOCIOECONOMIC METRICS� BUT IT DOES NOT CHANGE THE
OVERALL CONCLUSIONS� #OOKING 0- CONCENTRATIONS ARE
HIGHER NEAR RESTAURANTS� WHERE THERE ARE MORE PEOPLE
OF COLOR� AND ECONOMIC STATUS IS LOWER� COMPARED TO
FAR FROM RESTAURANTS�

)N SUMMARY� THE RESULTS PRESENTED IN FIGURE �
SHOW THAT THERE ARE INTERCITY AND INTRACITY DIFFERENCES
IN COOKING 0- CONCENTRATIONS AND SOCIOECONOMIC
METRICS IN /AKLAND AND 0ITTSBURGH� 4HAT POVERTY AND
TOTAL FRACTION OF PEOPLE OF COLOR IS HIGHER NEAR RES
TAURANTS STRONGLY IMPLIES THAT THESE SOCIOECONOMIC
GROUPS ARE EXPOSED TO HIGHER COOKING 0- CONCENTRA
TIONS� AND THUS BEAR A HIGHER PROBABILITY OF RELATED

�� 7E USE THE TERM @PEOPLE OF COLOR� TO REFER TO !FRICAN !MERICAN�
!SIAN� (ISPANIC AND /THER �(AWAIIAN� !MERICAN )NDIAN� !LASKAN�
0ACIFIC )SLANDER	�

&IGURE �� 0ERCENTAGE OF SAMPLES WITH COOKING 0- EXCEEDING
DIFFERENT THRESHOLDS NEAR AND FAR FROM RESTAURANTS IN
/AKLAND AND 0ITTSBURGH� 4HE PURPOSE OF THIS VISUALIZATION
IS TO EMPHASIZE THE IMPORTANCE OF ACUTELY LARGE COOKING 0-
CONCENTRATIONS NEAR RESTAURANTS� .OTE� DOTTED LINES BETWEEN
MARKERS ARE ONLY TO GUIDE THE EYE�

HEALTH RISKS� COMPARED TO 7HITE AND RICHER POPULA
TION GROUPS�

���� !CUTE COOKING 0- CONCENTRATIONS DUE TO
RESTAURANT EMISSIONS
)N FIGURE �� WE SHOWED THAT LONGTERM AND CITYWIDE
AVERAGES OF NEARRESTAURANT LOCAL 0- ENHANCEMENTS
ARE ���n��� µG M−�� WITH CERTAIN NEIGHBORHOODS OF
HIGH RESTAURANT DENSITY HAVING ENHANCEMENTS AS LARGE
AS � µGM−�� 7HILE THESE DIFFERENCES ARE ONLY �n�� OF
TYPICAL TOTAL URBAN 0- �UP TO ∼��� IN HIGH RESTAUR
ANT DENSITY AREAS	� THESE DIFFERENCES REPRESENT ACUTELY
HIGH COOKING 0- CONCENTRATIONS� WHICH ARE OBSCURED
WHEN AGGREGATED AT MULTIPLE STAGES� 4O EXPLORE THIS
INFORMATION� WE NOW REVISIT THE RAW MEASUREMENTS
I�E� PRIOR TO ANY AGGREGATION� &IGURE � SHOWS THE PER
CENTAGE OF TOTAL SAMPLES NEAR AND FAR FROM RESTAURANTS
WITH COOKING 0- CONCENTRATION EXCEEDING A SERIES OF
THRESHOLDS� 4HESE THRESHOLD CROSSINGS CAN BE THOUGHT
OF AS COOKING EMISSION PLUMES OF VARIOUS INTENSITIES�
AND HOW OFTEN ONE EXPERIENCES THESE ACUTE LEVELS� &OR
INSTANCE� FIGURE � SHOWS THAT IN /AKLAND AND 0ITTS
BURGH� ACUTE EXPOSURES TO >� µG M−� COOKING 0-
ARE RESPECTIVELY �× AND �× MORE FREQUENT NEAR RES
TAURANTS� COMPARED TO THOSE FAR FROM RESTAURANTS�

7HILE THE DATA IN FIGURE � SHOW COOKING 0- CON
CENTRATIONS EXCEEDING THRESHOLDS OF �n�� µG M−��
CONCENTRATIONS AS HIGH AS ��� µGM−� HAVE PREVIOUSLY
BEEN OBSERVED WITHIN ��� M DOWNWIND DISTANCE OF
RESTAURANTS ;��=� )T IS THUS EVIDENT THAT THE SOCIO
ECONOMIC GROUPS LIVING NEAR RESTAURANT EMISSIONS
EXPERIENCE NOT ONLY THE ADDITIONAL ���n��� µG M−�

OF LONGTERM COOKING 0- CONCENTRATIONS� BUT ALSO
FREQUENTLY EXPERIENCE THESE ACUTE CONCENTRATIONS�
&URTHER� AS MENTIONED EARLIER� EXPOSURE TO THESE
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PLUMES DOES NOT JUST INCREASE EXPOSURE TO MASS CON
CENTRATIONS OF PARTICULATE MATTER� BUT ALSO TO THE
ULTRAFINE PARTICLE NUMBER CONCENTRATIONS ;�� ��� ��=�
WHICH MAY HAVE MORE SERIOUS HEALTH EFFECTS ;��=�
,ASTLY� OTHER POLLUTANTS COEMITTED WITH 0- FROM
COOKING ACTIVITIES �E�G� CARCINOGENIC ALDEHYDES EMIT
TED FROM FRYING ;��� ��=	 ALSO INCREASE THE HEALTH
RISKS ASSOCIATED WITH THESE ACUTE EXPOSURES NEAR
RESTAURANTS�

���� 3OCIOECONOMIC DISPARITIES IN EXPOSURE TO
TRAFFIC EMISSIONS
!S MENTIONED EARLIER� WE RESOLVED OUR OBSERVED
0- INTO TWO VEHICULAR COMPONENTS� AN ORGANIC
COMPONENT �CHEMICALLY REFERRED TO IN LITERATURE AS
@HYDROCARBONLIKE ORGANIC AEROSOL� OR (/!	� AND A
REFRACTORY COMPONENT �BLACK CARBON OR "#	� 3UM
MING THESE TWO COMPONENTS PROVIDES AN ESTIMATE
OF TOTAL VEHICULAR 0-� 7E ANALYZED THESE VEHICU
LAR 0- CONCENTRATIONS WITH RESPECT TO HIGHWAY
PROXIMITY� ANALOGOUS TO COOKING 0- AND RESTAUR
ANT PROXIMITY� /VERALL� WE FIND NO SOCIOECONOMIC
DISPARITIES WITH RESPECT TO VEHICULAR 0- EMISSIONS
NEAR HIGHWAYS IN /AKLAND AND 0ITTSBURGH� 7E
BRIEFLY DISCUSS THESE FINDINGS BELOW� WITH DETAILS IN
THE 3)�

&IGURE 3� SHOWS THAT WITH INCREASING DISTANCE
FROM SOURCE� THE FALLOFF LENGTHSCALES OF VEHICULAR 0-
ARE MUCH SMALLER �<�� M	 COMPARED TO COOKING
0-� 7HILE OUR FINDINGS ARE CONSISTENT WITH PREVI
OUS MEASUREMENTS� FALLOFF LENGTHSCALES AS HIGH AS
���MHAVE ALSO BEEN REPORTED IN OTHER STUDIES ;�� ��=�
4HIS IS NOT SURPRISING� BECAUSE AS WE SHOWED WITH
OUR COOKING 0- ANALYSES IN FIGURE �� THE LENGTHS
CALE K CAN BE SENSITIVE TO FACTORS SUCH AS RESTAUR
ANT DENSITY AND PEAK COOKING PERIODS� !NALOGOUS TO
THAT� THESE VARIANCES IN HIGHWAYINFLUENCE LENGTHS
CALES COULD LIKELY BE EXPLAINED BY INTUITIVE FACTORS
SUCH AS TRAFFIC VOLUME� VEHICLE FLEET �E�G� AGE AND FUEL	�
AND SEASON ;��� ��=� /UR FINDINGS ARE THUS CONSISTENT
WITH LITERATURE IN THAT DEPENDING ON THESE INFLUENCING
FACTORS� HIGHWAYS CAN INFLUENCE 0- LEVELS WITHIN A ��
TO ��� M BUFFER�

&IGURE 3� SHOWS/AKLAND�S AND 0ITTSBURGH�S SOCIO
ECONOMIC PATTERNS WITH RESPECT TO HIGHWAY PROXIM
ITY� #ONTRARY TO PATTERNS WITH RESPECT TO RESTAURANT
PROXIMITY �FIGURE 3�	� FIGURE 3� SHOWS THAT SOCIO
ECONOMIC FACTORS ARE SPATIALLY INVARIANT WITH RESPECT
TO HIGHWAYS� &URTHER� WHILE THE MAJORITY OF THE POP
ULATIONS OF /AKLAND ����	 AND 0ITTSBURGH ����	 LIVE
WITHIN ��� M OF RESTAURANTS� A COMPARATIVELY SMAL
LER FRACTION ���� IN /AKLAND� ��� IN 0ITTSBURGH	
LIVE WITHIN ��� M OF HIGHWAYS �FIGURES 3� AND �	�
4HUS� WHILE TRAFFIC EMISSIONS CERTAINLY POSE SERIOUS
HEALTH EFFECTS TO THOSE EXPOSED TO THEM� OUR ANA
LYSES SHOW THAT THESE EXPOSURES ARE EVENLY DISTRIB
UTED ACROSS DIFFERENT SOCIOECONOMIC GROUPS� ,ASTLY�

2OBINSON ET AL ;��=� ALSO SHOWED THAT ACUTE EXPOSURES
TO RESTAURANT EMISSIONS ARE MORE FREQUENT THAN TRAFFIC
EMISSIONS�

�� #ONCLUSIONS

4HE NOVELTY OF THIS STUDY IS THAT WE COUPLED HIGH
SPATIALRESOLUTION MEASUREMENTS OF SOURCERESOLVED
PARTICULATE MATTER �0-	 TO DEMOGRAPHIC DATA TO
INVESTIGATE ENVIRONMENTAL JUSTICE IN 0- EXPOSURE IN
TWO 53 CITIES� /AKLAND� #!� AND 0ITTSBURGH� 0!� 4O
OUR KNOWLEDGE� THERE ARE VERY FEW STUDIES THAT HAVE
INVESTIGATED SOURCERESOLVED 0- COMPONENTS AT HIGH
SPATIAL RESOLUTION IN OTHER CITIES ;�� ��� ��=� ALL OF
WHICH WERE IN %UROPE� 4HUS� IN THE ABSENCE OF MORE
INFORMATION� WE CANNOT GUARANTEE THAT OTHER 53 CITIES
HAVE THE SAME ENVIRONMENTAL JUSTICE PATTERNS AS /AK
LAND AND 0ITTSBURGH� 7E ADDRESS OTHER LIMITATIONS OF
OUR SAMPLING METHODS AND ANALYSES IN SECTION 3��

5RBAN RESTAURANT EMISSIONS CAN INFLUENCE 0-
LEVELS AT THE NEIGHBORHOOD SCALE� 7E CHARACTERIZED
THE SPATIAL EXTENTS OF THIS INFLUENCE USING MOBILE 0-
MEASUREMENTS� 7E OBSERVE INCREMENTS IN COOKING
0- LEVELS WITHIN A ��� M BUFFER OF RESTAURANTS� WITH
VARIATIONS RANGING BETWEEN APPROXIMATELY �� AND
��� M� 4HESE VARIATIONS ARISE DUE TO SPATIAL AND TEM
PORAL VARIABLES SUCH AS RESTAURANT DENSITY AND PEAK
COOKING TIMES� 4O OUR KNOWLEDGE� THE WORK OF 2OBIN
SON ET AL ;��=� IS THE ONLY OTHER STUDY THAT HAS EXPLORED
SPATIAL EXTENTS OF RESTAURANT PLUMES� AND THE RANGE OF
EXTENTS REPORTED IN THAT STUDY ARE CONSISTENT WITH THE
FINDINGS OF THIS STUDY�

7E FIND THAT POLLUTION FROM RESTAURANT EMIS
SIONS IS UNEVENLY DISTRIBUTED AMONGST DIFFERENT SOCIO
ECONOMIC GROUPS� /N AVERAGE� AREAS OF /AKLAND AND
0ITTSBURGH THAT ARE NEAR RESTAURANT EMISSIONS HAVE
MORE PEOPLE OF COLOR �I�E� !FRICAN !MERICAN� !SIAN�
(ISPANIC� (AWAIIAN� !MERICAN )NDIAN� !LASKAN� AND
0ACIFIC )SLANDER	� AND ALSO HAVE A LOWER ECONOMIC
STATUS� COMPARED TO AREAS FAR FROM RESTAURANT EMIS
SIONS� 4HIS IMPLIES THAT THE LONGTERM AVERAGE COOK
ING 0- CONCENTRATIONS BREATHED BY THESE POPULA
TION GROUPS ARE ���n��� µG M−� HIGHER� )N ADDITION
TO HIGHER LONGTERM EXPOSURE� THESE SOCIOECONOMIC
GROUPS ALSO FREQUENTLY EXPERIENCE ACUTELY HIGH LEVELS
OF COOKING 0- �TENS TO HUNDREDS OF µG M−� IN MASS
CONCENTRATIONS� AND THOUSANDS OF ULTRAFINE PARTICLE
NUMBER CONCENTRATIONS ;�� ��=	� AND COEMITTED
POLLUTANTS�

,ASTLY� WE SHOWED THAT IN BOTH /AKLAND AND 0ITT
SBURGH� SOCIOECONOMIC FACTORS ARE INVARIANT WITH
RESPECT TO HIGHWAY PROXIMITY� 4HUS� ANY SOCIO
ECONOMIC DISPARITIES IN LONGTERM AND ACUTE EXPOSURE
TO HIGHWAY EMISSIONS ARE� AT MOST� MILD� AND CERTAINLY
SMALL COMPARED TO DISPARITIES IN EXPOSURE TO RESTAUR
ANT EMISSIONS�

�
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