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Near-Roadway Exposure to Air Pollution
with Examples from a Study of MSATs at
Three Schools Next to U.S. 95 in Las Vegas, NV

Prepared by:
Paul T. Roberts,
Michael G. McCarthy, and Steven G. Brown
gonoma Technology, Inc.
Petaluma, CA

Presented to: .
Benicia First! Forum on Air Quality and Children's Health
Benicia, CA
September 18, 2008

sonpma Technology, oo
Air Crolit Research ang [aovalive Solulions

Near-Roadway Exposures — Ou’dine

« Near-source (primary) poliutants, in context

+ Introduction to U.S. 95 MSAT (Mobile Source Air
Toxics) Study

« Monitoring sites at schools, parameters measured

» Typical characteristics of CO, NO/NO,, and black
carbon (BC) at these sites _ '

s Example of upwind/downwind BC concentrations
« Example of hydrocarbon concentrations

s Preliminary summary of MSAT characteristics

+ Mitigation Lessons Learned '

STi

notnn Taphnolooy, Sne.
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Primary and Regional Poliutants

Near-Source Ozone
Potential Sources - Pollutants Precursors and
PM | BC | MSAT Other Regional
Pollutants

Cars/Trucks/Buses v v v v
Rail v v v v
Ships v | v v
Ag Operations v
Refineries v v v v
Power Plants (gas) 4
Forest/Ag/Girass Fires N

Fireplaces/Woodstoves | v/

Wind-blown Dust v

pennma ¥ et

U.S. 95 Settlement Agreement

roadway

» Bus retrofit program
 Bus idling education

Bonoma fechnolooy, e,

Court Settlement Agreement between Sierra
Club and NDOT/FHWA regarding urban freeway
expansion where three schools are adjacent to

Required components of séettlement
« MSAT monitoring study at schools (this study)
« Filtration added to HVAC systems at schools

» FHWA gradient study (with EPA, ongoing research)

VI1I-B-456



Introduction to U.S. 95 MSAT Siudy
MSAT Study Objectives

« Characterize outdoor and indoor concentrations at
schools {student exposure)

s Determine U.S. 85 yehicle contributions (before and
after new lanes opened)

o Determine MSAT removal efficiencies of new
filtration systems |
Focus on priority MSATs
 Diesel particulate matter

» Gaseous components: benzene, 1,3-butadiene,
acrolein, formaldehyde, and acetaldehyde

STi

onome Techron e, 5

U.S. 95 MSAT Study Measurements

Routine Network (May 2007-May 2008)
"« Semi-continuous black carbon (Aethelometer) (10 sites) '
« CO (3 sites) '
e NO/NO, (1 site)
« Meteorological parameters (4 sites)

intensive Measurements (May/June 2007, January 2008)
« 2-hr hydrocarbon and carbonyl samples (10 sites)

Routine Traffic Data at Two Locations

» 5-minute traffic counts, by fane, with vehicle-class bins
and vehicle speeds

ST ]
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Monitoring Sites at Schools

tHOO

wuﬁﬁmﬁm ne.

o

Ambient is 20 meters from sound wall (SW); air inletis 76
ST' Legend: o Air inlet
I

m Classroom & Ambient

meters from SW.

Tatmol Int.
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Western HS Monitoring Sites

e e 5

Ambient is 136 meters from sound wall (SW); air inlet is 317 meters from SW.

Legend: ©Air inlet s Classroom & Ambient

LTl

Adcock Elementary School Monitoring Sites

Ambient is 17 mefers from sound wall (SW); air inlet was 39 meters from SW;
air inlet for new system is 33 meters from SW.
STi Legend: eAiriplet ® Classroom & Ambient

Eonors Tachnsizay NG
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Fyfe Trailer and Shelter Next to
Classroom (Before HVAC Changes)

20 meters from sound wall 76 meters from sound wall

STi

oroma Tachnolony, 1ng, : 11

Typical Time-Series
of Concentrations at
Fyfe in Winter

« BC, CO, NO, OC,and EC
profiles are similar.

« Wind speed, wind direction,
and source strength have a

major influence on
concentrations. b
: S ﬂ
E R . Pi
i B '&er“h—- LT
%ﬁﬂ:»..lsﬁ.!ra’mmf " : — — L:
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Fyfe, Ambient Monitor, December—Early March

(BC upfmd
HC w3

wind speed s ° wind speed m/s
BC vs. windspead, BC vs. windspeed, BC vs. windspeed,
all hours, all hours, winds all hours, winds
N==25,780, 5-min from the north, from the south
N=12,871 {freeway), N=6580

High BC concentrations are seen at low wind

speeds regardless of direction. Also note that

concentrations are higher at wind speeds > 2 m/s o a0 aaes
STi when winds are from the south (U.S. gb).

13

BC Concentrations Upwind and Downwind

Influence of Wind Speed
8 T R T T 3
:

'
] .
NS B
: FDNAUP
0 ad upwind
L 1 fy downwind

1
0-1 mfs1-2 m/s2-3 m/s>3 mfs
WINDSPD

STi

Eahbma Fachnology, g,
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Winter 0900-1100
Gaseous Concentrations Distribution

H 3 I i 1 H I E
L 1 % o
10.000 ? 3
: L
m ] ) : i ii .
g El o
| 1.000F 1| i ¥ } ‘ R
7 I 9 ? é B g é i PARAMETER
& 0100k ‘ Sy i o 1,3-Butadien
: ‘ 3 o Acetaldehyde
- Acrolein
0 Benzene
0.010F E % Formaldehyde .
;\ 1\ . :_ ’\ '\ L. 0 Toluene
. ‘&
& ‘?@6‘" o 1 o
o A
e&‘\dj* Y_GC'O:;OO& < 4@?@ Q{‘z‘\ aé@ \‘\@‘5
STi SITE_CONCAT
beoommvectnieny e i)’

Preliminary Summary of
Ambient MSAT Characteristics

Fresh pollutants go up and down together.

Morning concentrations dominate indoor and outdoor
exposure (summer); overnight and moming
concentrations dominate in the winter.

Expected pollutant gradients are not always gvident.

Low wind speeds often allow high pollutant
concentrations on both sides of roadway (with a sound
wall).

Wind conditions and time-of-day have a significant
influence on near-roadway exposure.
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Example BC Time-

Being Filled with Rush-hour Pollution by HVAC
(Before HVAG Changes)

Series Showing Classroom

e Bintk Dbt Inpin? ~ CHEHDOR
—- Plack Cathion ingln - Ar gl

Tle Bamethany Schodl

- BlatkCorbbnnpim'y- Amblerd

Bund 000
5000 b I 050 Note HVAC start
g o0 |- i f_‘ Juoms,, | DS and different
2 o ﬁ Jami | rate of ambient
8 N % 1" | dilution vs. indoor
1508 5 i 4 1 3080 Y
PR RRLWC, ey AN ZARNRARBR AR difution.
wmmnnw:a12u|s1szozzwwmoswmuuw:nzvn ‘
WIRNT B0
e {PST) Plotit; BAAROCT 91:4F MM PET,
Aok Bremeneay Sehool
e Btk Carboh (ORYY - CIRSSIOOT - BavkCarbon i - Amblart
- —— IRtk Garbos gy~ At loled oo
5000 ] 5000
oo = ooy
E 3000 E mg
2 2000 ¢ 2000
wnly 1 e
» e R P RN P W T WA PNE s i o
oo 2 08 D5 OB D ST 12 B 8 10 27 b0 2 ;W ps B b 12 14 16 SE 20 12
o B0 S117EEF
IST’ TanelPET) Plaried: AHZONT TILPMPET|
bonorm Tossngozy e, 7
Example BC Time Series Showing Low BC
Concentrations in Fyfe Classroom, Except When Door
Left Open by the Teacher (After HVAGC Changes)
fyta Bcsnerhary Schost
- Glack Carbon thgin?y - Chasurom - . BlotkGarban togh?y - Armbierd
e Byl Gt ingin) - At et -
27 | 5000
% 400D J lMg
2 4R ey
o
@ 808 E R K 2000°*
1000 i EME Ly 4 ST 4 TR 1000
y ?‘fr. ¥, .miL g A A e s T R APl I 11 Y
e i bt o 56 16 12 1€ 16 4 70 22 00 G2 DI 85 93 1B 92 1836 18 30
arearzont R0y
Teno{ET Pioticd; RO HOTEMPDT
oot
¥ fyla Berrwritaty Schocl
l!.l!Ilililil'll!lllr!l!ll!ll||||Jl!l|lllI|'!th.
. oo ut o4 P BE W 12 16 16 18 20 22 00 U D4 G5 0 10 32 M M W w0 T
- wiar0T sy
STI el 1 BrkrEan e Erdwbichuta S bt Tk {PET Firteq; LUZOT RASEMETT
onotn Tachnology, 100, i
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Indoor and Air Inlet BC Concentrations at
Fyfe Before and After HVAC Changes

homs Ta

5’ ﬂ inlet BC concentrations {ngfm?)

4000

F"ﬁ Elementary About 65%

A May-July i

O dangary Febniary removal efficiency

A {before)

k]

e

f-3

8

£

3

(=] A

8

&3

[+

E

s

| About 88%
removal efficiency
(after}
!

0 2000 4000 6000 8000 10000

Indoor and Air Inlet BC Concentrations at
Adcock Before and After HVAC Changes

Adcock Elernentary
Ta A May-July
O January-February

3000

Clagsroom BC concentrations {ngim®)
g
§

1000 |

About 94%
removal efficiency
(after)

i

1] 1600 2000 3000 4000
Infet BC concentrations (ag/®)
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onomi Tachnolooy: $he.

Indoor VOC Concentrations at Adcock (Summer)
Higher than Outdoor for All Species Except CCl4
10 =
,’/ﬂ,.
e X .i':" e -
% 1 x X;A_.i"?!i/i/ .
s . A _P';.}g)&
% "% ,E-;"‘,ﬁ" ’
§ . & .-;’ia _-‘;D » 1.3-Buladions
o . TotEeol o s 224
§ 0.1 4 - ;-"oé%._ a & Benzens
H LA o a Carbon Telrachleride
H ,.."-:. .,-". X - B p-Xyleoo
o - ‘_‘ - - # Toluene
e 41 LN
E ~evese 20 Ling
0.01 L~ 1 o E A
0.0% 0.1 1
STi Ajr Inlet Concentrations {ugim®)

10

21

Preliminary Summary of
MSAT Filtration Characteristics

(winter).

sources or time

» Modest BC removal with existing HVAC
systems in (summer).

» Significant BC removal with new HVAC filiration

» Adcock system removes more BC than
Western or Fyfe.

« Indoor concentrations are often higher than
outdoors for several gaseous MSATSs (indoor

lag in system?).

LT .
VIII-B-465
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Mitigation Lessons Learned, So Far

« Typical HVAC operation can fill classroom
with polluted air early in the morning which
can result in higher concentrations indoors
(than outdoors) later in morning.

« Leaving classroom doors open o outdoor hall
can defeat filtration system.

« Diurnal pattern of poliution is an important
consideration for exposure and mitigation (for
both classroom and outdoors).
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STi
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l Exarmple of Winds in Benicia; 9/13/08 and 9/6/08 (KCABENIC3) I

STi

Eenome Tachoalogr b

mph iy Speed v G ki
%g i
% ﬁ,:.:‘f :
* ety i
s?umy Wonday Tussday M}:chwda’f Thmﬂay Friday Saturday
u mf:u F ‘.‘. e F e ..:-_.-.(. 360
u.— .,-*.- "%-ueh}_&r-‘.e e—-""!’.ﬂ.has. B T B
- - #hin 180
...E & P i. — RO N 4 8
#hL 2L R—— 8
TSunday Tonday Tuasday w:m&y Thersday Friday Sehmiay

g Spesd Wird Gt

Sunday Monday

Wind Dir (deg)
Y

Sachy  Mondoy

Yuestay

wedawday ‘Thursday

Friduy
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Facks &om tha Bonicia First Forum

Sepl. 18, 200E

From;

Prevention Reaserch Certor

Benicin General Plan
Trio the 21t Centtury

*Lung sace dovolop fully in the Erat 20 weeks of kfe.”

Air Guality & Chifdren's Health

YLing function ks a botter indicatér of morulity~batter than blood prasphre

Br irn Tager, Md, Epidemiolegist, Profencar, Direcler, UC Borkeloy Siheel of Public Hoslth

“Tha Southarm Califoroia Ghildres's Health Study was conguctnd for 10+ yaars, botwien
1853 and 200£, and followod 6,500 chifdren for chronic exposures to afr poliution. Masker
poliutants wors dlosel BM fparticufatt matier at 10 and 2.6 mierons] and NOX,. A sub-set

\

*Hazards of tralfic poliution inttuds e and brake frmgmusts, tallpip
Hyd PR matt und ather bh

1. Allargs

s rhi and
ki offacts of 1 y poll

About houtth efects o children and adolpszents:

Facls from the Banlcla First Forum

Air Quality & Children’s Health

"An B3%incrosse In asthma tskt i sasorhted to Hving closo 1o a freeiway.”

of this study, conducipd for 8 years Irvolved 1,500 chifdren. Thy muln concern was
traffic axpusure's affect on funpy and renfdential to .. For this
study, the 7, A

e Loxies (NOX, CO,
§ agents zdd lo

SapL 14, 2008
From:
Br. Pau? Robertn, Phd., Exoc Vica Pros, & Chief Sclontifie Ofcar, Sonomu Technologles tne.

Dr. Robarts recently compinied the "Mablie Source Alr Toxiza Study” In Lar Vogas,
Mavads, which was conductad for onn year, monltoring air guality ol throe pchools that
are focated adjacent 1o Righway 95. The research wae funded by a U,S, 55 Seftiemon)
Agraement Batweon the Siarra Thub ard the Hovadz Dept. of Transportation and FHWA
[Federal Highway Administrrtiong.

The tegeired components of the study were:

monitering at the three schoal ales

Fltraticn zdded fo HVAG nyntorms at schoolx

Bus rolrof propmm

Bub Idling sducation

FHWA gradient shady {with EPA, ongelng research)

ERCEE I

*Al ali throe school sites, highk black carbon concentrations are noen ot low wind spseda
regardions pr dirgetion™

“Morning concentrations dominale ladoor and outdenr expesure {summer); svorright _
and momlng concentrations dominate in winter.” . ]
4]

o

“Lowt wing speads ofion aflow high pollutant concentrations on belh sldax of the
roathway fwith soond walp"

*Wind conditons and mb-of-day have & signif 15 on d
exposura,”

LEGEND
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e a1 it 4 re—
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Facts from the Benlcla Flmst Forum
Air Quality & Chitdren's Health
Supt 18, 2008

From:
Jonny Bard, Disertor of Roglonat Alr Quality Prograre, Amerizan Lupg Azzochation of
Califernin

~Lungs hava 360 mifion aviot-{if kald out} encugh to fill a tannis court.”

“Livarmars has the highest oxons iavel in the Bay Area.” .

[Bonlcta atan shows high lovalx of oxone, 2e maritored at the Tennys Brive menloring
station] -

*Qyone In mady kp of nitrogen oxides + vofafile erganic compounds {VOG's} especially
when temparatures are high. With global warning, we £an oxpect mars smog, thore drye
of axcodeston of Federal lvaln for ozene contalmmant® :

“Wood burning Is tho groafost taune ef particaiats embisions (PM) In the Bay Area.
Dinacl wmilsslons, iscluding PM, are the most harmtul emlasions in the Bay Area.”

“fHack oot on windowalils ix Ukaly dosal soot™” {black carbron].

“The smallest particies, FM 2.5 microns, dre sa Uny they by-paea alramy defenses and are
absorbed Inte the bleodstream”

*We nead to protect public herith with adegquate margin of safoty.”
*fhe Lung Asses. In Californla ks supporting AB32, for getting greenhauss gas
fiedl Tatod o

1o traffic. The benofit to reducing traffic ks the
reduction of health risks povad by traflic emizalons.”
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