
  

 

 Transportation & Community Design 

Regional Pollution – Local Receptors 

  Wig Zamore STEP - NPSG Denver 2014 

What you see in this picture is the least of it! 
I93 has 150,000 vehicles per day overhead 

New housing proposed with retail to the right 
MBTA diesel commuter rail lines (3) under 



WHO does she call for HELP? 

Is this a healthy place and time for a  
young mother and daughter to exercise? 

Are these healthy places for housing? 
Are HEPA filter interventions possible? 

Somerville 
Community Path 

near Davis Square 

Can alternatives 
can provide respite 

Is Route 28 a good place for a bicycle 
commuter in morning rush hour? 



Many People on Earth are Moving to Cities.  

What Scale Defines Neighborhood? 



We Are Here 
Hyatt Regency  

Denver Colorado 

NASA Hubble Photo 

Big Picture 



NASA Hubble Photo 

CHON Carbon - Hydrogen - Oxygen - Nitrogen 
 
THE MOST COMMON ELEMENTS OF: 
 
Nuclear fusion in our universe - C H O N + He 
 
Earth's atmosphere and oceans - O2, N2, H2O 
 
Climate and GHGs - CO2, CH4, N2O 
 
Biochemistry of life - DNA, proteins, sugars - YOU 
 
Breathing, drinking, eating - O2, H2O, HC 
 
Energy and combustion - HC + O2 = energy 
 
Air pollution at all scales - O3, NOx, HCs, PM  
     plus transition metals, trace elements  
 
Vast opportunity for unfortunate interactions 

Earths Elements: 
 
Big Bang – H and He 
Star Fusion – up to Fe 
Star Death – past Fe 
 
Flora, fauna, food, 
hydrocarbon fuels, 
water & atmosphere  



NASA  

Scale of Time and Space 
on Earth Time - Log Scale for Air Pollutants 

Space - Log Scale for Air Pollutants 

Near Highway      EPA Regional         Climate GHGs 

NOTE WELL - People are both 
generators and receptors  

of air pollution at all  
spatio-temporal scales. 

 
Maybe it’s time to consider 

Health and Environment  
at All Design Scales 

 
No environmental protection 
now for near highway scale, 
except in CA, and even less 

for cookstoves globally. 



NASA  

Scale of Time and Space 
on Earth 

Globally transportation is not 
as important over 100 and 20 
years as some other sectors 



Note transportation CO2e prominence and  
direct (blue) versus indirect (green) energy 



Variation in households and cities – Lower income and Compactness = Less transportation share   
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California’s transportation GHG sector, e.g., is 
much greater than it’s direct building energy 



Assembly Square Somerville 
as a future water wonderland 

Global Impact on Local Communities 



National Ambient Air Quality Standards (NAAQS) 
The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality Standards (40 CFR part 50) 
for pollutants considered harmful to public health and the environment. The Clean Air Act identifies two types of national 
ambient air quality standards. Primary standards provide public health protection, including protecting the health of "sensitive" 
populations such as asthmatics, children, and the elderly. Secondary standards provide public welfare protection, including 
protection against decreased visibility and damage to animals, crops, vegetation, and buildings. EPA has set National Ambient Air 
Quality Standards for six principal pollutants, which are called "criteria" pollutants. They are listed below. Units of measure for 
the standards are parts per million (ppm) by volume, parts per billion (ppb) by volume, and micrograms per cubic meter of air 
(µg/m3) 

Main  
concerns 
for EPA 

are 
PM2.5 

and 
Ozone 



Benefits and Costs of the CAA 1990 – 2010 EPA Report to Congress 
PM2.5 also dominates the benefit to cost ratio of all Federal regulations 

90.9%

PM Mortality Ages 30+

Bronchitis

Hospitalization Cardiovascular

Work Loss Days

Asthma

Hospitalization Respiratory

All Other Respiratory

On a cost benefit basis, PM2.5 related mortality 
dominates all environmental health impacts.  



EPA PM NAAQS Second Draft Risk Assessment - Feb 2010 



Note that 
inversions drive 
up both PM2.5 

and local 
transportation 
pollution levels 





Polled Utahns favor stricter air quality rules for industry  
Most people now are more concerned about Utah’s air, are willing to  

change their habits.  By Brian Maffly The Salt Lake Tribune • Jan 20 2014 



Harvard Six Cities Study 
Laden 2006 

For 10 mg/m3 in PM2.5 
(Common in US regions) 

16% increase in mortality 
28% in cardiovascular 

27% in lung cancer 



Amer. Cancer Soc. Cohort 
Pope 2002 

For 10 mg/m3 in PM2.5 
(Less exposure control) 
6% increase in mortality 
9% in cardiopulmonary 

8% in lung cancer 



EPA PM NAAQS Second Draft Risk Assessment - Feb 2010 



US EPA on PM2.5 Excess Mortality 
Amer. Cancer Soc.  140,000 
Harvard Six Cities  360,000 

Midpoint of ACS & H6C   250,000 
Total US  Mortality             2,500,000 
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From the WHO 2010 
Global Burden of 

Disease 
Notice the difference 

in PM2.5 mg/m3 scale 
US – 0 to 18 

Europe – 0 to 35 
SE Asia – 0 to 100 

~ 7 Million Deaths  
per Year due to PM,  

mostly China & India 
Between 1990 and 2010 

a huge shift from 
communicable diseases 

to environmental 

Recent Shanghai 
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Recent China 



Lim 2012 Lancet 



3rd great cohort in air pollution epidemiology is the California Children’s Health Study 
Original hypothesis was that regional Ozone and PM2.5 drive childhood asthma  
Their work affected US EPA Ozone and PM2.5 national standards but …  
Found near roadway exposures to fresh mobile pollution has more impact 

No matter what city in the US you live in, 
residence within 100 meters of a major 
roadway, port, airport, diesel rail line or 
truck facility has higher health risks than 
PM2.5 differences between regions. 



Results of best spatial epidemiology studies on  
high mobile pollution exposures at residence:  

Cardiovascular deaths - 50% + higher (solid) 
Lung cancer deaths - 50% + higher  (solid) 
Childhood asthma - 50% + higher (solid) 
Childhood autism – 100% + higher (emerging) 

Direct traffic exposures (small acute studies): 

Heart attacks – 200% higher 
  but for bicyclists - 300% higher 
Cyclist dose – 400% + higher 
ECG - ST segment depression 2X 
Rapid cardiovascular signaling 
 
         I93 on berm 

Cardiovascular Disease and 
Lung Cancer relative risks 
appear to be similar for 
truck industry workers, 
diesel rail engineers & near 
highway residents 

Individual Exposure is determined by: 
How big is the source – e.g., vehicles per day 
How close are you, how many hours per day 
Built or geographic protection or traps 
Meteorology – temperature, sun, wind, etc. 
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Recent Afternoon on I93 at Somerville Medford city line – Citizens still learning to drive! 

Individual Exposure is determined by: 
How big is the source – e.g., vehicles per day 
How close are you, how many hours per day 
Built or geographic protection or traps 
Meteorology – temperature, sun, wind, etc. 
Almost 10% of US lives near large sources 
And almost 20% of our rental population 



Meters from Busy Roadway  
500 
400  
300  
200  
100 
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 A story of two Somerville MA community groups dealing with  
LAND USES –> TRANSPORTATION –> AIR QUALITY –> PUBLIC HEALTH and  

 moving on to real community based participatory research  

Action-oriented focus of volunteer 
groups Mystic View and STEP in 
Somerville evolved as follows: 

1998 to 2000 and Beyond 

   Jobs, Taxes & Open Space 

2001 to 2003 and Beyond 

   Transportation Capacity 

2004 to 2006 and Beyond 

    Air Quality & Public Health 

These focal areas turned out  
to be highly interactive! 
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 Interstate 93  in Somerville - Mystic Housing Project on Right 
I93 and Neighborhoods at various distances organize the geography of the CAFEH study of  

Air pollutants & cardiovascular health in Somerville, Dorchester & S. Boston, Chinatown & Malden 
CAFEH's Steering Committee of community and academic partners meets every 2 weeks  

Funded by: 
NIEHS ES015462;  

NHLBI CA148612;  

HUD MALHH0194-09;  

EPA STAR FP-91720301-0;  

EPA STAR FP-917349-01-0  

P.E.O. Scholar Award  

And moving on to design 
strategies with Kresge 

CAFEH Partners: 
Tufts University School of Medicine 

Tufts University School of Engineering 

Somerville Transportation Equity Partnership 

Chinese Progressive Association 

Committee for Boston Public Housing 

Chinatown Resident Association 

Harvard School of Public Health 

Brigham and Women's Hospital 

Some	  Field	  Team	  Members	  



  Mystic View/Assembly Square – Our Last Frontier (1998) 

Big box sprawl and financial stagnation for our city,  
or……. A vision for the revitalization of Somerville  

Interstate 93 

Route 28 

Orange Line & 3 
Commuter Rails 

Boston 
Financial 
District 

Mystic River  

Foss Park 

East Somerville 

145 Acre  
Mystic View Site 

Ten Hills 

Amelia 
Earhart 
Dam 



Ford Plant Was Productive For Many Decades 



Connects to most other rail based Boston regional 
transit and the seven research universities 

directly or with a single seat transfer 

Four mixed use blocks of retail, housing, office to 
open Memorial Day 2013, T-Stop in Summer 

2013, Partners Healthcare in 2016 



FOCUS of STEP and Mystic View Task Force - Economic development at Assembly Square 

T 

T 

N

N Mystic View preference for all 
of Assembly Square 

Developer preference for 42 acre waterfront  



Reason for Somerville chronic fiscal deficit 





2010 Municipal Spending per Person
SOMERVILLE 2,687 100%
BOSTON 3,963 148%
CAMBRIDGE 4,862 181%



Development Alternatives vs. Charrette Priorities 
The Best Vision Matches Regional Opportunities & Local Needs 

-20

0

20

40

60

80

Open Space Residential Big Box Retail Mixed Urban

New Open Space (Acres)

New Jobs (1,000s)

New Net Taxes ($1,000,000s/Y)



Mystic View Task Force Alternate Site Plan 

Pedestrian  
friendly block 
and street grid 

Good connections to 
community via Broadway, 
McGrath and Washington 

Continuous 
access to 
expanded 
water’s edge 

Ecologically responsible treatment of 
run-off on-site and at water’s edge 

Better connection 
to region through 
new T station 

Shared structured parking 
replaces oversized surface lots 

New “main streets” 
integrate community 

New recreational fields 
with possible structured 
parking below 

Mixed use ensures 
round-the-clock vitality, 
safety and community 

Compatible with Rutherford Avenue 
redesign and integration with Charlestown 



URBAN MIXED COMMERCIAL 

 Acres Land % 1000 BSF Value K$ RET K$ Dir. Jobs 

Water’s Edge 5.0 3.3 % 0 3,336 0 3 

Green Space 45.0 30.0 % 0 30,023 0 9 

Roads & Infrastructure 30.0 20.0 % 0 60,000 0 30 

Office, Retail (10-15%) 8,250 1,770,000 48,569 33,000 

Hotel, Retail (10-15%) 1,250 270,000 7,409 2,000 

Residential 

50.0 

 

33.3 % 

 

1,500 245,000 3,467 75 

Industrial & Distribution 10.0 6.7 % 250 30,000 473 313 

Structured Parking 10.0 6.7 % NA 113,333 1,037 42 

Total Mystic View Site 150.00 100.0 % 11,250 2,521,692 60,955 35,472 

 



N

Compromise Long Term Vision 
for all of Assembly Square 

2006 Settlement Legally Binding 

Assembly Square 2006 
Settlement Included: 
Vehicle trip reduction from 
100,000 to 50,000 per day 

$15M toward new T-stop 
(will be open in 2014) 

Pedestrian and bike 
connections added 

New riverfront open space 

Long Term Vision: 5 MSF 
office/R&D, diverse housing, 
10 MSF mixed use total 

Three multi-story mixed use 
urban blocks open in 2014 

No housing within 500 
feet of a major highway 

IKEA – Partners 
will use second 

headhouse 2016  

Community activists requested 5+ million SF of Office-R&D within mixed use plan à 



Can we tie Transit Oriented 
Development to diesel rail? 

Three northern MBTA commuter rail 
routes run through Assembly Square 



Commuter rail leaves Porter Square for Boston - 250 inbound trips per day.  Red Line over 10,000. 



Museum 
of Science 

1 North 
Station 

2,3 

Haymarket 
4,5 

Bowdoin 
6 

City Hall 
7 

Aquarium 
8 

State 
9,10 

Park 
11,12 

Downtown 
Crossing 

13,14 

South 
Station 

17 

Boylston 
15 Chinatown 

16 

Assembly 
Square 

1 

? 

 Assembly Square Single Station 

Two Headhouses critical or cannot extend benefit of one 

T-stop to an area the size of Downtown Boston 

 Downtown Boston Seventeen Stations     
All Four Lines - Does not include Silver Line or Fifteen 

Commuter Rail Lines at No. & So. Stations 



Many MBTA Rapid Transit & Bus Connections Are Available to Assembly Square 
Relevant MBTA Boardings 
  Weekday counts 2005 - 2007 
 

Single Seat Ride: 

  Orange Line  216,000 
 

One Transfer (rail based): 

  Green Line  (NS, Hay)  237,000 

  Red Line (Down Cross)  226,000 

  Blue Line (State)    51,000 

  Commuter North (NS)    49,000 

  Commuter South (BB)    83,000 

  SUBTOTAL   646,000 
 

Rapid Transit TOTAL  862,000 
 

One Transfer (BRT or bus based): 

  MBTA Bus System  230,000 

  Silverline 1 - Dudley    15,000 

  SUBTOTAL   245,000 
 

Zero & One Transfer     1,107,000 

 

 

New Assembly 
Square T-Stop 



BOSTON Metropolitan Area Cities and Densities - 2000 

#1 - Somerville 
18,851 / Sq.Mi. 

#3 - Cambridge 
15,763 / Sq.Mi. 

#2 - Chelsea 
16,018 / Sq.Mi. 

#4 - Boston  
12,165 / Sq.Mi. 

#6 - Malden 
11,112 / Sq.Mi. #5 - Everett 

11,254 / Sq.Mi. 

#9 - Medford 
8,230 / Sq.Mi. 

Revere 
7,994 / Sq.Mi. 
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Somerville and Chelsea Characteristics – Susceptible and Vulnerable 

     Somerville 
#2 Immigrants/SM  
#1 Population/SM 
#2 College Grads/SM 
#1 Multi-family % 
#3 State $$$/SM/Y 
#2 Transit use – buses 
#1 Highest VMT/SM 
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     Chelsea 
#1 Immigrants/SM  
#2 Population/SM 
 Lo SES & Education 
#2 Multi-family % 
#1 State $$$/SM/Y 
Hi  Transit use – buses 
#2 VMT/SM 



	  
	  

	  

	  

	  

	  	  	  	  	  	  	  

	  

	  

	  

	  

Because the traffic on I93 was greater than 
expected, average lead levels in very 
nearby housing were high enough for 15 
years to drop children’s lifelong IQs by 
nearly 10 points.  The children who spent 
their first 5 years here after the completion 
of I93 may have very different lives as a 
result of these early lead  exposures – in 
their educational achievement, their jobs, 
and their life-long relationships with their 
spouses and children. 
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 Boston MPO Excess Lung Cancer and Heart Attack Deaths  
per Square Mile 1996 to 2000 - Top 14 of 101 Cities and Towns 

 
Note that only 14 municipalities have over 2.5 excess deaths,  

75 fall between 2.5 and -2.5, and 12 have over 2.5 excess lives 
 

MassCHIP ICD 10 1996-2000 using age-adjusted averages 
 

Top 14 are <10% land, 25% population, >75% excess deaths of 
the MPO 

We looked at mortality records for 5 years for all 351 Massachusetts cities and towns 
Premature mortalities were similar to those predicted by near roadway epidemiology 



Population Density plus Traffic Related Air Pollution equals  
High Age-adjusted Excess Heart Attack & Lung Cancer per Square Mile 

Somerville 
AMI & LC 

Chelsea 
AMI & LC 

S. Boston  
AMI & LC 

51	  

Port 

Port 

Port 

Logan 
Airport 

Produce 
Markets 

Port 

E. Boston 
 AMI & LC 

Produce Markets 

Most 
Highways 
Diesel Rail 

Charlestown 
 AMI & LC 



Square 
miles 

Land 
Area % 

TAZ to 
Region 

TRAVEL 
RATIO 

2000 TAZ/
REG     

Median 
Kilo-

grams 
Daily 

50% VMT 
 50% VHT CO-W/SM NOx/SM VOC/SM 

16.8 0.6% TAZ >10X 18.3567 14,517.6 1,732.6 744.5 

71.2 2.5% TAZ > 5X 6.5181 6,004.3 723.1 278.1 

41.7 1.4% TAZ > 4X 4.4535 3,864.6 458.5 188.5 

81.3 2.8% TAZ > 3X 3.4259 3,162.9 380.9 147.5 

135.4 4.7% TAZ > 2X 2.4503 2,243.6 268.6 105.9 

383.3 13.3% TAZ > 1X 1.3845 1,269.5 151.6 60.5 

2,147.9 74.6% TAZ < 1X 0.3625 322.4 37.3 15.9 

2727 Traffic Analysis Zones (TAZes) in 
Eastern Massachusetts as Analyzed by the 

Boston MPO for US EPA, FHWA and FTA 
Map by Wig Zamore and MAPC 

The top 3% of our exposed land 
areas have 20 to 50 times 

as much mobile pollution emitted per 
square mile as the least polluted 

75%. 



Mayor	  Joseph	  A	  Curtatone	  
Office	  of	  Strategic	  Planning	  &Community	  Development	  

MIT's Map of 40B Affordable Housing Projects and 
MAPC's Map of Highway Pollution Health Hazards 

Are virtually THE SAME MAP!  
  In the US, 9% of all people and 18% of all 

renters live within a few hundred feet of highways 
or other large mobile air pollution sources. 



Somerville FOCUS of STEP and Mystic View Task Force 

Land Use and Economic Development 
  Assembly Square - 145 acres 

    Old underutilized industrial site (FORD plant) 

    Developers preferred Big Boxes 

     Community wanted transit-oriented-development  

        30 new acres open space  

        30,000 jobs 

        30,000,000 net annual taxes 

     Settled December 2006 after years of battle 
 
 Transportation 
     Orange Line ~ $60M first T-stop in MA 33 years 

        216,000 Orange Line Boarders 

        646,000 Green Red Blue Commuter 

        245,000 Bus and Silverline Connectors 

     Green Line Extension ~ $1.5B first light rail  

        branches in several generations 

     Solid T circles represent new stations 

     Community Path (not shown) from Bedford MA 

       through Davis Square to Green Line and Boston 

   

STEP and Mystic View used air quality and health 
in their advocacy for local and regional changes 
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Somerville 
Precedent 
Studies 
 
MVTF and STEP 
 
With science by 
 
EH&E and Aerodyne 



NO2 Along Somerville Roads 
• Clear traffic-
related pattern 

 
• NO2 measured 
near I-93 is twice 
as high as the 
level in Draw 7 
park 

• NO2 within 50 m 
of I-93 is similar 
to concentrations 
at Roxbury 
Crossing and 
Kenmore Sq. 

NO2	  Concentra4on	  
<	  19	  	  	  	  	  ppb	  
19	  -‐	  20	  ppb	  
20	  -‐	  21	  ppb	  
21	  -‐	  22	  ppb	  
>	  22	  	  	  	  	  ppb	  

Draw 7 Park 
15 ppb 

Temple &  
R38 & I-93 
30 ppb NO2 

Lynn urban 
background  
is ~ 10 ppb 



NO2 Levels 
• Two-week averages 

• Mean (SD): 20.6 (2.7) ppb 
• Range: 15 – 32 ppb 

 
• NO2 weakly correlated with 
distance (m) to highway 

•  I-93: -0.19 (p=0.06) 
• MA-28: -0.28 (p=0.006) 

• NO2 strongly correlated with 
traffic density (TD) 

• TD25m: 0.61 (p<0.0001) 
• TD50m: 0.60 (p<0.0001) 
• TD100m: 0.48 (p<0.0001) 
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Very steep decline in 
primary traffic 

pollution within 200 
meters of highways 



Pilot study by Mystic View Task Force, Aerodyne Research and Tufts showed 
Elevated pollutants downwind of highway during first half of AM rush hour 

Data collected January 16 2008 

I93 AM Rush Hour Somerville MA 
Higher traffic pollution early 

PNC is particle 
number count – 
typically about 

100,000 per cubic 
centimeter during 
morning rush hour 



Somerville 
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NO2 Levels 
• Two-week averages 

• Mean (SD): 20.6 (2.7) ppb 
• Range: 15 – 32 ppb 

 
• NO2 weakly correlated with 
distance (m) to highway 

•  I-93: -0.19 (p=0.06) 
• MA-28: -0.28 (p=0.006) 

• NO2 strongly correlated with 
traffic density (TD) 
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Very steep decline in 
primary traffic 

pollution within 200 
meters of highways 



Pilot study by Mystic View Task Force, Aerodyne Research and Tufts showed 
Elevated pollutants downwind of highway during first half of AM rush hour 

Data collected January 16 2008 

I93 AM Rush Hour Somerville MA 
Higher traffic pollution early 

PNC is particle 
number count – 
typically about 

100,000 per cubic 
centimeter during 
morning rush hour 



Future activities 

CAFEH 

Main 
CAFEH 
Study 

HUD Study Puerto Rican 
Health Study 

 

SEM 
Model 

	  

UFP 
Model 

	  

A pilot scale HEPA 
filter intervention, 

cardiovascular focus 

A sub-study on mobile 
pollution impact in a 

susceptible population 

Community Assessment of Freeway Exposure and Health – an NIH study 
Initiated by STEP with Tufts Univ.        and other community partners 



“RV” = Research Vehicle 

Photographs courtesy of 
Alonso Nichols, Tufts 
University Photography 

Particle Pollutants: 
 

Particle number 
concentration and 
size distribution, 
PM2.5, black carbon, 
and pPAHs 

Gas Pollutants: 
 

NOX, NO, CO 

Inlet Allison Patton and Jess Perkins  
of Tufts University in mobile lab 



Trends in Somerville near highway inflammatory cardiovascular 
biomarkers - presented by Wig and Christina via NIEHS webinar 

Pe
rc
en

t	  i
nc
re
as
e	  

Characteris4c	   No.	  (%)	  
Age	  (years)	  (Mean	  ±	  SD)	   58.6	  (11.8)	  
Sex	   	  	  
	  	  	  	  	  Female	   99	  (70)	  
	  	  	  	  	  Male	   43	  (30)	  
Race/ethnicity	   	  	  
	  	  	  	  	  White	  	   111	  (78)	  
	  	  	  	  	  Non-‐white	   29	  (20)	  
Educa4on	   	  	  
	  	  	  	  	  Less	  than	  High	  School	   29	  (20)	  
	  	  	  	  	  Completed	  High	  School	   59	  (42)	  
	  	  	  	  	  Completed	  Jr.	  College	  or	  college	   53	  (38)	  
Employment	   	  	  
	  	  	  	  	  Work	  full-‐	  or	  part-‐4me	   63	  (45)	  
	  	  	  	  	  Re4red,	  disabled	  or	  unemployed	   76	  (55)	  
Smoking	   	  	  
	  	  	  	  	  Current	   31	  (23)	  
	  	  	  	  	  Past	   56	  (41)	  
	  	  	  	  	  Never	   50	  (36)	  
BMI	  (kg/m2)	  (Mean	  ±	  SD)	   29.4	  (7.0)	  
Medica4ons	  	   	  	  
	  	  	  	  	  Sta4ns	   38	  (27)	  
	  	  	  	  	  An4-‐hypertensives	   30	  (21)	  
	  	  	  	  	  Diabetes	   22	  (15)	  
	  	  	  	  	  An4-‐inflammatories	   35	  (24)	  

High sensitivity C Reactive Protein (hsCRP), used in 
most statin studies, is a good biomarker for 

cardiovascular mortality risk 

Early acute biomarker analyses 
by Christina Fuller of HSPH 



Spatial variability in Particle Number Count in Somerville – Using the Tufts CAFEH mobile laboratory  
to survey 55 days (4 hours or more) in a year 



PNC Residential Annual Average (N=140) 
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K. Lane CAFEH - Research in Development – DO NOT CITE 



Problem with Exposure Assignment 

1)	  UFP	  concentra4ons	  vary	  greatly	  over	  space	  and	  4me.	  	  
(Zhu	  et	  al.,	  2006;	  Karner	  et	  al.,	  2010;	  Durant	  et	  al.,	  2010;	  Padro-‐Mar4nez	  et	  al.,	  2012)	  
	  	  

2)	  People	  do	  not	  spend	  all	  their	  4me	  at	  home	  so	  exposure	  
assignment	  for	  TRAPs	  like	  UFPs	  should	  account	  for	  4me-‐
ac4vity	  paeerns.	  (Beckx	  et	  al.,	  2008;	  Luc	  Int	  Panis,	  2010;	  Dons	  et	  al.,	  2011;	  Buonanno	  et	  al.,	  2013)	  

68	  (Lane	  et	  al.,	  Under	  Review)	  

K. Lane CAFEH - Research in Development – DO NOT CITE 



Time-Activity Exposure Adjustment 
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(Fuller	  et	  al.,	  2013)	  
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Comparison of PNC Annual Average 
Exposure Models (N=140) 
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Comparison of PNC Annual Average Exposure 
Models (N=140) 
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Effects of Time-Activity adjusted LN PNC on 
association of LN hsCRP. 
 

AddiHve	  Models	   %	  Change	  	   95%	  CI	  
Inside	  Home	  	   1.16	   (-‐0.08%,	  2.4%)	  
Outside	  Home	   1.24	   (0.01%,	  2.46%)	  
Work	  	   1.36	   (0.03%,	  2.69%)	  	  	  
Other	  (Non-‐Highway)	  	   1.51	   (0.09%,	  2.94%)	  	  
Highway	  Travel	  	   	  1.86	   (0.32%,	  	  3.14%)	  
Central	  Air	  (>=18.3	  degrees	  
Celsius)	  	   1.79	   (0.49%,	  	  3.09%)	  	  

*All	  models	  adjusted	  for	  age,	  gender,	  smoking	  status	  and	  BMI.	  	  

Model	   %	  Change	  	   95%	  CI	  
Residen4al	  Annual	  Average	   1.14	   (-‐0.06%,	  2.35%)	  
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Effects of Time-Activity adjusted PNC on 
association of hsCRP. 
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*All	  models	  adjusted	  for	  age,	  gender,	  smoking	  status	  and	  BMI.	  	  
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Nice work by EPA & NOAA – Hagler Raleigh NC - UFP does not correlate with PM2.5 or PM10 - 
PM2.5 regulations DO NOT PROTECT vulnerable populations from UFP-TRAP 
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Nyberg Stockholm 2000 – All statistical significance is in highest NO2 decile 
when viewing association of lung cancer with long term residential exposures 
Nafstad's Oslo NOx lung cancer study had higher concentration response  
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Heart Disease 
Mortality highest 
for those living 
near highways 

 
In a related Gan 
multi-pollutant 

paper PM2.5 lost 
all statistical 
significance 

when compared 
with NO2 and BC 



Risk of Autism 3X as high  
for children with high 

exposures in 1st year of life 
Rapidly Emerging Issue 



Heart attacks elevated 
(2.9 to 3.9) after 

exposure to traffic 



Population attributable risk for 
heart attack highest for traffic 
exposure followed by exercise 

Population attributable risk for 
heart attack highest for traffic 
exposure followed by exercise 



Large increase in 
heart muscle stress 

when exercising with 
diesel pollution 

present 



Large increase in effective biological 
dose compared with others in same 

corridor when bicycling 



Who can we  
afford to 

throw in the 
dumpster?  

No one!  
Thank you 



Work remains to refine and flesh out the engineering / design elements that will become our primary focus. 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

All of the following are engineering tactics: 
•  Residential and school HEPA filtration and other protective building systems 

•  90 to 95% reductions possible, maybe 80% after human behavior included 
•  Air intake locations could be chosen more carefully 

•  Good idea but no quantification in literature 
•  Sound proofing through extra window glazing, insulation and other features 

•  Large reductions possible as seen in FAA noise proofing 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

All of the following are design tactics with potentially strong co-benefits: 
•  Land use buffers ala California ARB Handbook – distance between sources and receptors 

•  50% or greater exposure reductions from 500 foot buffers for sensitive uses (guess)  
•  Vegetation or built wall barriers to absorb or block pollution 

•  10 to 25% reductions possible, especially with height, but geometric trade-offs are complex 
•  Streets trees, hedges and pleasant vegetation 

•  -25 to +25% increases / reductions but also heat island and green space co-benefits 
•  Decking over of highways to link urban areas and block pollution 

•  20 to 50% reductions (est.) of long term urban design as in Back Bay, Freeway Park, etc. 
•  Urban design such as healthy placement of buildings and open space 

•  10 to 25% reductions (est.) but not much literature, site planning used by San Francisco  
•  Garden locations, including healthy vegetables 

•  Small but strong literature, including from mainland China, about near highway toxins 
•  Park locations for active recreation and for susceptible people 

•  Important due to human ventilation, susceptible populations – children, seniors, co-benefits 
•  Active travel locations, including bicycling and walking paths 

•  Important because of human ventilation rates which yield high effective biological doses 






















