Urban and Indoor Air Quality

1. Urban Air Quality

Pollutants & Indices

Indoor Air Quality

Radon, VOCs, SVOCs, combustion, PM

3. Air Exchange Rates




China’s pollution puts a dent in its
economy

Bejing airport at noon
800 flights cancelled

NO2

03

PM "You literally can see the smog inside a large
SO2 enough building. The airport terminal, the hotel
CO lobby are large enough that you can no longer

see clearly across the room.” John Williamson



Delhi world’s most poliuted city

TOXIC India slips to 155 among 178 countries on environment
performance index, Capital pips Beijing to be city with dirtiest air

Chetan Chashan

& PO PANI LI TITen (o

NEW DELHI: [t's no surprise that
pollhution isa perpetuad problem
in Indls. But It's definitely dis.
heartening to hear that India
has slipped 32 ranks In the glo-
bal Environmem Performance
Index (EP1 2004 to rank a lowiy
1556 and its capital Delhl has
arned the dubfous tag of being
the world's most polluted city

A comparative study of 178
countries on nine environmen-
tal parameters released carller
this month by the US-based
Yale University shows that one
of e world's fastest growing
economes Is o disaster on the
environmaental front.

What's worse, Indin's pol
lution kevels could be playing
havoc with the health of Its
citizens. “A bottom performer
on neariy every policy issue
Included In the 2014 EPL, with
the exocention aof forests, Nslwries

andd wartor resources, India’s pers
formance lags most notably in
the protection of human health
from enwvironmental harm,” sakl
a statement issued by Yale.

The study described India’s
alr poliution as the worst in the
wordd tving with China (n tevms
of the propartion of population
expased 1o average alr poflution
lovels excoeding World Heaith
Onganisation (WHO) thresholds

A dooper Jook at the datn gath.
erexd] by a Nasa satellite showed
that Delhi had the highest par
ticulate matter (PM) 2.5 polhetion
loveds followed by Beljing. Delhl,
with 810 milllon registered veh.
cles, has repeatedly beaten the
Chinese capital on particulate
matter pollution,

The high PM2.5 pollution
camsed by high vehicke density
and Industrial emissions {s the
reason for the dense smog that
has been engulfing Delh) dur
ing the winter months In the
last few vears. with adverse

health Implications. Andt while
Belfing's Infamous smog has
Nogged eadlines and prompted
government action, even led to
the announcement of rewards
for cutting back on pollution,
the dangers in Dethl have been
1argely fEnored,

According to & study by the
Harvard International Review,
overy two In five persons in
Delhl suffer from respiratory
aflments. The Lancet’s Global
Health Burden 2013 report
termed alr pollntion tive sixth
biggest human Xiller in Indla,
The WHO lnst year tormed alr
pollution carcinogenic.

Particles smaller than 2.5
microns In diamoeter (PM2.5 in
shorthand) are fine enough to
lodge deep In human lung and
hlood tissue and canse diseases
ranging from stroke tolungcan:
oer;, the Yale study said.

CONTINUED ON PAGE B
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Tops global cities with
worst air poliution

O SANTIAGO, CHILE

6 MEXICO CITY, MEXICO

CAPITAL BREATHES UNEASY

INDIA SLIPS IN RANK TOO
is Lecond-most polktod amorg

s nelghbors

2014 2010

Sangiadesh 189

InGia 155

139

123

Pakistan 15

125

China 118

.

38

121

Sdunia 69

58

= Ranking based co 9 parameters:
Hoalth impact, air potiution,

viater & sanitation, water

PESOUCS, SricuRure, fisheries,
forosts, biodiversity & habitat,

cimate change & energy

& On st of 178 countries, India
ranks a5 bow as 174 on air
pollution, 127 on health impact







DELHI’S THREE MOST
POLLUTED AREAS

Highest level in micrograms per cubic metres
PM2.5 (Particulate = PM10 (Particulate

matter 2.5 micron
size)
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roadway buses tors 12 and 2. After Residents say most
which run on petrol | 10pm it opens for homes have more
and diesel. heavy vehicles. than one vehicle.




US EPA Air Quality Index

IThioh — Tiow
0; I = High to (C — Cfﬂw} + Liow
Chigh - Cfﬂw
PM
I = Air Quality Index
CO Sso, C = pollutant concentration
C,,w = conc breakpoint < C
NO, Chign = €cONc breakpoint > C
I, = index breakpoint for C,,

lhigh = index breakpoint for G,

-
breakpoint 0-12.0 0-50
table for PM2.5 Moderate 12.1-35.4 51-100
35.5-55.4 101-150
55.5-150.4 151-200
150.5-250.4 201-300
250.5-350.4 301-400
350.5-500.4 401-500

http://www.airnow.gov/index.cfm?action=resources.conc_agqi_calc



Real-time AQI — China Air
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AQl New Delhi
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What is the AQl for NO,, O; and PM,  in Nanaimo right now?
http://www.env.gov.bc.ca/epd/bcairquality/readings/map/station.htmI#E229797

Table 7.3 Air Quality Index (AQI) values and colours compared to breakpoint concentration
ranges for individual pollutant species®.

Categories Breakpoint AQI  Breakpoint concentration values (ppmv) (ug m—3)
values (colour)
O; (8 h) CO (8 h) SO,(24 h) PM, s
Good 0-50 ~ 0.000-0.064  0.0-4.4 0.000-0.034  0.0-15.4
.................................................. OO
Moderate 51-100 0.065-0.084  4.5-9.4 0.035-0.144  15.5-40.4
.................................................. e
Unhealthy 101-150 0.085-0.104  9.5-12.4 0.145-0.224  40.5-65.4
for sensitive  (orange)
...... e .
Unhealthy 151-200 0.105-0.124  12.5-154  0.225-0.304 65.5-150.4
.................................................. e
Very 201-300 0.125-0.374  15.5-304  (0.305-0.604  150.5-250.4
Bt A -
Hazardous 301-500 >0.375 >30.5 >0.605 >250.5

(maroon)



http://www.env.gov.bc.ca/epd/bcairquality/readings/map/station.html#E229797

Multi-Pollution Index (MPI)

MPI = (1/n) [ = {(AC, - GC))/GC}]

where

AC. is actual concentration for pollutant i
and

GC. is guideline value for pollutant i
and

n is number of pollutants used in the index



AQHI - Canada

(3 hr average concentrations)

O; (ppm,)

CO and SO, dropped
NOZ (ppmv) ?

PM2.5 (ug/m3)
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Risk: Low Moderate High Very High
(1-3) (4-6) (7-10) ( Above 10 )

http://www.ec.gc.ca/cas-aghi/default.asp?Lang=En&n=065BE995-1



AQH|

What is the AQHI for NO,, O; and PM, c in Nanaimo right now?

http://www.env.gov.bc.ca/epd/bcairquality/re
adings/map/station.htmI#E229797



http://www.env.gov.bc.ca/epd/bcairquality/readings/map/station.html#E229797

Percent of days AQHI exceedances
2000 - 2006
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P. Hasselback, E. Taylor, Air Quality Health Index Variation Across BC, 2010



Percent of days AQHI exceedances

2000 - 2006
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Pollutant Contributions to Health Risk
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P. Hasselback, E. Taylor, Air Quality Health Index Variation Across BC, 2010



2. Indoor Air

SOURCES OF INDOOR AIR POLLUTANTS

OppOmp©

CHEMICAL FUMES FROM
PAINTS & SOLVENTS

CHEMICALS FROM OUTDOOR AIR POLLUTANTS
CLEANING PRODUCTS

MOLDS & BACTERIA

DUST MITES COMBUSTION GASES CARBON MONOXIDE

CIGARETTE & TOBACCO
SMOKE




Sources




Source: Dry-cleaning-fiud W —
sl Para-dichlorobenzene fumes on ciothes B
Source: Chorine-reaed i "i""‘?""-"é‘?!7~' o a s o e
WalEr in DOt ShoWors i
Possible threat: (3

1. 1, 1-Trichloroethane
Source: Aeroso! sprays
Threat: Dizzness, irregulas
oreathing

aldehyde
Source: Furniure swufing,

Pbaneing, partcleboard, foam
nsulation i
: Irritation of eyes,
n, and lungs. nausea; ol

=
‘2
- - e

Nitrogen Oxides ! T ; Benzo-u-pyrene
Source: Lnvented gas stoves 2 ay Source: Tobacco smowe,
kerosene heaters, wooosioves e woodstoves |

Threat: Irritaced lungs -'j:?—’,_.‘___.___ ‘ e - ——— ey Threat: Lung cancer
oolds, headaches 2 : - :

: ' Source: Carpets. plastic
m“ Threat: Kidney and iver
i

..........

R L 1 e e

:
.

viny! ceifing and fioor tiles 40 < ogl je has deaacas - Lo P v f
Threat: Lung disoase, lung . faz © T e SR ] iy "
Tiead aso, ling /el fo ; P | Radon-222

N §1 1 Source: Radioactivo soi atd
& oS- Dot M‘Sm rock gurrounding foundaton

unvented Gas sioves and kerosene  and thinners ;‘:!e' S:upoly
nealers. woodstoves Threat: Nerve disorders, roet: Lung cancer
Theest: Headaches, crowsness,  diabates From Miller, 2000
r@on far hearttoat




Indoor air quality

 Composition and exchange of outdoor air
* Indoor materials (construction, consumer goods)
* Indoor activities (cooking, heating, smoking)

- CO, CO,, NOx, VOCs, PM, Rn

Specific S/VOCs of concern: H,CO, BTEX,
halocarbons, PAHs, PBDEs, PCBs, phthalates



3. Air Changes per Hour (ach)

Older homes and buildings ach ~ 1 hr
Newer homes and buildings ach ~ 0.1-0.5 hr

(i.e., one air exchange every 10 — 2 hrs)

‘ach’ is a first order rate constant (time™) 2 k.

Residence time of indoor air (1, = 1/k,)



On box models

* If there are processes, then t_ = [X]./rate of indoor
prod"

e At steady state, rate in = rate out
k.[X], = k.[X]. and therefore [X]. = [X],

if there is no indoor source or indoor chemical or
physical loss of X

If there is an indoor source, then rate of X increasing
indoors = k_[X], + R,

where R. is the rate of release of X from indoor source/s.



One box models (cont)

If there is an indoor chemical and/or physical
loss process, then at steady state we have

R, + k. [X], = k. [X], + ky[X].
and
[X]; = (R + k[X],)/ (k. + ky)

where k, is rate constant for any indoor decay
process.



Indoor Particulate Concentration
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