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Why do we Monitor?

Compliance

Trends in ambient pollution
Spatial and temporal analysis
Hot spot analysis

Model verification

General iIssues

— Uses of data

— Variability among monitor types
— Spatial representativeness
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... and Forecasting
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Type of Monitoring

Forecasting Data Parameters Time Real-time Cost/
Sources Resolution availability Resources
Written records of ~PM - - Low
episodes
Meteorological Data
Visibility ~PM Hourly Yes Low
Daily
Reports of smoke/haze ~PM Varies Possible Low
Satellite images ~PM Hourly Yes Low
Daily
Air Quality Data
Surface
Continuous PM, O,, CO, NO,, NO,, SO, and more Hourly Possible Moderate
Samplers PM, O,, CO, NO,, NO,, SO, and more Typically No Moderate
Daily
Passive samplers PM, O,, CO, NO,, NO,, SO, and more Integrated No Low
Upper-Air
Ozonesonde O, Periodic No High
Aircraft PM, O,, CO, NO,, NO,, SO, and more Episodic No Very high
LIDAR PM, O,, CO, others Hourly Yes Very high
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Typical Continuous Gas Monitors

. Ambient air is continuously drawn into the monitor, pre-treated
(e.g. particles, hydrocarbons, and/or H,S removed), and

measured either directly or via chemical reaction usmg a
spectroscopic method

« Direct measurement
CO: gas filter correlation
SO,: UV fluoresence
O,;: UV photometric
. After reaction with O,
NO,: by difference (NO,-NO) using
chemiluminescence and catalytic converter

z
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Typical Particle Monitoring

 Filter sampler for 24-hr (daily) PM mass
— Single channel or sequential
« Continuous (hourly) monitors

— Tapered Element Oscillating Microbalance
(TEOM)

— Beta Attenuation Monitors (BAM)

/
M Air Pollution Monitoring
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Dalily Filter Samplers

Filter Sampler

« Ambient air is drawn through inlet (to remove larger
particles)

« Material collects on the filter; filter is later analyzed
for mass or chemical species

 Problems

— Potential loss of volatile material
— Not available for short time intervals
— Not available in real time

Air Pollution Monitoring



Continuous Particle Monitors @ of 2)
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Tapered Element Oscillating -
Microbalance (TEOM) l

 Determines mass by variation

in frequency of filter element [ A/w -
on an oscillating arm - e
0N\ —— AT
» Differential mass for each hour I
* Problems | :
— Negative mass values due to [ :[
volatilization e ———

— Volatilizing nitrates and
carbon species, particularly

i during cold weather or high
/ . g Toapered
humidity causes — = s
underestimation of -
PM mass

Air Pollution Monitoring
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Continuous Particle Monitors ¢ of 2)

Beta Attenuation Monitor (BAM)

« Mass of PM collects on a filter and is
exposed to beta ray, the attenuation of
which is proportional to the mass on the
filter

* Problems
— PM species attenuate beta rays differently

— Relative humidity (RH) can influence
calculation of PM mass from attenuation
data causing under or overestimation of
PM mass during periods of fluctuating RH
values

Air Pollution Monitoring
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PM, . Federal Reference Method (FRM)

NNNNNNNN
RAAS

Air Pollution Monitoring
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Speciation Monitors (EPA speciation network)

Mass Aerosol Sampling System (MASS)
URG Corporation, Raleigh, NC

Reference Ambient Air Sampler (RAAS)
Andersen Instruments, Smyrna, GA

Spiral Aerosol Speciation Sampler (SASS)
Met One Instruments, Grants Pass, OR

Interagency Monitoring of Protected Visual

Environments (IMPROVE) Sampler _ fes
Air Resource Specialists, Ft. Collins, CO | @

Air Pollution Monitoring



Other Speciation Monitors

Partisol 2300 Speciation Sampler
Rupprecht & Patashnick, Albany, NY

Dual Channel
Sequential Filter Sampler |

and Sequential Gas Sampler E¥
Desert Research Institute, Reno, NV

Dichotomous Virtual Impactor
Andersen Instruments, Smyrna, GA

Paired Minivols
Airmetrics, Inc., Springfield, OR

Air Pollution Monitoring



Inlets . . . Fine Particle Inlets
Cut Point Slope

Type (dsp) (Vdg,/d;c)  Flow Rate
Harvard sharp cut impactor 2.5 um 1.02 4 L/min
R&P sharp cut cyclone 2.5 um 1.23 5 L/min
GRT sharp cut cyclone 2.5 um 1.24 6.8 L/min
Harvard sharp cut impactor 2.5 um 1.06 10 L/min
URG cyclone 2.5 Hm 1.32 10 L/min
EPA WINS impactor 2.48 um 1.18 16.7 L/min
BGI sharp cut cyclone 2.5 um 1.19 16.7 L/min
URG cyclone 2.5 Hm 1.35 16.7 L/min
Harvard sharp cut impactor 2.5 um 1.25 20 L/min
Andersen/AIHL cyclone 2.7 um 1.16 24 L/min
IMPROVE cyclone 2.3 um 1.18 28 L/min

Bendix/Sensidyne 240 cyclone 2'50nito|:7|n|;]n 1.7 113 L/min

Air Pollution M
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Inlets . .

WINS |mpactor

[ R
- A

- impactors
PM, . =

- | Airmetrics

. Examples of Inlets

Bendix cyclone

Sharp cut cyclone

Air Pollution Monitoring
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Inlets . . . PMy, Inlets

Cut Point Slope
Type (dsp) (Ndga/d ) Flow Rate
Harvard sharp cut impactor 10 pm 1.11 4 L/min
Harvard sharp cut impactor 10 pm 1.09 10 L/min
Andersen 246B impactor 10.2 um 1.41 16.7 L/min
Harvard sharp cut impactor 10 pm 1.06 20 L/min
Andersen med-vol impactor 10 pm 1.6 113 L/min
Andersen hi-vol impactor 9.7 um 1.4 1,133 L/min
TEI/Wedding cyclone 9.6 um 1.37 1,133 L/min

Air Pollution Monitoring
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.. Examples of PM,, Inlets

Air Pollution Monitoring
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Filter Holders

Dichotomous sampler
polyethylene 37mm filter holder

FRM sampler
Delrin 47mm filter holder ring
with stainless steel grid

Nuclepore polycarbonate filter
holder

Savillex molded FEP filter
holder

Speciation sampler
Teflon-coated aluminum filter
holder

Air Pollution Monitoring
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Sampling Substrates . . . Types of Media

Y c o

Teflon membrane Nylon membrane
e Mass and elemental analysis, e Nitric acid, also adsorbs
sometimes ions other gases (S0O,)
e Not for carbon Etched polycarbonate
Quartz fiber e Scanning electron

microscopy, elements,
mass with extensive
de-charging

e Tons and carbon
(after annealing)

e Not for mass or elements .
e Not for ions or carbon

Cellulose fiber
Teflon-coated glass fiber

e Gas sampling with
impregnates (citric acid/NHs,,
triethanolamine/NO,, sodium
chloride/HNO,, sodium  Not for carbon or
carbonate/S0,) elements

Air Pollution Monitoring

e Mass, ions, organic
compounds (e.g., PAH)
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Greentek

DusTrak

Continuous Mass Surrogates

(particle scattering measurements)

Air Pollution Mol

_ Optec NGN-2

Radiance
M903
nephelometer
with smart
heater

21
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Visibility Sensors

« Nephelometers

« Transmissometer (weather
visibility sensors)
Measurements

Measures light scattering
Provides continuous data
Correlated with PM

Lower cost PM measurement

Air Pollution Monitoring

o Lens-to-lens
,\ o St

detector  #

30-50 deg scat. |

flash lamp
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Source: Climatology Division, meteorology department, Thailand
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Nephelometers

Nephelometers
— Measure light scatter from particles
— Sensitive to aerosols < 2.5 um
— Heater dries air (removes affect of humidity)
— Not sensitive to flow rate
— Lower maintenance costs

Problems
— Sensitive to humidity
— Carbon can absorb light and bias data

Light Extinction

Light Scattering Light Absorption

X SN

Light Scattering Light Scattering Light Absorption Light Absorption
by Particles by Gases by Particles by Particles

[ by bap D2

Light Scattering Light Scattering
by Coarse Particles by Fine Particles
b by,

The relationship of the components of light extinction.

Air Pollution Monitoring
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Satellite 1 ofs)

« Polar-orbiting or
geostationary

. Visible imagery

« Aerosol optical depth

879 klometers

ﬁk

-~ 5[]0 rmiles

. Advantage
— Data available from around the world

. Disadvantage

— No direct pollutant measurements

— Only works during daylight and when
skies are cloud-free

— No vertical resolution

22,300 miles
36,000 kilometers

Images courtesy of University
of Wisconsin, Madison
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Ozonesonde

Sensor attached to a radiosonde
Measures vertical profile of ozone
Examines aloft ozone conditions

Problems for forecasting
| EXp en Slve Air pump (tefion) mmrr;]:lcmical Transmitter
— Very sparse, non-routine networks

Courtesy of T&B systems

Air Pollution Monitoring 28
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Elevation [m-mes]

Ozonesonde — Example
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Lidar

FUNCTION REHS||Snan = 14 DIist. = 1618 m Height = 283 m Elew. = 9.99

F1 Fz2

LIDAR SCAN
SETUFP | ZETUP

F3 F4
VIDED -
| 3] F&

RESCALE| TABLE

| g F8

SELCT || LIST
SCAN || SCANS

ro Fi@

FREV NEXT
SCAN SCAN

File nunber : 687 Mavelength : A.35935 un Polarizer ' out
Shot nunber @ 1217 Energy H 4820 nl NIl filter v A, 15A
Date @ 31/081/95 Elevation @ 19.9 deg Ln{Pr2) mnin : 9.5 An early transportable LIDAR
Tine : 15:25:37 Azinuth 1 134.8 deg Ln{Pr2) max : 18.8 from CSIRO on location during
a plume tracking experiment.
HinVAL = 1.1AE+8A MaxVAL = 1.28E+A

Cross section of a plume displayed during data acquisition obtained by LIDAR (located to
the left), showing the height of the mixing layer (red) and structure in the plume (blue). If

an appropriate wave-length is used, LIDAR can measure SO, concentration in the plume
directly.

Air Pollution Monitoring 30
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Alrcraft

Provide multi-pollutant monitoring
Able to fly in area of concern

Useful for monitoring aloft carryover, transport
of pollution, and mixing processes

Morning flights profile useful forecasting
Information

Problems
— Expensive
— Data not available in real-time

Air Pollution Monitoring
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Aircraft — Example

2500 Free
3 Atmosphere
3
20007 > T
>
~ ~
m ‘
®.e00+ NO T 0 >
£1500 / ’ > Residual
o B = Layer
'g -
£10007 >
< 3 Low
Level
500T | Jet
Pl
- Surface
'] '] 'l 'l 'l 'l 'l ; Layer
0 n L] L] L] L] L] L] L]

0 10 20 30 40 50 60 70 80 90
Concentration (ppb) —> '
Temperature ( °C)

10 m/s North

Aircraft measurement of ozone, NO,, temperature, and winds provide aloft information about the air quality
conditions in the nocturnal low-level jet. In this example, aircraft data collected near Gettysburg, Pennsylvania,
USA on August 1, 1995, at 0600 EST showed a nocturnal jet that transported air pollution over several hundred
kilometers during the overnight hours. This aloft pollution mixed to the surface during the late morning hours.

Air Pollution Monitoring
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Monitor Density and Location
Analysis Techniques

HICESMEURG

CAVE CREEK
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Input Data:
Point, line, or polygon
geographic data

Gridded Data:
Create distance
contours or density
plots from the data
sets

Reclassified Data:
Reclassify them to
create a common
scale

Monitor Density and Location

Analysis Technigues

Points

Lines Population Elevation

Al 4
!

e
\.r o,

..f-m»

.
5
%

P High Suitability

- Low Suitability

Output SUItablllty model
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Monitor Representativeness
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. Representativeness

— Do monitors measure the prevailing conditions at
site, location, or region?

— Do collocated monitors measure similar
conditions (variations can exist among monitoring
techniques)

— Do closely located monitors measure similar
conditions?

Air Pollution Monitoring
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Data Availability

« Regional maximum differences from evolving and changing networks

— Adding or removing sites from a network can affect overall network
monitoring results

— The same is true for sites removed from the network
. Data availability

— Filter sampling may measure PM on different schedules (daily or every third
or sixth day), which makes analysis more difficult

m< 0CO

CPCB — Real Time Data
http://164.100.43.188/cpcbnew/movie.html

—

Air Pollution Monitoring
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Summary

« Monitor types
— Gas monitors
— Particle samplers and monitors
— Continuous — real-time, good for forecasting
— Samplers — not real-time
— Other

« Visibility sensors
. Satellite measurements
« Ozonesondes

« General issues
— Uses of data
— Variability among monitor types
— Spatial representativeness
— Data availability

Air Pollution Monitoring
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Thank You

Dr. Sarath Guttikunda
New Delhi, India

More details @ www.urbanemissions.info



