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An Indian Case Study....

M New Delhi air pollution: Schools closed
and construction stopped as smog
e worsens to levels far above WHO safety
_‘ limit
A s has enveloped India's capital, home

Air pollution: Low ozone layer found over
Brahmaputra river valley

Tropospheric, or ground level weone, is created by chemical reactions between oxides of nitrogen (NOx) aod volatile organic
comnporunds (VO]
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in India, air pollution is cutting
lives short by up to 11 years

Source: University of Chicago’s
Air Quality Life Index (AQLI)
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Where should we be monitoring?

WHAT ARE THE SOURCES

OF AIR POLLUTION?

Outdoor air pollution affects urban and rural areas and is caused by multiple fa«‘:

INDUSTRY & ENERGY
_ SUPPLY

Countries cannot tackle air pollution alone.
It is a global challenge we must all combat together.

e by
#AirPollution é«;‘@ Ortniietn

CLEAN AIR FOR HEALTH

Where start?:

« Establish baseline VOC levels using
advanced analytical tools

* Deploy real-time ambient air quality
system near industrial clusters

» Prioritize regulation enforcement in
pollution hotspots

« Use data for policy advocacy and
public health protection
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http://www.ccacoalition.org/en/news/world-health-organization-releases-new-global-air-pollution-data#&gid=1&pid=1

Case StUdy Anrotion Aisoron
New Bureau of Indian Standards

«  BIS 5182-27

— Air Pollution - Methods for Measurement Part 27 Vapour-Phase Organic
Chemicals Vinyl Chloride to nC22 Hydrocarbons in Air and Gaseous Emissions
by Diffusive (Passive) Sampling onto Sorbent Tubes or Cartridges Followed by
Thermal Desorption (TD) and Capillary Gas Chromatography (GC) Analysis.

- BIS 5182-28

— Air Pollution - Methods for Measurement Part 28 Vapour-Phase Organic
Chemicals C3 to nC22 Hydrocarbons in Air and Gaseous Emissions by Pumped
Sampling onto Sorbent Tubes or Cartridges Followed by Thermal Desorption
(TD) and Capillary Gas Chromatography (GC) Analysis.
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Analytical Instrumentation: TD-GC-MS system

How do we monitor VOCs in air?

Markes — Thermal desorber (TD) Agilent — GCMS

MARKES 5 Agilent
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What is thermal desorption (TD)?

Sample collection on sorbent tube

- Sample (e.g. air) is <:| [

collected il e S Sl R

+  Compounds of interest are

adsorbed on the sorbent <:| [ 9 ) '_i 9'&_‘ o ’ P : }

surface

+ Lighter gases such as

. ) LTS g
nitrogen, argon and carbon " . <:| [ o8 s 7° g }

dioxide pass through




What is thermal desorption (TD)?

Sample desorption

+ Tube heatedina S S
reversed flow of clean E [ ) 0.. o Mo j
carrier gas (‘backﬂushed’) I
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What is thermal desorption (TD)?

Sample desorption

Tube heated in a — —
o () ]
reversed flow of clean 5 [ i

carrier gas (‘backflushed’)

- v

-y

Compounds are released 5 [ i °
: o i

from the sorbent into the
_

flow of carrier gas \
PROBLEM:

Compounds are released
SLOWLY from the sorbent tube

Would lead to very wide
chromatographic peaks and low
sensitivity




Two stage thermal desorption
Stage 1. Sample desorption

SOLUTION: Use a narrow secondary trap

STAGE 1 9

Transfer compounds from
tube to secondary trap

Electrically cooled
narrow bore cold trap

[e7a s o
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Two stage thermal desorption

Stage 2: Trap desorption
- Cold trap heated rapidly (100°C/sec) for sharp chromatographic peaks

- Backflush of cold trap for greater volatility range

STAGE 2

Rapid transfer of
compounds from cold
trap to GC

Po®© ©]

[e7a s o
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What is thermal desorption (TD)?

Sample collection

Up to several hundred
litres of vapour is
sampled off-line onto a

sorbent tube.

)

Volume of gas
transferred

A 4

Tube desorption

The sorbent tube is heated
and the analytes are swept
onto a focusing trap in

100-200 mL of carrier gas.

Trap desorption

The focusing trap is heated
rapidly and the analytes are
transferred to the GC column
in 100-200 pL of carrier gas.

Y

SORBENT TUBE

A 4

F 3

EE———_—_ @
FOCUSING TRAP




TD sampling options

Sorbent tubes Dynamic headspace Breath

[ w
]

Pumped (electic or manual) Passive (axal or radial) Small chambers  Microchambers Headspace containers  Emission celis Breath samplers

SORBENT-PACKED TUBE 6o
e —> [ ——— —
~>

f i SORBENT-PACKED FOCUSING TRAP

EMPTY TUBE |
\ 1
\y ?. =
| A
] | 20
( \Nid \ ¢ These methods use a
/ ~"‘m? ¥ single stage of sorbent
- -t trapping, and so tend t
s ﬁ o s} rapping, and so tend to
a — — = be used when analyte
Probes Bars / Cartidges Canisters Bags On-line concentrations are higher.

Sorptive extraction ‘Whole air’




Sampling methods
Passive (Diffusive) sampling

- Simple and low-cost for large scale air monitoring studies

«  Unobtrusive for personal monitoring

« Single bed sorbent

*  Tube inlet must have 15 mm air gap with 5 mm 1.D.

Key methods: ot ot

*  Fenceline monitoring (US EPA Method 325) | Pl o
*  Ambient air quality / Industrial air (EN 14662-4) ]g
- Indoor, ambient and workplace air (ISO 16017-2, BIS 5182-27) :

MARKE




Passive sampling
ey |
Axial and Radial i O

* Axial (tube based) sampling Mpeee
— Sorbent bed exposed through diffusion cap fitted to an |
industry standard sorbent tube
— The industry standard sampling route
— Allows for short and long-term sampling (8 hours to 4

weeks
) -

Sorpent

- Radial sampling smes ]
— Sorbent cartridge exposed through cylindrical (coaxial) . = -
outer surface of a diffusive body : - -

— Allows for a much larger exposed surface area, and a g O
shorter diffusive path length ooy — S

— Allows faster uptake rates (typically 1 hour to 3 days) — o
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Passive sampling

Axial
Airbornq analytes
- Simple and low-cost for large scale air monitoring studies e Y e
»  Unobtrusive for personal monitoring (doesn’t impact human behavior) . '.3-‘.'- H '
- The mass of each VOC collected is proportional to the ambient Sorbent ] Air gap
concentration surface

To calculate ambient concentration we need to know:

Constant

Verified, pre-published
— U: Uptake rate data.

Dependant on air gap and
surface area.

Sorbent

Experimentally determined
—  t: Time
— M: Mass on sorbent tube

MARKES
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Sampling methods A _ _
Pumped (Active) sampling o oo voor woo

. Pump air through sorbent tube (typically 10-200 mL/min)
. Multiple sorbents = wide volatility range

. Targeted and untargeted compounds can be sampled and analysed in a
single experiment

Key methods:

+  PFAS (ASTM D8591-24)
* Ambient air (US EPATO-17 / Chinese EPA HJ 644 / EN 14662-1) |
. Stack emissions (CEN/TS 13649 / Chinese HJ 734)

. Indoor, ambient and workplace air (ISO 16017-1, BIS 5182-28)
. Polycyclic Aromatic Hydrocarbons (PAHSs)

. Breath — Active sampling

MARKES
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Active Sampling Experiment

*  Pump air through sorbent tube
— Flow rate: 20 mL/min %fb\
— Time: 1 hr “
— Volume: 1.2 L

— 4x locations:
* Industrial Area
* Residential Area
« Traffic Area
« Petrol station

Sample in Desorb flow

SVOCs VOCs VVOCs
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Active Sampling — Chromatogram overlays
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Common compounds found in all locations A
| Compound __[RT____ [Mass | Formula__
Isobutane 4.27 43.08 C4H10 .
Butane 4.35 43.07 C4H10 lea, ==
Butane, 2-methyl- 4.64 43.07 C5H12 [Industrial_area] [Traffic_area]
Pentane, 2-methyl- 5.44 43.07 C6H14 35 entities 49 entities
Ethyl Acetate 6.12 43.04 C4H802
Benzene 7.01 78.04 C6H6
Cyclohexane, methyl- 8.25 83.07 C7H14
Toluene 9.15 91.07 C7H8
Octane 9.75 43.07 C8H18
Acetic acid, butyl ester 10.05 43.04 C6H1202
Ethylbenzene 10.97 91.06 C8H10
Benzene, 1,3-dimethyl- 11.11 91.05 C8H10
m,p-Xylene 11.52 91.05 C8H10
Benzene, propyl- 12.46 91.04 C9H12 iﬂ
Benzene, 1,2,3-trimethyl- 13.24 105.05 C9H12 o
[Petrol_pump] [Residential]
Indane 13.64 117.06 C9H10 43 entities 30 entities
Undecane 14.23 57.08 C11H24
Dodecane 15.31 57.07 C12H26
Tridecane 16.30 57.06 C13H28
Tetradecane 17.22 57.07 C14H30

MARKES
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Unique compounds for each location A
ACtive SampHng . Residential area
—  Trichloroethylene
. Industrial area ﬁ —  Cyclotetrasiloxane, octamethyl-
— Heptane, 2,2,4,6,6-pentamethyl- —  Octanal

Y Hexadecane, 2,6,10,14-tetramethyl-
h —  2-Ethoxyethyl acetate
— Tridecane, 6-methyl- < Traffic area
—  Tricyclo[5.2.1.0(2,6)]dec-4-ene, 4-methyl-
—  2-Heptene, (E)-

. Petrol station area — Heptane, 3-methyl-
—  Cyclohexane, 1,4-dimethyl- - 3a,4,5,6,7,7a-Hexahydro-4,7-methanoindene
—  2-Naphthalenol, decahydro- — Linalool
ia ~  2,4-Dimethyl-1-heptene ﬁ\ — Furan, 3-methyl-
—  Propane, 1,2-dichloro- — Butane, 2,2-dimethyl-
—  Ethanol, 2-butoxy- —  Cyclohexane, 1,3-dimethyl-, cis-
—  Ethane, 1,2-dichloro- —  Cyclohexanol, 5-methyl-2-(1-methylethyl)-

—  Cyclohexane, ethyl-
—  1H-Indene, 2,3-dihydro-1,6-dimethyl-
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Quantification of BTEX 8
Active — 1hr sampling (20ml/min; 1.2L sample)

» A\
e o ==
Compound (ppb) m Residential Petrol station

m

Benzene 4.94 4.20 18.60 10.37
Toluene 48.04 12.62 52.84 37.79
Ethylbenzene 45.29 3.82 18.36 13.55

m,p-Xylene 119.64 14.26 142.70 75.08




Passive Sampling Experiment

B Ry ==

Sorbent tubes exposed for 24-
hours, 1 week and 2 weeks
respectively to the air at:

— Industrial Area

— Residential Area
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Passive Sampling — Industrial area
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Passive Sampling — Residential area

x107 |+EITIC Scan PS24H_Residential_sample-4.0

| 24-hours sampling

4728

0
4320
12.536
12,992
14378
k20,988

;.mg:u
b 11.489

4610
5,082
5415
5,609
k5813
|- 6,967
7445
7.655
=121
10,023

?GDEE

x107 |+EITIC Scan PS_1W_Residential sample-1.D
5

i 1 week sampling

2115

&
10.936

4,325
6,076

6,725

— 12,992
13277

[P 11,483
11.983

E— 12531

!—13.605

o
5 g
Emu

b 7,649
8,208
L 14,050
14,378

-

x107 |+EI TIC Scan PS_2W _residential sample-1.0

™
bl
9116

2 weeks sampling

11,483

0
14,378

=
&
3557

115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 185 20 205 21 215 22 225 23 235 2 245
Counts vs. Acquisition Time (min)

25 3

.
e

MARKES




Quantification of BTEX — Comparison B

Passive (1-wk) v Active sampling

P

e

Compound (ppb) f————ndustrial ____ Residential
. e

Benzene 4.03 4.94 6.17 4.20

Toluene 20.97 48.04 19.13 12.62
Ethylbenzene 29.73 45.29 8.57 3.82

m,p-Xylene 34.53 55.27 12.33 5.61




Summary

+ Excellent linearity for calibrations R? >0.997

- Great correlation between passive and active sampling

— Some variability with passive sampling, but still giving comparable results to
active

» Passive and active sampling complimentary
— Passive sampling appropriate technique when sampling over a long period of
time
+  Weight time average reduces the impact of a one-off pollution event (Average conc
over 1-week period)

— Pumped sample accurate for sampling time
*  Would need to take multiple pumped samples to generate true picture

MARKES
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Thank you

Praveen Arya - Agilent India

Dr. SK Tyagi (retd) - Former Director &
Divisional Head (Air Toxics Lab,CAAQM,Quality
Assurance, Environmental Training) & Quality
Manager at Central Pollution Control Board

Kiran Piduru & Hannah Calder - Markes
International

-:',, Agilent

Trstod tewers

A Chemometric Approach for
Ambient Air Monitoring Using
Thermal Desorption GC/MS

Monitoring VOCs in air using diffusive and active
sampling techniques per IS 5182-27 and IS 5182-28
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enquiries@markes.com

UK: +44 (0)1443 230935
USA: +1 866-483-5684 (toll-free)
Germany: +49 (0)69 6681089-10

P.R. China: +86 21 5465 1216
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Contact Markes

www.markes.com

@Markeslint

https://uk.linkedin.com/company/
markes-international

A company of the Schauenburg Analytics Ltd group
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