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Air pollution

Any contamination that disturbs

the natural composition and

chemistry of air Indoor air
pollution

Outdoor air
pollution
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Outdoor air pollution
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— Oil & Gas Industry, Power Plants, Sewage Treatment

https://www.thinglink.com/scene/700851929466535937
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Pollution emissions

Pollutants  Sulphur oxides
Nitrogen oxides
Particulate matter
Carbon monoxide

Non-methane volatile organic compounds
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How do VOCs cause smog?

How ground-level ozone forms

Ultraviolet light transforms molecules

Tailpipe emissions, fuel Smokestack emissions Heating system and
vapors and vapors from some and vapors from some
chemicals, fuels chemicals, fuels

https://theconversation.com/your-shampoo-hair-spray-and-skin-lotion-may-be-polluting-the-air-96088
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Canada VOCs emission ranking

VOO Emissions, 2009
(kilograms per capita)
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https://www.conferenceboard.ca/hcp/Details/Environment/VOC-emissions.aspx?AspxAutoDetectCookieSupport=1 7
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Canada VOCs emissions by source

The oil and gas industry was the main source of VOC emissions in 2015
with 693 kt emitted (37% of total emissions).
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Paints and solvents and home firewood burning were also important
sources contributing 18% (326 kt) and 12% (230 kt) of total emissions.
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VOCs emissions by province and territory

Alberta emitted 33% of national VOCs emissions.

Emiss

1000 Saskatchewan is the only province with an increase in VOC
emissions between 1990 and 2015.

89 Alberta is the highest emitting province of VOCs in 2015, with the oil and gas

industry as the main source.
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Effect on indoor air

7 |

Ozone Particulates VOC's VOC's VOC's,
Bioaerosols Particulates,
Perchloroethylene Ozone
VOC's and other VOC's Bioaerosols

/L Painted wall

|

" Carpet
. . !
mcozr:::. VOC's Bioaerosols Bm?“ggu
Formaldehyda BOdy odours .
Benzene Pesticides PAHs VOC's
Carbon monoxide Ozone
Benzene Particulates

www.construction-innovation.info/www.construction-innovation.info/index2f08.htmI?id=1140 10
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Indoor air pollution

Indoor air pollution is a greater threat to humans than outdoor air pollution.

More time inside

11
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Concentration of VOCs in indoor and outdoor air

_City

Ann Arbor

Indoor / Outdoor

1,2.4- Trmmﬂ:ylbenzmn
Styrene
Naphthalene
1,4-dichlorobenzene
Chloroform
Carbontetrachloride
Trichloroethylene
Tetrachloroethene
a-Pinene
d-Limonene
n-Nonane
n-Hexadecane

371 516 029
000 106 0.04
6.16 1564  0.14
1231 5265 016
0.75 075 004
121 123 074
0.04 020 001
046 049 019
21.26 3390 037
17.63 1145 021
6.86 2330 015
0.80 096  0.02

Concentration unit (ug m3)

C Jia, S Batterman, C Godwin and G Hatzivasilis, Proceedings: Indoor Air, 2005, 2630-2634

0.04

2.29
0.28
1.68
1.29
0.22
0.91
0.02
0.65
14.78
10.63
0.71
0.28

5.81
0.36
249
3.65
0.33
0.21
0.04
0.85
31.23
16.09
1.15
0.16

0.21
0.02
0.38
0.03
0.06
0.72
0.01
0.22
0.29
0.15
0.09
0.00

7|
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What’s in indoor air?

Diesel exhaust, carbon

\/ Airborne particles black, dust, smoke, fibers,

plant, matter, hair, pollen

A\ Household odours and pet, smells, cigarette,
ﬁ smoke, chemicals, sink or
gases drain smells

Paints, glues,

Volatile Organic varnishes, cleaning
! supplies, furniture,
Compounds (VOCS) vehicle exhaust,
cigarette

Bacteria, mould

Microorganisms (fungi), yeasts, mites
and virus

13
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Indoor VOCs

» Carcinogenicity in some of the compounds
Damage to the liver

Damage to kidneys and central nervous system
Eye, nose and throat irritation

Headaches

Loss of coordination; nausea; shortness of breath
» Allergic skin reactions; fatigue and dizziness

YV VYV

https://www.canada.ca/en/health-canada/services/publications/healthy-living/indoor-air-reference-levels-chronic-exposure-volatile- 14
organic-compounds.html|#3
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Environ. Sci. Technol., 2018, 52 (10), pp 5610-5618, DOI: 10.1021/acs.est.8b00506



UNIVERSITY OF S r SASKATCHEWAN
' RESEARCH COUNCIL

SASKATCHEWAN
VOCs Removal

The Government of Canada estimates

that 14,400 premature deaths per year AIR POLLUTION - THE SILENT KILLER
in Canada Can be IlnkEd to air Air pollution is a major environmental risk to

health. By reducing air pollution levels, countries

p0| I ut| on. ;Veﬁﬁ_ai_irgﬁ can reduce:

DEATHS

are due to exposure
from both outdoor

and household air
pollution.

REGIONAL ESTIMATES ACCORDING
TO WHO REGIONAL GROUPINGS: Over 2 million

in South-East Asia Region

Over 2 million

in Western Pacific Region

Nearly 1 million

in Africa Region

About 500 000

deaths in Eastern Mediterranean Region

About 500 000

deaths in European Region

More than 300 000
in the Region of the Americas

16
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/air-quality/toluene-indoor-air-environment-workplace-health.html
http://onlineresize.club/news-club.html
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Key impacts of air pollution

17
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Standards
e ASHRAE
IAQ Standards - niosH
e OSHA

ASHRAE Standard - Different types of VOCs can

be of concern even at very low

62 . 1-20 10 concentration in indoor air

. . e Substantial energy (up to
Ventilation 50% of the total energy

consumed in a building) is

(P”mary method) consumed during this

process

18
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Current technologies for removal of VOCs

Concentration
(g/m3)

100

10

0.1 Flow rate

(m*/h)

10 100 1000 10000 100000

19

Junliang Wu et al 2017 J. Phys. D: Appl. Phys. 50 475202
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Processes VOCs

— Cataly?|c — Toluene
Ozonation
__| Photocatalytic | Benzene
Vuv

N —|  Acetone
— Ammonia

| | Mixture of

VOCs
4 20
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agent removal
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using
transition
metal oxides
instead of
noble
metals

21
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Catalytic Ozonation

Improving .
elimination of Reducing Reducin S
low reaction & 8
concentration temperature €nergy use cost

pollutants

22
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Effective catalysts for catalytic ozonation

Transition metal oxides

e Oxides of Mn, Co, Cr, Fe, Cu

manganese(II) oxide

e Alumina, Zeolite, Silica

Manganese oxides have the highest activity in removal of

VOCs from air.

23
Reed, C., Xi, Y. & Oyama, S.T. (2005). Journal of Catalysis, 235, 378—-392.
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Catalyst preparation methods

incipient wefness impregnation
(or dry impregnation, capillary impregnation)

calalyst solution capillaryacton

solid support

Impregnation Hy?\;c;’i:irdmal Polyol Method

Synthesis of Solid Catalysts, edited by Krijn P. de Jong,2009, John Wiley & Sons. 24
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Experimental setup for catalytic ozonation

Mass Flow

Controller

O—

Ozone
Generator

Oxygen

Nitrogen

Acetone — Nz

For in-situ DRIFTS study

Reaction
Chamber
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FTIR
Analyzer

l

Ozone
Analyzer

l

Ozone
Destruction
Unit

'

Fume Hood

25
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Summary of our
findings
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Catalytic oxidation vs catalytic ozonation

VOC Conversion (%)
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Activity of single and dual metal catalysts

100 Pt-MnOx/v-Alzolsl_.r"‘H ................ i ................................... i
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28
Ebrahim Rezaei, Jafar Soltan, Ning Chen, Jinru Lin,Chemical Engineering Journal 214 (2013) 219-228.
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Effect of metal content on catalytic activity
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Ebrahim Rezaei, Jafar Soltan, Ning Chen,Applied Catalysis B: Environmental 136— 137 (2013) 239- 247

7 |



NIV ERSITY OF SC s /4
Effect of promters content in activity of catalyst
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It is estimated that the cost of catalytic oxidation of VOCs using
ozone is about 50% less than the conventional oxidation process.

>

Dirty
airin ,

LT

Clean
air out

Ozone
generator 31
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Ongoing research
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Synergetic degradation of VOCs by
Vacuum Ultraviolet Photolysis and
Catalytic Ozonation

VUV-0OZCO Process

hv(185nm)
VUV Photolysis  C;Hg, O,, H,0 C,H,0,+ CO +CO,, O3, *OH

Ozone
Catalytic
Oxidation

Yajie Shu, Miao He, Jian Ji, Haibao Huang, Shengwei Liu, Dennis Y.C. Leung, Journal of Hazardous Materials, 364(2019)770-779. 32
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Ongoing Research

Metal Organic Frameworks (MOFs)

MIL-101
Cr,0(H,0)F(BDC),

2 1
4200m? g NU-110

Cus(BHEHPI)

MOF-5
Zn,0(BDC),
3800 m? g

PCN-66
Cu(NTEI)

? MOF-177
MOF-200
Zn,0(BBC), 22403(81-8)12
4500 m? g m?g

https://www.intechopen.com/books/semiconductor-photocatalysis-materials-mechanisms-and-applications/metal-organic- 33
frameworks-as-emerging-photocatalysts


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi8_L_Sm-XgAhVk94MKHWnFDokQjRx6BAgBEAU&url=https://www.intechopen.com/books/semiconductor-photocatalysis-materials-mechanisms-and-applications/metal-organic-frameworks-as-emerging-photocatalysts&psig=AOvVaw35l3880SbxRtMAAqvQTGbM&ust=1551676525651234
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi8_L_Sm-XgAhVk94MKHWnFDokQjRx6BAgBEAU&url=https://www.intechopen.com/books/semiconductor-photocatalysis-materials-mechanisms-and-applications/metal-organic-frameworks-as-emerging-photocatalysts&psig=AOvVaw35l3880SbxRtMAAqvQTGbM&ust=1551676525651234
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Concluding remarks

» Catalytic processes based on controlled reactions, with ozone gas, are
effective methods to oxidize VOCs under controlled conditions with
minimum consumption of energy.

» Removal of indoor air VOCs lead to reduced make up air, more energy
saving.

» Efficiency of this process are demonstrated for most common VOCs
including toluene, benzene, and acetone.

34
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