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Phytoremediation of air pollution

Table 1 Top productive countries/regions on botanical research in the indoor environment.

Countries/ P o4 TP Years TC

Regions 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
USA 19.24 7 6 3 3 0 3 4 6

AUSTRALIA 10.84 0 2 3 1 9

CHINA 10.29

SOUTH
KOREA

THAILAND
POLAND

IRAN

Tan et al 2022




Urban air pollution — the quiet epidemic

- Urban air is innately polluted: CO, NO,, SO,, Volatile Organic Compounds, particulate
matter, O, — regularly exceed guidelines worldwide

- Indoor air is our normal environment, and air pollution is not lower indoors

Outcomes

- The world’s (and UK’s) largest single environmental health risk

- 7 M deaths per year worldwide (Covid=7.01 M deaths total)
- >£24 billion pa in health costs , 1% of world GDP by 2060

- Poor health, lost productivity, low workplace performance



Plants improve indoor air quality

NASA studies (Wolverton et al. 1983-19597) showed that plants
improved air quality in sealed spacecraft simulators
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Phytoremediation of petrol VOCs

All potted plants can remove all VOCs, mainly (but not
wholly) due to substrate microbial metabolism



Plants remove air pollutants

SO, and NO,: Dissolve into water film on leaves, taken up and
internally reduced

O;: Usually removed
- Preferentially
damages plant?




Plants remove air pollutants

 PM: Interception and adhesion to leaves

Fig. 2 Visible particulate matter accumulation on a 5 amate leaf [arrowsL



Plants remove air pollutants

CO,: Photosynthetic draw down
- 40% of energy in the built environment used to ventilate CO,...




Passive phytosystems

« All pollutant removal is rate
limited by diffusion

« Pollution removal effect sizes by
passive vegetation are low per
unit of green space

Junglefy, Australia



VOC CADR:s of passive indoor plants

Pollutant CADR (m3.h-1.plant) Reference

Formaldehyde 0.22 Aydogan and Montoya (2011)
Benzene 0.038 Orwell et al. (2004)

Toluene 0.050 Orwell et al. (2006)

Xylene 0.068 Orwell et al. (2006)

TCE 0.0073 Wolverton et al. (1989)

Chloroform 0.00095 Zhang et al. (2018)

Cummings and Waring 2020
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Ideal solution

7’000 trees Wlll be Paris pl t by planti ban f t d architectural
. aris plans to go green by planting "urban forest" around architectura
planted in London to landmarks

improve air quality 000500
I India Block | 26 June 2019 | 21 comments

The Mayor of London, Sadiq Khan has announced that in order
to help reduce air pollution and carbon dioxide (C02),
thousands of trees will be planted across 20 boroughs in

London. Asia Pacific

Pakistan seeks to bring

fresh air to polluted
Southend: ‘Plant grass and plants on top of our town'’s bus cities with 10 billion
stops to help the environment'

By Ellis Whitehouse | W @E_Whitehouse293 trees
a' Senior Reporter

By Umar Farooq

EXpEl’tS identify 'Super-plant' that ME » NEWS » INDEA » INDORE TO PLANT 2 LAKH PLANTS TO IMPROVE AIR QUALITY BY INDEPENDENCE DAY

absorbs roadside air pollution

Bushy variety o cotoncasterwodksbest inareasofenry Indore to Plant 2 Lakh Plants to Improve Air Quality by
Independence Day

reduce flooding







Indoor Plants Ver. 2: Active botanical biofiltration
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Active phytosystem
performance

Single pass removal efficiency (%) PM

PM 0.3-0.5 PM 0.5-1 PM 1-2.5 PM 2.5-5 PM 5-10
O Nematanthus glabra B Nephrolepis cordifolia duffii

@ Chlorophytum orchidastrum B Nephrolepis exaltata bostoniensis

0O conecntration (proportion of peak concentration)

8 10

Time (min)




In situ testing of active phytosystems: Indoors
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Campbelltown Rail

Brisbane Airport Link Manly Vale B-Line
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* Planted area = 240 m?

Fixes 23.08 T of CO, / year

* Equivalent to 0.33 Ha canopy
cover of trees

Modelled CA
PM, .: 101,557
NO,: 36,606 | il
O,: 100,340 e ——
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Active phytosystem road pollution CADR

Ak Transport jungle!:y

NSW
v | for NSW Pettit et al 2020, 2021



What now?

We seem to have overcome most of the ‘green washing’ problem

But there are still barriers: BVOCs, COVID 19, balance with HVAC, net zero contribution,
maintenance costs, ROI.

 (Capacity in the horticultural industry?

Convince and compete
 Cross disciplinary and industry engagement
* TNFD

Diversification and uptake
 Existing AGWs are ‘pilot” technology
 Details are fully published...



What now?

The effect sizes of Gl are substantial and well-proven
The ‘Green Washing’ problem has passed
Some minor research gaps (BVOCs, viruses, HVAC energy savings)

But there are still barriers to widespread use
COST and MAINTENANCE

The knowledge on how to make simple and safe systems is freely
available (NB: bioparticles!)

Proof-of-concept for profitable industries
...Transdisciplinary and industry engagement
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Plants are a universal
core component of
sustainable cities




Dedicated to
Ron Wood and Ralph Orwell




References

Tan H et al. (2022) Small-scale botanical in enhancing indoor air quality: A bibliometric analysis (2011-2020) and short review. Progress in energy and
Environment. 19: 13-37

Dierner A, Mudu P (2021) How can vegetation protect us from air pollution? A critical review on green spaces' mitigation abilities for air-borne particles from
a public health perspective - with implications for urban planning. STOTEN 796, 148605

Wei X et al. (2017) Phylloremediation of Air Pollutants: Exploiting the Potential of Plant Leaves and Leaf-Associated Microbes. Front. Plant Sci. doi:
10.3389/fpls.2017.01318

Irga PJ et al (2018) The phytoremediation of indoor air pollution: a review on the technology development from the potted plant through to functional green
wall biofilters Reviews in Environmental Science and Bio/Technology 17(2): 395-415

World Health Organization. Green and Blue Spaces and Mental Health: New Evidence and Perspectives for Action. WHO Regional Office for Europe,
Copenhagen (2021). (In press)

Nowak DJ et al (2013) Carbon storage and sequestration by trees in urban and community areas of the United States. Environmental Pollution 178: 229-236.

Roeland S et al (2019) Towards an integrative approach to evaluate the environmental ecosystem services provided by urban forest. Journal of Forestry
Research 30: 1981-1996

Abbass et al (2017) Effectiveness of indoor plants for passive removal of indoor ozone. Building and Environment 119: 62-70

Torpy FR et al. (2017) Testing the Single-Pass VOC Removal Efficiency of an Active Greenwall using Methyl Ethyl Ketone (MEK). Air Quality, Atmosphere &
Health. 11: 163-170.

Torpy FR et al (2017) Green wall technology for the phytoremediation of indoor air: a system for the reduction of indoor CO2. Air Quality, Atmosphere and
Health. 10(5): 575-585

Pettit Tj et al (2020) An assessment of the suitability of active green walls for NO2 reduction in green buildings using a closed-loop flow reactor. Atmosphere.
10(12): 801

Pettit T et al (2021) Effective reduction of roadside air pollution with botanical biofiltration. Journal of Hazardous Materials. 125566.
Dominici L et al (2021) Analysis of lighting conditions of indoor living walls: effects on CO2 removal. Journal of Building Engineering. 102961.

Pettit T et al (2019) The botanical biofiltration of VOCs with active airflow: is removal efficiency related to chemical properties? Atmospheric Environment.
214: 166839

Zhang L et al (2018) Greatly Enhanced Removal of Volatile Organic Carcinogens by a Genetically Modified Houseplant, Pothos Ivy (Epipremnum aureum)
Expressing the Mammalian Cytochrome P450 2e1 Gene. Environ Sci Technol. 53(1):325-331

Irga, PJ et al (2019) Does plant species selection in functional active green walls influence VOC phytoremediation efficiency?’, Environmental Science and
Pollution Research, 26: 12851-12858

Pettit T et al (2020) The botanical biofiltration of elevated air pollution concentrations associated the Black Summer wildfire natural disaster. J. Haz. Mat.
Letters. 1: 100003.



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Plants improve indoor air quality
	Slide Number 5
	Phytoremediation of petrol VOCs
	Plants remove air pollutants
	Plants remove air pollutants
	Plants remove air pollutants
	Slide Number 10
	VOC CADRs of passive indoor plants
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Active phytosystem performance
	In situ testing of active phytosystems: Indoors
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	What now?
	��
	Slide Number 27
	Slide Number 28
	References

