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Plant Use in Reduction of Atmospheric Haze
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Abstract / “Haze” reduces visibility when fine air particles build up in
the atmosphere. This interview introduces the main concepts and methods
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of measurement for haze control and the PM2.5 reduction mechanisms
of plants. It also gives an overview of recent research progresses made,
such as “Technology Development and Demonstration of PM2.5 Control
in Beijing Forestation Projects” and “Technology Development and
Demonstration Applications on Dust Pollution Prevention and Control
in Beijing”.

Key words / Meteorological Disasters; PM2.5; Haze; Plants

PM2.5
D] - ”
ZEGE T
PM2.5
0.001~10p m 1~2pym
PM2.5
“ PM2.5
PM2.5 2~5
TSP PM2.5
PM2.5

SWRITE  Landscape Architecture Frontiers

What did your team do in the control of PM2.5 by using

plants?

Yanming LI: Air pollution, especially haze, has become
one of the most serious problems in the Chinese urban
environment. Many cities have weather forecasts that
often include warnings of “fog and haze”. “Haze” refers
to the concentration level of atmospheric fine particles
(PM2.5) that 0.001 ~ 10 um in diameter, and 1 ~ 2 pum
on average, which leads to decreased atmospheric
visibility. We have developed two studies that measure
and evaluate frequent fog and haze in the city. The first
one is “Technology Development and Demonstration
of PM2.5 Control in Beijing Forestation Projects”,
which focuses on the function of urban green spaces
and suburban forestation in PM2.5 reduction. The
second is “Technology Development and Demonstration
Applications on Dust Pollution Prevention and Control
in Beijing”, and is supported by the National Science
and Technology Program. In addition to TSP (total

suspended particles) it focuses on PM2.5 reduction.

What are the main methods for measuring reduction and

prevention of haze?

Yanming LI: The main goal of haze control is
“decreasing source and increasing sinks”. In regards to
source control, reducing and restricting emissions of
polluted gases and clean fuels can decrease the amount
of haze. On the other hand, increasing sinks, which can
absorb pollutants, is important for controlling existing
haze emissions.

Rainfall and air convection can effectively reduce
the concentration of PM2.5 in the air. However,
vegetation is considered one of the most effective
artificial methods. Other artificial methods include use
of water, but this costs a lot, and affects a limited range
and time.

Our study showed that green space could effectively

reduce the concentration of PM2.5. Although each

plant leaf absorbs a small amount, the total area of the
leaves is large, generally two to five times its vertical
projection area if each piece of vegetation was arranged
side by side.

The greenland ecosystem plays an important role in
the “sink” effect of atmospheric pollutants. Individual
plants or plant communities with adsorption functions
can promote the deposition of atmospheric pollutants
and reduce floating particles, which could purify the air.
There is no definitive conclusion about what role plants
play in the reduction of PM2.5 in the city, but from
our studies the function of green space in mitigation
of PM2.5 cannot be overstated. We are not going to
achieve instant results, but PM2.5 governance needs to

integrate a variety of approaches.

What are the PM2.5 adsorption differences between

plants?

Xinyu LI: We chose 60 green plants commonly used
in Beijing and measured the PM2.5 adsorption quantity
of each by dust collection. The dust collecting method
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Particles adsorption by different plant species.
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required us to collect and weigh residue on the leaf
blade using an electron microscope and converting
stable masses.

At present we have determined 29 plant species,
including 14 trees, 14 shrubs, and one vine that absorb
PM2.5. Research indicates that there are big differences
in the PM2.5 adsorption capability of plants. In trees,
the PM2.5 per unit leaf area of Ginkgo biloba appears
to be the highest, retaining about twelve times the
PM2.5 of Tamarix chinensis. In shrubs, Buxus sinica
var. parvifolia and Buxus megistophylla are better
than Sabina vulgaris. However, it does not necessarily
illustrate that the PM2.5 absorption rate of Ginkgo
biloba is the best. Ginkgo biloba’s effect is relatively

good compared to the other plants we measured.

What changes once the particles adhere to the plants’

leaves?

Xinyu LI: We mainly surveyed and evaluated the PM2.5
adsorption of plants by electron microscopy scanning.
In addition to villus structures and sticky secretions,
there are also upheavals and grooves on the surface of
leaves that help trap the PM2.5. Electron micrographs of
PM2.5 shows that fine particles can adhere to the ultra-
microscopic structures stably. After the fine particles
are bonded onto the sticky plant surfaces, they bind
into larger particles on the leaf surface and settle to the
ground through wind or rain.

Electron micrographs show that the diameter of
PM2.5 is much less than stoma’s diameter, and a portion
of PM2.5 from the air will enter through the stoma
by diffusive motion. The composition of PM2.5 is
complicated, and includes carbon, organic compounds,
sulphate, and nitrate. Organic carbon or some other
insoluble substances will not change after they enter
through the stoma, but some soluble ingredients, such
as nitrate, will be completely absorbed into the plant’s
metabolism However, there are few quantitative research

about this. Moreover, researchers found that plants can

effectively adsorb SO, nitrogen oxides and volatile
organic compounds that form secondary pollution, an

important source of PM2.5.

How are these studies connected with atmospheric

research? What are your reflections on interdisciplinary

research?

Yanming LI: Our study is still in its initial period, and
it mainly focuses on research methods and adsorption
mechanisms of PM2.5. We are now carrying out related
experiments, but have only gotten preliminary results
so far. On one hand, the dynamic atmospheric presence
of PM2.5 brings our study enormous difficulties. On
the other hand, the study in PM2.5 is also resulting in
cutting-edge atmospheric research. There is not any

clear final conclusion for our reference.

Xinyu LI: In respect to atmospheric versus
environmental governance, PM2.5 adsorption by plants
is always being neglected a viable option for reduction.
Our previous studies mainly focused on the research
of TSP governance, which resulted in a research gap.
Working with atmospheric experts, we have explored
how to extract the particles from plants’ leaves and how
to weigh the particles’ mass. Our work is exploring the

way forward in cooperation with these experts.

What is the main application of the intended research

results? What will be the instructive suggestions for

urban planners and landscape architects?

Xinyu LI: Our research results will provide guidance
about species selection and green space configuration.
We carried out a comparative study of planting designs
in several typical green spaces in parks, roads, and
urban spaces. Looking at the green spaces on roadways,
for example, we chose four typical locations that
experienced similar conditions of pollution and traffic,

and compared PM2.5 adsorption through a long-term
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outdoor monitoring. With these studies, we hoped
that we could develop a general guidance for plant
configuration that not only emphasized the function of
improving environment, but also considered quality of

space.

In northern China, which is mostly deciduous trees and

shrubs, will PM2.5 absorption by plants be weaker in the

winter?

Xinyu LI: Cooling, detaining dust, reducing carbon
emissions, and noise abatement are functions related
to the plant’s leaves. The “Green Quantity” — the total
amount of leaves — can usually measure the ecological
effect of plants. In winter, the green quantity of plants
in the north of China is low and the ecological effects
significantly decrease. Ironically, dust is the primary air
pollutant in winter. There are many kinds of evergreen
conifers in northern China, and tests have indicated that
evergreen conifers such as Cedrus deodara and Sabina
chinensis have a good capability for detaining dust. In
addition, evergreen shrubs such as Buxus megistophylla
and Buxus sinica var. parvifoliaare have also proven
to be quite effective. However, Buxus microphylla and
Buxus sinica var. parvifolia are usually wrapped in non-
woven fabric in winter, which greatly affects particles

adsorption.

Yanming LI: This is a big misunderstanding.
Originally, the wrapping began because snowmelt
chemicals, essentially Chlorides, will be harmful to
plants when it is used on roads after a snowfall. Thus
we needed to begin wrapping the plants. However,
without fully understanding the initial reason, hedges
in parks, residential areas, and plazas also began
to be covered. There is actually no need to do this.
Buxus megistophylla and Buxus sinica var. parvifolia
can survive in the winter in Beijing. In recent years,
Euonymus kiautschovicus has become an alternative

for Buxus megistophylla in Beijing. Both are similar

in shape, but the cold resistance of Euonymus
kiautschovicus is much stronger. Some evergreen plants
cannot survive winter in Beijing. This is not entirely due
to the low temperature, but a slow increased temperature
that only partially thaws the soil when winter turns into
spring. Because of physiological drought, the plants die.
We should continue to explore the reasons behind this

phenomenon.
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3, 4. Outdoor monitoring of PM2.5 adsorption in different planting design environments.
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