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A Study on Particulate Matter Reduction Effects of
Vegetation Bio-Filters by Airflow Volume
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ABSTRACT

As the influence of fine dust on society spreads gradually, the public’s interest in indoor air is increasingly rising.

Air-purifying plants are drawing keen attention due to their natural purifying function enabled by plant physiology.

However, as their fine dust reduction mechanism is limited to adsorption only, vegetation bio-filters that optimize

purification effects through integration with air-conditioning systems is rising as an alternative. In accordance with

the relevant standard test methods, this study looked into the fine dust reduction assessment method by air-

conditioning airflow volume that can be used for the industrial spread of vegetation bio-filters. In the case of PMio at

300 pg/m’,

it was in the order of EG-B(3,500CMH, 29 min.) < EG-A (2,500CMH, 37 min.) < CG(0OCMH, 64 min.)

for reaching the maintenance level (100 1g/m") of publicly used facilities. For reaching the WHO Guideline(50 1g/m’)
requirement, it was in the order of EG-B (51 min.) < EG-A (160 min.) < CG (170 min.). In the case of PMzs, it was
in the order of EG-B (26 min.) < EG-A (33 min.) < CG (57 min.) for reaching the maintenance level (50 yxg/m') of
publicly used facilities. It was in the order of EG-B (48 min) < EG-A (140 min) < CG (158 min) for reaching the
WHO Guideline (25 pg/m") requirement. The findings from the analysis showed that fine dust can be reduced most
efficiently when the system is operated at 3,500CMH level.

The limitation of this study is that due to the absence of a way of assessing the stress of plants in vegetation bio-

filters, generating optimal air-conditioning air flow of the relevant system and economics analysis against the existing

facility-type air purification system have been clarified, which should be explored further though follow-up studies.

Key Words : Biofilter, Air conditioning volume, Particulate matter, Indoor air purification, Standard test method
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Table 1. Measuring instruments of vegetation biofilter system
Multi-function . . Multl-fugctlon Temperature and
.. Air flow probe Particulate matter measuring .
measuring instrument 1 . Humidity
instrument 2
—_——
Image 16 —={1" 171
comfort probe 0628 ALMEMO [ALMEMO Temperature
Model Testo 480 0143 TSI AM520 890-9 and Humidity
9 input socket | T ture: -20 — 80°C
Range -100 - +100hPa 0-+5m/s | 0.001to 100 mg/m | _ P SOCKEL | femperatire
512kb memory | Humidity: 5 —98%
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Fig. 1. Measuring instruments installation of the test bed.
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Fig. 2. Preliminary experiment on the limitation of particulate matter(PMio, PM2.5) reduction.
éWh) Table 2. The result of air flow rate by supply air (Uit
CMH)
P P S S S air flow rate supply air 1/supply air 2| supply air 3| Mean
300 EG-A(2,500)| 3,016.4 2,307.8 2,367.2 |2,563.8
200 — T T e EG-B(3,000)| 3,7804 | 2,6189 | 3,124.8 |[3,174.7
100
0 supply air 1 supply air 2 supply air 3
Time
0:00 0:05 0:10 0:15 0:20 0:25 ( :30)

Fig. 3. Power consumption to maintain air flow rate.
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Fig. 4. The graph of the measured contour line based on

the wind speed of the face.
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Table 3. Result of relative humidity of control group and
experimental group by test cycles

relative humidity by | CG EG-A EG-B
test cycles (Rh%) | (0CMH) |(2,500CMH)((3,000CMH)
<ovelo.a> avg. 48.0 63.3 63.8
cycle-a
4 max | 484 65.6 66.5
fan: on -
min 47.4 523 50.8
pump: off
sd 02 35 4.0
avg. 47.7 58.0 57.7
<cycle-b>
max 484 65.6 66.5
fan: off -
min 47.2 513 50.8
pump: on
sd 0.3 5.0 5.6
avg. 478 52.8 52.3
<cycle-c>
max 484 54.4 54.0
fan: off -
min 472 51.3 51.1
pump: off
sd 0.3 1.0 0.8
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Fig. 5. Monitoring of time series changes PMio concentration
according to vegetation biofilter operation.

Table 4. Results of PMio reduction by control group and

experimental group according to vegetation
biofilter operation
CG EG-A EG-B
(0CMH)| (2,500CMH) | (3,000CMH)
initial concentration (1:g/m’) 3103 314.7 369.0
criteriafor | arrival time(min) | 64 37 29
maintaining "
multi-use time &ﬁermce 27 35
facilities (min) -
(100¢g/m’) | reduction rate(%o) 42.2% 54.7%
arrival time(min) 170 160 51
WHO time diff
guideline © ( m;;e“"e 10 119
(50ug/m’) -
reduction rate(%) 5.95% 70.0%
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according to vegetation biofilter operation

Table 5. Results of PMzs reduction by control group and

experimental group according to vegetation
biofilter operation
CG | EG-A | EG-B
initial concentration (1g/m’) 141.0| 143.6 | 168.0
criteria for arrival time(min) | 57 33 26
maintaining multi-use| time difference 4 31
facilities (min) -
(50g/m) reduction rate(%) 421% | 93.9%
arrival time(min) | 158 140 48
WHO - -
A time difference
guideline . 18 110
(min) -
(25ug/m’) -
reduction rate(%) 11.4% | 78.6%
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