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Stabilization of Soil Moisture and Improvement of Indoor Air Quality by a
Plant-Biofilter Integration System
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Abstract: This study was performed to investigate the stability of soil moisture in controlling air ventilation rate within a horizontal
biofilter, and to compare removal efficiency (RE) of indoor air pollutants including fine dust, volatile organic compounds (VOCs),
and formaldehyde (HCHO), depending on whether dieffenbachias (Diffenbachia amoena) were planted in the biofilter. The relative
humidity, air temperature, and soil moisture contents showed stable values, regardless of the presence of D. amoena, and the
plants grew normally in the biofilter. REs for number of fine dust particles (PM10 and PM2.5) within the biofilter filled with
only soil were at least 30% and 2%, respectively. REs for number of fine dust particles (PM10 and PM2.5) within the biofilter
including the plants were above 40% and 4%, respectively. RE for fine dust (PM10) weight was above 4% and 20%, respectively,
in the biofilter containing only soil or soil together with plants. In the case of the biofilter filled with only soil, REs for xylene,
ethylbenzene, toluene or total VOC (T-VOC) were each more than 63%; however, REs for benzene and formaldehyde (HCHO)
were above 22% and 38%, respectively. In the biofilter with the plants, REs for xylene, ethylbenzene, toluene, and T-VOC were
each above 72%, and REs for benzene and HCHO were above 39%. Thus, RE of the biofilter integrated with plants was found
to be higher for volatile organic compounds than for fine dust. Hence, the biofilter was very effective for indoor air quality
improvement and the effect was higher when integrated with plants.

Additional key words: air ventilation rate, Diffenbachia amoena, fine dust, green interior, volatile organic compounds
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Fig. 1. Diagram of the horizontal biofilter system used in this experiment. The movement path of the internalized indoor air
is as follows: indoor air sucked into the ring blower (E) — air is passed through the upper space of the water tank (C)
— air is passed through the pall ring in moving upward in the cylindrical humidifier and then converted to humidified
air in contact with the water to fall (B) — the humidified air is passed through the demister into the lower space of the
biofilter and flows out to the upper surface of the soil in the biofilter (A).
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Table 2. Analytical conditions of GC/MS for determination of total volatile organic compounds including benzene, toluene, ethyl

benzene, and xylene.

Instrument Analysis conditions
Prepurge time (mL-min™) 3
Purge . .1
Trap prepurge time (mL-min™) 0.2
Sample flow Sample flow rate (mL-min™) 50
TD Trap low temp. (°C) -10
Trap high temp. (°C) 300
Trap desorb
Trap hold time (min) 5
Split flow (mL-min™) 10
Model Varian CP-3800 / Saturn 2200
Column DB-1 (60 m x 0.32 mm x 5.00 pm)
Temp. (°C) Rate (°C-min™) Hold (min)
35 0 8
Column Temp.
GC/MS 180 4 12
220 8 6
Total run time 67.25 min
Column flow 1 mL-min"
MS scan range 45-350 amu

o} HCHOZ} B4 7]712 24 7bs8t A4 %2(TVOCs
1,000ppb 013}, HCHO 2.0ppm ©]4h& $-|5|31 9l=x] 2kl
317] 8l T8 Al37]2 =4 7|(Indoor Air 1Q-610Xtra
Quality Probe, Graywolf Sensing Solutions, Trumbull, CT,
Ireland)Q} & -8 HCHO =74 7|(formaldehydemeter, HAL-
HFX205, HAL Technology, LLC, CA, USA)E Al&-35}o]
TVOCs®} HCHOS H%=& 3047 =A51% Tk 3047HY]
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A1olA 242 VOCs< 223]8H3itt HCHOE 19|t VOCs
(BTEX; benzene, toluene, ethylbenzene, xylene)2] 3Z3]-2
o8 d7|rE ZHAA](AVS-550, ASCN, Suwon, Korea)
2 ) E24l(Tedlar sample bag, 5L, SKC)S ©]-835}o] 25
S Aol 7tAE 23 & pAT R ukE T8 3)(GC-MS, CP-
3800/Saturn 2200, Varian, CA, USA; Table 2)= EA45}4
i, HCHO+= -9, Al A, vjA1A A 2jtolA] 37}
9] MZ7HE 2] X|(Sep-Pak® DNPH-Silica cartridges, Waters
Ltd., Ireland)E H|ZE EH(PFA tube)e} FHAE SR
Elo] AZsto] Z} 2| HoflA &£ S00mLA 30+(F 15L)

Table 3. The analytical conditions of HPLC for determination
of formaldehyde (HCHO).

Parameter Condition

Model Shimadzu SIL-10ADvp

Column ACE 5 C-18 (150 mm x 4.6 mm x 5 um)
Detector UV-VIS detector, Shimadzu

Mobile phase Water/tetrahydrofuran (8:2, v/v)

(A) acetonitrile (B)

0-20 min : A/B = 80/20 — 40/60
20-22 min : A/B = 40/60 — 80/20
22-30 min : A/B = 80/20 hold

Gradient elution

Detection Absorbance at 360 nm
Flow rate 1.2 mL-min™

Injection volume 20 pL

Oven Temp. 40°C

Zol 39kE o7 S, LM FZnlE T18ju(HPLC,
Shimadzu SIL-10ADvp, USA; Table 3)=2 EA3}%t) A3
Z AFAQI0m)) 4L YIS o] gsto] Afers
26°CE AAste] A3l7)7 S0k A i B Aye=s
26.6 = 3.0°C2 §-A|3}91, Ho ATHSEE 62 £ 3.0%UTh
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Fig. 2. Changing patterns of relative humidity (A), air temperature
(B), and soil moisture (C) in a horizontal biofilter system
depending on whether Diffenbachia amoena was planted in
the biofilter. Error bars represent SE.

Table 4. Growth characteristics of Dieffenbachia amoena ‘Mariane’ before and after planting within a horizontal biofilter.

, Width Height Volume No. of Fresh weight (g) Dry weight (g)
Measurement time 3
(cm) (cm) (cm?) leaves Shoot root shoot root
Before planting 15.6+3.6° 259+24 6,610+3,191 60+20 31.1+76 220+116 1.8+09 22+14

42 days after planting 34.1 + 4.4

Significance otk ook sk

394+41 46,558+14,012 114+34 99.7+114 20.8+£6.0

64+0.7 22%03

kk kekk ns kkk ns

"Mean * SD.

s, ¥ HHx

" Non-significant or significant by t-test at p = 0.01 or 0.001, respectively.
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Fig. 3. Removal efficiency of fine dust (2-10 um) and ultra-fine
dust (0.3-2 um) particle numbers and PM10 weight (mg-m®)
in a horizontal biofilter system depending on whether
Diffenbachia amoena was planted in the biofilter. Error bars
represent SE and different letters indicate significant differences
based on t-test at p = 0.05.
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Fig. 4. Removal efficiency of total volatile organic compounds
(T-VOCs), aromatic hydrocarbons (benzene, ethyl benzene,
toluene, and xylene), and formaldehyde in a horizontal biofilter
system depending on whether Diffenbachia amoena was
planted in the biofilter. Error bars represent SE and different
letters indicate significant differences based on t-test at p
= 0.05.
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Table 5. Calculated values for indoor air purification of the office and laboratory by the horizontal biofilter used in this experiment.

Horizontal biofilter

Office (54 m’) Laboratory (210 m®)

Air ventilation rate (m*-min™)
Air ventilation frequency per day (times per day)

Additional increment (%)”

0.45 0.45
12.0 31
25 484

“Additional increment based on general indoor air ventilation frequency (15 times per day).
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