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The novel SARS-CoV-2 pandemic: Possible environmental transmission,
detection, persistence and fate during wastewater and water treatment
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microdroplets containing bacteria and purified
SARS-CoV-2 RNA to contrast airborne indoor transmission
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Terephthalic acid (TA)

M. Sahni and B.R. Locke:

0, OH 0, OoH 31%\’,“
"JJ;H
-OH
_
Non- Fluorescent
fluorescent \_\‘\. 425 nm
HO o HO' o

S. Kanazawa et.al.: Plasma Sources Sci. Technol., 20 (2011) 034010
S. Kanazawa et.al.: Proc. of the 2012 Electrostatics Joint Conf., Cambridge, Canada (June, 2012)

Hydroxyterephthalic acid (HTA)

Ind. Eng. Chem. Res., 45 (2006) 5819

2-[6-(4’-hydroxy)phenoxy-3H-xanthen-3-on-9-yl] benzoic acid

(HPF) o
Vis
490 nm
-OH ~
.CO0™
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Coumarin-S-carboxyIic acid (CCA) 7-hydroxy-coumarin-3-carboxylic acid
(7-OH-CCA)
385nm
—;@ﬁ
450 nm
W. F. L. M. Hoeben, E. M. van Veldhuizen, W. R. Rutgers, and G. M. W. Kroesen: J. Phys. D: Appl. Phys., 32 (1999) L133
324nm
OH r,.r '\_\_\0 OH
H
Salicylic acid
Biological 0><|dat|0n 448nm Chemical oxidation

2,3-dihydroxybenzoic acid (2,3-DHB) 2,5-dihydroxybenzoic acid (2,5-DHB)

Y. Guo, X. Liao, and D. Ye: J. Environmental Sciences, 20 (2008) 1429
S. Li, S. Hu, and H. Zhang: IEEE Trans. Plasma Sci., 40 (2012) 63
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Gas out

ARHSRE

(44%17.5 mm, RfE14.5 mm, £&300 mm)
(444%30 mm, NE26.8 mm, £X360 mm)

Threaded rod electrode

Pulsed H.V. * /

NILABBERNMER
FOHMA, RTULAE), £rvT R 5mm
(M6, RTUL RS
Fry7EK 5.4 mm

Silica glass tube &
i Pump

MBS
Av2,2(30 mesh, £&200 mm, 290 mm,
ATFULRE)

Gasin § Mesh clectrode
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\oltage: 24 kV, 100 ns
Discharge peak current : 100 A
Pulse repetition rate: 100 pps
Energy per pulse: 80 mJ
Average power dissipated in the

discharge: 8 W

Current [4]
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]
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200 400 600 800 1000
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NaTA solution: 200 mL,

Concentration: 2 mM , Flow rate: 1.4 L/min
Pulsed high voltage: 21 kV, 100 pps

UV lamp: 312 nm, 20 W 2

Indigo solution 200 mL, Methyl orange 200 mL
Concentration 10 mg/L, Flow rate 1.4 L/min
Pulsed high voltage: 21 kV, 100 pps,

)T 950 FHEER

— & x100 [%]
Co

Decolorization rate =

C, [mg/L] is the initial concentration of the dye and C, [mg/L] is the
concentration of the dye after treatment by the pulsed DBD plasma.

CoVi
Energy yield Ggp =1.8x 103 =070 [9/kwh]
Eft5o
V, [L] is volume of treated solution, E [J] is one pulsed

discharge energy, f [pps] is pulse repetition rate, and ts; [s] is
the time required for 50 % decomposition.

Decomposition rate  [9roc/hl
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2000: Water spray in PCD in air, PCD in oxygen over a thin film of water, 600 g/kWh
Water spray in Pulsed-DBD in oxygan.

1000: PCD in air over a thin film of water

400: Pulsed-DBD in air over a thin film of water, Water spray in Pulsed-
Gliding arc in oxygen.
100: -DC discharges in air over a thin film of water.

9 5 PCDin water with oxygen bubbling,
| 4:Pulsed-SSD in water, Water spray in AC-GlidArc in oxygen.
3: HS-PCD, MWD in water with air bubbling.
2: PCD in water with air bubbling, RFD in water. 5
1: PCD in water, PCD in air 3mm above water, CGDE, AC-GlidAre.

0.7:DD.

0.1
0.07: GDE.

M.A. Malik: “Water Purification by Plasmas: Which Reactors are Most Energy
Efficient?”, Plasma Chem. Plasma Process, Vol. 30, Issue 1, pp. 21-31 (2010).

‘ Applied this effect to the liquid flow control

THNRDEA

The inner wall is modified.

Gas out

Pulsed 1LY, Thecaded od electrode oy Threaded rod clectrode

/] /
U W

Silica glass tube Silica glass whe

Pump Pump

Nylon wire Mesh clectrode
Y W 1

.

Treatment

solution

0turn 5turns 10 turns
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Ep
(D Retention time: movie (60 frame /s)
0 turn —0.21 sec D X15
10 turns — 0.3 sec
The liquid retention time of the reactor with 10
turns nylon wire became 1.5 times longer than
that of non-installed reactor.

@ Increase of specific surface area
0 turn — 160 cm?

5 turns — 170.8 cm? x1.1
10 turns — 176.6 cm?

@ An effective mixing between the
target material and several
radicals.
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Without barrier case, DBD — Streamer Corona
Effect of the pulse repetition rate on decolorization rate

Indigo solution 300 mL, conc. 10 mg/L, flow rate 1.0 L/min
Applied voltage: 15 kV, 100ns

Pulsed H.V. Wire electrode
e — Coanda effect on the performance

| T
-7
N AV

——10pps
—&— 10 pps with Coanda
——

—8— 50 pps with Coanda
—8— 10

Pipe electrode

Enamel wire’

il

Decolorization rate [%]

swith Coanda

—®— 100 pps with Coanda in oxygen gas

| | i
Treatment 0
solution 0 100 200 300 400 50(: .

Time [s]

TSR DBAIZLDIRILE—FE
Effect of the pulse repetition rate on energy efficiency

Without Coanda Effect The maximum Gy is 370 g/kwh.
Effect

400

| With Coanda

350

300

250

200

150

G 5 [9/kWh]

100

50

10 pps. 50 pps 100 pps 100 pps with Coanda
oxygen gas
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EEO value (electrical energy per order of magnitude degradation)
Ozonati - ] s i ] 015 n
Ou/H:0: (e x U peeie | Jop 2%
Electron beam — 34— E E‘i’%m“m 031 § [
UVichlorine < A= T 039 2 ®
UV/persulfate N, , P 061 § |
0,/uv 83— L 31 g
UVHO,{ L o L T I B 075 P w8
Photo-Fenton — T 4 26 5 9 2
o . = s p fed
eAOP s T = 381 g “ 2
UV/catalyst x — T 35 G 2
Microwave B sy B 6
Ultrasound | | | | | — e 2616 8
w oW o et " w0’
Epo [kWh/mYorder]
Hi#8:D.B. Miklos, C.Remy, M. Jekel, K.G. Linden, J. E. Drewes, U. Hiibner, “Evaluation of advanced oxidation
processes for water and wastewater treatment — A critical review”, Water Research, 139 (2018) 118.
34
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Ozone destruct catalyzer
Off gas

Dissolved
ozone meter

H =

Ozone generator

DBD Plasma

Treated water tank

-0~

Active carbon filter

Raw water tank Ozone gas l

Filter 1 Filter 2 Bubble diffuser

<Ozonation> <Plasma treatment=

*VY, FSANE 25 BE 100L
AV T )L 21 /min, BELFVVEE 7ppm
FSATNBEE MEKOEEE 20 L/min, 1AHY 2L/min
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JKA0EE : o3 R 14 7R % 100 L (DALTE

= REEMEHF (LAS)DRE 5 mg/L
I CnHansa LAS: linear alkylbenzenesulfonate
A
HRFTOLASHES
SOsNa 3.3HAt (2000)
Structure of LAS
(n=10-139) nEH % SRE [%]

FV B 78-88
FS5X < 40
AV -TS5X<nE EEEL)

0 1000 10
IR/ )
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