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Abstract

Diseases caused by pathogenic microorganisms and the use of conventional antimicrobial
treatments have an increasing impact on social economy, environment and health. The resistance
to antibiotics is getting stronger and stronger. Many common antibiotics have harmful biological
side effects on human health and the immune system. This has prompted people to find new
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cost-effective and efficient disinfection methods and methods to improve immunity.
Low-frequency activated water (plasma activated water) is the product of the reaction between
cold atmospheric plasma and water. It is a broad-spectrum fungicide with promising scientific
research and development. The Schumann low-frequency 7.83 Hz emitted by the low-frequency
resonance device replicates the frequency of the geomagnetic field. Schumann resonance is closely
related to physical health. The Schumann wave of 7.83 Hz is basically close to the frequency of
human brain waves and alpha waves. It has a certain effect on improving human immunity,
assisting in improving sub-health, and activating cells. The instantaneous activity of low-frequency
activated water, that is, the low-frequency activated water will be restored to the water within a
few days after storage and application. Treatment of E. coli with low-frequency activated water
resulted in a reduction of more than 4-log. This study successfully proved that low-frequency
activated water can be used as The possibility of an effective environmental benign disinfectant
provides a great basis for optimizing the biochemical activity of low-frequency activated water
and transforming this detoxification mechanism into daily applications.
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R ALK CL B HUSE T AR A 2 B A P B 22 ) 4% AN, IR a2 — MR A & A fa
RIGHAR, Ry S SVE AL AR A R &, s, . Bl SRS T. &
1A A I R A B AT AL S B I O AT, IR T B B R AR TR TR P A

B BOE AT R AL S B TR SR T IS 7 KR, (BN — LR, 52 R 55 B T iA
ARG MBS T I, DA S T RS S AR R AR AR P A AR R RO LA T . SFSE B, SOk P RiE
HIR Z B B TR (—) AU, s SUREEE R (T) 7 EOCE A H AR AN ZE
Fs JFH(Z) R A T ABA BRARA A B [1] . 385 AT S SERE R PR ECREYR, A A 2 U
REPRASAR, AT DLHE— D BRARAE B 144 AL B A VA R A MR B oM . BeAh, JERDR IR A A B T
REE B — MELLK R E o, AR RS RIS SR, EE R T AT s
P TP ARIE AR  BERE L BB RN, IX IR ARG, DO T ok e ph 3 20 SR L
KRR IR A IR IR 2]

HL b, mTRANE. B T AR R AR T A T AR RE R, e a AR R B RS
AP b 5 R T I AR (ROS)AE PEE A A1 (RNS) 5%, IX 3 BOL & 1F HI I s AL -1 Js LAz
(ORP)HIMIK pH {E[3] [4]. RAERTHATRMIERIB AR 5, MM, nFedk E hE(OH).
HEME(H0,) 15 RH(Os). 16 A0, ). — B (INO YIS HENE, LR eI [F 4 2 ™
PRI R, B A A SR O AR DAL U5 — AR iR, i, Zhang SERIE TE
PES(ROS), 1 OH, O, 1% (H02) IS, 7EAH T KT i B 24 o Traylor 55 Nid g i, Hz0,
Z 5K PARPTEACK IR B EE. AURIRGER ZIANS 5K 1 SV ME L SR, 15 4nE
TR R B S AN A R 2 20 A s )3 AT A R 2 SR [5]
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EM AR Eh & — M ARIE, 8 15 B2 7 (OONO ) i F1L(ONOOH)JE X, A A &3 4 e 14,
CAEEYRE FER O & B R AR . XA SR AR RGP NI, RS HS
AT B AR A B, ROV AR R #h AT TR S B SS B A B e 7y, S B e g 1
AIRFETIIET . WX EERF, A TR RR ER A D9t — P oA A& AP SR A TP 7 HIG T
AR A K AE P03k T TEBGRE T AR ALK T BE T i S A IR B, AN SR AR T LR MAC TG 18 A i R
Bt serh3iAs 7 siE e, M TR ER AR 2, DA AR RE S5 B T AR A R A A M i R T
SN FT AR RIS T — SRR [6] [7]. SRT, IX LS5 TR AN REAE A B AR AL K (3 S A
MRk, T HIX ALY B S A R E R R B A B EEAEN] . Bk, H AT A TS e TR B2
75 AT AR DA 7 A R A7 0 75 (4 2T B

RIUTARRH B () ERAM 7R US55 B AR s U R B 2R3 8 R 4t AR A i i
SALAHRRERINLAD s () WhE k™ A (e SR R R X AR i Mk ) SRR P AR, S R A,
SE I SE LA IR B X BRI KR RETT . AL ZEADE S A E 1 RIS LK IR e 32 . ORP A1 pH 1H,
PABARSRE K i WK T dr )l Hy,0, NO, « NO, F O3, LT3 A Fh—OH ik S0 A R 5 1)
WRPE o KIGHT B — il B A8 PR AN B s SR PR AR 1, VR TR 2 A R A W SRt S A0 EE IR AT
WK MRS AR AR B RCR o BEAh, HTTL T A FREAE SR AT Tl AR E VR, DU It 1 il
NGRS F oy BRI TR ) 224K [8] o

2. {RITFEILAK BRI F 41

SRS TR FRAE K R B B A T S M SRR B RIS fh K [ L 526 . OPR Al pH
EAE NS B RIS AL TR SR G AT Y, SR WA 1 FoR. B S R B K AA e it s
W E B R . 2/ TR 30 min J5, MRS MOKI S 24 puSom™ KK INE 724
uS-em™, BEIISE SRS HO 4 ARSI N A T & AR MY AR [9]. AbFE 5 min (HEATE K K
ORP {HiA$| 485 mV /oAy, 7E45 5 T1A4bEE 30 min J5, ORP {H—% - F+% 650 mV, B & T % fH 41(250
mV). Bb4h, PSRN REY, RATELK T RONS HLEARK T 5 3% i A i a1 AR R A e ik, 33t
Y& P b T DAEAR AR A K R AR R, A R ARSI /K 5 20 B A AR F R R D . B T
HIa, K pH AE I TR, 5B AE AL B AT 10 min (M 7~3.8), 3%k 30 min JE it —4 FR&E] 3.10
[10] [11]. XZFEH NOWIFNE H,0 43T RS BT BR IS IR ER . A NI K, ARSIE ALK 1 2R B 2
A REKE T ORP MM pH IS & . DMAERIBIFUESE, 7EK pH (E T, XM E hIER S 5%
YHAEEE, 75 pH EIRT 4.7 BF, MERIAN R PR B8 A SO AR B . Xu 6 A1F 201245 Rt I, & ORP
A DAES A S AR ST, M S A R TR A A R R [12]

3. MEARSHTE KPR ST FHERER

AL VR R #h 2 A2 LIRS A K T B — P B PRl . EAR BRSO AN R SR BE % 4
1 AR A 73 T, X AN R Eh 40 M 7 1 oKk U . Su S5 TE L ST AN B R 208 R 0N 8.0
x 107" em-s™t, 5 H,0, (535 KRR, L0 AN 400 £, X iad M o ok 42 T AH R 36 A Xt
YD BAT 1505 I RCA A I[13] [14]. C4 R SR EREE AR SM T UL BRI . Ak SR
ol PUORMLERAN DS B k. R, 0 AH ER R AEARIR BE N R I AR BRI P B P o AEARAIE AL K
TSR S A AT DLd i s S AR B, 38 W DAIE S H At e S AR B,

0; +NO" - 0=NOO"
OH" +NO, > 0=NOO"™ +H,0
NO" +HO}, — O=NOOH

DOI: 10.12677/hjbm.2021.113018 136 LR 2


https://doi.org/10.12677/hjbm.2021.113018

B, TS

Wi SE A AR £ 5NV T, FRAE T RSO, AR RE 2RI I, SR B KB AE

460 nm [15]. #eil & 5t A Ab WAER SRR FEAE 0~3.2 uM T P RZEHE LR, K RE(R2) M 0.9999.
BT axfp i, MsE TARSE K ol EA AR SR . 45 R, S B AR AL B K P 1)
T AN R 25 1) S AE 2 FE I AT 20 208 RSB0, 5 NO, Fl H,0, R B AR AU AH IR, 3 BH I 40 I i 12
ERIEI [ VY (18) . AR, B MR B BT I A3 I, AN 20 238021 30 234, Ik A4k A R 3k ) vk B R
BT M 1.8 uM F] 20.2 uM, 537 SN 25 ARG — 35, 7 I S O A VA PR 1 e R ik
T A RS R #h 7 W BRI AEAE , PTREIEIS TR IR M[16]. HhAh, HRHEIX B i 45 SO Ah 45 85 1
M-SR S BRI RO SEIG BT FU IR 2, I U A R 26 T DA 2 %4 ROS R RNS FIMFRE, LAR I
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Figure 1. Possible mechanism of sending reactive oxygen and nitrogen species (RONS) produced in the gas

phase into the solution
1. BSEH LR TEE S MEFN(RONS)IENA KA AT BEH

4. (RSE MK FIEE T RS H BRI

B TR Ak K LA A 27 AR ) 46 B R AR VO K B SE AT R [17] A 1 SR N b T ARG Ak
KA AR AT IS IR, ol TS A SIE K H HyOw NO, . NO; . O SRRk
WL PN T S5 KRR .. BT 28 ZUESE, S8 TS RT pH B AR HOR T 8E
H— @RI, A B pH B S HCL EAT T AH R AT AR 52, L 5ARA0E K pH EAE 4, Fr
AR K R AR FETE 25°C o XHRRAHSRAF IR P iH £ =ik 6.88 log CFU, 17 FEATUE fb /K AL SR A RE b
FEMME AL 5. 10, 20, 30 min J& =4 X EUE 73 3 5.85. 4.72 3.09. 2.48, IESARME /KA MR IE
WA RIPTE A, W 2 froR. B4R, 4 pH E A 3.1 1, HGERILH B0 PU R S M (S R4 11 0.15),
X5 DR A A — 2 48 BRI H,0, 1 NO, X R B A I, (EMRFE ik 1.2 F1 0.38 mM I L T,
BE—DAESE 7 AR WO TR TIERE IR, RO BB AR % 2 5.82 f1 6.04. NO, St KR AT 1 5%
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Figure 2. The formation of peroxynitrite in low-frequency
activated water under different plasma exposure time

Bl 2. TEIMR MRS LK I E TR R AL
BRSBTS [E]

MR A B, X — i F NO; Fl NO, IR A Wit —EsE . BEF NO, I KB, Hy0, IR AT LR
FheiE, 104 20 A1 30 7 RARE b A0S L0 B 73 791 5.65. 4.16 1 3.25. 14k, 25 NO,; VB A NO, #
H,0, MBS, KIEAEH E— 2 s O e IS 2 3.02), X Rg2 H Tl R M5 fiE ONOOH (5
ONOOH 4} fift 1] 70%) 2= 52 3] NO; A FEFE [ #IHI[18]. 7E O3 AI-OH HITEHL T, S5k HAE 30 28 A%
BEAIK ST N IEAT, BRI AN R B AR (E SR 00, AR T v ORI RR) . BR 1 1 % AH
REERIE 0. BIEEIREN Oy FI-OH # AL BRI KSR, H—HXEf15 NO, . H0,
NO; FIZHAIMNIER ,  FANHSER (o EUE 2.71) SARE KA Y . R HE R T—OH 7Eid U AR 25
TV B ) B L s AR R o0 SL A 2 e A IR 6 2 Tl ik S 2 43 i (28), ARG RT Rdd e B 3% fk 9—OH
BN, HRIERIA DB I T77%, S5 XS 30 min IRSUE LK NO, + H,0,v NO, +H,0,+ NO; #1 NO,
+ H,0, + NO; + Oy + —~OH MIREWERIHAT | I A AR #h i) s B i, i S A IR 6 VR BE 73 0 A
17.8. 18.6 A1 19.5 uM, #F— RS I A WAEBR EL B R, v EIRHLHIFR L 1k — 2 EHE[19] [20].

I3 35 A KB L A S SR K AT T o MRS AT FORI SCHR 45 3, AT DASR 3 T S A R A O R 1
BUkI[21]. B8, & TS 5 HAl RONS —iE R Fa/K b d — g B AT, 2
HSEZKIIIR[22] [23]. HT pH EEAMK, FELL ONOOH A AFLE (il S0 A R £h B A P 7 40
PR SN (R RE T, R B H B 2 A D B AL A n—OH AT NO;, 55, 51 R o Ak 1o 13 4
AR o 3K SE R0 55 S AR PR SO, 38 7E S b T B BT ALBR, 45 T 52 2 (1) RONS 723 241 i
R DT B SR T Y PR P o SR ST R R T REE A0 B P R R O B A R 2 1 S R R, 5 B
P RONS [ . 48 T IR SRS 2 A i A WA IR Bh 1) 5 R A, SRR [24] [25] -

NO; +0, — NO; +0,
H,0,+0, - OH+HO, +0,

HE— 210 (R SR 200 R 2R PR S S WA R B VR LA O . el T — ST RE S 5 i S AL T T
PR E6 A F R A 288 HIOEE 25 (EDL) B0 » 3 AU M A R Eh A A O 2 BRI T /KA v R R LA A
W RHPR £ 42 MR AR, A R LR £ A B BR8P oo 4 A S R 6 POk 2 A 2
fE[26] - Behb, An ARSI PO K RO 20 0 537G R AT R D P, A e 40 T G 5 1 20 3 ) S s A
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Figure 3. The disinfection ability of low-frequency activated water and simulated solution
against E. coli (the time shown is related to the plasma exposure time)

3. RSUE WK FIER R KRR ES R N TR E S FE FHFRERES
x)

5. At ARSLRASIRE 7.83 Hzk

7.83 Hz @Y THF BILIR, #F 2P0 h &R ROIIRILR /& DI B 22 500 o BLE- B4E-4F 2 (Winfried
Otto Schumann) )4 5@ 4 1), flfE 1952 & A THEMIN R TR A B, #F 2IRAEREZ, H
BRI T L PR B2 2 TRV S () 82 1 — N P A o SBRA BR A RO (X N 3 O ELF 5 BUHLI
B FEARIES o AZIER B AR TR B BRI o 7 2 IR LB Hh N 3 6 25 51 60 A% 1 3=
TS, 16 7.83 HR2L(FEAN) . 14.3. 20.8. 27.3 i 33.8 Hfi 24 /e 45 IR ACAT(ELF) th IR IH S e, Fr DAY
S PALPAR IR B B (5 [29] [30]

FEET S AR IE AR, AR K- S R A P SR, RS TR A . A
PR AR 2 iy, B TR BEO H R IR B (R 8 2 = IR A B A 1) L ) S5 PR 3R, A A ) A A4
DA AN o B LR AR 2] B 200 6.5 A 2% Gl IR B N A ST A ), X2 KR ERTE LA
FAIE. VEERILHZ) 20%HERE 0, 25 8 B HUR b % B AR BLJE[31].
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IR — M HR OB AT R, Ho > 7 4 VLR, IR R TIRAUE (LK R, 6
5 Hy0p. NO, . NO; ML E AR EE, FFA BG4 58 1 X B i R e . WF T
R, W EAAEER EE T ZERIET H0, A1 NO, BN, fEFRFR T 30 min B EE AT, MR =
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