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ABSTRACT

The classical Maxwell equation set, in combination with the quantum theory, is applied to establish an
electromagnetic biologic non-thermal model, i.e. to define the relation between energy of photons coming into
biological cells and applied weak €electric field intensity. A broadband transverse electromagnetic (TEM)
transmission cell is used to investigate the electromagnetic (EM) biologic non-thermal effect of applied weak
electric field (WEF) intensity on incubation of empoasca vitis gothe eggs. The result has demonstrated that thereisa
threshold necessary for the applied electric field intensity during non-thermal effect on incubation of empoasca vitis
gothe eggs, a positive effect occurs at the intensity below the threshold and a negative one takes place at the
intensity above the threshold. So the model has proved correct and effective.

Keywords: Electromagnetic biologic non-thermal effect; Emp@avitis gothe; Weak electric field intensity;
Transverse electromagnetic transmission cell

INTRODUCTION

Empoasca vitis gothe (EVG) belongs to cicadellidemmoptera, which infests a number of crops sudeasrees,
wheat, Arachis hypogaea and soybeans and is wideBent in Hunan, Jiangsu, Guangdong, Zhejiangsdbth of
Shanxi, posing great harm to crops, and therefarst tve seriously controlled and preverftédEVG is No.1 pest to
tea trees which is one of the most important ecan@nops in China and has been posing great hdaaeh trees.
As EVG can be well-hidden from human vision duesitaall volume and reproduce at a very fast speatirigao
significantly overlapped generations, its adult angnph puncture tender tea leaves affecting teditguand
production.

At present, research on EVG's bio-ecologic propsréind control &prevention technology has gainegufawity.
The results from study by Wang Yungang et &l.on impact of different plantation modes on EVG wagion
dynamics have shown that there were significariedifice between EVG populations in the tea farndiffgrent
plantation modes and EVG occurrence tends to cgme wouble peaks without obvious overwintering.rigya
Qingsen et al’¥ after analyzing spatial distribution of EVG in arganic tea farm, concluded that there was no
significant difference in quantities of EVG adultgmphs and eggs at all horizontal orientationteaftrees. After
investigating the impact of humidity and temperatean EVG population quantity and in-tip egg quamtlti
Huiling et. al.,” drew a conclusion that quantities of EVG adult agchph populations and in-tip eggs follow the
rule in Yield Density model. Research by Li Lifaeg al.,® to investigate the difference in feeding behavior
between EVGs in different breeds of tea trees u&ifg§> has suggested that 7 basic puncturing andosuct
waveforms generated by leafhoppers are the safidireds of teas. Jin Shan et'8lhas studied the resistance of
different breeds of teas to EVGs and the resultdessonstrated that the field population densitg, diycles, nymph
production per female nymph, nymph survival ratd &aeding time can reflect the natural selectiatgpdability
and feeding preference in tea breeds, and theresigagicant difference in resistance to EVG betwelifferent
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breeds of teas. Zeng Mingsen et@has explored the effect of 48% Thiacloprid SC iavention and control of
EVG in tea and assessed its safety, and arrivitbatonclusion that 48% Thiacloprid SC is safestst appropriate
to prevent and control EVGs in tea farms, and renemded to be applied during the peak of nymphkeatibse of
preferably 45ga.i./hm”2. The above-mentioned re$em have focused on EVG bio-ecological propegies how

to prevent and control EVG. Building on these resuthe thermal and non-thermal effect models for
electromagnetic biological (EMB) effect is analyz@edthis paper and applied to investigate the inhmac EVG
incubation percentages under the transient eleetyortic pulses so as to guide the research on E¥‘®dologic
characteristics and control &prevention technology.

ANALYSISON THEORETIACL MODEL FOR EMB NON-THERMAL EFFECT

General Concepts

EMB effect refers to the biological effect genedatin living organisms under the action of EMW, udihg the
thermal effect and the non-thermal effect. Heres thermal effect relates to the fact that livinggarism's
temperature rises under the action of EM fieldth@ environment of EM field present, the ion tratish motion
and dielectric relaxation of water and other molesun the living organisms result in thermal effecch as
changed gene expression including stress reactinesgand heat shock of biological tissues. Thethemnal effect
means the process in which a system changes itspogperties under the action of EM field and subarge
cannot be made through heating.

Damage to biologic tissues and cells due to theeffatt has been recognized internationally whiva-thermal
effect remains disputed. For instance, GuidelinesLimiting Exposure To Time-Varying Electric, Magiic, And
Electromagnetic Fields published by Internationaimtnission on Non-lonizing Radiation Protection (IER)
does not admit existence of the non-thermal effdth more and more non-thermal effect-related pimesna
found in the process of various experiments, rebean non-thermal effect has become a hot issuev the
non-thermal effect takes place must be furtheranepl.

Derivation of Theory Concerning Ther mal Effect
It is known from the papef thatwhen a system reaches thermal balance, the terapemit biologic tissues is
related to the radiation power following the eqoiatbelow:

dnf -
T = naf Kin[L + T _p- (D
P[L-exp(1d)]
Where, 0 is the absorbing coefficient of a biologic tissud; is the molecular scale; P is the radiation power o
the surface of a biologic tissuefO is the frequency of a EMW(¢ is the mean vibrational frequency of biologic

molecules and d is the dimensional number of mddecubration. The corresponding mean quantity bétns
inside a biologic tissue is:

d
<n>,= T (2)
expt—)-1
PCr)

Assuming <N >, is the mean photo quantity coming into a bioldgisue per unit time, and then we have:
<n>

d =1-expEAd) (3
<n >0

In the EM field, the dielectric-absorbed microwga@wver P is in normal proportion to the frequen‘gythe square

of the electric field intensity E, the dielectriorstant £  and the tangential value of the dielectric tano , i.e.

P =2mf,gE%V tand (4

Where, V is the available volume of dielectric madiaborting microwaves. Substitute Equation (4tguation (1)
to obtain:
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dn 4
T= KIn[1 + ] (5
netkin] [1-expAd)g2nE2e V tand
_ dr .
Let { = > , and convert Equation (5) to the one below:
[1-exp(A0)g2rE eV tand
- v (6)
kin(L+?)
Perform Tailor expansion to Equation (6) to get:
=19 _ e "D

KINA+O) g -Zg2+2es-50"+L)

1
Retain the order-1 Tailor expansion. L&t= _EZ , and perform Tailor expansion to the result agaih ratain the

order-1 Tailor expansion, to obtain:

_nw 2y _ W 1 1.,
T="-(1-x+ =1 A+=7+= (8
kX( X+X%) kX( 2( 45)
Substitute & in Equation (8) and simplify it to obtain:
| 5 p(—l/la VA
27, tand 411, tano (EF ex (9
1= IE I {a- expeao EV 1 " ,
kd (dn) 1 ]
16(77¢, tand )~ (1-expEAd ) EV
Let M =225 B0 ey . N=— 1
47, tano [ expAo W
The above Equation (9) turns into:
T:ME2+@%+@ (10)
2k E 2k
When ME? =@£2 we will get:
2k E
2 - dn (1D
E 4
In this case, T has a minimum:
3w (12)

To= ok

Because biologic molecules vibrate at an inhereetffrequency, T, has nothing to do with any external factors
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and can be considered as the temperature beforelamib tissue is exposed to irradiation. L&t —T, +VT,
where AT is temperature rise of a biologic tissue afteadration, then we have:

nwN _nw

VT =T -T,=ME*+ -
2k E* Kk

(13

It can be derived from Equation (13) that: 1) temperature risé\T due to thermal effect increases progressively
with the EM field intensity E in a nonlinear way) When the external EM field disappears (E=), is not 0
representing the body temperature of the livingaoigm.

Derivation of Non-ther mal Effect Theory in the EM Environment
The EM working environment is created inside aaegtilar resonant cavity in the dimensions of axipxahich
the waveguide is distributed in symmetry along AZisthe resonant mode T&,,; m, n and p are the intrinsic

modes of the electric field in the resonant cawitys the wave speed in the free space and theaescavity's
frequency isfo, and therefore the equation is shown as below:

c | m n

foz—\/(—)2+(—)2+(3)2 e
2V a b c

When the resonant cavity's dimensions a, b andc:tlee resonant frequenc;f0 are determined with the model of

the waveguide BJ22, the intrinsic mode m, n, phefélectric field can be evaluated: Using the wegeation, we
can get the multi-mode electric-field distributisatisfying the ideal conductor boundary conditions:

E, = mij cosMx)sin{ﬂy )sinﬁz )
bk? a b I

E =—MH sin(m—”x)cos{ﬂy )sinﬁz

y ak’ mnp a b [ (15
E,=0
>, _,mm, N,
=(—) +(—
=)+

We can calculate the amplitude of the electriaifiel
2 2 2 2
E®=E,”+E,+E, (16)

It is understood from Equation (13): when the terapee rise/AT = 0, the non-thermal effect takes place satigfyin
the Equation below:

T-T,=me2 + 29N 7% _, (17
K E K

Now we obtain the conditions to be met for the timermal effect in the EM environment as shown iru&apn
(18):

27, tand [1- expeAd Y (B° +E? +E° )+

e " 2,7 1 0 (18
8rmue, tand [1- exptAd W (E* +E* +E° ) =
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Let x=[1-expt-10)V (E’ +E° +E? ), Equation (18) may be simplified into a quadragéiquation with one
unknown:

2,22,,2
(2rmoe, tand )2 - dnowx L/ (19)
8rue, tand
Resolve it to obtain:
[L-exp(10)]= o (20)
4re NV (E, +Ey +E° ) taro
Substitute Equations (2) and (3) in Equations &Il (20) to obtain:
<n>,= g 2D
2
2/EN (E2+E*+E% ) tard
cns = ZEVEIHEHET) .

nw

Equations (21) and (22) indicate that: 1) whenittteming photon number per unit time is half of thimensional

number of molecular vibrations inside a biologsstie, the temperature rise inside the biologiagiss O generating
the non-thermal effect; 2) the mean incoming phatomber into biologic tissue per unit time is prammal to the

square of the intensity of the external electrieldi As long as the EM field's magnitude is com¢al the

non-thermal effect is possible. This is importamqbsitive to study the pupa-to-adult conversioie®fG in the EM

environment.

EXPERIMENT SECTION

Devices Used in the Experiment

In the experiment a transverse electromagnetic (JEMve transmission cell is used to transmit anragic
guasi-plane-wave in the frequency range of DC ~GHY, having a transmission coefficient higher tfa85 and
the number of resident waves less than 2.1, to latma free space. A signal generator is used tpubu
guasi-rectangular pulse signals. In the experim#r, signal source has the following parameters: ghise
amplitude: 50V, the repeated frequency: 100 KHasgwvidth: 10 ns; rise time: 1.2 ns; the irradiatduration: 5,
15 or 25 mins. In the experiment a thermostat &lue maintain the temperature constantly &€ 2 that both the
test groups and the control group are exposedadiation at the same temperature.

a)Materials Used in the Experiment
Sufficient quantities of EVGs are obtained by odileg tea tips and peeling off its tender stem bark

b)Grouping and Experimental Method

Select a certain quantity of eggs and divide intgréups, 1 as the control, 4 as test groups, texpmsed to
radiation for 5, 15, and 25 mins, respectively. fgvitme, 100 eggs selected from each group recgivepeated
irradiations and then are placed in culture dighhfamid-keeping cultivation. EVG egg incubationeré observed
and recorded on daily basis.

DataAnalysis
The data concerning incubation rate from eggsetkate processed using SPEand EXCEL**2.

RESULTSAND ANALYSIS

Table 1 Impact of TEM transmission cell on EVG egg incubation

Electiield intensity (V/m)

Treatment 255 310 365 550 CK
Treated duration /min 5 15 25 185 25 5 15 25 5 15 25
Egg number in the culture dish 100 100 100 1@00 100 100 100 100 100 100 100 100
Measured incubated eggs 72 75 79 7® &9 75 83 81 67 59 51 70
Incubation percentage /% 72 75 79 780 89 75 83 81 67 59 51 70
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It is observed from Table 1 that TEM transmissietl bas positive effect on EVG egg incubation. Whism electric
field intensity is 255 V/m, the exposure duratidh rRins results in the most significant effect angbioves EVG
egg incubation percentage; when the electric figiginsity is 310 V/m, the exposure duration 25 nprsduces the
most significant effect on incubation; when thectie field intensity is 365 V/m, the exposure dioa 15 min

generates the best effect on incubation. When lg@rie field intensity is 550 V/m, the exposureration 5 mins
results in the most significant effect on incubatili is known from comparing and analyzing theutssfrom 4 test
groups that TEM transmission cell's outcome vetsus is in a nonlinear relation and there is nouatglative

effect over time. 25 mins exposure at the eledteid intensity of 310 V/m contributes significayptlo incubation
(P<0.05); the electric field intensity at 365 V/mshweaker contribution; and the electric field msigy at 550 V/m
significantly suppresses incubation, and the lorther exposure is, the lower the incubation pergenta. By

comparing data of both the test groups (excepgitbap receiving exposure at the electric fieldmsigy of 550 V/m)
and the control group (CK) conclusion is arrivedtstt the test groups contributes significantlythe incubation
percentage (P<0.05). However, by comparing therobgtoup (CK) and the test group at the elecigtdfintensity

550 V/m, it is understood that incubation is sugpeal for the test group (P>0.05).

When the electric field is acting on EVG cell meantg, if the external electric field satisfies thearent frequency
of egg cells, it will assist the cell membrane tis@b EMW in the form of photons leading to resasarCell

membranes absorb energy of photofidl >, through resonance resulting in increase in theifase charge

density and changing pressure difference insidehis will impact and change on/off status of icaspages inside
the cell membranes and cells will respond to thisélf-adaptation in an effort to maintain origirc@indition (or
living style). If the change in pressure differerisewithin the range of adaptation of cell membsarghe cell
membrane can control the pressure difference dabanged surface charge density and as a resudtieggbate as
usual. Where the pressure difference is beyondaoot cell membranes and off its adaptive limitwiould mutate
to subsist in different style resulting in EMB ntrermal effect. An extreme case in EMB non-thereftdct is that
the excessive electric field intensity is so beytimal limit of cell membrane's self-adaptation asléstroy original
structure of cell membrane and leave cells dead.

From analysis on the EM non-thermal effect thearg iknown that the intensity of photons absorbgdg cell
membrane< N >, is proportional to the intensity of external etexftield (EX2 +Ey2 +F72 ) but having nothing

to do with its frequency and the energy magnituflphmtons absorbed is in normal proportion to theation of
exposure to the electric field. It is concludednfranalyzing Table 1 that egg incubation percenisgiee highest in
the condition of the external electric field of 3¥m and the exposure duration of 25 mins whichvjates good
non-thermal effect on eggs. In this case cells sapwbvious tendency to subsist in a new styleihglimcubation.
Where the external electric field intensity is 580n, the pressure difference due to excessive sitteis beyond
the threshold that cells can withstand resultingléath of cells and thus suppressing egg incubalibis means
there is an electric field intensity threshold ifocubation.

CONCLUSION

It is concluded from the theoretic model on EMB +#tbarmal effect created by using the classic Mak&glation

Set that EM non-thermal effect is proportionaltie square of the intensity of the external eledteild having no

relation to the electric field frequency. With thieory, a TEM transmission cell is used to caufyacontrolled test
on 5 groups in the condition of weak electric figltensity to observe the weak electric field irsiéyls impact on
EVG egg incubation. The result shows that the éftécthe external weak electric field intensity &VG egg

incubation versus time is in a nonlinear relati@vihg no accumulative effect and a positive effexists at a
certain range of electric field intensity. In thendition of the external electric field intensity310 V/m and 25 min
exposure the EM non-thermal effect delivers sigatfiit outcome having better egg incubation percentdge

external electric field intensity of 550 V/m gentsa pressure difference that is beyond the salftation of cells
and results in dead cells and so suppresses egigaition; This indicates there is an electric figlgnsity threshold
for incubation. Better EM non-thermal effect thahtributes egg incubation will be obtained only whke external
electric field intensity is below the threshold. tims way, the EMB non-thermal effect's theoretioaddel has
proven correct.
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