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Effects of power frequency electromagnetic environment on development and rhythmic behavior of Drosophila melanogaster.
ZOU Xin-ping', WANG Xiao-li', DUAN Zheng-hua', ZHANG Zi-yan®*, SUN Yong-yan'" (1.School of Environmental Science and
Safety Engineering, Tianjin University of Technology, Tianjin 300384, China; 2.Institute of Urban Environment, Chinese Academy
of Sciences, Xiamen 361021, China; 3.Shanghai Institute of Nutrition and Health, Chinese Academy of Sciences, Shanghai 200031,
China). China Environmental Science, 2023,43(11): 6149~6155

Abstract: Differences in development, sleep and movement rhythmic behaviors between W1118 wild-type flies and Rye mutants
were investigated under PF-EMF exposure. After continuous exposure for 3 days, the parental flies were removed. Developmental
process, movement and sleep rhythmic behaviors of offspring were monitored. The results showed that , the pupal and fly population
of W1118 significantly increased respectively by 56.2% and 57.5% under PF-EMF exposure. No significant changes were observed
in pupal numbers of Rye type flies, but the fly population significantly increased by 85.2%. No significant change of sex ratio was
found under PF-EMF exposure. For W1118 flies, the average number of 24-hour movements was increased by 37.3% after PF-EMF
exposure, and 10.6% decrease in the number of 24-hour sleep segments was calculated. For Rye type flies, the average counts of
24-hour movement significantly increased by 50.0 % after exposure, and 51.5% decrease of 24-hour sleep segment counts was
investigated. In the meanwhile, 45.7% decrease of the total sleep duration were also found. Compared with the W1118 type, the Rye
mutants showed more significant changes, which suggested that Rye mutants were more sensitive to PF-EMF exposure. In brief, the
PF-EMF environment can impact development and rhythmic behaviors of insects. Increased fly offspring numbers movement counts,
and disturbed sleep were found after PF-EMF exposure. Further understandings on the entomological effects of PF-EMF exposure,
and reasonable evaluations on the ecological effects of PF-EMF can be provided in this study.

Key words: PF-EMF; Drosophila melanogaster; behavioral rhythms; development

LA G (Power frequency electromagnetic TR0 A5-380) 7  F S FE RTAT N B35 Meta 34T 5
field, PF-EMF){5 FE AL 4 it . Wit = AL (R A £ 7, WiFi B sl {55 X 25 T2 40 i 1) A BR B TR R S
50Hz 1) {37 Bt 4 3 ) ) vl Bl R P A ar )™ A 1) P R S T R s L 1 2R B R ) T )
A E TR AR i N R AR T R E A B R R
SR TS 8 ARG ARG . B — S AR gzgﬁg zogzjggjgzﬁﬂ/fﬁ:%ﬁ%ﬁﬁﬁﬁ S B 5 T RO I H
B SR Y B R B M g WF A A IRIE . (rva02106) 55 [ AR 4 BN H (32201017)

75 T R I B URE, — SO R R R FE VR T * FfEAEH, VT, yongyansun@email tjut.edu.cn




6150 LI S

R 43 %

JEANE B, I 5% i A 5 3 LR IR A 36 2 WF
K PF-EMF 2 g8 N0t B e il 223 s i 2
M T LAY 5N PE-EMF BR8N
2NV A AT AN 78 3 1), g I8 36 322 3, AT 9 0
) FA A ) B G S g (Drosophila melanogaster, LA
R HT PF-EMF X B AR &
R ARAT A 1A 52 i A #0008 2o B AR O B e
K A= P AT Ko 5 P b 4 A 355 A8 A0 AR il 2 A0 491
W R R T 26 W 2% 2k BB 7 2 R s b 3 b i
R ORI ) 5 17047 A 3 21O O T R 3 0o L g
LM IE AT IEAT IR AT AR R R IR
PF-EMF 5 il W 18 PR 455 T SR 4k o Pl 1 3R
TKIKSF A Wi N PF-EMF 8 3 ] 41 i S oo 3 J
(RITTE 52 £56 7, 27 gk vt 0 P 5 o SR8 Py 53 40 29 e U1 e
F AT 5 F AR Bl TR R 1) PF-EMF HLfl3%)
() & H A 2 008 RO YR R AT BH A 2 18 AR S
DAL A WF 5T 06 5 KR 5T PE-EMF [ 2E W03 HoAT
BB — 2 e L 4% B AR ) W) SRR, LA
ZaEth. EREHZ . KEEREMR RS
TR R T AT O B AT AR IR I, I8 Bl R R AR Y
HEAEAT N FRAR AT AR SE 0 = 454 N TR I, O H S
5 TR G 1 97 1) A= 0 DR o fR 5 S IR L B
WA [R)JSARALE, AT 45 Sk T J W5 AT B S
IR Sz A B AR R W18 RIS AR (AR A0 B
I Rye KAt 58 PF-EMF 50 B HUR E | HEARAIZ
BEAT N I 520, Rye FER X 4 red eye &K s
Y, £, B B 52 44 ad(nAChR od) 5 A0 1) DU 3E 30 15
JETI T 2 . C 402 Rye 5877 Jm, DU 30 1 194 54300 3 2K
LRSS 3 i R MR« TR MR AL A s
Kl B PF-EMF [ B AR 27 5, W afl R 461
SE £ BE¥) PF-EMF 2 5 A2 25 (g B AU B 42 RV B 1t
LN RS

1 MR57E%

1.1 R

Hy A= R MG R (Drosophila  melanogaster)
WI1118 fh R A Rye S8R R bE 12414R3 i &,
W) 1 R AR AR 2SR e A A A T i R
TR ASRST 5 N = M NG B/ i1 i AN S B N S
e B R TR ] 120:12D(06:00 J14T,18:00 4T,
TR (25+1)C AHNHE B (60+1)% [ N T A .

1.2 1A SR

PF-EMF SE56 Z FE A i 18] 1 B, 3 2R HIAS
AT YR AR LA B 8 R 2 W 2% 4k B RS i
AR TR 4 (AR AR AT H 8 2K I 2% 4 T
JRCAE S48 1 Ji o LR 5 e A s A 4 B Y R R
SR (R AZ I A AT R YR 34 2 30 FEL Y5, T A 7 4 P
R B I — AR WIS R T S S 56
FE TR ARG (1) o, A 2 AR 22 e P s T 2B AL
B IR JL B 6% S I AT % 40~499.9Hz; il 37 o
J5£:0.01~10mT e[ P R I K S 56 1) 25 i 2% 1
KR S0Hz fiE3 R 6mT.

1 4

2

3 5
B

1 PF-EMF SE50 55 it
Fig.1 PF-EMF experimental exposure chamber
AR LA RIRAE 2. R Rk 3. Ve lRHEIR Ay 4. TEICSRAX
5. ARSI B I

1.3 PF-EMF X 1A IR 52 0 S5

S AR PRI AR N RT IL A 4 AL A X
I-W1118 4. PF-EMF-W1118 41. XJ[#-Rye 21 Al
PF-EMF-Rye 41 W5 48h PP I S b £ 54 10 X}
TR0 TR 7R b A 10 45 R ER A IR T R
k3 (M 2 Pl v 0T RS 97 Tz e 0 AL
BRI A R R H 5 BRI AR, AR K A e
(1) SR Ak 5 % e, L A e Je — R AR P AL
KA 1S5, S0 T A IR AR G & S R Y



11 3 ARZETA . LA G PRI ok SRR e 75 AN T AT Ol IR S M 5 6151

JSCURE R JECT — R e L R M L, 22 T
HERE 2, FARGE T i R

FSCHR () 250 48 v A — AN 2B T s R P
HH UL 8 8 YA ) SR ) P

I R B 6 B — AN H T 46 T b 5 —
RGEVEHT = R S B o S s &2 LU A

S e Lo A M R 5 A SRR O B L
1.4 PF-EMF X Sy 154347 4 (1) 52 0 S5

ALK DAM2 47 4 M5 I 4% (Drosophila
Activity Monitor,2&[E TriKinetics 2 #])HFid 5% R
WEIZ B MR 5 74 DAM2 et — Ul & 32 2
WERE A K32 24T A, B SR RS 1% R Gl &
PR > S 2 T U b O D) — IR 2l Ak
WG 5 B AR IR R B Rz 3 — Ik
FE IR 1.3 PR S2ut 4 A2 41, A 48h P P4k 1) e
AR H 2 3 M I v IR L 20 i s B R
AR O B FRAS I A P IE Y 45 /> 24h 5 P OT R SER,
SRR AN T 3d, A 3 RS AT LR RN IS
A AR AR O, v B AR bR a0 R

()P B)3z 3 IR H: e v A HOR ) 2058 3l
JE TS BT BRI B8 SR B E, /3BT R
WA 24h(CBER) =AM FRbR. AR SIS S IR B M
- 06:00~18:00 - [H] Bt P 018 sl CE - 35 (i A i
PIIE BN IRER R AT 18:00 25 K 06:00 Y
BE;24h RUSEIREC NI 18:00 £E UK 18:00
AR T B2 SR 4.

(2) A I 0] 32 B k- R IR 2 0 B ) O
Y918 B UEL N g B I R)IE By .l R AR R
24h A [R) B L Y 190 5002 Bl B0k LUK I N [
B SIS B I 1) 55 o8 Xk < B I [R)32 ) S =1F
AN IS 1) B PR Uk d 2 (B0 (B3 A I ) B IR
N 1) B 4Dk B G (1)),

(3) HEE R Fof ) 7 M e 2 v, SR 3% 282 Smin
WA o M D B3 A vh (R i BBt o 0,40
O BB AL IR MR RSO GE v S 11 | B g AN
24h [P) A HEAR I

(4) BRI A 3G« SR 45 I i) BB MR IS B . 4
ST SRR R AR 24h P (1 HEEHIR ICEL.

2 HER54H1R
2.1 PF-EMF X} i 7k B EE 520

FH S0 25 L1 2A WI%01,PF-EMF % 7% )5 W1118
R B o R 23 ) J2 B Ry 56.2% 1 57.5%(P<
0.05),Rye 71 JL i Bl et B UG Y 25 22 S AHL S I3 o
A R N 85.2%(P<0.01),% B PF-EMF
TR 55 N 5]k S AR 0, TE T8 e B A LA
SEAR I G, 35508 FL AR BE AR AR . 40 B KPR T
A5 R T HL 37 T A1 3 0 e E R 4y 2, L 22 IR
HESF PF-EMF Ji& RS 1E vk L0 R P 400 i 1) 3 5
P A E Y B84 PF-EMF Ah,— 552230k
e 45 08 T () AL (ImT~1T) E Nk B U 5 %
4800 B g T N X S MR R PR- EMF LT
AT BEXT B H A LA A [ 0 2008 KL 1T 43 #T,
— LB PF-EMF (i 3k S50 AT 58 L5 40 i [] Bt
FEAT G I Bt B2 2 A0l v 11— = AE AR A
ey Mhphah (s Bk, RN & & Rgl e 1
o A LA T A T 2 A BT ARG 3 0o 1]
Wit e LA 00 o) S ] 0 0 4 P v e 4 S o
A 5 | 40 i 17 49 o A e e A, 2 1 5 1 A 400 1 53 584
B 5E S5 PF-EMF 1 GE ok 2o AR S i 40 fifg ) Bt
LI HE T 40 i 4> 34, 5 & S B AR B 3 .
H SE 50 45 JE ] 2B ] 0, T A 2R R S A 1 i o SR 7
PF-EMF g A B S AR U3 R R AR B 72 04
(& 2B,P>0.05),7% 1] PF-EMF %k 75 Ab BEAS 25 3 %
SR S5 A o 25, 5 R B 3 0, 3¢k PF-EMF
AT BE AN A 5 i L e B ok e e i) L A8 ) O g A
T SERAT I TR IE SE R AR AT R R 3% e B
65 S DR e P R AR, T X A M A 1 ) LA 5
R/ Saadat 25UV I 51 K E R T4
PF-EMF 2 % 5 th AR B L 5 AR AR Sl 2 1 il 4 123,
EE A3 7 A2 X 0 B e v 27 22 = (H AR
HREPE LEAG G R R R A AT 5T B AR 2R A
IR A L5 R PF-EMF 8855k T3
WEIZ B AR m (B 4A), 73 A S e AR 0 )
JE PRI AT B3R 5 PF-EMF $& 51 T is gk otk K 7
FEUEAZBCAT by B2 mT e AH O T4 i T Ak
Dl AR R 5 25 58 ) Je AR i Bl A8 A8 o A B 9 K
L PF-EMF AJ 75 | i s AR BR, AT 38 o, k171 4
R BT 77 IR %, 1 8 e 2 i i ) A sz g
FABTFH T R G518 X e 5 B R R AT 2 9%
¥ PF-EMF X} B UG IS FE K 5200, % PF-EMF 3
% 5 e 11 A2 A5 A E— 20 o LA B L an B — D



6152 TS

A 43 %

T 1L S B HIT 9T A PE-EMF S2 75 2 38 R B2 e Ay 1 )
Eb A5 A A= AR Ak, ELIX R AR Ak 2% 75 A fig i o tHAC BN
RN I, J S N 2 S e

A 120

1op  * 0O s
100 B PF-EMF

90 Aok

B

Oml;mlmml;m

W1118 Rye

O
B PF-EMF

0.8

WERELL

0.6

0.4

0.2

0.0
w1118 Rye

2 PF-EMF 20 i 1A CHCR R 520
Fig.2 Effect of PF-EMF exposure on the number of
D.melanogaster sub—generations
AR B R Bt EE
*P<0.05 **P<0.01, [

2.2 PF-EMF 2 5 0] 5Ll i by it A% 1 52 i)

H K 3A K&, PF-EMF % @5 025, W1118 Jii
T 3d I i 25 PR (P<0.01), 33E 25 45 & st it )
i A1 ml LU BL(E 3B), HI 3d 1 80 R 5%
PF-EMF AbF 520, W55 11d TTAR, 2 i 4 ol B 2%
T4 AL PF-EMF Ab B 3 3505 A 1 W 25 189 o, PR
AT SR HH PR T = R 2 B0 {1 % i A S 5 (1K T 0 R
TR T e PF-EMF (1IN a] RSN B
T 75 PF A P ZE K W18 SR 2 B MY 1) v 7 B B
5. PF-EMF [PJIs] i) SRR X — S50 A HoAth A9
L S gl SR 50Hz, 1.5mT T A5
IR 57 5% B A e A AN R ML 0, 15 9% 24~96h J5 B
TR0 2 Ik £ 41 0 2 A 2R I 0 3 1 P IS T8 119 28 K 17 3
B S SOHz T ARG S REXT AR B4 7 A= A P A

WK, LI A0k I 2 S s T F S K T o Rt 2 0
PF-EMF 2 @ Ab 35 B HW I A I, 4 o 384 5 A
I3 3RE T S I R AR A S I v, SR S 2 R 14
TAURUN T 6 B A ik B A4 AS i o e, DR A ST
W18 R e 2 AN, i U 38 e A .

0O »hi
M PF-ELF
0.8
ook
%
06
N
B
%
¥ 0.4
m
0.2
0.0
w1118 Rye
B120

—— X HE-W1118
100}—— PE-EMF-W1118
— — Xt #i-Rye

—e— PF-EMF-Rye

K3 PF-EMF &8 0 S ol HE R K 52
Fig.3 Effects of PF-EMF exposure on pupation process of D.
melanogaster
AHT =R 00 B R R 2

ARBE53HT Rye Sl et B2 20, Rye 117 3d IR
U 2 0T R ZH A LU B AR, (H A TA 21 58 25 7K F- (B 3A),
HH 1] 3B 1] 571,PF-EMF 2 #% 21 Rye I i Al 244 2
2T X IR AL PF-EMF 2555 Kk T 3AN BN
(P A 19 0. PF-EMF %% 5% 32 25200 W1118 Sl
0y v S Y B B i G 5 2 AE R I PF-EMF
AISE Rye RN K HHRE AR EE LI
WIS T PF-EMF & 52 pif, Rye Sl L W1118 SLif o
fURK. DN 548 Y Rye EM) AN RA AL R 15 1 R by, e
M BB 2 A1 BB AR, DR 4 5 58 s 3 73k T g
J AR I S A FL— LS PRI o) i L T A A o )
(1R K 22— Rye S i v] G Lb BT 25 70 5 Xk DAHE A
PF-EMF Jii. NIz 3l K153, B T~ Rye S bR sk



11 3 ARZETA . LA G PRI ok SRR e 75 AN T AT Ol IR S M 5 6153

D LB AR R TR ER, 455 1 SO Iz AT ok il 4
RINPF-EMF BE(E 1 R0z 2l B v iR (E 4A), A1
Rye Flip HLAS AR U I A 70 vy, 7= A (1) 50t 1
B2 T EPAE I AW AT AR SR AT S B Rye Ll
BT H e B AT iR AL

2.3 PF-EMF XF b 15447 0 (5%

2.3.1 PF-EMF XFRBHEZAT I SR
WS T A I W25 S 7R PF-EMF S5 A0 5 018
& WI118 i&J& Rye FhigIiz gk 1 e B2 & (K
4A,*P<0.05,%*P<0.01), 7 2F 8 SLE A [R) 32 sl R B0 3%
W% 24h RTRIBEIRERESLT 37.3%, ARIZENIREL
ETHEAAR I 22 7, 2 B PF-EMF 1] S8R
SRR ) TR IR B2 PF-EME % B HR RS S 1 e
LEVAE G . O IRIE K, PF-EMF 1] LLUE 2% 14 i
ORI B AR R I g R, WATY G LR
F AU B e B R T R B AR ) 2
AT AU St LA S v U PR-EMF 5255 it
HEBBEA /3 AEL N PE-EMF {5 ) —FER
S, T RE A A s U N ARSI v SR Dy
ISk PF-EMF 25 M5 R ) 3 2 s Bk, 2 AR 34 o
THLHI A g5 PF-EMF % 5 % &% 4 (Heat Shock

Z L9 FHEAE” (molecullar chaperones) [T 54 i
AP EE ARG A, AIER ARG, AR
BRI TE, SERLAARTN 3268 ) AN IRIE 20 R4
SEAS RIIRAIAEE T HUAALL TR, R HSP &
KT ORI B 7Ris 20 N RE 5 i i L 20 i
HSP A ERIA FTr WA AT R R SRR T 2 K
WEDK I R) 38 N L1238 ), 8 AN R I Bkt
REFE ISR T HSPT0 AP ACLBAL AT o
22 )RIN PF-EMF 255 0] 75 3 Rt hsp22. hsp26 JX hsp70
{10 455 P B R 1 3 DR R A O TR, ety DA
PF-EMF B35 Al e | 7 Rz s A g .

LR AEIAR L Rye SRS (1 R AN 12 3))
UBI T, B PF-EMF X Rye SRR S 5L 0 o
B X R T SR X PF-EMF B 5 J.
HE 4B B0 0 FiE R ) AR R I BAT TR L
e e 21 By A R L AT B TR) IE Bl B 3 BT
(**P<0.01), I 5374 R LM AR AN 12 3 SR Wbk R AL
S ) Il N W R S =3 s Rl R SN O S ]
5 .PF-EMF 5% 5 2 I A 8 W b 1) S U R, By I

(1) P Y75 50 00 5 T ) S A8 (R S ek i, PF— EMF (1) 521
JUJEE PRI Ay ks> Rye SR (1A HTERIR K 38 Bl i K B2
S8, BRI A A 32 2 Je 3 I B I8 Bl AR AR 4y
BT 23T AU R0 B A 75 L A4 Ay PF - EMIF 554K
I AR IR A — P T-HNUR Y, T HSP ik
14 22 LB A T A TR IR, 5 SCER I BGITTE Rye SR
WA N, LA Rye B 12 g B 00 6l £ 156 IH Ak 52 44
o4(nAChRa4) 5 &) 1 VU 18 3 % J i i a1, 2 R R
KA, LTENABRE 12 52 SET 0 115 51k i 1,
T A AR T e AL I I 256 2% 1 nAChR a4
AR 22 5 30A ML AR B AR A 455 S O 0K B
nAChRe4 AR S0 1 82 IR SRR . DEREs
R SR DA R s R A R i 1 T
PO 7 AR O F A 5 o] B2 S ECT WAL £
FE MR i F A 2= A sy b L T PF-EMF 4
T D HEHEIR I 4525 Rye JRIHZ PF-EMF
SEBR S OIS SIS B PRI A B 5, T b1
T RS2 2. 1) 52 B Ay Y A

2.3.2 PF-EMF X} JEHEARAT M sEms  HIE SA
AIENL,W1118 By A= 28 L 1) S HEAR IS /F PF-EMF
TR AR R E B AL Rye Fe IR 58 AR TR LI (K |
PLIAVRT 24h 4K (1 HERR 2 2 351 B (P<0.01).1%
SR ENIE T Rye RIS 70 Ly LU Y A 7Y I
) PF-EMF PR35 ie S0 infse. [/ w1118 B4
o 11 B I ) 7 8 8 5 R I 3 5O X SRR T B
SO W1118 28 SR vty BRI i R 23, 32 222 e
TSR S Sl AT R I o, A B ) s s g BT O
EAEFF b T HEAR S 7). 8 5B AT AE H6 4L Rye SR
AR Fr B A OB (B 2 T 4] W18 Bp A7
XL H T Rye BRI . PF-EMF 2% )5
W1118 (1) 24h B Fr B K 22 92> 10.6%, 1R A
B GE Tt 25 5 5 0 AT AR Bk 2% 22 51 Rye 3
W P 12 ) IR Py B K i /D>, 24h HEEHIR v B IR B80T %
51.5%(* P<0.05,**P<0.01), &t i A i 1] b {5 = o D
45.7%, 3¢ B 548 T YL 2 58 )5 T R MR () 15 9, L B
AR I 2 A SIS B T BT, Rye SR BRI
N2 R I 20 B () e 0 1T B s B K

2.3.3 PF-EMF X} Rl AAHA 5%m - HIE 6 4
Fraf A Cie & W1118 B4 JLliid /& Rye FEIN5EAR
UL, PF-EMF J A S0 s 8 AR A1 AR
7. PP 22 ST S 0 I 208 B T (B 6A) T



6154

o

ST
5%

43 %%

B

MRS Mg (K 6B), 5 W1118 Xt LL Rye HL i 52
PF-EMF ¢ 5 K32 By s 38 Ay > B 4 2% ]
6B fin,W1118 bt 5 Rye Fbidiife h4r 12:00 HIHR
HEAI e (H. Rye SRt B2 55 25 i 401 1) DR UG (L )
ZE PR LE I AR AU 2 Rye JEMRAE 52 85 Ja W 2k T v
W R B G BT 1, EL B 5 % 3 I R SR, W18 L 5
Rye FLUe ¥R = WU 7E PF-EMF % i3 )5 22 340
SRR il I R] e TR R 1K SN TS

ALee 0
1400 B PF-EMF
*%
1200
X
~ 1000
X800
@ * %
= 600
s * *k
T 400
200
Wi | AKX | 24h | W | AKX | 24h
WI1118 Rye
B18 O xfie
L6F . W PF-EMF
sk
= 1.4 .
E
=12
g 1.0
5
0.8
=06
E
B 0.4
0.2
0.0(—= . = —
wh | Ak | 240 | Wi | AKX | 24h
WI118 | Rye
Sy

K4 PF-EMF Z&F 0 Rbiia ) () 5
Fig.4 Effects of PF-EMF exposure on movement of D.
melanogaster
AP YIE ) REG B A I )38 5

O xi
B PF-EMF

sk

i
&
(=3
=3

i ARG s i) 4 (min)

553
=3
=3

B30 0 e
45 B PF-EMF

ok

ok

MERR B (0O

HAK | 24h

Rye

FIX | 24h
WI118 |

g

5 PF-EMF 250 FLUEIEIR (¥ 5% )
Fig.5 Effects of PF-EMF exposure on sleep in D.
melanogaster
AR E I B AR 7 B

A 120

——XfHH-W1118 ——PF-EMF-W1118

——ffi-Rye ~ ——PF-EMF-Rye
100

B (K /h)

——fHif-W1118 ——PF-EMF-W1118
60 ——X{li-Rye ——PF-EMF-Rye
H

N
(=

30

R AR 7 (min)

20

Kl 6 PF-EMF % Fe % S 5 L AH A7 52
Fig.6 Effects of PF-EMF exposure on the rhythmic phase of

D. melanogaster

ASEBI B I
3 %it
3.4 N Ae v TRE ™ AE K AR IR B X B

QURH M AT A 5200 PEF-EMF 5 ik 0 S 0 B



1134

AREE VAR TR IS0 i R RIS AT B S R 5T 6155

W £ 1 S ok 236 A PR A AR AN 08 A AR
R ) A A 2 S i A

3.2 PF-EMF X} SRl is 2 AR (1) 15 AL AH AL
A B S 35 (0 PF-EMF 4 2 5 5L W02 50 & 1)
3R T MG ) S 35 9D B HIR 7 BE 34 %2 ,PF-EMF
T iR 5 | R T A 2 SLRAZ AT b 38 S5 B A, R TN
/SR LIS A YA SN VA

3.3 Rye A BLMEAE A i IR A A4 55 BT AR AR
EE A A X R 99, R i 6 PF-EMF FR35 1 ) 1) J8 4
TR, 5N R DU EL A Y O B 5 Rye SRADTI R
W R B B D s By 3G K F 2l TR IR P

0 PF-EMF i 2[5 T Rye S48 44 JL0ed R HREHR /K1,

Tor L R B 5155 100

S 3k

(1

[2]

B3]

[4]

[3]

(6]

(71

(8]

[

FRFRHR, P TR, X P v T i L e e OB S e o A
BESE (3], o EEREERNE, 2002,(3):81-85.

Zhang B J, Qiu F, Zhang L, et al. Studies on distribution of power
frequency electromagnetic fields pollution generated by high—voltage
transmission lines in uptown. China Environmental Science, 2002,(3):
81-85.

4R ARG T B BSOS (D).
W VAR MBI, 2015.

He J. The biological effects and initial mechanism of electrical field
and magnetic field expressure on the insects [D]. Yangling: Northwest
A & F University, 2015.

Zadeh H, Simon C. Magnetic field effects in biology from the
perspective of the radical pair mechanism [J]. Journal of the Royal
Society Interface, 19(193):20220325.

Pereira M C, Guimardes I C, Acosta-Avalos D, et al. Can altered
magnetic field affect the foraging behaviour of ants? [J]. PLoS One, 25;
14(11):0225507.

Toribio D, Joseph W, Thielens A. Near field radio frequency
electromagnetic field exposure of a western honey bee [J]. IEEE
Transactions on Antennas and Propagation, 2022,70(2):1320-1327.
UL R DR A AR AR R AT S AT S [T].
J2H] B AR, 2014,51(4):899-905.

Gao Y B, Hu G, Zhai B P. The effect of converted magnetic fields on
orientation behavior of armyworm moths Mythmna separate (Walker)
[J]. Chinese Journal of Applied Entomology, 2014,51(4):899-905.

gk IR AR i TGS L 7 4% R X IR hsp22
Al hsp26 FERFLWFIFIGT [1]. FHHE, 2014,38(5):321-326.
Zhang J, Zhang Z Y, Yang C J, et al. Co—effects of extremely low
frequency electromagnetic field (ELF-EMF) and temperature on
hsp22 and hsp26expression in Drosophila melanogaster [J]. Military
Medical Sciences, 2014,38(5):321-326.

Allada R, Chung B Y. Circadian organization of behavior and
physiology in Drosophila [J]. Annu Rev. Physiol., 2010,72:605-624.
Shi M, Yue Z, Kuryatov A, et al. Identification of redeye, a new
sleep—regulating protein whose expression is modulated by sleep
amount [J]. Elife, 2014,3:e01473.

[10] Cirelli C, Bushey D. Sleep and wakefulness in Drosophila

melanogaster [J]. Annals of the New York Academy of Sciences,
2008,1129:323-329.

SRS T AR SRR 0F T A0 R e 40 L 1 8 R e R
5 [D]. FEAT AL Tl K22, 2004,

Guo H Y. The effects of power frequency homogeneous magnetic field

[11

on apoptosis and proliferation of normal and tumor cells [D]. TianJin:
Hebei University of Technology, 2004.
[12] B4 %, BB i 0 B A 80N )] BERAR,
1992,(1):49-52.
Ma Y F, Chen N S. Biological effects of electromagnetic fields on
insects [J]. Chinese Journal of Applied Entomology, 1992,(1):49-52.
£ ML HIRRBR. AU 7 5 i 40 Y ) B3 Bl TR ) e B FUAL AR 1
WL [J]. FARBLEEEERE, 2002,(4):22-25.
Jiang H, Hu G L. Study on the effect of industrial frequency magnetic

(13

field on the communication function of cell gap junctions and its
mechanism [J]. Progress in Natural Science, 2002,(4):22-25.

[14] Saadat M. Electromagnetic fields, hormonal changes, and offspring
sex ratio [J]. Saudi Medical Journal, 2005,26(9):1487.

[15] Pellacani C, Costa L. G Role of autophagy in environmental
neurotoxicity [J]. Environment Pollution, 2018,235:791-805.

[16] azliut,xe kB Bi,55 AR HLBEZ 0 A R 494 5 00986 2 4t P 1y A

PR (1. HHEIUCARIEEZR, 2004,1(4):341-343.
Fan C W, Yuan T, Zhao R, et al. Biological effects of industrial
frequency electromagnetic fields on lymphocytes at different
proliferative stages [J]. Chinese Journal of Internal Medicine, 2004,
1(4):341-343.

[17] Dai X, Zhou E, Yang W, et al. Molecular resolution of a behavioral
paradox: sleep and arousal are regulated by distinct acetylcholine
receptors in different neuronal types in Drosophila [J]. Sleep,
2021,44(7):zsab017.

[18] Shepherd S, Jackson C W, Sharkh S M, et al. Extremely low—
frequency electromagnetic fields entrain locust wingbeats [J].
Bioelectromagnetics, 2021,42(4):296-308.

[19] Shepherd S, Hollands G, Godley V C, et al. Increased aggression and

reduced aversive learning in honey bees exposed to extremely low

frequency electromagnetic fields [J]. PLoS One, 2019,14(10):

€0223614.

SEPAR AR L O R U LR e B 70 1TSS RoxTig 3

REJIRIREM [J). ThARBpE 24 5 e 2% K, 2000,22(2):53-54.

Jiang H F. Induction of heat shock protein 70 in rat gastrocnemius

[20

muscle by low frequency electrical stimulation and its effect on
locomotor performance [J]. Chinese Journal of Physical Medicine and
Rehabilitation, 2000,(2):53-54.
[21] Zhang Z, Zhang J, Yang C, et al. Coupling mechanism of
electromagnetic field and thermal stress on Drosophila melanogaster
[J]. Plos One, 2016,11(9):¢0162675.
[22] Laikowski M, Reisdorfer F, Moura S. NAChR a4f2subtype and their
relation with nicotine addiction, cognition, depression and
hyperactivity disorder [J]. Current Medicinal Chemistry, 2018,25(20):
3792-3811.
Hosseinabadi M, Khanjani N, Ebrahimi M, et al. The effect of chronic

exposure to extremely low—frequency electromagnetic fields on sleep

[23

quality, stress, depression and anxiety [J]. Electromagnetic Biology
and Medicine, 2019,38(1):96-101.

YEB BT : 4885 (1997-), 3, TLPHHEM A JCHEFE TS 4, 3 A
Y ERER S 5 R ARAG FEAE JCHIF I KR8 3L 1 7% .zouxinping918@163.com.



