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Abstract Objective: Our purpose was to investigate occupational high-strength very low frequency electric
and magnetic fields(VLF EMFs) and assess changes of function of the inner ear. Method: The people exposed to
high-strength VLF EMFs were divided into three groups: long-term exposure group(>>5 years), short-term ex-
posure group(<(5 years)and the control group. The field intensity indicator and noise analyzer were employed for
the examination of the electromagnetic energy intensity and noise value at the working sites. Self~administered
questionnaire was adopted. Universal hearing screening by pure tone audiometry (PTA) and distortion product
otoacoustic emission(DPOAE) were done. The subjects who failed the screening tests were confirmed with audito-
ry brainstem response( ABR) test. Result; The frequency of the electromagnetic field was 20 kHz, the average elec-
tric power density in job locations was 21 —38 kV/m, which was higher than national standard(<(5 kV/m). Aver-
age noise-level in job locations was 52— 65 dBHL, which was within the standard. Questionnaire presented that
VLF EMFs might increase the incidence of headache, insomnia and tinnitus in long-term exposure. The incidence
of abnormal DPOAE was higher in the subjects of the long-term exposure group than the short-term exposure
group and the control group(P<C0.01). At 676, 933, 3616, 5130, 7253 Hz, the DPOAE amplitudes of the long
term exposure group workers were significantly lower than the short-term exposure group and the control group.
There was no obvious difference of the incidence of abnormal DPOAE between the short-term exposure group and
the control group. The result of ABR with those subjects with abnormal DPOAE were no significant abnormali-
ties. Conclusion: The average electric power density in job locations was significant worse than health standards.
The changes of DPOAE indicated that the exposure to high-strength VLF EMFs had a subtle, discreet and local-
ized impairing effect on outer hair cells. Effective intervention measures should be taken.

Key words very lowfrequency electric and magnetic fields; biological effect; distortion product otoacoustic e~

mission; outer hair cells; occupational exposure

T 2 0 S A S B A 3 1 TR A S A AR 10 A ) 2 2 S A L T R
BATRET H 258 e R 00 R I R B eh . TR WS L DLAE A RS SC . b R S R
"HBAEEERGFR(FAELER) (JLFE,100853) ﬁ'ﬁ?‘?é’éﬁﬂﬁ%%%\%E/%?L\/E‘Jﬂl%%%\H'?ﬁ-?
CEF B F TSRk A AP A AR AT SC Y L o P A O
BAE A 3 AT E-mail:jjsun85@sina. com T 04 SCTR-AR 3 2 5 4 oh T S A o T O P L



< 472 - I PR - 5 B W K AP B 2

ESAE

AWV E SR o K B R R S N AR
RV I A I HAFFE S 24 W7 . R I ey
T A SCEUR AR AR B 5 BT s R R
S 018 A R RN HL G PN R R A ) A RN A
L E X,
1 #REFZE
1.1 R4

VL b o Bl 00 B A VR N B3 A AE 5 X 4 35 R
TEVE A FTIE 22 3 4 DL ok Mo B vl 0 6 4 oLk 2R
BE N B1 200 ], H b 7R % PR BE T AR B R > 5 AR 1
100 1) TAE N SR S 100 F 6 6 S50 2% o 2, T AR if
[B] <5 414 100 i T-/E A B3 AE b J 3 v o 5 S 2%
5 21, Ty 3 Bz B R K U PR AR 9T 2R RN 6L 100
BIFE R AT B2 . 3 ARk N DL &0 53 1. AR IR
T SCA R BE AT . T AR5 — 2,
1.2 FEENEFES
1.2.1 fEMESAEE S ki IR A B9 TAE X
A7 A K I s >R FH FL R R O 37 5 A (EFA-300, 18
[ Xt H b i B AT 00 KL AT B 5 m Sk DA K A
FFAS I3 5 A M) B 1 min P03 1 R, FE LRI 5 K
B 2408 B R A5 858 . [R) A SR I W 75 48 1 43 B AY
(BK2231, P42 ) % V5 b 36 55 AN 7] 5 A7 11%) M 75 53 4
AT RN 5 00 A R K [) PR R  S e RE U
FETTHE
1.2.2 (A5 A [ 58 i 4 4 O e 35 1 PR BE R A
BRSNS RO 4 N Tl NS P S
5% G2k L 400 PR R S T B 0N B I R
PRAE B A e R BT AT R 2 A k. A
TR ARG — B B0 CAE % L RO SO AR B L TR L 2
WSAEFIE O AR A 55 88 CT L T AR EE R 4P
A o [ e N - D e i 3 R (Ut g R L g
B2 A5 ) AR A T 2T B O L W sk Ak s
ANE B A LTt 60 TN A . 78 U A HT XS 0 e A
AN TR, BAw A B IR, 4Rk, 5—#
YERE A s SEAT AR U8 2 >R R A8 R 7 5K, 1R 4 A
A0 R T AR LR O\ S i A, DA
& v A (R R AN A R T SRR . T G R,
PRI ) A7 JC B S s L HE 3 e s A A e S B i s
FH Atk 5 g Sl CAn s LR H PR S L SIUHE S S A .
1.2.3 Wy Sy o gl ik O3k E AH X B A = oy
AT A E MR A /N T 40 dBCA) . I 32k Ji AX %8 14 48 i
7 R 7S A g DT A A AR o . IR
AHF 5% % G2 Ao o 0 ol R R SR . T A R E X 52 8
HEAT 2l 3 M 0 A DPOAE A6, X6 46 85 10 0 46 I v
VELE 2 AR 4l 35 W 3 > 20 dBHL 8 DPOAE £
WU e A — 3 3K 3 2o 35 #E4T ABR R,
1.2.4 4iFur KA 0k 3 B VIASYS
NEUROCARE 7% &) 4 7= 9 GSI 61 # 0f 7 i},
THD-50 3k 8 = B HL. W0k Oy 16 2R E bR A5 i

1SO8253-1 # 41, ¥ GB-7583-87 #LE ) 0. 25 ~
8. 00 kHz#T MK ,
1.2.5 DPOAE Wik 3 /I 35 E Bio-logic 23 ]
AP R R TR BT AN (3. 45. 00 fRA) 0, =
Wi E. 2/ f1=1.22,L1 =65 dB SPL, L2 =
55 dB SPL, LK FAJEEEA 3 dB y DPOAE 3|
RS AE . LA 2 A0 B 25 450 SR B LA 35 $0At 3%
JIT 22 35 (4 43 2 A A3 R 10, I PN 25 R 201 — 12
WE A AN {5 Wt (SNR) . A {0 1E Sy 4 A8 B8 (676,
933.1305,1818.2589, 3616.,5130 } 7253 Hz)%:
il DPOAE W7 J1 & .
1.2.6 ABR WX % FH 3¢ E Bio-logic 28 A 4 /™
B T & (AL (AEP 7.0.0), gt B & T
AR, SHBEMNE TR, 208 E T XL
%5 M FLPH<CS kQ. LA 2R S (click)
A5 2 M v R 7R i AR AR R R A A Y T i
KN . FH SRy 3011 K /s, iy 38 38 i 100 ~
300 Hz, 43rArit[a] 20 ms, & MK EH 1024 &, 3k
S CE AL, 003 5 B B 80 dBnHL 1R b 1 46 45 75
S, MR 2 A5 B R Y v R ) ABR B TE
P& v o oA A T 95 e B St Y S N7 B 5 DA B T A
VB 1) Fe 7N D0 Ky R (A o
1.3 Hitsrbr

T A B R B SPSS 13. 0 Ge bt AT AL 3,
K FHAE 2 806 % (WilCoxon) 43 #7, LA P<C0. 05 Ky
ERAGIFE X,
2 #R
2.1 FREZVS YLAG I 45

X B3 R (R TAE a0 2847 H 4 S 4G I B 7
FEME 3 W] 52 3] 10~30 kHz 45 23231 [l 114 A1 A
MR A, EEAR L R 20 kHz, I Kt o % o8
500 kW VB k37 i 1) L 3 38 JE #E 12~37 kV/m, it
BT EE DA (GB175-88,5 kV/m), Xf BE 4]
TAEER BT L 370 B A K o I Ok R B G 4 B R R
85 1 W P B B S Bl Sl 52 ~65 dBHL (2D,
IR sk SR A A 1 AR N B B
2.2 MBI

30 p R 5 B 2R 55 1Y 100 ) 28 5 W) 3 R A
HARARR S BR 9 1, B A 0y 91 4 (182 H) 44 &
) 2 6% 2 5 00 F o S R R 1Y 100 B 28 3 [R) 4
A R B R A R B B S B, Bl R A iy 95 1] (190
) F4 i e 300 5% 8 4 X HE AL 100 91 5 B 6 43, P R0
A% 94 4] (188 HOA B, % 8 41 5 %5 B4 N B B A
/5 0 S HH A T v B R AR S O 25 S S Se it
FEX(P>0.05), REHGXBH AN
B A LR 1,
2.3 Wi ke AR

ai g R WoR, KRl 5 2 ik
ZH X PR AR T B 4 R L (A 22 R RS IR R



ER

0 S TR 5 B L ER T R B A X S B A S R TR B 0 45 BT 5

« 473 -

SC(P>>0.05) , 43 B Ih A A1 A3 W [ [|] 14 22 091 7] R 5
BN il 92O W (A Ul R A T R 2y N S 1 SO < N 1 B
F U ()7 T ) A TE H Y (P>>0.05) , & 45
T2 R TG L (P>0.05), DPOAE #: il
25 WR KR 8RS WOR A 5] H R B AR
A5 f% 20 1 XF BB 4, 676, 933, 3 616, 5 130,
7253 HzWii % () DPOAE I {8 4 %6 3 5% &8 241 A Xt
MR PR, Z R A G %8 L (P<<0.01), L5 2.
3o b4l W T K N b o s 2 AN 4 R Al Wy
i >20 dBHL=, DPOAE £ il H 4 — 4l 22 5K 3 3o
F (3 56 D 47 ABR Kz, ABR ¥ £R 1 K [ i
i iR

X1 EEEASHRBRAAF—MBELNLE
KMRBEYE EYERBE4S Xof HR 4
91 D (95 ) 94 fi)
EWE /% 32.79+6.12 33.36+6.35 32.85+6.24
A E
] 19.8% 22.1% 20.2%
=] 34.1% 32.6% 31.9%
K2 46.1% 45.3% 47.9%
FHLE FRTE] /9. 6544.10 9.6143.95 9.92+4.33
KR 58.2% 17.9%" 21.3%"
LIE 57.1% 22.1%" 20.2%"
Hng 35.2% 10.5%" 8.5%"
Wr A1 F R 6.7% 7.4% 5.3%
L2 5.5% 4.2% 5.3%

5k¥IEBAHLE ., P<0.05,

%2 3ADPOAEFRFERAHRHEMLE X%

wmmE KYPREL SYPEE4 X 2H
/Hz (182 H) (190 B) (188 B)
676 72.5 95.8" 97.9"
933 75.8 97.9" 100. 0"
1305 98.4 95.8 100.0
1818 91.8 97.4 98.9
2589 96. 3 97.9 100.0
3616 80. 2 95.2" 99.0"
5130 88.0 98.1" 100. 0"
7253 71.9 96.5" 98.0"

S5k#BEBA LR,V P<0.01,

3 itig

R AT I 2= WA L 40 A ) 2% LA K ph 28 Ak 2
D7 % 7 T B R 9 4 S 2 I 5 R B S T A ) A S
EAEFE D F AN Y . AW R B 5
JOT H 4 b P B 1 R B A R R ™ R e B
PR 0] 36 8 A 25 R WoR KO R 88 4L 1Bk A\ B
HRG SR R IR AR AN I R Y AR I e
WRERBEHAMIBH, ZRARITFE L (P
0. 01) , 17 4 30 5% 5% £H A0 6 BR 41 18] JCPH 1 2% 5+ .

U H R 5T i R BB UE B R R O 2
ot AR E S {H H R S B Y R 4T AS BE i HE
5%« v iR K B PR B G R R R P B 1 A 0 RN AT
ARpE—2B g, H WA R R ST 0 B AR W RO
i 7E B4 b 1 T HL S H 0 R S T B L iR
B PR R R SR P R 1 A RN B AR D L 3 HLAR R
L4, Budak 25 8 5 3 ¥ 52 56 0 9% 4 B
U P B S T SR AR S 1 T Ok P B A A g
G E . 5 Z M . Morales 487 [y 52 56 45 S 4R
N AR B 1 B A T R O O R & 5 i A A0 i
B . LR EAR A R M BF ST S SR RIS B R
T 85 B 30 B8 A 00 R L iR R DL A T T BE A S TR A
X,

FEA R FE v, R AT B S N A 4l Iy A
DPOAE X} & 8 % 42 59 Wr J3 1% Bl B A7 7 0 &, % I
w2 WA I AR SR R R AR R AT T
ABR K, &5 W (5 S5z B (1% 2 e 1 A 23R 35 A0 114) H-
U P LA T A0 e A DG W R 2 5 4 G ) RER A
AHIFFE A 2 00 W G ) 5 SR B L R BIE R B2 4 W
OUHEEF R LW 8 5% k2. DPOAE 1y
AE e 32 2R R T A0 B 4 A L 2 HmR N S ML B
P 25 S, LT 3l 38 S ORI MR A A B R B L O &
o EL AL Y AT S A M R I T A0 B A0 T BT
A WF5E 48 1, DPOAE (1 i 8 Fz e 2 H- i 5 1K 4 &
2T A B4 AR T L 24 A0 B A0 i HE 5 YR L B ek b
ok sk B, DPOAE 2 by g {5 F B . 1IE % A H
DPOAE 5| 378 90% DL b AW &k 98% . H &
100 % A f 5% & 1] 2% #8 41 DPOAE 5| i % ¥

# 3 3¢ DPOAE REME =K R Mg E dBSPL
I A5 2/ Hz KPREA HREA P

676 8.50(3.80~11. 40) 8.40(3.45~10.35)" 9.00(8.10~11.40)"

933 8.00(0.40~8.80) 9.50(5.90~15.10)" 10.10(8.30~14.40)"
1305 9.40(8.02~13.50) 9.60(6.80~15. 80) 9.50(8.50~12. 30)
1818 9.40(6.80~13.90) 9. 60(8.00~15.80) 9.50(8.60~12.40)
2589 9.50(8.03~14.50) 9.50(6.80~14. 40) 9.50(8.60~13.90)
3616 8.70(5.50~10. 35) 9.95(8.30~16.52)" 9.50(8.60~13.90)"
5130 9.00(5.40~13.10) 10. 00(6. 50~16. 300" 10.00(8.30~13. 80"
7253 8.50(4.50~10. 20) 9.50(8.20~16.00)" 9.70(8.30~12.70)"

S5k#BEBALE.YP<0.01,



. 474 -

Il PR - 5 MR e S AP B A 2

ESAE

676.933.3616.5130 1 7 253 Hz % T 45 1 2 82
X IR L 22 5 Gt o = X R i & B 5
5 41 DPOAE g {8 FAIK . 48 78 7T 62 A7 76 4 6 4i i 1)
fi B 15 1) LA SR B LA O B B AT U P G
S %% 55 T BE 2> 1 L A B AN B R L EOTE I A OF
FZ 005 A7 A8 W5 R R S . FE AR S50 b, FRATT X
DPOAE S# W /E Mk A 5L 847 T ABR 3L, & B0
ABR 5 &% I Wy 25 5 — 30, ABR B8 A AR 1
EIEHIEE N .5 DPOAE TR R, ZERE
Budak #% 85 1t 25 R — 2,

FEL A S 1 2B B RN L AR 3 A O T« AL
A FAG  Fe BFRAE R AR BAGEOR S SE AR B 5T
NS S (R A ol N | N N NS
AT R B D AR TR O AN W R O R X AR
NS RN 7 ER o e o 1T PO | 2.3 4
B A A 7 A R, [ B A A R I Y
B oR A WK R FE T4 50 ~60 Hz B #43%
rf, MR RGN R B <<5 mT, 6 B AR W RN 5 2 R
TV 5 BEAE 5~50 mT A, 48 A8 88 JL/NE X A
AR 25 7 AR 5 /0N 1 T 1) R SR R i) L L R e R =
KWBRFBE AN AN R . S5 E T
50 mTHT , fif J8& N7 5 i 8 12 45 Fh 20 Jif % 45 7K 7 11
I R, XoF A Al Bl AT R . T AT R b R R G AR K
EAIF 5 DN Sk 2 ) FEL 37 R R g v PR &4 KV /m,

FEAHEZE T, S HEBR W 75 6 07 g 5 1 4
FATTRT VR A X G2 T A P45 (1% e 7 5 R AT T W
FFH T A 55 0 s R A b o %) T PR 2 HE B TR A L 2k
QRS e o NS N A N R (R NS R (SR
XTG4, T 4l i Ur . DPOAE, ABR 4§ 3 T
FRBR HEATAE M N BB P B ASORE I E  R E a BE EL I
T PR R R S A R R AT R R AT T IR &
JIT A5 25 18 R A ol B fE B ] R PR A SR BRI T
A
S & Lk
[1] FEYCHTING M, JONSSON F, PEDERSEN N L, et

al. Occupational magnetic field exposure and neurode-

generative disease [ ] ]. Epidemiology ( Cambridge
Mass) ,2003,14:413—419,427—418.

[2] KHEIFETS L,AFIFT A A,SHIMKHADA R. Public

[3]

[4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

health impact of extremely low-frequency electromag-
netic fields[]J]. Environ Health Perspect, 2006,114;
1532—1537.

GARCIA A M,SISTERNAS A, HOYOS S P. Occu-
pational exposure to extremely low frequency electric
and magnetic fields and Alzheimer disease: a meta-a-
nalysis[J]. Int J Epidemiol, 2008, 37:329—340.

X PNEE . S AT R R TS Y T N BB A 0N B Y
[J]. W H%RFIBRMAE.2012.20(6):591—595.
BUDAK G G,BUDAK B,0OZTURK G G,et al. Effects
of extremely low frequency electromagnetic fields on tran-
sient evoked otoacoustic emissions in rabbits[ ] |. Int ] Pe-
diatr Otorhinolaryngol, 2009,73. 429—436.

BUDAK B.BUDAK G G.,OZTURK G G,et al. Effects
of extremely low frequency electromagnetic fields on dis-
tortion product otoacoustic emissions in rabbits[ J]. Auris
Nasus Larynx, 2009, 36:255—262.

MORALES J, GARCIA M, PEREZ C, et al.
frequency electromagnetic radiation and hearing[ J]. J
Laryngol Otol,2009, 123.:1204—1211.

BN, IR EE R, B AR R IRE R
B FEEZYEERE.2009,26(21):1022 —
1024.

TRAUTWEIN P, HOFSTETTER P, WANG J,et al

Selective inner hair cell loss does not alter distortion prod-

Low

uct otoacoustic emissions| J]. Hearing Res, 1996, 96
71—82.
GORGA M P, NEELY S T, OHLRICH B, et al.
From laboratory to clinic: a large scale study of dis-
tortion product otoacoustic emissions in ears with nor-
mal hearing and ears with hearing loss[J]. Ear Hear,
1997, 18.440—455.
R Z A W 0, % MRS ML TN A AR
WEERS L] Bl A 56 2 $3# . 2008, 26
(4):295—297.
International Commission on Non-lonizing Radiation
Protection. Guidelines for limiting exposure to time-
varying electric and magnetic fields (1 Hz to 100 kHz)
[J]. Health phys, 2010,99:818—836.
PR ER. AWBESEYWFERNL] ] BT
I, 2007,27(1) ;27— 30.

Ok A5 B #1.2013-02-16)

iZEE - EAE - IS

EMBLME AL

JOFL [ T v 2B 1 T R, mg/dl B BR BT Y 9 T B B AL D mmol /L, JIF [ L
H v 2 BT IH PR 22 A e B R B4 B A 0,025 9.0, 011 3,0.055 5, {540 B [ EE: 110 mg/dl
X 0.025 9—2.85 mmol/L; =t H il : 20 mg/dl X 0.0113—0. 226 mmol/L; Iii#F: 70 mg/dl X 0. 055 5—

3. 89 mmol/L,



