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Electromagnetic Fields in General Hospital
Sei One Shin, Sang Mo Yun, Hyoun Jin Shin*, Hyun Soo Ahn*, Hee-Deok Ahn*

Department of Therapeutic Radiology and Oncology, College of Medicine,
*Department of Biomedical Engineering, Graduate School,
Yeungnam University, Daegu, Korea

—Abstract—

Background: Electromagnetic fields (EMF) are ubiquitous in modern society including medical
field. As the technology of medical instruments and telecommunications has developed rapidly,
it has influenced on our lives in many ways. Modern medical practice requires high quality
medical equipments, which have a great deal of electromagnetic interference and susceptibility.
The purpose of this study were to evaluate electromagnetic condition under usual clinical
condition and to suggest a practical guideline in general hospital.
Materials and Methods: The actual state of the electromagnetic interference in the medical
field was studied under usual clinical conditions including operating rooms, intensive care
units, magnetic resonance imaging unit, and hyperthermia unit.
Results: There was considerable noise as a result of electromagnetic fields from medical
equipments including electrosurgical units and hyperthermia unit, and cellular phones, which
could induce serious functional derangements of functioning medical devices.
Conclusion: It will be necessary to evaluate the individual electromagnetic situations under
various medical conditions and to define a limited zone for cellular phone as well as reposition medical

equipments to secure a safer medical practice and to minimize electromagnetic interference.
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Fig. 1. EMC Analyzer (HP8594EM).
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Table 1. EMF condition according to medical procedures

Classification Frequency Output
Coagulation. : 1 Mg
type A A 0.03-45 W
Electric Cutting : 1 M&
cautery A7 500 KE£10 K gi : g% 2\7}8, 37 W
type B S3L(XE) 1 450 K T 0 W
=35 5000 Kkz+10 ki 70490 W
o= 3B W
A= 515-10 W
tvpe C A7) : 500 KE+10 Kiz 90£15-20 W
ype S3(AE) : 450 K 85+15-20 W
125£15 W
25025 W
AL 23 M 20 -
tpe D $TAH) : 08 M W
A7M234 : 0.8 M o
A=EE 600 ki AIRE 50 W
wpe B gane 300 I T : 300-400 W
AR 1 500-1000 ki AIEE 100 W
type F ©=RE 450 KL 9IEE 610 W
A7 ¢ 450 Kk G=SREZA 300 W
AR E 1 550-1000 kiiz AIEE 200 W
type G ©=EEE 450 KL 9=EE (50 W
A7) 500 ki G=SEEAA 0300 W
tvoe 1 SI(AE) : 600 ki a1 400 W
ype AIRE 800 K BIRE 100 W
Argon LASER 10, 620, 492 ki 50-250 W
beam hemostat
Arthroscope A7 120 W
electric cautery 47 kg S 80 W
Microwave coagulator 2450 Mz = 50 Hz 0-150 W
Hyperthermia 8 Mt 1500 W
AL edxga L1dr =45 : 2 A #8749 HAALEE Table 29F 2%k
979} TR &4
o, FaAae] A BRT FIAS
z 3 Agsge W QR A Azt B39
AADEE Table 3% 2tk ?ﬂx}}é] 5
Fed R BHaAso] ti7ete ke o RN FiASIIE AMSe ARl &
Az @743 Feds FHSE 299§ AT AALEE Fig 3% 7“”@
2, a3 FeAUY ArgEr] AR o Fed o 1A gi714delA 30 Mkelst 5
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Table 2. EMF strength of central operation room at 3rd floor

Noise QeI el
Location Frequency (dBV/m) (A, 27D
Peak AVG Loop Dipole
BaA o714
150 kHz—-30 Miz -25 O
475
(400-600 Miz)
400-1000 Mtz 42 O
63.04
(800-900 M)
FTYred U B2
150 kiz-30 Miz -183 O
475
(400-600 Miz)
400-1000 Mtz 42 O
63.04
(800-900 M)
Fed YT
33
9 W3 M O Hi-1 W) ©
Fe=d i
(3 m from ESU)
ESU=* .3 31.46
ANRE AFEE 460 Kiz 800 kiz—4 ML
=yl H-% 9 W30 s ( ) ( )
ESU 4957 36.5
SIARE AEF (380 Khk) (460 Kiz-4.88 M)

ESU, Electro-Surgical Unit

g oo #Z2e Pt -5 dBV/mE 7HE
worton 44 24 HF -18 dBV/mY

ACTV DET: PEAK

MERS DET: PEAK QP AVG
MKR 8308.73 MHz
128.59 dBpY/m

DEHOD
N

STOP 335 80 MHz

STﬁRT 826 88 MHz
IF .8 msec

BHW 38 kHz AVG BW 38 kHz

Fig. 3. Electric fields distribution using mobile
phone in intensive care units.
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EMF, Electromagnetic fields
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Table 3. EMF strength of Intensive Care Unit at 3rd floor

Noise

Location (dBuV/m)

Frequency Peak

eIt FE
(ZHA, 2A)

AVG Loop Dipole

TR Y 9 Kiz-3 Miz
588
(23.9 ki)
196
(48.6 Kiz)
U5
(75.9 ki)
29.11
175 i)
32.12
(199 )
25.55
(224.5 ki)
2830
(246.8 KiIz)
275
(274.1 Kh)
%55
(296.4 Kiz)
23,03
(363.6 Kiz)
1978
(348.4 Kiz)
12.69
(370.7 Kiz)
=3z}
A
120.59
A (832.80 Miz)
SHTAE B0 )

56.74
X
A (832.80 Mikz)

o AER Hole 40 dBW/m o)de] Fsol 7 dBV/m=E 27 UERgT
2] 2 AL FJsk vebd, ANERYIEAt 2AARINE AHIE

-1 r O

FudsNs LRI ARRE we A3} 150AM FakE 26~660 MHz oA 25
12059 dBiV/m, 47 FolA AHES wlE X H 566 dBuV/m (B 44.2-69.1), FHFH
96.83 dBV/m, F3AA AHBLXE 5674  HEF 533 dBV/m (B 425-687), HFX| 497
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Table 4. EMF strength of Bl floor (9 kk-30 Mk)

—slasle W A% 8-

Frequency Peak QP AVG
(M) (dBV/m) (dBuV/m) (dBV/m)
312.6 63.0 60.0 59.8
660.4 56.6 48.2 430
2.61 61.5 56.5 448
8.04 69.1 6.7 67.6
9.17 52.5 50.5 496
11.00 49.3 469 434
20.56 442 425 39.7
Average 56.6 53.3 497
Maximum 69.1 63.7 67.6
Minimum 442 425 39.7
Table 5. EMF strength at Bl floor (radiofrequency 8.05 M)
Electric fields(dBgV/m) Variations (A)
Peak QP AVG Peak QP AVG
Hyperthemia
Power on
3m radius 884 815 32.1 52.2 496 5.5
Tm radius 101.0 935 937 64.8 61.6 63.1
Hyperthemia
Power off
3 and 7m radii 36.2 31.9 25.6 basis
dBV/m (H9): 397-676Z SH=U(Table 4, A3 AUk

BEE

°

SGA 87 AFste A3 HA 2
GAE71AM A7E 3 molA 7 mE Eeld
5 84 dBiV/melA 1010 dBV/mE F7Fs

S Bt Table 5).

rr

i
Ak oluAe] & Fe= A718% 4
dE DR DR
gamma’l, X4, A4, 7P, A,
1Fs, wES, AR, FAFS} FoB b
AAM Y ARBER WS DHF BAZ 7}

=

173

AR QAR =L 1930 Rk
B A7k AR im0 5t ool A
A AARFTI)E HAATEFEFE(SAR)
71E & ARt fral WMETH A

B3aly] fste 7es 2A8e Aw
—‘gz]/\]ﬂ\:}ﬂu} H37|FS 5‘346}{—
Hkele] &8 Algkstar Utk
L] AT 19969FE 457 =
7kt FARZIEAARATU)S 8 A7+
7b A Fdstd A ATE Y T
ot} FRME 19965 A et
glolA o8} - Fe AETER A" A



=AY -SSR

Rt

@A - R - g -

Ho
iy

I AABAATEE Lt AFE FH
e, 1999dels WTARdelA A A o
2 7H¢ dAsIths FAN A AR 5.9 3]
(ICNIRP)7|E= =We] JARZIIFEOR A
Sttt Al ik A= A
T(ETRD, d=29183] 9 a5 5
THER A8 s gle
Amk JAARE7)FE, AR

=
=

3

EETANY
-

o

Ry

rr

R

Are T WA AR
2Ase Sjze) A" e} fake Ud o
A% e @A 876 BA7k 4e Aol
Agolel e ojslwel AT 874
29 Ao, orylddY 4% 24 A

L
-
Al

=
=
i

R
R
o)

ﬁ,w'

(RS

A
e
N

mz

lo

-
ke
L4
o
B

L
off

"oy 19
. 77H €]

<

B

=

o] Fxje] ol 5}
AAY

Yy
ol

<
T

BEY R75E71E AHgdHE
(B/me] TFE
Bakstel Q14 Aol

G Tk Az,
BN 715 e

=4 Holx Al dlr=y 1

A%l o 50

A]

2

174

Ao} AR5EA
0

g Aoy 7eS
|5 7gH] Atolo] XM=
UES
F e Ao Azd)

SHH F3AAo A A E = a2 239 iz
~370.7 K7kA oFst Faet HFEAE B
QA=d, Fa 588 dBiV/m 7HA] YEhgtorng
AR o8 717] AAS Aol HA
AsiA AAs)Etof gkt
FHASIE TR AT AFaelA
A AT AW 2Tl E 100
dBV/m A%9] A& YEER Foixdsy]
o] Hztgl BEASAS 1#sid Ald 2 9=

Aule) A BAT AL N7 Fois)

oA ARE

d

—

[e}

=

=

9, o

A7ERe A Eof A
w0 100~1000 Mz 714 %
SAge] ZFwr) wwd A YehdA e
g7 AAFoRE oS A= o
o7 2 % gtk Y A% FEelE 9
E71HAA ARSEE ZHlE 1, 2% AF7)Y)
2 B5an 9Jou® 2447 10~30 mol
T BAAGES S8WA7 71E 3 IR
o] WA WAL THEA LT "o
2 Rge O a2 R8T FE gtk A

o2 TTw

Axg A ] wix)7F 3~4 m 9 AS

=]
N

=



—

THEY W A @
TR AN v 22

2 2+ Uk

Ae AEs

71E9] Al R
ARk Gole] 45
o].‘:. x{;},_ﬂ_ a}

. ﬂwoﬂ
ZA}sle] 84
=4, AAjgto]
VAEZARSES WS- D]
o] wjx]o A G Rzt
AE Aoz A 7431 o 9
72 RS 5
AA, ‘n‘tﬁﬂﬂﬂ 5-4 947*71%%
PAE 379 4ol 2
a4 3 Al eI
7 8 g 3

E]\l

B o2 I
12 12
o> 1o rfo
i‘lwvo{w

—slasle W A% 8-

®ave durlng A4ERe dou
7 Sl w1249 dTAY, S99 A
o oJsie g ARBAL Hua] Slal
£ T A2/17190A BAsE 3 A
o B4¢ 1% 9=7)7)9 AR} Pas)
o, FOAsIE TG FREAPE A
FAT9S B Agse FAAA A4
o] Bage Atsect

ozt
I_

MO
gt

-

: AN F1

437 A73Hs Boks e A

o &4 AT AL, 2000.
=

)
b

o
p:
o
rz
&

71204, 2% Fol

At 9% 9 9277

1
o At WAdSAel B A5 AL, 1998,
3. SRS Aqee] 98-22. FUAS 5
o] &g717lell WA= dF AT AME, 199.

4. Federal Communications Commission. Industrial,
scientific, and medical equipment. Code of
Federal Regulations Title 47, Vol 1, 2003.
Available from: URL: http://www.access.gpo.
gov/nara/cfr/waisidx_03/47cfr18_03.html

5. CISPR Product Standards, 2003. Available
from: URL:http://www.iec.ch/zone/emc/cispr_
guide_2004.pdf

6. AREAE AREANETA A 2004-2335. A
Apa} Al WA 715 2004,

8 o3, 4@, o, #ES, o1, PAT.
A o] &g *3%1]%3%94 Zdﬂ*gﬂlli 1}l
B AT FFABYTIA 1994 12502
35-43.

9. FE A8, AT, it AeE, A8E

T AR 2A) 719 Hule] mAE 9



10.

11.

12.

13.

14.

g7 2] 78H38] 2] 1994 8;23:870-5.

Kirsner RS, Federman DG. VDT risk of
electromagnetic radiation. South Med ] 1998
Jan;1:12-6.
A&, 284,
AEY FHlFl g A
3]A] 1998 12:8:264-71.
Silberberg JL. Performance

AAste] AYy wE%7} o

ERE R

degradation of
electric medical devices due to electromagnetic
interference. Compliance Eng 1993 May;10:
25-39.

Witters DM. Medical devices and EMI the
FDA perspective. ITEM  Update, 199 1;22-32.

Kimmel WD, Gerke DD. Electromagnetic

15.

16.

17.

compatibility in medical equipment. IEEE Press
and Interpharm Press; 199%.

Fung HT, Kam CW, Yau HH. A follow-up
study of electromagnetic interference of cellular
phones on electronic medical equipment in the
emergency department. Emerg Med (Fremantle)
2002 March;14:315-9.

Klein AA, Djaiani GN. Mobile phones in the
hospital-past, present and future, Anaesthesia
2003 April;58:353-7.

Khan FM. The physics of radiation therapy.
3rd ed. Philadelphia (PA): Lippincott Williams
& Wilkins, 2003. p. 9-10.

176



