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— Abstract —

An Occupational Exposure Assessment and Melatonin Excretion
Level of Electromagnetic Fields(EMFs)

Yoon Shin Kim and Yong Sung Cho

Institute of Enviromental and Industrial Medicine, College of Medicine, Hanyang University

A pilot study was undertaken to examine the possible health effects of electromagnetic
fields(EMFs). The purpose of this study was to investigate of the EMFs exposures of personal envi-
ronment, 60Hz magnetic fields. An experimental study was performed for six weeks of January-
February 1998 to compare changes in melatonin levels in urine of 20 subjects during their normal
sleeping hours and each 20 subjects in occupational and non-occupational group measured personal
24-h continual exposure, using EMDEX [ (for 40-800Hz, Enertech Consultant, Inc.). An urine sam-
ples were collected 3 times a day(before sleep or around 24:00 ; immediately after wake-up ; around
noon) for an week from each subjects and analyzed by radioimmunoassay. This study did not signifi-
cant difference for the subjective average melatonin levels between occupational and nonoccupation-
al groups exposed to electromagnetic fields. The mean personal exposure levels of occupational
group were 0.2154T, whereas non-occupational group were 0.18xT. Occupational group were
exposed more highly while at work. Finally, this study would provide significant data for furture
study of exposure assessment of magnetic fields. A large scale study concerning more detailed expo-
sure assessment should provide important information on health risk assessment of MFs. Further
study should provide information on the contribution of various sources and the relationship between
melatonin and immune system activity.
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AT AF A7) 25 B AeSstE o)
AH A= Adste] d¢e e AAIH(Electroma-
gnetic Fields : EMFs)9] x=%7]3]9] Zt]9} ¢&
o] AA G digh BetAQd Al 2L Ayl 2
Al AlEEle] o3 JdohAEA 5, 1997). A
AE Aootd BE A7BE 7T SaE e
F&2 golW, M7)|3(Electric Field : EF)3} 2}
7174 (Magnetic Field : MF)2.& A€},

Axpake] Aol B3 ATE 19799 olAo)
WEy A At dale] d@dd] #Be 93
AT 2437 #xE o] F(Wertheimeret Lee-
per. 1979), Zt% <4=te] Yol Y3t =o] &
dgle]l AEE a Ut Wilson et al.. 1989). wea}
A o 98k A19lo) In-vivo, In-vitroX &,
A¥3 A7 9 melatonin E227e] APRAo) B
g A5l HIZ9 HAF AFFTolgd & 5 3l
o 53] ool 98 dpode Haae oA
k&% 53] FAFIHELF-EMF)4 9] 79l
&8 3T dEFoE o] 2S¢ Uiz 9
AGTEE ZARE AR} Aole] wMHEY M Eok 7]
I FEYEH 2L o] WA Eo] st Ba
© v A (Wertheimer and Leeper, 1986 :
Verreault ct al., 1990 ; Vena et al., 1991 ;
Vena et al., 1994 : Lovely et al., 1994). =
T SAFI M2 3 AAe] uhdEel o)
AAell Eer & vepdthe BaeA 23k 1 &)
2ol A FEAAE o AEe] YA, 2
2jn Mol AAd o Aeg F4en =7
HeAld daiA ol27A] geiR|#] ge e 9
229 F8% AFHAZ ARHD Y AFHo|T
(Juutilainen et al., 1996). °]d] Mz ZFeorE
A R AL o ARG =23 A @
Bgzte] A sl st A7rt AghEe glo
o, 1930 o] F HAtge] QA Gdko] B =
o] Al&Hoistn A7l Be 4¥A 9 od)a
A77F A= Ak (Lerchl et al.. 1990 :
Floderus et al., 1994). 53| Az}lzle] alaled
(Melatonin) 228 &k Fgl 79 Azl
Aztotzl deled B o)W o3 Fi=x|d

HE B A7t A Fol(Yellon, 1994 :
Graham et al., 1996),

ARedL $HF o5 (darkness) @ uHg-sle
34 (Pineal gland)dl| 2l&) $2] ZoA 213
o2 YNE= ZREH, AZAHE JeEE 3
23 842 3 gld, daede F8 7%
oue 43 2447 714 (Circadian rhythm)
< 7Fe 2280y, d9x2(Immune func-
tion) 3 YHE F4 Ja]2H-E(Oncostatic activi-
ty)el 7158 7lAE s22oz 9adx gt
(Hong, 1997).

T Fe3 T289 WaEULS serotonin
ol A1 NAT(N-acetyltransferase)$ HIOMT
(hydroxyindole-O-methyl transferase)?] &%
o el&] A=t Deguchi®t Axelrod, 1972). 9
ez el FH|Fe Fuin ikt ¥
of B5of 3lojA o) (darkness)e] AlztE<he] =
7¥sh Qe A gleiA digk 02:005F 04:004)}e]]
detede] st A2 St =3 =& =
T AEH AHL SO 2443 F7)E e
© da@Ede] $a3 23AY SCG(Superior
Cervical Ganglia)& 74-falx Lot} =x3l
Azle] R ge ZEEo 7 gle] Waled 4L
AAet= &3 it Moore et al., 1968).

=g AHEY ¢F(Wetterberg, 1978), Ta2=
CeEn & fulogdeinl A (Wetterberg,
1979) zel: ~E#~(Troiani et al., 1987) =
< FRAAA deled FEE ZaAFIgn Ba
Aot =3 W2lEde In vitrogt In vivedd
B3 5le] ¢te] 4 dAsle Aew BuHY
oni(Blask, 1990). WelEd Hule] A= FH
%(Barcelo and Mediavilla, 1988)% #PA <t
(Buzzell et al., 1988)¢] Slo] dAE27 483
o] Fug A e Aoz AApE I

FUelM e A B8 YA =2 o3 A
Ede] 9% e 294o] O 49 g4 a7
7F AR AAeln] Sy =3 BF:3} 5o
wrh. me B Apede A =25H7] 4
¥ QT HAAT S dAs] A [AAA A
Ne=F Fret WeteEd Eu|FE FA} - v wdld
Axigte] YA w22 A% olH A Ao s}
2l 71228 E AlFshed 2 E3o] Qi)
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2 7o giaale ddied 255t gle ¥
2 TR HYddA Azp|71E di e e
AFS e s zt 534 108S AP A%s
g1, BT F22e gdoz 7zt 534 10%& ¥|F
oo g HAsl] F 08-S ez 1998d 1€
7ARE] 2¢€ 16271A & 653t ZA AAlHG.

2. o Ud

AdiAat 203 (AdT 109, vl 10)e
thafA 7H91x=ZF(PEL : Personal Exposure
Level)o] tigt 2R o2 24X 9&E4 & A8
Ak, Ay ARG =& F&9 FPdEe
EMDEX I (ENERTECH Inc.)7} AH8= %}, ©]
7171 Adel B4 ZAxdA Z Arde) 3%
0.01¢Telxm, A71&el A% 0.0003¢A2] EHFE
£ zx o Hd By seXe A AT
3004T, A71ZAe 19.66rA0tt. 33 7Fs gL
40~800HzZA 40~800HzE Broadband(bb),
100~800Hz2 Harmonic(bh)2} A3ow FH4F
99904 A B AT EE A EHE I
ol xgslzn e nAHFH52A 60HzE
Fundamental(bf)ol2} &tct. S F&d=e
ztzt A7)\ +3%, A7 5% ot FEEA
o] AL Event marker button® Toggle
buttonsZ °]&dtn FAHHE AFL 102 HFHL
Z LCD #71%L 53 B F 30 23 &5 F
F7#AFH (main computer)el] AFdtn FHA =
A& =z EMCALC 95 software(EPRI
AL, 1996)el &8l EAsdct. EMDEX I (152
114x51mm) & SA Ao #8 &L F4] d= 2
EF 7pie o] &ata] didzlel FHalRtel 2443
o]} HgaEZsigon, dizke T 4UdA4
8712 % (logbook) & AYz th¥A HFFLFH 9
A3}zl A7 woit FA] ALAE7IER 71FS
3t EMDEX I ¢ EVENT Buttong &3 F&
2 3t EMe gidazt A4 4 48 71
E9] 7123 Event markE 3Q1sla] 24A1% F
A9 AR =& BMd "ag AV|E dFsd

AR F(TWA © Time Weighted Average)
&2 ASSETD(FA 1)), =% 244 Z8g A
712 27 Ad(Indoor), 49 (Outdoor) ¥ 24
AlZHTotal) 5 3 Al FEo2 rled, dde
4 713 (At home), 253 (At work), °1F%F
(Transportation) &2 &3t

NIVSHTE =

C: 32 AIRE 27 AAs} =23
T : 8= Azt

T3 7+ dFAA] A AMIFRALE AT
dged BEHE 98 Z AFdHRAEY =
(Urine) & 3% 33 (148 %, Fe. #3 3) 5¢
7 AFEH, ¥4 dyese HAMRGHANTY
(Radioimmunoassay method)<& o] &% th.

AHY % (Urine) & DEtEd E¥|FS
BuHLMANN LABORATORIES AG(Switzer-
land)olA] AAHE RIA test kits® AHgskd 373
slet, o] RIA kit+= Kennaway (3280 st HWgte
Yy ol o2&l 5 7He] Fal(Primary antibody 2}
Secondary antibody)el 28] HWHELE ZHE
t}. RIAS BAxgLe Hzx d HARFo2A
Column®] ZH|(Preparation)®} 2% (Conditio-
ning) ¥4 22 methanold 32 THFE Z 1mi¥
23] Edsln, AH(Washing)dF 2 10%
methanol 1mE 23] Fe{8t1, hexane 1mlE 13|
2oz, a2ln 5u) NE & AES T8 F
methanol 1mlE Bl HER oz FHac)
A AHA Fo| &= 4EFL Primary antibody
10044 2 1-125 1004 53 A 20+4hrEet vEE
AlZ] & Secondary antibody 1004 & S35t 3
28 o2 Gamma-counterd] 23] =AY &
A A oA AFEE primary antibody®t sec-
ondary antibodyt % vaildl 11m9] anti-mela-
tonin A7F E3so] 2z, WAGHE 2R
o dFgdAe 58 e ¢ AHE =9
AA L RHAE 7158 5 e SHLAE 7]

]
=
=

2
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St F 592 wld 33o] HA walHE Fa
3t 3 & HEL 3002 A=A A9 2w
© SPSS BAEY #H7|IAE ol &3t 2z 2gel

e BehEd BlRe vlm . st
I. #7220} o o3

7 APE(MPA 224, W9 g4 eAl, &
A, 7R ER) AR g A wEae
& Table 13 2ok AYE s WML 223
(Utility worker)E9] =& %o| 0.224T2 7} =
Al JFebskar, gH8(Student) 58] x=Z0] (.174T
2 7F¢ @A JeEbdth Table 1A JeRd slet
2ol Azl A AYFEQ] o] v|ZY R
Hlal =4 Yebdg & & o).

ol A%z E W AYToR HAY HALZE
o R P B BB = T e e
Al vebsken], A7)z 44 =292 A A
BAHY 92 Eg Y £ gldn 2ok Aqd
o AR 0.24TH} Hebdo] $-7
gt Az #A AY Tl NG AAge] FGgko)
¥E A2 vegt =g uAdze 29w

o A= 0O
=2 TFES

b

AnAQ 0.24Te ¥l BL e BAgGE HS
AT W o] 5o tlg 24417 Foke] A A2 e
a8 478 goa ged o

Table 2& Z+ 25& AYEH vldgFoez
ol B 24A17bERbe] AR A (Indoor) <
A9l (Outdoor) 2 FE3le] =2TL vlm - 243}
Ao, 53] Aule A9 A0F(At work), o]E
% (Transportation), 7} (At home)2o 2 A ¥a}
o Zt AFAAEY] AYS w2 AL v waldd)
FF 2zt Mol mE A2 v YdRe] w2
(Ratio)& YeRAATH. TableolA] Jepd uie} z+
ol MW ddWelAEe FAYFE HE =EFL
0.33/T2 717 =4 Jeigds, v gFe o]
0.064T2 Jeh} 2 gFo] vZ Aol 3] g2
Bt =&%o] o 4.214 A 2F=HAL. E3) =
Aol ARYE HE =E3FS 2ddere] =gist
4% AnA<l 0.24Tel vla) £ 28 HoFm
Ak, ol2ig AnE B o g o3 e
T HAAF =& oS dzEodn g9 = Qo)
upebd A B 2l FAlsE 22t ulg
P83 5] A AW g uldS5e] gide] "Bg
stk Alg €

Table 1. Summary statistics for MF measurements by occupation. (Unit: pT)
Occupational category AM. S.D. Median G.M. G.S.D.
Utility Worker (N=5) 07 032 012 0.12 307
Medical Computer Driver (N=5) 0.21 0.36 0.10 0.11 2.90
Student (N=5) 0.17 0.25 0.08 0.08 3.83
Housewife (N=5) 0.19 0.24 0.08 0.08 2.87

N=Number of subject, A.M.=Arithmetic mean, S.D.=Standard deviation, G.M.=Geometric mean,

G.S.D.=Geometric standard of the mean.

Table 2. Personal exposure levels of MF between occupational and non-occupational groups. (Unit: pT)

Occupational Non-occupational Ratio
C
ategory Utility Worker Medical Computer Student Housewife O/NO*
(N=5) Driver (N=5) (N=5) (N=5)
At Work(9hr) 0.26 0.33 0.06 0.08 421
Indoor Transportation(2hr) 0.24 0.15 0.23 0.08 1.26
At Home(10hr) 0.03 0.14 0.08 0.07 1.13

Outdoor(2.5hr) 0.11 0.11 0.06 0.13 1.16

etc.(0.5hr)

Total(24hr) 0.22 0.21 0.17 0.19 1.19

*O/NO : Occupational/Non-occupational
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Fig. 1. An example of magnetic field recordings of a students.
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Fig. 2. An example of magnetic field recordings of a utility workers.

— 268 —



o gt

120 g
5 100
£
£
& ®o s
H = HEIZX
H 60 oy
P g
ET
n
&l

20

3 s .

) 3 AA I Mx
Al 7|

Fig. 3. Comparison of melationin excretion levels(pg/mg) between occupational and non-occupational groups( 1 ).
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9gl o] 7+ dFhAAe] %(Urine) T REtE
U Buas 2AR A g v el B
Bd Bu|Z undde FAZSE /A% A°lE
Yehlz] etcHP>0.05).

) Asldoz 2 A diate]l Ha de A
Aol falde FUETE oplel Aol a4
T olA7A] =] 1 e AFelH, HI 7T
Aol 2] A nlAE Aol dF AEHA
FHe 98 deivatels Z7zke Az FAE
Atz glck. a2 AAd g dge A
ojle] mizt=el s} Fuksle Ak FH B3
S @e WgEo] EAEY] Wi £ HE
Waizls A9 E7bsa A4l

Zule] A Fe FEd we AT AFsinz
ARl =25E AEs) o2 vlal o Az 5
= gl Aol AxFe] Rl dig HetH<d
2Ao] ws] AEEQ BT FEo] A e,
AR 23] v =g EF3 HolglA gk
g B A7 no FEg A2 S AA
9 2y A8 e 93 d3E A8 AzATH
o dopriae AR Asid Hrtbeh AARTA
27)Ee APsted 712A8E AFe

v &

2 dpzAb= 19989 1€ TYHE 29 16¥7HA
oF g3zt Ax WAL ZEate WYUelA At
71718 92 JAHYAE gz 7 534
APz dt vAdTes Ay FR 7 54 A
et A= dAREd BHFE AR
o gy 283 Ale F A7dAAEY =
(Urine)& 3t% 331 (7134 &, e, #HA A) 5
A7 AH At

B zaAld e AnE goksid o ol

1. & 208% ez 3 4A3 RIeEsT
(PEL : Personal Exposure Level)ZAtelA 4
AQE: WAL Z2Ae FFo| 0.22T2 7V
=/ 23590, Wl 43824 0.214T,
g ao] 0.084TEL 2 ZHHYeH 7IFFFE
0.054T2 AR 7P FHA =29 Ao ye
ok

9. 7t AFgAAE dul(Indoor) T 24
(Outdoon)8F oz, B3 AYEFL opA AdF
(At work), °]&%(Transportation), 7} (At
home) 22 M¥Esld 24 Al =25ES B
B RE WA Ao HAYJT & =2
Aoz Uehgtt 53 YA F A4 =29t
o] AP AFF|Fo] 8 F U= AHF =Y
S 2 By YAHIAZE 0.33T, AR 22
27t 0.266T2 JeERY 29dle] 2z Amx| <
0.25¢THTE &4 Jehgon, whdd vAgLel
st A FEE 242 0.066T 0.084T2 v+
A epsdt

3. AFRARIE BF = GAE 5 UgEd
¥u) Z(Melatonin Excretion) & ZARF A3} 24
3} v F e Waed HujFe Aozt gle A
oz HPHAHP0.05).

4. WatEdo] BA% 24412t F7]4 (Circadian
rhythm)& ZEe 542 2338 £ o d& YT
o Hlal WAL 2RAe] FVAHL Hdsitn @
& glo] A% HAL Z2AE g WHA A
A =23 deled Bu|Azte] #AS 13T &
A AR d77 Wasign Gzt

olitel Aztz B o, FqF QA HAF FHE
ok ohet ARz A% MU IS FHetspr)
faiME Al ZALE B @rIdPEgE Eo #
Welg gatAe dFzA 28 Biehldt F
AF AAFELF-EMF)o2 g FHHA 4
T2 A7 EA YL o] JdEd. £¥
ellMe &F o 34 AZlE 3oz Asde
A4 ARA =2 2§ A A Add
e AR B AATe] AP A 2 A
A% AT AlAde] SAEojof & Aoz A}
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