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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 0.18uT. 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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2 ZHE AR|719 BEE W AR o
BEeoix| e 4idste] dgoz AHAxlgt(Electroma-
gnetic Fields : EMFs)9 =&7]3]9 Zdl9 o&
o] AxFge] g A5 Alm H A7t A
Ao dzt A& em (&4 5, 1997). A
AS BoEtd BE HU|BYE J)FelM dAHe
¥o] 3loiny, A7) (Electric Field : EF)# A}
71 (Magnetic Field : MF)2.2 FA48}

Azge) QA Gl B 7 19799 ool
wyy s AxiubyZvte] AR B JF
AG7 A3t #84E o|F(Wertheimer?t Lee-
per, 1979), 2% <¢zte] AAAY ] gt =o] ¥
gle] A4 YrHWilson et al.. 1989). weh
A kgt 948A d3eld) In-vivo, In-vitrod ¥,
A¥A A3 L melatonin T2 &3] @A @
g d75e] 2 FAF AFFFolG & £+ 3
t}. 53] tdge) 93A Ao AxFe QA
*&F 53] SAFIHELF-EMP) YA N
=28 PJARH YRFOZ U] 189 UF o
ANGEE AR AT Lofe] ¥y HFY e
I sy 2L oo wAEe] Ikt Bu
# v} dH(Wertheimer and Leeper. 1986 :
Verreault et al., 1990 : Vena et al., 1991 :
Vena et al., 1994 . Lovely et al., 1994). *
g FAFH AAF F A71FY 43R xF)
A FIAAE vehithe BadA 2x 1 &)
Aol dig AR e o AEo] UeAl, 2
2la Azl QAo g FE22 FoHn FH
Hexld daiA olF7ix] g2AR|A] S HeHE ¢
ogo 9% AFHAE AEHD U AF el
(Juutilainen et al., 1996). old Mz =ZX =
£A4 9 G40 97 AAF =& QA E
orgzrel BAlCl s ohd A7 Aol e
o], 193030 ol ¥ HxtAo] A gk #F =T
o] A&t HAAA WS AEA ¢ A
A7t AP n gick(Lerchl et al., 1990 :
Floderus et al., 1994). 53| Axigle] daeEd
(Melatonin) 32& gl #Ag A7 AAsA
Azgrt depey B gl oW fEZT FA

dd B2 A7t AYFoltk(Yellon, 1994
Graham et al., 1996).

detEde $HF oE(darkness)¥ w338t
%434 (Pineal gland)ell 9j&li $-2] &M A3
o3 AiEe 28on], ARGHE YENlE F
8% 842 3 Qi deEEde] F38 )T
o2& g% 2443 F714 (Circadian rhythm)
£ 7Ke zafely, WAL (Immune func-
tion) 2 ¢AXE 324 AA2H-8(Oncostatic activi-
ty)e 71%E tAe z=gez g43A Yo
(Hong, 1997).

$3Me] a3 3289 HABEYS serotonin
oAl NAT(N-acetyltransferase)® HIOMT
(hydroxyindole-O-methyl transferase)®] &%
o & A Y Deguchi®t Axelrod, 1972). ¥
wHog diled v £ Sdste ¥
) 2Xo] 9loiM o] F(darkness)e] AlZFEQte F
7Hk Azt A gloiA gk 02:003% 04:004}e]ell
dzlEde] e Adz S =3 58
g A7AF d8e $HA A 2473 F71E B3]
= detede) $93 23EAQ SCG(Superior
Cervical Ganglia)& ZAfalA dojdct 83
A71e] Qe ge TEEAA o) HED F4 &
A ske A7l ArhMoore et al., 1968).

T3 A" dF(Wetterberg, 1978), TEX
gz g3 2 folzgdeA xdAl (Wetterberg.
1979) 22l3 ~E#2(Troiani et al., 1987) %
2 £ HEd FEE AAAFdn 23
Ak =3 Wgdede In vitrogt In vivod¥d
25 ol gl A4S JAske Aew HuH
o9 (Blask, 1990), d2lgyd Fule] Zi4Ae FF
2t (Barcelo and Mediavilla, 1988)% Ay¥M
(Buzzell et al., 1988)°l 1o} A2EZAH 485
o] AT AT e AR AALEA

FRelA e Az B FAPY xFo o Het
Edo] g e welygo Ui Ay d3tH A
7t ARG Aol AW w3 HFES} FHoUA]
gl wetr B dfoe AR =E57) 4
£ AJ T vAG S 2Psked P Az A
dxZE Ao dWeted u|FE A} - vlwsly
Azlote) AYPA =22 AT AP A1) st
ARl 712A8E A Fster 1 FHo] ok
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I. &% ciat o 2y
1. A oy

2 d79 didxte ¥ALd 2F3n e AAd
& 229 oM 71718 e ddEE
AHE dides 7t 534 108€ ATz dAst
A, T FHE ez 4 594 108E HF
dre AFsid F 209S ez 19989 14
7978 24 1627 % 653l 22X AAlFTh

2. A Uy

A7z 209 (R 10, ¥AATE 10%) ol
sl 7HQAQx=2g(PEL : Personal Exposure
LeveDol] tigt 802 4N A&53ES AAs
Ak, M ARG =& FFY FAHdde
EMDEX [ (ENERTECH Inc.)7} AF&H A}, o]
7171 Hulel B4 ZxdxN A 2A71ge A%
0.01¢Tolx, AXZe] AL 0.0003¢A9] E474=
g Z3 gt Hd Y sbsAe AR A¢
3004T. A7142 19.66¢A°ltt. &% 7 did2
40~800HzEZA 40~800HzE Broadband(bb),
100~800HzE Harmonic(bh) JFoew FHF
g Foll Az WEe] dEES AAE 39
dAx 2gsdn Ave 2AFHSFA 60HzE
Fundamental(bf)olg} 3ttt SA3Ae] &=
7zt ANG +3%, A71% +5% otk EF=A
S9] 23L& Event marker button® Toggle
buttons& °] &3t FFHE 4% 102 FAH2
ZELCDENZES B B F U 3% g2 F
FZFEl(main computer)dl A$dln EFA =
Ag T23¥A EMCALC 95 software(EPRI
Ab, 1996)el <38 ¥439tt. EMDEX I (152X
114x51mm) = SA Xl A3 dFS FA Fe= 4
EY 7P o] 838t thdzle] el 24413t
o]} FALIEEdYon, ddxe AT U
#712 & (logbook)E AUz thdA 3PFF4 9
sy A2 divit FA] AW EVIE R 715S
3tz EMDEXI S EVENT Button® &3 &=
2 3ot B2 g3 A4 dY AE VS
Eeo] 7127 Event markE #Qlsld 24A17+ F
AL A =& EMo Had AVIE AFsA

AlZ71EH# (TWA : Time Weighted Average)
;e ABIAT(EY 1)), =F BN "ag A
712« ZA AW(Indoor), A2 (Outdoor) ¥ 24
AlZH(Total) 5 & Al €22 Yrdlen, A
oAl 7F8 (At home), ZFF(At work), °15%F
(Transportation)2 2 £33t}

A3 =
(CIXTDHC2XT2)+ -+ +(CnXxTn)

(T1+T2+ ........... +Tn)

T 2z} A7 iR AA G F2AE S
detEd A& 93 &4 AFdAEY =
(Urine) & 3% 33 (7133 ¥, B2, A #) 5¢
T AR, B PHoRe AP A
(Radioimmunoassay method)& ©] &gt

AHAEY %(Urine) 5 WIHEYD EuFL
BuHLMANN LABORATORIES AG(Switzer-
land)olAl A4HE RIA test kits3 Al83ld 23
3kt o] RIA kite Kennaway G280 & HatE
g Ao s F /1) A (Primary antibody<
Secondary antibody)el 23] HatEd-& =X
. RIAS ¥AAAFL Az A HABFPozA
Column® 4] (Preparation)®t %4 (Conditio-
ning) 3 22 methanol® 32} SHFE 2+ 1m¥
23 Fd31u, AH(Washing)#3H 10%
methanol 1mE& 23] £33, hexane 1mE 13|
Foiitt, z8m 5u) SN k AEE AT F
methanol 1mE T3l HFHo=z FE3IYc}
A AYFHY Fo = MEL Primary antibody
1004 2 1-125 1004 53 g7 20+4hrgst vk
A7l & Secondary antibody 1004 E S35t 3
$322 Gamma-countere] o8 &F=HAUD B
Aol A4¥E primary antibody$t sec-
ondary antibody¥ ¥ vailel 11m9] anti-mela-
tonin A7} =] An, WAGHZ BEHA
o AT 5 AFH ke 1t AFHE =9
AMFTY AHANE 715 F e FHLRE 7
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Z3tch. F 5943 " 33 A wAHE
Bl & = AZL 30002 AU 29 2
£ SPSS BAIEA #HANAE ol &t Zt FYLel
A3 dteEd #6]3-5 va - £330
I. ¢i+zizn o na

7} AGE (AL 222, B9u g4, &
A, PR FE) ZAMRAA ] g R =5
& Table 13 2ot AQJEEE ¥WHdL 23
(Utility worker)E9] =F%0] 0.224T% 7} &
A Jehda, A (Student)EY] =EFo] 0.174T
2 71 @A Jvelgth Table 1914 Jehd wie}
Zo] Az #AH AYTE =F o] vlAY T
Hla =4 JverdE ¢ § sl

o] Axz E w AYToz MY WAHAAITE
2, d waAl mAYPEEY AxeESEe] ¥
A Jdepgdeon A7 A =E2HAE B¢ A
BHQ YA ZE £ Uvtn Bag, 299
o] AmxQl 0.2TEY & &5 Uehio] 28
Vet Axg #d Aol did ARpge] Fkol
EL Aoz Jepgrtt g wAGTEe 29de

ARl 0.24Tol H]3} @ g Bt IS
7w o] Eol tiFt 247 Bt AV E L
a8 AzpekA| gota ggdg 4 ]k,

Table 2v Zt 2§ AAZd vAHgTL2E v}
Fol k% 24A3bEte] &3S Aui(Indoor) <t
A8 (Outdoor) 8 FE3te] =EHE vlw - 233}
st 53 Aue A= AAF(At work), °lF
% (Transportation), 7’8 (At home)2.2 A &3}
o Z} dFGAES] APF 25T vlwstdct.
EF 2 B3 Mg AGEd v =F3
(Ratio)& JEhH Aot TableolA el wie} 2
o] WU ddHeAEY ARAF BHE =FHS
0.33¢T2 7173 =A Jdeigtz, vAFEA gAol
0.06¢T2 Yeh} 2ol vAg el val AP35
B =&l oF 4.21W A SFHAY 5§33 A
dve APF Ha wEFL 2™y FHds
%% BRAY 0.24T H&] ¥ FAE EAFD
et ol2E ZHE & o YT dF AFEA
F AAR =2 v ¢ dzsidn #dd $ Qo
kA Az S8 Qe FAlshs 2R A
AP BAFo AN A GA| vlAFe] halo] g
lcda Abg gl

Table 1. Summary statistics for MF measurements by occupation. (Unit: pT)
Occupational category AM. S.D. Median GM. G.S.D.
Utility Worker (N=5) 0.22 0.32 0.12 0.12 3.07
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
Caty
alegory Utility Worker Medical Computer Student Housewife O/NO*
(N=5) Driver (N=5) (N=5) (N=5)
At Work(%hr) 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

*(Q/NO : Occupational/Non-occupational
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Fig. 1~2¥ d7Uda 3 gixdd A7dda
(B, AL 2229 37 F AN AR =
He & 45}‘4‘ Fig.olth. Fig.olA yehtxe]
oy AAgd Ae =54 ¢ti, Fig. 1
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WAL 22 Fig. 20Me 25F 7+
< =35 Bl Ao Yyt
TE 2 AFHAAAE di 25 delEd B

Hge AR dde Fig. 3~59% o] vehgrt.
Fig. 32 7 tidzlad] dial 8% 35 (F e, A
A, 7)73%) 543 AHY =(Urine) & £4% 23
oY Z 1FYUE HTY T=E AAAN/EZ vlw
g Rojt. Fig. oA vehtRe] Aoz A3
HAA 29 g 222, a3 bjEdTEes
AR A, FH F 43F 25 oiA Aold
apolE A eigkeh. vt WAL 224 &

dMe detEde 24412 F714 (Circadian
rhythm)o] ©& 2§ vl thd & nixe AL
£ 4 Ao,

Fig. 4% Fig. 5= AA A3dAEE 4T
% vlAdTe g 3A Wro] x(Urine)A3 A7)

2 dged gHEg vad Aeld, Fig oA
ezl Ag 2 £¥9 EE Uiz IS
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A Ze A9E epd A2
AFdEAEY #7 o AGE
A ¥n, WA 2EA Afde Az 7}
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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.
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Fig. 3. Comparison of melationin excretion levels(pg/mg) between occupational and non-occupational groups(1).
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Ast Zo| Z ATREAE %(Urine) 5 LHE
d EH e 2AR A3 AT vy 4
Ed g vuddse FAHR /A% olE
YA e stcH(P>0.05).

A Az ez & BHY ddo] Hu e A
A9 gL SEst opgt AN XAt
T oA =%e] Ha e AW, A2 4F
Aol #8] AMel viXe Il HF H5AY
TEE A vt Br1e Alzbe TR
drata gioh. a8y AR AF 9% A
vicke] R1Ziw el a9 FEEE dUA] F9 87
T B2 ¥MFEo] Ay Wi gAY HrtE
Wel7le A9 E7bed A%t

FUe 44 FL IEA B2 A AFsie
A =& e A=0t A6 ve) 6 Hz4E F
= e dAolxn ARG fadl g 2etAel
279 BlE ALEZQ BT Fgo] A len,
Az 3] Wy =g EES HoglA &tk w
FA 2 d7e Ho 38 AR SR A4
3 W A e 98 AFE AT AsATH
o Yot AAge g ®Wriek AR s
w71EE ARsted 7128 E AFP

V.Z &

2 AFZAE 19989 19 7T HE 249 16U7HA
of 653tell A WAL 22X WA Mzt
7171 dFe dHEAE dder 2t 549
Adwd, vjAdTez A F5 7 5HE A
et Al daEd HFE AR
o dEd BHF Al 4 AFUEAEY =
(Urine) € 3% 331(71283 # Ze. HH A 5
Azt AH A

2 AT 2748 a9kl ot 2t

1. & 2098 tdeg g UL AdxdFFE
(PEL : Personal Exposure Level)ZAtollA o4t
AYgF WAHA: 2EAY x=FF] 0.224T2 7}
=2 23900, "ol dAHAE 0.214T,
Aol 0.08¢TEo2 EFAHHNUoH M FRE
0.05#T2 AAA 714 AA 2" Rz e
ek

2. 7 793R E Al (Indoor) B A9
(Outdoor)8Eo.2, 53 AUE€se A AdF
(At work), °]%(Transportation), 7F8 (At
home)2&2 AE3d FHF AXAH w255 2
W, BE HFAA AhTo] vHYGT vlEH e
Aoz eyt 53 APY/AEF A xEH 7}
o] AL ARV Ee] B F U AAF 2%
< B9 #Hdd g8 Art 0.33T, ¥dA: 22
27t 0.260T2 Yeht Aqiule] 23 A
0.25¢TET EA velhgen] digo] vAUZEA
gy TR 42 0.06¢TS 0.084T2 wi$-
w7 el

3. AFNEAES dF = AALE 53 delEd
1) Z(Melatonin Excretion)S AN 23 Ag
T3} v Ade] daled a1 zlojs} gle A
o2 BHEATHP)0.05).

4. A do] A& 24A7 F714(Circadian
rhythm)& 2t S4S 238 8 o g& J92
o ulg WAL 2R FIAL Fsittn &
4 glo] AFE HAL ZEAE N HAHA A
Ant &y Weled 2| Fzie] @AE F3E 5
A FAAJA A77F Bosvin Y=o

oldel Az £ W, FF A9 AAH FH¢
7Holet ARge s A% Jitd 4%e Fetsh
AaM e ARlRARE F WdTEOGE B #
HAY AU AT RAPE 8T ¥rtehEg
AF AAZHELF-EMF) 22 % AHHQ o
TE 71309 24 #YPL Aol Jldddt. EF F
HellMe FF oS 3A ArjE Aoz AlsdHe
2P AR =2 A NI BT Do
e ARG 89 AT AAVA A R A
g AAFA T Aldo] Aol & Aoz A
=23l
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