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108) o] & AolE H At
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B 5 38910 | 098+364 | 061(1.92) | 05~2555 | 205~2555
C 2 12293 | 0.84+1.19 | 064(1.76) | 05~235 | 185~235
D 3 10,223 | 064197 | 054(1.40) | 05~1265 | 10.5~1265
A 14 84903 | 1.09+396 | 063200 | 05~2575 | 105~257.5
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<E 3-3> YAIFTTE YA XY EFE
S | N(H) 2UEHZ LEFTEW Range Ceiling
=< = AM=SD GM(GSD) (uT) Value(uT)

11,473 2.21£32.40

0.66(2.16) | 0.5~1,671.5

60.5~1,671.5

6,360 3.28+54.35

0.70 0.5~1,671.5

51.5~1671.5

2,331 0.59+0.96

0.53 0.5~35.5

85~35.5

2.11)
(1.34)
0.65(2.07)

A 10 20,164 2.36£39.11 0.5~1,671.5 | 85~16715
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= 535~2275 uToldth. H A7|#L 2275 UTO]/\/\J— % 49°] 100
iﬂro} A7 =2 53] AP 1" 100 uT d+= A

O] - 34410.10 pTolA L Ceiling 3o
Y= 185~3955 pTol At} EJEH A714L 3955 pTelda 3"o] 100 uT
HatE 271 Fd =EH At g 1HS 100 uT Y& A7) 4l 203

HHN'
HN
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=z =
= A

APAZEAAL AR Wo] astddls ARt 524 %7 wikel A
ol WA Fevh AN, FARTIE A= oobel A A AY
ol daL ofel ZFsto] Agie] o] FoAM APAFE Eell A= F-oHH
of agtdel S48t #APE tEE AV BAE A == AL
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e
k%)

<H 3-5> AMEYA XY EFE

s | N®) ZUEZ S EFZEUT) Range Ceiling
T AM=SD | GM(GSD) (uT) Value(uT)
| 5 12,724 1.43+8.06 0.59(1.98) 05~2275 | 535~2275
J 4 10,084 1.34£10.10 0.56(1.79) 05~395 | 185~395.5
| 9 22,808 1.39+9.02 0.57(1.90) 05~395.5 | 185~3955
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(a) T (b) JA %
[O8 3-7] ARMEHAl X1 S

=X 1Y EFE

e | (o ZYEE TEFZ=) Range Ceiling
T AM=SD GM(GSD) (uT) Value(uT)
x5 4 11,302 0.07+£0.03 0.06(1.67) 0.01~0.33 | 0.14~0.33
=Xt 1 4,109 0.09+0.07 0.08(1.54) 0.01~2.79 2.79
A 5 15,411 0.07+0.05 0.06(1.66) 0.01~2.79 | 0.14~2.79




<E 3-7> MPE, UAKE XY TEEE
Hx o1z} L=RR )= EEFZF@D Range
== AM+SD GM(GSD) (uT)
A-1 6,468 4.55%1.74 0 76(2.66) 05~2575
A A-2 6,355 1.82+7.68 71(2.50) 05~2265
A-3 6,465 1.53+£5.44 O 69(2 39) 05~1345
A-4 4,189 1.17£3.28 61(2.09) 05~1135
B-1 7,910 0.67x4.77 51(1.31) 05~2555
B-2 7,911 0.62+£2.03 O 53( 3) 05~1455
B B-3 7913 0.64+0.85 0.56(1.46) 05~325
B-4 7,268 0.79%£5.51 O 53(1.45) 05~2245
B-5 7,909 2.17£2.84 01(3.14) 05~205
C C-1 6,134 0.90+£1.37 O 66(1 85) 05~235
C-2 6,159 0.77£0.97 0.62(1.68) 05~185
D-1 3,427 0.69%1.44 0.56(1.52) 05~395
D D-2 3,440 0.68+3.06 0.53(1.40) 05~126.5
D-3 3,356 0.55%0.33 0.52(1.26) 05~105
E-1 1,592 4.24+12.65 0.83(3.50) 0.5~60.5
E-2 2,403 1.14£5.64 0.66(1.96) 05~1975
E E-3 2,408 1.11+4.88 0.65(1.94) 05~164.5
E-4 2,479 4.38+68.30 0.64(2.10) 05~16715
E-5 2,591 0.88+£5.22 0.58(1.67) 05~204.5
F-1 2,433 1.08+2.76 0.72(1.96) 05~625
F F-2 1,626 9.31+107.18 0.57(2.05) 05~16715
F-3 2,301 1.34£2.96 0.78(2.23) 05~515
G G-1 1,166 0.59+1.31 0.52(1.32) 05~355
G2 1,165 0.58+0.40 0.54(1.35) 05~85
H-1 4,287 1.04£5.32 0.67(1.85) 0.5~206.5
H H-2 4234 0.71£2.39 0.56(1.53) 05~139.5
H-3 4276 0.92+7.70 0.56(1.55) 05~2585
H-4 3,646 1.05+10.10 O 53(1.50) 05~276.5
[-1 2,543 0.59+2.21 51(1.25) 05~104.5
[-2 2,544 0.60+3.10 51(1.24) 05~1475
[-3 2,547 0.57%£1.39 51(1.25) 05~535
-4 2,549 1.14+541 O 58(1 86) 05~163.5
-5 2,542 4.27+16.40 91(3.50) 05~2275
J-1 3,120 2.86+17.02 0 66(2 54) 05~395.5
J-2 1,513 0.79x£7.69 51(1.34) 05~286.5
J J-3 3,122 0.68+2.78 O 53(1 A42) 05~129.5
J-4 2,329 0.53+0.58 0.50(1.17) 05~185
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(Fu':') A >10 >20 >30 >50 | >100 | >200 | >300 | >1,000
ZRKE 37 36 33 31 28 24 13 3 2
BlE | 144318 | 1,895 576 429 274 126 46 19 13

107h @4 3799 54 dolHs X5 §tste] AV 7dE wEnl
w9t wEFFS TASAT. F dolH £ 1443182 FAH G 2
2 2 FH AT 7 e

4% FotolE T3 A7l =
AA "ol 14431870 & 1 pT "o 2714 =3¢ 1285783 2
89.09%0°] k. 1~10 pTE 138453] 2 959%°] L 10~20 pTE 1,3193]
(0.91%), 20~30 pTE 1473(0.10%), 30~40 pTE 7631(0.05%), 40~50 uT
= 793](0.05%), 50~100 pTE 1483](0.10%), 100~200 puTE 803](0.06%),
200~300 pTE 273](0.02%), 300 pT o]4F<S 193](0.01%) ] A Tt

A7) FAHE RENEE FASH =EA T 9 90%E 1 T 7wt
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<H 3-9> XpI1F EUT X LETF

IR TEHE 5
=h N 28 &t 22 FHES
(T =T (%) (uT-hr) (%) (%)
<=1 128,578 89.09 71.432 34.34 34.34
1-10 13,845 9.59 51.107 24.57 58.92
10-20 1,319 0.91 19.569 9.41 68.33
20-30 147 0.10 3.863 1.86 70.18
30-40 76 0.05 2.909 1.40 71.58
40-50 79 0.05 3.959 1.90 73.49
50-100 148 0.10 10.530 5.06 78.55
100-200 80 0.06 12.413 5.97 84.52
200-300 27 0.02 7.013 3.37 87.89
>300 19 0.01 25.192 12.11 100.00
A 144 318 100 207.988 100

A7 SAXIL 2E23ANE Foto] =&FS Atedth 1 uT "9 &
7148 wmEe 71431 pT-hr® 34.34%°10 1~10 pTE 51107 ¢
T-hr(2457%), 10~20 pTE 19569 pT-hr(9.41%), 20~30 pTE 3.863 u
T-hr(1.86%), 30~40 pT+E 2909 pT-hr(1.40%), 40~50 pT+E 3959 u
T-hr(1.90%), 50~100 pTE 10530 pT-hr(5.06%), 100~200 pT+ 12413 n
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A, obd B AA H&e =F O BRY ORE BB FESA P
s ATl Aa, £ WM f9 & APl Yk FAE UL

A3 Afo 4= Ragehs 9 9ol A= 50HzS M
£ 05mT= 30¥ 3 A4S, HAEAA DNA E4o] F7ke A, F4
AN AFWMFETF F7FekH, mitotic index F7Hete AAS Ho dF &
A 71Ae AT Jt5A4S A 7)87 % 3 tHRageh, 2012)

T A wEk RNA AAF HAe] AT 7ol A
Fedrowwitz¢} Loscher ¢ ¢+ (Fedrowwitz, 2012) &2 A+ Z 3ol A
= Aol s F3349 745 RNA AL Ao fojsto] dF @iz

o] Tdo] TkE = @Al #EENoU, HeAe] HolAs Aer 4y

=

—

=]
=

1 Lewis rats®] 4ol olefdt ddo] #FEA Fodth S AV =
o] A= A U T AF olHg @A AN Apolrt HAE
7Fedol das g vy gt ojgfd el e AAFE YA e
2 MF =%A] mammary glolA a-amylase protein®] <7}++= AHF-57F
o] #7} 9t} o= a-amylase’t ~Ed 2o W7HE biomarkero] 2t @A
o] dgol= BT MF x=%9 biomarkerZ4 a-amylaseE &3}

Aol 7hssttheE AE AlAet ot (Fedrowwitz, 2013)
02 4dE4e 5998 49 MF/F 9w n d2F 24S X5
A ofFel  #HHEY,  Negishi 9 dFoA (Negishi, 2008)
7,12-dimethylbenz(a)anthraceneE A 24A17Hdo] F HAE o=z
=79 4% 50Hze MFE st 222417, 30 &<t 70uT, 350uT Al7]
5% dolA YA Eatd vlae] A gEg Wdn Ao A
ZF o] Fofm gk Aol 7k gl em o A= 29 wHi Y
Chung 59 oA E 60Hze] MFE 94l 182
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Aol = gldth AEE, AT, AT, TF HA vE T EE HAA A
o] 7} %’i‘i’igff:](Chung 2008), 500uTY MFE dEo7 4257k %At
e AFES T AN e ) AFYE DAY Ao]&=

=)
2t} (Chung, 2010)

Bernard 52 99 (Bernard, 2008) n-butylnitrosourea(BNU) =9 o2 9
av fx, AA71%, 50, 150, 250, 350HzS AH7]17dS 100uTe] Al7]= 52
F7F ZAbskaL A BAbd & ARG A iR Bla BS u, A7)
=Ewod s Foulg Zolzt gl AN ETAAM = FYnsHA &
7HE ATk =, A7 o]l ol MEH S ST E SE FASE
IE A A AT

=, H29 AA Y
ALel W EtE ot

A AP SEAN ¢

g2
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~|
offl
i

e,
o
4T
ME oo

Ao A= A5 DNA =4 9 RNA A
o] ®iztE B 7bsAol ArlHRoy, 4
7ttt dad SAE AAeA Rska
Atk sARE A AE A E(in vitro study)ol e o HATe] HEAS
§3tE AFEo] th &A%t E3) A AHF 9 mammarian gland®] £
A gy dEe wE £4 AR Ae v S 3 vto]lo AT EA
712 dhh A9 ATE FEE B oW, A1 =53 DNA &4 53 &
é | A= 232 AA g 87 9l om(Vijayalaxmi, 2009) ©] % th4=9
T-ollA DNA &4 @ 7s A S AAIS vkt gl
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(3) fgerd paw e A

O Database: Pubmed 74

O A WS electromagnetic fields[all fields] +breast

neoplasmslall fields]

O % 113/ 2% F
247N A3}
-> ELF-EMF ## =35 A4
-> review, meta-analysis #|<]
~> in vitro A| <]
> FEAE A9

-> E3FA17] 20008 o] ¥

O HZE 17T =8 A4

20008 o] & AR A w3 Suber wrAlThe] BAA Y] e ATE 17
AL MAste] dats #EAsA T Koeman 59 12085299 A7 oA
o 3 ASE A A oA M FHete] BF =Fo] H2 oA

S o7 HUE

T Foug A¥= ¢tk 2003 London %S¢ nested case-control
studyol 4+ >040 pT OR=121 (050-296)% 9nj3t A= gt
Johansen S°] 282249 ¢ dWwula A& Ugo=E 3 ITE AFoA

1.04(0.32-334)% AR =E S7tEAoH, SAACE FonstA = okt
AGH wzol gk SA-hxza Aol McElroy 59 -l 4

rr
2
18



m ¢53Z1...39

Zw oA OR=1.06(0.99-1.14), =3+ =% oA OR=1.09(0.96-1.23), 1 =%
oA OR=1.16(0.90-1.50)2 FAA ovl= oy 93 %=7t 571 7hest

= Ay e, Forssen 9 AFoNHE >030uTe A$
OR=1.01(0.93-1.10)2 YElytt}. Kliukiene 59 AolxE APH w&
o] =& oA OR=1.13(091-1.40), Labreches 9 &A= 354 oA
EEol =2 oA 154(1.00-2.36) HH 10d@d w=Fo] =2 oA
OR=131(1.03-1.68) 2= st Azt Sty FHAH =F9 7
Mirick, Schoenfeld, Kabat, Zhu 5°] AF# =&& o=

T2 P39, Zhu 59 dToA 10d %

49 (15-156)= Yetoy, & dATdAa= SAH =
UEA ¢kttt 2EA o FFE AJoAE EAHOR &
w7t S7HE A AR A wFo] o SA-txat A elA =
ForstA AR e AT A ollu, TR heAE VML de

Aow e,



40 .. SMEAX} HZALE

<HE 3-10> TXPIFl ST HET|F o

ot ojoto1m

C| el Hlm(elgael)
& HE SR Zrps SRR
. (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Everexposed,High
~AMLHR=2.15(1.06-4.36)
120,852men& .
—FollicularlymphomaHR=2.78(1.00-5.77)
women from
_ —Breastca.,Ductalca.HR=1.14(0.51-2.55)
Netherland Leukemia
, . ) —Breastca.,Lobularca.HR=0.83(0.11-6.58)
KoemanT, scancerregistry&Netherlan Occupational Braintumor
2014 - . cohort study —Breastca.,ER+ca.HR=1.42(0.59-3.40)
et al. dpathologicalregistry,age exposure Femalebreastcancer
d 5 5 - 6 9 Lungcancer . .
. Cumulativeexposure, 3rdtertile
observatopmperiod: 1986—
2003 —Breastca.,Ductalca.HR=1.09(0.88-1.34)
—Breastca.,Lobularca.HR=1.12(0.75-1.67)
—Breastca.,ER+ca.HR=0.99(0.77-1.26)
7,823leukemia,6,781brain from0—49m
/CNScancers,9,153malign Leukem —MalignantmelanomaOR=0.82(0.61-1.11)
eukemia
. antmelanoma,29,202fema ) ) ) —Brain/CNScancerOR=1.22(0.88-1.69)
ElliottP, case—control Residential Braintumor/CNScancer
2013 lebreastcancercases, 79,5
et al. study exposure Femalebreastcancer

07controlsaged15-74,livin
gwithin1000mofahigh-volt
ageoverheadpowerline

Malignantmelanoma

>1.0uT
—MalignantmelanomaOR=0.68(0.39-1.17)
—FemalebreastcancerOR=1.08(0.77-1.51)
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C| x}el HZ(YE 22l
=z £ e I msE 2 Zopu e7gn
" (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
) >1.0uT
. - . Leukemia )
JohansenC, 28,224 Danish utility Occupational . —Leukemia,MenOR=1.04(0.53-2.04)
2007 cohort study Braintumor .
et al. workers exposure —Braintumor,MenOR=0.69(0.38-1.25)
Breastcancer
—Breastcancer,WomenOR=1.04(0.32-3.34)
Femalebreastcancer
6,213 female breast )
McElroyJA, case—control Occupational —LowexposureOR=1.06(0.99-1.14)
2007 cancer  cases, 7,390 Female breast cancer )
et al. ol study exposure —MediumexposureOR=1.09(0.96-1.23)
controls
—HighexposureOR=1.16(0.90-1.50)
>0.30uT
20,400 cases of breast .
ForssenUM, case—control Occupational —AlicasesOR=1.01(0.93-1.10)
2005 cancer, 116,227 Female breast cancer N
et al. ol study exposure —EstrogenreceptorpositiveOR=0.98(0.87-1.11)
controls
—EstrogenreceptornegativeOR=0.99(0.80-1.22)
Residentialexposure=0.20uT
o 1,830 female  breast Residentialexposure -OR=1.63(1.31-2.04)
Kliukiened, case—control .
' al 2004 cancer cases, 3,658 tud Occupationalexposu Female breast cancer
et al. stu
controls Y re Occupationalexposure= 31categoryXyears

—OR=1.13(0.91-1.40)




C| x}el Ha(ggael
=z £ e I msE 2 Zopu e7gn
o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
Durationat>lowintensity
LabrecheF, 2003 556 cases, 600 case—control Occupational Postmenopausal breast -LifetimeexposuresOR=1.21(0.97-1.49)
et al. controls, aged 50-75 study exposure cancer —Lagof10yearsbeforediagnosisOR=1.31(1.03-1.68)
—Exposuresbeforeage35yearsOR=1.54(1.00-2.36)
751 femal breast cancer
nested ) .
LondonSJ, cases, 702 controls from Residential
2003 ) ) ) case—control Female breast cancer >0.40 uT OR=1.21 (0.50-2.96)
et al. a multiethnic cohort in tud exposure
stu
Hawaii and Los Angeles Y
304African—Americanfema
lebreastcancercases,305¢c . .
Residentialexposure . . )
ZhuK, ontrols,aged20-64,fromU case—control . . UseofanelectricbeddingdeviceOR=1.4(0.9-2.2)
2003 —Electricbeddingdev  Female breast cancer
et al. SA study >10yearsofuseOR=4.9(1.5-15.6)

observationperiod:1995-1
998

ices
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C| x}el HlZ(HYH el
= Xt dE ool A % (A E 2 ) Z ot = H7g
o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
LIBCSPstudyparticipants
1,354femalebreastcancer
—Everuse,premenopausalOR=1.2(0.9-1.6)
cases,1,426controlsfromlL
. ) —Everuse,postmenopausalOR=1,0(0.8-1.3)
KabatGC, IBCSP case—control Residentialexposure
2003 . Female breast cancer
et al. 576femalebreastcancerca study —Electricblanketuse
EBCLISwomen
ses,585controlsfromEBCLI
S —Everuse, premenopausalOR=1.1(0.6-1.9)
—Everuse,postmenopausalOR=0.9(0.7-1.3)
576 female breast
E.R.Schoenet cancer cases, 585 case—control Residential Kaune-Savitzclassification
2003 Female breast cancer .
al. controls, aged 15-74, study exposure —HighexposureOR=1.08(0.72-1.61)
from EBCLIS
813 female breast . ) _
Meannighttimemagneticfield
cancer cases, 793 . .
. case—control Residential ->0.073uTOR=0.9(0.7-1.3)
Davis S, et al. 2002 controls, aged 20-74, Female breast cancer
. study exposure
from  Fred Hutchinson

Cancer Research Centre

VeryHighCurrentConfigurationOR=0.8(0.5-1.3)




C| x}el HZ(YE 22l
=z £ e I msE 2 Zopu e7gn
" (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
1,949 female breast Residentialexposure Ever—usersRR=0.93(0.82-1.06)
McElroyJA, case—control )
al 2001 cancer  cases, 2,498 - —Electricblanket/Ma  Female breast cancer
et al. stu
controls Y ttresscoveruse Durationofuse60+monthsRR=0,94(0.77-1.15)
Totalexposure
. 843 female breast ) —>2.43uT-yearsOR=1.2(0.8-1.7)
VanWijngaaret case—control Occupational
2001 cancer cases, 773 Female breast cancer
al. study exposure
controls 20+years
—>0.76uT-yearsOR=1.2(0.8-1.8)
1,779,646 Swedish .
PollanM, Occupational
2001 men, aged 25-59 cohort study Male breast cancer >0.30 uT RR=0.92 (0.53-1.60)
et al. exposure

between 1971-1989
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C| x}el HZ(YE 22l
At WE e & ' LA E e Zapes CEEE
o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
608 female breast . ) RegularuseofelectricblanketsOR=0.9(0.7-1.1)
ZhengT, case—control Residentialexposure
2000 cancer cases, 609 . Female breast cancer
et al. study —Electricblanketuse i .
controls, aged 31-85 Nightuse,continuouslyOR=0.9(0.7-1.2)
>0.25uT RR=1.0 (0.6-1.7)
FevchtinaM 1,767 female breast nested Residentialexposure
eychtingM,
tyl ¢ 2000 cancer  cases, 1,766 case—control Occupationalexposu Female breast cancer OnlyresidentialexposureRR=0.5(0.1-2.9)
et al.
controls study re OnlyoccupationalexposureRR=1.0(0.5-1.2)

BothexposureRR=0.9(0.3-2.7)
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O Database: Pubmed 74

O AM WMF: electromagnetic  fields[mesh terms] +

adultimesh terms] + leukemia[mesh terms]

O % 1137 231 =
-> ELF-EMF #d =&w ¥ (5453, 373,000Hz

-> A3 W47} leukemia, hematopoietic malignancy,

malignancy, AML, CML, ALL, CLL? %% A3
=> Zof Wy A9
-> in vitro A| <]
-> EZHA17] 2000 o] A A <]
> E7l5 do(F=o] &) A<

O #HEF 13 =% A4




46 .. GHTIUR; AZAE] D B METAL
—_— F d HH U4 d 10F
<E 3-11> HIPI|FA Q! HuFio| agiFof e goein
C| X}l Ha(ggael
XA} WE HTya . lmsE =Ly SRS e
o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
) >0.3uT
1,857 leukemia . .
. ) ) Adult mortality —Leukemia, OR=1.61 (0.91-2.86)
|zabel Marcilio 2,357 brain cancer case—control Occupational i
2011 —Leukemia
et al. 367 ALS study exposure
=50m
4,706 controls .
—Leukemia, OR=1.47 (0.99-2.18)
180 leukemia cases
- 87 AML
- 40 ALL
- 44 CML ) ’
Residential AML
Kaufman DW, - 8 CLL . . .
. case—control exposure ALL Working with/or near powerlines
Anderson TE, 2009 — 1 unclassified acute . . .
o ) study Occupational CML —Myeloid leukemia, OR=4.3 (1.3-15)
Issaragrisil S. leukemia
exposure CLL
756controls
(aged=>18, observation
period:

1997-2003)
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C| x}el HZ(YE 22l
Xz HE e . lmeE =Ly SRS e
o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Hematopoietic and lymphatic  Alpine train drivers
malignancies —Hodgkin's disease, HR=3.32 (0.30-36.89)
) ) —Hodgkin's disease —Leukemia, HR=0.87 (0.20-3.83)
. 20,141 Swiss railway . ) . )
Ro6sliM Occupational -Non-Hodgkin's —Myeloid, leukemia, HR=6.44 (0.90-45.95)
2007 employees cohort study .
et al. exposure disease
between 1972-2002 . }
—Leukemia Train attendants
—Lymphoid leukemia —Leukemia, HR=1.07 (0.54-2.11)
—Myeloid leukemia —Myeloid leukemia, HR=3.07 (0.65-14.57)
Electrical engineers
—Acute leukemia, OR=0.22 (0.03-1.86)
—AML, OR=0.25 (0.03-2.14)
764 leukemia cases . . o
) Electrical / electronic technicians
, - 662 AML , Acute leukemia .
EVWillett case—control Occupational —Acute leukemia, OR=0.19 (0.02-1.70)
2003 - 92 ALL —AML
et al. study exposure —AML, OR=0.20 (0.02-1.72)
— 10 others —ALL

1,510 controls

Electricians,electrical maintenance fitters
—Acute leukemia, OR=0.79 (0.46—1.34)
—AML, OR=0.79 (0.44-1.43)

—-ALL, OR=0.82(0.24-2.79)
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C| x}el HZ(YE 22l
Xz HE e . lmeE =Ly SRS e
" (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Electric blanket use
—Ever used, OR=0.8 (0.6-1.1)
—10-45 years of use, OR=0.8 (0.6-1.2)
412 AML cases Occupational
Oppenheimer M 2002 412 controls case—control exposure AML Electric water bed use
et al. (aged 30-69, from Los study —Electric blanket/ —Ever used, OR=1.0 (0.6-1.8)
Angeles) waterbed use —6-23 years of use, OR=0.6 (0.3-1.2)
Electric blanket or water bed use
—Ever used, OR=0.9 (0.7-1.2)
226 Ph+ CML cases . . . ELF-EMF
case—control Occupational Chronic myeloid .
Bjork J. et al. 2001 251 controls . —High exposure, OR=1.2 (0.44-3.1)
study exposure leukemia (Ph+)
(from southern Sweden) —15-20 years, OR=2.3 (1.2-4.5)
, 110 leukemia cases ) Ever worked in electrical occupation, OR=1.9 (1.0-3.8)
Bethwaite P et case—control Occupational .
2001 199 controls Acute leukemia Welders / flame cutters, OR=2.8 (1.2-6.8)

al.

(from New Zealand)

study

exposure

Telephon line workers, OR=5.81 (1.2-27.8)
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C| x}el A CEER
AR )3 o o)A . e =) Zapus EEEE
o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
. . Train attendant
. 18,070 Swiss railway . All neoplasms
Minder CE Occupational ) —All causes, RR=1.07 (0.98-1.17)
2001 employees cohort study (mortality)
et al. exposure . —All neoplasms, RR=1.07 (0.91-1.25)
between 1972-1993 —Leukemias )
—Leukemias, RR=1.09 (0.39-3.05)
All leukemia
83,997 employees of )
—-CLL Cumulative exposure (>20.0 uT-y)
the former Central .
) o ) . —Other leukemias —CLL, RR=1.40 (0.39-4.98)
Harrington UM electricity generating Occupational .
2001 cohort study —AML —Other leukemias, RR=1.63 (0.66-4.01)
et al. board of England and exposure .
-CML —All leukemias, RR=1.53 (0.73-3.18)
Wales between
—All other causes, RR=0.88 (0.81-0.95)
1973-1997
All other causes
50 cases
Villeneuve PJ, 199 controls nested . Arithmetric mean, >13.67 Vm~™*
. Occupational .
Agnew DA 2000 (from 31,453 Ontario case—control Adult leukemia —Employeed < 20 years, OR=0.72 (0.07-7.83)
exposure
et al. electric  utility ~ workers study P —Employeed > 20 years, OR=5.08 (1.00-22.16)

cohort study)




C|x}2l Ha(YE el
=t HE Hoa . lmsE=e) SRR H7A
o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
20 brain cancer studies .
) . ) ) Leukemia
Kheifets L 21 leukemia studies ) Occupational .
2008 ) meta—analysis Leukemia -Male, RR=1.1 (0.9-1.3)
et al. (published exposure
-Female, RR=1.1 (0.9-1.3)
year:1993-2007)
o . 28,224 populationbased o donal Leukemia
ohansen e ccupationa '
I 2013 cohort of utility  cohort study P Adult leukemia Medium exposure (0.1-.99 mT) 0.97 (0.51 to 1.85)
al. exposure
employees High exposure(>1.0 mT) 1.04 (0.53 to 2.04)
Cumulative exposure
120,852 men and women . Background Reference
Occupational . . ) .
Koeman et al. 2014 aged 55-69 cohort study Myeloid leukemiass first tertile M 1.30 (0.80-.11) F0.72 (0.34-.52)

job—exposure matrix

exposure

second tertile M 1.50(0.94-.42) F 1.41 (0.79-.51)
third tertile M 1.28 (0.80-.06) F 0.75 (0.37-.55)




Minder 7:70] 18,070“301] g3t FTE AFME A FFARA S
SF DA vl FETF A A A 5.06(1.21-21.2), EAF -l
A 267(0.75-9.62) = e Sorahan S°] 83997 wd A ZHEAE
FoE Y ATE AFoA = HEFLS SMRe| 108(92-126), +4 =
Z o] >20.0uT.y °ldQl 454+ RR=0.69(0.33-1.44)2.2 ElyT, o
ATES  SMR  dTelAde EAdAM  SMR=111(96-128) o/ ol A]
SMR=58(25-115)%2 YElst}h Navas 5 °] 1516552 He] 24l s
o7 FYP3 FAEE AFoME F7]E&A S} FAl >020uT ol =F4
ol A RR=1.55(1.14-2.12) F ¥ FAlel =%H oA RR=3.91(1.26-12.15)
o2 YElyttl Johansen S0 28224MS& Ao E £33 AT E AT
A FAelM OR=0.69(0.38-1.25)= YEFRTh Roosli 5ol 20,1418 9] 2~=9]
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- (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
>0.3uT
) —-LeukemiaOR=1.61(0.91-2.86)
Adultmortality )
) ) —BraincancerOR=1.16(0.6-2.07)
" 1,857 leukemia, 2,357 . —Leukemia
IzabelMarcilio . case—control Occupational .
2011 brain cancer, 367 ALS —Braincancer
et. al study exposure . =50m
cases, 4,706 controls —Amyotrophiclateralscler .
) -LeukemiaOR=1.47(0.99-2.18)
osis(ALS) )
—BraincancerOR=1.10(0.74-1.64)
—ALSOR=0.26(0.06-1.05)
OccupationalexposuretoELF
—AllbraintumorsOR=1.50(0.48-4.70)
Occupationalexposu —GliomasOR=1.20(0.66-2.17)
re , —MeningiomasOR=3.02(1.10-8.25)
Allbraintumors . .
) -ELF ) —AcousticneurinomasOR=1.23(0.26-5.75)
Baldil, 2011 221 CNS tumor cases, case—control RE —Gliomas
et. al. 442 controls, aged =16 study —Meningiomas

Residentialexposure
—Powerlines
—Mobilephoneuse

—Acousticneurinomas

Powerline, <100m
—AllbraintumorsOR=1.51(0.74-3.07)
—-GliomasOR=0.66(0.21-2.07)
—MeningiomasOR=2.99(0.86-10.40)
—AcousticneurinomasOR=3.23(0.28-36.62)
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- (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
55childhoodbraintumorcas
SaitoT, 2010 es,99controls,aged0-14 case—control Residential Childnood brain 0.2-0.4uTOR=1.58(0.25-9.83)
et. al observationperiod:1999-2 study exposure tumors >0.4uTOR=10.9(1.05-113)
002
Maximumexposure >0.3uT
) . —AllgliomaOR=0.8(0.6-1.1)
489gliomacases(241gliobl .
o —GlioblastomaOR=0.8(0.5-1.2)
astoma), 197meningiomac . o
) Glioma —MeningiomaOR=1.0(0.6-1.8)
CobledB, ases, 799controls,fromUS case—control Occupational :
2009 —Glioblastoma
et. al. A study exposure L .
. . Meningioma Cumulativeexposure>4.5uT
observationperiod:1994-1 .
998 —AllgliomaOR=0.8(0.5-1.2)
—GlioblastomaOR=0.9(0.6-1.5)
—MeningiomaOR=1.0(0.6-1.8)
AstroglialtumorOR=1.5(1.0-2.4)
Entirepregnancyperiod
o 548 cases, 760 controls Occupationalexposu —AstroglialtumorOR=1.6(1.1-2.5)
Peizhili, case—control ) . ) )
Jet. al 2009 between 1980-2002, tud re Childnood brain tumor —AllchildhoodbraintumorOR=1.5(1.1-2.2)
et. a stu
Québec and Ontario Y —Maternalexposure

BasedondJobtiltles, sewingmachineoperators
—AstroglialtumorsOR=2.3(0.8-6.3)
—AllchildhoodbraintumorsOR=2.3(1.0-5.4)
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
All-causemortality
Tumor,all Alpinetraindrivers
Respiratorytumor —Hodgkin'sdiseaseHR=3.32(0.30-36.89)
Hematopoieticandlymph ~ —LeukemiaHR=0.87(0.20-3.83)
) 20,141 Swiss railway ) aticmalignancies —MyeloidleukemiaHR=6.44(0.90-45.95)
Ro6sliM, Occupational ) .
2007 employees between cohort study —Hodgkin'sdisease
et. al exposure . . .
1972-2002 —Non-Hodgkin'sdisease  Trainattendants
—Leukemia —LeukemiaHR=1.07(0.54-2.11)
—Lymphoid leukemia —MyeloidleukemiaHR=3.07(0.65-14.57)
—Myeloid leukemia —BraintumorHR=1.28(0.58-2.86)
Braintumor
) >1.0uT
. . . Leukemia .
JohansenC, 28,224 Danish utility Occupational . —Leukemia,MenOR=1.04(0.53-2.04)
2007 cohort study Braintumor .

et. al workers exposure —Braintumor,MenOR=0.69(0.38—1.25)

Breastcancer

—Breastcancer, WomenOR=1.04(0.32-3.34)
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Male,allemployees
—Brainca.SMR=111(96-128)
—~Thyroidca.SMR=87(40-165)
—Otherendocrinegl.ca.SMR=128(51-264)
—LeukemiaSMR=77(64-92)
—Endocrine, nutritionalandmetabolicdisease SMR=62(53-72)
83,923 employees of )
—AccidentsSMR=74(66-82)
the former Central o
) o ) ) —SuicideSMR=79(69-92)
NicholsL, electricity generating Occupational .
2005 cohort study All causes of mortality
et. al. board of England and exposure
Female,allemployees
Wales between .
—BraincancerSMR=58(25-115)
1973-2002 )
—Thyroidca.SMR=66(2-367)
—Otherendocrinegl.ca.SMR=168(4-934)
—LeukemiaSMR=107(57-183)
—Endocrine, nutritionalandmetabolicdisease SMR=51(26—-90)
—AccidentsSMR=78(48-119)
—SuicideSMR=88(46—-154)
. . Time—-weightedaverage, =0.20uT
454braintumorcases,908c AllBraintumor .
) ) ) —AlIBraintumorOR=1.3(0.7-2.3)
ontrols,aged > Occupationalexposu  —Malignantbraintumors . .
Klaeboel, case—control . —MalignantbraintumorsOR=1.1(0.5-2.4)
2005 16,fromNorway re —Glioma ]
et. al . . study . . o —GliomaOR=1.3(0.5-3.4)
observationperiod:1980—1 Residentialexposure ~ —Meningioma

996

—Othersandunspecified

—MeningiomaOR=1.2(0.4-4.2)
—OthersandunspecifiedOR=1.3(0.5-3.5)




.57

C| X}l A CEER
&} HE o o)A . e =) Zapus EEEE
o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Occupationalexposu >0.20uT
. 1,516,552 men, aged .
Navas—Aciénet re Glioma —Leadco—exposureRR=3.91(1.26-12.15)
2002 25-64, from  Sweden cohort study . o
. al —Chemicalco—expos  Meningioma —Mercuryco—exposureRR=1.76(0.99-3.11)
between 1971-1989
ure —Solventco—exposureRR=1.55(1.14-2.12)
543 cases (214 . Highestaverageoccupationexposure, >0.6uT
Allbraincancers .
, astrocytoma, 198 . —AllbraincancersOR=1.33(0.75-2.36)
VilleneuvePJ, case—control Occupational —Astrocytoma
2002 glioblastoma  multiforme, ) ) —AstrocytomasOR=0.59(0.24-1.45)
et. al study exposure —Glioblastomamultiforme . .
115 other, 16 unknown), o —GlioblastomamultiformeOR=5.36(1.16-24.78)
—Other
543 controls —OtherOR=1.58(0.56-4.50)
Brainca.SMR=108(92-126)
AllcausesSMR=83(82-84)
83,997 employees of the
former Central electricity . . . .
SorahanT, ) Occupational Braintumormortality Cumulativeexposure, >20.0uT.y
2001 generating board of cohort study ) )
et. al exposure Allcausesmortality —BraintumorRR=0.69(0.33—1.44)

England and Wales

between 1973-1997

—-RR/10uT.y=0.88(0.72-1.07)
—AllothercausesRR=0.88(0.82-0.96)
—RR/10uT.y=0.96(0.95-0.98)
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Shuntingyardengineer
—BraintumorsRR=5.06(1.21-21.2)
Allcausesmortality
. 18,070 Swiss railway . Allneoplasms Trainattendant
MinderCE, Occupational )
¢ al 2001 employees between cohort study —Leukemias —AllcausesRR=1.07(0.98-1.17)
et. a exposure
1972-1993 P —Braintumors —AllneoplasmsRR=1.07(0.91-1.25)
—Lungcancer —LeukemiasRR=1.09(0.39-3.05)
—BraintumorsRR=2.67(0.75-9.62)
—LungcancerRR=1.04(0.75-1.45)
164 men who died of
. leukemia cases, 145 nested ) . Cumulativeexposure,2—-yearlag
SavitzDA, . Occupation Braincancer
2000 men who died of brain case—control . —4.75-12.20uT—-yearsleukemiaRR=1.44(0.53-3.91)
et. al exposure Leukemia .
cancer cases, 800 men study —4.33-12.20uT—yearsbraincancerRR=1.79(0.69-4.65)
controls
. . Occupationalexposu
FeychtingM 235,635 children in Paternalexposure>=0.30uT
eychtingM, re
Y © 2000 Sweden, follow 0-14 cohort study Childhood cancer —ChildhoodleukemiaRR=2.0(1.1-3.5)
et. al —Maternalexposure

years of age

—Paternalexposure

—BraintumorsRR=0.5(0.3-1.0)
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o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
Electricblanketuse
89,527WHIOSparticipants _ . —EveruseHR=0.98(0.72-1.32)
Katol, Residentialexposure )
2015 ,aged50-79between1993 cohort study . Thyroid cancer —FormeruseHR=1.00(0.71-1.40)
et. al —Electricblanketuse
-1998 ~CurrentuseHR=0.95(0.65-1.39)
—-20+yearsHR=0.92(0.55-1.52)
TeachersatLaQuintamiddleschool
Allcancers —AllcancerRR(O/E)=2.78,p=0.000098
: ) —Malignantmelanoma —MalignantmelanomaRR=9.76,p=0.0008
137teachersfromCalifornia . .
Milhams, . . Occupational —Thyroidcancer —ThyroidcancerRR=13.3,p=0.011
2008 observationperiod:1988-2 cohort study
et. al 007 exposure —Uteruscancer —UteruscancerRR=9.19,p=0.019
—Femalebreastcancer —FemalebreastcancerRR=1.34,p=0.24
—Others
15+yearsRR=4.89,p=0.0034
. Occupationalexposu
Loney 2,992,166 Swedish >0.35uT,ELF
opeV, re
P 2006 workers between cohort study o o Thyroid cancer -MenRR-1.06(0.85-1.33)
et. al —lonizingradiation
1971-1989 -WomenRR=0.64(0.42-0.97)
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
> 40yearsofresidence
Allneoplasms —AllneoplasmsSMR=2.61(0.84-8.09)
345residentslivinginadista Primarymalignantneopla —PrimarymalignantneoplasmsSMR=1.36(0.19-9.69)
nceupto40mfrompowerline . . sms —-SecondaryandunspecifiedneoplasmsSMR=8.75(1.23-62.12)
FazzoL, Residential ) .
2009 Jfromitaly cohort study —HaematologicaldiseasesSMR=10.56(1.49-74.97)
et. al . . exposure . .
observationperiod:1954-2 Haematologicaldiseases
003 Nervoussystemdiseases 30-39yearsofresidence
Ischaemicheartdiseases —NervoussystemdiseasesSMR=0.54(0.20-1.44)
—IschemicheartdiseaseSMR=1.78(0.74-4.28)
Cardiovascularmortality
AICVD >0.30uT, TWAbyJEM
307,012 from National Arrvihmi —AlICVDHR=0.98(0.90-1.08)
—Arrythmia
CooperAR, longitudinal mortality Occupational v o ~ —ArrythmiaHR=0.90(0.62-1.31)
2009 cohort study —Acutemyocardialinfarcti o .
et. al study, USA between exposure —AcutemyocardialinfarctionHR=1.01(0.85-1.14)
on
1980-1989 —AtherosclerosisHR=0.85(0.39-1.87)

—Atherosclerosis
—Coronaryheartdisease

—CoronaryheartdiseaseHR=1.02(0.83-1.23)
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Allcardiovascularmortality
—IntraindrviersHR=0.99(0.91-1.08)
—InshuntingyardengineersHR=1.13(0.98-1.30)
—IntrainattendantsHR=1.09(1.00-1.19)
Arrythmiarelateddeath
—IntraindrviersHR=1.04(0.68-1.59)
—InshuntingyardengineersHR=0.58(0.24—1.37)
Cardiovascularmortality —IntrainattendantsHR=1.30(0.87-1.93)
. . —Arrythmia Acutemyocardialinfarction
) , 20,141 Swiss railway . o . . )
MartinRoosli, Occupational —Acutemyocardialinfarcti  —IntraindrviersHR=1.00(0.73-1.36)
2008 employees between cohort study . .
et. al exposure on —InshuntingyardengineersHR=1.56(1.04-2.32)

1972-2002

—Atherosclerosis
—Sub—acuteandCCHD

—IntrainattendantsHR=1.14(0.85-1.53)
Atherosclerosisrelatedmortality
—IntraindrviersHR=1.02(0.65-1.62)
—InshuntingyardengineersHR=1.34(0.63-2.85)
—IntrainattendantsHR=1.17(0.76-1.81)
Sub-acuteandchroniccoronaryheartdisease
—IntraindrviersHR=1.04(0.89-1.22)
—InshuntingyardengineersHR=1.37(1.09-1.72)
—IntrainattendantsHR=1.10(0.94-1.28)
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Cardiovascularmortality
2,992 AMI, 697 e . ) _ _
. —Acutemyocardialinfarcti  Exposure,High,adjustedforsmoking
arrythmia, 197
_ _ . on —-AMIOR=0.96(0.76-1.22)
MezeiG, atherosclerosis, 2,913 case—control Occupational . .
2005 —Arrythmia —ArrythmiaOR=0.99(0.60-1.63)
et. al CCHD cases, ? Controls, study exposure . .
. —Atherosclerosis —AtherosclerosisOR=0.94(0.42-2.11)
from death certificate ) )
—Chroniccoronaryheartdi  —CCHDOR=1.10(0.86-1.41)
from US, 1986 & 1993
sease
fromSHEEPstudy
(population—basedcase—c
ontrolstudyofAMlinstockho
AhlbomAnderet Im) case—control Occupational Acute myocardial
2004 >0.3 uT RR=0.57 (0.36-0.89)

. al

695cases, 1133controls,4
5-70yearsmen
observationperiod:1992-1
993

study exposure

infarction
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
OverallCVDSMR=81(79-83)
—ArrythmiaSMR=74(50-104)
) ) ~AMISMR=86(83-89)
Cardiovascularmortality )
o ~ —AtherosclerosisSMR=64(41-94)
—Acutemyocardialinfarcti ] .
83,997 Central —Chronic/sub—acutecoronarydiseaseSMR=77(73-81)
on
electricity generating ) _ —OtherdiseaseSMR=78(74-81)
TomSorahan, Occupational —Arrythmia
2004 board of England and cohort study .
et. al exposure —Chronic/sub—acutecor .
Wales employees . Cumulativeexposure
onary disease .
between 1973-1997 ) —ArrythmiaRR=1.18(0.84-1.66),1.13(0.79-1.62)
—Atherosclerosis
) —AMIRR=1.03(1.00-1.07),1.00(0.96-1.04)
—Otherdiseases .
—AtherosclerosisRR=0.98(0.62-1.54),0.94(0.56—1.55)
—~CCHDRR=1.02(0.96-1.07),0.98(0.92-1.04)
—OtherdiseaseRR=0.99(0.93-1.04),0.94(0.89-1.00)
. >1.0uTand=20years
24,056 utility workers
. —SIR=1.06(0.7-1.6)
JohansenC, between 1900-1993 Occupational , )
2002 . . cohort study Pacemaker implantation
et. al linked to Danish exposure

pacemaker register

Averageexposure=1.0uT
-RR=0.89(0.50-1.63)
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o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
20,575ADcases, 113,217¢c
ontrols
10,207VDcases,55,969co Alzheimer'sdisease(AD) > 10years,within50m
ntrols ' Vasculardementia(VD) ~ADHR=0.71(0.38-1.33)
S 68, 7520therdementiacase Residentialexposure  Otherdementia ~VDHR=1.14(0.50-2.57)
PatriziaFrei; s,376,897controls case—control . . . .
2013 —Distancefrompowe Parkinson'sdisease(PD) —OtherdementiaHR=0.90(0.66-1.25)
et. al 16,925PDcases,90,060co study . ) )
ntrols rline Multiplesclerosis(MS) —PDHR=0.86(0.50—-1.49)
8.234MScases, 34.535c0n Motorneurondisease(MN ~ —-MSHR=0.43(0.10-1.86)
trols D) ~MNDHR=0.51(0.14-1.86)
2,990MNDcases, 14,996¢c
ontrols
Alzheimer'sdisease(AD)
Seniledementia <50m
4,650,000 person from Amyotrophiclateralsclero  _xppp—1 24(0.80-1.92)
2000 national census, L Residentialexposure SIS(ALS) . —SeniledementiaHR=1.23(0.96-1.59)
AnkeHuss; i ) longitudinal ) Parkinson'sdisease(PD)
2009 Swiss national cohort, —Distancefrompowe ) ; —-PDHR=0.87(0.50-1.56)
et. al study . Multiplesclerosis(MS)
aged >30, between rline -MSHR=1.19(0.30-4.79)
Cancerofthetrachea,bro
2000-2005 —CanceroftheesophagusHR=0.36(0.05-2.55)
nchus,lung
Canceroftheesophagus —LungcancerHR=1.00(0.64-1.57)

Alcoholicliverdisease
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o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
) ‘ . ) MediumexposureADOR=1.9(1.0-3.4),p=0.05
ZorehDavanipo 1,763 cases, 543 case—control Occupational Alzheimer's disease )
2007 HighexposureADOR=2.9(0.9-9.6),p<0.08
et. al controls study exposure (AD) ) )
High/MediumexposureADOR=2.1(1.2-3.9),p<0.01
Alldementia
—Cumulativeexposure >16.6 uT*yearsOR=1.4(0.4-4.9)
—Maximumexposure>1 uTOR=2.3(0.5-11.8)
. . ) . Alzhemier'sdisease
AndreasSeidler 195 dementia cases, case—control Occupational Alzheimer'sdisease
2007 : ->16.6 uT*yearsOR=1.8(0.3-10.6)
, et. al 229 controls study exposure Vasculardementia
—>1 uTOR=2.1(0.2-23.6)
Vasculardementia
->16.6 uTryearsOR=2.7(064-12.0)
->1 uTOR=3.3(0.5-21.6)
931 Swedish aged . . Men, =0.2uTinlifetime
QiuC, Occupational Alzheimer'sdisease(AD)
2004 >75, 1987-1989, cohort study _ —ADRR=2.2(1.0-5.1)
et. al exposure Dementia )
1991-1993, 1994-1996 -DementiaRR=2.0(1.1-3.7)
) Occupationalexposu , . )
Harmanci, 2003 57 probable AD, 127 case—control Alzheimer's disease HighoccupationalEMFexposure
re
et. al controls, aged =70 study (AD) —ADOR=4.02(1.02-15.78)

Residentialexposure
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C|x}el Hm (Y&l
=t HE Hoa . lmsE=e) SRR H7A
o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
. Swedish engineering . Amyotrophiclateralsclero
HakanssonN, Occupation >0.530uTADRR=4.0(1.4-11.7)
2003 industry worker, 537,692 cohort study sis(ALS)
et. al exposure ) ) >0.530uTALSRR=2.2(1.0-4.7)
men and 180,529 women Alzheimerdisease(AD)
Mortality
. 4,812,646 from Swedish . —Alzheimer'sdisease(AD Men,exposed1970and1980,=>0.5uT
Feychting, Occupational
2003 1980 census between cohort study ) —ADRR=2.3(1.6-3.3)
et. al exposure .
1981-1995 —Amyotrophiclateralscler ~ —-ALSRR=0.6(0.4-1.0)
osis(ALS)
Mortality =0.3uT
—Alzheimer'sdisease(AD ~ —ADOR=1.01(0.68-1.49)
Death of males in the . ) —ALSOR=0.77(0.37-1.59)
NoonanCW, case-referent Occupational .
2002 state of Colorade, —Amyotrophiclateralscler ~ —PDOR=1.50(1.02-2.19)
et. al study exposure .
1987-1996 osis(ALS)

—Parkinson'sdisease(PD

)

Electricaloccupation
~ALSOR=2.30(1.29-4.09)
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X Rt HE Pl B Zal 4= HFZd
o (Study Exposure
(Author) (Year) (Participants) ) . (Outcome) (Results)
design) (comparison)
CNSdiseases
—Seniledementia
—Presenility,includingAlz Men,average=1.0uT
heimerdisease —Presenility(AD)RR=0.92(0.25-3.42)
) o —-Demyelinationdiseases ~ —ParkinsondiseaseRR=0.64(0.26-1.54)
30,631 Danish utility . ; .
Occupational —Parkinsondisease
Johansen C 2000 workers between cohort study .
1900-1993 exposure —Cerebralpalsy Men,>3monthuitilitywork
—Epilepsy —Presenility(AD)SIR=0.90(0.60-1.28)
-ALS —ParkinsondiseaseSIR=0.90(0.69-1.14)

—Othermotorneurondisea
ses
—Spinalmedullarydisease

—-ALSSIR=1.72(0.96-2.83)
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(3) =59 =727 3= (amyotrophic lateral sclerosis, ALS) ol
gk gt AT
Koeman %°] 58279 men and 62,573 womeno| W3t FZITE <I7of A
HRo] 1.93(1.05-3.55), Marcilio ¢ $A}-thxa A4 dx71 2
o ZHE 50m oA <53 ¢ ALS9 ORe] 0.26(0.06-1.05),
Roosli 59 ZEE AFolA F4 x=F7Fo] 10uTyears o]/ 4 F-olA+=
ALSZ QIgh gk Al 9do] 21%(-6.8%-11.7%) T7t5+ AL=Z
wth Hakansson 59 FTE AFdA e >0530uTS 45 ¥ =7}
22(1.0-4nw =2 F7tete Aoz YE oY, Feychting, 59 17¢llA
RR=0.6(0.4-1.0) Noonan %< <AFolA= 0.77(0.37-159) .= el
ALS®| Z o= 9g8td Ao daAo] thh "o &= o= ek
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sclerosis|all fields]
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-> review, meta—analysis A £
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- (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
KoemanT,et. 58,279 men and 62,573 Occupational Amyotrophic lateral EMF ,exposurelevel3rdtertile
2017 cohort study .
al women, aged 55-69 exposure sclerosis  (ALS) -HR=1.93(1.05-3.55)
220-380kV,from50-<200m
-0OR=0.73(0.15-3.50)
. . . 50-150kV,from0-<50m
SeelenM, 1,139 ALS cases, 2,864 case—control Residential Amyotrophic lateral
2014 ) -OR=1.05(0.40-2.75)
et. al controls study exposure sclerosis  (ALS)
Survivalanalysis
—HR=1.27(0.87-1.86)
—DistanceandageatonsetHR=1.22(0.89—-1.67)
>0.3uT
. —LeukemiaOR=1.61(0.91-2.86)
Adultmortality )
) ) —BraincancerOR=1.16(0.6-2.07)
1,857 leukemia, 2,357 . —Leukemia
. case—control Occupational )
IzabelMaret. al 2011 brain cancer, 367 ALS —Braincancer
study exposure . =50m
cases, 4,706 controls —Amyotrophiclateralscler

—LeukemiaOR=1.47(0.99-2.18)
—BraincancerOR=1.10(0.74-1.64)
—ALScrudeOR=0.26(0.06—1.05)

osis(ALS)
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= At HE ool o Z o HFda
o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Alzheimer'sdisease(AD)
Seniledementia <50m
Amyotrophiclateralscler ~ —ADHR=1.24(0.80-1.92)
4,650,000 person from . . .
. . ) osis(ALS) —SeniledementiaHR=1.23(0.96-1.59)
2000 national census, o Residentialexposure . .
AnkeHusset. ) ) longitudinal ) Parkinson'sdisease(PD) —PDHR=0.87(0.50—1.56)
2009 Swiss national cohort, —Distancefrompowerl . )
al study . Multiplesclerosis(MS) -MSHR=1.19(0.30-4.79)
aged =30, between ine
Cancerofthetrachea,bro
2000-2005
nchus, lung 50-<200m
Canceroftheesophagus ~ —ALSOR=0.85(0.46—1.59)
Alcoholicliverdisease
Mortality Traindrivers
—Seniledementia —SeniledementiaHR=1.96(0.98-3.92)
) ) —Alzheimer'sdisease(A —ADHR=3.15(0.90-11.04)
o 20,141 Swiss railway .
R&6sliM, Occupational D)
2007 employess, between cohort study . L .
et. al 19792002 exposure —Amyotrophiclateralscle ~ Mortalityincreasedevery10uTyearsofcumulativeexposure
rosis(ALS) —Seniledementia5.7%(1.3%-10.4%)
—Multiplesclerosis —AD9.4%(2.7%—16.4%)
—Parkinson'sdisease -ALS2.1%(-6.8%—11.7%)
Swedish engineering . Amyotrophiclateralscler
Hakansso et. . Occupational ) >0.530uTADRR=4.0(1.4-11.7)
2003 industry worker, 537,692 cohort study osis(ALS)

al

exposure
men and 180,529 women

Alzheimerdisease(AD)

>0.530uTALSRR=2.2(1.0-4.7)
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- (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
. Mortality
4,812,646 from Swedish . . . Men,exposed1970and1980,=>0.5uT
_ Occupational —Alzheimer'sdisease(AD)
Feychtinget. al 2003 1980 census between cohort study ; —-ADRR=2.3(1.6-3.3)
exposure —Amyotrophiclateralscler
1981-1995 . —ALSRR=0.6(0.4-1.0)
osis(ALS)
=>0.3uT
Mortality -ADOR=1.01(0.68-1.49)
Death of males in the ) —Alzheimer'sdisease(AD)  —ALSOR=0.77(0.37-1.59)
NoonanCW, case-referent Occupational .
2002 state of Colorade, —Amyotrophiclateralscler ~ —PDOR=1.50(1.02-2.19)
et. al study exposure .
1987-1996 osis(ALS)
—Parkinson'sdisease(PD)  Electricaloccupation
—ALSOR=2.30(1.29-4.09)
CNSdiseases
—Seniledementia
—Presenility,includingAlz Men,average=1.0uT
heimerdisease —Presenility(AD)RR=0.92(0.25-3.42)
) . —Demyelinationdiseases ~ —ParkinsondiseaseRR=0.64(0.26-1.54)
30,631 Danish utility . : .
Occupational —Parkinsondisease
Johansen C 2000 workers between cohort study

1900-1993

exposure

—Cerebralpalsy
—Epilepsy

-ALS
—Othermotorneurondisea
ses
—Spinalmedullarydisease

Men,>3monthuitilitywork
—Presenility(AD)SIR=0.90(0.60-1.28)
—ParkinsondiseaseSIR=0.90(0.69-1.14)
—~ALSSIR=1.72(0.96-2.83)
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- (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
Mortality =>0.3uT
—Alzheimer'sdisease(AD —ADOR=1.01(0.68-1.49)
Death of males in the . ) —ALSOR=0.77(0.37-1.59)
NoonanCW, case-referent Occupational .
2002 state  of Colorade, —Amyotrophiclateralscler ~ —PDOR=1.50(1.02-2.19)
et. al study exposure .
1987-1996 osis(ALS)
—Parkinson'sdisease(PD Electricaloccupation
) —ALSOR=2.30(1.29-4.09)
CNSdiseases
—Seniledementia
—Presenility, includingAlz Men,average=1.0uT
heimerdisease —Presenility(AD)RR=0.92(0.25-3.42)
) . —Demyelinationdiseases ~ —ParkinsondiseaseRR=0.64(0.26—1.54)
30,631 Danish utility . : )
Occupational —Parkinsondisease
Johansen C 2000 workers between cohort study .
19001993 exposure —Cerebralpalsy Men,>3monthuitilitywork

—Epilepsy

—ALS
—Othermotorneurondisea
ses
—Spinalmedullarydisease

—Presenility(AD)SIR=0.90(0.60-1.28)
—ParkinsondiseaseSIR=0.90(0.69-1.14)
—ALSSIR=1.72(0.96-2.83)
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O electromagnetic fields[all fields] +abortion, spontaneous|all
fields]
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<H 3-18> HIP|IFTA 402 B0y S 421
C| X}l Ha(ggael
XA} WE HTya . lmsE =Ly SRS e
. (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
EMFmeasuredbytesterinhouse
—Cases:0.403+0.311uT
) 58 SA <14 weeks cases, .
ShamsiMahmet case—control Residentialexposure Spontaneous abortion —Controls:0.140+0.146uT
2013 58 pregnant women at
. al study —Maternalexposure (SA) -p<0.001
14 weeks controls
SAOR=1.85(1.38-2.47)
Time—weightedaverage
->0.128uTOR=1.7(0.9-3.2)
nested . . )
LeeGM, Residentialexposure , ) Rate—of-changemetric
2002 177 cases, 550 controls case—control Miscarriage
et. al —Maternalexposure —->0.094uTOR=3.1(1.6-6.0)

study

Maximumvalue
—-=>3.5uTOR=2.3(1.2-4.4)
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o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
DailyMaximumexposure=1.6uT
. -RR=1.8(1.2-2.7)
. ) Occupationalexposu —
969women&childreninuter —0-9weeksatmicarriageRR=2.2(1.2-4.0)
re
De—KunLi, ofromUSA . . —Susceptiblepopulations(subfertility, multiplemiscarriage) RR=3.
2002 . . cohort study —Maternalexposure Miscarriage
et. al. observationperiod: 1996—1 ) ) 1(1.3-7.7)
Residentialexposure . .
998 —Susceptible0-9weeksatmiscarriageRR=4.7(1.4-16.0)
—Maternalexposure . . .
—0-9weeksatmiscarriage, measurementattypicaldayRR=5.7(2.1
-15.7)
Electricblanketsuse
-OR=0.8(0.5-1.1)
5,342 pregnant women . . . . )
LeeGM, Residentialexposure Spontaneous abortion —LowsettingsformostofthenightOR=0.5(0.3—-1.0)
2000 between 1990-1991, cohort study . .
et. al Californi —Maternalexposure (SA) —Highsettingsfor < 1hourOR=3.0(1.1-8.3)
alifornia

WaterbedsuseOR=0.9(0.7-1.2)
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C| x}el Ha(ggael
X &} HE oo % (A ) ZopH o7 Za
o (Study Exposure
(Author) (Year) (Participants) ) ) (Outcome) (Results)
design) (comparison)
135 cases of singleton
) . <600m
. live spontaneous nested . . Pretermbirth(PTB)
SadeghiT, ) Residentialexposure ) —-PTBOR=3.28(1.37-7.85)
2017 preterm birth, 150 case—control Birthdefect .
et. al ) ) ) —Maternalexposure —BirthdefectOR=5.05(1.52-16.78)
singleton term live birth study Newborndeath
—NewborndeathOR=0.847(0.093-7.746)
controls
. . Lowbirthweight(LBW)
140,356women&childrenin . <=50m
. . . Smallforgestationalage(
utero(sigletonlivebirths)fro . . -LBWOR=2.52(0.88-7.26)
deVochtF, Residentialexposure ~ SGA)
2014 mUK cohort study . —SGAOR=2.51(0.95-6.61)
et. al . . —Maternalexposure Spontaneouspre—termbir
observationperiod:2004-2 {h(SPTB) —SPTBOR=2.00(0.61-6.59)
008 . —-PTBOR=1.73(0.52-5.70)
Pre—termbirth(PTB)
<50mfrompower-line
_ _ _ —PTB,37wksOR=0.97(0.89-1.04)
707,215 live singleton Pretermbirth(PTB)
. i . -LLBW,<250090R=0.97(0.89-1.05)
AugerN, births in the Montréal Residentialexposure  Lowbirthweight(LBW)
2011 ) cohort study? -SGAOR=1.05(1.00-1.12)
et. al and Québec between —Maternalexposure Smallforgestationalage(
1990-2004 SGA)

50-75mfrompower-line
-SGAOR=0.88(0.81-0.95)
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Abstract

(Object) Extreme low frequency electromagnetic fields(ELF-EMF) are
suspected of causing many health disturbances, but there is no
established evidence of this. In particular, most of the studies related
to low exposure groups targeting residents are needed to carry out
studies related to occupational high exposure groups. In the case of
live work, it is necessary to study the health hazards that may occur

in the high exposure group of the electromagnetic field.

(Method) We measured ELF-EMF level in Electric distribution worker
and conducted a literature review of the health effects suspected of
being associated with the electromagnetic field. _Based on this, we

attempted a valid epidemiological study design.

(Result) The arithmetic average of the extremely low frequency
magnetic field was 1.18 £ 11.20 yuT. The range of the measured value
was 0.0 7 1,671.50 pT and the range of Ceiling value was 105 ~
1,671 uT. In the case of Korean electricity with a frequency of 60 Hz,
the ELF-MF maximum value was measured by one operator when the
exposure standard (1,000 uT, Ceiling) of the US ACGIH and ICNIRP
was exceeded.

Although it has not been established through a review of the
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literature on the relationship between electromagnetic fields and health
impairment, it seems likely that this may be related to the
development of Alzheimer’'s disease. Considering the possibility of
acquiring live worker data, the size of the acquisition data, and the

possible health impairment, a monitoring system is require

(Conclusion) .Based on the results of this study, we construct a
surveillance system for active workers and contribute to the

protection of workers’ health

Key word : Exreme low frequency electromagnetic fields, helth effect
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