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‰u?� wK?;«Ë w*U?F�« Èu??�?�*« vK� l?�«Ë ‰b?� —Ëb� ÆhK�?�?�*«
, w�UF�« jG?C�« ◊uD� s� Î¡«u� WOzU�d?NJ�«  «—UO��« s� W?�F�M*« W?F�_«
vK� U�d??O�Q� Èb??�Ë , W?OzU?�d?NJ�« …e??N?�_« Ë√ W??O�eM*«  ö??O? u??��« Ë√
w� m�U?�?� 5� ”UM�« r�?I�« b�Ë Æ d?�U?�� d?O?� Ë√ d?�U�?� o�dD� ,ÊU?��ù«
Î¡UM� Êu?��U?��« r�I�« U?L� Æ ÂU?L�?�« Í√ p�– «ËdO?F� r� s�d�¬Ë U?N�—uD�
Î¡UM� Æ WM�U��� ZzU�� UN�Q� UNH Ë sJ1 w��«Ë , ZzU�� s� tO�≈ «uK u� U� vK�
÷d?F��« œËb?� l{Ë w� W�d?A*«  ULEM?*«Ë  U�?ON�« XM�U?�� p�– vK�
Âb??I� Y�?�?�« «c�Ë Æ e�d� ∂∞Øµ∞w�??O�UMG*«Ë wzU?�d?NJ�« 5?�U?�??LK�
, WO�O?�UMG�ËdNJ�« WF�_« nO� WO?I�� ÎW�—UI� WKJA*« r�� W�d?F* «bON9
ÊU?O�Ë ÷d?F?��« œËb??�Ë ÀU?��_« ZzU?�� w� s�U?�� s?� d?�– U?� `O?{u�Ë

: WO�U��« ZzU�M�U� Y���« Ãd� b�Ë Æt�U��√
÷d?F?��« œËb� w� w?�O�UM?G*«Ë wzU�d?NJ�« ‰U�?LK� ÷d?F?��« :ôË√
X��� r� , U�dO�Ë (ICNIRP) q�� WO�Ëb�«  U�O?N�« s� —œUB�« t� ÕuL�*«
Èd?�√ ÷«d�√ Í√ Ë√ 5?G�U��«Ë ‰U?H�ú� ÊU�d?��« q�?� ÷«d?�Q� t?��ö?�

©‡�±¥≤∑ØÂ≤∞∞∂®  ∏¥−≥µ :’ ’  , ±∏ Â  , ÂuK‡‡‡‡‡F�« : e�eF�«b�� pK*« WF�U� WK��

≥µ



w��«d�« tÒK�«b�� bL�� ≥∂

U�≈ p�–  d�– w��« WOzUB�ù«Ë WOLKF�« ÀU��_«Ë , b�R�Ë l�U� qJA�
r� UN�√ Ë√ , ZzU�M�« W�œ vK� ‘uA� w��« …dO?�J�«  «dOG�*U� rJ��� r� UN�√
Èd�√ W?N� s�Ë t?N� s� «c� , ZzU?�M�« pK� b�R?� Èd�√ Àu�?��  r�b�
÷«d?�_U�  ôU?:« pK� W?�ö� wHM?� w��« ÀU�?�_« s� d�?�√ r� œu?�Ë
WF?�_« ÊQ� IARC ‡�« nOMB� u� q?��� Ê√ sJ?1 qO�œ d�?�√Ë , …—u?�c*«
Ê√ sJ1 w��« ¡UO?�_« sL{ «Îb� nO?FC�« œœd��«  «– W?O�O�UMG?�ËdNJ�«

Æ WM�d�� ÊuJ�
t�_ Àu���« s� b�e* WB�<«  ULE?M*« s�  UÎ�u�H� »U��« „d� : UÎO�U�
5�Ë  ôU?:« pK�� ÷d?F?��« 5?� W?�ö� œu?�Ë W?O?�UJ�S� ‰u?I�« ‰«e� ô

Æ WO�K� «Î—U�¬ UN� Ê√ d�dI�Ë , ÷«d�_«
ÀuK?��« …œU�“ U????N�Q???� s?� w��« W????OM?H�« ¡UD?�_« VM& V?�� :U???Î�?�U�

ÆWOzU�dNJ�«  «b�bL��«Ë qO u��« ‚d� 5MI� o�d� s� w�UF�ù«
s� W?�F?�M*« tO?�?O�UMG�Ëd?NJ�«  ôU�?LK� ÷d?F��«  ôb?F� : U?ÎF�«—
ÊËœ w� w��«Ë , WOzU�d?NJ�« …eN�_« Ë  UJ�A�«Ë w�U?F�« jGC�« ◊uD�
V�U'« c�√ l� p�– sJ�√ U� UNCO?H�� V�� , UÎO�Ëœ UN� ÕuL�*« œËb(«
, W?�B�«Ë œËb?(« pK� 5� ◊U?��—« X�?�� r� t�_ , —U?��?�ôU� ÍœU?B�?�ô«
`�B� Ê« b�ôË ‰u�I� dO� «c?N� wM� QD� V��� ÀUF��ô« ÊU� «–≈ sJ�Ë

  Æ «Îb� qOK� ÀUF��ô« ÊU� Ê≈Ë v�� QD)«

W‡‡‡‡‡‡ b‡‡‡I   Æ±

, WO?�u*« ‰«u�_« s� l�«Ë nO� Èb� w� W�?O��« w� W?O�O�UMG?�ËdNJ�«  U�u*« d?A�M�
YF�M� UNCF� Ê√ ô≈ ,ÊU��ù«  U�U� s� …b�b?� ÷«d�√ W�b) , WHK��� —œUB�  s�Ë
X�U?� b�Ë  ÆÊU?��ù« Âb�� w��«  U?OKLF?�« s� dO?�J� tO?� »u�d?� dO?�Ë Â“ö�?� qJA�
W�«—b�  b�UF�Ë  UF�U� s� WOLKF�«  U��R*«Ë WOM�u�«Ë WO�Ëb�«  ULEM*« s� b�bF�«
—U�ü« ÊU?O�Ë ,U?N?OK?� Àu?�?��« ¡«d?�≈Ë ,U�—œU?B?� b�b?%Ë U?N?H?OM?B�Ë  , U?�u*« pK�
ÕuL�*«  U?�d'« vK�√Ë , UN� ÷dF��« œËb?� 5OF�Ë ,UN�b% w��« W?O�O��«Ë WO?�u�uO��«
pK� s� d�?�_« VOBM�« ÊU?�Ë Æ U�—UA��« s?� b(« ‚d� p�c�Ë , W?�UFK�Ë 5K�U?FK� UN�
W?F?�_« u�Ë W?F?�_« pK� s� W?�?O?��«Ë ÊU?��ù« vK?� dD�_« Èb*U� ’U?�  U?�«—b�«



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�≥∑

U�dD� V�??�� , W?LJ�?� b?�«u?�Ë j�«u?C?� XLJ� b?I?� , Ionising Radiation WM�R*«
, t�b?% Íc�« d�_« s� nAJ�« W�uN?� V��� p�c?�Ë ,ÊU��ù« vK� `{«u�«Ë b?�bA�«

Æ »—U���«Ë Àu���« s� b�e* W�U�� ‰«e� ô wHOD�« Èb*« s� d�ü« V�U'« Ê√ ô≈
ÊuJ� U?N�√ Í√ WO?�O�UMG?�Ë WOzU�d?N� 5�?�u� s� W?O�?O�UMG�Ëd?NJ�« W�u*« V�d?��
5�N�?��  5�OzU�eO� 5�O?L� UL�Ë , (H) w�O�UMG� ‰U��Ë (E) wzU�dN� ‰U?�� :5�U��
hzU?B� U?L?NM� qJ�Ë ¡u?C�« W�d?�� U?L�—U?A��« ‰ö?�   5�?��U?B?��Ë 5�b?�U?F�?�Ë

ÆÈd�_« s� WHK���
(E) wzU�dNJ�« ‰U:« ±[±

Æ ÁU&«Ë —«bI� UN� Ê√ Í√ WN��� WOzU�eO� WOL� −
wzU�d?NJ�« ‰U?:« Êu?JO?� , wzU�d?NJ�« ‰U?:« —b?B?� w� W?OzU�d?N?J�«  UM�?A�«  −
‰u� «Îœu?�u� wzU�dNJ�« ‰U:« ÊuJ� ,d?�¬ dO�?F�� Ë√ , UM�A�« œu�u� «œu?�u�

Æ —UO��« ÊU�d� s� dEM�« iG� UÎOzU�dN� Î√bN� qL�� q u� Í√
Æ q u*« w� oKD*« bN'« l� UÎ�œd� V�UM�� YF�M*« ‰U:« …b�  −

U?LK� t�b?� qI�Ë (Vm— 1 ) d?�?� qJ� X�u?H�«  «b?�u� wzU�d?NJ�« ‰U?:« ”U?I�  −
Æ —bB*« s� U�bF��«

ÆÂU��_« s� U�dO�Ë —U��_« Ë√ w�U�*U� W�uN�� tHOFC�Ë Áb  sJ1  −
≤∞∞∞∞® Á—«b?I?� “ËU??�?�� U?�bM� qO??LM� Ë√  «e?�Ë qJA� t� ”U??�?�ù« sJ1  −
„d?��� U0—Ë , d?�¬ v�≈ h�?� s� t� ”U�?�ù« W�—œ nK?���Ë Æ©d?��ØX�u?�
w�U?F�« jG?C�« ◊uD� X% t?�u?�Ë bM� ”UM�« iF� bM� ”√d�« Ë√ s?�bO�« d?F?�

ÆwzU�dNJ�« ‰U:« V���
w�O�UMG*« ‰U:« ≤[±

Æ ÁU&«Ë —«bI� UN� Ê√ Í√ tN��� WOzU�eO� WOL�  −
, q u*« q�«œ © UM�A�« W?�d�® wzU�dNJ�« —U?O��« ÊU�d� W�U?� w� ô≈ YF�M� ô  −
«–≈ U�√ ,«dL��� UO�O�UMG� ôU�� YF�M� ·u�� b�«Ë ÁU&U� —UO��« W�d� X�U� ÊS�
·u� w�O�UMG*« ‰U:« ÊS� …œËb�� WOM�“ …d?�� q� UN�U&« dOG�  UM�A�« X�U�

Æ«œœd�� ÊuJ�



w��«d�« tÒK�«b�� bL�� ≥∏

Æ—UO��« …b� …œU�e� UÎ�œd� w�O�UMG*« ‰U:« …b� œ«œe�  −
ÆwzU�dNJ�« ‰U:« w� UL� tHOFC� Ë√ Áb  VFB�  −

Æt�—uD� sLJ� UM�Ë …dO�� d�œUI� bM� v�� t� ”U��ù« sJ1 ô  −
 «b?�u� w�Ëb�« ÂUEM�U� ”U?I�ËB  w�?O�UMG*« o�b?��« W?�U�J� tM� d?�?F� Ê√ sJ1  −
”ËU'« …b?�u� w�ËU'« ÂUEM�U� t�«b?���« d?A�M�Ë (Wb m— 2  = Tesla) Æ ö���«
Æ(A m— 1) …b�u� ”UI�Ë H w�O�UMG*« ‰U:« …bA� tM� d�F� Ê√ sJ1Ë , (Gauss)

Æ B = H  WO�U��« W�öF�U� ÊU�OLJ�« j��d�Ë  −
Ë√ ¡«uN�« Ë√ ∕«d?H�« w�Ë , j�uK� WO�O�UMG?*« W�–UHM�U� v�b� X�U� u�  Ê√ YO�

o = 4×10— 7 (Hm— 1) : t�LO� ÊuJ� w(« szUJ�« ZO��
VO�d��« vK�d�� Ë ÍdM� :UL� m , H YO�

Æ Wb d�u�« UN�b�ËË …—U*« WO�O�UMG*« ◊uD)« œb� u� φ w�O�UMG*« o�b��« −
÷dF�«  U�U� vK� d?O�Q��«Ë WO�K��« WO�u�uO��« —U�ü« w�?O�UMG*« ‰U�LK� ÈeF� −

Æ WOJK�ö�« …eN�_«Ë
WO�O�UMG�ËdNJ�«  ôU:« nO� ±[≥

W?�UD� Cosmic Rays W?O?�uJ�« W?F??�_« s� W?O?�??O�UMG??�Ëd?NJ�«  ôU??:« b?�9
W?F?�_«Ë Gamma U?�U?� W?F??�√ r� e�d?O� ≤≥±∞ œœd� s� X�u??� ÊËd?�J�≈ ∏±∞×¥
√b��  r� WM�R?� WF�√ d��?F� UNFO?L�Ë e�dO� ©±µ±∞×≥ − ≤≤±∞® s� X-Rays WOMO��«
±∞∞ w�u?� ‰u� bM� WM�R*« d?O?� W?F?�_« Ë√ W?�U� q�_« W?F?�ú� nOD�« s� ¡e?'«
¥∞∞ w�u*« ‰uD�«  v�� Ultra-Violet (UV) WO��HM��« ‚u� WF�_U� √b�� , d��u�U�
r� , Infrared (IR) ¡«dL(« X?% WF�_« r� ,Visible Light WOzd*« WF?�_« r� d��u�U�
, Radio Frequency (RF) u�œ«d�« WF�√ r� , Micro Wave (MW) n�ËËdJO*« WF�√
Extremely Low Frequency (ELF) «Îb?� nO?F?‡C�« œœd?��«  «– W?F?�_U� w?N?�M�Ë
 U?�u*« U?NM?�Ë e�d?O� © ≥∞∞∞ − ∞® s� œœd‡�‡?�« Ë– nO‡‡D�« s� ¡e‡‡?'«  q�‡‡9Ë
s�� w�?�«Ë e�d� ∂∞Øµ∞ W?O?zU�d?NJ?�« ◊uD)« s�  …—œU??B�« W?O??�?O�U?MG?�Ëd??NJ�«
…—uD� W?IO?I?� „«—œù Y��?�« «c� r�b�  e�u?� Õd?�Ë® d�¬ nOM?B��Ë ÆU�œb?B�
©UN�—uD� w� WG�U?�� ÊËœ ÂUL��ô« s� UNI?� UNzUD�≈Ë WO�O�UMG?�ËdNJ�«  ôU:«



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�≥π

pK� t�b??% Íc�« d�ú?� U?F??�� o�UM� W??F�—√ v�≈ w�??O�UM?G?�Ëd??NJ�« nOD?�« nMB�
:w�Ë  U�u*«

‰u�Ë ©WO�U� W�U� Ë√ ®w�U� œœd�  UN�Ë Ionizing Radiation WM�R*« WF�_« : ÎôË√ 
·dF�Ë W?OL?O�?� WHB� ÊËd?�J�ù« Èu�?�� vK� q�U?F��« U?NMJ1 «b� d?OG?  w�u�
, …œU*«  «—– 5�Q�� w?HJ� U� W�UD�« s� p?K�9 w��«Ë WO�?O�UMG�Ëd?NJ�« WF?�_« UN�Q�
s� pK�9 UN?�√ wMF� «c�Ë ,…—c�« w� Á—«b� s� d�?�√ Ë√ ÊËd�J�≈ Ã«d?�≈ d�¬ vMF0 Ë√
5� j�d�U� Âu?I� s� u� ÊËd?�J�ù« Ê√ YO� , W?�—c�« j�«Ëd�« d�J� w?HJ� U� W?�UD�«
U0d?� W?F�_« p?K� q�* ÊU?��ù« r�?� ÷dF?�� U?�bM�Ë , U?��e?'« ÊuJ�?��  «—c�«
q�??� W??L??N*«  U�u?J*« iF� p�c?� d�Q??��Ë W??OK)« q�«œ  U??�?�e?'« j?�«Ë— d??�J�
W?OK)« ÂU�?I�« w� rJ��?�« w� »«dD{« tM� Z�M� U2 (DNA) q�?� W�ËuM�« ÷UL?�_«
pK� s� Àb?�� b?� U* ‰U�?� «c�Ë , ©ÊU�d?��« ÷d?�® wFO?�� d?O?� qJA� U�d�UJ�Ë

ÆUN�—uD� `O{u�� WF�_«
WO�O�UMG�ËdNJ�« WF�_« Í√ ,Non-Ionizing Radiation WM�R*« dO� WF�_« :UÎO�U�
j�«Ë— d?�J� W?�U� pK�9 ô Èd?�√ …—U?�F� Ë√ …—c?�« 5�Q�� W?O?�U?� W?�U� pK�9 ô w��«
iF� v�≈ ÃU?���Ë «b?� dO?�?� WM�R*« dO?� WF?�ú� œœd?��« Èb� Ê√ YO?�Ë Æ U��e?'«
w�Ë ,WOzd*« W?F�_U� vL?�� U� w� WF?�_« pK� w� W�U� vK�√ ÊS?� e�u*« qOB?H��«
,t� ’U)« Áœœd� t� q�Ë  U?�«uO(« Ë√ ÊU?��ù« q�� s� U�ƒdK� Âb�?��� w��« W?F�_«
wzd*« ¡u??C�« W?F??�√Ë W??O?�??�?HM�?�« ‚u?� W??F?�_« w�Ë o�U?M� Àö� v�≈ r�??IM�Ë
w��« W?�UD�« pK?�9 ô W?F?�_« Ác� Ê≈ YO?�Ë Æ ¡«d?L?(« X% W?F?�_« r� ©ÊU?��û�®
 U�Ëd?�J�ù« dO?�� Ê√ sJ1 UNMJ�Ë W?OzUO?LOJ�« j�«Ëd�« d?�� Ë√ …—c�« 5�Q� s� U?NMJ9
qO?�� vKF?� , Photochemical wzu?{u?LO?� q�U?H� À«b?�≈ U?NMJ1Ë , …—c�« ZO?N�Ë
UN�uD� »—U?I� U?NL�?� w��«  U�ËdJO*« UV-C WO?��HM��« ‚u?� WF�_« q�?I� ‰U�*«
jOK�� bM� Àb?�� Íc�«Ë , Germicidal UV rO�«d'« W?K�UI� XOL?� p�c�Ë w�u*«
U?NKF?�� wzU?O?L?O?� q�U?H� ÀËb?� W?OK)« …b?O?�Ë  UMzUJ�« pK� vK� W?O?�U?� W?�d?�
oO�œ q U� b� b�u�ô t�√ W?�dF� s� b�ôË ÆvMH�� UN�«dLF?��� ¡UM� …œU�≈ lOD���ô
sJ�Ë Èd?�_« √b?�?�Ë …b?�«Ë wN?�M� YO?�� W?M�R*« d?O?�Ë WM�R*« W??F?�_« 5� œb?�?�



w��«d�« tÒK�«b�� bL�� ¥∞

nOD�« o�UM� lOL� w� ‰U?(« u� UL� w��—b� qJA� ULNC?F� w� q�«b�� 5�IDM*«
,nOD�« o�UM� s� 5�?O?L�� 5� qB?HK� oO?�œ b?� „UM� fOK� , w�O?�UMG�Ëd?NJ�«
Ê√ sJ1 WOMO��« WF�_« s� W?��dI�«Ë WO��HM��« ‚u� WF?�_« WIDM� ÊS� V���« «cN�Ë

ÆÆÆ«cJ�Ë U� b� v�≈ WM�R� WF�√ ÊuJ�
w�Ë® RF u�œ«d�« W??IDM� U?N??OK�Ë MW n�ËËdJO?*« W?IDM� p�– b??F� √b?�� :U??Î��U�
Ác�Ë , e�d?O� U�?O� ± œœd?��« v�� © ôU?B�ô« w� UN?�«b�?��« sJ1 w��«  U?�u*«
j�«ËdK� d??�?� Ë√ 5�Q� Àb?% ô l�D�U?� w� w�?O�UMG??�Ëd?NJ�« nOD�« s� W??IDM*«
U2 q�√ U?N�?�U� Ê√ Í√ , d�?� ©≤±∞−¥−±∞® d?O�J�« w?�u*« UN�u� V�?�� W?OzU?OL?OJ�«
U?N?�u� V�?�� w?zU?O??L?O?� q?�U?H� À«b??�≈ Ë√ …—c�« …—U�≈ lOD�??�� ô U?C?�√Ë , wHJ�
q�«œ Induced Current U?Î�?�?�?�?� U??OzU�d?N?� «—U?O� Àb?% Ê√ sJ1 U?N?MJ�Ë , w�u*«
,©wzU�e?O?� d�√® …—«d� b�u?� b� —U?O?��« «c�Ë ,Ê«u?O(«Ë ÊU?��ù« r�?� q�?� ÂU�?�_«
W��� W�—«d(« WF�_U� WF�_« Ác� vL�� UL� , wNDK� n�ËËdJ�U*« Âb���� p�c�Ë

Æd�– U*
dH  <  v�� e�dO� U?�O� ± s� q�_« RF WO�?O�UMG�ËdNJ�« u�œ«d�« W?F�√ :UÎF�«—
q�«œ UÎ����� «—UO� Z�M� UN�Q� X�� W?F�_« Ác�Ë , W�—«d(« dO� WF�_U� vL�� e�dO�
r�?�� W�—UI?� «b� d?O?�J�« w�u*« UN�u?D� «dE� «b� qO?�?{ tMJ�Ë WK u*« ÂU�?�_«
 U?�u?� vL��Ë e�d?O� ±∞∞∞ œœd?��« X% nOD�« s?� ¡e'« «c� d?�¬ w�Ë Ær�?'«
 U�u*« œœd� U?N�% Ã—bM�Ë Extremely Low Frequency ELF «Îb� WHO?FC�« œœd��«
W?O�?O�UMG?�ËdNJ�« W?�u*« ‰uD� , e�d� ∂∞Øµ∞  W?OzU�d?NJ�«  «—U?O��« s� …—œU?B�«
r�?�� W�—UI?� r� µ∞∞∞ ~ «Îb?� dO?�� …œœd?�*« WOzU�d?NJ�«  «—U?O��« Ác� s� …—œU?B�«

ÆÊU��ù«
ÊS?� e�d� ∂∞Øµ∞  œœd�?� w�?O�UMG�Ëd?N?� ‰U�?� v�≈ ÊU��ù« ÷d?F?�� U�bMF?�
…d�U?�� nI� ÊU��ù« ÊU?� Ê≈Ë v�� , r�'« q�«œ Q?AM� ·u� öO�?{ UÎOzU�dN?� «Î—UO�
—UO?��« «c�Ë , ( A) dO?��√ËdJO*« —U?O��« «c� “ËU?��� ôË ,w�UF�« jG?C�« ◊uD� X%
W?LO?I�?�� d?O� ‚dD� d1 tMJ?�Ë r�'« w� W?���_« U�ö?� —b� ‚«d?��ô w�U?� dO?�
 «—UO?��« s� q�√  U?�u*« pK� s� T�UM�« —UO?��« «c� Ê√ ¡U?LKF�« iF� —bI�Ë ÆU?NMO�



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�¥±

vK� VKI�«Ë a*« s� …—œU?B�«Ë t?�H?� r�'« U?N?�b�?�?�� w��« WO?F?O�D�« W?OzU�d?NJ�«
d�√ U??N� fO�  ôU?:« p?K� ÊQ� ¡U?LK?F�« iF�  Z�?�?� p�– V�?��Ë Æ‰U??�*« qO??�?�

Æw�K� w�u�uO�
 U?�u*« …—u?D� ò Ê√  d?�– U?L??O?� `{Ë√ Ê√ b�ô …d??I?H�« Ác� r�??�√ Ê√ q�?�Ë
Èd�√  «dOG��Ë q�«u� œu�u�Ë p�– l�Ë ,å U?N��U� …œU�e� œ«œe� WO�O�UMG�ËdNJ�«
ÊuJ� WO?��?HM��« ‚u� WF?�_«  U�u�  ÊS?� ‰U�*« qO?�� vKF� UM� rO?LF?��« sJ1 ö�
 U�u*« l� W�—U?I� tM� d��u�U� ≤∑∞ w�u*« ‰uD�« bM� ÊU?��ù« vK� sJ1 U� dD�√

ÆtO��HM��« ‚u� WF�ú� dB�_«

÷dF² « œËb( WŽdA*«  ULEM*«  Æ≤

ÊdI�« s�  UMO�?��« w� WOzU�dNJ�«  ôU�LK� W?��UB*« WO�?B�« —U�üU� ÂUL��ô« √b�
‰Ë√ Russian Electrical Switchyard Workers ”Ëd�« ¡U??LKF�« —b?? √ U?LMO??� w{U*«
qz«Ë√Ë  UMO?F?�?��« d�«Ë√ w�Ë ,W?OMN*« ◊U?�Ë_« w�  —«d?{√ œu?�Ë ‰U?L�?�« s� d�d?I�
÷d�Ë  U�UF�ù« pK�� ”UM�« W�U� ÷d?F� 5� j�d� Èd�√ d�—UI�  dN�  UMO�UL��«
(IRPA) ŸU?F�ù« s� W�U?�uK� WO*U?F�« W�?ON�« X�U?� U�bM�  Æ5G�U?��«Ë ‰UH�ú� ÊU�d?��«
ÂU� w� Non-Ionizing Radiation (NIR) WM�R*« dO�  U?�UF�û� qL� W�u?L�� rOEM��
s� W?&UM�« W?�?O?��« W?O?�?B�« —U�ü« s� W�U?L?(«Ë W�U?�u�« U?N?�U?N?� s� ÊU?� w��«Ë ±π∑¥
X�?�? √ f�—U?� w� ±π∑∑ ÂU?� W?�?O?N�« fK�??� w�Ë Æ WM�R*« d?O?� W?F??�ú� ÷d?F?��«
International å WM�R*« d?O�  U�U?F�û� W?O�Ëb�« WM�K�« ò ‡� v�b� Ác� qLF�« W?�uL?��
W�B�« W�F?� l� ÊËUF��U� X�U� w��«Ë Non-ionizing Radiation Committee (INIRC)

World Health W�BK� WO*U?F�« WLEMLK� WF�U��« Environmental Health Division WO�O��«
W?O?�?B�« hzU?B??)« ozU�Ë œ«b?�≈Ë qOJA� W?O�u??�?�?� qL?�?�� Organization (WHO)

WO?�O��« W?�B�« j�«u?{ Z�U�d� s� Î¡e� qJA� U?NFO?L� Ác‡�Ë ÆWM�R*« d?O�  U�U?F�û�
Íc�«Ë (WHO) W�BK� W?O*UF�« WLEMLK� Environmental Health Criteria Programme

United Nation Environmental Programme W??�?O??�K� …b??�??�*« 3_« Z�U�d� s?� r�bÔ�
‚d�Ë …e?N?�_«Ë W?O?zU�e?O?H�« hzU?B?�?K� WK�U?� W�ƒ— sL?C?�?� ozU�u�« Ác� Æ(UNEP)



w��«d�« tÒK�«b�� bL�� ¥≤

W?OKOB?H� W?F�«d?� v�≈ W?�U{ùU� W?M�R*« dO?�  U?�UF?�ù«  U?IO?�D�Ë —œU?B*«Ë ”UO?I�«
s� WL�UM�« WO�B�« d�U<« rOOI�Ë UN�O�«bB� W�—œË ,WO�UOI�«  UH «u*« s� d�u�LK�

ÆWF�_« pK�� ÊU��ù« ÷dF�
 «—«dI�« s� b�bF�« —«b? ≈ sJ1 ÷dF��« œËb( rO� l{u� t�√ WM�K�«  d?���« b�Ë
W?OKL�Ë W?OLKF�« d�—U?I��« W?O�ö?  b�b?��� p�– v�≈ ‰u? u�« sJ1Ë ÆWL?N*« ÂUJ�_«Ë
WOKL?� Ê√  l�Ë ÆÊU��ù« vK� —U�ü« h�� UL?O� »—U���«  U�«u?O� s� ZzU�M�« ¡«dI?��«
W�œUB?��ô« —U�ü« p�– w� U0 ,W�—Ëd?C�« ¡UO?�_« s� d��?F� …bzUH�«Ë W?HKJ��« 5� W�“«u*«
bL�F� `z«uK�« Ác� w� œËb?(« Ê√ ô≈ , UO u��«Ë œËb(« cOHM�� WF�U?�*«Ë j�C�« WOKLF�
dO?�  U�u�Ë√ Í√ Ë√ W�œU?B��ô« —U�ü« —U?��?�ôU� c�_« ÊËœ W?OLKF�«  U�U?O��« vK� j?I�

ÆWOLK�
W?�O?� d�u� Ê√ V�� œËb?(« Ác� ÊS?� …d?�u�?*« WO�U?(«  U?�uKF*« s�Ë ‰U?� q� vK�Ë
·ËdE�« lO?L?�  X%  U?�U?F?�ù« pK?�� ÷d?F?��« h�� U?L?O?� W?O?�?  …U?O?�Ë qL?�
w� rN�—U?A�?�ô 5BB�?�� œ«d?�√Ë b�UF?�Ë  UO?FL?� W�?ON�« X�d?�√ b�Ë ,W?OFO?�D�«
w�Ëb�« d9R*« w�Ë Æ(IRPA) ‡K� Íc?OHM��« fK:« s?� U�œUL?��« - w��«   `z«uK�« œ«b?�≈
X�U� ±ππ≤ ÂU?� å«bM�ò ‰U�d��u� w� ÂU?I*«Ë ŸUF�ù« s� W�U�uK� W?O�Ëb�« W�O?NK� s�U��«
International Commission on  ‡� X�d?� WKI?�?�� …b�b?� W?LEM� fO?�Q?�� W�?O?N�« Ác�
(INIRC) WI�U?��« WLEMLK� —«d?L�?�U� Non-Ionizing Radiation Protection (ICNIRP)

d�uD�Ë (NIR) WM�R*« d?O??�  U?�U?F?�ù« d�U?�?� Y�?� w� q�?L?�� W?LE?M*« Ác� ÂU?N?�Ë
lOL� l� q�UF��«Ë WM�R*« dO�  U?�UF�û� ÷dF��« œËb( WO�Ëb�«  «œU�—ù«Ë `z«uK�«
5F�—√ s� hB��� ±µ∞∞∞ s� d��« X�u�« «c� w� W?LEM*« ÁcN� qLF�Ë ÆUN� oKF�� U�

Ær�UF�« ‰u� «ÎbK�
«bMJ� ŸU?F?�ù« s� W‡�U?L�K� W?‡O�«—bH�« W?‡OL?OK�ù« W‡M�K?�« Èd‡�_«  U�?O?N�« s�Ë
WM�K?�« Ác� vMF�Ë Federal-Provincial Territorial Radiation Protection Committee

, «Îb� iH�M*« œœd?��«  «–  ôU:« UNM�Ë WO�O�UMG?�ËdNJ�«  ôU:« w�  «—uD��U�
W?O?LKF�« ÀU?��_« W?F?�«d?�Ë W?O?�?B�« —«d?{_« W?�«—œ qL?A�Ë ,«bM� q�«œ U?N�U?A�Ë
5OMN?LK� œËb?(« l{Ë U?N�U?N?� s�Ë Epidemiology W?��Ë_« rK� ‰U?�?� w� U u?B?�

 ÆW�UF�«Ë



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�¥≥

The b�ö�—U?� w� ŸU‡F?�ù« s� W‡�U?L?�K� wM�u?�« fK:« W‡OM�u�«  U?�?O?N�« s‡�Ë
s� r?�ô« «c� e?????O????�√ b????�Ë National Council on Radiation Protection (NCRP)

w�  «—uD��« WF?�«d�Ë W?F�U�� w� …d?O�� «Îœu?N� t�Ë ,±π∂¥ WM� wJ�d?�ô« ”dG�uJ�«
 Æ÷dF��« œËb� l{ËË »—U���« ¡«d�≈Ë Àu���« qL�Ë (ELF) ‡K� ÀU��_«

National Radiological Protection WO?�UF?�ù« W�UL?�K� WOM�u?�« W�O?N�« UÎC�√ U?NM�Ë
±ππ∞ ÂU?� w� W?�—U?A?�??�« W?�u?L??�?� X�?�√ w�?�« …b?�?�*« WJ?KL*U� Board (NRPB)

vK� WF�_« pK� d�R� Ê√ sJ1 Èb� Í√ v�≈ b�b���Ë WM�R*« d?O� WF�_« ÀU��√ WF�«d*
UÎC�√ U?NM�Ë Æ AGNIR s�R*« d?O� ŸU?F?�û� W�—U?A�?�ô« W�u?L?:« UN?� l���Ë ,ÊU?��ù«
National Health and Medical U?O�«d?�?�U� W?OM�u�« W‡�?B�«Ë w�?D�« ÀU‡��_« fK�?�
…œU� vM�?�� t�√ ô≈ ‰U:« «c� w� W?LN� U?Î�U��√ t� Íc�«Ë Research Council (NHMRC)

q�� d�—U?I��« hM� ÁœËe� w��«Ë (IRPA) ŸUF?�ù« s� W�U�uK� W?O*UF�« W�?ON�« s� —b?B� U�
‚dD�� ·u?� W?OM�Ë Èd�√  U?LEM� r�U?F�« d?�?� b�u�Ë Æ«ÎdJ�?� U�UM�?�� wJ� U�—«b? ≈
q�b�� X��? √ fO�UI*«Ë  UH «u*«  U�O� Ê√ U?L� , ÷dF��« œËb� d�– w� U?NCF��
…eN?�_«  UH? «u� l{Ë w� …b�«e�?*«  U�KD�*« UN?OK� XK�√ YO�  U?�«—b�« pK� w�
International Electrotechnical Commission ,q�????� ”U?M�« 5?� U????N�Ë«b� s?J1 w?��«
International Commission Ë International Standards Organization (ISO) Ë ,(IEC)

The European Committee on Electrotechnical Standard- Ë on Illumination (CIE)

ÆU�dO�Ë ization (CENELEC)

Institute of Electrical WO�Ëd�J�ù«Ë W?OzU�dNJ�« W�bMN�« bNF� U?ÎC�√  U��R*« s�Ë
÷d?F?�K� «ÎœËb�Ë  U?H? «u?� U?��b� —b? √ b?�Ë and Electronics Engineers (IEEE)

WO�dH�« WM�K�« ‰ö?� d�uD�K� UÎ�ËdD� ÊU� Íc�«Ë ›±¤w�O�UMG*«Ë wzU�dNJ�« 5�U�LK�
IEEE International w�?O�UMG?�ËdNJ�« ÊU?�ú� W?O�Ëb�« WM�K�U� Êü« X�d?� w��«Ë , III

ÊU???�ú?� wM�u�« b????N???F*« U???N?M�Ë Æ Committee on Electromagnetic Safety (ICES)

The National Institute for Occupa- W?OJ�d?�ô« …b�?�*«  U�ôu�U� 5K?�UFK� W?�?B�«Ë
,±ππ± WM� cM� WO?�B�« —U�ü« rOOI?�� ÂU� Íc�«Ë tional Safety and Health (NIOSH)

X�ËË qLF�« l�«u� w� W?O�O�UMG�ËdNJ�« WF?�ú� ÷dF��« rO� t� ÊuB?�<« ”U� b�Ë



w��«d�« tÒK�«b�� bL�� ¥¥

WDA�√ s�Ë Æ÷d?F��« s� Àb‡% b?� w��« W?O�u�u?O��« —«d?{_« «u�—œ U?L� , r�b?�«u�
—uD�Ë œ«“ b?�Ë , Èd?‡�_«  U‡LEM*«Ë  U‡?F?�U?'« l� ÀU‡��_U?� „«d?�?�ô« NIOSH

The National EMF Research and Public Information vL???�??� X?% ◊U‡AM?�« «c‡�
ÊU???�ú?� …b???�???�*«  U?�ôu�U� W????O???�uJ?(«  «—«œù« s�Ë Æ Dissemination (RAPID)

Íc�«Ë Occupational Safety & Health Administration (OSHA) 5K�U?FK� W?�?B�«Ë
s� W�U?L(U� oKF?�� w��« ÀU?��_« t�UA� V�«u?� r�√ s�Ë ±π∑± WM� s� U?NKL� √b?��«

ÆŸUF�ù«
The National Institute of W?O�?O��« W?�B?�« ÂuKF� wM�u�« bN?F*« Q?C�√ 5L�?N*« s�Ë
w� UÎ�U?��√ t�Ë ,±π∂∂ W?M� f�Q� Íc�«Ë Environmental Health Sciences (NIEHS)

 ôU??�??LK� ÷d??F??��« V�??�� W??�??O??��« —U�ü« V�«u??� W??OD?G?�?� …œb??F?�??�  ôU??�??�
 U�«uO� vK� ZzU?�M�« ¡«dI��«Ë WOKL?F�«Ë W�dEM�« ÀU��_« XKL�Ë ,WO�?O�UMG�ËdNJ�«

Æ »—U���«

ELF w OÞUMG ËdNJ « ‰U:« w  ÀU×Ð√  Æ≥

U?N�«d?O�Q�Ë ELF «Îb?� nO?FC�« œœd?��«  «– W?O?�?O�UMG?�ËdN?J�«  ôU:« XF?C?�
d?�?� W??OM�Ë ÊU?' s�   U??F?�«d*«Ë  U?�«—b�« s� d??O?�?� œb?F?� ÊU?��ù« vK� W?O??�K��«

Æ›∏−≤¤r�UF�«
 ôôb?�?�ô«Ë dEM�«  U?N?�Ë w�  «Îb� «Îd?O?�?� UÎM�U?�� ‰U?:« «c� w� ÊuK�U?F�« b?��
Î¡«u?� ,…UO?(« vK� WO?�?O�UMG�Ëd?NJ�«  ôU?:« …—uD� Èb� w� t?O�≈ «uK u� U?� r�b�
s�U?���« pK� W?�—œ Ê≈ q� , W?OMF*«  U�?O?N�«Ë  ULEM*« Ë√ 5�?�U?��« V�U� s� p�– ÊU?�
w�O�UMG�ËdNJ�« ‰U:« —d{ ÂbF� ‰uI� s�  ôôb��« iF� vK� lKD*« Ê√ v�≈ qB�
iF� v?K� lKD� s?�Ë , »«u??B�« rN??F??� ÊQ?� Âe??�� ELF «Îb??� iH??�?M*« œœd??��« Ë–
«c� fJFM�Ë ,U?N?O?� ‰«b?�ô W?I?O?I?� —d?C�« ÊQ� rK�� U�—d?C� ‰u?I� s�  ôôb?�?�«
v�≈ rzU� ·ö?��ô« «c�Ë Æ ôU:« pK�� ÷d?F��« œËb� l{Ë vK� Á—Ëb� ·ö?��ô«
WOzUB?�ù«  ôôb��ô« vK� WL?zUI�« ÀU��_« v�≈ s�U�?��« «c� V�� l�d�Ë «c� UM�u�
WN� s�Ë tN� s� «c� ,t�b� s� —dC�« œb% w��«  WOzUB�ù«  5IO�« W�—œË WOKLF*« Ë√



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�¥µ

ELF «Îb?� nOF?C�« œœd?��«  «– WM�R*« d?O� W?O�?O�UMG?�Ëd?NJ�«  U�u*« W?F?O�� Èd?�√
Èb*« w� U?N� ÊU?��ù« ÷d?F� bM� `{«Ë d?�U?�?�  Íu?O� —d?{ À«b?�≈ vK� U?N�—b?�Ë
«c� b$ ö� ‰U�*« qO?�� vK� WM�R*«  U�UF�ù« v�≈ U�dE� uK� Æ bO?F��« Ë√ V�dI�« wM�e�«
U?L?O?�Ëd?O�Ë w�«“U?�U� À«b?�Q?�  ,W?�ËdD*« Àu?�?�?�« ZzU?�� w� s�U?�?��«Ë ·ö?�?�ô«
- p�c�Ë , WO?FD� WOKL?F*« »—U���« ZzU?��Ë , ÎQOzU?B�≈ W�Q�*« r�?% U�dO?�Ë q�u�d�Ë
W?�UF�« W�U?L?� qHJ� U0 W�d?LF�«Ë W�u?M��«Ë WOE�?K�«  U�d?'«Ë ÷d?F�K� œËb?� l{Ë

 Æ5K�UF�«Ë
w�O�UMG�ËdNJ�« ‰U�LK� ÷dF��«—«d{√ X���√ ÀU��√ ≥[±

U� UNML�  w�O�UMG�ËdNJ�« ‰U�LK� ÷d?F��«—d{ b�b��� Àu���« s� dO�� X�dD�
e�dO� µ∞ œœd� Ë– (mG) ”ËU� w?K� ±∞∞∞ Á—b� w�?O�UMG� Ì‰U?: ÷dF�?�« Ê√ dN�√
±∞∞ v�≈ ÷d?F��«Ë ›π¤Ê«d�?H�« Èb� Íb��« ÊU�d?� À«b�ù wzUO?LOJ�« dO?�Q��« w� b�e�
U�ö?� w� ©√ÆÊÆœ® ‡�« w� «Î—d?{ Àb?�� Ê√ sJ1 W?�U?� ≤¥ …b* e�d?O� ∂∞ ”ËU?� wK�
ÀËb?� W?O�U?L�?�« s� l�d� ”ËU?� wK� µ s?� d�?�√ v�≈ ÷d?F?��«Ë Æ›±∞¤Ê«–d?�K� a*«
Èb� 5�u?�ö??O*« Êu???�d� e???O??�d� vK?� d??O�Q???��«Ë ,›±≥−±±¤5K�U???FK� d1U?�e�« ÷d??�
bM�Ë ,›±µ¤5K�UFK�  U��Ëd��« ÊU�d�Ë ÷d?F��« 5� W�ö� œu�Ë p�c�  ,›±¥¤¡U�M�«
U?L� ,›±∂¤Áu/ œ«œ“« ”ËU?� wK� ±∞∞∞ Á—b� w�?O�UMG?� ‰U?: w�U�d� Â—Ë i�d?F�
U�√Ë Æ›±∑¤¡U�MK� Íb?��« ÊU�d� …œU�e� W�ö?� t� WOzU�dNJ�«  U?O�UD��« Â«b��?�« Ê√ b�Ë
jG?C�« ◊uD� s� W?��d?I�« W?IDM*U� 5M�U?��« ‰U?H�_« ÷d?F� 5� j�d� w��« ÀU?��_«
W�«—œ w�Ë Æ›≥¥−±∏¤…d?O�?� wN� ©a*«Ë Âb�« ÊU�d?� UNM�Ë® ÊU�d?��« ÷«d�√Ë w�U?F�«
jGC�« ◊uD� s� 40m W�U?�� b?F�� W?IDM� sL{ Êu?AOF� ‰U?H�√ vK� dH�œ WM?�b� w�
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‰U?:« w� Âb??�?�?�?� U?� «Î—œU� (accumulation) r�«d� `K?DB?� ÊQ� UM� …—U??�ù« —b?&Ë
t�U?(« Ác� w� —d?C�« Ê√  U��≈ v?�≈ t�«b?�?��« ÃU?�?��Ë s�R*« d?O� w?�O�UMG?�Ëd?NJ�«

 ÆwL�«d�
W�ö� t?�  e�d� µ∞ w�O�UMG*« ‰U�LK� 5K�U?F�« ÷dF� Ê√ b�Ë Àu�?��« b�√ w�Ë

Æ›≥∂¤VKI�« ÷«d�√ s� Ÿ«u�√ l� WHOF{
UÎ�U?� Èu�?�� Z�M� Ê√ sJ1 b�b?A�« wzU�dNJ�« ‰U?:« Ê√ …d�U?�*« dO?� —«d{_« s�Ë

Æ›≤µ¤ÊË“Ë_« s�
i�d?F?� - b?I?� »—U?�??��«  U�«u?O?� vK?� wzU�d?NJ�« ‰U??:« »—U?�?�� W?�??�M�U�Ë
X�u?�uKO� ∂µ Ë ≥∞ Á—«b?I� dO?�� wzU?�dN� ‰U?�� v�≈ Ê«–d?'«Ë d�“UM)« s� W?�uL?��
w� »uO?�Ë  «dO�Q� œu�Ë W?�«—b�«  dN�√Ë ,›≥∏ ,≥∑¤UN�ôö?� d�Q� W�«—b� d?�� qJ�
d?O�U?F� vK� Âu?I� w��«  U?�«—b�« pK�� b?F� U?L?O� W?�«—b�« Ác� b?�R� r� sJ�Ë , u?LM�«

Æ›≥π¤WO�U�C�ô« s� WO�U�
÷dF��«  l� ÍuO?� q�UH� ÀËb� WO�UJ�≈ ÍuK)« ÂUEMK� WO��?��« »—U���«  dN�√
bM� W?OK)« —b� d?�� ÂuO?��UJ�« ‰U?I��« d�Q� Èd?�√ tOKL?F� »—U?& X���√ U?L� ›¥∞¤ELF

Æp�– s�  UO�K� Í√ dNE� r� t�√ ô≈ wzU�dN� ‰U: ÷dF��«
w�O�UMG�ËdNJ�« ‰U�LK� ÷dF��« —d{ X��� r� ÀU��√ ≥[≤

j�d� r� e�d� ∂∞Øµ∞ œœd?�*« w�O�UMG?�ËdNJ�« ‰U?�LK?� Èd�√ ÀU�?�√Ë  U�«—œ
: wK� U� ÀU��_« pK� s�Ë  ôU:« pK�� ÷dF��«Ë WO�K��« W�uO(« —U�ü« 5�

Áœœd�Ë ”ËU?� wK� ≤∞[∞∞∞ tI?�b� W?�U�?� w�?O�UMG� ‰U?�� v?�≈ ÷dF?��« d�R� r� æ

wzU?O?LO?J�« dO?�Q��« vK?� b�U?�� r�Ë W�u?M*«  U�«uO?(«  U?�Ë“u?�Ëd?� vK� e�d� ∂∞
Æ›¥±¤Ê«d�H�« Èb� UN� —«d{√ À«b�ù

e�d� µ∞ œœd��«  «– ”ËU� wK� ±∞[∞∞∞ v�≈ ÊU?��ù« Âœ U�ö� ÷dF� Àb�� r� æ

Æ ©√ÆÊÆœ® ‡�« Ë√ ›¥≤¤ U�Ë“ËdJ�« w� «Î—«d{√ 5��U� …b*
Y��® ›¥¥−¥≥¤5�u�ö?O*« Êu�d� vK� w�?O�UMG*« ‰U�?LK� ÊU��ù« ÷d?F� d�R� r� æ

 Æ©UÎC�√ 5K�U�Ë 5M�U�Ë 5�uD�� vK� Íd�√
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Æ›¥µ¤5�u�öO*« vK� d�√ t� fO� w�O�UMG*« ‰U�LK� ÷dF��« æ

Êu�d� vK� «Îd?O�Q� qOK�« ¡UM�√ 5�uD�* w�O�UM?G�ËdNJ�« ‰U?�LK� ÷dF?��« dNE� r� æ

Æ›¥∂¤ U�u�dN�« s� ÁdO� Ë√ 5�u�öO*«
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ÊU�d?�� W?�ö?� e�d� ∂∞ œœd?��«Ë– w�?O�UMG*« ‰U?�?LK� 5M�U?��« ÷d?F� b? �u� r� æ

Æ›¥∏¤¡U�MK� Íb��«
…b* ”ËU?� wK� ©µ∞∞∞ − µ∞® w�?O�UMG� ‰U?: q�«u?� Ê«–d� i�d?F� d?NE� r� æ

Æ›¥π¤UNK�� Ë√ Â_« vK� «ÎdO�Q� U�u� ≤∞ v�≈ ∂ s�
vK� bK'« ÊU�d?� U?�u?�?�√ µ≤ …b*  ”ËU?� w?K� ≤∞[∞∞∞ v�≈ ÷d?F?��« d?NE� r� æ

Æ›µ∞¤Ê«d�H�«
wK� ©≥[∞∞∞[∞∞∞ − ±∞∞[∞∞∞® Á—«b?I� w�O�U?MG� ‰U: W?OK)« i�dF?� dN�√ æ

5�Ëd???��« Ë√  UM?O??'« d?�Q� w� wF?D� qO�œ b???�u�ô t?�√ ,e�d� µ∞ Áœœd�Ë  ”ËU???�
Ë√  UMO�Ëd??��« VO?�d� d�Q� Ë√ ©√ÆÊÆœ®‡�« Õö?? ≈ Ë√ W?O?�U?�b�« W?�J�?�« s� ‰ËR?�*«
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≤¥ …b*  e�d?� ∂∞ œœd�Ë– ”ËU??� wK?� ∏∞∞∞ v�≈ Âb�« U�ö???� ÷d??F� Àb???�� r� æ

Æ›µ≥¤t�Ëb� Y���« tMJ�Ë UÎOMO� UÎLL�� W�U�
”ËU?� wK� ©∏∞∞∞ − ∏∞∞® s� ÊU??��û� ¡U?C?O?��« Âb�« U�ö?� ÷d??F�  b?�� r� æ

vK� «Îe?O?H?%  d?N?�√ ”ËU?� wK� ∏∞∞∞ ‡�« sJ�Ë U?ÎOMO?� U?ÎL??L?�� e�d� µ∞ œœd�Ë–
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‰U: human immune system cells ÊU��û� w�UM*« ÂUEM�« U�ö� ÷dF� Àb�� r� æ

Æ›µµ¤UNHzU�Ë w� «ÎdO�Q� ”ËU� wK� ©µ∞∞∞ − ≤∞® s�
‰U??�??LK� ÷d??F??�?�« 5� W??�ö??� XD�— w?��«Ë W??��Ë_« rK� w?�  U??�«—b�« X�«“ô æ

Æ›µ∂¤ U{«d��« UN�u� ËbF� ôË …dIÔ� dO� ÊU�d��«Ë e�d� ∂∞Øµ∞ w�O�UMG*«
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t�ö?� œu�Ë Âb?� w�O�UMG?�ËdNJ�« ‰U?�LK� ÊUJ��« ÷d?F� —U�¬ ‰u� Y�?� dN�√ æ

Æ›µ∑¤¡U�MK� Íb��« ÊU�d�  ÀËb� …œU�“  w�
Æ›µ∏¤Âb�« ÊU�d�� …d�U�� W�ö� t� fO� w�O�UMG�ËdNJ�« ‰U�LK� 5K�UF�« ÷dF� æ

œu�Ë Âb� W?OzU�dNJ�«  UO�UD��« s� w�O?�UMG�ËdNJ�« ‰U�LK� ÊUJ?��« ÷dF�dN�√ æ

Æ›µπ¤¡U�MK� Íb��« ÊU�d�  ÀËb� …œU�“  w� W�ö�
The National Academy of Science UO�—uH?O�U� w� ÂuKFK� WO�œU?�_« WOM�u�« WM�K�« æ
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X{=d?Ô� w��«Ë »—U?�?��«  U�«u?O?� s� XF?L?� w��« …d?O?�J?�« Âb�«  UMO?� X�?�� r� æ

¡U?C?�_« n?zU‡�Ë w� ÎöK‡� „U‡M?� Ê√ W‡HK�?�?� ·Ëd?� X% wzU�d?NJ�« ‰U‡?�?LK�
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Æ›µ∂¤÷dF�K� b� u�Ë d��ØX�u� ±∞[∞∞∞ Á—b‡‡� wzU‡‡‡�dN�
Á—b?� «b??� w�U??� wzU�d?N??� ‰U?�??� v�≈ Ê«d?�??H�«Ë Ê«–d?'« s?� W?�u?L??�?� X?{d?� æ

w� …œU�“ Ë√ ÷«d?I�« Ë√ h�UM� d?NE� r�Ë q�u� wM?�“ Èb* d�?�ØX�u?� ±∞∞[∞∞∞
Æ›∂∞¤ UO�u�«

v�≈ ÷dF��« s� WO�  —«d{√ ô t�√ Z�M��« »—U���«  U�UO�Ë W�dA��«  U�«—b�« s� æ
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w�UF�« jGC�« ◊uD�
W??O??IK)« »u??O??F�« —u??N� w� W??�ö??� w�U??F?�« jG??C�« ◊uD� s� l?O?F??A??�K?� fO� æ

Æ›∂±¤bO�«uLK�
…œU�“ w� W�ö� Z�ËdM�« w� w�UF�« jGC�« ◊uD� s� »dI�U� 5M�U��« vK� dNE� r� æ

Æ›∂≤¤bO�«uLK� WOIK)« »uOF�«
jG?C�« ◊uD� s� »d?I�U?� 5M�U?��« ‰U?H�_« vK� ÀU?��_«Ë  U?�«—b�«  d?N�√ æ



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�¥π

÷«d�Q� W�U ù«Ë w�?O�UMG�ËdNJ�« ‰U�?LK� rN{dF� 5� W�ö� œu?�Ë Âb� w�UF�«
Æ›∂π−∂≥ ,≤∑ ,≤¥ ,≤≥ ,≤∞ ,±π¤a*« ÊU�d�Ë Âb�« ÊU�d� U uB�Ë ÊU�d��«

5‡‡‡�u‡‡‡�ö‡‡‡O*« ≥[≥
v�b� a*« w� …b?� …—U?B?� s?� qOK�« w� U?Î��U?� Melatonin 5�u�ö?O*« Êu??�d� Z�M�
u/ oO?F� t�√ b?O?H� d�—U?I� …b?� œu?�Ë u� Êu?�d?N�« «c?� s� UML?N� Íc�«Ë Pineal Gland

 ôU?�?LK� ÷d?F��« ÊU?� «–S?� ÆÍb?��« ÊU�d?� UÎ u?B?�Ë ›∑± ,∑∞¤W?O�U�d?��« U�ö?)«
c?�R� «c?N?� , 5�u�ö?O*« “«d?�≈ ’U?I�≈ vK� q?LF?�  e�d� ∂∞Øµ∞ W?O?�?O�UMG?�Ëd?NJ�«
i�d?F� ÊQ� …b�  U?�«—œ  d?N�√ b?�Ë  ÆWF?�_« pK�� ÷d?F��« …—uD?�� Íu� qO�b?�
Èu�?�� ÊUBI� v�≈ Èœ√ W?OKOK�« …d�H�« w� e�d?� ∂∞ œœd� Ë– wzU�dN� ‰U�?� v�≈ Ê«–d'«
fH� v�≈ Èœ√ w?�?O�UMG??� ‰U?�?� v�≈ U??N?C�d?F?� p�c?�Ë ,›∑≥ ,∑≤¤5�u�ö?O?*« e?O?�d�
œu?�Ë Âb??�  d?N�√ Èd?�√  U??�«—b� W?HK�??�?� ZzU??�� „UM� Ê√ ô≈ Æ›∑µ ,∑¥¤W?�??O?�M�«
W?O?�O?��« W?�?B�« ÂuKF� wM�u?�« bN?F?LK� W?F�U� qL?� W?�u?L�?� ÊS?� p�c?� Æ›∑∑ ,∑∂¤d�√
Ê«d?�?H�« q�?� ÷—«u?I?�« w� 5�u�ö?O*« d�Q?�� W?H?O?F?{ W?�œ√ œu?�Ë v�≈ XK u� NIEHS

w� 5�u�öO?LK� d�Q� b�u� ô sJ�Ë , w�O�UMG*«Ë wzU�d?NJ�« 5�U�LK� ÷dF?��« V���
ÀU?��_« s� …dO?�?� W�u?L?�� ¡U?�œô« «c� nF?C� U0—Ë Æ›∑∏¤Êu�U?��« œËd� Ë√ ·«d?)«

Æ›π±−∑π¤5�u�öO*« eO�d�Ë ÷dF��« 5� j�«— œu�Ë Âb� X���√
W‡‡‡O�u�_« W�U‡‡‡N�« ≥[¥

Ê√ sJ1 W?�?O��« w� t?�U?O?� sJ1 wzU�d?N� ‰U?�?� d?��√ w�U?F�« jG?C�« ◊uD� YF?��
‰U:« Ê√ YO�Ë ,tM� W��dI�« WIDM*« w�  5M�UI�« ”UM�«  U uB�Ë ,tO�≈ ”UM�« ÷dF��
 «d�� w�Ë W�uAJ� WIDM* rN�Ëd� bM� t� rN{dF� ÊuJO� w�U�*U� V�� Ô� wzU�dNJ�«
‰U??:« V�?�� W??�?B�« v?K� d�R� Ê√ sJ1 d??�¬ d?�√ „U?M� sJ�Ë ÆWK�u� X?�?O� W??OM�“
b�e�Ë Corona ions  U�u�_« s� W�U?N� U?N?�?H� jO?% ◊uD)« p?K� Ê√ u�Ë ,wzU�d?NJ�«
—U�?G�« s�  U�u�√ ÊuJ� UN�√ W�U?N�« Ác� …—uD�Ë ,‰uIM*« b?N'« …œU�e� W�U?N�« Ác� r��
d?A?�M� w��« Dust Particle —U?�G�«  U?L?O�?�Ë , Aerosols ‰u?�Ëd�ù«Ë oO?�b�« w�u�_«
U?�√Ë ,  UL?O?�?'« pK� r��Ë q?��Ë ÕU�d�« W?�d?( U?F�� V�d?�� r� WMO?F?� W?�U�?� v�≈
«Îd�UD�� qEO� ©d��u�UM�« Ë√ ËdJO*U� ”UI�® r�(« d?OG  —U�G�« u�Ë ©¡U�N�«® ‰u�Ëd�ù«



w��«d�« tÒK�«b�� bL�� µ∞

“ËU��� fHM��« WOKL?� ‰ö� tKF�� Íc�« dGB�U� u�Ë d��√ W�U?�� v�≈ qI�M�Ë ¡«uN�« w�
“UN'« w�  öB�u?(« U0—Ë WOz«uN�« VFA�« v�≈ qB�Ë WOz«uN�« t?�BI�«Ë n�_« WIDM�
Z�M�Ë W?�?B?�« vK� d�R� Ê√ sJL?O?� W?�u?�?A?�  U?L?O?�?'« pK� Ê√ YO?�Ë Æw?�?HM��«
d��F� UL� ÆÂb�« d�� r�'« q�«œ  U�u?�_« pK� XB��« «–≈ UÎ uB� tHK�<« ÷«d�_«
«c� —UA?��« U�√Ë ,d?�U�� d?O� o�dD� ÊU��ù« vK?� wzU�dNJ�« ‰U:« d?O�Q�� W?O�¬ UÎC�« Ác�
g�UM� r� Ÿu{u*« «c� Æ¡«u?N�«  U�uK� Ÿ«u�√ b�√ d�?�FO?�  …d�UD�*«  ULO?�'« s� ŸuM�«
Àu?���« w� d?�U?�� d?O?� o�dD� t?�ODG� sJ?�√ sJ�Ë , …—uAM*« Àu?�?��« w� qO?BH?��U�
u�Ë ‰u��d� WF�U� s� (Henshaw) uAM� —u��Ëd��« Æt?��Ë_« rK� Àu��Ë WOzUB�ù«
ÀuK� s� W��UB*« ÷«d�_« Ê√ d�c� , Ÿu{u*« «c?� …—U�≈ w� 5�L��*«Ë 5L�N*« b�√
qFH� UÎ�u�A� `� √ Íc�« ‰u?�Ëd�ù«  U��d� vK� wM�� UNKOK% ÊuJ� Ê√ V�� ¡«uN�«
dA�M� Ê√ sJ1Ë Æ›π≤¤Êu�A*« d?O� ‰u�Ëd�û�  U��d?��U� UN��—UI?�Ë wzU�dNJ�« ‰U:«
œ«œe�Ë ,w�UF�« bN'« ◊uD� s� d�� µ∞∞ v�≈ ≥∞∞ W�U�� v�≈ …d�UD�*«  ULO�'« pK�
W�U??N�« p?K� V�‡‡?�� Êu??�‡‡A*« ‰u??�Ëd?�ùU� qL??;« ¡«u??N�« p�– l� W?zd�« ÊU�d??�
s� UN?L�� ÊuJ� w��« pK�  U?LO‡‡�?'« pK� s� «dO�Q� ÂU�‡‡�_« d?��√Ë ›π∞¤WO�u�_«

Æ d��u�U� ©≤∞∞ − ≤∞®
W‡M�R*« W‡F�_U� w�U‡F�« b‡N'« ◊u‡D� W‡�ö� ≥[µ

w�U?F?�«  jG?C�«  ◊uD�  s� —œU??B�«  wzU�d?N?J�« ‰U?:« 5� ÀU?��_« i?F� j�d�
WO?{—_« WF?A*«  «—c�«Ë cosmic rays ¡UC?H�« s� W�œU?I�« γ-rays WM�R*«  U?�UF?�ù«Ë
qF& w�UF�« jG?C�« ◊uD� V��� WO�u�_« W�UN�« Ê√ ‰uI� W?O{dH�«Ë ,ÍËuM�« ÀuK��«Ë
v�≈ qO9 Èd�√  «—– Ë√  U?��e�  ÊS?� p�c� ,W�u�A?� Ë√ WM�R� ‰u?�Ëd�ù«  ULO?��
Æ fizzing sound ›π±¤w�uB�« e�“_« …d�U� Ë√ W?OJO�U��ô« ¡U�d?NJ�« qFH� UN� ‚U?B��ô«
, Cs137 ‰U?�?*« qO?�??� vK� ÍËuM�« ÀuK?��«  W�U?� w?� …œu?�u*« dzUE?M�« Ë√  «—c�« s�Ë
W?FO?�D�U� Áœu?�Ë V�?�� r�_« u�Ë Radon ÊËœ«d�« d?BM� W?O?{—_« dzUEM�« s�Ë Co60

W�u?�??A*«  U?L?O??�?'« pK� Ê√ s� …—uD)« b?�e�Ë Æ÷—_« s� t�U?F?�?�ô ÊUJ� q� w�
W�œU?F??�?�  U?L??O?�?'« p?K� X�U?� u� U2 d??�?�√ ·U?F??{√ ∂ v�≈ µ s� Wzd�« w� V?�d?��
pK� r��Ë WOzUOLOJ�« WFO�D�«Ë WM�?A�« —«bI� vK� V�d��« W��� bL�F�Ë ,›π≥¤UÎOzU�dN�



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�µ±

l{u� ›π¥¤t��uL��Ë u� ÂU� ,o�� U� bO�Q?�� uAM� —u��Ëd�K� W�«—œ w�Ë Æ ULO�'«
W�—U?I?� w�U?F�« jG?C?�« ◊uD� X% nI� ÊU?��≈ ”√— vK� j?I?�� U?� d�b?I?�� 5�U?�√
b?�Ë , ÊU?��ù« r�?� T�UJ� W?O?�œ rO?L?B� u�Ë d?�ü«Ë  ÍdE� ‰Ë_« ”U?�_« ÆÁd?O?G�
”√— vK� W��d?�*« ‰u�Ëd�ù« WOL� d�b?I�� wJO��ö� rKO� s� …—U?�� UÎH�U� «u�b?���«
U?L� ÆV�d?�*« W?OLJ� W?OKL?F�«Ë W�dEM�« ZzU?�M�« Y�?��« W�u?L?: XI�UD� b?�Ë ÆWO?�b�«
,W�ö� v�≈ 5?H?F?{ s� V?�d?�*« W?�??�� b�e� »c�c??�*« ‰u?�Ëd�ù« Ê√ rN??��d?& X�??��√
Æ›π¥¤·UF{√ ≥ v�≈ ±[¥ s� UÎC�√ b�e� Rn ÊËœ«d�« W��� Ê√Ë W�U?��U� qO� ¥∞ W�d��Ë

Æ›πµ¤w�UF�« jGC�« ◊uD� »d� 5M�U�K� bK'« ÊU�d� …œU�“ d�H� «c�Ë
d�?�F�Ë ,U�U?� WF�√ v�≈ W?�U{ùU� UH�√  U?LO�?� YF�� ÊËœ«d�« d?BM� Ê√ ·ËdF*«Ë
U?N� —U?�*« Èb?� j�u?�?� Ê_ , …—uD?� q�9 ô ¡«u?N�U� WKK�?�*« Ë√ W?JJH?�*« U?H�√ W?F?�√
h�9 ·u?� UN�?�U� Ê_ «b� …d?O�?� UN�—uD�?� Wzd�U� X��d?� «–√ U�√ ,d�?L�M��« œËb?��

Æ…dO�� WO�UF�≈ W�d� W�uJ� Wzd�« q�«œ q�UJ�U�
‰eM*« q�«œ ÊËœ«d�« dBM� V�d� V��� bK'« U�ö� vK� W?�d'« uAM� V�� b�Ë
W?�?�M� ‰eM*« Ã—U?� t�√ ÷d�?�« «–S?� ,(mS/y) WM�Ø d?H?� wK� π[∏ ‡� h�?A�« vK�
X�u�« d?B� s� r�d�« vK�Ë WM�Ø d?H� wK� ±∏[≥ v�≈ b�e?� W�d'« pK?� ÊS� %±∞
vK� V�d��« W�d� V��� d��√ ÊuJ� WO�UF�ù« W�d'« Ê√ ô≈ ‰eM*« Ã—U� tOCI� Íc�«
X�UJ� jG??C�« ◊uD� X% XO??C?� %±∞ ‡�« pK� Ê√ u�Ë ÆW??�b?I?�*« »U?�??�ú� bK'«
◊uD� X% UÎLz«œ Áb?�«u� ÊU� «–≈ U�√ ÆWM�Ø dH� w?K� ©≥∂[¥ − ≤≤[±® 5� W�d'«
s�Ë ÆWM�Ø d?H?� wK� ©±∑µ − ±≥≥® 5� W?O�U?F?�ù« W?�d'« q?B� ·u�?� jG?C�«
s� W�UL?�K� WO�Ëb�« W�O?N�« UN�œb� w��«Ë  U?N� ÕuL�*« W�uM��« W�d?'« œËb� Ê√ ÂuKF*«
ô Ê√ V�� International Commission on Radiological Protection (ICRP) ŸUF�ô«

ÆWM�Ø dH� wK� µ∞ “ËU���
WF?�U� s� rN?��U�Ë ,t?F� w��« W?�uL?:«Ë uAM� U?NL?�e� w��« ÀU��_« X?�ô b�Ë
U?LO?� t?�d� - U?� l� ÷—UF?�� U?N��U?�Ë W?O?LKF�« ◊U�Ë_« w� W?F?�«Ë ¡«b? √ ‰u�?�d�
—U�ü«Ë w�U?F�« jG?C�« ◊uD� ‰u?� w�U?F?�ù« ÀuK��« …œU�“Ë w�u?�_« ÀuK��« h��
÷dF��� ·u� wK� ULO�Ë ÆV�«u� …b� w� tF� ‚UH�ô« l� ,ULN���� Z�M� w��« WO�B�«



w��«d�« tÒK�«b�� bL�� µ≤

:œËœd�« r�√
qF?& w��« W??O�ü« U?N?O?� d?�– w��«Ë ±ππ∂ WM� u?A?M� W?�«—œ vK� NRPB ‡�« XIK�
“UN'« q�«œ …bO�u�« W�u�_«Ë lA*« ÊËœ«d�« V�d� w� …œU�“ v�≈ ÍœR� wzU�dNJ�« ‰U:«
q�� s� t?I�bB� r�� r� ÕdD�« «c� ,W?O�U�Ë WM�R� W?O�UF?�≈ W�d� v�≈ ÍœR?� U2 w�HM��«
W?O�u�u?O��« W?O�ü« V�U?� s�Ë WN?� s� WO?�U?F�ù« W?�d'« …œU�“ V�U?� s� NRPB  ‡�«
 U�U�d��U� W�U ù« q�«d� À«b�≈ w� WO�?O�UMG�ËdNJ�« WF�_« d�R� UN�ö� s� w��«
, ELF ‡�« ‰U?O� U?N?OK� X�U?� w��« U?NzœU�?� NRPB ‡�« d?O?G� r� p�c�Ë ÆÈd?�√ WN?� s�
U?Î uB?�Ë ±πππ WM� W�u?L:« f?H� UN�d?A� w��« ÀU�?�_« vK� UN?�ö�≈ bF� v�?�

Æ‰UH�_« ÊU�d� h�� ULO�
qF& w��« WOzU�eOH�« f�_« Ê√ ≤∞∞± WM� AGNIR W�—UA��ô« W�uL:« X�{Ë√
…œU�“ Ê√ ô≈ ,U?NO?� ‰«b?�ô ‰u�Ëd�ù« V�d� W?�d?� s� b�e� w�UF?�« wzU�dNJ�« ‰U?:«
W�UF� W�BK� WO�K��« —U�ü« l� V�UB�� UN�Q� d��F� qO�b� X��� r� ‰u�Ëd�û� V�d��«

Æ”UM�«
t��u?L��Ë uAM� —u?��d��« WO?{d� vK� AGNIR  ‡�« X�I?� ≤∞∞≥ WM� d�dI� w�Ë
r�???� q�«œ ÊËœ«dK?� …b??O?�u�« W�u�ú?� V�d??�?�« …œU�“ s�® ÁËd???�– U??� ÊQ?� ±ππ∂ w�
fHM��« o�d� s� w�U?F�« jGC�« ◊uD� s� V�dI�« e?O(U� UN� ÷dF?�K� W�O?�� ÊU��ù«
W?O�U?F�ù« W?�d'« …œU�“ v�≈ d?AÔ� r� ©Âb�« ÊU�d�?� U�?�� ÊuJ� ,bK'« vK� V�d?��« Ë√
w� ‰U???(« w� U???L???�  ©ÊU??��û?� Âb�« W???�UM  o�U?M�® bone marrow rEF?�« a� vK�

Æ WM�R*« WF�_« V��� Âb�« ÊU�d� w� WB�<«  U�«—b�«
Ê√ u?AM� —u?�?�Ëd?�?�« Ÿu?{u* …—U?�≈ w�  b�√ AGNIR  ‡� ≤∞∞¥ WM� d?�d?I� w�Ë
UÎF?�� w�Ë ,—U?�G�«  «—– s�?A� jGC�« ◊uD� s� w�U?F�« ‰U:« V�?�� WO�u�_« W�U?N�«
“U?N�K� wz«u?N�« —U?�*« w� W�u?�A*«  U?L?O�?'« pK� V�d� W?O�UL?�?�« s� b�e� p�c�
w� …dO?�� W�uF?  d�dI�?�« `{Ë√ UL� ÆW?�B�U� dC?� UÎF�� «c�Ë Wzd�« w� U?0—Ë w�HM��«
, …dO��  «dOG�� œu�u� bK'«Ë w�HM��« “UN'« p�– w� U0 ÊU��ù« r�' T�UJ� rOLB�
c?�_« sJ1 W�U?(« Ác� w� sJ� ,U?N?OK� œU?L?�?�ô« sJ1ôË W?H?O?F?{ ZzU?�M�« W?�œ qF?&



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�µ≥

jG?C�« ◊uD� s�  U�u�_« W�U� Ê√ qL?�;« d?O� s� Ëb?�� t�√ :›π∂¤w�U?��« ÃU�M�?�ôU�
,bOF��« Èb*« w� W�B�« vK� jO�� d�√ s� d��√ Àb% Ê√ ¡«uN�« ÀuK�� W����*«Ë  w�UF�«
s�c�« s� r� W?KOK� W?�?�� Ê_ q�√ d�_U?� W??�U?F�« h�� U?� U?�√ ,œd?H�« h?�� U?L?O?� «c�
vK� dD� ‰UL��« Í√ ÊS� tOK�Ë ,w�UF�« jGC�« ◊uD� s� »dI�U� ÊuKLF� Ë√ ÊuAOF�

Æ›π∂¤ÎöLN� d��F� bK'« vK� —U�G�« V�d� V��� W�B�«
VKI�«  U�d‡{  U‡LEM� …e‡N�√ ≥[∂

Cardiac Pace- VKI�«  U?�d?C� rEM?� rNK�«b� Ÿ—“ s�c�« ’U??�?�_« ÷d??F� Ê≈
pK� l� interference q�«b� Àb??�� b??� e�d� ∂∞Øµ∞ w?zU�d??N?� ‰U??�??� v�≈ maker

5B?B�?�� …b?� s� Ÿu{u*« «c� ”—Ôœ b?�Ë ,UN?H�u� Ë√ U?N�—U�≈ v�≈ ÍœR� U2 …e?N�_«
iF� l� ö�«b� Àb?�� Ê« sJ1 d��ØX�u?� µ∞∞∞ œËb�� UÎOzU�d?N� ÎôU�?� Ê√ «Ëd�–Ë
ôU‡�� Ê√ d?�–Ë p�– s� bF�√ v�≈ d?�¬ Y�U� V�– q�  ,›π∑¤VKI�«  U�d?{  ULEM�
Èb�≈ sJ�Ë ,›π∏¤ ULEMÔ*« pK� l� ö�«b� Àb�� Ê√ sJ1 d��ØX�u� ±µ∞∞ œËb��
 ö�«b?��« pK� q�� qO�?�� r�� r� t�√ ±π∏¥ WM�  —b √ (IRPA) WO�Ëb�«  U?LÓEM*«
bM� p�– Àb�� U0— sJ?�Ë  d��ØX�u� ≤[µ∞∞ s?� q�√ œËb� w� wzU�dNJ�« ‰U?�LK�

Æ›±∞∞ ,ππ¤d��√ —«bI�
d?O�?� w�O�UMG?� ‰U�?� v�≈ t?{dF� W�U?� w� rEM*« qDF?�� WO�U?L�?�« b�u� b?� UL?�
ÌW�dE� ÌW�«—œ w�Ë Æ›±∞≤ ,±∞± ,π∏¤rEM*« rOLB�Ë Ÿu�Ë ‰U:« —«b?I� vK� p�– bL�F�Ë
wK� ¥∞∞ b?M� Àb??� Ó� Ê√ sJ1 q?�«b?�?�« ÀËb??� ‰U??L??�??�« Ê√ U?N?�ö??� s� V�??Ô�
Îö‡‡‡�«b� Àb�� Ê√ sJ1 Íc�« w�?O�UMG*« ‰U:« ICNIRP  —b� b�Ë Æ›±∞≥¤”ËU�
q�√ iO?� W�U?�?� X% qOK� tKDF� ÀËb?� ‰UL?�?�« sJ�Ë , UÎ��d?I� ”ËU?� wK� ±µ∞ ‡�
q�«b��« Àb�� Ê√ l�u?�*« dO� s� Ê√ NRPB  dA� b�Ë Æ›±∞¥¤”ËU� wK� ≤∞∞∞ s�
‰U?�?LK� ÷dF?��« œËb?� ACGIH XF?{Ë b�Ë ,›±∞µ¤ ”ËU?� wK� ≤∞∞ s� q�√ bM�
d�?�√ WOF�«Ë w� sJ� Æ”ËU?� wK� ±∞∞∞—«bI0 rEM*« rNO?� ”d� s* ›±∞∂¤w�O�UMG*«
rEMLK� nK*« W�U?�� dG  V��?�Ë W�O��« w� f�U�?�*« dO� w�O�UMG*« iO?H�« V���Ë
≤∞∞∞s� q�√ w�?O�UMG� ‰U?: t{d?F�� rEM*« qDF� ‰U?L�?�« ÊS� t?�O?�U�� n?F{Ë
Ác� ÊuKL??�� s�c�« v{d*« ÊS??� p�– r�—Ë Æ›±∞∑¤«Îb?� «Îd??O?G?  d??�?�?F� ”ËU??� wK�
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ÂU� qJA?� WO�?O�UMG�Ëd?NJ�«  ôU�?LK� ÷dF��« dD?� v�≈ «uN�M� Ê√Ë b�ô  U?LEM*«
ÆWF�_« pK� —«bI� …œU�e� b�e�  ULEM*« pK� qDF� dD� Ê√Ë e�d� ∂∞Øµ∞ UNO�U0

W u‡‡‡D*« ÀU‡‡‡×Ð_«  Æ¥

W??OK;« W?O??�u?�?�« d?AM� Z?�U�d� œ«b?�S?�±ππ≤ WM� w� wJ�d??�_« ”d?$u?J�« nK�
Electric and Magnetic Fields Research and w�O�U?MG*«Ë wzU�dNJ�« ‰U?:« ÀU��_
s?� Îö???????Ô� Public Information Dissemination Program (EMF-RAPID Program)

The National Institute of Environmental Health WO�?O��« W�B�« ÂuKF� wM?�u�« bNF*«
…—«œ≈Ë National Institute of Health W??�??BK� w?M�u�« b??N??F*«Ë , Sciences (NIEHS)

W�œQ� Áb�Ëe?�� W?O?J�d?�_« …b?�?�*«  U�ôu�« w� Department of Energy (DOE) W?�UD�«
s� …—œU?B�« W?O?�?O�UMG?�Ëd?NJ�«  ôU?�?LK� ÷d?F?��« …—uD� Èb?� `O?{u?�� W?O?LK�
ÂU?N*« XL?�??� b?�Ë ,W?�?B�« vK� W?OzU�d??NJ�«  «—U?O?��« s� Ë√ w�U?F�« j?G?C�« ◊uD�
r�?{ w�?��  ŸËdA?� qL?� r�?� ,t?B�� U?L?O?� q�  U�?�R*« pK� v?K�  UO�u?�?�*«Ë
qL�Ë ,WI�U��« ÀU��_« WF�«d� t�ö� - ±ππ∂ WM� W�UN� v�≈ ±ππ≤ WM� s� q�U�Ë
qJ� W dH�« ¡UD�≈Ë ‰U:« `�� W?�—œ v�≈ WO�UHA�« WO�U�Ë W�u�H?�Ë WF�«Ë  «—UA��«
r�b�« ÊU�Ë ,d�d?I��« «c� œ«b�≈ vK� WL?�{ m�U�� oH�√ b?�Ë ,UN�bI� Ê√ W�u?I� t�b� s�
W�œ_« Ê√ v�≈ d�d??I?��« «c� w� «uK u� b??�Ë , —ôËœ Êu?OK� ≥∞[± u� NIEHS ‡� Âb?I*«
W�œ√ w�  w�?O�UMG*«Ë wzU�dNJ�« ‰U?�LK� ÷d?F��« V�?�� WO?�B�« —«d{_« X�?�� w��«

Æ›±±∞−±∞∏¤WHOF{
ÊU�d�Ë  ‰UH�ú� Âb�« ÊU�d� ÷«d�Q� W?�öF�« w� X�d� w��« W�œ_« Èu�√ ÊU�Ë
¡UD�_« iF?�� V�?��« l�—√ b?�Ë ,5K�U?FK� ©d?�U�?� d?O?�® b?OF� d�Q?� ÍËU?H?LK�« Âb�«

ÆÂ“U� qJA� p�– X��� r�Ë rOOI��« w� W�J�d*«
The United States National …b?�?�*«  U�ôu?�U� ÂuKFK� W?OM�u?�« W?O?�œU?�_« X�U?�
s�  ÁdA� - U?* WK�U� WF?�«d0 ÂuI� WM' ¡U?A�S� ±ππ∑ WM� w� Academy of Sciences

‰U?�??LK� ÷d??F?��« V�??�� t�Ëb?� sJ?L*« w�?B�« d?�_« W?�d?F?0 XOM� b?�Ë  ÀU??��√
q�UA�« rO?OI��« vK� Î¡UM� W?M�K�« XBK� b�Ë Æ›±±±¤s�U�*« w� w�?O�UMG*«Ë wzU�dNJ�«
÷dF��« V��� ¡UC�_«Ë W?���_«Ë U�ö)« d�Q� Ê√  Ÿu{u*« «c� w� ÀU��√ s� dA� U*



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�µµ

÷d0 U?N?�?��?�� lM?I� qO?�œ œu�Ë Âb?� U?Î u?B?� ,U?N�—uD� X�?�� r�  ôU?:« pK��
u?LM�«Ë i�u?F?��« W?OKL?� vK� U?�d?O�Q� Ë√ d1U�e�« q�?� W?O?�?B?F�« ÷«d?�_«Ë ÊU�d?��«

 ÆW���ú�
U.S. National Cancer Institute …b?��*«  U�ôu�U� ÊU�d?�K� wM�u�« b?NF*« —b? √
‰UH�_« ÊU�d�?� WO�O�UMG�Ëd?NJ�«  ôU:« W�öF�  ‰uD�Ë q�U?� Y�� ZzU�� (NCI)

÷dF�?�« W�öF� ‰uI� w��« W?O{dH�« nOF?{ qJA� r�b� t�√ t��O?�� X�U�Ë ±ππ∑ WM�
wzU�d?NJ�« l�“u��«Ë q?IM�« ◊uD� s� »dI�U� s?J��«Ë WO?�O�UM?G�Ëd?NJ�«  ôU�?LK�

Æ›±±≤¤‰UH�_« ÊU�d�� W�U ù«Ë
w� American Journal of Epidemiology W?��Ë_« rK� w� W?O?J�d?�ô« WK:«  d?A�
t?�?�ö?�Ë , ‰U?H�ú� Âb?�« ÊU�d?� w� …b?I?F*« ÀU?��_« d?�?�√ b??�√ ZzU?��  ±πππ  WM�
qL�Ë , «uM� …dA?� ‚dG��« Íc�«Ë , EMF WO�?O�UMG�ËdNJ�«  ôU�?LK� ÷dF��U�
nO?F?{ qJA� r�b� t�√ U?ÎC�√ t?�zU?�� X�U?�Ë ,«bM� w?�  UF?�UI?� W?�?L?� s� ôU?H�√
s� »dI�U� sJ��«Ë W?O�O�UMG�Ëd?NJ�«  ôU�LK� ÷dF?��« W�öF� ‰uI� w��« W?O{dH�«

Æ›±±≥¤‰UH�_« ÊU�d�� W�U ù«Ë wzU�dNJ�« l�“u��«Ë qIM�« ◊uD�
ÊU�d� s� WK�U� ÎW�«—œ ±πππ WM� w� The Lancet WO�UD�d��« W?O�D�« WK:«  dA�
eK�ËË «bM?K�J�«Ë «d?�K?$« XKL?� …d?O??�?� W?O?�UJ� …b?�U??� vK� X�?�√ w�?�« , ‰U?H�_«
ÊU�d??��  U?F�U??I*« pK� w� 5B??�?�?� ¡«d??�?� W??�«—b�« Ác?N� rJ?�?��« w� „d??�?�«Ë
Í√ Ë√ ‰U??H?�ú� Âb�« ÊU�d???� Ê√ vK� qO?�œ b??�u� ô t�√ «Ë—d???� b??�Ë Æ›±±¥¤‰U??H�_«
‰U?:« ÊU??�Ë ,e�d� µ∞ w�??O�UMG*« ‰U??�?LK� ÷d??F?��« s� Àb??% Èd?�√  U�U?�d?�
ÊU�d� W?�«—œ WM' fOz— oK� b�Ë ,”ËU� wK�¥  “ËU?��� ô rN�U�UO?� w� w�O�UMG*«
Sir s�R*« d?O� ŸU?F?�û� W�—UA?�?�ô« W�u?L?�LK� f?Ozd�«Ë®  …b�?�*« WJKL*U� ‰U?H�_«
wzU?�d??NJ?�« ‰U??:«® EMFs ‰U???:«  U??�???�d??� Ê√ ò t�u???I�  Richard Doll (AGNIR)

qO�b� UM�œË“ WK�U?A�« W�«—b�« Ác� sJ� ,vC?� X�u� WN?�A�« X% X�U� ©w�?O�UMG*«Ë
ô …b��*« WJKL*« w� w�?O�UMG*« ‰U�LK� œu�u*« Èu��?LK� ÷dF��« ÊQ� `{«ËË X�U�

Æå ‰UH�_« ÊU�d�� W�U ùU� «ÎdD� q�1
The U.K. National W?O?�UF?�_« W�U?L?�K� W?OM�u�« WM�K?�« XK u� ≤∞∞± WM� w�Ë
»—U???�??�?�« Ê√ v�≈ ›±±µ¤…b???�??�?*« WJKL?*« w� Radiation Protection Board (NRPB)



w��«d�« tÒK�«b�� bL�� µ∂

«Îb� iH?�M*« œœd��«  «– W?O�O�U?MG�ËdNJ�«  ôU?:« ÊQ� «ÎbO?� ÎöO�œ jFÔ� r� W?OKLF*«
s� d��√ dNE� r� W��Ë_« rK�  U�«—œ v��Ë , ÊU�d��« À«b�≈ w� V����« UNMJ1 ELF

Æp�–
:w�U��U� tO�≈ q u��« - U� h�K�Ë

W?OKLF*«  U?�«—bK� ©d�d?I�?�« œ«b�ù® W�—U?A�?�ô« W?�uL?�?LK� WK�U� W?F?�«d� b?F�
WMJL?*« —UD�_U� R?�M?��«Ë d�b?I??��U� W?IK?F?�*«Ë ±ππ≤ WM� s?�  —b?  w��«Ë W??OzU�u�«Ë
r� ©≤∞∞±® v�� WOKL?F*« »—U���« Ê√ «Ëb�Ë bI?� ÊU�d��« ÷«d�√Ë ELF ‡� ÷dF�K�
ÊU?��ù« ÷dF� bM?� WO�U�d?� U�ö?� ÃU��≈ vK� …—œU?� ELF ‡�« Ê√ b?OH� …b?O� W�œ√ Âb?I�
rK�  U�«—œ Ê√ U?L� ,V�UJ*«Ë ”—«b*«Ë s�U�*U� W?�O��« w� …œu�u*« pK� q�?� d�œUI*
qJA� ÷«d�_« pK� ÀËb?( qC�√ W�œ√ ÂbI� r� UN�√ Í√ ZzU�M�« f?HM� X�d� W��Ë_«
WK�u� …d?�?H� ‰U?H�_« ÷d?F� bM� ÀËb?(« —œU� ÎôU?L?�?�« X�b?� …d?O?�_« sJ�Ë ÆÂU?�
p�– ÀËb?� ‰U?L??�?�« ÊS?� wKL?� qJA?� sJ�Ë ,Âb�« ÊU�d?�� W�U? ùU?� w�U?� ‰U?:
wK� ¥ s� d�?�√ UÎO�O�UM?G� ÎôU�� q�?�� Ê√ ‰UL��« p�c?�Ë , UO�UD�d� w� «Îb� nO?F{
vK� ÊU�d?��« d�_ `{«Ë qO�œ »UO?� q� w�Ë ÆW?OMJ��« o�UM*« w� UÎ u?B� ”ËU?�
 U�«u?O� s� d?O?�� œb?� i�d?F� -®  U�«uO?(« »—U?& s� ‰u�?I� `?O{u� Ë√ 5G�U?��«
pK� dO�Q� WO{d� r�b� ô ZzU�M�« X�U�Ë  ôU:« pK� vK� W�ËeF*« U�ö)«Ë  »—U���«
·U� dO?� ÎöO�œ W��Ë_« rK� w�  U�«—b�« t?OK� X�U� Íc�« qO�b�« d��?F� t�S� © ôU:«
V�?� b�u� ô t�√ «Ëd?�– rN�≈ q� Æ‰UH�ú� Âb�« ÊU�d?��  ôU:« pK?� W�ö�  U?��ù
ÊU�d�� W�ö� t� ÊuJ� Ê√ sJ1 W?OMJ��« W�O��« w� w�O�UMG�ËdNJ�« ‰U?:« Ê√ œUI��ö�
Ê√ v�≈  —U?�√ XF?�Ë— w?��«  U?�«—b�« iF� ÊQ� p�– v�≈ «u??�U?{√ b?�Ë  Æa*«Ë Âb�«
dO?� d�¬ T� s� Ë√ W�b?B�U� XKB� U0— ©W?�ö� œu�Ë s� XLKJ� w��«® Z?zU�M�« pK�
Ê√ `{u� Ê√ V�� sJ�Ë Æ«Îb� nOF?C�« œœd��« Ë– w�O�UMG�ËdNJ�« ‰U�?LK� ÷dF��«
W�U? ≈ ‰UL�?�« …œU�“ vK� b?�U�� Ê√ sJ1  ôU?:« pK�� WK�u� …d�?H� ‰UH�_« ÷d?F�
W�U? û?� lMI?� dD� b??�u� ö?� U?C�√ 5K?�U?F�« h�� U?L??O?�Ë ÆÂb�« ÊU�d?�?� ‰U?H�_«

Æ ôU:« pK�� ÷dF��« V���  a*«Ë Âb�« ÊU�d��
WM�R*« dO?� WF�_« s� W�UL?�K� WO�Ëb�« W�O?N�« q�� s� WF�«d?� XKL� ≤∞∞± WM� w�Ë
b??�Ë International Commission on Non-Ionizing Radiation Protection (ICNIRP)



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�µ∑

WK��√
,‰œd)« “U�Ë ,”u����_«Ë ,U�U� WF�√

m���«Ë

‚u� WF�_«Ë ,‰e�b�« szUJ� ÊU�œ
b�UN�b�U�—uH�«Ë ,WO��HM��«

ÊU�œË ,s�d�U���«Ë ,…uNI�«Ë ,ÂU�K�« WM�œ√
 ôU:«Ë ,s�eM��« szUJ�Ë

«Îb� nOFC�« œœd��«  «– WO�O�UMG�ËdNJ�«

`KDB*«
dA�K� s�d��

Carcinogenic to humans

dA�K� ÊU�d��U� UN���� vK� W�u� W�œ√ b�u�
dA�K� ÊU�d��U� t���� qL���

Probably carcinogenic to humans

Ê«uO�K� ÊU�d��U� UN���� vK� W�u� W�œ√ b�u� …œU�
dA�K� ÊU�d��U� V���� Ê√ sJ1

Possibly carcinogenic to humans

dA��« vK� W�u� X�O� W�œ√ vK� vM��

»—U?�?��«  U�«u?O?� W?�«—œ s� Ë√ W?OK)« d�Q� s� W�œ_« »U?O?� q� w?� t�√ v�≈ XK u�
÷d� ÀËb� WO�UL��« b�u�ô t�S� ,W�—UC�� ZzU�� vDF� w��« …œb;« dO� ‚dD�« s�Ë

Æ ôU:« pK�� ÷dF�K� s�e�
The International Agency for Research ÊU�d��« ÀU��_ W?O�Ëb�« W�U�u�« X�b�
≤∞∞≤ WM� w� WHO W?�BK?� WO*U?F�« W?LEM*«  s� ¡e?� w� w��«Ë on Cancer (IARC)

‚d� d�uD�Ë , U?M�d?�*« W?OJO�UJO??�Ë ,ÊU�d?�K� ÊU?��ù« ÷d?F� »U?�??�√ w� UÎ�u?��
 ö:« w�  U?�uKF*« dA?M� W�U�u�« Âu?I�Ë ÆÊU�d��U� rJ�?�K� WO?LK�  UO?�O�«d?��«Ë

Æ›∑¤V�U'« «c� Âb�� ULO�  «—Ëb�«Ë  «¡UIK�« qLF� ÂuI�Ë WOLKF�«  U�—Ëb�«Ë
œœd��« Ë– WO�O�UMG�ËdNJ�«  U?�u*« nOMB� u� UM�u{u� h�� ULO� t� X�U� U2Ë
d?A?�K� U?ÎM�d?�?� ÊuJ� Ê√ sJ2 t�√ vK?� nMB� Íc�«Ë 2B l�d*« X% «b?� n?O?F?C�«
«c� V�� b?L�?F�Ë  UM�d�?LK� nOMB� q�√ u�Ë , possibly carcinogenic to humans

: w�ü« vK� rOOI��«
q�?� , ôU:« pK�� ÷d?F��« V�?�� ÊU�d?��U� dA?��« W�U ù …œËb?�� W�œ√ œu?�Ë

Æd�¬ ÊU�d� Í√ Ë√ ‰UH�ú� Âb�« ÊU�d�
¡«d?� ÊU�d?��U� U?N?��U? S�  U�«u?O?(« vK� »—U?�?�?�« w� V�UM� qO�œ œu?�Ë Âb?�
w�U?��« ‰U?�*« w�  `{u� `KDB*« «c� rN?� w� m�U?��ô wJ�Ë Æ ôU?:« pK�� U?N{d?F�

: IARC UN�F{Ë w��«  UM�d�*« ·UM √



w��«d�« tÒK�«b�� bL�� µ∏

÷d?F��« Ê« v?K� qO�œ b�u?� ô t�« «ÎdO?�√ WHO W?O*U?F�« W�?B�« W?LEM� t�d?�– U?�Ë
U0 W�uO(«  U��e?'« w� «Î—d{ Àb% Ê« sJ1 UNO� gO?F� w��« W�O��« w� ELF  ôU�LK�
Ë√ WO�U?�d��« U�ö)« R?AM� ∆b�?�� Ê« sJ1 ô ELF Ê√ Ëb�� t�√ U?L� ,©√ÆÊÆœ® ‡�« p�– w�
œu?�Ë ÊQ� ‰u??I�Ë  d?A� w��« ÀU?�?�_« ÊS?� p�c�Ë ÆÊuJ��« vK?� U?N�U?�?�?�??�√ v�?�
‰U?L?�?�« s� l�d� ”ËU?� wK� ©¥ − ≥® œËb?� w� w�?O�UMG*« ‰U?:« W?�?O� w� ÊUJ��«
s� q�√ w�?O�UMG*« ‰U:« UN?O� ÊuJ� w��« W?�O?��U� W�—UI?� nFC�« v�≈ ‰U?H�_« ÊU�d�
Ê√ rKF�« l?� «c� Æ”—b� r� Èd?�√ q�«u??� œu?�Ë ‰U?L?�??�ô p� t?O?� ‰u??� u� ,p�–
r�—U?L�√ qH� ±∞∞[∞∞∞  q� s� ¥ œËb?�� «Î—œU� U?Î{d� d?��?F� ‰UH�ú� Âb�« ÊU�d?�
«Î—œU� t�√ b??�ËË W?O�U?J��« W?�??O?�K?� `�?� qL??� - t�√ p�– v�≈ n{√ ÆW?M� ±¥ s� q�√
q�9 U?N�S� W?OzU�u�«  U�«—b�« vK?� Î¡UM�Ë ,”ËU� wK� ©¥ − ≥® s� d?��√ …¡«d?� q���U?�
d��√ UNMJ�Ë , X�u?� ≤¥∞ œËb� w� WOzU�dN� «ÎœuN� Âb?���� w��« o�UMLK� %± s� q�√

Ær�UF�« ¡U��√ w� X�u� ±≤∞ Âb���� w��« o�UM*« w�
WO?�O�UMG�Ëd?NJ�«  U�u*« s� dD)« WO?�UJ�≈ d�bI�� ≤∞∞≤ ÂU?� W�uD� W�«—œ w�Ë
, W?�U?D�« qI� ◊uD� q�??� , U�—œU?B??� lO?L??� s� W?OzU?�d?NJ�«  «—U??O?��« s� …—œU??B�«
- U* WF�«d?� qL� , …eN�_«Ë , WOzU�d?NJ�« ‰UL�_«Ë , ‰“UMLK� WOK�«b�«  ö?O u��«Ë
 U?�b?)« …—«œ≈ s� nOKJ?�� 5B?B?�?�*« 5�?�U?��« s� W�ö?�?�  W�œ√Ë ÀU?��√ s� Ád?A�
U� h�K�Ë ,›±±∂¤UO�—u?HOK� W�ôu� Department of Health Services (DHS) WO?�B�«

:tO�≈ «uK u�
…œU�e� V�?��� Ê« sJ1  ôU?:« pK� Ê√ v�≈ ÊuKO1 rNF?OL?� ÊS� Èd?�_ Ë√ W�—b� æ

Lou Geh-® ÷d?�Ë ,5G�U�?K� a*« ÊU�d�Ë ,‰U?H�ú� Âb�« ÊU�d?�� W�U? û� dD)«
Æ÷UN�ù«Ë ©rig’s

WO?IK)« »uOF�U� W?�ö� UN� X�?O�  ôU:« pK� Ê√ Â“U?� qJA� ÊËbI�?F� rNFO?L� æ

ÆrN�«“Ë√ hI� Ë√ bO�«uLK�
YO� , ÂU?� qJA� WM�d�� X�O�  ôU?:« pK� Ê√ Â“U� qJA� ÊËbI?�F� rNFO?L� æ

Æ ôU:« pK�� ÷dF��« l� W��UB� dNE� r�  U�U�d��« s� UÎ�«u�√ Ê√
dD� w� …œU�“  b?%ô  ôU:« pK� ÊQ?� œUI?��ö� qO1 r?NF?OL?� Èd�√ Ë√ W?�—b� æ



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�µπ

Æ WO�U�(« Ë√ ◊U��ù« Ë√ d1U�e�« Ë√ VKI�« ÷«d�√ Ë√ Íb��« ÊU�d�� W�U ù«
d�ü« U?LMO� 5G�U�K� Âb�« ÊU�d��  ôU?:« pK� W�ö� w� pA�«  U?LN�b� rNM� ÊUM�« æ

ÆW�öF�« pK� œu�Ë v�≈ qO1
l� W?O�?O�UMG?�ËdNJ?�«  ôU:U� d�Q?��« W?�—œ b�b% w� ·ö?�?�« b�u� t�≈ YO?�Ë
(NIEHS) WO�O��« W�?B�« ÂuKF� wM�u�« bNF*« ÀU��√ p�c�Ë (DHS) w� s�d�¬ 5��U�
International Agency for Research on Cancer ÊU�d?��« ÀU?��_ W??O�Ëb�« W�U?�u�«Ë
Advisory Group on ›∏≤¤s�R*«d?O?� ŸU?F?�û� W�—U?A?�?�ô« W?�u?L?:« s�Ë , (IARC)

W?O�U?F?�ù« W�U?L�?K� w�UD�d?��« wM�u�« fK:«Ë Non-Ionising Radiation (AGNIR)

 U??�U??F??�û� W??O??�K��« —U?�ü« œu?�Ë v?K� rN??�U??H�« u� UM?� UML??N� U??� ÊS??� ,(NRPB)

`KDB*« X% U?N?�«—œ≈ p�c?�Ë , ELF «Îb?� iH?�M*« œœd?��«  «– WO?�?O�UMG?�Ëd?NJ�«
Ê√ sJ1 `KDB� nF?{√ ÊU� u� v�� IARC q�� s� Possible Human Carcinogen

Æ›∏± ,∏∞¤ UM�d�*« nOMB�� oKF�� ULO� Âb����
 U‡‡‡‡‡‡F�U��Ë ¡«—¬

WKL?�?;« V�«u?F�« VM�?�� W?�{«Ë W�ƒ— œu?�Ë Âb?� u?AM� ›±±∑¤—u?��Ëd?��« Èd�
w�U?F�« j?G?C�« ◊uD� s� …—œU??B�« pK� q�?� w�??O�UMG*« ‰U?�??LK� ÷d?F?�?�« V�?��
W�?�UM� œËb��  X Ë√ Ë√ X{d� ‰Ëb�« iF� Ê√ ô≈ ,ÂU?� qJA� WOzU�dNJ�«  «—U?O��«Ë
U?O�UD?�≈ s� ¡«e?�√Ë «d?��u?�Ë b�u?�?�« q�?� U?Î��b?� W?�??B�U� —U?C�« ÷d?F?�?�« VM�?��

ÆUO�«d��√Ë
ÊuJ� Ê√ ÊUJ?�≈  d?�?�??�«Ë w�?O�UMG?*« ‰U?:« —«d?{Q� d??I�  U?LEM?*« iF�  √b�
Èb?�≈  d?N?�√ U?L?� ÆW?��Ë_« r?K�  U?�«—œ ”U?�√ vK� r?�—«d?� wM� b?�Ë , UÎM?�d?�?�
‰U?L?�?�« s?� l�d� ”ËU?� wK� ¥ s� d?�??�√ w�?O�UMG?� ‰U?: ÷d??F?��« Ê√  U?�«—b�«

Æ›±±π ,±±∏¤‰UH�_« Èb� nFC�« v�≈ ÊU�d��U� W�U ù«
dD� ”UM?�« s� b�«u?A� Âu?�b??� d�d?I� w� U??O�—u?H?O�U??� w� W?�?B?�« …—«œ≈ X�U?{√
W���_« VKB�Ë , 5G�U�K� a*« ÊU�d�Ë , 5G�U?��«Ë ‰UH�ú� Âb�« ÊU�d�Ë ÷UN�ù«
W?�O?�M� —U�?��ô«Ë ◊U�?�ù« WO�U?L�?�« Èd�√  U?�«—œ X�U{√ U?L� ÆW?O�?B� ÷«d?�√Ë



w��«d�« tÒK�«b�� bL�� ∂∞

hI� p�c?�Ë ,”ËU?� wK� ≤ ‚u?� ‰U?: ÷d?F?��« bM�  U?�U?F?�ù« pK�� ÷d?F?�K�
”ËU?� wK� ±≤ v�≈ ÷dF?��« Îö�?L� ,W�Ëœ_« vK� W?O�?K� —U�¬Ë ,wKOK�« 5�u�öO*« “«d?�≈

Æ Íb��« ÊU�d�� 5�UBLK� qLF��� Ãö� u�Ë Tamoxifen  ‡�« dO�Q� s� hIM�

÷d‡‡‡F² « œËb‡‡‡Š  Æµ

÷dF��« œËb� l{Ë »U��√ µ[±
W�UL� w� WO�O�UMG*«Ë WOzU�dN?J�«  ôU�LK� ÷dF�K� œËb� l{Ë »U��√ r�√ s�
Chronic® s�e�« —Ëd??� l� «Î—«d?{√ Àb?% w��« p?K� Î¡«u?� , …—U?C�« —U�ü« s?� ÊU?��ù«
÷d?F??��« …œU�“ l� UÎ�œd� U??N�Ëb?� W?O�U??L?�?�« b�e?� w��« —«d?{_« U?N?M� Î¡«u?� ©hazard

Àb�� wJ� ©threshold W��?�® 5F� —«bI� v�≈ ÷dF?�� Ê_ ÃU�% w��« Ë√Stochastic) ®
Acute® «Îd�U?�� «Î—d{ Àb?% w��« pK� Ë√ ,(Non-Stochastic or Deterministic) —dC�«
,d�U?<« s?� W?O�U?� W??O?�?  U??Î�Ëd� ÊU?��û?� d?�u� Ê√ V�� ‰U??� W�√ vK�Ë ,©hazard

Æ œËb(« fO�Q� - p�c�
WO�Ëd?�J�ô«Ë WOzU�d?NJ�« W�bMN?�« bNF* ÷d?F��« œËb?(  UO? u��«  dN� U?�bM�Ë
 d??�– w��«Ë (ICES) d??�??�e?�d??O� ©≥∞∞∞ − ∞ <® W??O??�u?*« ‰«u�ö� IEEE ©≤∞∞≤®
W?O?�K��« —U�ü« s� W�U?L?�K�  œËb?(« pK� XF?{Ë U?NK�√ s� w?��« »U?��_« W?�u?L?�?�
v�≈ ÍœR� b� Íc�« wKC?F�« ZON��«Ë , WO�?BF�« U�ö�K� W*R*« —U�ü« w�Ë  W��d?I�« …d�HK�
WO?�BF�«  «d?O�Q��« Ë√ w�B?F�« ZON��«Ë d�U?�� tO?� qL� W�œQ� ‰ö� © U�U? «® —«d{√
W�?���?*« WOzU�dNJ�« œu?N'« t�b?% b� w��« WO?�K��« —U�ü«Ë WO?�KI�« …—U�?��ô«Ë a*« q�«œ

 ÆÂb�« w� ‰U�*« qO�� vK� r�'« q�«œ  T�UH*«  U�u�_« p�d% s�
l{u� r� Ë√® Ã—b� r� (Chronic effects) b?O?F?��« Èb*« vK?� —UD�_«  Ê√ k�ö*«Ë
XF�—√ b�Ë]. ≥µ ,[26 U�u*« pK�� ÷dF��« ‰u� l� V�UB��  b� w��«Ë ©—U���« UN�
œU?L?�?�ô« sJ1 lMI?� Ë√ w�U?� qO?�œ b�u?�ô t�√ ‰Ë_« : s�d?�√ v�≈ p�– V�?� (ICES)

÷d?F?��« l� Àb?% b?� ÊU�d?��« q�?� UÎ{«d?�√ Ë√ W?O?�K� —«d?{√ b?�u� t�√ X�?��Ë t?OK�
Èb*« vK� e�dO� ≥∞∞∞ v�≈ dH?  s� œœd��« œËb� w� w�O�UMG*«Ë wzU�d?NJ�« ‰U�LK�



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∂±

WO?�K��« —U�ü« 5L?��� UÎ�U?�√ wDF� Ê√ sJ1 …b?�R� WI?�d� b�u� ô t�√ w�U?��«Ë ÆbO?F��«
÷dF�K?� wL�«d��« d�ú� —U�?��« „UM� fO� t�Q� w�u� ‰Ë_« V���«Ë ÆbO?F��« Èb*« vK�
W?F�ú� ÷d?F?��« Ê_ ©WOMO?��« W?F�_«Ë U?�U� W?F?�√® WM�R*« WF?�_« w� ‰U?(« u� UL?�
W?B�2 W?O?�UF?�≈ W?�d� W?�UD�« pK� vL?��Ë UN?�?�U� s� ¡e?' UÎ U?B�?�« Àb?�� WM�R*«
W?�?�?� v�≈ U?N�u? ËË (accumulated dose) q�u� Èb?� vK�  U?�d?'« r�«d?��Ë (dose)

nK��� UM?� d�_«Ë Æ5F� ‰UL�?�U� Àb�� Ê√ sJ1 UMOF� U?{d� Ë√ U�uO� «d�√ ÊU?� WMOF�
Èb*« w� acute hazard …d?�U??�?� Àb?% w��« ©—«d??{_«® —U�ü« vK� XF?{Ë œËb??(U?�

 Æ wN�b� d�√ «c�Ë WFH�d� ÷dF��« œËb� ÊS� V���« «cN�Ë Æ V�dI�«
÷dF��« œËb( W‡�bN��*«  U�H�« µ[≤

s� …—bÓBÔ*« œËb?(« d��?F� ÂU� qJA�Ë ,÷dF?��« œËb( W�bN?��*« W�?H�« b�b% V��
ö�� w� W?�bN��*«  U?�H�«Ë Æp�– dO� vK� hÓM?Ô� r� U�  U�H�« lOL?' WK�U� WMOF?� W�O�
W? U�  ôU?� rN�b� s� Ë√ q�«u?(« Ë√ ‰UH�_« Ë√ 5?K�UF�« Ë√ ©”UM�« lO?L?�® W�U?F�«
rEM� q�?� rNK�«œ WOzU�dN?� …eN�√ Ÿ—“ - s?� Ë√ WOzU�dNJ�«  ôU?�LK� W?O�U�?(« q��
Ê√ u� 5K�U?F�«Ë t?�U??F�« 5� ÷d?F?��« œËb?�� o�d?H?��«  «—d?�?� s?�Ë ÆVKI�«  U�d?{
rN�√Ë ,©rJ���«® j�C�« X% W�O� w� ÊuKL?F� rN�√ ÷d�H�Ë ,5G�U� ’U��√ 5K�UF�«
X�Ë ‰ö� ÊuKLF� rN?� «ÎdO�√Ë ,—c(«Ë WDO(« ÊËc?�QO� d�U�LK� Êu?�—b�Ë Êu�—b�
Êu�u��� r?N�√ UL� , Êu�UF*«Ë ,‰UH�_« rN?�% Ã—bMO� W�UF�« U�√ , ©Â«Ëb�« …d?��® œb��
Ë√ W?�U?I?��« b�u?� ô U0—Ë ©w�U?F�ù« Àu?K��« W?O�U� s?�® UN� Êu?A?O?F� w��« W?�?O?��« s�
d?O� rN?�?�O� w� r�b?�«u� Ê√ U?L� ,dD?)« QAM� v�?� Ë√ ,rN�b� ŸU?F�ù« d�U?�0 W?�UMI�«

 Æ—U���ôU� Èd�√ »U��√Ë »U��_« Ác� c�R� Ê√ d�b'« s� «Î–≈ , s�e� œËb��
w�O�UMG�ËdNJ�« ‰U:« l� q�UH��« WO�¬ µ[≥

pK� Ê√ YO??�Ë `D��« vK� —u?NE?K� r�?'«  UM�?� w?zU�d?NJ�« ‰U?:« Y�??�?��
q�«u� vK� —UO?��« —«bI� bL�?F�Ë ,r�'« q�«œ  «—UO� p�– s� Z�MO� …œœd?��  ôU:«
, tF?{ËË r�'« qJ�Ë © U�u�_«®  UM?�A�« d�u�Ë  ôU?:« pK� …b� U?NM� , …dO?��
‰U:« Ê√ U?L� ,UÎ�«Ëœ —UO�Ë wzU�d?N� ‰U�� s�uJ� v?K� qLF� w�O�UMG*« ‰U:« Ê√ U?L�



w��«d�« tÒK�«b�� bL�� ∂≤

r�� s� »«d��ô« bM� r?�'« v�≈Ë s� WOzU�dNJ�« Á—«dA�« ‰UI��« w� V?���� wzU�dNJ�«
ÆW*R�  «e�Ë p�– U���� w�U� bN� ‚d� œu�Ë ◊dA� WMOF� W�U�� d�¬

÷dF��« œËb� l{Ë WI�d� µ[¥
W�uO� «—U�¬  b% ô ELF «Îb� nOFC?�« œœd��«  «– WF�ú� ÷dF��« ÊS?� U�d�– UL�
‰U(« u� UL� , W�UF�« Ë√ 5K�UFK� Î¡«u� ÷dF�K� œËb� UNOK� vM�� wJ� WOFD�Ë W�{«Ë
d�– U?� lOL?� Ê√ YO�Ë Æ—e?OK�« Ë√ WO�?�HM��« ‚u?� WF?�_« v�� Ë√ , WM�R*« W?F�_« w�
ÀU?��Q� r�b� r� ELF ‡� ÷d?F?��« V�?�� W�u?O?� —U�¬ œu?�u?� ‰u?I� w��«Ë ÀU?��√ s�
ÆUÎO*U� Ád��F*« WOM�u�«Ë WO�Ëb�«  ULEM*«Ë  U?�ONK� WFMI� d��F� r� Ë√ w�U� qJA� Èd�√
s� t�b% U?� o�d� s� ELF ‡� ÷dF?��« b�b���  U?LEM*«Ë  U�O?N�« pK�  Q' p�c�Ë
r�?'« ÷dF� V�?�� ©‰U?�*« qO�?� vK�® ÊU?��ù« r�� q�«œ Y�?�?�� wzU�d?N� —U?O�
d9 ·u� wzU�d?NJ�« ‰U:« ◊uD�?� Æ UÎF� U?LN� Ë√ w�?O�UMG� ‰U�?� Ë√ wzU�dN?� ‰U:
, wzU�d?N� q?O u� d?�?�_« o�dD�« pK�� ·u?�Ë WL?O?I�?�?� t�?�  «—U?�0 r�?'« d�?�
„d% ·u�?� ,WOzU�dNJ�« WF?�«b�« …uI�« ◊uD�� vL�� WO?L�u�« ◊uD)« pK� Ê√ YO�Ë
pK� œœd??�� ·u??�??� «œœd??�??� ‰U?:« p?�– Ê√ YO??�Ë ,r�??'« q�«œ …d??(«  UM�??A�«
vML?O�« bO�« …b?�U?I� UF?��?� w�?O�UMG*« ‰U:« U?�√ Æ«œœd?�� «—U?O� W�uJ� t� U?F��  UM�?A�«
Æ r�'« q�«œ ©ÁU&ô« dOG��® œœd�� ©dz«Ëœ qJ� vK�® w�«Ëœ —UO� —Ëd0 V���� ·u��
ô , r�'« q�«œ W�u?O� —«d{√ s� —UO��« p�– t?�b�� U� vK� ÷dF��« œËb?� XOM� b�Ë
qJA� Áb�b?% s� sJL?�Ô� r?� d�U?�*« —d?C�« Ê_ ,d?�U?�?� qJA� W?F?�_« pK� t�b?% U?�

ÆbF� wFD�
q�«œ —U?O� Êu‡J� lM� u� W�U‡�?�� œËb?(« pK�� —UO?F*« Ë√ U?NOK� w?M� w��« …b�U?I�«Ë
—UO��« s� qOKI� d?��√ u� —UO��« «c�Ë ,(10 mA m— 2) l�d� d��ØdO?��√ wK� ±∞ d��√ r�'«
Ë√ VKI�«  UC�� w� tK�?L*« pK�� ,w(« r�'« q�«œ wFO�� qJA� Âb�?��*« w�dNJ�«
ÊS?� w�—U?� d?�R?� V�?�� —U?O??��« «c� Àb?� «–≈Ë Æ‰U?�*« qO??�?� vK� w�?B??F�« “U?N?'«
− ±∞® s� r‡‡‡�'« q�«œ —UO��« W�U�� X�U� «–≈Ë , t?F� »ËU��� ·u� W�uO�  ö�UH�
—UO��« W�U?�� X�U� «–≈Ë ,d�Q�� ·u� w�BF�« “U?N'«Ë dB��« ÊS�    l�d� d�?�ØdO��√ ©±∞∞



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∂≥

t� d1 Íc�« ZO?�M�« ZO?N?�� ·u�?� l�d?� d�?�Ød?O�?�√ ©±∞∞∞ − ±∞∞® s� r�?'« q�«œ
d��ØdO��√ ±∞∞∞ —UO��« W�U��  “ËU& «–≈Ë , …—UC�«  ö�UH��« iF� Àb�� U0—Ë —UO��«

Æ›±∞∑¤Àb% b� Èd�√ «Î—«d{√Ë  VKI�« w� UÎ�D� ÊS� l�d�
s� …—œU?B�« pK� q�� «Îb‡� W‡F?H�d?� ÷dF?��« œËb‡� XF{Ë W‡I�U?��« »U�?�ú�Ë
b� Íc�« ÊU�d��« q�� ÷d0 W�U ù« dD� vK� vM�� r� œËb(« pK� Ê√ YO� ICNIRP

s� wL??% ô œËb?(« p?K� Ê√ ‰u?I� s?� „UM� Ê√ qE� t�√ ô≈ Æ÷d??F?��« V?�?�� Àb??��
V�?��« «cN�Ë 5F?� s�“ ‰ö?� ÷«d�_« pK� À«b?�ù t� t�?�?A� dD� œu�Ë ‰U?L�?�«
wK� ≤[µ œËb� q�‡� ÷dF�K� ÁdOGB�« œËb(« pK�  b�ËË ·ö��ô«Ë s�U���« b�Ë

ÆÊu�b�u��« UNF{Ë w��« ”ËU�
w�O�UMG�ËdNJ�« ‰U�LK� ÷dF��« œËb� µ[µ

5�U??�?L?K� ÷d?F??��« œËb??� ±ππ∏ WM� U�¡U??I� w� ICNIRP XF??{Ë ÂU??� qJA�
≥∞∞ v�?�  «œœd?�� p�–Ë —U?�?�?�ôU� ÷d?F?��« s�“ c?�√ l� w�?O�UM?G*«Ë wzU�d?NJ�«
‰«u�_« s� i�d??� nOD� ÷d??F??��« œËb?� vM?�M� l{Ë -Ë (GHz) e�d??O� U?�??O?�
œËb??� ÊS?�e?�d?O� ©∏≤∞ − ≤µ® s?� œœd?��« h?�� U??L?O??�Ë Æ©≤Ë±ÊöJA�«® W??O??�u*«
250/f (V m— 1) W?�U??FK�Ë 500/f (V m— 1) u� 5K�U??FK� wzU?�d?NJ�« ‰U??�?L?K� ÷d?F??��«
,W?�U?‡FK� 5/f ( T) Ë 5K�U??FK� 25/f ( T) u� w�??O�U?MG*« iO??HK� ÷d??F??��« œËb??�Ë
ÊuJO?� `{u*« ‚UDM�« sL?{ lI� Íc�«Ë f = 60 Hz u� Áb?AM� Íc�« œœd?�‡�« Ê√ YO?�Ë
«ÎœËb?� Èd?�√  U?LEM� XF?{Ë b?�Ë Æ ‰Ë«b?'U� W?�?{u?� w� U?L?� ÷d?F?��« œËb?�
ÆÂUJ�ô« p?K� U??N???OK� X?OM� w�?�« f�_« v�≈ l�d?� ·ö??�??�ô« V?�??�Ë W???HK�???�??�

Æ UNMO� dO�J�« s�U���« `{u�Ë œËb(« pK� h�K� ©≤ Ë ±ÊôËb'«®Ë
q�u� wM�“ Èb* ÷dF��« œËb� µ[∂

w�  bO?F��« Èb*« vK�  wzU�d?NJ�« ‰U�LK� ÷d?F�K� WM�¬ œËb� l?{Ë  s� s]JÓLÓ� Ô� r�
©±∞[∞∞∞ − ±∞∞∞® 5� ‰U?: ÷dF?�K� …d�u?�*«  U�uKF*« Ê√ V�?�� d{U?(« X�u�«
¡UM�√ WO?{d� ÷«d�√ l� V�U?B�� UN�√ Ë√ UÎM?OF� U?Î{d� V��� U?N�Q� b�R� r� d�?�ØX�u�

ÆÂ“U� qJA� ÁbF� Ë√ lOFA��«



w��«d�« tÒK�«b�� bL�� ∂¥

ICNIRP 1998 EXPOSURE LIMIT[104] : —bB*«
Æ± qJ�

ICNIRP 1998 EXPOSURE LIMIT[104] : —bB*«
Æ≤ qJ�



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∂µ

Æ e�d� ∂∞Øµ∞ œœd�K� wzU�dNJ�« ‰U�LK� ÷dF��« œËb� Æ©±® ‰Ëb�
wzU�dNJ�« ‰U:«

`‡‡‡‡‡‡‡‡‡‡‡O{u�( V m— 1 )WM��«W�Ëb�« Ë√ WLEM*«
5K�UF�«W�UF�«

—UO��« —d{ vK� XOM�µ∞∞∞±π∑µUSSR  e�d� µ∞ Y���*«
—UO��« —d{ vK� XOM�±µ∞∞∞±π∏∞POLAND e�d� µ∞ Y���*«
—UO��« —d{ vK� XOM�≤∞∂∞∞≤∞∂∞∞±π∏πGERMANY e�d� µ∞  Y���*«
—UO��« —d{ vK� XOM�±∞∞∞∞µ∞∞∞±π∏π(AUSTRALIA)

e�d� µ∞  Y���*«NHMRC

÷«d�√Ë W�uO� —U�¬≤µ≤µ±ππ∞SWEDISH

e�d� µ∞ bOF��« Èb*« STANDARDS

—UO��« —d{ vK� XOM�±∞∞∞∞±∞∞∞∞±ππ≥(UK) NRPB e�d� µ∞  Y���*«
—UO��« —d{ vK� XOM�∏≥≥≥±ππµCENELEC e�d� µ∞ Y���*«
—UO��« —d{ vK� XOM�≤µ∞∞∞±ππµCENELEC s�e� …bOI�Ë Y���*«

e�d� µ∞±∞∞±∞±ππ∂NCRP

—UO��« —d{ vK� XOM�∏≥≥≥¥±∂∂±ππ∏ICNIRP e�d� ∂∞  Y���*«
© U�U� …b�® dOB� X�Ë≥∞∞∞∞±∞∞∞∞±ππ∏ICNIRP

VKI�«  U�d{ rEM� t�b� s*±∞∞∞±ππ∏(USA) ACGIH

—UO��« —d{ vK� XOM�≤µ∞∞∞≤∞∞∞(USA) ACGIH e�d� ∂∞ Y���*«
V�dI�« Èb*« vK� XOM�≤∞∞∞∞µ∞∞∞≤∞∞≤(USA) IEEE  ©—UO��« —d{®

›±≤∑ ,±±∑ ,±∞∂ ,±∞µ ,±∞¥ ,∑∏ ,≤ ,±¤ :—œUB*«



w��«d�« tÒK�«b�� bL�� ∂∂

Æ e�d� ∂∞Øµ∞ œœd�K� w�O�UMG*« ‰U�LK� ÷dF��« œËb� Æ©≤® ‰Ëb�

w�O�UMF*« ‰U:«
`‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡O{u�(mG)WM��«W�Ëb�« Ë√ WLEM*«

5K�UF�«W�UF�«
e�dO� µ∞ Y���*« —UO��« —d{ vK� XOM�±∑∂∞∞±π∑µUSSR

e�dO� µ∞Y���*« —UO��« —d{ vK� XOM�µ∞∞∞∞µ∞∞∞∞±π∏πGERMANY

e�dO� µ∞Y���*« —UO��« —d{ vK� XOM�µ∞∞∞±∞∞∞±π∏π(AUSTRALIA)
NHMRC

bOF��« Èb*« ÷«d�√Ë W�uO� —U�¬≤[µ≤[µ±ππ∞SWEDISH
STANDARDS

e�dO� µ∞Y���*« —UO��« —d{ vK� XOM�±≥≥≥∞±≥≥≥∞±ππ≥(UK) NRPB®
e�dO� µ∞Y���*« —UO��« —d{ vK� XOM�±≥≥≥∞µ≥≥∞±ππµCENELEC

5�u�öO*« dOG�±∞∞±∞±ππ∂NCRP

e�dO� ∂∞Y���*« —UO��« —d{ vK� XOM�¥±∂∂∏≥≥±ππ∏ICNIRP

© U�U� …b�® dOB� X�Ë¥±∂∂∂∏≥≥≥±ππ∏ICNIRP

jI� ·«d�ô« ÷dF�≤µ∞∞∞∞±ππ∏ICNIRP

e�dO� µ∞Y���*« —UO��« —d{ vK� XOM�±∞±πππSWISS

e�dO� µ∞Y���*« —UO��« —d{ vK� XOM�≤≤∞∞∞Parts of ITALY

VKI�«  U�d{ rEM� W�b� s*±∞∞∞≤∞∞∞(USA) ACGIH®
e�dO� ∂∞Y���*« —UO��« —d{ vK� XOM�±∞∞∞∞≤∞∞∞(USA) ACGIH

e�dO� µ∞Y���*« —UO��« —d{ vK� XOM�¥≤∞∞∞QUEENSLAND
AUSTRALIA

V�dI�« Èb*« vK� XOM�≤∑±∞∞π∞¥∞≤∞∞≤(USA) IEEE

e�dO� ∂∞©—UO��« —d{®
›±≤∑ ,±±∑ ,±∞∂ ,±∞µ ,±∞¥ ,∑∏ ,≤ ,±¤ :—œUB*«



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∂∑

wzU�dNJ�« ‰U�LK� W�dA��«  U�«—b�« µ[∂[±
WO?�u� Àœ«u� „UM� sJ�Ë ,oKD?� qJA� ÊU��ù« vK� »—U?���« oO�D� V?FB�« s�
t?��� U?� UNM�Ë ,W�d?A� WO?KL�  U�U?O�?� UN?FL?� o�d� s� U?NM� …œUH?��ô« sJ1 Àb?%
w� ‰U�*« qO�� vK� ÊuK�UF�U� ,WOzU�d?NJ�«  ôU�LK� ÷dF��« bM� ”UM�« iF� Áb��Ë
rNM� W?LN�  U�U?O� lL� sJ1 W?O�?O�UMG�Ëd?NJ�«  ôU:U� ÷d?F��U� j��d�  ôU?��
VO�d� w� ÊuK�UF�« q�� ,U?NM� ZzU�M�« Ã«d���«Ë WMOF� t?OzUB�≈ ‚d� oO�D� o�d� s�
‰U??:U?� ”U??�??�ù« Ê√ ÂuK?F*« s�Ë ÆqI?M�« ◊uD�Ë  ôu???;«Ë  «b�u*« W�U???O?? Ë
ÊuJ�Ë d��ØX�u� ≤∞[∞∞∞ Á—b� ‰U�� W��� bM� ”UM�« s� %µ∞ ‡� Àb�� wzU�dNJ�«
U??N�b� WKOK� V?��Ë ,s�b?O?�«Ë ”√d�« d?F??A� „d?%Ë b??O�« w�  «e??�Ë Ë√ qO?LM?� qJA�
b?�u� UL?� Æ›±≤∞¤¡U�d?NJK� Êu?�U?�� ÊËd?�?�?F�Ë d?��ØX?�u� ≤∞∞∞ bM� ”U?�?�ù«
Íc�« p�c� q�U2 Á—b?� wzU�d?N?� ‰U?�?� v�≈ rN?C�d?F� - 5�uD�?� s� W�œd?�  ôU?�
≤∞[∞∞∞ Á—«b?I??�Ë X�u?� ±≥≤∞∞∞ b?N?'«  «– w?�U?F�« jG?C�« ◊u?D� X% ÊuJ�
›±≤≥−±≤±¤rN?OK�  √d� —U�¬ œu�Ë ÊËœ © U?�U?�® …dO?B� W?OM�“  «d?�H� d?��ØX�u?�
U?L?�  Æ©d?N?�√® ‰u�«  «d?�?H� U?N?�?H� ÊuJ� ·u?� ZzU?�M�« fH� Ê√ w?MF� ô «c� sJ�Ë
WOzU�dNJ�«  ôU:« w?� 5K�UF�« vK� WI�D*«Ë WMI�*« WOzU?B�ù«  U�«—b�« iF� b�u�
5K�U??F�« W?�u?L??�?� 5� statistically significant U?Î�u�u??� U?ÎOzU?B??�≈ U?�ö?�??�« jF� r�
Æ›±≤∂−±≤¥¤©WO?�O�UMG�ËdNJ�«  ôU?�LK� «u{d?F�� r� UÎ U�?�√® rJ���« W�uL?��Ë
ÊU��ù« W�?�ö� q�� …œuBI*« d?O� Àœ«u(« V��� ÊU?��ù« r�� d�� —UO?��« —Ëd� U�√Ë
bL�?F�Ë ,r�'« q�«œ —UO� —Ëd� tM� Z�M� t�S� e�d?� ∂∞Øµ∞ œœd�� —UO�� Êu�?A� r�'
t�U?B�«Ë ÊU?��ù« r�?� l{ËË Êu?�?A*« r�?'« b?N?� U?NM� q�«u?� vK� —U?O?��« W?O?L?�
—UO��« WOL� l� ÊU��ùU� o�K� Íc�« —d?C�« V�UM�O� ,÷—R� w�bF� r��� Ë√ ÷—_U�
…—U*« —U?O��« W?OL?�  “ËU& «–S?� Æ—Ëd*« …d�?� Ë√ s�“Ë UN�d?� w��« r�'« s� W?IDM*«Ë —U*«
qF?& w��« —UO?��« s� W?��?F�« Ë√ »UB?�ô« vK� …dDO?��« bI?� (Let-go) W�?�� r?�'« d?��
w�—U� q�b� Âb� W�U� w?� dD)« W��� ÊuJ�� ,rJ��K� lC?�� ôË i�IM� »UB�_«
5G�U��U� W�—UI*U� ‰U?H�_« bM� qI�Ë d�ü h�� s� (Let-go) —UO� nK���Ë  Æ l�d�Ë
l�D�U�Ë d?O�?�√ wK� ±∞ œËb�� ÊuJ� U0— 5G�U?��« w� (Let-go) W�?�� —U?O�Ë ÆnBM�« v�≈



w��«d�« tÒK�«b�� bL�� ∂∏

Æ›±≤∏−±≤∑¤W��F�« Ác� “ËU��� dD)« b�e�
w�O�UMG�ËdNJ�« ‰U�LK� d�U�*« ÷dF��«

W�U� w� U�√  ,l�d?� d��ØdO?��√ wK� ±∞ s� r�‡‡'« q�«œ —UO��« W?�U�� b�e� ô√ V��
YO�Ë  ÆUN?OK� œUL��ô« sJ1 ôË WK�?{  U�uKF*« X�«“ ö� bOF?� wM�“ Èb* ÷dF��«
ICNIRP t�œb?� Íc�«®d?�?�ØX�u?� ±∞[∞∞∞ wzU�d?NJ�« ‰U�?LK� ÷d?F?��« œËb?� Ê√
l�d� d��ØdO?��√ wK� ¥ t��U�� «Î—UO� jI� Àb�?� ·u� ‰U:« p�– ÊS� ©e�d� µ∞ œœd�K�
u� rN� ÷d?F?��« œËb?� Ê√ YO� d?�?�√ rN?��U' ◊U?O?�?�ô« ÊUJ� W?�UF�« h�?� U� U?�√Ë
d��F�Ë l�d�d�?�ØdO��√ wK� ≤ t��U�� —UO� w� V��?�� ·u� b(« «c�Ë d��ØX�u� µ∞∞∞
vK� b?L?�?F� oKDM*« fH?� vK� vM�� w��« ÀU?��_« Ê√ ô≈ , rN� …b?O?� W�U?L?� b?(« «c�
jI� fO�Ë accumulated wL?�«d� dD)« Ê√ vK� dEM� w��« pK� Ë√ W?OzUB?�ù«  U�UO?��«

 ÆWHK��� rOI� w u�Ë WFH�d� œËb(« Ác� Ê√ Èd� UN�S� p�c� ,d�U�*« dD)«
w�O�UMG*« ‰U�LK� ÷dF��« œËb� µ[∑

“ËU���ô YO?��  e�d� ∂∞Øµ∞ œœd�*« w�O�UMG*« ‰U�LK� ÷d?F��« œËb� l{Ë -
l�d�d��Ød?O��√ wK� ±∞ s� r�'« q�«œ ‰U�LK� ÷d?F��« V��� Y���*« —UO?��« W�U��
Á—b?� w�?O�UMG?� o�b� v�≈ r�?'« ÷d?F� «–≈ Àb?% Ê√ sJ1 W?L?O?I�« Ác�Ë ,(mA/m2)

U�√ ,›±∞∑¤W�u?O(« Àœ«u?(« iF� ÁbM� XK�?� b?� b(« «c�Ë ,”ËU?� wK� µ∞[∞∞∞
Í√ ”ËU?� wK?� ©±∞∞[∞∞∞ − µ∞[∞∞∞® s� Á—b?� w�?O�U?MG?� o�b� v�≈ ÷d??F?��«
b?�R� qJA� q?�� b?I� l�d?�d?��Ød?O?��√ wK� ©±∞∞ − ±∞® s� t?�?�U‡‡‡�?� —UO� ÃU?�‡‡�«
v�≈ r�?'« ÷dF� bM�Ë Æ—U?B�ù«Ë w�B?F�« ÂUEM�« w� ‰ö�?�« q�� W?O�u�u?O� Àœ«u�
Î—UO� ‰U?:« «c� Z�M� ·u�?� ,d��√ Ë√ ”ËU?� wK� µ∞∞[∞∞∞ œËb�� w�O?�UMG� o�b�
«—d{ Àb�� ·u?� «c�Ë l�d�d��Ød?O��√ wK� ±∞∞∞ s� d�?�√ t��U�� U?����?� wzU�dN�

Æ›±∞∑¤VKI�« n�u� q�� acute hazard «ÎœU�
w�O�UMG*« ‰U�LK� W�dA��«  U�«—b�« µ[∑[±

÷dF?��« s�“Ë iOH�« W�U?�� UNM� w�«u� …b� s� …b?OI� ÊU?��ù« vK�  U�«—b�« Ê≈
ÊuJ� YO?�� "«u� wDF?� WK�U?�  U�«—œ d?�u?�� r� p�c� , t� —d?C�« ‚U?(≈ s� U?�u?�



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∂π

p�c� ,e?�d� ∂∞Øµ∞ œœd??�*« w�??O�UMG*« ‰U??�??LK� ÷d??F??��« œËb??� l{u� U??Î�U??�√
’U?��_« iF� i�d?F� - b?I� p�– l�Ë Æ r?K�_« o�dD�« u� »—U�?��«  U�«u?O�?�
qB� w�?O�UMG?� iO� W?�U�?� v�≈Ë  U?�U� l�—_« “ËU?�?�� ô WOM�“  «d?�?H� 5�uD�*«
Í√ ‰u??B??� Ë√ rN??OK� Î—«d??{√ p�– fJ?F� r�Ë ”ËU??� wK� µ∞[∞∞∞ v�≈ Á—«b??I??�
WOKLF� W�«—œ w� 5�uD�*« iF� i�dF� - b?�Ë  Æ¡UC�_« nzU�Ë w� W�uO�  «dOG�
t?�??�U?�?� w?�?O�UMG??� o�b?�� ÂU�√ …b??F� Âu?O�« w?�  U?�U?� X� v?�≈ W?F�—√ s�  «d??�?H�
≤∞[∞∞∞ v�≈ qB� t�b?� wzU�d?N?� ‰U?�?� l� U?Î��U?B?�?� mG ”ËU?� wK� µ∞[∞∞∞

Æ›±≤± ,±∞∑¤W�uO�  «dO�Q� Í√ Â“U� qJA� dNE� r�Ë d��ØX�u�
o�b��« W�U�J� ÷dF�K� «ÎœËb� X�d��« wzU�u�« rKF�« w�  U�«—b�« iF� Ê√ YO�Ë
»—U���« tKL% U?� l� «b� dO�� qJA� s�U��?� «c�Ë ”ËU� wK� ≤[µ —«bI0 w�O�UMG*«
U�u?O� «d�√ Àb�?� ”ËU� wK� ≤[µ   s� qOKI� vK�√ W?�—b�  ÷dF?��« Ê√ uK� ,WI�U?��«
w� œU� —d{ v�≈ ”ËU?� wK� µ∞[∞∞∞ v�≈ ÷dF��« Àb�� Ê√ b?�R*« q� l�u�*« sL�
s� dO?�J� q�√ «—UO� Àb?�� ”ËU� wK� ≤[µ b(« ÊS?� rKFK�Ë Æ(acute hazard) W�?B�«
W�—UH*« Ác� r�— vK�Ë Æw�BF�« ÂUEM�« w� ÊU��ù« r�� UN�b���� w��«  «—UO��« pK�
Àu�?��« …œU�“ v�≈ W?�U(« w�b?��� q�  œËb?(«Ë  U�«—b�« pK� ‰U?L�≈ V��ô t�√ ô≈

ÆWOzUB�ù«Ë WOKLF*«
Ê«uO(« vK� »—U���« s� ÊU��ù« vK� w�O�UMG�ËdNJ�« ‰U�LK� ÷dF��« —U�¬ ¡«dI��« µ[∏
lO?F?A?��« p�– vK� V�d?�?� U?� W�d?F?* WO?zU�d?N?�  ôU?: ÊU?��ù« i�d?F� …—uD�
sJ� Æ»—U�?��«  U�«uO� s� "«uM?�« ¡«dI��« W?OKL� s� b�ô p�c� d?O�� b?OOI?�� lC��
r�?� q�«œ U?�?�?�?�?� «Î—UO?� Z�M� w�?O�UMG*« Ë√ØË wzU�d?NJ�« ‰U?:« ÊS?� U�d?�– U?L?�Ë
r�?(« UNM� q�«u?� …b� vK� b?L�?F� t�?�U�?� Ë√ —UO?��« pK� WO?L�Ë ,t� ÷d?F�*« ÊU?��ù«
ÀËb?� W?�?�?� qF?& ¡U?O?�_« Ác� ,Ád?�¬ v�≈ ÆÆl{u�«Ë qO? u?�?�«Ë W?�U?�J�«Ë qJA�«Ë
WOKLF� WO�U�_« d UMF�« pK� ·ö��ô W?HK��� Ê«uO(«Ë ÊU��ù« 5�  W�uO(« —«d{_«
5� W�R?�UJ� V�?� œU�?�ù  ôËU�?� „U?M� sJ� ÆU?N?I?O?�D� sJ1 ô p�c�Ë ¡«d?I?�?�ô«
÷dF� «–≈ ‰U?�*« qO�� vK� Æ ZzU?�M�« ¡«dI�?�« r� ÊU��≈Ë Ê«uO?� Ë√ d�¬ Ê«uO�Ë Ê«u?O�
r� , I1 Á—«b?I?� «Î—U?O� tM� Z��Ë E1 Á—«b?I?� wzU�d?N?� ‰U?�?� v�≈ 5F?� l{Ë w� V�—_«



w��«d�« tÒK�«b�� bL�� ∑∞

—QH�« r�� q�«œ «Î—UO� tM� Z��Ë ‰U?:« s� —«bI*« fH� v�≈ l{u�« fH� w� «Î—Q� ÷d�
E1 s� q�√ Ë√ d��√ E2 ‰U‡�� v�≈ —Q?H�« ÷d� «–≈ U�√ Æ(I1›  I2) Ê√ l�u�*« sL� I2 Á—«bI�
Ê√ Í√ (E1 › E2) sJ�Ë (E2 ≡ E1) Ê≈ ‰uI� ©◊d?A�« «cN�® U�bM� (I1 = I2) ÊuJ� YO��
UL?N� p�c� —QH�«Ë V�—_« w� ÍËU?��� —U?O� s�uJ� w� U�?��� —«bI*U� 5HK�?<« 5�U:«
rO� …b�œU��≈Ë p�– —«dJ?��Ë Æ—UO��« fH� À«b�≈ w� …¡UHJ�« fH� UL?N� Ê√ Ë√ ÊU��UJ��
ÆV�—_«Ë —Q?HK� W?��UJ�*« W?OzU�d?NJ�«  ôU?�LK?� WO?{U�— W?�ö� r�— U?N�ö?� s� sJ1
X�d�√  U?�«—œ w�Ë ÆUÎC�√ Ê«u?O(«Ë ÊU?��ù« 5� W�R�UJ��« W?�öF�« pK� œU?��« sJ1Ë
Á—b� wzU�dN�  ‰U?: d�eM)« i�dF� bM� t�√ b�Ë ›±≥≤ ,±≥∞ ,±≤π¤d�eM)«Ë ÊU��ù« 5�
±≥∞∞∞ Á—b‡‡� w?zU�d?N‡?� ‰U?�?� v?�≈ ÊU?��ù« i�d??F� T�UJ� d??�?�ØX?�u?� ≤µ∞∞∞
- bI� –d?'«Ë d�eM)«Ë ÊU��û�   Èd�_« W�«—b?�« w�Ë , WMOF� ◊Ëd� bM� d?��ØX�u�
r�?� q�«œ U�?��?�� «—UO?�  Àb�� t�√ YO?� e�d� ∂∞ wzU�dNJ�« ‰U?�LK� W?�ö� œU?��«
«—UO�Ë (Swine) d�eM�K� wzU�d?NJ�« ‰U?:« fH� t�b�� U?� nF{ ∑[≥ t?��U?�� ÊU?��ù«
wzU�d?NJ�« ‰U?:« fH� t�b�� U?� nF?{ ±≤[µ t�?�U?�� ÊU?��ù« r�?� q�«œ U�?�?��?�
b?� –d'« U?N� ÷dF‡‡�� w?��« d�?�ØX�u� ±∞∞[∞∞∞ ÊS?� ‰U�‡?*« qO‡�� vK�Ë , –d?�K�
±∞∞[∞∞∞ ÊS??� p�c??�Ë ÊU??��ù« U??N� ÷d??F??�?� w��« d??�??�ØX�u??� ∏∞∞∞ T�U‡?‡J�
U?NO�≈ ÷d?F?�� w��«d?��ØX�u?� ±≥[∑∞∞ T�UJ� d�eM?)«  UN� ÷d?F?�� w��« d?��ØX�u?�
v�≈ ÊU?��ù« ÷d?F� Ê√ ›±≥±¤Czerski ©Z�M�?� Ó�® ∆d?I?�?�?Ó� «c� s�Ë Æ «cJ�Ë  ÊU?��ù«
ÊU�?�û� «Î—«d{√ Ë√ UÎ�u?O� Z�M� ôd?��ØX�u?� ±µ[∞∞∞ v�« ∏∞∞∞ s� wzU�d?N� ‰U?��

ÆWO�K� —U�¬ Í√ b�� rK� Ê«uO(« vK� UN��UJ� U� o�� t�_

W‡‡‡‡‡‡9U‡‡‡‡‡‡)«  Æ∂

:WO�U��« ◊UIM�U� W�«—b�« "«u� “U��≈ sJ1
ŸU??F?�ù« ‰U??�??� w� WK�U??F�«  U??LEM*«Ë 5�??�U??��« 5� d??O?�??� ·ö??�?�« b??�u� æ

÷dF?��« V��� W?&UM�« —«d{_« b�b?% w�  e�d� ∂∞Øµ∞ s�R*« dO?� w�O�UMG?�ËdNJ�«
Æ ôU:« pK��

:s�d�√ UNL�√ s� rN�U�U�M��« ·ö��ô  U���� …b� „UM� æ



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∑±

¡UB�≈ vK� t�zU�� vM� o�dH� ,rN?�zU�� UNOK� «uM� w��« f�_« w� rN�ö��« :‰Ë_«
,W��Ë_« r?K�  U�«—œË ,WO?�O�UMG?�ËdNJ�«  ôU?�LK� ÷d?F��« l� W?O�?B�« —«d{_«
t�b?% U� u�Ë ©W?OKLF?�Ë W�dE�® W?OzU�eO?� WO?�U� vK� WO?M�� t?�zU�� X�U?� d�ü« o�d?H�«Ë
pK� —«d?{√ «u??�—œ r� s�Ë ,t?�?�?�??�?� W?OzU�d?N??�  «—U?O� s� r�?'U?�  ôU?:« pK�

ÆUN���� s� dEM�« iG� W�B�« vK�  «—UO��«
≤[µ «Îb� WH?OF{ UN?��UD� ,e�d� ∂∞Øµ∞ W�O�UM?G�ËdNJ�«  ôU:« W?FO�� :w�U��«
ÍuO?(« U�dO�Q?�� p�c�Ë d?�� µ[∞∞∞[∞∞∞ w�u*« U?N�u�Ë X�u� ÊËd?�J�« ±≥−±∞ ×
d�_« ÊU?� «–≈ rO� Uncertainty pA�« s� …dO?�� W�—œ lC?�Ë «b� nOF?{ ÊU��ù« vK�

Æô Â√ UN� ÷dF��« V��� ÊU� "UM�« ÍuO(«
o�d?H�U� Æd?O?�� q?JA� ÷dF?��« œËb?� l{Ë XM�U?�� ,o�U��« ·ö?�?�ö� W?�O?�M� æ

W�O��« —U�ü«Ë  ôU?:« pK�� ÷dF��« 5� W�öF�« W�«—œ vK� W?LzU� t�U��√ X�U� Íc�«
—U�ü« vK� V�U?G�« w� W?OM�?�Ë ,…d?OG?  U?NF?{Ë w��« ÷d?F?��« œËb?� X�U� , W?�?BK�
wzU�d?NJ�« —UO?��« vK� W?OM�?� rN�U�«—œ X�U?� Íc�« o�d?H�« U�√ Æb?O?F��« Èb?LK� W?O�?B�«
w��« ÷d?F��« œËb?� X�UJ�  ôU:« pK�� ÷d?F�K� W?�O?�� ÂU�?�_« q�«œ Y��?�*«

Æd�U�*« d�_« vK� UÎ��U� WOM��Ë …dO�� U�uF{Ë
◊uD� l� wzU�dNJ�« ‰U:« W�ö� UNM� ,ÊU��ù« vK� …d�U�� dO� WO�K� —U�¬ „UM� æ

w��«Ë jG??C�« ◊uD� ‰u??� Corona ions  U�u�_« œu??�u� w�?O??��« ÀuK��«Ë jG??C�«
dA?�M�Ë W?OM�“ …d�?H� ¡«uN�« w� U?ÎI�U� qE� Íc�« ‰u?�Ëd�ù«Ë —U�?G�«  «—– s�R� U�—Ëb�
WO�U?L�?�« s� b�e� p�c�Ë UÎO�dN?� ‰œUF?�� Ê√ q�� ÊU��ù« t?IAM�?�� b�Ë ÕU�d�U� W�u?N��
vK� U?OzU�d?N?� W?�œU?F?�*« s� dD�√ W�u?�?A*« ÂU?�?�_« Ê√ v�≈ W?�U?{ùU?� ,Wzd�U� t?�?�d�
,‰u�Ëd�ù«Ë —U�?GK� V�d��« ‰bF� …œU�e� wzU�d?NJ�« ‰U:« W�ö� UC�√ U?NM�Ë ÆW�B�«
s�uJ�Ë W?O�?O�UMG?�ËdN?J�«  U�u*« —U?A?��« V��� g�u?A?��U� w�O?��« ÀuK��« p�c?�Ë

Æw�UF�« jGC�« ◊uD� »d� WK u*« ÂU��_« w� W����*«  «—UO��«
iF� w?� Ád?�– -   qO?K�« ¡UM�√ pineal …b??� s� “d??H� Íc�«Ë 5?�u�ö??O*« Êu??�d� æ

t�S?� e�d� ∂∞Øµ∞ œœd?�?� w�?O�U?MG?� ‰U?: ÊU?��ù« ÷d?F?�� t�√  d?�–Ë  U?�«—b�«
X��?� r� p�– Ê√ ô≈ , Íb��« ÊU�d?� UNM� W?O�  q�U?A� w� V�?��� U2 , Á“«d?�≈ hIM�



w��«d�« tÒK�«b�� bL�� ∑≤

h�?� s� Á“«d�≈Ë Áe?O�d� n?K��� Êu?�dN�« «c?� Ê√ v�≈ W�U?{ùU� Èd�√  U?�«—œ s�
 Æ5O�UJ�«Ë 5�uJOM�« s�  U�d�  c�√ q�� Èd�√ q�«uF� d�U�� Ê√ sJ1 p�c�Ë ,d�ü
W?�d?F?� rN�b� ÊuJ� Ê√Ë b�ô W?O�Ëd?�?J�√ …e?N?�√ rNK�«b� Ÿ—“ s�c�« ’U?�?�_« æ

ÆWO�UL��ô« pK� nF{ r�— WO�O�UMG�ËdNJ�«  ôU:U� …eN�_« pK� d�Q� WO�UL��S�
,tM� dH� ô d�√ t�√ UL� ,tO� »u�d� dO� d�√ ,w�O�UMG�ËdNJ�« —UA��ô« Ê√ p�ô æ

Áœb?�� s� qC�√ ÍœU?I?��S� ÷d?F?��« œËb�Ë Æ j�«u?{Ë œËb?� t� l{u� Ê√ «Î–≈ b�ôË
WO?��—U��«Ë WOLKF�«Ë W?O�U*«  «—bI�« —U��?�ôU� «Îc�√ , ICNIRP q�� WO�Ëb�«  U?�ON�« w�

ÆUN� WB�<« WO�Ëb�«  ULEM*« s� …b�U�*«Ë 5��U��«Ë 5K�UF�« 5B�<« œb�Ë

 U‡‡‡‡‡‡‡‡‡‡O u‡‡‡‡‡‡² «  Æ∑

WM�R*« dO�  U�UF�ù« s� W�UL�K� WO�Ëb�« W�ON�« s� …—œUB�« ÷dF��« œËb� w=MÓ� Ó� æ

Æ ICNIRP

WLO?I�« s� q�√ w� w��«Ë W�O�?�« w� …dA�M*« e�d� ∂∞ WO?�O�UMG�ËdNJ�« W?F�_« U�√ æ

s� b�ö� wM� QD� V�?�� …—œU  X�U� ÊS?� ,U�—bB� v�≈ dEMO?� ÷dF��« œËb?( UOKF�«
Æt�'UF�

l�“u???��«Ë qIM?�« ◊uD�Ë V�U?J*«Ë W??OM?J��« w�U???�??LK?� W??OzU�d???NJ�«  U?DD<« æ

t?O?� ÊuJ� Íc�« l{u?�« vK� U?N?L?O?L?B� ÊuJ� Ê√ V�� w{—_«Ë wz«u?N?�« wzU�d?NJ�«
ÆsJ1 U� q�√ w�UF�ù« —UA��ô«

b� ‰U:« «c� Ê√ YO�Ë UN?OM�«u* WO�  W�O� dO�u�� W�œu?F��« WO�dF�« WJKL*« r�N� æ

oH�√Ë ,WM?� 5�ö� s� d?�??�√ cM� vLE� ‰Ëb?� W?OM�Ë ÊU??'Ë W?O�Ëœ  U??�?O� t� X�b??I�
‰Ëb�« t�—U?& Ê√ s?J1 ô Íc�« ‰U?:« «c� w� Àu?�?�?�« vK� WKzU� m�U?�??� oHM� ‰«“ôË
W?Lz«œ WM' s�uJ� u� W?�œuF?��« W?O�d?F�« WJKL?LK� W?�?�M�U� qC?�_«Ë ,q�b�« …œËb?�?�
 U?�O?N�« pK� s� —b?B� U?� q� W?F�U�* q�_« v?K� 5B�?<« s� W?�L?� s� W?�d?H�?�Ë
W?�U��« vK� b?��?�� U?� q� h�K� Í—Ëœ d�dI� —«b? ≈Ë WO?M�u�«Ë WO�Ëb�«  U?LEM*«Ë
W??�??�UM*«  U??O? u??��« ¡U?D�≈ vK� p�c� …—œU??� WM?�K�« Ác� ÊuJ�Ë ,’u??B??)« «c??N�



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∑≥

WO�?O�UMG�ËdNJ�«  ôU:« ÀU?��√ WF�U�* WLz«b�« WM�K?�« ö�� UNL?�« ÊuJ�Ë ,WJKLLK�
ÊuJ�Ë W?O�dF�« W?GK�U� …œu? d�  U�U?O�Ë  U?�uKF� WJ?KLLK� d?�u�?� p�c�Ë ÆWM�R*« dO?�
r�b� w��«  «œU?�—ù«Ë  «—U?�H?�?�ô« qJ� …e�U� W?O?F�d?� U?N� 5K�U?F�« ’U�?�_«

ÆWKOK� WHKJ��Ë WJKL*« —uD�
w� 5�?�U?��« t?O?�u� qC?H?O?�  U�u�Ë_« √b?�0 c?�_«Ë W?I�U?��« WDIMK� œ«b?�?�U?�Ë æ

 U?�U??F?�ù« W??�«—œ w�Ë ,W??O?L�√ d??�?�_« lO??{«u*« w� ÀU??��_« ¡«d?�≈ v�« W?JKL*«
vK�_« W�UD�«  «– WM�R*« dO�  U�UF�ù« Ë ,—e?O*« Ë —eOK�« W�«—œË ,WM�R*«  ULO�'«Ë
(Microwaves) n�ËdJO?*U� vL?��U??� W?IDM� s� Î¡«b??��« Í√ X�u?� ÊËd??�J�≈ ∂−±∞ s�
l� q�U?H��« W?O�U?L�?�« UN?O� ÊuJ� w?��«Ë q�Q� d?�� b?�«Ë s� w�u*« ‰uD�« ÊuJ� U?NO?�Ë

Æd��√ qJA� …d��F� ÊU��ù« r��

l‡‡‡‡‡‡‡‡‡‡‡‡ł«d‡‡‡*«

[1] Institute of Electrical and Electronic Engineers (IEEE), IEEE PC95.6-2002 standard
for safety levels with respect to human exposure to electromagnetic fields, 0 to 3 kHz.
Prepared by Subcommittee III of Standards Coordinating Committee 28, IEEE Standards
Department. New York: Institute of Electrical and Electronics Engineers, Inc. (2002).

[2] Ahlbom, A. and Feychting, M., Electromagnetic radiation, Brit Med Bull. 68: 157-165
(2003).

[3] Swedish National Board for Electrical Safety, Revised Assessment of Magnetic Fields
and Health Hazards, Stockholm (1993).

[4] Science Advisory Board, Potential Carcinogenicity of Electric and Magnetic Fields,
EPA SAB-RAC-92-013, U.S. Environmental Protection Agency, Washington, D.C.
(1992).

[5] Peach, H.G., Bonwick, W.J., Scanlan, R. and Wyse, T., Report of the Panel on Elec-
tromagnetic Fields and Health to the Victorian Government, Minister of Health, Mel-
bourne, Australia (1992).

[6] Oak Ridge Associated Universities Panel, Health Effects of Low Frequency Electric
and Magnetic Fields, ORAU 92/F8. Prepared for the Committee on Interagency Radia-
tion Research and Policy Coordination, U.S. Government Printing Office: GPO 029-000-
00443-9 (1992).

[7] Expert Group of the Danish Ministry of Health on Non-Ionizing Radiation, Report
on the Risk of Cancer in Children with Homes Exposed to 50Hz Magnetic Fields from
High Voltage Installations, Danish Ministry of Health, Copenhagen (1993).

[8] Advisory Group on Non-Ionizing Radiation, Electromagnetic Fields and Cancer, 3(1),
National Radiological Protection Board, Chilton, Didcot, Oxon, U.K. (1992).

[9] Fedrowitz, M., Kamino, K. and Loscher, W., Significant differences in the effects of



w��«d�« tÒK�«b�� bL�� ∑¥

magnetic field exposure on 7,12-dimethylbenz(a)anthracene-induced mammary carcino-
genesis in two substrains of Sprague-Dawley rats, Cancer Res., 64: 243-251 (2004).

[10] Lai, H. and Singh, N.P., Magnetic Field-Induced DNA Strand Breaks in Brain Cells of
the Rat, Environ Health Perspect On Line 26-Jan. (2004).

[11] Feychting, M., Jonsson, F., Pedersen, N.L. and Ahlbom, A., Occupational magnetic
field exposure and neurodegenerative disease, Epidemiology, 14: 413-419 (2003).

[12] Hakansson, N., Gustavsson, P., Johansen, C. and Floderus, B., Neurodegenerative
diseases in welders and other workers exposed to high levels of magnetic fields, Epi-
demiology, 14: 420-426 (2003).

[13] Harmanci, H., Emre, M., Gurvit, H., Bilgic, B., Hanagasi, H. and Gurol, E., Risk
factors for Alzheimer disease, a population based case-control study in Istanbul, Tur-
key, Alzheimer Dis Assoc Disord, 17: 139-145 (2003).

[14] Tynes, T., Klboe, L. and Haldorsen, T., Residential and occupational exposure to
50Hz magnetic fields and malignant melanoma, a population based study, Occupation-
al and Environmental Medicine, 60: 343-347 (2003).

[15] Charles, L.E., Loomis, D., Shy, C.M., Newman, B., Millikan, R., Nylander-French,
L.A. and Couper, D., Electromagnetic fields, polychlorinated biphenyls, and prostate
cancer mortality in electric utility workers, Am. J. Epid., 157: 683-691 (2003). 

[16] Pirozzoli, M.C., Marino, C., Lovisolo, G.A., Laconi, C., Mosiello, L. and Negroni,
A., Effects of 50Hz electromagnetic field exposure on apoptosis and differentiation in a
neuroblastoma cell line, Bioelectromag, 24: 510-516 (2003).

[17] Zhu, K., Hunter, S., Payne-Wilks, K., Roland, C.L. and Forbes, D.S., Use of electric
bedding devices and risk of breast cancer in African-American women, Am. J. Epid.,
158: 798-806 (2003).

[18] Wertheimer, N. and Leeper, E., Electrical wiring configurations and childhood cancer,
Am. J. Epid., 109: 273-284 (1979).

[19] Fulton, J.P., Cobb, S., Preble, L., Leone, L. and Forman, E., Electrical wiring con-
figurations and childhood leukemia in Rhode Island, Am. J. Epid., 111: 292-296
(1980).

[20] Tomenius, L., 50Hz electromagnetic environment and the incidence of childhood tu-
mors in Stockholm County, Bioelectromag, 7: 191-207 (1986).

[21] Savitz, D.A. and Wachtel, H., Case-control study of childhood cancer and exposure to
60 Hz magnetic fields, Am. J. Epid., 128: 21-38 (1988).

[22] London, S.J., Thomas, D.C., Bowman, J.D., Sobel, E., Cheng, T.C. and Peters,
J.M., Exposure to residential electric and magnetic fields and risk of childhood leuke-
mia, Am. J. Epid., 134: 923-937 (1991).

[23] Myers, A., Clayden, A., Carwright, R. and Cartwright, S., Childhood cancer and
overhead powerlines, a case-control study, Brit. J. Cancer, 62: 1008-1014 (1990).

[24] Coleman, M.P., Bell, C., Taylor, H. and Primic-Zakelj M., Leukemia and residence
near electricity transmission equipment, a case-control study, Brit. J. Cancer, 60: 793-
798 (1989).

[25] Goheen, S.C., Gaither, K., Anantatmula, S.M., Mong, G.M., Sasser, L.B. and Bat-
telle, D.L., Corona discharge influences ozone concentration near rats, Bioelectromag,
25: 107-113 (2004).

[26] Feychting, M. and Ahlbom, A., Magnetic Fields and Cancer in Children Residing near



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∑µ

Swedish High Voltage Power Lines, Am. J. Epid., 138: 467-481 (1993).
[27] Verkasalo, P.K., Pukkala, E. and Hongisto, M.Y., Risk of cancer in Finnish children

living close to power lines, Brit. Medical J., 307: 895-899 (1993).
[28] Ahlbom, A., Feychting, M., Koskenvuo, M., Olsen, J.H., Pukkala, E., Schulgen, G.

and Verkasalo, P., Electromagnetic Field and Childhood cancer, Lancet, 342: 1295-
1296 (1993).

[29] Petridou, E., Kassimos, D., Kalmanti, M., Kosmidou, H., Haidas, S., Flytzani, V.,
Tong, D. and Trichopoulos, D., Age of Exposure to Infections and Risk of Childhood
Leukaemia, Brit. Medical J., 307: 774 (1993).

[30] Green, L.M., Miller, A.B. and Agnew, D.A., Childhood leukemia and personal moni-
toring of residential exposures to electric and magnetic fields in Ontario, Canada, Can-
cer Causes Control, 10: 233-243 (1999).

[31] Olsen, J.H., Nielsen, A. and Schulgen, G., Residence near high voltage facilities and
risk of cancer in children, Brit. Medical J., 307: 891-895 (1993).

[32] Feychting, M. and Ahlbom, A., Magnetic fields and cancer in children residing near
Swedish high voltage Power Lines,  Am. J. Epid., 7: 467-481 (1993).

[33] Linet, M.S., Hatch, E.E., Kleinerman, R.A., Robison, L.L., Kaune W.T., Friedman
D.R., Severson, R.K., Haines, C.M., Hartsock, C.T., Niwa, S., Wacholder, S. and
Tarone, R.E., Residential exposure to magnetic fields and acute lymphoblastic leuke-
mia in children, New England J. Medicine, 337: 1-7 (1997).

[34] McBride, M.L., Gallagher, R.P. and Theriault. G., Power frequency electric and
magnetic fields and risk of childhood leukemia in Canada, Am. J. Epid., 149: 831-842
(1999).

[35] Feychting, M. and Ahlbom, A., Magnetic Fields and Cancer in People Residing near
Swedish High Voltage Power Lines, Institute of Environmental Medicine, Karolinska
Institute, Stockholm (1992).

[36] Hakansson, N., Gustavsson, P., Sastre, A. and Floderus, B., Occupational exposure
to extremely low frequency magnetic fields and mortality from cardiovascular disease,
Am. J. Epid., 158: 534-542 (2003).

[37] Phillips, R.D., Biological Effects of Electrical Fields on Miniature Pigs, Proceedings of
the Fourth Workshop of the US/USSR Scientific Exchange Program on Physical Fac-
tors in the Environment, June, 21-24 (1983).

[38] Phillips, R.D., Biological Effects of 60Hz Electric Fields on Small and Large Animals,
In: Biological effects of static and low frequency electromagnetic fields, Proceedings of
the US/USSR Scientific Exchange Program on Physical Factors Symposium, Kiev,
USSR, May 4-8 (1981).

[39] Rommereirn, D.N. and Kaune, W.T., Reproductive and teratologic evaluation in rats
chronically exposed at multiple strengths of 60Hz electric fields, Abstracts of 10th An-
nual Meeting of the Bioelectromagnetics Society, June 19-23 (1988).

[40] Statement by the Council of the American Physical Society on Power Line Fields and
Public Health, April 22 (1995).

[41] Heredia-Rojas, J.A., Caballero-Hernandez, D.E., Rodriguez-de la Fuente, A.O.,
Ramos Alfano, G. and Rodriguez-Flores, L.E., Lack of alterations on meiotic chro-
mosomes and morphological characteristics of male germ cells in mice exposed to a
60Hz and 2.0 mT magnetic field, Bioelectromag., 25: 63-68 (2004).



w��«d�« tÒK�«b�� bL�� ∑∂

[42] Stronati, L., Testa, A., Villani, P., Marino, C., Lovisolo, G.A., Conti, D., Russo, F.,
Fresegna, A.M. and Cordelli, E., Absence of genotoxicity in human blood cells ex-
posed to 50Hz magnetic fields as assessed by comet assay, chromosome aberration, mi-
cronucleus and sister chromatic exchange analyses, Bioelectromag., 25: 41-48 (2004).

[43] Selmaoui, B., Aymard, N., Lambrozo, J. and Touitou, Y., Evaluation of the nocturnal
levels of urinary biogenic amines in men exposed overnight to 50Hz magnetic field,
Life. Sci., 73: 3073-3082 (2003).

[44] Touitou, Y., Lambrozo, J., Camus, F. and Charbuy, H., Magnetic fields and the me-
latonin hypothesis, a study of workers chronically exposed to 50Hz magnetic fields,
Am. J. Physiology, 284: R1529-R1535 (2003).

[45] Warman, G.R., Tripp, H., Warman, V.L. and Arendt, J., Acute exposure to circular-
ly polarized 50Hz magnetic fields of 200-300 mT does not affect the pattern of melato-
nin secretion in young men, J. Clin Endocrin Metab, 88: 5668-5673 (2003).

[46] Kurokawa, Y., Nitta, H., Imai, H. and Kabuto, M., Acute exposure to 50Hz magnetic
fields with harmonics and transient components, lack of effects on nighttime hormonal
secretion in men, Bioelectromag., 24: 12-20 (2003).

[47] Kurokawa, Y., Nitta, H., Imai, H. and Kabuto, M., Can extremely low frequency al-
ternating magnetic fields modulate heart rate or its variability in humans? Auton Neuro-
sci-Basic Clin, 105: 53-61 (2003).

[48] Schoenfeld, E.R., O’Leary, E.S., Henderson, K., Grimson, R., Kabat, G.C., Ahnn,
S. and Kaune, W.T., Electromagnetic fields and breast cancer on Long Island, A case-
control study, Am. J Epid., 158: 47-58 (2003).

[49] Chung, M.K., Kim, J.C., Myung, S.H. and Lee, D.I., Developmental toxicity evalua-
tion of ELF magnetic fields in Sprague-Dawley rats, Bioelectromag., 24: 231-240
(2003).

[50] McLean, J.R., Thansandote, A., McNamee, J.P., Tryphonas, L., Lecuyer, D. and
Gajda, G., A 60Hz magnetic field does not affect the incidence of squamous cell carci-
nomas in SENCAR mice, Bioelectromag., 24: 75-81 (2003).

[51] Nakasono, S., Laramee, C., Saiki, H. and McLeod, K.J., Effect of power frequency
magnetic fields on genome-scale gene expression in Saccharomyces cerevisiae, Rad.
Res., 160: 25-37 (2003).

[52] Santini, M.T., Rainaldi, G., Ferrante, A., Indovina, P.L., Vecchia, P. and Donelli,
G., Effects of a 50Hz sinusoidal magnetic field on cell adhesion molecule expression in
two human osteosarcoma cell lines (MG-63 and Saos-2), Bioelectromag., 24: 327-338
(2003).

[53] Cho, Y.H. and Chung, H.W., The effect of extremely low frequency electromagnetic
Fields (ELF-EMF) on the frequency of micronuclei and sister chromatid exchange in
human lymphocytes induced by benzo(a)pyrene, Toxicol Let., 143: 37-44 (2003).

[54] Verheyen, G.R., Pauwels, G., Verschaeve, L. and Schoeters, G., Effect of coexpo-
sure to 50Hz magnetic fields and an aneugen on human lymphocytes, determined by
the cytokinesis block micronucleus assay, Bioelectromag., 24: 160-164 (2003).

[55] Ikeda, K., Shinmura, Y., Mizoe, H., Yoshizawa, H., Yoshida, A., Kanao, S., Sumi-
tani, H., Hasebe, S., Motomura, T., Yamakawa, T., Mizuno, F., Otaka, Y. and Hi-
rose, H., No effects of extremely low frequency magnetic fields found on cytotoxic ac-
tivities and cytokine production of human peripheral blood mononuclear cells in vitro,



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∑∑

Bioelectromag., 24: 21-31 (2003).
[56] Ahlbom, A., Albert, E.N., Fraser-Smith, A.C., Grodzinsky, A.J., Marron, M.T.,

Martin, A.O., Persinger, M.A., Shelanski, M.L. and Wolpow, E.R., Biological Ef-
fects of Power Line Fields. In: New York State Power Lines Project, Scientific Advisory
Panel Final Report, New York, 67-87 (1987).

[57] London, S.J., Pogoda, J.M., Hwang, K.L., Langholz, B., Monroe, K.R., Kolonel.
L.N., Kaune, W.T., Peters, J.M. and Henderson, B.E., Residential magnetic field ex-
posure and breast cancer risk, a nested case-control study from a multiethnic cohort in
Los Angeles County, California, Am. J. Epid., 158: 969-980 (2003).

[58] Willett, E.V., Mckinney, P.A., Fear, N.T., Cartwright, R.A. and Roman, E., Occu-
pational exposure to electromagnetic fields and acute leukaemia, analysis of a case-
control study, Occupational and Environmental Medicine, 60: 577-583 (2003).

[59] Kabat, G.C., O’Leary, E.S. and Schoenfeld, E.R., Electric blanket use and breast can-
cer on Long Island, Epidemiology, 14: 514-520 (2003).

[60] Bonnell, J.A., Broadbent, D.E., Lee, W.R., Male, J.C., Norris, W.T. and Stollery,
B.T., Research on biological effects of power frequency fields, Proceedings of the In-
ternational Conference on Large High voltage Electric Systems, Paris, pp: 36-08, Au-
gust 27 - September 4 (1986).

[61] Blaasaas, K.G., Tynes, T. and Lie, R.T., Risk of selected birth defects by maternal res-
idence close to power lines during pregnancy, Occupational and Environmental Medi-
cine, 61: 174-176 (2004).

[62] Blaasaas, K.G., Tynes, T. and Lie, R.T., Residence near power lines and the risk of
birth defects, Epidemiology., 14: 95-98 (2003).

[63] Gurney, J.G., Mueller, B.A., Davis, S., Schwartz, S.M., Stevens, R.G. and Kopecky,
K.J., Childhood brain tumor occurrence in relation to residential power line configura-
tions, electric heating sources and electric appliance use, Am. J. Epid., 143: 120-128
(1996). 

[64] Tynes, T. and Haldorsen, T., Electromagnetic fields and cancer in children residing
near Norwegian high voltage power lines, Am. J. Epid., 145: 219-226 (1997).

[65] Preston-Martin, S., Navidi, W., Thomas, D., Lee, P.J., Bowman, J. and Pogoda, J.,
Los Angeles study of residential magnetic fields and childhood brain tumors, Am. J.
Epid., 143: 105-119 (1996).

[66] Green, L.M., Miller, A.B., Villeneuve, P.J., Agnew, D.A., Greenberg, M.L., Li, J.
and Donnelly, K.E., A case-control study of childhood leukemia in southern Ontario,
Canada and exposure to magnetic fields in residences, Int. J. Cancer, 82: 161-170
(1999).

[67] Dockerty, J.D., Elwood, J.M., Skegg, D.C.G. and Herbison, G.P., Electromagnetic
field exposures and childhood leukaemia in New Zealand, Lancet, 354: 1967 (1999). 

[68] Dockerty, J.D., Elwood, J.M., Skegg, D.C. and Herbison, G.P., Electromagnetic field
exposures and childhood cancers in New Zealand, Cancer Causes Control, 9: 299-309
(1998).

[69] Kleinerman, R.A., Kaune, W.T., Hatch, E.E., Wacholder, S., Linet, M.S., Robison,
L.L., Niwa, S. and Tarone, R.E., Are children living near high voltage power lines at
increased risk of acute lymphoblastic leukemia? Am. J. Epid., 151: 212-215 (2000).

[70] Stevens, R.G., Davis. S., Thomas, D.B., Anderson, L.E. and Wilson, B.W., Electric



w��«d�« tÒK�«b�� bL�� ∑∏

power, pineal function, and the risk of breast cancer, FASEB J., 6: 853-860 (1992).
[71] Liburdy, R.P. and Sloma, T.R., ELF magnetic fields, breast cancer and melatonin:

60Hz fields block melatonin’s oncostatic action on ER breast cancer cell proliferation,
J. Pineal Res., 14: 89-97 (1993).

[72] Wilson, B.W., Anderson, L.E., Hilton, D.I. and Phillips, R.D., Chronic Exposure to
60Hz Electric Fields: Effects on Pineal Function in the Rat, Bioelectromagnetics, 2:
371-380 (1981).

[73] Wilson, B.W., Chess, E.K. and Anderson, L.E., 60Hz Electric Field Effects on Pineal
Melatonin Rhythms: Time Course for Onset and Recovery, Bioelectromagnetics, 7:
239-242 (1986).

[74] Kato, M., Honma, K., Shigemitsu, T. and Shiga, Y., Effects of Exposure to a Circu-
larly Polarized 50Hz Magnetic Field on Plasma and Pineal Melatonin Levels in Rats,
Bioelectromagnetics, 14: 97-106 (1993).

[75] Selmaoui, B. and Touitou, Y., Sinusoidal 50Hz MagneticFields Depress Rat Pineal
NAT Activity and Serum Melatonin, Role of Duration and Intensity of Exposure, Life
Sci., 57: 1351-1358 (1995).

[76] Lee, J.M., Stormshak, F., Thompson, J.M., Thinesen, P., Painter, L.J., Olenchek,
E.G., Hess, D.L., Forbes, R. and Foster, D.L., Melatonin Secretion and Puberty in Fe-
male Lambs Exposed to Environmental Electric and Magnetic Fields, Biology of Repro-
duction, 49: 857-864 (1993).

[77] Levine, R.L., Dooley, J.K. and Bluni, T.D., Magnetic Field Effects on Spatial Dis-
crimination and Melatonin Levels in Mice, Physiol Behav., 58: 535-537 (1995).

[78] National Institute of Environmental Health Sciences, Assessment of Health Effects from
Exposure to Power Line Frequency Electric and Magnetic Fields (NIEHS Working
Group Report), Research Triangle Park, NC, NIEHS (1998).

[79] Youngstedt, S.D., Kripke, D.F., Elliott, J.A. and Assmus, J.D., No association of 6-
sulfatoxymelatonin with in-bed 60Hz magnetic field exposure or illumination level
among older adults, Environ Res., A 89: 201-209 (2002).

[80] International Agency for Research on Cancer IARC, finds limited evidence that residen-
tial magnetic fields increase risk childhood leukaemia, IARC Press release 27 June
(2001).

[81] International Agency for Research on Cancer IARC, Static and Extremely Low Fre-
quency Electric and Magnetic Fields, Recent and Forthcoming IARC Monographs, 80:
19-26 June (2001).

[82] Advisory Group on Non-Ionising Radiation AGNIR, ELF Electromagnetic Fields and
the Risk of Cancer Doc, NRPB, 12(1): 1-179 (2001).

[83] Griefahn, B., K nemund, C., Blaszkewicz, M., Golka, K. and Degen, G., Experi-
ments on the effects of a continuous 16.7 Hz magnetic field on melatonin secretion,
core body temperature and heart rates in humans, Bioelectromag, 22: 581-588 (2001).

[84] Crasson, M., Beckers, V., Pequeux, C., Claustrat, B. and Legros, J.J., Daytime
50Hz magnetic field exposure and plasma melatonin and urinary 6-sulfatoxymelatonin
concentration profiles in humans, J. Pineal Res., 31: 234-241 (2001).

[85] Levallois, P., Dumont, M., Touitou, Y., Gingras, S., Masse, B., Gauvin, D., Kroger,
E., Bourdages, M. and Douville, P., Effects of electric and magnetic fields from high
power lines on female urinary excretion of 6-sulfatoxymelatonin, Am. J. Epid., 154:



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∑π

601-609 (2001).
[86] Hong, S.C., Kurokawa, Y., Kabuto, M. and Ohtsuka, R., Chronic exposure to ELF

magnetic fields during night sleep with electric sheet: Effects on diurnal melatonin
rhythms in men, Bioelectromag., 22: 138-143 (2001).

[87] Graham, C., Cook, M.R., Gerkovich, M.M. and Sastre, A., Examination of the me-
latonin hypothesis in women exposed at night to EMF or bright light, Environ Health
Perspect, 5: 501-507 (2001).

[88] Graham, C., Sastre, A., Cook, M.R. and Gerkovich, M.M., All-night exposure to
EMF does not alter urinary melatonin, 6- OHMS or immune measures in older men and
women, J. Pineal Res., 31: 109-113 (2001).

[89] Graham, C., Cook, M.R., Sastre. A., Riffle, D.W. and Gerkovich, M.M., Multi-night
exposure to 60Hz magnetic fields, Effects on melatonin and its enzymatic metabolite, J.
Pineal Res., 28: 1-8 (2000).

[90] Katsouyanni, K. and Pershagen, G., Ambient air pollution exposure and cancer, Can-
cer Causes and Control, 8: 284-291 (1997).

[91] Fews, A.P., Henshaw, D.L., Wilding, R.J. and Keitch, P.A., Corona ions from power-
lines and increased exposure to pollutant aerosols, International Journal of Radiation
Biology, 75 (12): 1523-1531 (1999).

[92] Henshaw, D.L., Does our electricity distribution system pose a serious risk to public
health? Medical Hypotheses, 59: 39-51 (2002).

[93] Cohen, B.S., Xiong, J.Q., Fang, C.P. and Li, W., Deposition of charged particles on
lung airways, Health Physics, 74(5): 554-560 (1998).

[94] Fews, A.P., Henshaw, D.L., Keitch, P.A., Close, J.J. and Wilding, R.J., Increased ex-
posure to pollutant aerosols under high voltage powerlines, International Journal of Ra-
diation Biology, 75(12): 1505-1521 (1999).

[95] Preece, A.W., Iwi, G.R. and Etherington, D.J., Radon, Skin Cancer and Interaction
with Power Lines, US Department of Energy Contractors Review Meeting, San Anto-
nio, Texas, (Nov.) 17-21 (1996).

[96] National Radiation Protection Board (NRPB), Particle deposition in the vicinity of
power lines and possible effects on health, Report of an independent Advisory Group
on Non-ionising Radiation, 15(1): 5-55 (2004).

[97] Dawson, T.W., Stuchly, M.A., Caputa, K., Sastre, A., Shepard, R.B. and Kavet, R.,
Pacemaker interference and low-frequency electric induction in humans by external
fields and electrodes, IEEE Trans Biomed Eng., 47: 1211-1218 (2000). 

[98] Astridge, P.S., Kaye, G.C., Whitworth, S., Kelly, P., Camm, A.J. and Perrins, E.J.,
The response of implanted dual chamber pacemakers to 50Hz extraneous electrical in-
terference, PACE, 16: 1966-1974 (1993).

[99] Moss, A.J. and Carsensen, E., Evaluation of the Effects of Electric Fields on Implant-
ed Cardiac Pacemakers, Palo Alto. CA: Electric Power Research Institute, Report
EPRI-EA 3917 (1985).

[100] United Nations Environment Programme/World Health Organization/Internatio-nal
Radiation Protection Association, Environmental Health Criteria 35, Extremely Low
Frequency (ELF) Fields, Geneva, World Health Organization (1984).

[101] Bridges, J.E. and Frazier, M.J., The effect of 60 hertz electric and magnetic fields on
implanted cardiac pacemakers, Palo Alto, CA, Electric Power Research Institute, Re-



w��«d�« tÒK�«b�� bL�� ∏∞

port EPRI-EA 1174 (1979).
[102] Hayes, D.L. and Vlietstra, R.E., Pacemaker malfunction, Ann. Internal. Med., 119:

828-835 (1993).
[103] Dawson, T.W., Caputa, K., Stuchly, M.A., Shepard, R.B., Kavet. R. and Sastre,

A., Pacemaker interference by magnetic fields at power line frequencies, IEEE Trans
Biomed Eng., 49: 254-262 (2002).

[104] International Commission on Non-Ionizing Radiation Protection, Guidelines for limit-
ing exposure to time-varying electric, magnetic, and electromagnetic fields (up to 300
GHz), Health Phys., 74: 494-522 (1998).

[105] Restriction on human exposures to static and time varying EM fields and radiation,
Documents of the NRPB, 4(5): 1-69 (1993.)

[106] Sub-radiofrequency (30 kHz and below) magnetic fields, In: Documentation of the
Threshold Limit Values, ACGIH, pp: 55-64 (1994).

[107] United Nations Environment Programme/WHO/International Radiation Protec-
tion Association, Environmental Health Criteria 69. Magnetic Fields, Geneva, World
Health Organization (1987).

[108] National Institute of Environmental Health Sciences (NIEHS), NIEHS Report on
Health Effects from Exposure to Power-Line Frequency Electric and Magnetic fields,
NIH Publication, 99: 4493 (1999).

[109] Department of Health and Human Services, National Institutes of Health, Nation-
al Institute of Environmental Health Sciences NIEHS, Letter from Dr. Kenneth
Olden, Report on Health Effects from Exposure to Power-Line Frequency Electric and
Magnetic Fields (1999).

[110] National Institute of Environmental Health Sciences NIEHS, Executive Summary,
Report on Health Effects from Exposure to Power-Line Frequency Electric and Mag-
netic Fields (1999).

[111] National Academy of Sciences U.S., Possible Health Effects of Exposure to Residen-
tial Electric and Magnetic Fields, National Academy Press (1997).

[112] National Cancer Institute (NCI) U.S., Residential exposure to magnetic fields and
acute lymphoblastic leukemia in children, New England J. of Medicine, 337(1): 1-7,
July 3 (1997).

[113] McBride, M.L., Gallagher, R.P., Theriault, G., Armstrong, B.G., Tamaro, S.,
Spinelli, J.J., Deadman, J.E., Fincham, S., Robson, D. and Choi, W., Power-
frequency electric and magnetic fields and risk of childhood leukemia in Canada, Am.
J. Epid., 149(9): 831-42 (1999).

[114] UK Childhood Cancer Study Investigators, Exposure to power-frequency magnetic
fields and the risk of childhood cancer, Lancet, 354: 1925-31 (1999).

[115] National Radiation Protection Board (NRPB), Report of an Advisory Group on
Non-ionising Radiation. ELF Electromagnetic Fields and the Risk of Cancer, Docu-
ments of the NRPB, 12(1) (2001).

[116] California Department of Health Services, An Evaluation of the Possible Risks
From Electric and Magnetic Fields (EMFs) From Power Lines, Internal Wiring, Elec-
trical Occupations, and Appliances, California EMF Prgram, Final Report, June
(2002).

[117] Henshaw, D.L., Why we need prudent avoidance of exposure to elevated levels of



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∏±

magnetic fields associated with the electricity supply, Internet Files Google Opinion
(Prof. D.L. Henshaw 2002) http://www.electric-fields.bris.ac.uk/Prudent%20avoi
dance.htm

 [118] Greenland, S., Sheppard, A.R., Kaune, W.T., Poole, C. and Kelsh, M.A., A pooled
analysis of magnetic fields, wire codes and childhood leukaemia, Epidemiology, 11:
624-634 (2000).

[119] Ahlbom, A., Day, N., Feychting, M., Roman, E., Skinner, J., Dockerty, J.,
McBride, M., Michaelis, J., Olsen, J.H., Tynes, T. and Verkasalo, P.K., A pooled
analysis of magnetic fields and childhood leukaemia, Brit. J. Cancer, 83(5): 692-698
(2000).

[120] Cabanes, J. and Gary, C., Direct perception of the electric field. In: International
Conference on Large High Voltage Electric Systems, CIGRE, Stockholm (1981).

[121] Sander, R., Brinkman, J. and Kuhne, B., Laboratory studies on animals and human
beings exposed to 50Hz electric and magnetic fields, Proceedings of the International
Conference on Large High Voltage Electric Systems, September 1-9 1982; Paris:
CIERE, pp: 36-01 (1982).

[122] Hauf, R. and Wiesinger, J., Biological effects of technical electric and electromagnet-
ic VLF fields, International J. Biometeorol, 17: 213-215 (1973).

[123] Rupilius, J.P., Investigations on the Effects on Man of an Electrical and Magnetic
50Hz Alternating Field, Freiburg, Germany, Albert Ludwig University (1976).

[124] Knave, B., Gamberale, F., Bergstrom, S. and Birke, E., Long-term exposure to elec-
tric fields. A cross-sectional epidemiological investigation on occupationally exposed
high voltage substations, Scan. J. Work Environ. Health, 5: 115-125 (1979).

[125] Stopps, G.J. and Janischewsky, W., Epidemiological study of workers maintaining
HV equipment and transmission lines in Ontario, Vancouver, B.C. Vancouver, British
Columbia, Canada, Canadian Electrical Association Research Report (1979).

[126] Baroncelli, P., Battisti, S., Checcucci, A., Comba, P., Grandolfo, M., Serio, A. and
Vecchia, P.A., A survey on the health conditions among workers of the Italian state
railways high voltage substations, Am. J. Occup. Med., 10: 45-55 (1986).

[127] Institute of Electrical and Electronics Engineers, Working Group on Electrostatic
and Electromagnetic Effects. Electric and magnetic field coupling from high voltage
AC power transmission lines classification of short term effects on people, IEEE
Trans. Power Appar Syst., 97: 2243-2252 (1978).

[128] Institute of Electrical and Electronics Engineers, Power Engineering Society Trans-
mission and Distribution Committee. Corona and field effects of AC overhead trans-
mission lines, Available from: IEEE, 445 Hoes Lane, Piscataway, NJ (1984).

[129] Kaune, W.T. and Forsythe, W.C., Current densities measured in human models ex-
posed to 60 Hz electric fields, Bioelectromagnetics, 6: 13-22 (1985).

[130] Kaune, W.T. and Forsythe, W.C., Current densities induced in swine and rat models
by power frequency electric fields, Bioelectromagnetics, 9: 1-24 (1988).

[131] Czerski, P., Extremely low frequency (ELF) electric fields, biological effects and
health risk assessment, In: Repacholi MH (ed.) Non-ionizing radiations: Physical char-
acteristics, biological effects and health hazards assessment, Proceedings of the Inter-
national Non-ionizing Radiation Workshop, Melbourne, 255-271, Available from
Australian Radiation Laboratory, Yallambie, Victoria, Australia, 5-9 April (1988).



w��«d�« tÒK�«b�� bL�� ∏≤

[132] Kaune, W.T., Phillips, R.D. and Anderson, L.E., Biological studies of swine ex-
posed to 60Hz electric fields. Palo Alto, CA, Electrical Power Research Institute, Re-
port EPRI-EA 4318 (Project 799.1) (1985).



ÆÆÆ «b� nOFC�« œœd��«  «– WM�R*« dO� WO�O�UMG�ËdNJ�« WF�_« d�U�� rOOI�∏≥

Evaluation of the Risks of Very Low Frequency and
Non-Ionizing Electromagnetic Radiations Emitted by

Electric Current of 50/60 Hz, its Biological Effects, and
Organizations of Legislating Exposure Limits

M.A. Al-Rajhi
Riyadh College of Technology, Riyadh, Saudi Arabia

Abstract. An international and wide dispute is currently under-
going about the radiation emitted from the electric current of high
voltage, domestic connections or appliances; and about their ef-
fects on human beings either directly or indirectly. People are di-
vided about their risks between an exaggerating group and a group
that paid no attention to them. Researchers also show a discrepan-
cy, according to their results

As a result, legislation committees and organizations varied in
defining the exposure limits of electric and magnetic fields of 50/
60 Hz. This research puts forward an introduction to the extent of
this dispute compared to other types of radiation of electromagnet-
ic spectrum. It also clarified the variation of other research works,
exposure limits and causes. This study comes out with the follow-
ings:

First: Exposure to electric and magnetic fields within the per-
missible limits issued by international committees, such as (IC-
NIRP) and others. There has been no definite evidence that expo-
sure to these fields is linked to diseases such as cancer in children
or adults. In one hand, the scientific and statistic researches that
presented this link were short of controlling factors that interfere
in the occurrence of these diseases, or they were not supported by
researches confirming this link. On the other hand, there are many
researches that disapprove such link between those fields and can-
cer. The main verification that can be used by those who approve
such link is the classification of the very low frequency electro-
magnetic radiation as a carcinogen issued by IARC. Second: spe-
cialized organizations open the door for researches in this field be-
cause the idea of a link between exposure to electric field and
cancer still exists. Third: Technical faults, which increase radia-
tion pollution, should be avoided by putting rules for the methods
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of electrical connections. Forth: Exposure rates below limits of the
electromagnetic emissions, due to high power and other electric
network, should be further reduced if possible economically since
there is no confirmed link between such rate limits and health.
However, technical faults are not accepted, i.e., they should be
fixed even exposure rates are very low.




