
 

Образац за пријаву техничког решења1 
 

 

Назив 

 
Метод процене изложености магнетским пољима ниских фреквенција базиран на 

адаптивним границама изложености 
 

Аутори 
 
Драган Кљајић и Никола Ђурић 
 

Категорија 
 
Ново техничко решење примењено на националном нивоу (М82) 
 

Кључне речи 
 
мониторинг нивоа електромагнетских поља, изложеност нејонизујућем зрачењу 
 

 

За кога је решење рађено (правно лице или грана привреде): 

 
Техничко решење је урађено за потребе информационе мреже за континуални мониторинг нивоа 
електромагнетских поља – СЕМОНТ (Serbian Electromagnetic Field Monitoring Network), коју разви‐
ја истраживачки тим Факултета техничких наука, Универзитета у Новом Саду. 
 

Година када је решење комплетирано: 

 
Техничко решење је комплетирано у јануару 2017. године. 
 

Годину када је почело да се примењује и од кога: 

 
Иницијална примена овог техничког решења је почела у јуну 2015. године, у оквиру СЕМОНТ ин‐
формационе мреже, на Факултету техничких наука, Универзитета у Новом Саду. 
 

Област и научна дисциплина на коју се техничко решење односи: 

 
Техничко решење представља програмско (software) решење, отвореног изворног кода, које пок‐
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Проблем који се техничким решењем решава: 
 

У данашњем времену, све је већи број извора нејонизујућег зрачења у људском окружењу, при че‐
му је зрачење извора присутно у широком фреквенцијском опсегу. Посебно интересантни извори, 
у опсегу ниских фреквенција,  јесу далеководи и  трансформаторске станице. Они су  саставни део 
било које дистрибутивне мреже и пренос електричне енергије на веће удаљености се не може за‐
мислити без њих. Нажалост, чест је случај да се ови извори, стицајем околности, налазе у стамбе‐
ним деловима насељених места или у њиховој непосредној близини. 
 
Имајући у виду забринутост популације због могућих штетних здравствених ефеката услед потен‐
цијалне изложености, у општем случају електромагнетским (ЕМ) пољима, а конкретно магнетским 
пољима које ови и слични извори емитују, адекватна мерења нивоа поља у окружењу и одговара‐
јућа процена изложености  су од великог  значаја,  како  за  само становништво,  тако и  за државне 
Агенције за заштиту животне средине. 
 
У опсегу ниских фреквенција (од 1 Hz до 10 МHz), у ком су радне фреквенције далековода и транс‐
форматорских станица, и у ком се испитују првенствено стимулативни ефекти на људско ткиво, ус‐
лед излагања магнетским пољима, уобичајено мерене физичке величине  јесу вектор  јачине маг‐
нетског поља H [A/m] и/или вектор магнетске индукције B [T]. 
 
Област испитивања ЕМ поља регулисана је великим бројем стандарда и правилника, како на међу‐
народном, тако и на националном нивоу. Додатно, овим законски прописаним стандардима се де‐
финишу и минимални захтеви за мерење физичких величина којима се квантитативно описује ЕМ 
поље. Тренутно су у пракси заступљена и најчешће се користе два мерна приступа: широкопојасно 
и фреквенцијски селективно мерење. 
 
Крајњи резултат примене широкопојасног мерења нивоа ЕМ поља јесте једна, свеукупна, кумула‐
тивна вредност нивоа поља на мерној локацији. Овој вредности доприносе сви присутни и активни 
извори у околини мерне локације. 
 
Нажалост, код ове врсте мерења, ни инструмент, ни коришћена мерна сонда немају могућност де‐
текције присутности активних извора који емитују ЕМ зрачење, нити су способни да разликују њи‐
хове радне фреквенције. Због тога се овај мерни приступ сматра фреквенцијски независним. Њего‐
ва употреба  је оријентисана углавном ка ситуацијама где  је потребна информација о свеукупном 
нивоу поља, без обзира на број активних извора на датој локацији, и без обзира на којим то фрек‐
венцијама они обављају емисију поља. 
 
Са друге стране, употреба фреквенцијски селективног мерног приступа резултује низом вредности 
нивоа  ЕМ  поља,  за  сваку  фреквенцију  појединачно,  у  фреквенцијском  опсегу  коришћене мерне 
сонде. Стога је оваква врста мерења погодна, и углавном се користи, у ситуацијама када је неопхо‐
дно одредити спектрални садржај поља на локацији од интереса, односно интензитет поља на сва‐
кој фреквенцији посебно. 
 
Спектрална анализа поља може бити примењена како у широкопојасном фреквенцијском опсегу, 
тако и у појединим подопсезима од интереса, који могу бити резервисани за један или више изво‐
ра ЕМ поља, сходно потребама корисника и/или доступношћу мерних сонди са одговарајућим ка‐
рактеристикама. 
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У домену испитивања ЕМ поља, од посебног интереса јесте и процена потенцијалне изложености 
овим пољима. Због тога, употреба било којег од описана два мерна приступа последично захтева и 
адекватну процену изложености, како опште популације, тако и професионалног особља. 
 
При процени изложености, домаћа акредитована тела и стручна јавност се ослањају на национал‐
не правилнике, којима  је регулисана област испитивања ЕМ поља, првенствено на “Правилник о 
границама излагања нејонизујућим  зрачењима”,  “Службени  гласник РС”,  бр.  104/2009  (у  даљем 
тексту Правилник)2, као и на низ пропратних стандарда за испитивање ЕМ поља. 
 
У оквиру овог Правилника се дефинишу две категорије: базична ограничења излагања становниш‐
тва и референтни гранични нивои. Базична ограничења излагања електричним, магнетским и ЕМ 
пољима (у опсегу од 0 Hz до 300 GHz) јесу ограничења у излагању изворима временски променљи‐
вих ЕМ поља, заснована на утврђеним здравственим ефектима и биолошким показатељима. 
 
Са друге стране, за практичну употребу и процену изложености популације електричним, магнет‐
ским и ЕМ пољима користе се референтни гранични нивои. Они су дефинисани по фреквенцијама, 
у виду вредности интензитета вектора јачине електричног поља Е [V/m], вектора јачине магнетског 
поља H [A/m] и/или вектора магнетске индукције B [T]. Мерењем ових величина и поређењем са 
референтним граничним нивоима врши се провера да ли су базична ограничења прекорачена. 
 
У случају процене изложености магнетским пољима ниских фреквенција (до 10 МHz), а у складу са 
Правилником, провера прекорачења базичних ограничења се обавља коришћењем једног од сле‐
дећих критеријума: 
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у зависности од физичке величине која се мери. У првој једначини, Hi представља интензитет век‐
тора јачине магнетског поља на фреквенцији  i, HLi референтни гранични ниво вектора јачине маг‐
нетског поља на фреквенцији i, док је константа b = 5 [A/m], за општу популацију, у складу са Пра‐
вилником. У случају када се користи друга једначина, Bi представља интензитет вектора магнетске 
индукције на фреквенцији  i, BLi референтни гранични ниво вектора магнетске индукције на фрек‐

венцији i, док је константа b = 6.25 [T], за општу популацију. 
 
На основу ова два критеријума,  јасно је да се за процену изложености захтева фреквенцијски се‐
лективно мерење нивоа поља, с обзиром да се измерене вредности по фреквенцијама пореде са 
одговарајућим прописаним референтним граничним нивоом за дату фреквенцију. Тиме се добија 
појединачна изложеност, односно изложеност по фреквенцијама, док укупна изложеност, добије‐
на  сумирањем, пружа могућност провере прекорачења базичних ограничења. Уколико вредност 
укупне изложености не прелази вредност  један, базична ограничења су задовољена, у складу са 
Правилником. 
 
Нажалост, примена оваквог приступа процене изложености код широкопојасних мерења је прак‐
тично немогућа, обзиром да код ове врсте мерења није могуће раздвајање по фреквенцијама, од‐

                                                            
2 “Правилник о границама излагања нејонизујућим зрачењима”, Службени гласник РС, бр. 104/2009. 
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носно  није  могуће  одређивање  доприноса  појединих  фреквенцијских  компоненти  поља  укупној 
кумулативној вредности. У том случају критеријуми (1) и (2) постају неупотребљиви, јер није дефи‐
нисано који референтни гранични ниво треба узети у обзир при одређивању изложености. 
 
Имајући у виду да национални Правилник, као ни пропратни стандардни, не нуде решење за про‐
цену изложености у случају широкопојасних мерења, недавно су предложени нови методи проце‐
не изложености, базирани на одређивању граница изложености3, као и њиховом адекватном при‐
лагођавању спектралним карактеристикама мерне локације 4, при чему су ова два метода намење‐
ни мерењу нивоа електричног поља високих фреквенција. 
 
Оба метода предлажу одређивање горње и доње границе свеукупне изложености, односно опсега 
у ком се реална изложеност може наћи. Границе се добијају одговарајућим поређењем измерених 
вредности са минималним и максималним прописаним референтним граничним нивоима, у одго‐
варајућем широкопојасном фреквенцијском опсегу мерне сонде. 
 
Додатно, у оквиру другог метода се дефинише и прилагођавање граница изложености на основу 
спектралног  садржаја  поља,  добијеног  фреквенцијски  селективним мерењем, што  за  последицу 
даје прецизније одређивање и сужење опсега у ком се реална изложеност налази. 
 
Пошто се широкопојасна мерења често користе и за мерење магнетског поља, предлогом овог тех‐
ничког решења дефинише се метод процене изложености, заснован на одређивању и прилагођа‐
вању граница свеукупне изложености магнетским пољима ниских фреквенција. 

 
Стање решености тог проблема у свету: 
 

Један од најважнијих докумената у области испитивања ЕМ поља јесте документ међународне не‐
зависне организације International Commission on Non‐Ionizing Radiation Protection (ICNIRP), под на‐
зивом “Guidelines for limiting exposure to time‐varying electric, magnetic, and electromagnetic fields (up 
to 300 GHz):1998”, (у даљем тексту Guidelines). 
 
Овај документ чини основу великог броја правних аката, како Републике Србије, тако и других др‐
жава у свету. Додатно, велики број стандарда из области испитивања ЕМ поља, међу којима је и је‐
дан од најважнијих “Basic standard on measurement and calculation procedures for human exposure to 
electric, magnetic and electromagnetic fields  (0 Hz ‐ 300 GHz)” – EN 50413:2008, са својим изменама 
дефинисаним документом EN 50413:2008+A1:2013, ослања се управо на ICNIRP‐ов Guidelines доку‐
мент. 
 
Додатно, и национални Правилник је утемељен на ICNIRP‐овом документу, с тим да домаћи пра‐
вилник дефинише референтне граничне нивое који су два и по пута мањи у односу на нивое пред‐
ложене  у  оквиру Guidelines  документа.  На  тај  начин  су  у  Републици  Србији  додатно  пооштрени 
критеријуми у погледу заштите од нејонизујућих зрачења. 
 

                                                            
3 Техничко решење “Mетод процене изложености електричним пољима високих фреквенција базиран на границама изло‐

жености” (М82), аутора: Н. Ђурић, Д. Кљајић, К. Касаш‐Лажетић и В. Бајовић, усвојен одлуком наставно‐научног већа Факултета 
техничких наука, Универзитета у Новом Саду, на 16. редовној седници, одржаној дана 25. 05. 2016. године. 
4 Техничко решење “Метод процене изложености електричним пољима високих фреквенција базиран на адаптивним гра‐

ницама изложености” (М82), аутора: Д. Кљајић и Н. Ђурић, усвојен одлуком наставно‐научног већа Факултета техничких наука, 
Универзитета у Новом Саду, на 23. редовној седници, одржаној дана 28. 09 .2016. године. 
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У оквиру Guidelines документа процена изложености се базира искључиво на фреквенцијски селек‐
тивном мерењу нивоа поља, што значи да ни овај документ, као један од најважнијих у области, не 
нуди адекватно решење за проценy изложености у случају широкопојасних мерења нивоа поља. 
 
Што се тиче опсега ниских фреквенција,  један од најважнијих стандарда којим се уређује област 
испитивања магнетских поља јесте стандард “Electric and magnetic field levels generated by AC power 
systems – Measurement procedures with  regard  to public exposure” – EN 62110:2011, и документ са 
одговарајућим изменама EN 62110:2011/AC:2015. Нажалост, ни у оквиру овог стандарда није пред‐
ложен метод за процену изложености опште популације, за случај широкопојасних мерења нивоа 
магнетског поља. 
 
Стога се овим техничким решењем предлаже нов метод процене изложености магнетским пољи‐
ма, ниских фреквенција, као допринос решавању проблематике испитивања и процене изложено‐
сти магнетском пољу. Предложени метод се односи искључиво на широкопојасна мерења нивоа 
магнетског поља у опсегу ниских фреквенција, а применљив је како за стандардна мерења у кра‐
ћим временским периодима, тако и за мерења у дужим интервалима времена, такозвана контину‐
ална мерења, односно мониторинг нивоа магнетског поља. 

 
Опис техничког решења са карактеристикама, укључујући пратеће илустрације и техничке цртеже: 
 

Предложени метод процене изложености магнетском пољу је базиран на одређивању доње и гор‐
ње границе свеукупне изложености (Global Exposure Ration – GER), коришћењем следећих израза: 

 
max 1 min 2

и ,
( ) ( )

m m
donje gornje

ref ref

B B
GER GER

B f B f
    (3) 

где  је Bm  измерена  вредност  вектора магнетске  индукције,  добијена широкопојасним мерењем, 
док су Bref min(f2) и Bref max(f1) минимални и максимални прописани референтни гранични нивои, за 
фреквенције f1 и f2, у фреквенцијском опсегу коришћене мерне сонде, дефинисаним од fmin до fmax, 
као што је приказано на слици 1 

 
Слика 1. Избор минималог и максималног прописаног референтног граничног нивоа, у 

одговарајућем фреквенцијском опсегу. 
 
Идентична процена изложености се може обавити и у случају када се врше мерења вектора јачине 
магнетског поља H, уз примену адекватних референтних граничних нивоа, прописаних за ову физи‐
чку величину. У оба случаја, стварна изложеност магнетском пољу се налази у опсегу: 

  ,donje stvarno gornjeGER GER GER    (4) 

с обзиром на чињеницу да су изабрани референтни гранични нивои најмањи и највећи могући у 
посматраном фреквенцијском опсегу коришћене мерне сонде. 
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У  општем  случају,  у  фреквенцијском  опсегу мерне  сонде минимални  и максимални  референтни 
гранични нивои, Bref min(f2) и Bref max(f1), не морају да буду они који одговарају фреквенцијама fmin и 
fmax, као што је приказано на слици 1. 
 
Имајући у виду да примена широкопојасног мерног приступа не пружа могућност познавања спек‐
тралног садржаја поља на мерној локацији, избор референтних граничних нивоа се обавља у чита‐
вом фреквенцијском опсегу коришћене мерне сонде, без икаквих информација о радним фреквен‐
цијама извора који су присутни и активни у околини. 
 
Нажалост, тиме може доћи до неадекватног одабира минималног и максималног референтног гра‐
ничног нивоа, Bref min(f2) и Bref max(f1), а поготово у ситуацијама када је на мерној локацији присутан и 
активан ужи спектар него што је фреквенцијски опсег коришћене мерне сонде. 
 
Имајући у виду овакву могућност, рачунање GERdonje и GERgornje ће довести до тога да је горња гра‐
ница изложености магнетском пољу нешто веће вредности, док је доња граница нешто ниже вред‐
ности од стварне. Као последица, добија се шири опсег у ком се стварна изложеност пољу налази. 
 
Анализирани опсег у ком се изложеност налази, квантитативно се може описати релативном гре‐
шком (тј. разликом) између граница изложености, дефинисаном као: 

   % 100% 1 100%.ref mingornje donje

gornje ref max

BGER GER

GER B


 
     

  
  (5) 

У неким ситуацијама ова разлика може бити значајна, те је поступак њеног смањења од изузетне 
важности и представља суштински део предложеног метода процене изложености магнетским по‐
љима ниских фреквенција, базираног на адаптивним границама изложености. 
 
Смањењем разлике између  граница изложености, односно њиховим прилагођавањем на основу 
стварно присутног спектра, сужава се опсег у ком се реална изложеност налази, а самим тим и по‐
већава прецизност процене изложености у случају широкопојасних мерења нивоа поља. 
 
Основна идеја новопредложеног метода прилагођавања граница, односно метода са адаптивним 
границама изложености, подразумева детекцију активних извора ЕМ поља у околини мерне лока‐
ције. Јасном сликом о присутном спектру на мерној локацији могуће је увидети који делови фрек‐
венцијског опсега широкопојасне мерне сонде могу да се одбаце, уколико на њима нема емисије 
ЕМ поља или је она занемарљива. 
 
На тај начин се ствара могућност за сужење иницијалног фреквенцијског опсега на опсег у ком се 
врши избор нових референтних  граничних нивоа Bref  min(f2novo) и Bref  max(f1novo),  који  су прикладнији 
датој мерној локацији, као што је приказано на слици 2. 

Фреквенцијски опсег мерне сонде

Bref min Bref max

ƒmin ƒ2novo ƒ1novo ƒmax

Сужени фреквенцијски опсег

ƒmin novo ƒmax novo

 
Слика 2. Прилагођавање фреквенцијског опсега карактеристикама мерне локације и избор 

адекватних референтних граничних нивоа. 
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Избором нових референтних граничних нивоа, долази и до промене граница свеукупне изложено‐
сти, које се сада могу одредити као: 

 
   max 1 min 2

и .novo novom m
donje gornje

ref novo ref novo

B B
GER GER

B f B f
    (6) 

С обзиром да су почетно изабрани Bref min и Bref max минимални и максимални могући у иницијално 
посматраном фреквенцијском опсегу мерне сонде, сужење фреквенцијског опсега резултује са: 

         min 2 min 2 max 1 max 1и ,ref ref novo ref novo refB f B f B f B f    (7) 

одакле на основу једначина (6), следи да је: 

  и ,novo novo
donje donje gornje gornjeGER GER GER GER    (8) 

чиме се опсег у ком се стварна изложеност налази сужава, а очекивана прецизност процене изло‐
жености повећава, као што је приказано на слици 3. 

GERgornje

GERdonje

novo
GERgornje

GERdonje

novo

GERstvarno

 
Слика 3. Сужење опсега у ком се реална изложеност магнетском пољу налази. 

 
Посебан допринос оваквог приступа процени изложености, базираног на адаптивним границама, 
очекује се у ситуацијама континуалног мониторинга поља, односно мерења у дужем временском 
периоду, где процена дневних граница изложености резултује јасном сликом о дугорочној изложе‐
ности опште популације на датој локацији, као што је приказано на слици 4. 

24h

GER

0

GERgornje

GERdonje

t

novoGERgornje

GERdonje
novo

GER

0

GERgornje

GERdonje

B [T]

ƒƒmin ƒmax

ƒmin novo ƒmax novo ƒ

Фреквенцијски спектар

ƒmin ƒmax

Сужени фреквенцијски опсег

Фреквенцијски спектар

(а) (б)

t24h

(в) (г)

B [T]

 
Слика 4. Прилагођавање дневних граница изложености магнетском пољу ниских фреквенција. 
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С обзиром да је на конкретној мерној локацији мало вероватно релативно често постављање но‐
вих  извора  поља ниских фреквенција  (као што  су  трансформаторске  станице,  далеководи и  сл.), 
једном одређен спектрални садржај у опсегу ниских фреквенција, омогућује коришћење, у дужем 
периоду, нових одговарајућих референтних граничних нивоа, који су адекватнији датој локацији. 
 
На овај начин процена дневних граница изложености у дужем временском периоду пружа јаснију 
слику о опсегу у ком се стварна изложеност налази, као што је приказано на сликама 4б и 4г. 

 
Како је реализовано и где се примењује, односно које су могућности примене (техничке могућности): 
 

Предложено техничко решење, односно метод процене изложености базиран на адаптивним гра‐
ница изложености магнетским пољима ниских фреквенција, представља програмско (software) ре‐
шење отвореног изворног кода, у складу са документом ”Правилник о поступку, начину вреднова‐
ња и квантитативном исказивању научноистраживачких резултата истраживача” – Прилог 2 
–  Техничко  решење,  бр.  110‐00‐29/2016‐04,  који  је Министарство  просвете  науке  и  технолошког 
развоја усвојило дана 01. 03. 2016. године (“Службени гласник РС” бр. 24/2016). 
 
Предложеним методом се даје допринос решавању проблематике процене изложености магнет‐
ским пољима у случају широкопојасних мерења. С обзиром да се одабир нових адекватних рефе‐
рентних граничних нивоа, за мерну локацију од интереса, врши након спектралне анализе поља, 
предложени метод комбинује употребу широкопојасног и фреквенцијски селективног мерења, док 
се сама процена изложености обавља у завршној фази обраде резултата мерења. 
 
Важно  је нагласити да  једноставност и веома мала аритметичка комплексност чине предложени 
метод процене изложености прихватљивим, у погледу имплементације, односно примене за обра‐
ду добијених резултата мерења. Како је за прорачун сваке од граница изложености потребна само 
аритметичка операција дељења, коришћење било ког софтверског алата омогућују обраду мерних 
резултата и ефикасану примену предложеног метода. 
 
Сложеност практичне примене предложеног метода делимично повећава чињеница да је за про‐
цену адаптивних граница изложености неопходно коришћење и фреквенцијски селективног мере‐
ња. Тиме се поред времена утрошеног на широкопојасна мерења интензитета вектора јачине маг‐
нетског поља (или вектора магнетске индукције) додатно време троши и на спектралну анализу по‐
ља на мерној локацији. Срећом, ова спектрална анализа се не мора често обављати на мерној ло‐
кацији, уколико није било промена техничких карактеристика присутних активних извора зрачења. 
 
У случајевима када се врше стандардна мерења нивоа поља, у краћим временским интервалима, 
ова сложеност може доћи до изражаја. Међутим, предности предложеног метода јасно су уочљи‐
ве у случајевима примене у системима дизајнираним за обављање континуалног широкопојасног 
мониторинга  нивоа  поља,  у  оквиру  којих  једном обављена  спектрална  анализа  омогућује  избор 
референтних граничних нивоа који ће се користити у дужем временском периоду за процену гра‐
ница изложености. С обзиром да је вероватноћа учесталог инсталирања нових извора магнетског 
поља ниских фреквенција, на локацији испитивања, веома мала, примена предложеног метода се 
показује као корисна и оправдана. 
 
Још једна од битних предности предложеног метода у системима за континуални мониторинг јесте 
и доступност историјата промене нивоа магнетског поља,  као и одговарајуће изложености,  крај‐
њим корисницима. Њима се, путем јавно доступних Интернет web портала, пружају информације о 
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флуктуацији дневне изложености, уз дефинисање најужег могућег опсега у ком се стварна изложе‐
ност на датој локацији налази. 
 
Адекватно повећање прецизности процене изложености, односно смањење разлике између днев‐
них граница, омогућује се периодичном анализом спектра на локацији од интереса. На тај начин се 
повећава кредибилитет система за континуални мониторинг и одржава његова веома битна улога 
у области заштите животне средине, уз задовољење потреба корисника о правоременом инфор‐
мисању о присутном нивоу поља и потенцијалној изложености. 
 
С обзиром да процена изложености представља завршну фазу испитивања ЕМ поља, након обав‐
љених мерења, очигледно  је да  је предложени метод независан од врсте и карактеристика упо‐
требљеног мерног инструмента. Његова општост омогућује обраду измерених вредности нивоа по‐
ља, добијених коришћењем практично свих комерцијално доступних мерних инструмената, наме‐
њених широкопојасним и фреквенцијски селективним мерењима нивоа поља. 
 
Предложени метод је првобитно реализован за потребе СЕМОНТ информационе мреже, као мре‐
же дизајниране за обављање континуалног широкопојасног мониторинга ЕМ поља и процену из‐
ложености у дужем периоду. Првенствени циљ СЕМОНТ система јесте приказ дневних граница из‐
ложености у виду графикона, и јавно информисање свих заинтересованих корисника. Предложени 
метод се стога намеће као веома корисно и поуздано решење, обезбеђујући прецизну и ефикасну 
процену изложености магнетским пољима. 
 
Поред примене за процену изложености опште популације, предложени метод се може користити 
и  за  процену  изложености  магнетском  пољу  професионалног  особља,  коришћењем  прописаних 
референтних граничних нивоа за ову категорију популације. 
 
Предложени метод није искључиво везан за СЕМОНТ систем, већ се може применити и у било ком 
другом систему дизајнираном за континуални широкопојасни мониторинг нивоа поља, употребом 
одговарајућих прописаних референтних нивоа. Додатно, примена предложеног метода је могућа и 
у свим акредитованим организацијама које се баве испитивањима ЕМ поља, као и у лабораторија‐
ма које обављају одговарајућа мерења у научне сврхе. 
 
Општост описаног метода омогућује  једноставно коришћење и имплементацију у оквиру законо‐
давства било које друге државе у свету, коришћењем националних референтних граничних нивоа, 
прописаних правилницима појединих држава или ICNIRP Guidelines документом. 
 
Имајући у виду да  је ово  технико решење настало на основу научних радова објављених у еми‐
нентном међународном научном часопису и  конференцијама, отворени изворни код и  технички 
детаљи везани за предложени метод су доступни свим заинтересованим корисницима. 

 
Прилози: 
 

Предложена метода процене изложености је детаљно описана и у научном раду: 
 
1. D. Kljajic, N. Djuric, J. Bjelica, M. Milutinov, K. Kasas‐Lazetic and D. Antic, “Utilization of the boundary 

exposure assessment for the broadband low‐frequency EMF monitoring”, Measurement, DOI:10.10‐
16/j.measurement.2016.12.061, Volume 100, March 2017, pp. 110‐114, ISSN: 0263‐2241, 2017, 
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где су резултати примене овог метода на одговарајућој мерној локацији презентовани у поглављу 
“Test measurement results”. 
 
Додатно, предложени метод је анализиран и у научном раду презентованом на конференцији: 
 
2. N. Djuric, J. Bjelica, D. Kljajic, M. Milutinov, K. Kasas‐Lazetic and D. Antic, “The SEMONT Continuous 

Monitoring and Exposure Assessment for the Low‐frequency EMF”, IEEE International Conference on 
Emerging Technologies and Innovative Business Practices for the Transformation of Societies, Emer‐
giTech 2016, August 3‐6, 2016, Mauritius, pp. 1‐6, ISBN: 978‐1‐5090‐0705‐9. 

 
Наведени радови представљају прилоге овог техничког решења. 
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PeanM3aTOp Cl>aKYnTeTTeXHM'IKMX HaYKa, YHMBep3MTeT Y HOBOM CaAY

OCHOBHMnOAal4M 0 pel4e3eHTy
"'Me M npe3MMe, 3Bal-be npoct>. AP He60jwa PaM'IeBMfl, BaHpeAHM npoct>ecop
Y>Ka o6naCT aa M360p Y 3Bal-be, AayYM M360pa TeopMjcKa eneKTpOTeXHMKa, 27. 10. 2016.
YCTaHoBa rAe je sanocnea EneKTpoHcKM ct>aKYmeT, YHMBep3MTeT Y HMWY

CTPY'lHO MMWlbetbe pel4e3eHTa:
npeAIIO>KeHI1 MeToA npencrasrsa HOBO peure+se sa npoueav noreauajanae 1131l0>KeHOCTI1MarHeTCKOM
nOIbY HI1CKI1X4>peKBeHu,l1ja, Y CIlY4ajy vnorpefie uiapoxonojacaor npacrvna Mepetba HI1BOaMarHeTCKOr
norsa, OBI1M MeTOAOM ce oApel)yjy AOtba 11 rop-sa rpaaaua 1131l0>KeHOCTI1,OAHOCHOoncer Y KOM ce
peanaa M31l0>KeHOCTMO>KeHanl1.

AOAaTHO, OBI1M MeTOAOM ce 3aXTeBa 114>peKBeHu,l1jcKI1 CelleKTI1BHO Mepetbe HI1BOa norsa, KaKO 611ce
OApeAI10 4>peKBeHu,l1jcKI1 CaAP>Kaj no/sa Ha MepHoj 1l0Kau,l1jl1 Ha OCHOBYxor ce npeu,113Hl1je 611pajy HO-
BI1 pe4>epeHTHI1 rpaHI14HI1 HI1BOI1,aa Ta4HI1je oApel)I1Batbe rpaaaua 1131l0>KeHOCTI1M cY>Ketbe oncera Y
KOM ce M31l0>KeHOCTHalla3M. Ha osa] Ha4MH, npoueua M31l0>KeHOCTMce ofiasrsa Y CKIlaAY ca 4>peKBeH-
U,MjCKMMKapaKTepl1CTMKaMa MepHe noxauaje, npY>KajynM pesvrrrare KOjl1 onroaapajv BllaAajyflMM vent»
BMMa Ha MepHoj 1l0Kau,MjM.

MeTOA npoueae je BeOMa npaKTM4aH sa npMMeHy y peallHMM YCllOBI1Ma, KaKO sa npoueav M31l0>KeHOC-
TMonurre nonvnauaje, TaKO Mnpooecaoaanaor ocofirsa. Ynorpefia MeTOAa ce oABMja Y saapurao] 4>a3M
06paAe pesvnrara Mepetba 11Kpajtbe je jeAHocTaBHa, y3 KOpMWnetbe OCHOBHeMaTeMaTM4Ke onepaua-
je Aelbetba y TOKY06paAe MepHI1X nonaraxa.

OnWTOCT npeAIIO>KeHOr MeTOAa npoueae M31l0>KeHOCTMoMoryflaBa KOpMWnetbe M MMnlleMeHTau,Mjy y
OKBMPY3aKOHOAaBCTBa 6MIl0 Koje AP>KaBe y CBeTY, KOpMWnetbeM Hau,MOHaIlHMX peoepearaax rpaHM4-
HMXHMBoa, nponacaaax npaBMIlHMu,MMa nojeAMHMx Ap>KaBa. AOAaTHo, npeAIIO>KeHM MeTOA ce OAHOCM
I1CKlbyYMBO Ha urapoxonojacaa Mepetba MarHeTCKor norsa y oncery HMCKI1X4>peKBeHu,l1ja, a npl1MeH-
IbMB je KaKO sa CTaHAapAHa Mepetba y KpanMM BpeMeHCKMM nepl10AMMa, TaKO 11sa KOHTMHyallHa Me-
peiea y AY>KMMMHTepBalll1Ma BpeMeHa, OAHOCHOMOHI1TOpMHr norsa.

MMWlbetba caM Aa OBOTeXHM4KO peuiejee McnytbaBa CBe YCllOBe sa "HOBO meXHUI.fKO pewelbe npuMe-

lbeHO HO H0l.4UOHOIIHOM HUBOY (M82)", xao WTO je npeABMl)eHo OApeA6aMa "npOSUIIHUKO 0 nocmyn-

Ky, HO"lUHY speOHOSOl-bO U KSOHmumomUSHOM UCK03USOl-bY HOY"lHouCmpOJKUSO"lKUX pesynmoma uc-

mpOJKUSO"lO", 6p. 110-00-29/2016-04, KOjM je MMHMcTapcTBo npocsere HaYKe M TeXHOIlOWKor paasoja
YCBOjMIlOAaHa 01. 03. 2016. roAI1He ("CIlY>K6eHI1 maCHMK PC" 6p. 24/2016).
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Exposure to low-frequency electromagnetic fields (EMF) has become an issue considering a number of
high-power low-frequency EMF sources installed in residential environment. Therefore, the EMF moni-
toring and appropriate exposure assessment are highly important regarding the safety, since residents
can spend considerable time in the vicinity of such high-power objects. This short paper brings the case
study related to the broadband continuous monitoring of the low-frequency magnetic field in the vicinity
of the outdoor power substation, as a particularly important and interesting EMF source. Moreover, the
exposure assessment of the general population, performed by a newly proposed adaptive boundary expo-
sure approach, is presented. This approach assesses the upper and lower daily exposure boundaries,
offering the range where real exposure is positioned. The reduction of difference between boundaries
can be attained by frequency spectrum analysis, while in this case study the initial boundary difference
was reduced from 99.6% to 33.3%.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The investigation, measurement and, in modern days, long-
term monitoring of electromagnetic fields (EMF) is of great impor-
tance, together with the corresponding exposure assessment to
EMFs.

The document of the International Commission on Non-Ionizing
Radiation Protection (ICNIRP) ‘‘Guidelines for limiting exposure to
time-varying electric, magnetic, and electromagnetic fields (up to
300 GHz)” [1] is one of the most commonly used in the area of
EMF investigations. The document offers basic recommendations
for the establishment of the exposure limits for both the general
and occupational population, based on numerous laboratory and
epidemiological studies.

ICNIRP’s document offers an approach for comprehensive expo-
sure assessment that implies EMF measurements based on the fre-
quency selective measuring approach and frequency dependent
reference levels [1,2]. Unfortunately, such approach is not suitable
for broadband measurements, due to not knowing the frequencies
on which the EMF sources emit and reference levels that should be
used. Therefore, a new exposure assessment approach, based on
adaptive exposure boundaries, has been proposed [3]. This
approach was established with the high-frequency electric field
strength measurement [3,4], providing the ability of being suitable
for the low-frequency magnetic field, as well [5].

In this paper, the case study of the adaptive boundary approach
implementation, for the low-frequency EMF measurements, is pre-
sented. Section ‘‘Low-frequency test measurement” brings the
description of the chosen measurement location, as well as the
basic information on used measuring procedure and equipment.
Results of the performed measurement and the application of
adaptive boundary exposure assessment are presented in the sec-
tion ‘‘Test measurement results”. Discussion of the obtained results
is offered in the ‘‘Conclusion” section.
2. Low-frequency test measurement

Having in mind that power substations, such as the substation
‘‘Novi Sad 7”, located in the city of Novi Sad, the Republic of Serbia,
are installed in the residential areas, it is highly important and
publicly strongly demanded that EMF levels in such areas are in
compliance with the prescribed reference levels [1,6,7]. Therefore,
the real-time in situ monitoring of the low-frequency magnetic
field is more than necessary.
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2.1. Test measurement location

The substation ‘‘Novi Sad 7” is located in the suburb of the city
of Novi Sad, named Telep. This high-power 110/25/35 kV outdoor
substation is fed by 110 kV three-phase power lines, which cross
Ohridska Street and enter into the substation, as presented in
Fig. 1. Besides, there are several 25/35 kV underground power
cables that exit from the substation along Heroja Pinkija Street.
Those cables supply the consumers in Telep and other suburbs of
Novi Sad.

Since there are several private households in the close vicinity
of this power distribution object, the surrounding area should be
considered as a highly sensitive zone regarding potential EMF
exposure. Likewise, the presence of pedestrian pathways near the
substation’s courtyard, where pedestrians pass during the day, is
an additional reason for the investigation and monitoring of the
magnetic field in this area.

However, the most interesting section of the substation’s sur-
roundings is in Ohridska Street, above which three-phase power
lines pass (at the height of about 10 m from the ground), and enter
the substation, as depicted in Fig. 1 and in Fig. 2. These power lines
also pass near the private household garden and a business build-
ing. Moreover, in this street there is no walking path, so the pedes-
trians walk over the traffic lane, distinguishing this lane as a
primary monitoring place.

The nearest private house is distanced only 24 m from the ver-
tical projection of the middle conductor of the power lines, as
depicted in Fig. 2. Unfortunately, the power lines pass directly over
the garden of this household, increasing the concern of residents
on possible negative health effects during their daily gardening
chores. Likewise, there is a commercial building, distanced 20 m
from the vertical projection of the middle conductor, while a com-
mercial driveway and a gate of this building are even closer to the
middle conductor, at a distance of only 8 m, as presented in Fig. 2.

The frequent usage of the narrow traffic lane by pedestrians, as
well as the close proximity of the mentioned buildings to the
power lines, distinguish this location as highly attractive for the
continuous and long-term monitoring of the low-frequency mag-
netic field.
2.2. Measuring procedure and measuring equipment

The initial measurement was performed in two phases [5],
applying the handheld Narda EFA 300 measuring instrument [8],
equipped with the isotropic B-field probe. The phases of the mea-
surement were time-separated, conducting the preliminary field
scanning and four hours broadband continuous monitoring in the
Ohridska Street

Outdoor 
substation NS7 - 

South Telep

110 kV Three-
phase power lines

Heroja Pinkija
 Stre

et Measurement 
location

Fig. 1. Location of the ‘‘Novi Sad 7” substation.
first phase; in the second phase, the frequency spectrum analysis
was performed using the SPECTRUM FFT/HARMONICS mode of
the Narda EFA 300 instrument [8].

3. Test measurement results

This section explains the utilization of the proposed adaptive
boundary approach for the magnetic field exposure assessment,
while additional details can be found in [3–5].

3.1. Boundary exposure assessment

Initially, the boundary approach was used to assess the poten-
tial exposure [3–5], evaluating upper and lower exposure bound-
aries by the following expressions:

GERlow ¼ Bm

Brefmaxðf 1Þ
and GERup ¼ Bm

Brefminðf 2Þ
; ð1Þ

where Bm is the instantaneous broadband measured value of the
magnetic flux density, while Bref min(f2) and Bref max(f1) are minimal
and maximal prescribed reference levels, in the frequency range
of the applied field probe (5 Hz to 32 kHz).

For this case study, Bref min = 2.5 lT (for the frequency
f2 = 32 kHz) and Bref max = 640 lT (for the frequency f1 = 5 Hz) refer-
ence levels were selected, in accordance with the Serbian legisla-
tion [7], for the general population. Results of the global
exposure ratio (GER) [4] boundaries assessment are shown in Fig. 3.

Unfortunately, an extensive range between those boundaries
can be noticed, requiring an appropriate measure to quantify it.
Therefore, in order to describe the range between GER boundaries,
the relative difference d was introduced, defined by the following
equation:

d ¼ GERup � GERlow

GERup
� 100% ¼ 1� Bref min

Bref max

� �
� 100%: ð2Þ

For the initial exposure assessment, the relative difference
between GER boundaries is 99.6%, of the upper boundary, referring
that the range where real exposure can be found is considerable.
Hence, should this gap be reduced, it could be possible to evaluate
the present exposure more precisely.

The main idea for the assessment improvement and difference
reduction lies in uncovering the set of frequencies on which the
EMF emission exists, and selecting new and more appropriate ref-
erence levels. By performing the spectrum analysis, the true fre-
quency range of EMF emission can be determined, instead of the
presumed one that corresponds to the instrument’s field probe
range. Consequently, the new Bref min and Bref max reference levels
can be selected, matching the present spectrum closely and reduc-
ing the difference between initial GER boundaries.

3.2. The frequency selective measurement

The preformed spectral analysis resulted with active frequen-
cies, as presented in Fig. 4, where it can be observed that 50 Hz
is a dominant frequency, as expected.

Considering the measurement range of the used instrument,
from 100 nT to 32 mT [8], the values below 100 nT, in Fig. 4, can
be neglected, probably being the consequence of the detected noise
or the uncertainty of the measuring instrument. However, since
this is an initial study, in the case that they could be considered
as good ones, without being neglected, those values could initiate
the spectrum shrinking, as follows.

At the beginning, the visual inspection of the site showed no
presence of any source of static or very slowly changed magnetic
field; hence, narrowing is possible from the left side of the basic
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harmonic of 50 Hz. Moreover, on the right side of 50 Hz, the last
interesting harmonic is the odd harmonic on 450 Hz, as can be
noticed in Fig. 4.

Contribution of odd harmonics in comparison to the basic har-
monic of 50 Hz, as well as exposure assessment per particular har-
monic’s frequency [9], using the criteria provided in the ICNIRP
recommendation [1], is offered in Table 1.

Observing the obtained results, it is clear that the contribution
of odd harmonics is almost negligible regarding the basic 50 Hz
harmonic, which dominantly contributes to the overall field
strength, as well as the exposure at the monitoring location. Such
conclusion is in accordance with the results obtained in [9].

If we temporarily neglect that those odd harmonics have very
low values, the observed broadband frequency range can be ini-
tially narrowed to the range from 40 Hz to 450 Hz. Secondly, the
observed frequency range can be reduced from 40 Hz to 60 Hz by
neglecting the contribution of odd harmonics. The reason lies in
the fact that their role is almost indistinguishable regarding the
basic 50 Hz harmonics. In consequence, such spectral reduction is
the foundation for the exposure assessment improvement and
adaptive boundary approach, whose application will be demon-
strated in the following section.
3.3. GER boundaries adaptation

In order to demonstrate the difference reduction between lower
and upper exposure boundaries, the new adaptive GER assessment
approach was considered through three cases:

� Case A – Assessment based on the initial broadband monitoring
and the frequency range of the used field probe.

� Case B – Assessment as a consequence of the spectrum shrink-
ing to the range from 40 Hz to 450 Hz.

� Case C – Assessment as a consequence of neglecting the contri-
bution of odd harmonics and shrinking the observed frequency
range, from 40 Hz to 60 Hz.

Considering those three cases, the new minimum and maxi-
mum reference levels can be selected, as presented in Table 2.

Slight reduction of the relative difference between GER bound-
aries can be observed in Table 2, where, for the case B, it is 91.1%,
while for the case C new difference is 33.3%, which is highly notice-
able. The graphical comparison of the new GER boundaries in cases
B and C with those obtained in the case A is presented in Fig. 5.

The adaptive approach for the case C resulted with the
increased precision of the assessment and a significantly smaller
range between GER boundaries, leading consequently to the much
clearer insight of the low-frequency magnetic field exposure at the
chosen location.

Finally, if we consider the case that only the dominant fre-
quency of 50 Hz is present, with its corresponding reference level
of 40 lT [7], the adaptive boundary analysis leads to the merging
of both GER boundary curves with the curve for 50 Hz exposure
assessment, as it is pointed by arrows in Fig. 6. This result clearly
shows the convergence of the proposed adaptive boundary
approach to the conventional exposure assessment approach given
in the ICNIRP recommendation [1].

This is a specific situation where only one dominant frequency
exists. However, in the cases where a number of EMF sources are
present in the vicinity of the testing location, operating at various
frequencies, the ICNIRP approach cannot be applied for the broad-
band EMF observation. The broadband measurement is not capable
to distinguish spectral content and thus the proper reference levels



Fig. 4. Spectral characteristics of the test in situ location.

Table 1
Contribution of the odd harmonics of the spectrum.

Frequency [Hz] B [nT] Bharm/Bbasic [%] Bref [lT] ER = B/Bref ERharm/ERtotal [%]

50 181.94 100 40 4.55E�03 63.94
150 7.84 4.50 13.33 5.88E�04 8.27
250 5.78 3.32 8 7.22E�04 10.15
350 2.97 1.79 5.71 5.20E�04 7.31
450 3.26 1.60 4.44 7.35E�04 10.34

ERtotal 7.11E�03

Table 2
New reference levels in the case of spectrum shrinking.

Case A B C

Frequency range [Hz] 5 to 32,000 40 to 450 40 to 60
Bref min [lT] 2.5 4.44 33.33
Bref max [lT] 640 50 50
d [%] 99.6 91.1 33.3
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cannot be correctly determined. In such situations, the application
of the proposed adaptive boundary approach comes to the fore and
gains importance.

4. Conclusion

The measurement and fluctuation tracking of the EMF level are
of great importance for the entire community. In this case study,
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the broadband monitoring of the low-frequency magnetic field and
corresponding exposure assessment, in the vicinity of a power dis-
tribution station, have been presented. The exposure assessment
was completed by the newly proposed adaptive boundary
approach, assessing the lower and upper exposure boundaries,
regarding the spectral content of the monitoring location.

For the initial exposure assessment, regarding the frequency
range of the field probe from 5 Hz to 32 kHz, the boundary differ-
ence of 99.6% was obtained. As a result of the spectral analysis, it is
clear that the shrinking of the observed frequency range is possi-
ble: for the range from 40 Hz to 450 Hz, the boundary adaptation
resulted in the reduction of the boundary difference to 91.1%, while
for 40–60 Hz range, the considerable decrease of the boundary dif-
ference to 33.3% was obtained. Thus, the concept of adaptive
boundaries and spectrum shrinking resulted with much better
overview of the range of existing exposure.

The performed test monitoring considered the low-frequency
magnetic field exposure assessment of the general population, in
the vicinity of a substation, showing that the selected test
location is a low exposed location. However, the foreseen studies
will be focused on monitoring within the substation’s courtyard
and the control building, where the complex spectral content
can be found and where adaptive boundary approach can demon-
strate full capabilities, even for the occupational exposure
assessment.
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Abstract – The most known sources of the low-frequency elec-
tromagnetic field (EMF) can be found in electric power systems. 
Those systems and their power distribution parts have become 
the backbone of economic, technological and overall development 
of human society, intensely in modern-days. The actual humanity 
highly depends on the reliable power supply and thus a number 
of power distribution substations have been established, even in 
densely populated residential parts of the cities. The presence of 
such a power substation increases the public concerns on danger-
ous health effects, considering the exposure to EMF in the vicini-
ty of substations. Thus, the comprehensive and detailed monitor-
ing was demanded, along with the exposure assessment to EMF 
radiation. The continuous broadband monitoring method of the 
Serbian Electromagnetic Field Monitoring Network – SEMONT 
has been considered in this paper, in a case study of the power 
substation “NS7 – South Telep”, located in the city of Novi Sad, 
the Republic of Serbia. The exposure assessment, based on daily 
boundaries, has been employed, showing that acquired results 
emerge to be far below the Serbian prescribed reference levels. 

Keywords – monitoring of electromagnetic field; non-ionizing 
radiation exposure; wireless sensors network 

I.  INTRODUCTION  

The modern-day power distribution systems face a number 
of issues and challenges to satisfy persistent requirements for 
increased power consumption. One of challenges is the relia-
bility of the power distribution network. It has been demon-
strated that the installation and internetworking of new power 
distribution substations is an effective approach to increase the 
robustness and provide trustworthy power supply. 

The high-power substations are usually intended to be built 
on the peripherals of cities. Unfortunately, in a number of ex-
amples, they become surrounded by fast growing residential 
areas, sparking the health concerns of nearby residential popu-
lation. Mostly, the residents have been frightened by the low-
frequency electromagnetic field (EMF), dominantly caused by 
three-phase power lines that feed those substations. Therefore, 
the constant observation of the field strength in vicinity of the 
substations is demanded, alongside with the assessment of the 
general population and occupational exposure [1], [2]. 

Numerous countries has adopted recommendations of the 
International Commission on Non-Ionizing Radiation Protec-
tion (ICNIRP), which established the guidelines for limiting 
the exposure to EMF, in order to provide protection against 
known adverse health effects [3]. Moreover, the national laws 
prescribe testing or monitoring to confirm the compliance of 
the existing, as well as newly installed EMF sources with pre-

scribed reference levels, both for the low- and high-frequency 
spectrum range. Besides, the laws demand a transparent dis-
semination of the measurement results to the public. 

In this paper, the Serbian Electromagnetic Field Monitor-
ing Network – SEMONT [4] and its feature of Narda EFA 300 
equipment [5], [6] utilization for continuous monitoring of the 
low-frequency magnetic field strength was considered. For the 
first time, in this case study, the long-term measurements were 
performed in vicinity of “NS7 – South Telep” outdoor power 
substation, in the city of Novi Sad. Furthermore, the exposure 
assessment to the low-frequency magnetic field was conducted 
using newly proposed boundary exposure approach [7], [8], 
concerning the Serbian prescribed reference levels [9], [10].  

This paper is organized so that Section II briefly describes 
the SEMONT utilization of Narda EFA 300 handheld meas-
urement instrument, as well as boundary exposure assessment 
approach. Section III describes the measurement location and 
Section IV brings the measurement results of this a case study 
monitoring campaign. Finally, Section V concludes the paper.  

II. THE SEMONT SYSTEM AND EFA 300 INSTRUMENT  

This section considers the concept and some features of the 
SEMONT monitoring network, while a number of additional 
details can be found in previously published papers [4], [8].  

A. The SEMONT System Design 

The system is a wireless network of autonomous and re-
mote field monitoring sensor nodes, like Narda AMB 8057/3 
[11], spatially distributed to cover the observed area or radiat-
ing source. The acquired measurement results are periodically 
transferred from sensor nodes using available GSM network 
and stored into the database of the SEMONT’s Internet portal 
[12], [13], as conceptually presented in Fig. 1.  

SEMONTs’
Internet portal GSM network

EFA 300 
instrument

AMB 8057/3
sensor nodesUser

Internet

 
Fig. 1. The concept of the SEMONT monitoring network.  
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The software implemented in the Internet portal automati-
cally processes measurement data and disseminates them to 
the public, using graphs, tables and GIS system that is pow-
ered by the Google maps technology [12], [13].  

Besides the utilization of wireless sensor nodes [11], [14], 
the SEMONT system also integrates measurement results ac-
quired by the handheld equipment, such as Narda EFA 300 
[5], as depicted in Fig. 2.  
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CSD
SMS

Laptop

Software 
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EFA 300

RS 232 
connection

 
Fig. 2. EFA 300 utilization into the SEMONT system. 

In this test campaign, the handheld instrument was used as 
a sensor node, activating its monitoring mode [5], [6], while 
the measurement results were saved in the internal memory 
and later manually downloaded and assimilated into the Inter-
net portal [12], [13]. The specific software interface was used 
for data parsing, enabling authorized personnel to incorporate 
measurement results into the centralized database, using the 
administrative part of the Internet portal. 

B. The Concept of the Boundary Exposure Assessment 

The SEMONT system implements continuous monitoring, 
observing all active EMF sources in vicinity of the measure-
ment equipment, in a wide frequency range. Such monitoring, 
known as a broadband monitoring, results with only one value 
per time instance, i.e. the cumulative field strength, represent-
ing the overall contribution of all surrounding EMF sources.  

The broadband monitoring is not able of discriminating the 
radiating frequencies. In consequence, such type of monitoring 
is not able to perform the exposure per frequency assessment, 
as instructed by the ICNIRP Guidelines [3], calculating expo-
sure ratio (ER) for the low-frequency range 
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where Hj is the magnetic field strength at frequency j, HL,j is 
the prescribed magnetic field reference level, while b = 24.4 
A/m (30.7 mT) for occupational exposure and 5 A/m (6.25 mT) 
for general public exposure. A magnetic field can be specified 
in two ways: as the magnetic flux density B, expressed in tesla 
(T), or as the magnetic field strength H, expressed in ampere 
per meter (A/m). These two quantities are related by the ex-
pression B = μH, where μ is magnetic permeability. Usually, 
only one of the quantities B or H needs to be measured. 

The Guidelines suggest the use of different reference lev-
els for each frequency, regarding the fact that the human tissue 
reacts differently on different frequencies.  

In case of the SEMONT’s broadband monitoring, the ex-
posure assessment was performed using global exposure ratio 
(GER) [15] and boundary assessment approach [7], [8]. In the 
monitoring frequency band of the field probe, the minimal and 
maximal reference levels were used to determine the range 
where real exposure can be positioned, as shown in Fig. 3. 
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Fig. 3. The idea of the boundary exposure assessment. 

Regarding the low-frequency magnetic field strength mon-
itoring and the frequency range of Narda EFA 300 instrument, 
from 5 Hz to 32 kHz, the GER boundaries were calculated as: 
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where Bm is the measured value, while Bref min and Bref max are 
minimal and maximal prescribed reference levels. According 
to the Serbian prescribed reference levels [9], [10], the mini-
mal and maximal reference levels, in this frequency range, are 
presented in Table I.  

TABLE I.  REFERENCE LEVELS USED FOR GER CALCULATION 

 Corresponding frequency Referent level 
Bref min 32 kHz 2.5 μT 
Bref max 5 Hz 640 μT 

If another field probe is to be used, with a different moni-
toring band, these reference levels have to be recalculated.  

III. THE MONITORING LOCATION 

The high-power substation “NS7 – South Telep” is located 
in the south-west part of the city of Novi Sad, surrounded by 
the suburb named Telep, as shown in Fig. 4. 

Substation “NS7 
- South Telep”

110 kV three-phase 
power lines  

Fig. 4. Surroundings of the “NS7 – South Telep” substation.  
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Fig. 5. The sketch of the monitoring location. 

TABLE II.  THE PRELIMINARY SPATIAL SCAN OF THE MAGNETIC FIELD STRENGTH IN VICINITY OF POWER-LINES 

x [m] – 1  – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10 – 11 – 12 – 13 – 14 – 15 – 16 – 17 – 18 – 19 – 20 
B [μT] 1.15 1.11 1.06 0.96 0.87 0.84 0.75 0.68 0.60 0.53 0.47 0.42 0.38 0.33 0.29 0.26 0.24 0.22 0.21 0.20 
x [m] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
B [μT] 1.11 1.04 1.01 0.93 0.84 0.75 0.67 0.60 0.55 0.48 0.42 0.37 0.33 0.29 0.26 0.23 0.21 0.19 0.17 0.15 

 

This high-power 110/25/35 kV outdoor substation is fed by 
110 kV three-phase power lines, crossing a private courtyard 
and Ohridska Street before entering the substation. Moreover, 
several 25/35 kV underground power cables departure the sub-
station, along Heroja Pinkija Street, proceeding forward to the 
consumers of Telep and other suburbs of the city of Novi Sad.  

Beside the closeness of private households, there is a walk-
ing path along Heroja Pinkija Street, where pedestrians pass 
near the substation. Such situation, in addition, affects that this 
location can be considered as a highly sensitive zone.  

For this paper, the most interesting spot for the magnetic 
field strength monitoring was located in Ohridska Street, near 
110 kV three-phase power lines. In this street, there is narrow 
traffic lane, with no walking paths alongside; hence, pedestri-
ans use the traffic lane to reach their households, passing un-
der the cables, as sketched in Fig. 5.  

The nearest private house is located 24 m from the middle 
conductor of the three-phase lines (measured on the ground). 
Unluckily, the garden of this house is beneath the power lines. 
Since the house residents perform some gardening work daily, 
it further increases the concerns of health effects.  

Moreover, across Ohridska Street, a commercial building 
is located, whose driveway and entrance are even closer to the 
middle conductor, as presented in Fig. 5. The height of middle 
conductor, above the center of the traffic lane, is 10 m, which 
can be seen as a very low, considering that the average person 
height is 1.7 m.  

The narrow traffic lane, frequently used by pedestrians, as 
well as the close proximity of parking lots to the conductors of 
these power lines, classify this location as highly important for 

the continuous and long-term magnetic field strength monitor-
ing, regarding almost certain presence of people in vicinity of 
power-lines.  

IV. MEASUREMENT RESULTS 

Regarding the measurement method of the SEMONT sys-
tem, the monitoring campaign was carried in two steps: first, a 
preliminary field strength scan was performed along the traffic 
lane, right and left from power-lines, in order to determine the 
spatial distribution of field strength, as well as spot with local 
maximum of the field strength, so called hot-spot. Second, the 
continuous monitoring was conducted in this hot-spot, trying 
to determine the field strength fluctuation over time.  

A. Preliminary Field Strength Scanning  

The field scanning was conducted on both sides of the ver-
tical projection of the middle conductor, at the height of 1.1 m 
from the ground. The technician performed short and one-time 
instance measurements, moving in 1 m steps between consecu-
tive measurement points, shown in Fig 5. The short pause was 
made in each measurement point, in order to prevent possible 
electromagnetic induction that can appear since the field probe 
is moved in EMF. 

The results of this preliminary field strength scanning are 
presented in Table II, while, beneath the middle conductor, the 
value of 1.14 µT was measured.  

TABLE III.  STATISTICAL ANALYSIS OF THE SCANNING RESULTS  

Bmin Bmax STDEV 
0.147 µT 1.15 µT 3.4E-07 



Furthermore, the simple statistical analysis was performed 
on those values, which represent the spatially distributed field 
strength. Regarding the outcome, presented in Table III, it can 
be noticed that the standard deviation is almost minor, indicat-
ing a very slow change of field strength near the power-line.  

B. Measurement vs. Calculation in Preliminary Scanning 

The preliminary field scanning results were verified using 
calculations and theoretical modeling of the three-phase power 
lines according to the method in [16], and presented in Fig. 6.  
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Fig. 6. The results of scanning and calculation on 1.1 m from the ground. 

 
By courtesy of “EPS Distribucija – Regionalni centar El-

ektrovojvodina” [17], as the authorized operator for the “NS7 
– South Telep” substation, the current intensity of three-phase 
power lines was provided for the period from 7:45 AM to 8:10 
AM, as presented in Table IV, when preliminary scanning was 
performed. For the theoretical calculations, the worst case was 
chosen for considerations, using intensity of round 116 A. 

TABLE IV.  THE THREE-PHASE POWER LINES CURRENT INTENSITY 

Min Max Average 
110.18 A 116.78 A 114.79 A 

The current intensity was also provided for the whole day, 
covering the rest of the monitoring campaign.  

C. Continuous Monitoring using EFA 300 Instrument 

The second part of this preliminary campaign was the con-
tinuous monitoring in the hot-spot, performed by installing the 
EFA 300 measuring equipment on the tripod, as shown in Fig. 
7, and using its continuous monitoring mode [6]. 
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Fig. 7. EFA 300 setup in the monitoring hot-spot. 

In order to cover and monitor the commercial driveway, 
parking lots and private driveways in Ohridska Street, the hot-
spot was intentionally chosen at distance of 19 m, on the left 
of the power lines middle conductor, as presented in Fig. 5. 

The instrument was installed at the height of 1.7 m, per-
forming continuous field monitoring at the height of a highly 
sensitive zone of the human head, particularly since the low-
frequency magnetic field shows dominant stimulating effects 
on the human tissue [18]. 

D. Magnetic Field Strength Fluctuation 

The continuous monitoring was carried out in unperturbed 
field conditions, without the presence of population or techni-
cians near the instrument, throughout the period of four hours, 
from 9 AM until 1 PM, using 6 minute averaging [15], [19].  

It was assumed that the consumption of electric energy 
will be significant during this period of the day. Thus, the se-
lected time frame was seen as quite appropriate to acquire a 
relevant insight on the magnetic field strength fluctuation in 
vicinity of the power-lines, as well as the substation. The re-
sults of monitoring are depicted in Fig. 8. 
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Fig. 8. Results of continuous monitoring.  

The measurements show a slow change of field strength 
over time, while the statistical analysis, presented in Table V, 
with standard deviation of 9.213E-09 moreover confirms that.  

TABLE V.  STATISTICAL ANALYSIS OF FIELD FLUCTUATION 

Bmin Baverage Bmax STDEV
0.281 μT 0.303 μT 0.319 μT 9.213E-09

The good agreement with the theoretical calculation is pre-
sent, even calculations were performed assuming unperturbed 
field conditions, during the entire period of monitoring. How-
ever, this assumption cannot be completely true and therefore, 
in some of future studies, calculations should be improved to 
reflect the real circumstances. However, for this initial moni-
toring, it should not be a constraint.  

E. Results of the Boundary Exposure Assessment 

The exposure assessment was performed using the bounda-
ry exposure approach, described by the equation (2), and the 
Serbian prescribed reference levels regarding the general pop-
ulation. The results of the GER assessment, in monitoring hot-
spot, are presented in Fig. 9. 
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Fig. 9. The assessment of GER boundaries. 

The statistical analysis of those curves shows that GERupper 
ranges from 0.1126 to 0.1276, with the deviation of 3.7E-03, 
while GERlower is in range from 0.00044 to 0.00050, with even 
smaller deviation of 1.44275E-05, as presented in Table VI. 

TABLE VI.  STATISTICAL ANALYSIS OF GER BOUNDARIES 

GERupper min GERupper avg GERupper max STDEV 
0.1126 0.1213 0.1276 0.0037 

GERlower min GERlower avg GERlower max STDEV 
0.00044 0.00047 0.00050 1.44275E-05 

The small standard deviation of both GER curves indicates 
that the potential magnetic field exposure of the general popu-
lation was almost constant during the monitoring period.  

Considering the ICNIRP Guidelines recommendations for 
the exposure assessment and assuming that in vicinity of pow-
er lines only f = 50 Hz frequency is dominant, the Serbian pre-
scribed level for this frequency is given in Table VII. 

TABLE VII.  REFERENCE LEVELS FOR F = 50 HZ FREQUENCY 

 Corresponding frequency Referent level 
Bref 50 Hz 40 μT 

The ICNIRP ER assessment is presented in Fig. 9, while 
the statistical analysis of its fluctuation, in addition, confirms 
slow variation, as presented in Table VIII.  

TABLE VIII.  STATISTICAL ANALYSIS OF GER BOUNDARIES 

ER min ER avg ER max STDEV 
0.00704 0.00758 0.00794 0.00023 

Unfortunately, in case that we can assume that only 50 Hz 
frequency is dominant, the extensive monitoring range of EFA 
300 instrument, till 32 kHz, causes the upper GER boundary to 
be overestimated, as can be seen from Fig. 9. The reason lies 
in the use of low value reference level Bref min = 2.5 μT, in the 
GERupper assessment, which correspond to the 32 kHz. 

Comparing the average values of GER boundaries and ER, 
it can be noticed that the upper boundary has been overesti-
mated, while the lower is underestimated by 16 times then ER. 
Obviously, the particular result was obtained for the case of 50 
Hz dominant frequency only. However, this fact indicates that 
the uncertainty of the exposure estimation can be increased, as 
well as the boundary range, where real exposure is assessed.  

Nevertheless, having in mind that the maximal allowable 
level of GER and ER is equal to one [10], and that the maxi-
mal value of upper boundary GERupper is 0.1276, which is 7.84 
times lower than the allowable level, it can be concluded that, 
considering human health, the exposure of the general popula-
tion on monitoring location, during the whole monitoring pe-
riod, was significantly lower than the allowable level. 

F. The GER Relative Difference Analysis  

The proposed boundary exposure assessment approach can 
be valuable in circumstances where it is difficult or even im-
possible to estimate the radiation frequencies of EMF sources 
in vicinity of the location. This approach considers the overall 
frequency range of the used field probe and thus, analyzing the 
relative difference between GER boundaries as 

 min

max

1 refupper lower

upper ref

BGER GER

GER B
δ

 −
= = −  

 
, (3)  

it can be noticed that in case of the EFA 300 monitoring band, 
from 5 Hz to 32 kHz, the relative difference is 99.61 %. This is 
a considerable range, and thus it is necessary to try lowering it.  

In case that monitoring band can be reduced, the new ref-
erence levels will be selected and used in equation (3), as sug-
gested in [20], for the high-frequency monitoring applications. 
Thus, the final part of the monitoring campaign was the EFA 
300 spectral analysis of the test location, presented in Fig. 10. 

 
Fig. 10. Spectral analyses in the hot-spot.  

Concerning the low-frequency spectrum, it can be noticed 
that the last interesting frequency in the hot-spot location is 
450 Hz, which is the fifth harmonic of 50 Hz spectral compo-
nent. Moreover, on the left side of 50 Hz, there are no major 
components, while the increased spectral content near 5 Hz 
can be debated as a real content or as a potential measurement 
error of the instrument [6].  

The test location is an open area, and visual inspection did 
not notice any potential sources of the time constant magnetic 
field. Thus, we agree that only the spectral content from 40 Hz 
to 450 Hz should be considered for exposure. Regarding the 
Serbian prescribed reference levels [10] and reduced monitor-
ing band, the Table IX presents new reference levels. 

TABLE IX.  RECALCULATED REFERENCE LEVELS 

Reference level Corresponding frequency Value 
Bref min new 450 Hz 4.44 μT 
Bref max new 40 Hz 50 μT 

Accordingly, the new GER boundaries can be assessed, as 
depicted in Fig 11. 
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Fig. 11. Recalculated GER boundaries. 

The relative difference between GER boundaries decreases 
to 91 %, which is a small improvement in the precision of the 
boundary exposure assessment approach, as well as the reduc-
tion of the range where the real exposure can be found.  

Additionally, the statistical analyses of new GER bounda-
ries, presented in Table X, once again, confirm that this loca-
tion has a very slow fluctuation of exposure, and that the ex-
posure is far below the prescribed reference levels.  

TABLE X.  STATISTICAL ANALYSIS OF NEW GER BOUNDARIES 

GERupper min new GERupper avg new GERupper max new STDEVnew 
0.06335 0.06823 0.07149 2.07777E-03 

GERlower min new GERlower avg new GERlower max new STDEVnew 
0.00563 0.00606 0.00635 1.84673E-04 

Despite the small reduction of the relative difference be-
tween boundaries, comparing the average values of new GER 
boundaries and ER, the overestimation of the upper boundary 
is now 9 times, while the underestimation of the lower one is 
1.24 times less than ER, which is the improvement in compar-
ison to the previous 16 times.  

V. CONCLUSION 

The case study consideration of the SEMONT system and 
EFA 300 handheld instrument for the low-frequency magnetic 
field and long-term monitoring, in vicinity of a power substa-
tion, was presented in this paper. Additionally, the boundary 
approach for the general population exposure assessment was 
used to assess the range where real exposure is positioned.  

Regarding the Serbian prescribed reference levels, in par-
ticular in situ location, the potential exposure showed to be far 
below the allowable levels, while the fluctuation of the expo-
sure was negligibly low.  

Unfortunately, in case of the low-frequency magnetic field 
monitoring, the narrowing of the monitoring band did not re-
sult with an extensive decrease in the difference between GER 
boundaries. However, it has been showed that it is possible to 
increase the precision of the boundary exposure assessment, as 
well as the real exposure range for the broadband monitoring.  

The forthcoming research will be focused on improvement 
of the boundary assessment approach for low-frequency mag-
netic field, particularly since this method showed considerable 
results for high-frequency electric field exposure assessment.  
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