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1. In tro du c tion

One of the ha zards fire fi g h ters are ex po sed to du ring fire and re s cue

ope ra tions is ele c tri cal shock. The gre a test ha zard sho uld be ex pe c ted du ring

en c lo su re fi res, va rio us farm bu i l dings fi res, de aling with win d falls, ur ban se arch 

and re s cue ope ra tions, road ac ci dents with ele c tric dri ven ve hi c les in vo l ved or

fo rest fi res near ele c tri cal trans mis sion li nes. Live ob jects may pose a se rio us

dan ger, if they are not de te c ted in ad van ce. When de aling with win d falls,

fi re fig h ter ope ra ting a cha in saw may in ci den tal ly to uch un se en do wned po wer

line co ve red by bran ches.

The ex tent of an ele c tric shock ha zard will ma in ly de pend on we at her con di tions

(e.g. hu mi di ty) and the type of ope ra tions. In some bu i l dings ele c tri cal in stal la tion

by pas sing the swi t ch bo ard is still re po r ted. Same pro blem con cerns old bu i l dings,

il le gal ly in ha bi ted, with unau t ho ri zed ele c tri cal te r mi nals con ne c ted in. 

In con di tions of low vi si bi li ty, ele c tric shock ha zard is even more se rio us.

Eve ry year the re are se ve ral ac ci dents re po r ted, con ce r ning ele c tric shock of

fire fi g h ters. It sho uld be no ti ced, that of fi cial sta ti stics in clu de the ones that were 

of fi cial ly re po r ted. So me ti mes su per iors are not even in fo r med abo ut less se ve re

ele c tri cal shocks.

In the ar ti c le the ele c tri cal shock pre ven tion of fi re men du ring fire and re s -

cue ope ra tions was de scri bed. Ex pe ri men tal data con ce r ning cho sen vo l ta -

ge de te c tors for eme r gen cy re spon ders was pre sen ted.

W ar ty ku le omó wio no pro ble ma ty kê zwi¹zan¹ z ochron¹ prze ciwpo ra ¿e -

niow¹ stra ¿a ków pod czas akcji ratow niczo- gaœ ni czych. Przed sta wio no wy -

ni ki ba dañ de te kto rów na piê cia do stê p nych na pol skim ryn ku.

Keywords: voltage detection, electric shock prevention, fireman safety.

S³owa kluczowe: detekcja napiêcia, ochrona przeciwpora¿eniowa,

bezpieczeñstwo stra¿aka.
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In 2011 in Po znan, a fi re fig h ter died du ring an ope ra tion, as a con se qu en ce of

ele c tric shock. The fire fi g h ters were di spa t ched af ter a call from a man re po r ting

some unu su al ele c tri cal spar king he had seen on the fen ce aro und the

con stru c tion field. Fi re men were equ ip ped ne i t her with die le c tric self pro te c tion

equ i p ment nor with the vo l ta ge de te c tor. They did not di spatch ele c tri ci ty

eme r gen cy se r vi ce as well. 

As a re sult of this se rious acc ide nt, a tho rough anal ysis of die lect ric per son al

pro tect ive equ ipment and vol tage de tectors be ing used in fire sta tions in the

who le co unt ry has been or der ed by the Na tion al He adquart ers of the Sta te Fire

Se rvice. The outc omes were ter rif ying: 57% of fire sta tions in Po land did not

po sses any kind of vol tage de tector.

The effec tiven ess of fire and re scue oper ati ons is de eply de pend ent on the

pro tect ion level of involved fi ref igh ters. If no re con is car ried out, the re is

a se rious dan ger the re mi ght be live ob jects in the area of oper ati ons. Espec ially

in that kind of events, fi ref igh ters should be equ ipped with me asur es to prevent

in cid ental elect ric shock. It is requ ired by Po lish re gul ati ons of na tion al level.

On the Po lish mar ket, the re is a num ber of devi ces ava ilab le to me asure an

elect ric field, as well as the AC vol tage (50/60 Hz) de tectors. Ho wever, it is

usua lly dif ficult to de term ine lo cat ion of a live devi ce of in stall ati on pre cis ely.

Other di sad vanta ge of ava ilab le vol tage de tectors is short di stance from which

the vol tage de tect ion is effec tive. 

Acc ordi ng to the ar ticle, to ful fill re gul ati ons con cern ing pro tect ion me asur es 

agai nst elect ric shock du ring fire and re scue oper ati ons, that fol low, de cis ion

ma kers were given a free hand. The re are no spe cif ic requ irem ents (e.g. AC or DC 

vol tage, de tect ion ran ge) con cern ing any kind of de tectors (inc lud ing vol tage
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Fig. 1. The num ber of fire sta tions not equ ipped with vol tage de tector (red) com par ed to ove rall
num ber of fire sta tions in par tic ular di strict (blue)

So u r ce: The Na tio nal Head qu a r ters of the Sta te Fire Se r vi ce.



de tectors) that fire sta tions should be equ ipped with. The re sult of the lack of, at

le ast, most ba sic requ irem ents con cern ing vol tage de tectors le ads to the

conc lus ion, that suf fic ient level of fi ref igh ters pro tect ion agai nst elect ric shock

mi ght not be achieved, espec ially when fire and re scue oper ati ons take pla ce

in an un rec ogn ized area.

2. Ex pe c ted te ch ni cal spe ci fi ca tion of a de te c tor de si g ned
for eme r gen cy re spon ders

Vol tage de tector de sig ned for emerg ency re spond ers, espec ially fi ref igh ters

should meet tech nic al spe cif ica tio ns laid down be low:
l De tect live ob jects un der load and when ly ing idle.
l Sho uld have di re c ti ve gain.
l De tect live ob jects ha ving con tact with wa ter, what is espe cial ly im po r tant

du ring ba se ment fi res.
l De tect live ob jects that ope ra te at the vo l ta ge ex ce e ding 50 V and fre qu en cy of

50 Hz.
l De tect ob jects from a di stan ce of mi ni mum 50 cm, what gu a ran te es re la ti ve ly

ea r ly wa r ning for a re s cu er.
l Give ea r ly au di b le (be e per) and vi su al (fla s hing red LED) wa r ning of the

pre sen ce of dan ge ro us vo l ta ge. The clo ser the so u r ce of vo l ta ge is, the more

ra pi d ly the de vi ce sho uld beep and flash. 
l To be hi g hly re si stant to cor ro si ve pro ducts of co m bu stion pro cess and to

high tem pe ra tu re (up to 100°C for at le ast a co u p le of se cond).
l Not to con strict mo ve ments of a fi re fig h ter.
l Sho uld pro vi de ope ra tion co m fort (re du ced size and we ight of a de vi ce), it

sho uld not be ne ces sa ry to hold a de vi ce.
l Sho uld be re lia b le, sho uld have suf fi cient me cha ni cal strength, sho uld be

re si stant to high hu mi di ty, du sti ness.
l Sho uld be bat tery -po we red, sho uld in di ca te battery’s depth of di s cha r ge (at

le ast cri ti cal one).
l Sho uld not be co me an ef fe c ti ve ig ni tion so u r ce, when wor king in po ten tial ly

ha zar do us (ex p lo si ve) are as.

A devi ce ful fill ing tech nic al spe cif ica tio ns given above would gu arant ee

hi ghest pro tect ion level agai nst elect rical shock of a fi ref igh ter du ring fire and

re scue oper ati on, if for some re ason, elect rici ty has not been cut off be fore

en gag ing dan ger ous area. Cur rent ly, such a devi ce is unavai lable on the mar ket.

3. Re se a r ched vo l ta ge de te c tors

As it is im pos sible to pro duce univers al gear for fi ref igh ter, that has die lect ric

pro pert ies in real-life con dit ions (espec ially in in crea sed hu mid ity), the au thors

of this ar ticle jud ged a re sea rch on cho sen vol tage de tectors ava ilab le on the
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Po lish mar ket ne cess ary: AC Hot Stick (made in USA, most frequ ent ly used by

Po lish Sta te Fire Se rvice, acc ordi ng to) and DPPE-1 (made in Po land, al tern ati ve 

to previous one). It is cru cial to use hi ghly re liab le vol tage de tector du ring fire

and re scue oper ati on to re duce the risk of elect ric shock ha zard. The devi ces, the

re sea rch was con duct ed on are shown in the fi gure 1. 

AC Hot stick vol tage de tector was pro duc ed by Hot stick USA Inc. It is

de sig ned to pro tect fi ref igh ters from elect ric shock ha zard. The devi ce con sists of 

the AC am plif ier of high sen sit ivity for the frequ enc ies be tween 20 and 100 Hz.

Four AA type bat ter ies po wer the devi ce. The devi ce has PVC pla stic ho us ing

(45 mm dia met er × 521 mm long). The pro duc er en sur es, the devi ce is splash

wa ter-proof and de sig ned for in trins ica lly safe oper ati on. The we ight of the

de tector re ady to be used (inc lud ing bat ter ies) is 570 g. The re is a mode swi tch

that can be set on high sen sit ivity, low sen sit ivity and front-fo cus ed sen sit ivity.

De tect ed vol tage is in dic ated by both au dib le (‘bee p’ so und) and vi sual (LED)

si gnals. The beep rate in crea ses as the di stance from live ob ject de crea ses. The

dec lar ed oper ati ng tem per atu re ran ges: –30 to 50°C. 

The vol tage de tector DPPE-1 was pro duc ed by Elect rical Po wer Equ ipment

Fac tory AKTYWIZACJA Co oper ati ve. It de tects the pre sence of elect ric field

sur rou ndi ng live in stall ati ons and ob jects. The ran ge of de tect ed vol tage is 0,23

to 400 kV, for the frequ enc ies be tween 50 and 60 Hz. Previo usly the devi ce is

de sig ned for the pe op le who cho ose to work for po wer en gin eer ing, but pre sent ed 

ver sion of the de tector is also re comm ended for emerg ency re spond ers.

Oper ati ng con dit ions are: tem per atu re ran ge be tween –25 and 70°C and

hu mid ity be tween 20 to 96%. The devi ce is ra ted IP5X. Two AAA type bat ter ies

po wer the de tector. The devi ce we ights 100 g. It is not ne cess ary to car ry the

de tector in one’s hand, as it is po ssib le to mo unt it on user’s hel met or wrist. The

dia met er of the devi ce is 67 mm, its length: 30 mm. Mi nim al elect ric field

in tens ity to be de tect ed is about 400 V/m. The vol tage is in dic ated both by

au dib le (‘bee p’ so und) and vi sual (LED) si gnals. The beep rate in crea ses as the

di stance from live ob ject de crea ses. Most im port ant tech nic al data con cern ing

both de tectors was com par ed in the ta ble 1. 
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Fig. 2. Re sea rch ed vol tage de tectors
a) AC Hot stick; b) DPPE-1

So u r ce: own work ba sed on  and.



Ta b le 1. Co m pa ri son of AC Ho stick and DPPE-1 de te c tors

AC Ho t stick DPPE-1

Po wer sup p ly 4 × AA 2 × AAA

Ope ra tion tem pe ra tu re be twe en -30 and 50 °C be twe en –25 and 70°C

IP ra ting splas hwate r- pro of IP 5X

Di men sions r=45 mm × 521 mm r=67 mm × 30 mm

We ight 570 g 100 g

Ope ra tion one hand mo un ted on a wrist or he l met

Si g nal in di ca tion Au di b le and vi su al Au di b le and vi su al

So u r ce: own work ba sed on  and.

4. Re se arch me t hods and re sults

The main ob ject ive of a re sea rch was to eva lua te the usefuln ess of vol tage

de tectors du ring fire and re scue oper ati ons. Er gon omi cs, real func tion ali ty, but

espec ially the fol low ing cha ract eri sti cs of the devi ces were ta ken into

con sid era tion: sen sit ivity, elect roma gne tic shield ing con dit ions.

Two va lues of vol tage were ta ken into acc ount: 50 V and 230 V. De spite the

fact, that the pro duc ers of the devi ces dec lar ed de tect ion ran ge star ting from

120 V (AC Hot stick) and 230 V (DPPE-1), 50 V is un ders tood as a lo west

dan ger ous vol tage va lue. It enab led au thors to as ses real-life usefuln ess of the

de tector. The other va lue (230 V) is most frequ ent ly met by fi ref igh ters en gag ing

fire and re scue oper ati ons such as: struc tur al fi res, ba sem ent fi res, wind falls, etc. 

The de tect ion of hi gher vol tage would be con nect ed with fire oper ati ons in

fo rests or se arch and re scue gro ups’ act iviti es du ring bu ild ing col lapse, etc.

Ho wever, the re are seve ral im port ant diffe renc es be tween such oper ati ons and

more stan dard (most frequ ent) ones, as de scrib ed in previous pa rag raph. That

inc lud es: involved re sou rces, usua lly much lar ger, tac tics. In such si tua tions

emerg ency re spond ers expect the di stance from which they can de tect live

ob jects to be gre ater. Ho wever, such si tua tions are bey ond the sco pe of pre sent ed

re sea rch. 

In the fi gure 3 elect rical dia gram of a test stand, whe re the sen sit ivity

of vol tage de tectors was me asur ed, has been pre sent ed. Cho sen orient ati ons

of vol tage de tectors re pres ent most ty pic al ran ge of fi ref igh ter move ment du ring

fire and re scue oper ati ons. De tectors were pla ced on a ta ble for the best con trol

of the di stance from live ob ject. 

The test stand enab led the me asur eme nt of de tectors’ sen sit ivity de pend ing

on the di stance from live ob ject. Ad dit ional swi tch (3) was used to di sconn ect the

load from the cir cuit. The sen sit ivity was me asur ed, as the opti cal ta chom eter

co unt ed the num ber of vi sual si gnals (LED) per mi nute. It is re ason able to

ackn owledge the de tect ion thres hold as 1 si gnal per se cond, ta king into

con sid era tion dy nam ic na ture of fi ref igh ter s’ move ment du ring fire and re scue

oper ati ons. 
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The outc omes of the re sea rch were pre sent ed be low.

The re sults for 50 V and 230 V tur ned out to approxi mate each other. The

diffe renc es did not exce ed 1%, so pre sent ed data is the ave rage of both

cha ract eri sti cs. 

Another im port ant conc lus ion from the con duct ed re sea rch is that if the

devi ce is so meh ow cove red, even par tially, e.g. by hand, it will lead to de tect ion

fa ilure, as any cover works as a shield ing for de tector ’s aer ial. 
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Fig. 3. Elect ric dia gram of a test stand
1 – au tot ransfo rmer; 2 – po wer swi tch; 3 – load swi tch; 4 – sli de re sis tor; 5 – vol tage de tector;

orient ati on: a) DPPE-1 front fa ced; b) DPPE-1 side fa ced; c) AC Hot stick pa rall el; d) AC Hot stick
per pend icu lar ly.

So u r ce: own work.

Fig. 4. Sen sit ivity of the vol tage de tector AC Hot Stick in front-fo cus ed mode: per pend icu lar (blue)
and pa rall el (red)

So u r ce: own work.



Mo reo ver, cru cial for appro priate de tect ion is the orient ati on of a devi ce (as

shown in fi gur es 4 and 5), as they are cha ract eri zed by a direc tive gain. Also the

orient ati on of a fi ref igh ter him self is im port ant, as it affects the va lue of elect ric

field in tens ity.

The sen sit ivity in the ran ge be tween ten and twen ty cen tim ete rs is not

sa tis fying, as the de tector DPPE-1 should be mo unt ed on fi ref igh ter ’s wrist. It is

po ssib le to to uch live ob ject, if it is not de tect ed early enough to give the re scuer a

chan ce to re act. 

The AC Hot stick should be held, it is not po ssib le to mo unt the devi ce on

fi ref igh ter ’s clothing or hel met. It di squa lifi es the devi ce to be used du ring fire

oper ati ons such as struc tur al fire or ba sem ent fire, that is when lots of equ ipment

must be ta ken to achieve best effec tiven ess of oper ati ons.

It should be em phas ized that mode ‘high sen sit ivity’ and ‘low sen sit ivity’ will

be useful du ring fo rests fi res and other oper ati ons, whe re live ob jects should be

de tect ed from gre ater di stance. In a com partm ent, any mode of sen sit ivity hi gher 

than ‘front fo cus ed’ will in dic ate the pre sence of live ob ject con tin uou sly.

All re marks de scrib ed above ar rive at conc lus ion that the usage of the se

equ ipment du ring fire and re scue oper ati on does not en sure suf fic ient pro tect ion 

level agai nst elect ric shock. 

5. Con c lu sions

1. Cur ren t ly, the re is not a vo l ta ge de te c tor ava i la b le on the mar ket that wo uld gu a -

ran tee suf fi cient pro te c tion of a fi re fig h ter aga inst ele c tric shock. 

2. Pre sen ted vo l ta ge de te c tors are ex pe c ted to en su re suf fi cient pro te c tion for po wer

en gi ne e ring em p lo ye es. The ir pri ma ry ha zard in the work pla ce is high vo l ta ge.
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Fig. 5. Sen sit ivity of the vol tage de tector DPPE-1: front fa ced (blue) and side fa ced (red)

So u r ce: own work.



They know very well whe re to ex pect live ob jects, they do not work un der the

pres su re of time. Wor king con di tions are re pea ta b le and pre dic ta b le, on the con -

tra ry to firefighters’ pro fes sion. 

3. Some fun c tio nal is su es con ce r ning the use of the AC Ho t Stick dis qu a li fy its ap p li -

ca tion in a nu m ber of ty pes of fire and re s cue ope ra tions, as it must be car ried in

firefighter’s hand. 

4. Low sen si ti vi ty of the DPPE-1 de te c tor, espe cial ly when ap pro a ching live ob ject

in si de - fa ced orien ta tion, might lead to ele c tric shock, de spi te the fact, that the de -

vi ce might be mo un ted on one’s wrist. 

5. It ap pe ars to be rea so na b le to con struct a de vi ce that wo uld fu l fill the re qu i re ments 

pre sen ted in the ar ti c le. It will gu a ran tee suf fi cient pro te c tion aga inst ele c tric

shock of a fi re fig h ter. 
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Zag ro¿enie por a¿eniem pr¹dem elekt rycznym
stra¿ aków pod czas dzia³añ

ra town iczo-ga œnic zych

Ar ty ku³ oma wia za gro ¿e nie po ra ¿e nia pr¹dem ele ktry cz nym stra ¿a ków. 
Po dej mo wa ny jest pro blem spe³nie nia pra wne go obo wi¹zku wy po sa ¿e nia
ka ¿ dej jed no stki ratow niczo- gaœ ni czej w de te ktor na piê cia, wo bec bra ku
szcze gó³owych wy mo gów. Pre zen to wa ne s¹ wy ni ki ba dañ dwóch
do stê p nych na ryn ku urz¹dzeñ oraz po¿¹dane ce chy de te kto ra, któ ry
gwa ran to wa³by pe³ne bez pie cze ñ stwo po ra ¿e nio we stra ¿a kom bior¹cym
udzia³ w dzia³aniach ratow niczo- gaœ ni czych. 
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