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Photoionization De tec tors (PID) in the Fire Safety

1. In trod ucti on

First Pho toio ni za tion De te c tors (PID) in Po lish Sta te Fire Se r vi ce were
in tro du ced in the first de ca de of the 21st cen tu ry. They are com mon ly in te gra ted
with the oxy gen sen sor and the exp lo si me ters. No wa da ys Po lish Sta te Fire
Se r vi ce is equ ip ped with 24 Pho toio ni za tion De te c tors, in clu ding de vi ces ow ned
by the scho ols of fire se r vi ce. Sta ti sti cal ana ly sis of eme r gen cy in ci dents re ve als,
that in the ye ars 2010-2013 in Po land the re were 10605 ha z mat in ci dents, in
which de te c tors were used. It is cle ar that, the nu m ber of in ci dents in vo l ving the
use of de te c tors in cre a ses ra pi d ly (1117 events/year) which is shown by the fa c tor
of the slo pe at Fig. 1. It is worth to men tion that the PID were used only in few of
them. The fact is that qu an ti ty of the se de vi ces is re la ti ve ly small but the su r vey
among fire fi g h ters in di ca tes that a lit t le use of the PID in eme r gen cy re spon se

The pro per use of the me a su ring de vi ces in re s cue and fire fi g h ting

ope ra tions is ex tre me ly im po r tant, it is so, espe cial ly in the terms of sa fe ty

in cre a se in the in ci dents with an un con trol led re le a se of ha zar do us

sub stan ces. The ar ti c le de scri bes the sco pe of the pho toio ni sa tion de te c tor

(PID) use. It is re la ted to the li mi ta tions of me a su ring de vi ces ba sed on the

ca ta ly tic co m bu stion sen sors (exp lo si me ters) by the cha rac te ri stics of the

me t hod sen si ti vi ty ran ge. The si mu la tion of the in ci dent in vo l ving both

flam ma b le and to xic sub stan ces in di ca ting the pro per use of de vi ces to

de te r mi ne the toxi co lo gi cal and flam ma b le ha zard zo nes have been car ried 

out.

Key words: pho toion isa tion de tector, the PID, explos ime ter, re scue and

fi ref igh ting oper ati on, et hyl ene oxi de, ca tal ytic com bus tion sensor. 
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is re la ted to dif fi cu l ties in in ter pre ta tion of the de vi ce ou t put. Ano t her pro blem
is the lack of kno w le d ge whi le an swe ring the qu e stion why in ste ad of the
tra di tio nal exp lo si me ter it is bet ter to use the PID in the real si tu a tion.
Fire fi g h ters do not re a li ze the be ne fits of the de vi ce. Usu al ly they only know that
to use any in stru ment to ob ta in in fo r ma tion abo ut the con cen tra tion, first of all
they must know what the sub stan ce is. If they al re a dy know this and as in the
case of the exp lo si me ter the va lue has to be mu l ti p lied by the ca li bra tion fa c tor.
Why sho uld the fire fi g h ters use the PID then?

2. Prin cip le of oper ati on

The pho toio ni za tion de te c tor ope ra tion prin ci p le is io ni zing gas or va por
using ultra vio let ra dia tion. In me a su ring a cell the re is an ultra vio let lamp
emit ting the wave with stri c t ly de fi ned fre qu en cy. Be ca u se the qu an tum ene r gy
is re la ted to the wave fre qu en cy with fo r mu la: E=hv, whe re h – Planck’s
con stant (6.63·10-34 [J/s]), v – fre qu en cy [Hz], qu an tum have uni form ene r gy.
This ene r gy de pends on gas fil ling the lamp – 9.6 eV for xe non, 10.6 eV for
kry p ton and 11.7 eV for ar gon.The lamp’s walls are made of spe cial material,
transparent for the ultraviolet radiation [2, 3].

Mo lec ules of gas with io niz ati on po tent ial lo wer than the lamp energy are
frag ment ed, re lea sing free elect rons. The se elect rons are acc ele rat ed in the
elect ric field, which can be ob ser ved as a cur rent flow (Fig. 2). For pure
sub stance, ma gnit ude of cur rent flow is li nea rly de pend ent on its con cent rati on
in air in wide ran ge, which al lows for quantitative determination.
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Fig. 1. Nu m ber of ha z mat in ci dents (2010–2013) whe re me a su ring de vi ces were used – sta ti sti cal
data from Head qu a r ters of Po lish Sta te Fire Se r vi ce [1]



Eve ry sub stance has its own io niz ati on po tent ial, me asur ed in [eV]. Ga ses
with io niz ati on po tent ial gre ater than the lamp ra diat ion energy like oxy gen,
ni trog en, car bon oxi de, car bon dioxi de are not io niz ed, the ref ore if cle an air
cur rent flows ma gnit ude is zero. Most or gan ic vo lat ile sub stanc es and some
inorg anic (e.g. am mon ia) have smal ler io niz ati on po tent ial, so if they are pre sent
in air, cur rent flow is ob ser ved. Va por of ben zene is io niz ed by the lamp 9.6 eV,
am mon ia and et han ol – 10.6 eV, acet yle ne and formaldehyde – between 10.6 and
11.7 eV (Fig. 3).

Photoionization De tec tors (PID) in the Fire Safety 61

UV 

lamp

Sample 

outlet

Sample 
inlet

exit to the computer
Galvanometer

electrodes  

wind ow 

+ - 

measuring cell

Fig. 2. Pho toion iza tion de tector con fig ura tion [3]

Fig. 3. Exa m p les of co m po unds and the ir io ni za tion po ten tials [5, 6]



The pho toio ni za tion de te c tor can be used to de tect or ga nic sub stan ces in air.
Quan ti ta ti ve me a su re ment is po ssi b le only when the re is pure, known sub stan ce
with known correction factor [4].

3. Cor rect ion fac tors

The photoionization de tec tor is cal i brated to iso bu tyl ene. In case of
mea sure ment of other com pounds it is nec es sary to mul ti ply out put
con cen tra tion by cor rec tion fac tor for par tic u lar sub stance. This cor rec tion
fac tor de pends on the type of sub stance and lamp en ergy. For ex am ple for the
lamp 9,8 eV cor rec tion fac tor of 1,4-dioksan is 1,35 and for the lamp 10,6 eV this
value is 1,06 [7]. Cor rec tion fac tors for chem i cals com monly used in in dus try
have been tab u lated. It should be taken into ac count that cor rec tion fac tor
de pends, to some de gree, on cal i bra tion conditions, humidity, and lamp
material. 

4. Con cent rati on li mits and sen sor li nea rity

As men tio ned be fo re, the re la tion
be twe en con cen tra tion and cur rent is
ap pro xima te ly li ne ar in a wide ran ge
of con cen tra tions. The chart be low
pre sents a de via tion from the li ne a ri ty 
for la r ger con cen tra tions. Abo ve 1000
ppm the re la tion is not li ne ar and the
me a su re ment re qu i res esta b li s hing
a ca li bra tion cu r ve (the use of
cor re c tion fa c tors may ca u se
si g ni fi cant mi sta kes). Abo ve 4000
ppm a de te c tor is sa tu ra ted and the
me a su re ment is not possible (Fig. 4).
Typical resolution of output
concentration is 0.1 ppm.

5. Ap p li ca tion

The pho toio ni za tion de te c tor can be used in three ge ne ral ways:
– to mo ni tor con cen tra tion of a sin gle, known co m po und,
– to de tect the pre sen ce of some or ga nic vo la ti le in un k nown en vi ron men tal

sa m p les,
– as a de te c tor at the end of GC co lumn.
In case of mi x tu re of se ve ral co m po unds, which io ni za tion po ten tials are

lo wer than the lamp ene r gy, each of them will be io ni zed. This ma kes se le c ti ve
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Fig. 4. Re la tion s hip be twe en con cen tra tion and
cur rent for the PID ca li bra ted vs. iso bu ty le ne [3]



de te c tion of each sub stan ce im pos si b le. So me ti mes the re is only op por tu ni ty to
di vi de sub stan ces to groups using lamps with different energy.

The spe ci fic case of or ga nic sub stan ce which can not be io ni zed by the PID is
me t ha ne. The io ni za tion po ten tial of me t ha ne is 12.98 eV. The re fo re the PID
can not be used to de tect le aks of na tu ral gas, co m po sed mainly of methane.

This me t hod is espe cial ly use ful when de aling with the or ga nic vo la ti le
so l vents, which can of ten be spil led in eme r gen cy con di tions. The exp lo si me ters
me a su re only high con cen tra tions, clo se to LEL (tho u sands of ppm), whi le even
do zens of ppm can be a se rio us thre at to hu man he alth. In that way the PID can
be used to de te r mi ne bo un da ry of thre at zone, when breathing apparatus should
be used.

The PID of fers fast re spon se, high ac cu ra cy and sen si ti vi ty for de te c tion of
low con cen tra tion of the vo la ti le co m po unds. Unfo rtu na te ly the short life of
a lamp and ne ces si ty of cle a ning ma kes the PID not pra cti cal in sta tio na ry
mo ni tors, which continuously sample.

6. Ma in te nan ce and life ex pe c tan cy of de vi ce elements

The UV lamp win dow is ex po sed to me a su red sub stan ces, which can lead to
pol lu tion. This can lead to se rio us de via tion in ou t put and of ten cle a ning is
re qu i red. Fre qu en cy of cle a ning de pends on the con di tions in which a de vi ce is
used, de gree of the sa m p les pol lu tion and also on the acceptable level of errors.

Due to che mi cal pro per ties of ma te rials used in the lamp, they have only
li mi ted du ra bi li ty and must be pe rio di cal ly re p la ced. The 10.6 eV lamps have the 
lon gest life ex pe c tan cy – that is ap pro xima te ly 6000 ho urs of continuous
measurement.

7. The use of the PID de te c tor and li mi ting con di tions
for the ex p lo si metrs

 The PID de te c tor un li ke the exp lo si me ters is cha rac te ri zed by a sig nifi can t ly
hi g her ac cu ra cy me a su re ments. The stan dard exp lo si me ters used in the re s cue
ope ra tions have only 1% LEL of ac cu ra cy. In case of ca li bra tion to me t ha ne
(LEL 5%) that me ans the ac cu ra cy of 500 ppm. For me a su re ments of
con cen tra tions be low 10,000 ppm, it is po ssi b le to switch to the mode of ppm
me a su re ment with bet ter ac cu ra cy equ al to 50 ppm. In case of un con trol led
re le a se of to xic sub stan ces this ran ge of pre ci sion is de fi ni te ly unsa tis fac to ry. In
or der to un de r stand the im po r tan ce of the pro blem it is worth to con si der the
et hy le ne oxi de exa m p le, both a flam ma b le and to xic sub stan ce. In this kind of
usage the explosimeter gives us only the opportunity to examine one of the
characteristics – flammability. 

The si mu la tion was car ried out using ALOHA v. 5.4.4. The pa ra me ters
pre sen ted by the pro gram are more than suf fi cient for the pre sen ta tion of the
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risks po sed by sub stan ces un less we take into ac co unt the ef fects re la ted to the
dif fe ren ce in the re la ti ve he ight or chan ging we at her con di tions. The most
un fa vo rab le we at her sce na rio in vo l ving fa i lu re of the tank with a ca pa ci ty of
V = 50 m3 in the sun ny warm day was con si de red. The air re la ti ve hu mi di ty is
low, H = 5%, whi le the air tem pe ra tu re is T1 = 35°C (308 K). At low wind spe ed
v = 1 m/s, the re are ty pi cal con di tions for the sta bi li ty of the at mo sp he re
cor re spon ding to the class A (unstable), wherein the simulating conditions are
without atmospheric inversion.

As a re sult of the va l ve bre ak of li qu id pha se the re took pla ce the emis sion of
the et hy le ne oxi de con ta i ned in a li qu id sta te at a pres su re of 1 MPa and the
tem pe ra tu re of T = 2°C (275 K). The most li ke ly sce na rio, lo o se ning the set
screws in the ci stern va l ve, si mi la r ly to the in ci dent with the et hy le ne oxide in
Nowy Sacz 2000 [8] was assumed.

The et hy le ne oxi de is re le a sed from the da ma ge of equ i va lent diameter
d = 0.25 cm cre a ting a fast eva po ra ting pool of pre dete r mi ned ma xi mum su r fa ce
equal to S1 = 1 m2. The rate of emis sion is q = 0.223 kg/min. The ran ge of
toxi co lo gi cal con ta mi na tion is de te r mi ned for NDSCh (1.72 ppm = 3 mg/m3),
for ERPG-2 (50 ppm) and for ERPG-3 (500 ppm). The ana ly sis car ried out for the 
con cen tra tion [ppm] in fun c tion of the di stan ce from the pla ce of re le a se [m]
sho wed that the first va lue of NDSCh (which is de te r mi ned ac cor ding to the
most thre at zo nes and re pre sents the hi g hest mo men ta ri ly per mis si b le
con cen tra tion) is ex ce e ded at a di stan ce of 252 me ters, the se cond zone for
ERPG-2 (de no ting the ma xi mum con cen tra tion for which no irre ver si b le he alth
ef fects are ob se r ved) is ex ce e ded at a di stan ce of 45 me ters, and the third zone for
ERPG-3, in di ca ting the ma xi mum con cen tra tions for which no irre ver si b le
life- thre a te ning effects are observed, is exceeded just at only 13 meters (Fig. 5,
Table 1).

Ta b le 1. Et hy le ne oxi de con cen tra tion va lu es for open spa ce czew [ppm] and in si de bu i l dings
as a fun c tion of di stan ce x [m] from the cen ter of pool. Bre ak equ i va lent dia me ter d = 0,25 cm. 

re la ti ve hu mi di ty H=5%, air tem pe ra tu re T1=308 K, et hy le ne oxi de tem pe ra tu re in tank
T=275 K, v=1 m/s, at mo sp he re sta bi li ty class A, at mo sp he ric in ve r sion – no,

pool su r fa ce S = 1 m2

x czew cwew x czew cwew

[m] [ppm] [ppm] [m] [ppm] [ppm]

13 497 156 50 40 13

20 267 84 80 16 5

30 114 36 100 10 3

40 63 20 252 2 0

45 49 15

It should be no ted that the mo del of he avy ga ses (as well as Gaus sian) gives
only the approxi mate va lues for di stanc es smal ler than x = 50 me ters, ho wever,
they can be suc cessf ully used as an es ti ma te.
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Even the va lue of ERPG-2 is exac tly the same as the acc ura cy of the
explos ime ter (50 ppm). The re sult shows that de pend ing on the di stance the
si gnif ica nt diffe renc es be tween the real va lue and the read va lue can be ob ser ved.
They will be gre ater, the clo ser the so urce of re lea se is. This is a con seque nce of
the fact that the de pend ence of c = f (x) is a po wer func tion de pend ence.
For exam ple, the con cent rati on in open spa ce, can be re pres ented by the func tion 
c = 71995x-1,91 which me ans that the diffe rence in con cent rati ons for exam ple
be tween 50 and 100 me tro is 30 ppm, be tween 100 and 150 me tro is 6 ppm and
be tween 150 and 200 me tro is just 2 ppm. All the se va lues  are out of ran ge and
acc ura cy of the explos ime ter but very easily di sting uis hed by the PID.

Conc lus ions

Anal yzi ng spe cif ica tio ns for the PID and the explos ime ters as well as a sam ple 
sce nar io of an un cont roll ed re lea se of the et hyl ene oxi de, we can cle arly see
a se par ate area of ?? the ap plic ati on for both ty pes of de tectors. The explos ime ters 
in acc ura cy ty pic ally used in re scue oper ati ons is 50 ppm. This cau ses that the
re sults can be re gard ed as acc ura te at the con cent rati ons equ al to at le ast 1000
ppm. For this thres hold a re lat ive er ror of B = 100%|Dc/c| con cent rati on is 5%
what is in agree ment with stan dard sta tis tical ru les for exper ime ntal acc ura cy.
This is a cau se of the li mit ati on of explos ime ters use, pri mar ily to de term ine the
fla mab le thre at zone and the toxic thre at zone only for sub stanc es which have
thres hold va lues (e.g. ERPG-2) at le ast equ al to tho se of 1000 ppm. This gap can
be fil led by the PID which have much hi gher sen sit ivity and the time of re act ion
much short er.
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Fig. 5. Con cent rati on va lues c [ppm] 1) in open spa ce czew [ppm] 2) in side bu ild ingss cwew [ppm] as
a func tion of di stance x [m] from the cen ter of pool. Bre ak equ ival ent dia met er d = 0,25 cm. re lat ive 

hu mid ity H=5%, air tem per atu re T1=308 K, et hyl ene oxi de tem per atu re in tank T=275 K, v=1
m/s, at mos phere sta bil ity class A, at mos pheric invers ion – no, pool sur face S = 1 m2



What emerg es from the re, it is the need for tra ining of first re spond ers of how
to use me asur ing devi ces du ring re scue oper ati ons. Lack of knowled ge
con cern ing the in terp reta tion of the di splayed re sults ma kes the devi ces unus ed
which is unacc epta ble from the sa fety and the econ omic ru les po int of view.
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De tekt ory fo toj oni zac yjne (PID)
w jednostkach ochrony przeciwpo ¿ar owej

W³aœci we wy ko rzy sta nie urz¹dzeñ po mia ro wych jest nie zwy kle wa ¿ ne
w aspe kcie pod nie sie nia bez pie cze ñ stwa dzia³añ ratow niczo- gaœ ni czych
pod czas zda rzeñ zwi¹za nych z nie kon trolo wa nym uwo l nie niem sub stan cji
nie bez pie cz nych. W ra mach ar ty ku³u okre œlo no mo ¿ li wo œci wy ko rzy sta nia
de te kto ra foto joni zacyj ne go (PID). Od nie sio no je do ogra ni czeñ po mia ro -
wych urz¹dzeñ ba zuj¹cych na czu j ni kach spa la nia kata lity cz ne go (eks plo -
zy me trach) po przez cha ra kte ry stykê za kre su czu³oœci me to dy. Prze pro wa -
dzo no ta k ¿e sy mu la cjê zda rze nia, z udzia³em sub stan cji o w³aœci wo œciach
jed no cze œ nie pa l nych oraz to ksy cz nych, wska zuj¹c w³aœci we wy ko rzy sta -
nie urz¹dzeñ do okre œla nia stref za gro ¿e nia toksy kolo gicz ne go oraz pa l ne go. 

S³owa klu czowe: de tekt or fo toj oni zac yjny, PID, eks ploz yme tr, ak cje ra -
town iczo-ga œnic ze, tle nek etyl enu, czuj nik spa lan ia ka tal ity cznego. 
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