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Abstract. The European Union requires that benzene in aforginuously measured due to its toxicity and \sptead
presence in the population nuclei, mainly motivai®d vehicle emissions. The reference measuringntqak is gas
chromatography (GC). Automatic chromatographs usednonitoring stations must verify the operatingndiions
established in Standard EN 14662 part 3, whichuhes a type approval section with a number of tbstisanalysers must
pass. Among these tests, the potential interfererica number of compounds is evaluated. The 200Sioe of the
mentioned standard requires the evaluation of thtential interference of tetrachloromethane (TCNhe 2015 version
eliminates TCM as a potential interferent. Althouglst consumer uses of TCM have been banned, retaties have
measured significant concentrations of TCM in dir. this paper, the potential interference of TCM banzene
measurements obtained with gas chromatography edupl a photoionisation detector (PID) has beewestigated. Our
study shows that the simultaneous presence of henzed TCM causes a significant decrease in benaauings. For
TCM concentrations of 0.{g m* (typical of urban areas) and 4.5 m* (detected in the vicinity of landfills), the reikst
errors in benzene measurements were 34 and 70speatévely, which are far too high compared to rieeximum overall
uncertainty allowed for benzene measurements (29P#gsible mechanisms to qualitatively and quantély explain the

behavior of the PID when measuring benzene withveitftbout TCM have been proposed.

1 Introduction

Benzene is a volatile organic compound (VOC) (Tiasd and Young, 2014). Directive 2008/50/EC (Euespe
Commission, 2008) defines them as organic compoftnoeds anthropogenic and biogenic sources, othar thathane, that
are capable of producing photochemical oxidantsdactions with nitrogen oxides in the presenceusflight. Benzene
sources include natural emissions from vegetati@mhaceans (Misztal et al., 2015), microbial decosifiim (Neves et al.,

2005), wildfires (Wentworth et al., 2018) and valoas (Tassi et al., 2015); and anthropogenic eomssimainly from
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vehicles that use fossil fuels (von Schneidemessal., 2010) and, in central and northern Europsamtries, from the
combustion of wood used for domestic heating (htedi€al., 2008). It is also present in tobacco sm@arrall et al., 1998)
and in a wide range of industrial and householdipets (solvents, adhesives, paints and cleanindugts), and is also a
raw material for the synthesis of other produatshsas dyes, detergents, plastics and explosivesniBGer et al., 1995). Its

content in gasoline is regulated by Directive 2838CE and it has to be <1 % (v/v) (European Cormsiois 2009).

Due to the chemical stability of benzene comparét wost VOCs (with a half-life of 9.4 days (Atkims, 2000)), its
permanence in the atmosphere is high. Consequéntbn be transported over long distances. legrdded by OH radicals

in the troposphere, forming phenol and glyoxal, aghother compounds (Atkinson, 2000; Volkamer et2001).

Benzene is a recognised inductor of leukaemia (di&a and Reddy, 2016) and also affects the cenémalous and
immune systems and damages genetic material (Bakadh, 2014). It is the only VOC in Europe wha@smcentrations in
air are regulated. Its annual limit value isi§ m® at 293 K and 101.4 kPa and its monitorisation imist mandatory
(European Commission, 2008). The standardised mistiior the measurement of benzene concentratiorerinvere
established by Directive 2008/50/EC (European Casaion, 2008) and are described in the standard 48621 published
in 2005, which is composed of five parts (CEN, 280%005b, 2005c, 2005d, 2005e). All parts arewilid, but part 3 was
modified in 2015 (CEN, 2015). Each part describeseasuring method using gas chromatography (GQ)hley differ in
the sample collection and the automation of thdyaig Part 1 of the standard EN 14662 describesé#mpling of air by
pumping, using active carbon as an adsorbent amglirog out thermal desorption before the analyBiart 2 differs from
Part 1 in the desorption process, where carboriptisle is used. Parts 4 and 5 describe a methodewdiBfusive samplers
are used to collect the sample, followed by therdealorption (Part 4) or solvent desorption (paraix) GC. Part 3 of the
2005 and 2015 versions of the standard describesitamated method of sampling and analysis, wiiatoimmonly used
in air quality monitoring stations in Europe. Batlrsions contain a type approval section that sts@f a series of tests
that analysers must pass before commercialisatiorang the type approval tests, the potential ietenfice of a number of
substances has to be evaluated.

The 2005 version of the standard EN 14662-3 induddist of paraffinic, cyclic and halogenated arigacompounds
(including, tetrachloromethane (TCM)) that had ®tbsted as potential interferents. In the 201Sieer all hydrocarbons
are maintained, isooctane (2,2,4-trimethylpentaare) 1-butanol have been added but TCM has beenvesin@able 1

shows all the common and specific components di gacsion.
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The synthesis of TCM for emissive uses was comitlodind practically banned by the Montreal Protdmmause it is an
ozone-depleting substance (Sherry et al., 2018Neier, its use as a raw material for the synthafsigher substances such
as hydrofluorocarbons, pyrethroid pesticides oclpleroethylene is still allowed (Graziosi et alQ18). Diffuse emissions
may occur in its manufacture or during its useha aforementioned syntheses. In this sense, 9500MICM were
estimated to be emitted in 192 countries in 200h(R et al., 2010). However, since the entry imicé of the Montreal
Protocol, there has been a progressive decredake environmental presence of TCM, with a decréa$s global average
concentration of 10 to 15 pptv decddequivalent to 69 to 104 ng Nhdecadd) (Valeri et al., 2017). In 2005, the Agency
for Toxic Substances and Disease Registry (ATSOIR5D determined a global average concentration Dfi Nm® with
peaks in urban areas of 1.4 to 4§ Nm® whereas 4519 Nm® were detected in the vicinity of landfills (Brosas
Montecastro, 2008). More recent data collectedeveral cities of the world confirm average valué9®1 pg Nm* in
Lukang (Taiwan), 0.64g Nm?* in Bristol (UK) and 1.1Qug Nm?® in Bilbao (Spain) (de Blas et al., 2016). In tkist city,
maximum concentrations of 9.94 Nm® have been measured. These values justify the farestudying its potential
interference on benzene measurements. It showdalsoted that the global average lifetime of Tt&dorted in the recent
literature is 44 years (36-58) (Ko et al., 2013jeviaet al., 2017), so its effects, such as the iowkicated here, will be

manifested during the next decades.

Given the above, in this paper, the potential fetence of TCM on benzene measurements carriedbgugas
chromatography coupled to photoionisation dete¢®C-PID) is studied. A mechanism that explains tieserved

behaviour is also proposed.

2 Materials and methods

1.1 Experimental set-up

An in-house designed controlled atmosphere chamberused to generate dynamic test mixtures of Imenireair with and
without TCM (Fig. 1). This chamber was used in jpwag works (Romero-Trigueros et al., 2016, 2014 anly a brief
description will be given here. Zero air was getetarom ambient air with a JUN-AIR compressor (Mgan, USA)
provided with a drier, which is capable of reducthg relative humidity of the air down to 5 %. This air flows through
three consecutive scrubbers containing silica ger¢k, Darmstadt, Germany) and active charcoalé@hrall, Barcelona,
Spain) to remove any traces of remaining humiditgl ather gases present in the air. After purifaratia periodic check of
organic pollutants in the zero air was carriedlmugas chromatography, ensuring they were below lingts of detection.
Benzene was incorporated to the zero air from h-b@ncentration gas mixture of benzene in nitrogem mixtures from
Abell6 Linde (Valencia, Spain) were purchased ahimal concentrations of 1000 and 35§ m* of benzene (5 % expanded

uncertainty). TCM was also incorporated from onehaf two gas cylinders of TCM in nitrogen availabiehe laboratory

3



10

15

20

25

(18 ug m* and 65ug m> 5 % expanded uncertainty) (Praxair, Guildford, )ukepending on the final concentrations
required for our tests. All mixtures were certifibyl their respective manufacturers according ton@&ted ISO 6141:2000
(ISO, 2000). The flow rate of zero air and the ¢argpecies were controlled and measured with Bransklidl-TEC (Ruurlo,
The Netherlands) mass flow controllers (ranges-&.4 L min® for the benzene in nitrogen and TCM in nitrogextomes
and 0-12 L min* for the zero air). The chamber allows for humigifion of the mixtures with an in-house designed
humidifier (Romero-Trigueros et al., 2017). Samghel environmental temperature can also be condrallewell as sample
pressure at the inlet of the GC-PID. The laboratwas provided with a mercury barometer (Thies CLIM26ttingen,
Germany), and high sensitivity Magnehelic gaugesvy&, Michigan, USA) were connected to the input ezch
chromatograph to maintain the flow at the refergmessure. Sample relative humidity and temperatieme measured with
a Testo 645 thermo hygrometer (Barcelona, SpaiththA tests carried out in the present work wesaedwith dry gases at
293+2 K and 101.3 kPa.

The final concentration of component@p(, expressed ing m®) after mixing all the gas flows can be determifren the

mass balance expressed in Eq.(1):

Qbyx-Cpbyx
=—— 1
Qa+XQp ( )

Cpx
whereCpby is the concentration of component x in the highcemtration gas cylindefb, is the flow rate from the gas
cylinder containing pollutant XQ, is the zero air flow rate anxiQ, is the sum of the rest of flow rates coming froas g
cylinders. These concentrations and flow rateseapgessed at 293 K and 101.3 KPa. These conditi@ns maintained at
the entrance of each chromatograph for all teste. @xpanded uncertainties of all generated coratéornis of pollutants

were estimated from the standard uncertaintieb@thigh concentration gas cylinders and the standacertainties of the
gas flow rates. In all cases, the final expandezkuainty was less than 5 %, according to the lestablished in Standard
EN 14662-3.
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Figure 1: Schematic of the components of the controlled atmosphere chamber used to obtain gas mixtures of benzenein air with
and without potential interferent substances. (HI: Humidity indicator, T1: Temperatureindicator, Pl: Pressureindicator)

Two identical type-approved BTEX Syntech Spectr@&98b chromatographs equipped with PIDs (Groniniatherlands)
were tested in this work. These are widely usedunopean air pollution monitoring networks, and evédentified as
Analysers | and Il, respectively. The analyticabgess is semi-continuous. While the GC-PID is aiatya sample, a new
one is sampled and sent to the pre-concentratistesy The air sampling system comprises a 35 mhaipppiston pump
and the suction operation is repeated five timeslpeing a total sample volume of 175 mL in eacHecyEhe successive 35
mL samples of air flow to a pre-concentrator (cstisg of a column filled with Tenax), which retairtise organic
compounds and releases the excess air. Once theudition cycles are completed, the contaminanénes in the pre-
concentrator undergo thermal desorption and argedawith Nitrogen 5.0 towards the chromatograpbadumn. The
column was an AT-5 capillary column (15 m lengtlfd82 mm diameter), and was composed of silica witfiim of
adsorbent polymer (im heliflex coating) ideal for substances with bwglipoints between 40 and 2%8D. The initial oven

temperature was set at 80 and maintained for 3 min, then increased to°@0at 10°C min™. This temperature was
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maintained for 7 min before being reduced to°60with a cooling rate of 16C min*. The windows used to quantify
benzene in Analysers | and Il were 176-212 s ar8-182 s, respectively. Each measurement cycle (fitoenfirst

aspiration of air to the final result of the detgttoncentration) lasts for 15 min.

2.2 Experimental methods

2.2.1 Experimental procedur e to evaluate the potential interference of organic compounds according to Standard EN
14662:2005-3

A first set of experiments was carried out accaydim Standard EN 14662:2005-3 with Analysers | Hridr two different
benzene nominal concentrations (Q¢pm > and 40ug mi°). The procedure consisted of generating a refergas mixture
of benzene in zero air with the desired concemmativhich was measured with the GC-PID. Afterwartth® organic
compounds were added from an independent gas eylantl the analyser measurements were comparedhsifirevious
ones. The effect of the dilution produced in theaamtration of benzene in the reference gas mixtuven adding the
interferents was taken into account in the calauat For each test, six individual measurementse waken to obtain
statistically significant data, using the arithroetiean as the representative value. A similarvest also carried out at a
nominal concentration of benzene ofig m* benzene in zero air, as this is the annual limitie of benzene concentrations

in air in the EU (European Commission, 2008).

According to Standard EN 14662:2005-3, the pararsaised to evaluate the deviations caused by theferents are the
effect of organic compoundbd,g, EQ. (2)), the standard uncertaintycgq, Eq.(3)) and the test valu®, Eq.(4)). In these
equationsC,corg is the average concentration of benzene in theepiee of organic compounds measured by the anglyser
m?) and Ca is the average concentration of benzemsumed in the absence of organic compoupdsi{®). We have also

used the relative error of the measurements to aoeripe results (Eq. (5)).

bearg = Coceetel @
Uorg = CacorsCal 3)
Viest = ”CC‘;” -100, (4)
RE = b¢yrg - 100, (5)

In order to ensure that the biases obtained irethesl subsequent experiments were only due toteéddring compounds
tested, sample and surrounding temperature, sgmgdsure and voltage were kept constant duringxakriments. A lack-

of-fit test was performed in order to assess tlmu@cy of the readings. For this, after calibratidrihe analysers, several
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gas mixtures of benzene in air with different concations ranging from 0 to 5@y m* were measured. Relative differences
between the readings and the reference concemsatiere calculated and, in all cases, were belo#1thuch lower than

the values reported in the Result and discussich 8ee to the interference of TCM.

2.2.2 Experimental procedureto study the interference of TCM on benzene measur ement

Due to the different nature of the interferencetted organic compounds that reach the PID, sepataties should be
carried out for those that positively (increasirag)d negatively (decreasing) affect the measuremehisenzene. As
explained latter, TCM causes the concentration erfizene to decrease, whereas the rest of them aitively; thus,

independent tests studying only the influence oMN@ere performed.

To study the effect of TCM on the GC-PID measurameari benzene, subsequent tests were performedAmighyser I.

This decision was supported by the similar behavahserved for both analysers when carrying outtéisés described in
Sect. 2.2.1. In addition, a reproducibility testswearried out in the lab. Both analysers were siibjfe measure
simultaneously a gas mixture containingdsm® nominal benzene in zero air. The reproducibilityi(g m?>) was calculated

as:

. [xa?
Reproducibility = S (6)

whered; is thei difference in readings between Analyser | anchil ais the total number of measurements (6 in our)case
The value obtained was 0.068 nmi® when the average concentration of benzene inefleeence gas mixture gas 46 m>,

which means 1.5 % bias. This value was consider@dthough to perform the subsequent tests justjustione analyser.

Analyser | was first calibrated with dynamic refece gas mixtures of benzene (Cp) with nominal cotmaéons of 0, 2.5,

5, 10, 20 and 4Qg m°. Next, gas mixtures of benzene were preparedeasadme concentrations but with the addition of
TCM in nitrogen, such that the final concentrati@is’CM (Crey) Were 0.5, 1.0, 2.0 and 5@ m°. The measurements of
the latter mixtures produced the benzene readitgsed asC,cy. The TCM concentrations were selected due to its
presence in urban areas at these levels (see IJee&ts before, Eq. 1 was used to calculate the ftates of TCM and

benzene in the different experiments. In all casash measurement was repeated six times.

3 Resultsand discussion
3.1 Potential interference of organic compounds according to Standard EN 14662:2005-3

The results obtained when carrying out the testevaluating the interference of organic compouatsording to Standard

EN 14662:2005-3 are shown in Table 2. Also, thelte®f a similar test with a nominal concentratafrbenzene of fig m
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% are included. As can be seen in Table 2, the méxdfi organic compounds interfered significantigusing errors close to
60 % for the highest concentrations of benzeneh@nttvo chromatographs tested. When the referenoeeotration of
benzene used wasu§ m* significant negative deviations from this valuerevalso observed in the presence of the mixture

of organic compounds.

A similar result (Locoge et al., 2010) was obtaiméth the same GC-PID and a gas mixture pfj5m° benzene in air and 5
ng m® of each interfering substances in Table 1, acogrth EN 14662:2005-3. Benzene readings were 46v#érl than the
expected value. The chromatographs obtained hackaksp The first of them corresponded to 2-dimetiylane,
methylcyclopentane and 2,2,3-dimethylbutane; tlwoisé one to benzene, cyclohexane, 2-methylhexadel &M; a third
one to 3-ethylpentane; and a fourth one to n-heptamd trichloroethylene. Among the interferentspefik 2, only
cyclohexane and 2-methylhexane increase the remdihpenzene because their respective ionisatitenpals (between
9.88 and 10.08 eV) are lower than the potentiabged by the detector lamp (10.6 eV), and theeettoe electric current in
the detector increases, leading to an increasédnapparent concentration of benzene. However, Tt exhibit a
different behaviour as its ionisation potential .7ZL&V) is greater than that emitted by the lamprefore, it does not ionise
and increase the intensity in the detector. Itvislent that it acts inversely, since it signifidgntiecreases the apparent

benzene concentration. Further tests were cartietbastudy the nature and the extent of this fatence (Sect. 3.2).

3.2 Effect of TCM on benzene measur ements

Table 3 gathers the results of the tests perforammbrding to Sect. 2.2.2. It can be seen that tesepce of TCM
significantly decreases the readings of benzenle mggpect to the reference gas mixture concemisi@,). Moreover, the
deviations increase with increasing TCM concerdreti Otherwise, for the same TCM concentrationy¢hetive difference
of the readings for increasing benzene concentratiomained practically constant. The minimum agermeviation found
was 27.3 % (2.74 SD) for TCM concentrations of @g5m°>. The maximum average deviation found was 68.5 %8(3D)

for TCM concentration of fig m?>.

The experimental values @, and C.cu Were plotted versug, (Fig. 2 and Fig. 3). Linear relationships betwe&nor
Carem @andC, were found for each series (p<0.001). All linesseal through the origin of coordinates, leadinthéogeneral

equations represented by Eq.(7) and Eq. (8):

C. = K" - C, (without TCM) (7)
Carem = K - €, (with TCM) (8)



whereK* andK are the slopes of the respective straight linb®se€ slopes decrease with increasing TCM concinmtsat
Table 4 shows Eqgs. (7) and (8) with the value ef ¢tbrresponding parametr or K obtained experimentally for each

conducted test. A decreasekirwas observed as the concentration of the interfénereased.
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Figure 3: A generic representation of benzenereadings as a function of the concentration of benzene and TCM in the reference gas

mixture.

An analysis of the analytical method was done @reoto understand the nature of this interfereRoe.a substance to act as
an interfering agent, it must have a retention timehe chromatographic column within the interedlidentification of
benzene, so that both species reach the detedfonthis interval. If this applies, the interfecencauses an increase or
decrease in the detector signal. When the chromegtbghas a PID, one of the following can occur:if(iany organic
compound other than benzene is ionised by the tradiaf the detector lamp, the electric currentréases, which leads to
an increase in the readings of benzene. For thisppen, the ionisation potential of the interfemanst be lower than that
associated with the radiation of the lamp; ortfi® interferent causes a decrease in the benzgmal,sivhich can be due to
several reasons. One of them is that the radiadfothe detector lamp is absorbed to a greater sseleextent by the
interferent, and the remaining energy is insuffitieo completely ionise the benzene. This phenomeroknown as
"quenching effect" (Chou, 1999). This is the natafehe interference of humidity on benzene measerds (Romero-
Trigueros et al., 2017). The second reason isthi@interferent absorbs (blocks) part of the forrmts that participate in
the quantification of benzene, leading to a de@&éaghe detected concentration. This mechaniskmdsvn as quenching

effect via electron capture (Senum, 1981). As dised below, TCM acts in this way.

10



To explain the behaviour of benzene in the PIDhawee proposed the model shown in Fig. 4, which sdswes as a basis to
determine what happens in the presence of TCM, Figvhen the gasified benzeng {n molar units) leaves the column,
dragged by the carrier gas, it accesses the PlDenwdnéractionF (<1), is ionised by the radiation of the lamp, forgim
ionic couples (electrons and benzyl cations). Thims a mixture that produces an electric curremenvpassing through the

5 electrodes of the detector, which is shown as &,p&hose area is proportional to the concentratiblenzene in the
sample, given thdt is practically constant within the range of cortcations tested, as demonstrated by the experimenta

results. The benzyl ions recover the electronbéncithode and benzene is reformed, hence theewnidtive nature of the

detector.
c"H":?
LAMP —» "
DC(,H53 ;—> n(l-F)C,H,,“
2 —}n C..Hf.”
Lp nFCH' ———Pp nFCH: —

10
Figure 4: Schematic of the behaviour of benzenein the PID of the chromatograph in absence of TCM.
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Figure5: Schematic of the behaviour of benzene and TCM when they interact ssimultaneously in the PID detector.

When an air sample, containing benzemenples) and TCMri moles), accesses the PID, the lamp ionises adragtof
benzene but does not act on the TCM, since itsabioin potential is greater than that providedheylamp. When the ionic
mixture is formed, the mechanisms that take plaeecamplex, given that the electrons formed bylibazene ionisation
(nF) are distributed between two competing paths. @are pF) is directed towards the anode of the detectat,tha other
(gF) is retained by the TCM, given its relatively higiectron affinity (2.2 eV) (Chen and Chen, 200%hus, the
measurement in the detect@F] depends on the electric fields configured by begtems and the relative amount of
benzene ) and TCM (). This may cause one of the species to be limitimgich also affects the final distribution.

Eventually, the system evolves as shown in Figh& glectric circuit closes and the initial spe@es regenerated.

According to Fig. 4, the concentration of benzesedrby the chromatograph in the absence of TC)l¢an be expressed

by means of Eq. (9),

nFM
C,=C, =—2
a Y4 VT

whereMj is the molecular mass of benzelg,is the volume of the air sample amg= My/V:. When benzene and TCM
simultaneously coexist, the measurements of benZ€pey) for a given concentration of TCM follow the geiger

representation in Fig. 5. Equation (10) was deddiced our experiments (Fig. 3).
12
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Carcm =K -Cp,=Cp— A, (10)
whereA is the deviation 0€xrcm from Ci,.

As can be deduced from Fig. 2 and FigA3yas proportional t&, for eachCrcy, and was also dependent Gry. Based

on the above, the following function was proposed:

A= C, - ¢ (Crem), (11)
Thus, based on Fig. (2) and Fig. (3) and Eqs.(1®), and (11)C.rcm can be expressed as follows:

Carem = PFay = (n = qQ)Fay = C, — qFa, = C, — A= C, = C - ¢ (Crem) = [1 = ¢ (Crem)] - Cp (12)
From Egs. (10) and (11):

1—K = ¢(Crem) (13)
Table 4 shows the values of (1 — K) for each TCMoemtration tested. The best f<10.988) is represented by Eq. (14):
1—K = 0.389 - €388, (14)
From Egs. (10), (12) and (14):

Carew = (1 —0.389C0388) - C,, (15)

Finally, with Eq. (16), the relative error (RE) leénzene measurements by GC-PID in the presenc€Mfcan be estimated

for Analyser I

RE = T2 . 100 = 389CI35°, (16)

D
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Thus, for TCM concentrations of 0.7, 1.4 and dgm® (levels that are currently found in urban areb&ses in benzene
readings close to 34, 44 and 70 %, respectively, ocaur. These deviations are high and not accptbompared to the

overall expanded uncertainty allowed in the legistafor benzene measurements (25 %).

As indicated previously, TCM was considered as ssiiide interfering contaminant to be evaluated eding to standard
EN 14662:2005-3, but it was not included in theifdrent list in its 2015 version. However, Secbf&he current standard
establishes thatsbme compounds, including carbon tetrachloride or butanol, may be present under site-specific conditions.

In such cases, the responsibility for the proper determination of benzene falls on the network that operates the analyser by
the appropriate choice of separation conditions (analytical column, temperature program of the column)". However,
technicians that operate air quality networks Uguatk of knowledge and tools to choose the optmeonditions for the
analysis. On the other hand, a correction of regdiwould require continuous measurements of TCMimand a
knowledge of how TCM deviates measurements fromei value, which in turn, requires carrying agts similar to those
presented in this paper with dynamic dilution sysedn controlled test atmospheres. This measuré amat be easy to
apply for economic and technical reasons so thdemt@sponsibility must not only fall on the netwarlanagers. It seems
reasonable that the manufacturers of the equiptaekte actions for solving this problem —or, atskedor reducing the
extent of the interference in their measuremestage they have the required technology and equipnie any case, users
of this type of equipment should be aware of thabfem to try to minimise it. The discussion of tlisue in the appropriate
forum (e.g. the European Committee for Standardishtseems also pivotal to reduce the uncertaintybénzene
measurements by GC-PID in presence of TCM condamtisa

4 Conclusions

The research described in this article has deteminthat TCM causes a significant interference i ieasurement of
benzene by GC-PID. This interference is negativat is, readings of benzene are below their reddiem values, which

may originates a mismanagement of the air quafitylocation with presence of TCM in its air inatbn to benzene.

The relative error (RE) of the concentration of zmme measured as a function of the concentratidiCM (Cycy) has been
obtained for Analyser | and, presumably, other GDsRwill follow similar expressions. Thus, f@cy values of 0.7ug m*
(typical of urban areas) and 41§ m* (in the vicinity of landfills), the REs in benzeneeasurements would be 34 and 70 %,
respectively, independently of the concentrationbefzene. These values are much higher than thelbexpanded
uncertainty allowed for benzene measurements witbraated analysers. Given the importance of thisrfierence, a
possible mechanism has been proposed to explaiphi@omenon when benzene is measured in the peeaedcabsence

of TCM. According to the proposed model, TCM attsapart of the electrons produced in the ionisatibbenzene; thus,
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the electric current measured in the detectorigefothan it should be. This interference is différan nature from that

produced by other interfering species and, consetyleshould be assessed independently of them.

Interestingly enough, it is established in part f3tlee standard EN 14662:2015 that the managershefair quality

monitoring network are responsible for determirtimg presence of TCM in the area where benzeneasuned. If detected,
they must act to eliminate the effect of the irdeght. However, this approach would require comtirsumeasurements of
TCM in air and a knowledge of how TCM deviates nueaments from its real value, which in turn, regsicarrying out

tests similar to those presented in this paper djtiamic dilution systems in controlled test atnt@ses. This may entail
economic and technical issues so manufacturetseofiromatographs should try to solve this prokdenthey have greater
technical and scientific capacity than network nggma. In any case, all these issues should besdiedun the appropriate
forum (e.g. the European Committee for Standaridisatn order to improve the uncertainty of benzemesasurements and,

thus, the management of the air quality.
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Tables

Table 1. Organic compounds used to assess intacksén the measurement of benzene in air, in dacce with standards
EN 14662-3 (2005 and 2015 versions).

EN 14662-3:2005 EN 14662-3:2015

Methylcyclopentane
2,2,3- Trimethylbutane
2,4-Dimethylpentane
Cyclohexane

2,3-Dimethylpentane

2-Methylhexane

3-Ethylpentane

Trichlorethylene

n-Heptane
Tetrachloromethane 1-Butanol

2,2,4-Trimethylpentane
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Table 2. Results obtained when conducting thettestaluate the interference of organic compoundseinzene readings
for Analysers | and Il. Nominal concentrations ¢ekst0.5 and 4Qg m® (according to Standard EN 14662:2005-3) and)5

m3. Standard deviation of 6 measurements shown ienplaesis.

ANALYSER |
Concentration of reference gas
mixture
C, CeHe C, organic Analyser readings RE Ucorg Ve (%)
(ug ¥ compounds (g m®) (%) (g m®)
(ug m®)
0.50 0.00 G 0.48 (0.04)
0.00 10.00 0.05 (0.00) 2.25 0.01 1.30
0.50 10.00 Georg 0.49 (0.04)
32.55 0.00 & 33.07 (0.25)
0.00 10.00 0.05 (0.00) 60.7 11.6 35.1
32.55 10.00 Georg 13.00 (1.05)
4.68 0.00 G 4.64 (0.02)
0.00 10.00 0.05 (0.00) 69.2 1.85 39.9
4.68 10.00 Georg 1.43 (0.08)
ANALYSER I
Concentration of reference gas
mixture ) Ucorg
C, CoHo C, organic Analyser readings RE (ug 1) View (%)
(ug m®) compounds (g m?) (%)
(Mg m°)
0.50 0.00 G 0.48 (0.04)
0.00 10.00 0.05 (0.00) 3.37 0.01 1.95
0.50 10.00 Georg 0.50 (0.03)
39.50 0.00 € 39.58 (0.25)
0.00 10.00 0.05 (0.00) 60.6 13.8 35.0
39.50 10.00 Georg 15.61 (0.36)
5.06 0.00 G 5.03 (0.17)
0.00 10.00 0.05 (0.00) 40.4 117 233
5.06 10.00 Georg3.00 (0.01)
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Table 3. Average readings of benzene concentratidatgined with Analyser | when measuring benzerereéace gas
mixtures without TCM (€) and with TCM (Grcw). Standard deviation of 6 measurements shownrenpiaesis.

Series I: Gey = 0.5ug m®

Cp CeHe Ca Carcm RE(%)
(g m®) (without TCM)  (with 0.5pg m>de TCM)
(ng m") (ug M)
0.00 0.00 (0.00) -0.01 (0.00) -
1.15 1.17 (0.01) 0.90 (0.05) 22.90
3.48 3.45 (0.03) 2.43 (0.01) 29.56
8.62 8.55 (0.15) 6.10 (0.14) 28.61
22.25 20.19 (0.12) 14.32 (0.12) 29.07
42.60 42,57 (0.28) 31.32 (0.16) 26.42
Series Il: Goy = 1.0pg m°
C, GeHg C, Carem RE(%)
(ng m?) (without TCM)  (with 0.5ug mde TCM)
(ug m®) (ng m?)
0.00 0.00 (0.00) ~0.01 (0.00) -
1.25 1.21(0.01) 0.72 (0.00) 40.33
3.55 3.45 (0.02) 2.03 (0.03) 41.16
8.70 8.49 (0.09) 5.01 (0.06) 40.99
20.31 20.22 (0.13) 11.88 (0.05) 41.25
42.89 43.01 (0.19) 25.68 (0.07) 40.29
Series Ill: Goy = 2.0pug m®
Cy CeHe Ca Carcm RE(%)
(g m®) (without TCM)  (with 0.5pug mi®de TCM)
(ug M) (ug mi®)
0.00 0.00 (0.00) ~0.01 (0.00) -
2.49 2.26 (0.01) 1.00 (0.01) 55.75
5.00 5.07 (0.02) 2.18 (0.03) 57.00
11.32 11.40 (0.11) 4.64 (0.04) 59.30
23.77 23.85 (0.11) 10.19 (0.24) 57.27
42.49 42.57 (0.28) 20.95 (0.10) 50.79
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Series IV: Gew = 5.0pug m®

Cy CeHe Ca Carem RE(%)
(ug m®) (without TCM)  (with 0.5ug mi*de TCM)
(ug m®) (ug m®)
0.00 0.00 (0.00) ~0.01 (0.00) -
3.35 3.41(0.2) 1.18 (0.01) 65.40
5.56 5.73 (0.03) 1.97 (0.02) 65.62
10.01 9.86 (0.10) 2.88 (0.05) 70.79
20.04 19.80 (0.14) 5.88 (0.10) 70.30
40.02 40.42 (0.18) 11.87 (0.09) 70.63
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Table 4. Calibration lines of Analyser | obtaineg Imear regression (without TCM (Cand with TCM (Grew)). R is

shown in brackets. Parameter (1-K) is also shown.

Series Gewm Calibration
-3

(g ™) Ca=K*C, (R) Caeon=KG (F) 1K

0.00 G =0.980 G (0.997)
0.50 Grem=0.715G  (0.995) 0.285

Il 0.00 G=100G (0.999)
1.00 Grem =0.595 G (1.00) 0.405

1l 0.00 G =1.00G (1.00)
2.00 Grem=0.474 G (0.992) 0.526

\% 0.00 G=101G (1.00)
5.00 Grem =0.297 G (0.998) 0.703
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