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2017-412, 2017

“Preparation and analysis of zero gases for the mesarement of trace VOCs in air monitoring”
Jennifer Englert, Anja Claude, Alessia Demicheldefan Persijn, Annarita Baldan, Jianrong Li,
Christian Plass-Duelmer, Katja Michl, Erasmus TegsRina Wortman, Yousra Ghorafi, Maricarmen

Lecuna, Guido Sassi, Maria Paola Sassi, Dagmarskiabi

The authors are grateful to Jochen Rudolph fortinie and effort in evaluating this manuscript and tiis constructive
suggestions for improvements. Concerning the prpgospublish this work as a technical note, wendawppose but would

like to leave this decision to the editor. All ptirmade by the reviewer are addressed on the fioigppages.

Referee #1: Jochen Rudolph

Comment 1:

Introduction: The part describing the principle eéveral methods for generation of hydrocarbon fadére should be
removed. The presented methods are not completeexeonple, “pressure swing” methods and use of rtleaygen and
nitrogen to prepare clean air are not mentionedarcioal is by far not the only adsorbent used for pirification.
Furthermore, the information provided is essenyidéxtbook level and only vaguely connected taribéhods tested here
and no information about the performance of théed#nt methods is provided, which greatly redubesusefulness of this
part for the reader. The explanations about theartgnce of clean gases in general should be remabedpaper contains

no information about purifying gases other than o®mg non-methane VOC from air.
Response:

We followed the suggestion of referee #1 and remidkie part describing several methods for geneydtyrocarbon free
air. Instead we just listed the different principleghich are applicable for atmospheric monitoririthveome references for

the interested reader.

p.2 lines 8ff:“Commonly used purification technoieg in atmospheric monitoring include but are nptited to gas
purifiers based on inorganic media (e.g. Contd.e2808) or activated carbon (Van Osdell et 894@; Sircar et al., 1996),
metal catalysts (Liotta, 2010; Heck et al., 2008 photocatalytical techniques (Debono et al, 26{i8ng et al., 2016) .”

We did not remove the explanations about the ingmaet of clean gases in general, as we think thispgsrtant information
for understanding the need of pure zero gasestentesearch content of this paper. The reviewdgld that no other gas
matrix than VOC-free zero air was tested for thapgr. But the method described for testing thisqgadd be applied for

other gas matrices like pure nitrogen as well asfoer target analytes.

Comment 2:
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The description of steps [1] to [4] (beginning oRPRshould be clarified. A clear description (andtitiction) of “what was
done” and “what was determined” at this point wdllow to shorten the later (often indirect) expldoas of how data were
evaluated and what was found. For example, it i®rleexplained that (as far as | understand) step ancluded
measurements using different volumes of zero &is leeds to be explained right away (includingvtbkimes used, after

all this is the experiment chapter).
Response:

We agree and inserted a more detailed descripfiarhat was done in step 1 to 4. We moved the expian of the method

for determining internal blanks of the analysisteysfrom chapter 3.1 into this chapter (2.2).
p.4, lines 3ff:

“2.2 Experimental measurement setup and procedure
For comparability a common procedure was appliedth®y three labs. Sample volumes used were depermuadethe
requirements of the different analysers. In gepnesaimple volumes between 400 ml to 3000 ml werdiexppFor all

following steps a repetition of five consecutivaisiwas recommended:

[1] In step 1, the in-house zero gas was meastuiredtly by the analysis systems to quantify its V@Qpurities.
Additionally all analysis systems were checked ifdernal blanks. Identification of internal blankse. system
artefacts, and discrimination of them from zero igagurities was done by measuring different samplemes of
the in-house zero gas. A proportional relationsifithe detector response with the sampled volunexpgcted for
impurities in the in-house zero gas, whereas forgg§€lem internal blanks the detector responsepsad to be
independent of the sample volume. The tested uséa@ero gas was used for the following stepset#tperiment
(2to 4).

[2] In the next step the in-house zero gas fronp dtewas supplied to one specific purifier to quignthe VOC

impurities originating from the purifier itself.

[3] In the third step the efficiency of VOC remowdlthe tested purifier was checked by supplyingC mixture and

measuring the outcome of residual VOCs.

[4] In the last step the incoming VOC concentrationstep 3 was checked by supplying the same pagpa of VOC

mixture directly to the analysis system (no purify).”

Comment 3:

The procedures used to generate (and as to deterthanquality, see comment 7) “in house zero aas lo be given in the

experimental section.
Response:

Information about in-house air is given in Secttym5, line 6:



“For the in-house zero gas DWD used compressedderd (water content ~ 1000 pmol/mol) ambient airifged by a
palladium catalyst. VSL and INRIM used synthetic aylinders (grade 6.0, water content < 0.5 pmol/motal

hydrocarbons content < 0.05 umol/mol). “

The quality can be further derived from the semait@thouse zero air measurements in Table 1. Wedasdme words to the

5 results section 3, p.6 line 6ff:

“Before assessing the purifier efficiency, in-housgo gas quality and internal blanks were detezthiny step one of the
measurement procedure (Sect. 2.2.). The resulty$ar and DWD are shown in the first two columnsTiablel. In the
DWD in-house zero air all substances were belowdttection limit, with exception for benzene (4pfnail), acetaldehyde
(124pmol/mol) and acetone (52pmol/mol). The obsdrpeaks were independent of the sample volumes(ggdemental
10 Fig. Sland S2), and showed the characteristica @ftarnal blank and are not regarded as an impafithe DWD in-house
zero gas. For VSL, blank values were observed laval of 20-50 pmol/mol for several alkanes (Tabhe results are
consistent within the specification of the usedtlgtic air grade 6.0 allowing up to 50nmol/mol ofdocarbons. This
highlights the need for further purification of comarcial cylinders to assure low impurities leveis liigh quality zero air.

With the INRIM system, which focused on OVOCs onlg, blanks were observed in their in-house zerd gas

15 Further, we added a plot into the supplemental. &ig supplemental p.7):
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Figure S1.Peak areas for benzene, acetaldehyde and acetsevet at two different sample volumes: 1590ml z@@im|
for benzene and 680ml and 1350ml for acetaldehpdeaaetone. All peaks observed in the directly mesasin-house zero
air (filled symbols) are independent of the sanyoleime. For acetaldehyde however, peaks observednples of in-house
zero gas which was flushed through the platinuralgst at an early stage of usage (empty circlesyapngly affected by

the sample volume.

Comment 4:

Subchapters 3.1and 3.2 should be moved to a suppterfihe typical reader of such a paper will notilbkerested in the
details of peak evaluation and DL determination &ndwledge of these details is not necessary tenstahd the results

presented here.
Response:

We agree and moved chapter 3 to the supplement.

Comment 5:

Table 1 should be removed. Its content is only iretiyectly connected to the subject of the papet the information
presented has already been discussed in numerdaigations and textbooks.

Response:

We moved Table 1 into the supplement together ®ithtion 3. Even though it sums up textbook inforomatve think it

valuable to keep it in the supplement with Sec8on

Comment 6:

Table 2 should be moved to a supplement. The detdanits (as far as they are relevant) are obwduom Table 3 (I
assume the <... indicates a concentration belowldieer detection limit, a footnote explaining tlsisould be added). If

concentrations are above the DL the DL has litdkevance for the findings presented here.
Response:

We moved Table 2 to the supplement. In Table 3¢ Table 1 after this revision) the “<...” indeed aoncentrations

below the detection limit. This is already explalne the header of the table.

Comment 7:

Table 3 should be separated into 3 tables (NMHGp&m®es, OVOCS) which will avoid the many “empty’xés. The

“saved space” should be used to present the re$id@C concentrations for the use of “in-house zgas” as feed for the
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gas purifier as well as the VOC level in the “in-lsell zero air without gas purifier. In my opinion,ighnformation is of
high interest for potential readers. What are tlesidual levels of VOC when using a “standard” conation of clean air
supply and a given gas purifier. A detail for TaBl¢and some other places in the paper), the nurbsignificant digits

presented should be consistent with the accuradiyeofjiven data.
Response:

We separated Table 3 like suggested and insergethfibrmation about VOC concentrations in the inidm zero gas (stepl
of the experiments) and VOC impurities releasedhleypurifiers (step 2 of the experiments). We ditlchange the digits of
the result data. As detection limits are in low pmol range for the measured compounds these areetults we obtained

from the raw data.

Comment 8:

The finding that catalysts have to be “cleaned” lmhming for some time is not new, this part shoutdnboved to a
supplement. A useful information (if available) Webhbe the time constant (if available) at which thiferent contaminants

are removed from the catalysts, which would beveeiéfor justifying the two hour conditioning tirased here.
Response:

We removed this information from the conclusiontaut left it in the experimental section. With tlogv time resolution of
the gas chromatography technique used for the empets of this paper we are unfortunately not ablerovide the
requested time constant. Typically in two hoursgae two gas chromatography measurements takingaittount the time
needed for sample enrichment and analysis withraépa of the different VOCs on capillary columi@®, we just can give
the information that zero gas was sufficiently oldaelow detection limit) after two hours of fluagi and heating the
catalysts in this case. To specify the time coristamigh time resolution instrument like a PTR-M®uld be of an

advantage.

Comment 9:

Figure 6 and the detailed discussion of the resoftsigure 6 should be moved to the supplementi@neough as well as
memory effects and dependence of the efficienaysoftaents on humidity are nothing new. Moreovese#&ms from Figure
7 that (even when averaging) giving a value focefficy for the adsorbent is arbitrary since theulesvill (least for some
of the < C5) depend on the duration of exposura feed with a given VOC level as well as the hystfrexposure to feeds
with different VOC levels. The low efficiency forsmgC5 HC and the high variability of efficiency forost C4 HC is

evident from Table 3.
Response:

We agree and moved Figures 6 and 7, and parte afiscussion to the supplement.



Comment 10:

All chromatograms should be moved to a supplenfenoin the chromatograms | could not gain any impottasight

which is not already evident from Table 3.

We moved the chromatograms from Fig. 2-5 to thepkaupent.

Comment 11:

In the supplement the authors should provide lineggression information for the results obtained $tep [1] in chapter
2.2 (sampling of different volumes) for compountiere the peak areas are not below the DL. This alitw readers

interested in details to distinguish between “sgstdanks” and signals depending on sampled volume.
Response:

We added a respective plot for benzene, acetal@éetiyd acetone to the supplemental (p.7)
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Figure S1.Peak areas for benzene, acetaldehyde and acetsaevet at two different sample volumes: 1590m| 29@iml
for benzene and 680ml and 1350ml for acetaldehpdeaaetone. All peaks observed in the directly messin-house zero
air (filled symbols) are independent of the sanyalieime. For acetaldehyde however, peaks observsanples of in-house
zero gas which was flushed through the platinuralgst at an early stage of usage (empty circlesstaongly affected by

the sample volume.

Comment 12:
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Conclusions: The first paragraph is mostly a sumnadrhe introduction. It also contains statemehtst ttannot be derived

from the results presented her (e.g. the importarfaaonitoring blanks). This paragraph should bmowed.
Response:

We have modified the conclusion; parts of the fwad paragraphs were removed or moved to the kstgpaph (underlined

below):
p.10, line 1ff;

“Two tested catalysts in this study were able tmaee a large range of different VOCs. High molecti@ans up to 50
nmol/mol were purified and residual concentratiaese below the detection limits of the systems galown to less than 1

pmol/mol for NMHCs.

The tested adsorption cartridge was not suitabtermove light NMHCs (€to C,). There was a breakthrough behaviour of
these compounds which was not constant. Also, V@@any effects were observed. To characterise thisets repetition
of measurements (> 5) would be of an advantage.éadewy it removed heavier VOCs, OVOCs and monoteapeAn
advantage of the adsorption cartridge is the lacklectricity. It could be a good alternative fgopdications where the
breakthrough of light VOCs is of no relevance. g disadvantage is the high influence of humiditytioa lifetime of this
kind of purifier. The tested model in this studysaanly adequate for use with very dry air up to imasn 1 pmol/mol
water content. With this awareness it is highlyoramended to enquire the maximum applicable watetect of the used

gas from the manufacturer of a purifier.

Finally, zero gas is often produced by compressibrambient air which constitutes a complex matrikhwresidual

humidity. The cleaning process to receive hightguréro gases is a challenge to any purifying systeis highly important

to_explicitly examine a gas purifier for its intestlapplication. Tests should be done at the giwenliions, e.g. the same

flow rates and the same gas matrix with specialgamn given target component concentrations anddiiymFor the tests,

measurement systems with adequate detection langsessential. Potential internal blanks have taldtected and well

characterised. Their long-term behaviour has tccdetrolled, especially for the enduring use in @irality monitoring

stations”.



