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Capsules The emitted compounds form two separate groups, suggesting twoertiffe
emission sources: first related to latex material, therskone related to sorption-desorption

processes

Abstract

This study describes the VOCs emissions from commeraatijlable latex balloons. Nine
compounds are determined to be emitted from 13 types of balloonffeséml colors and
imprints in 30 and 60°C. The average values of total volatile orgampounds (TVOCS)
emitted from studied samples ranged from 0.054 up to 7.18'jagd from 0.27 up to 36.13
nggt for 3°C and 66C, respectively. The dataset is treated with principal component
analysis (PCA) and multiple curve resolution (MCR) to charaets internal patterns. Here
two groups on compounds are recognized — the first one related to balkienal, the
second one being emissions of compounds previously adsorbed on balloon niEberial
toxicity assessment of MCR modeled balloons’ emissions wasrpegtl by toxic unit (TU)
approach. The obtained TUs were summed to give toxicity emisssassment. The
incorporation of TUs allows to identify the balloons with the masictemissions— imprinted
ones in 60°C. The compounds of the highest TUs are hexanal and benzéhenglisis
shows that all balloons are made of the same polymericialatdsoprene, so all differences
in emissions are related to different additives like pigmentgtints or these responsible for
opaqueness. Analyzing the obtained research results it was rnibtatddtex balloons might
be considered as an important source of emission of aliphatic and moabarom

hydrocarbons to the gaseous phase.

Key words: latex balloons; solvent and monomer residues; emissions; mutipie

resolution; toxic units
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1. Introduction

Nowadays, almost every synthetic material consists a widgtrape of additives, such as
antistatic agents, ultraviolet radiation filters, antioxidantastdisers, stabilizers, lubricants
as well as pigments, colorants, fillers or nanofillers (Miliceeal., 2014; Hahladakis et al.,
2018). Consequently, the harmful chemicals (such as formaldehyde,levabatjanic
compounds (VOC), as well as semi-volatile organic compounds (SVQi&s))might be
introduced in a synthetic materials manufacturing process, couldhitied to the gaseous
phase during their regular use (Wolkoff and Nielsen, 2001; Gallon &020). Mainly, the
chemical compounds released from synthetic materials ariserésinues of reagents used
during polymerisation reaction (monomers, cross-linking agents, oeaottiators, solvents)
and the impurities present in employed wide spectrum of pladtitives (B6hm et al., 2012;
Rosenmai et al., 2017; Yan et al., 2017). This phenomenon concerns the wpeEsI®ft
everyday use large or small-scale indoor equipment (floor coveflogs,panels, furniture,
electronic devices, toys), as well as the wide spectrumyothetic materials (copolymer
acrylonitrile-butadiene styrene (ABS), polyvinyl chloride (PY@plypropylene (PP) and
polyethylene(PE)) intended to come into direct contact with food hoeman skin
(Kamarulzaman et al., 2019; Rubio et al., 2019). The quality of synthetic mafetigdt can
be defined by assessing the type and amount of emitted cheonepabends) is particularly
important in the case of products intended for direct use by chilisea.result of the use of
synthetic materials by children, exposure to the harmful chéracapounds can take place
not only through the skin (touch), but also through the mucous membrarnles ofouth
(saliva) and nose (inhalation). It is particularly important bec#usg can lead to allergies
and skin irritation and also because most of toxic additives adecene disrupting
substances (EDS) whose adverse effect are particularly meldueing childhood. (Denk et
al., 2017; Wiedmer and Buettner, 2018; Even et al., 2019).

One of the most common polymeric products that children over 3 yeageomight have
direct contact with are party balloons, mainly made of natural ruatex (NRL). The NR is
made from the latex oHevea brasiliensidgree (occurring in tropical countries such as
Thailand, Malaysia, and India), and mainly consists of cis-1,4-polyiseggtgnto 94% of the
material weight) and about 6% non-rubber (non-isoprene) compounds suplisagrange
from 1.5 to 3% wi/w), proteins and polypeptides (up to 2% w/w), carbatesl(up to 0.4%
w/w) and inorganic salts (up to 0.2% w/Mimpaiboon and Sakdapipanich, 2013; Sukmak et
al., 2020).As an alternative source of liquid latex, characterized bypweerd allergenic
potential, theParthenium argentaturknown as Guayule, occurring in North American and
Mexican desert shrub) might also be considered. The appropriate élastiicy and strength
properties of this material are obtained in the course of rubbemisdtian process (Altkofer
et al., 2005; Critchley and Pemberton, 2020). During the manufacturingsprotenaterials
made of NRL, for instance party balloons or medical gloves, a numbeaddifional
chemicals, such as reaction accelerators, activators, asasvellicanizing and anti-oxidant

agents, are introduced. As it was observed in the early 1990s, thé msg¢edals made of
2
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NRL such as medical glovelstex-containing medical products or devices, caused in their
users allergic reactions ranging from urticarial to rhinoconjuitis; asthma, and anaphylaxis
(Tommaso et al., 2019). Since that time, allergic problems megudhom the application of
NRL accessories have become the subject of interest of ibetitc and media world
(Palosuo et al., 2011). In general, the skin allergic reaction miglatsbeciated with the
sensitivity to chemical additives used in NRL material manufawy process (Lauren
Charous et al., 2002or this reason it is highly recommended to investigate not bely t
quality of NRL medical products, but also other NRL products that Haeet contact with
human tissues, such as mentioned earlier party balloons, for whiofathéacturing process
is similar to that of medical gloves. However, the quality afypballoons and the emission
potential of chemical compounds is very important due to theid il application. In
general, party balloons should be filled with air or helium dedg&efrom a manual or
automatic pump or directly from a gas container. In fact, fouleg use, the party balloons
filling process is performed by the mouth, which causes dimetact of the material with the
oral mucosa, thus increasing the risk of an allergic reactios.dktremely important when
the person using the NRL party balloons is a child just over 3 péaage (manufacturers
state balloons are inappropriate for children under three years old).

The aim of the research is to investigate the emission ofsvidfn party balloons mainly
made of natural rubber latex which were delivered directly ftben manufacturer. The
potential sources of emitted compounds are discussed and with tloé @emometric tools
the risk assessment is performed. To our best knowledge it igghstfidy on the VOCs
emissions from commercially available balloons. We identify thapounds emitted and
determine the emission. The novelty lies also in the application of the combinatioiftipfan
curve resolution with toxicity units to assess, which of the V®Qw total flux contribute
more to the health problems. This study widens the understanding micahenazards

sources in humans everyday exposure.

2. Materials and methods

2.1 Characteristics of latex balloon samples

Studies were performed on latex balloons delivered directly ttmlocal manufacturer,
which is the member of European Balloon and Party Council (EBPC). Thirteernliffgpes
of latex balloons were delivered in a separate packed batch. &abthcbntained ten balloons
of the exactly same shape, colour (pigment type) and simdaghivplaced in polypropylene
zipper bags. Zipper bags with latex balloons were stored at the lab@atopm temperature
in a dark place (stored without access to light). To deternfiaeemissions of potential
solvent, monomer or additives residues four randomly selected ldteartsawere picked up
from a single batch and considered as a representative for the bdtoh. Selected samples
of latex balloons were then weighed, suitably labelled, and placatkitise stainless-steel
tightly sealed microscale chamber. Because of the factidi@ered latex balloons varies in

terms of colour (pigment type), weight, shape and the presencilitibaal imprint, it was
3
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obliged to introduce the appropriate samples identification systénechwvas enclosed in
Table 1. There was no need for a special treatment of stualiepless — absence of cutting
and reducing the samples dimensions.

The total number of investigated samples of latex balloons foryjhee and amount of
potential solvent, reagents and additives residues emitted fromstirégice was 52. The

average weight of all analysed latex balloon samples was 3.37 £ 0.60 g.

2.2 FT-IR analysis conditions

In order to identify the main polymer, its preliminary qualégd potential additives that
might be used during its manufacturing process, the Fourier drangffrared spectroscopy
(FT-IR) analysis was performed. The FT-IR analysis atlisd latex balloon samples was
recorded with a Nicolet Spectrometer IR200 from Thermo Sderftaltham, MA, USA).
The system was equipped with an ATR attachment with a diamontlcriylasurements
were performed with 1 cthresolution in the range from 4000 to 400 temd 64 scans. Four
representatives of latex balloons that differ significantlytiy colour (pigment type) and
shape, were randomly selected for FT-IR analysis. Obtainectd®ts were paralleled to
spectra in the Hummel Polymer Sample Library database, whidbsescthe IR spectra of
the most commonly used polymers and other materials. In addition, the manual evauodti
the comparison with the literature IR spectra, was also perfbtmebtain the very reliable

analytical information about studied material (Arjunan et al., 2001; Dghim et al., 2015).

2.3 Sampling protocol of solvent, monomer and additives residues emitted from
investigated latex balloons

The emissions of solvents, monomers and additives residues releasedtfidied latex
balloons were assess with the use of microscale stationasgiemichamber - the Micro-
Chamber/Thermal Extractor™ (u-CTE™ 250, Markes International, . In2¢tailed
information about the characteristics of this analytical equipmentperating range and
overall working parameters were specified in previously publishpdrpdMaé et al., 2017,
Mar¢ and Zabiegata, 2017; Mar2020). There was no need to apply a specific sample
preparation procedure and the studied latex balloons were placed indidenber without
previously cutting (whole latex balloon was placed inside a single chamber).

Samples of latex balloons were investigated employing mentionec dbeyu-CTE™ 250
system at two temperatures: (i)°80- to investigate the basic emission of general solvents,
reagents and potential additives that might be emitted during regsgaof studied latex
samples; (i) at 61C — a significantly higher temperature to assess the maxiemission
potential of studied latex samples and to investigate the presé¥npetential chemical
compounds that might be released from the surface of studied latexats as a polymer or
additives thermal degradation products (temperature close to nmraxaperating temperature
range — 70-8C). One analytical conditioning and sampling period contains the simalfy
four samples originating from the same batch of latex balloons.irére gas flow rate

(nitrogen, 2.2) passed through the chamber was set up to 25 + GrBrihiand the sampling
4
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165  conditioning time was 30 + 1 min. The samples of analytes emitbed the studied latex
166  balloons to the gaseous phase were transported by the gas direeihy to the attached
167  stainless steel tube filled with Tenax TA sorption medium (60/86hnO.D. x L 1/4 in. x 3
168  1/2 in., Merck KGaA, Darmstadt, Germany), each time conditioned3@® 30 min under
169 inert gas flow rate) before sampling stage.

170

171 2.4 Thermal desorption and final deter mination systemsworking parameters

172 The analytical technique employed at the stage of thermal desogitanalytes collected on
173 the applied sorption medium was two-stage thermal desorption ¢EEns (Markes Series 2
174  Thermal Desorption Systems; UNITY/TD-100). In brief, aftershenpling stage the stainless
175  steel tubes were placed in a TD heating unit and maintained in elevated tene@98C for
176 15 min under the inert gas flow rate (helium, 50-mib™), which transfers the analytes
177  directly to the microtrap (multibed glass tube cooled dowr’®).QAfter this, the valve was
178  switched and the inert gas (helium flow rate 2.0mib™) was passed through the microtrap
179  (rapidly heated up to 3060 and maintained for 5 min) and the analytes were transported
180 directly to the fused silica capillary column (J&W, DB-1 30 n0.82 mm x 5 um). The
181  separation, preliminary identification and quantitative deterntnatias performed with the
182 use of gas chromatograph (Agilent Technologies 7820A GC SystémY¥lame ionization
183  detector (FID working temperature — 26). The GC-FID was connected with the TD unit by
184  transfer line, constantly heated up to AB0The GC oven working was: initial temperature —
185  45°C maintained for 1 min, next ramped°Csmin* up to 126C, and held for 2 min, then
186  increased with the rate A@min™ up to 256C and held for 5 min. The inert GC gas constant
187 flow (He, 5.0) rate — 2.0 mL-mii In order to perform better identification of the main
188  emitted chemical compounds from the studied samples of latexobalithe TD-GC-MS
189  system was employed, under the following working parametersi¥i) unit (Unity v.2,
190 Markes International Ltd.) — the analytes thermal extractioneggowas performed in similar
191  conditions to mentioned TD-GC-FID system; (ii) GC (Agileechinologies 6890) column
192  and oven working parameters — GC column (60 m x 0.25 mm x 1 um, J&W [B8BA);
193 helium gas flow rate — 1.5 mhin™, oven program: initial temperature —~60maintained for
194 1 min and next ramped %@ min™ up to 280 and held for 10 min; (i) MS (5873 Network
195 Mass Selective Detector, Agilent Technologies) working patars - ion source temperature:
196  230°C, the quadrupole mass analyser temperature: 150°C, and the GC-M& tiians
197 temperature: 280°C, MS working mode — SCAN, monitored mass range (m/z) — 35 - 450.
198

199 2.5 Calibration and QA/QC protocol characteristic

200 The amount of chemical compounds considered as solvent and reaghamsesnitted from
201 the exanimated latex party balloon was assessed with the tieeaaiibration of the TD-GC-
202  FID employing the external standard (ESTD) method. Based oocothenercially available
203 reference standard solution (EPA VOC Mix 2, Supelco, USA) contanhéfiged type and
204 amount of VOCs (13 monoaromatic hydrocarbons dissolved in methanobatentration of

205 2000 pgmL™ each), hexanal analytical standard (1 mL, Supelco, USA) and n-unedeca
5
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reference substance for GC (5 mL, Supelco, USA), the calibratives were elaborated. To
perform the calibration procedure, seven calibration referencdicsw (for seven-point
calibration curve) in 1 mL of methanol were prepared, containing apfsoo 1 ng up to 500
ng of each of measured monoaromatic hydrocarbons. The whole catibpatitocol was
carried out with the use of specific type of laboratory tool (adethat gives a possibility to
introduce a defined amount of calibration solution directly onto then degotion medium),
in details labelled in former studies (Zabiegata et al., 2011¢ iaal., 2014a; Mdret al.,
2014b). The Tenax Ta stainless steel tubes containing defined mssleaed VOCs were
analysed under the same equipment conditions and working parameteesreal tsamples.
Each point representing the defined calibration curve was repibasedtimesThe evaluated
correlation coefficients (B8 of the prepared calibration curves for defined range of
monoaromatic hydrocarbons were approx. from 0.952 for benzene to 0.999daes#ys for
the aliphatic hydrocarbons identified on GC-MS system (n-dodeaaden-tridecane), the
obtained chromatograms on GC-MS system were compared with cbgyaras obtained
with the use of GC-FID system and their amounts were caldutased FID response factors
and determined calibration curve of n-undecane. The TVOC valuecalettated according
to the commonly used protocol which defines it as a the sum of gdhior compounds,
eluting between n-hexane and n-hexadecane (analytical window) on noropabghtly
polar stationary phases of the GC column using GC-FID and quagtifys toluene
equivalents (ECA-IAQ, 1997; Massold et al., 2005). The TVOC parametarsicreening
factor that might define the impact on the emissions of non-aroimgdrocarbons that might
be emitted from the studied samples of latex balloons as mdahelegradation of basic
polymer.

Following the principles of good laboratory practice, the calculabedses of detected
monoraomatic and aliphatic hydrocarbons, as well as TVOC paamete corrected for the
blank field value assessed for the entire measuring set. Tile \ldhues were evaluated after
every measuring period. In addition, after each of sampling penddbkank field value
measurement, the emission chambers were conditioned at tempéa@ti@efor 30 min to
remove potential analytes residues or chamber impurities anddécerdo minimum the
potential wall-memory effect. The blank field tests were carriediodér the same conditions
as for the analysis of real samples.

The recovery values of monoaromatic hydrocarbons retained on fteosamedium were
assessed based on the application of defined mass of anfdytesdference solution) on a
clean sorption bed. Next, the sorption tube was introduced to the TD uranalydes were
thermally extracted, separated and determined under the sar@IHD conditions as for
the real samples. As a result, the average recovery valuesrmfarometic hydrocarbons do
not exceed = 5%. The method detection limits (MDL) were evadldised the signal-to-
noise ratio. The assessed values of method quantification lim{d.¢Mcalculated as 3 x
MDL ranged from 0.088 ng‘l for benzene to 0.098 gy for styrene.

2.6. Chemometric analysis and toxicity mixtur e assessment
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247  Principal component analysis (PCA) is well known chemometric tqakrfor dimensionality
248  reduction (Navarro et al., 2010). PCA looks for the components (latontdathat describe
249  the major variance sources present in a particular data skffgJ@002). To extract the
250 components associated with major part of data variance PCA decontiposiada matrix (D)
251  as the product of two orthogonal factor matrices U ah¢ey. 1).

252

253 D=UVT+E (1)

254

255  whereD is the data matrix of dimensions (I, J): | is the number ofpszsr(balloon series No
256 in this study), J is the number of variables (detected volatdanic compounds)J is the
257  matrix of principal component sample scores of dimension (I, N)revNes the number of
258  principal componentsV' is the matrix of loadings with dimension (N, B).is the residual
259  matrix with the same dimensions like data matBy. (The two matriced) (scores) and/"
260 (loadings) contain the useful information about hidden relationshipsmwiitlei data set and
261 could be used for the identification of sources contributed to the ball@nssions.
262 However, the score and loadings profiles obtained by PCA could not deasssource
263  profiles since they have negative valugse original scores and loadings matrixes obtained
264 by PCA could not be used directly for source apportionment. They némehsiormation
265 leading to non-negativity solution. The most used approach is absolutgaricomponent
266  scores (APCS) proposed by Thurston and Spengler (1985). The nomityegabbtained
267 by introducing of “zero day” (in current study it could be “zerassmon”) for correction of
268  principal component scores.

269  Similarly to PCA, Multivariate curve resolution (MCR) decompa$esdata matrix into two
270 factor matrices using alternating least squares optimmizdTauler, 1995) but the method
271 provides non-negative solutions without using orthogonal constraints whads &
272 physically meaningful emission sources.

273 The toxicity assessment of MCR modeled balloons’ emissionsrisrpeed by toxic unit
274  (TU) approach. The TU is a concentration addition approach, which id baghe endpoint
275 of acute or chronic toxicity tests. The concentration of a sulestéexpressed as a
276  proportion of the response (LC50 inhalation toxicity towards rodentsisnstudy) (Brown,
277  1968). The proportional toxicity (toxic unit) of each compound is obtained bgimiyvits
278  concentration in the balloon emission by its LC50 value. Then, the obtdiyedré summed
279  to give toxicity emission assessment.

280 All chemometric analysis calculations were performed undeM¥B R2018b using PLS
281 Toolbox 8.7 (Eigenvector Research Inc, Manson, WA, USA) and MCR-ALSbowrol
282  (Jaumot et al., 2015).

283

284 3. Resultsand discussion

285

286 3.1FT-IR analysisof studied latex balloons
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287 In order to identify the main polymer material and possible solyesdgients and additives
288 residues the FT-IR analysis was performed and the resulisesé studies are shown in
289  Figure 1. Considering the data show in Figure 1 it might be olibéne¢ all of studied latex
290 balloon samples were characterised by similar IR spectaalBe of this it might be
291  concluded that analysed latex balloons are generally made shthe type and quality of
292 polymeric material, and slight differences might occur fromappglication of different type
293  of pigment or due to the presence of gloss on the surface of thedstuatierial. The detailed
294 information about the vibration types and assignments of various IR baraisedbfor
295  selected samples of latex balloons (frequencies are recordledmviaccuracy of + 1 ¢
296 was enclosed in Table 2.

297

298 3.2 The emissions of solvent, monomer and additives residues from studied latex
299  balloons

300 Detailed information about the results (contains the range ofmamiand maximum values)
301 of emissions of the aliphatic and monoaromatic hydrocarbores igsresentatives of solvent,
302 monomer and additive residues) liberated to the gaseous phase fretadieel samples of
303 latex balloons, as well as the values of calculated TVOC parameter steceii the Table 3.
304 First of all, considering the data listed in the Table 3 ghhibe observed a clear relation
305 between the temperature and the emission levels. The increaagefbhlloon samples
306 conditioning temperature affects significantly the emission of riest of determined
307 chemical compounds (excluding ethylbenzene and in some cases he@amaally, the
308 presence of this phenomenon might be observed comparing the aveltsgge ofaTVOC
309 parameter. For emission experiment temperatut€,3fe average value of TVOC parameter
310 for all of studied samples ranged from 0.054 up to 7.2jjuépr latex balloon samples
311 labelled as ORANGE_WG_2 and ORANGE_BLACK_IMPRINT_10, respectivelyfoAthe
312 conditioning temperature equal®g) the average value of TVOC parameter for all of studied
313 samples ranged from 0.27 up to 36.1%gitgwhich also corresponds to the latex balloon
314 samples labelled as ORANGE_WG_2 and ORANGE_BLACK_IMPRINT _1Xedsely.
315  Moreover, in both temperature ranges it might be observed thatdatloon samples with an
316 additional imprint were characterised by highest values of TyYy@@meter in comparison to
317 plane latex balloons (without the additional imprint). This might leathe conclusion that
318 the application of additional imprint on the latex balloon surfaceagmtin additional source
319 of emission of chemical compounds to the gaseous phase (mainly vaagigaic
320 compounds). In addition, considering the data listed in the Table 3ht begnoticed that the
321 screening parameter defined as TVOC might be significamtly for quick and easy
322 comparison of the polymeric and synthetic materials, which niightharacterised by the
323  different shape, pigment and applied additives.

324 Taking into account the chemical structure of applied polymerienaat(linear polymer
325  structure) to manufacture the studied latex balloons and combinmftnishation with the
326 FT-IR analysis (Figure 1 and Table 2) and Table 3 it mighttdserved that the significant

327 impact on the values of TVOC parameter have the aliphatimbgtbons, such as undecane,
8
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dodecane and tridecane. It is mainly associated with theichlestructure of synthetic
materials and their emission might be caused by the therrgeddidgion of the structure of
polymeric material applied in studied balloon samples. For thioomeake emission of
monoaromatic hydrocarbons from the surface of studied latex balk@mples might be
considered as a residual. Especially, it might be observed abtithtioning temperature
equal to 30C, in which the emission of ethylbenzene was below LOD and thesiemiof
other monoaromatic hydrocarbons was at the very low level. Frbwf s#he determined
monoaromatic hydrocarbons, in both temperature ranges, toluene and enm-xykre
characterised by the highest emission rate. It might be ¢dnysthe fact that toluene and in
some cases p,m-xylene might be used as the general solvdrsmartufacturing process of
latex balloons, as well as during the pigment and other additivesatppti process. As a
consequence, the impurities that might occur in mentioned solvents (everi¥#4y) such as
benzene or styrene might be introduced to the final synthetic pradddbe emitted into the
gaseous phase during its regular use.

However, most of potential impurities and contaminants that are leoktid might be
introduced during the latex balloons manufacturing process might beveenirom them
during their washing (with a cleaning agent) and drying stagepiie the fact that the main
synthetic material is the same, it might be observed a dissimilarities between studied
samples (both at 8C and 6€C). It is mainly associated with the different pigment
application, the additive that gives the final material a speglfiss as well as the additional
imprint application. Following the literature data, the emissiontdltons (defined by the
type and the amount of the emitted chemical compounds) under real @osditi indoor
environment) might also by caused by the presence of atmosphggen, moisture, light
irradiation especially for the most reactive compounds such inetgnd hexanal. This issue
is also associated with the emission investigations which areleaated by raising the
temperature (Kagi et al., 2009; Nohr et al., 2015). However, thefusesoribed u-CTE™
250 system was supplied by dry nitrogen with no light irradiationaffetting the overall

emission results.

3.3 Chemometric analysis and toxicity mixture assessment

More information on the emissions of VOC from balloons can be obtaiitecpplication of
chemometric tools. The results of PCA are presented in the Fyufée first principal
component (PC1) explains 58.89% of initial dataset variability, whigesecond principal
component (PC2) carries 17.40% of initial variability. Each of theaneimg principal
components carry less than 10% of variability so they are ndtefudonsidered. The
investigation of the PC1 factor loadings shows the following groupingOCs: sum of para
and meta xylenes, styrene, tridecane, ethylbenzene, dodecane, endé@bahigher factor
loadings, and benzene, toluene and hexanal with lower factor loadimgssTan indication
that compounds assigned to these two groups are emitted fromrdifereces. Considering
the structures of VOCs present in the first group and the strugdtpaymeric material it can

be concluded that the compounds from first group are emitted frommakexial of balloon.
9
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The probable source of emission of remaining three compounds is theiorsadpting
balloons storage and their release from the surface of material duringltdesmigption.

The second type of information can be obtained from PCA factor sauerpretation.
Firstly, objects located in lower left corner of the planecr&acterized by low emission of
both groups of compounds. These objects are balloons treated with tliEsogbtion at
30°C. For objects 9, 10, 11, 12 and 13 the change of desorption temperature {6030
results in much higher emission of compounds mainly from the first groogta xylenes,
styrene, tridecane, ethylbenzene, dodecane, undecane. These olgetiall@ons with
imprints, that is potential cause of high emissions of theseobgdyons. For the remaining
objects there is an increase in emission of compounds from both gshifpsifwards and to
the right).

The results of PCA (Figure 2) are in good agreement with MGRIitee(Figure 3). The first
component in both analyses, PC1 for PCA and S1 for MCR, are chemedtey high factor
loadings of p,m-xylene, styrene, tridecane, ethylbenzene, dodendnandecane. In the
MCR score plot (Figure 3B) the first component reflects thep&rature dependences of
balloons’ emissions from 30 to 60°C. According to the MCR modelled emssthe balloons
could be classified in three groups. The first group consists afdnasll1-8 at 30°C and their
emissions are characterized by the contributions of the secomuboent (C2). The second
group is formed by the balloons 9-13 (30°C) and balloons 1-8 (60°C). The contikig of
group indicates that the imprinted balloons have similar emissioerpait 30°C to the non-
printed balloons at 60°C. The emission pattern is characterized lopifbutions of both
components with prevalence of the C2. The emission pattern of the ithind gonsisting of
balloons 9-13 (60°C) is strongly dominated by the first component (®i9.gFoup is also
clearly outlined in PCA score plot (Figure 2B).

For estimation of the toxicity of balloons’ emissions toxic uniisdel is implemented. The
concentrations of emitted compounds are weighted by LC50 inhalationtytotawards
rodents. The calculated TUs of balloons’ emissions with contributan®oth MCR
components (TU1 and TU2) are presented in Figure 4. The emissions filoongd-8 at
30°C are characterized by rather lower TUs , compared to othesiens. The emission
toxicity of this group of balloons is based on compounds related to twndseMICR
component like benzene, toluene and hexanal. The emissions of imprintezhéalt 30°C
(balloons 9-13) and non-printed ones at 60°C (balloons 1-8) cause much highérafUs
emissions from balloons from the first group. The toxicity emisattern of the second
group is dominated (from 80 to 90%) by the compounds related to shé/fER component
like para and meta xylenes, styrene, tridecane, ethylbenzeneadedaed undecane. The
emission expressed in TUs from 9-13 balloons at 60°C is 3 to 8 hiigiesr in comparison to
other balloons emissions. Similarly to the previous group the mainitgian to the
emission toxicity is based again on the compounds related to the first MCR component.
As the emission profiles were not measured, the future studidsewWocused on changes of
emission in time at different temperatures. The other liroitas lack of calculation of VOCs

concentrations nor they TUs to the exposure, which should be considenedfuriure work.
10
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The limitation of the study is lack of knowledge on the exactpmmition of balloon material
(the type and quality of basic reagents and additives, as svélleadetailed description of
each stage of studied materials manufacturing process), whichoti stated by the
manufacturer, so the relation between investigated material aZk \é@nission can be the

topic for the future studies.

4. Conclusions

Latex balloons should be considered as one of the source of emissatiphatic and
monoaromatic hydrocarbons. Due to the fact that the main type ywheofrom which the
NRL party balloons were made is of natural origin, the presen®®@fs might be a direct
result of their natural occurrence - biological VOCs from natscairce of liquid latex.
Additionally, determined chemical compounds could come from the contaomnafi
additives introduced in the technological process at the stggemdration of the final NRL
product.

The emitted compounds form two separate groups, suggesting twermlifé@nission sources
— first related to latex material, the second one related pdicedesorption processes on the
surface of the balloon. The shape and applied pigment and especiallgtsmmprght be
considered as the general factor that impact the emission déveetermined chemical
compounds. The temperature has a significant impact on the emigdicthstermined
chemical compounds. The emission of carcinogenic compounds such as benzemhdehoul

monitored in the future in more detailed studies.
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7. Figure and Table captions

Figure 1. The results of the FT-IR analysis of selected latexoballsamples, differs in a
shape and applied pigment: ORANGE_WG_2 - Regular latex balloons, avéhgat gloss ;
DARK_GREEN_G 5 - Regular latex balloons, glossy, dark green, shBHd&d;K WG _6 -
Regular latex balloons, black, matt, without gloss; COLORLESS HXA 8 - Regular latex
balloons, colorless, pure latex balloons.

Figure 2. Principal component analysis (PCA) results — factor scorear{d)factor loadings
(B).

Figure 3. Multiple curve resolution (MCR) results — factor loadings (®)tor scores (B)
first emission from 1-13 balloons in 30°C then from 1-13 balloons in 60°C

Figure 4. Toxicity assessment of MCR modelled emissions (TU1 and Tg&sent the
contributions of the first and second MCR components, respectively).

Table 1. General information about the analyzed samples of latex ballobwerdd directly
form the manufacturer.

Table 2. Assignments of various IR bands for representatives of studied esaimiplatex
balloons (frequencies are recorded with an accuracy of ¥ cm

Table 3. The selected aliphatic and monoaromatic hydrocarbons emitted finem

investigated latex balloon samples.
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Table 1 General information about the analyzed

sampledatd#x balloons delivered directly form the

manufacturer.
Average mass + . .
Sample Sample acronym Brief description
P P Y SD[g] (n=4) P
Balloon Series 1 ORANGE_G_1 3.618 +0,03q Regular 'atgr’;gggoons’ gloss
Balloon Series 2 ORANGE_WG_2 3.702 + 0,087 Regular latex balloons, orang
without gloss
Balloon Series 3 SMALL_ORANGE_WG_3 1.959 + 0.014 Smalllatex balloons, orange
without gloss
Balloon Series 4 SMALL_GREEN WG_4 2519+ 0047 Smalllatex balloons, green
— - = without gloss, matt
Balloon Series 5 DARK_GREEN_G_5 3.503 + 0.03¢ Regular latex balloons, glossy
— - = dark green, shaded
Balloon Series 6 BLACK_WG_6 3.681+ 0,061 Regularlatex balloons, black
matt, without gloss
Balloon Series 7 WHITE_WG_7 2595+003g  Regularlatex balloons,
- = without gloss, matt, white
Balloon Series 8 COLORLESS_LATEX_8 3.643+0020 _ Regularlatex balioons,
— — colorless, pure latex balloong
Balloon Series 9|  ORANGE_WHITE_IMPRINT d  3.657 +ggo | Regular latex balloons, orange
with white imprint
Balloon Series 10 ORANGE_BLACK IMPRINT 10  3.661087 | Regularlatex balloons, orange
with black imprint 1
Balloon Series 11 ORANGE_BLACK_IMPRINT 1 3785400 | Regularlatex balloons, orange
with black imprint 2
Balloon Series 14 BLACK_WHITE_IMPRINT 12| 37114063 | Regularlatex balloons, black
with white imprint
Regular latex balloons, matt,
Balloon Series 13 BLACK_WHITE_POWDER_13 3.707 £310 black covered with white

powder
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Table 1. Assignments of various IR bands for represergatnf studied samples of latex ballogimequencies
are recorded with an accuracy of + 19m

Wavenumber (cm™) Vibration type and assignment Studied sample type
2960 (s) =C-H stretching vibrations commercially availablg
2916 (s) C-H asymmetrical stretching latex balloons
2850 (s) C-H symmetrical stretching delivered directly from
1574 (w) and 1537 (w) C=C stretching vibrations the manufacturer
1421-1445 (m) C-H asymmetric deformation
1375 (m) C-H symmetric deformation
1003-1016 (s) -C-C stretching or wagging vibrations
850-840 (s) C-H out off-plane banding vibrations in the —-CH=CH-
567 (w) C-C skeleton vibration
s — strong; m — medium; w — weak



http://mostwiedzy.pl

A\ MOST

Table 3. The selected aliphatic and monoaromatic hydrocarbons emitted from the investigated latex balloon samples.

L atex balloons seasoning temper ature: 30°C

Hexanal | Undcane | Dodecane | Tridecane | Benzene | Toluene | Ethylbenzene | p,m-Xylene | Styrene| TVOC
Smaple name Parameter
P [ng/g] [ng/g] [ng/g] [ng/g] | [ng/g] | [ng/q] [ng/g] [ng/g] [ng/g] | [ng/g]
Average 8.7 4.6 4.3 24 0.30 0.38 <LOD 0.29 <LOD 60.6
Stand. Dev. 1.3 1.3 21 15 0.30 0.18 - 0.04 - 5.6
ORANGE G 1 Min 6.6 3.6 3.0 15 0.02 0.13 - 0.25 - 56.8
M ax 9.5 6.4 7.4 45 0.72 0.51 - 0.32 - 68.8
Average 6.19 3.55 3.64 1.95 0.96 0.96 <LOD 0.36 0.27 54.3
Stand. Dev. 0.82 0.12 0.27 0.41 0.18 0.36 - 0.10 0.10 6.1
ORANGE_WG_2 Min 4.89 343 3.26 155 0.79 0.44 - 0.22 0.15 45.2
M ax 6.70 3.70 3.89 243 1.22 1.28 - 0.46 0.36 58.4
Average 10.7 6.07 7.06 5.1 1.90 3.8 <LOD 0.47 1.37 130
Stand. Dev. 14 0.77 0.39 12 0.22 13 - 0.27 0.42 24
SMALL_ORANGE WG_3 Min 8.8 5.13 6.52 4.0 1.69 2.19 - 0.29 0.88 104
M ax 121 6.70 7.42 6.9 2.16 5.26 - 0.88 191 162
Average 12.2 7.7 113 8.0 214 16.9 <LOD 1.85 1.29 241
Stand. Dev. 1.9 3.0 4.9 54 0.65 2.6 - 0.59 0.40 47
SMALL_GREEN_WG_4 Min 11.0 5.2 7.9 4.7 1.29 14.79 - 135 0.74 204
M ax 15.0 121 185 16.1 2.78 20.33 - 271 1.58 308
Average 7.58 4,55 6.94 4.58 0.95 114 <LOD 131 0.57 125
Stand. Dev. 0.48 0.58 0.96 0.93 0.27 12 - 0.55 0.42 34
DARK_GREEN_G_5 Min 7.02 3.77 5.61 3.59 0.55 9.98 - 0.81 0.23 103
M ax 8.17 5.11 7.76 5.81 1.10 12.81 - 191 1.18 175
Average 6.73 3.72 8.3 6.8 1.28 8.44 <LOD 0.99 0.57 133.8
Stand. Dev. 0.69 0.53 14 16 0.41 0.74 - 0.07 0.28 6.5
BLACK_WG_6 Min 5.80 3.26 7.2 5.6 0.88 7.78 - 0.91 0.36 127.3
M ax 7.45 4.46 10.3 9.1 1.83 9.45 - 1.06 0.98 1439
Average 6.9 4.27 6.87 5.10 1.39 7.8 <LOD 0.61 <LOD 479
Stand. Dev. 13 0.28 0.40 0.99 0.20 15 - 0.24 - 33
WHITE WG _7 Min 5.4 3.89 6.48 4.04 1.16 5.99 - 0.33 - 441
M ax 8.3 4,55 7.43 6.44 1.60 9.51 - 0.91 - 521
Average 5.66 3.36 5.0 3.02 2.16 5.93 <LOD 0.64 <LOD 156
COLORLESS L ATEX 8 Stand. Dev. 0.63 0.48 11 0.78 0.13 0.73 - 0.16 - 40



http://mostwiedzy.pl

A\ MOST

Min 5.12 2.87 37 2.03 2.04 5.27 - 0.45 - 122

M ax 6.53 3.97 6.4 3.93 2.30 6.61 - 0.82 - 212
Average 6.4 70.6 50.2 8.0 0.071 3.00 0.142 1.37 141 | 59.7-10°
Stand. Dev. 11 3.9 4.2 12 0.011 0.85 0.011 0.37 0.33 | 2.810°
ORANGE_WHITE_IMPRINT_9 Min 4.9 65.4 457 7.3 0.06 221 0.13 1.02 1.19 | 56.7-10°
M ax 7.4 74.7 55.8 9.7 0.08 3.82 0.15 171 1.89 | 63.2:10°
Average 6.98 87 85 10.7 0.46 3.80 0.37 1.08 1.23 | 71.810°
Stand. Dev.| 0.65 16 18 2.1 0.16 0.78 - 0.17 0.67 | 13.0-107
ORANGE_BLACK_IMPRINT_10 Min 6.19 64 50.8 8.6 0.36 2.96 0.37 0.95 0.68 | 54.9107
M ax 7.63 100 101.1 13.6 0.69 4.72 0.37 1.33 220 | 86.310°
Average 9.74 92.3 110 15.0 0.381 3.72 0.26 1.07 1.34 | 71.7-10°
Stand. Dev.| 0.63 9.2 18 4.2 0.082 0.13 0.16 0.05 013 | 5910°
ORANGE_BLACK_IMPRINT_11 Min 9.19 80.8 94 11.5 0.28 3.54 0.11 1.04 1.24 | 64.7-10°
M ax 10.62 102.8 134 21.0 0.46 3.84 0.44 1.14 153 | 78.910°
Average 5.6 57 59 8.1 0.40 5.3 0.21 2.19 1.01 | 44.7-10°
Stand. Dev. 14 27 26 2.4 0.22 1.6 - 0.64 015 | 22.1-10°
BLACK_WHITE_IMPRINT_12 Min 4.1 23 22 4.6 0.17 3.72 0.21 1.58 0.87 | 17.8:10°
M ax 6.8 81 83 10.2 0.68 6.91 0.21 2.74 1.21 | 64.410°
Average 7.48 54.5 63.3 8.73 0.982 8.18 0.083 2.24 0.98 | 43.2:10°
Stand. Dev.| 0.47 2.6 43 0.32 0.031 0.47 0.051 0.28 011 | 1.410°
BLACK_WHITE_POWDER _13 Min 6.89 51.6 57.9 8.36 0.94 7.79 0.04 1.96 0.85 | 41.7-10°
M ax 7.98 57.9 68.4 9.05 1.01 8.79 0.12 2.57 110 | 44.7-10°

L atex balloons seasoning temper ature: 60°C
Hexanal | Undcane | Dodecane | Tridecane | Benzene | Toluene | Ethylbenzene| p,m-Xylene | Styrene| TVOC
Smaple name Parameter
P [ng/g] [ng/g] [ng/g] [ng/g] | [ng/g] | [ng/q] [ng/g] [ng/g] [ng/g] | [ng/g]

Average 8.67 19.9 33 18 1.27 2.44 <LOD 3.27 0.80 330

Stand. Dev.| 0.91 17 13 12 0.35 0.48 - 0.44 0.21 35

ORANGE G_1 Min 7.60 18.3 23 11 1.03 1.85 - 2.76 0.54 294

M ax 9.51 21.8 51 36 1.78 291 - 3.80 1.04 367

Average 7.00 15.7 21.7 11.7 157 3.76 <LOD 3.39 1.86 265

Stand. Dev.| 0.70 13 2.6 14 0.24 0.70 - 0.99 0.53 23

ORANGE_WG_2 Min 5.97 13.9 19.5 9.9 1.32 2.99 - 2.53 1.43 246

M ax 7.48 16.7 25.2 13.1 191 4.68 - 4.81 2.62 298

SMALL_ORANGE WG _3 Average 8.3 29.1 47.2 27.3 2.34 8.9 <LOD 4.95 2.86 484
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Stand. Dev. 11 14 3.0 4.0 0.37 15 - 0.13 0.36 21
Min 7.3 271.6 43.8 22.2 1.97 7.56 - 4.83 2.59 467
Max 9.8 30.8 51.0 315 2.85 11.00 - 513 3.38 514
Average 10.67 24.3 42.1 251 1.471 31.3 <LOD 4.94 2.26 472
Stand. Dev. 0.92 2.7 4.2 34 0.074 3.3 - 0.62 0.53 56
SMALL_GREEN_WG_4 Min 9.35 225 38.9 20.2 1.40 28.62 - 4.49 1.58 423
Max 11.44 28.4 47.8 21.7 1.56 35.43 - 5.83 2.74 551
Average 8.58 21.8 39 25.5 1.19 28.1 0.60 4.92 1.88 412
Stand. Dev. 0.83 2.4 11 7.7 0.22 2.8 0.15 0.38 0.43 32
DARK_GREEN_G_3 Min 7.50 194 26.1 16.6 0.92 24.23 0.38 4.41 1.26 389
Max 9.44 251 51.8 35.2 1.43 30.77 0.70 5.30 2.22 457
Average 6.9 16.5 26.6 17.1 1.40 18.0 0.53 4.02 1.63 338
Stand. Dev. 12 1.6 4.2 3.2 0.32 3.3 0.21 0.84 0.85 53
BLACK_WG_6 Min 5.3 154 22.7 12.9 1.22 14.31 0.32 3.12 0.99 291
M ax 8.0 18.9 31.7 20.2 1.89 22.39 0.80 51 2.9 415
Average 7.16 24.9 48.0 34.7 1.481 19.8 0.35 51 18 690
Stand. Dev. 0.55 1.6 4.4 3.9 0.059 18 0.14 0.50 0.21 12
WHITE WG_7 Min 6.37 23.6 43.7 31.2 141 17.21 0.22 4.57 161 683
M ax 7.62 27.2 53.3 40.2 1.55 21.29 0.53 5.56 212 707
Average 4.73 17.54 33.1 19.6 1.82 14.28 0.330 4.20 1.08 344
Stand. Dev. 0.41 0.96 6.0 6.6 0.26 0.80 0.079 0.34 0.17 48
COLORLESS LATEX 8 Min 4.46 16.33 26.2 13.3 1.60 13.35 0.25 3.91 0.92 281
M ax 534 18.65 38.3 26.1 211 14.97 0.41 4.61 1.33 391
Average 7.18 379 318 41.8 0.69 8.4 0.96 51 449 | 30.510°
Stand. Dev. 0.90 45 47 1.6 0.23 2.3 0.37 14 0.66 3.0-10°
ORANGE _WHITE_IMPRINT_3 Min 6.37 346 279 40.4 0.38 5.75 0.63 3.73 3.76 | 28.1-10°
Max 8.30 441 379 43.9 0.92 10.41 1.35 6.55 538 | 34.6:10°
Average 7.67 483 459 52.1 1.24 8.9 0.513 4.06 269 | 34510°
Stand. Dev. 0.78 45 93 9.5 0.49 15 0.091 0.35 0.37 6.3-10°
ORANGE_BLACK_IMPRINT_10 Min 6.97 459 325 41.0 0.70 7.47 0.44 3.68 228 | 26.1-10°
Max 8.70 551 527 63.9 1.80 10.38 0.64 4.38 316 | 41.410°
Average 17.9 416 667 93 1.16 10.06 0.712 4.76 415 | 36.110°
ORANGE_BLACK_IMPRINT_11 | Stand. Dev. 12 35 76 11 0.10 0.82 0.081 0.38 0.68 3.3-10°
Min 16.8 394 592 82.4 1.02 9.34 0.61 4.33 334 | 33.010°
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Max 19.3 468 773 107.6 1.27 10.80 0.80 5.24 496 | 40.410°
Average 9.3 319 343 52 0.96 15.0 1.22 7.4 3.87 | 23.6:10°
Stand. Dev. 18 161 127 17 0.18 4.3 0.40 14 0.21 | 10.1-10°
BLACK_WHITE_IMPRINT_12 Min 7.5 148 188 31.9 0.76 11.05 0.85 6.10 368 | 12.410°
M ax 11.2 488 482 71.0 1.13 19.43 1.67 9.03 416 | 34.610°
Average 10.10 348 372 52.5 1.67 20.82 0.96 7.2 424 | 23510°
Stand. Dev. 0.91 86 41 6.5 0.17 0.83 0.22 14 0.25 1.9-10°
BLACK_WHITE_POWDER 13 Min 9.05 290 319 44.5 1.49 19.95 0.75 6.03 408 | 21.6:10°
M ax 11.05 475 418 60.5 1.87 21.85 1.16 8.43 460 | 25.6:10°
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Highlights

The VOCs emissions depend on latex balloon pigment and imprints presence

The average values of emitted TVOCs at 300C ranged from 0.051 up to %18 ug
The average values of emitted TVOCs at 600C ranged from 0.27 up to 31g13 ug
PCA analysis showed that VOCs are from balloon material and desorption process

MCR with toxic units identified the most hazardous VOCs — benzene and hexanal
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