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1. Introduction

A brewery is one example of a traditional workplace where, despite
a significant automation of the production processes, the employees con-
tinue to be exposed to the emitted pollutants (Spitaels et al. 2014). Physi-
cal, chemical or biological air pollutants are emitted at each individual
stage of the beer production process such as boiling, fermenting and beer
bottling. The type of such pollutants depends mainly on the specific tech-
nological processes applied at the given beer brewing stage (Bokulich
& Bamforth 2013). The preparation of intermediate products yields mainly
volatile beer wort and hops components. Hops contains approximately
250 ethers which give beer its unique aroma. The most important ones
include: myrcene, B-caryophyllene, and B-farnesene. Glucose, maltose and
maltotriose, as well as proteins and lipids are metabolized during fermenta-
tion (Wunderlich & Back 2009). The fermentation by-products comprise,
among other things, diacetyl, higher alcohols, esters and aldehydes. Signif-
icant concentrations of air pollutants and related intensive odors may be
found in the brewhouse in which beer wort is boiled. Unpleasant olfactory
sensations may be perceived during the acidification of grain stillage
which occurs when the temperature is too high or the storing period is ex-
cessively long. Foul odors may also arise due to the purification of diato-
maceous earth employed in beer filtration processes (Poreda et al. 2015).
Beer bottling is the most extended process and includes various different
procedures from bottle washing and disinfection through removing old and
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placing new labels to filling the bottles with beer. All such procedures may
be a source of hazardous air pollutants.

This paper presents the results of air quality measurements in the
beer bottling plant during the final stage of the beer production process.
Particular attention was placed on the emitted aerosol and bioaerosol
pollutants and the concentrations of carbonyl compounds.

2. Methods

Air quality measurements were conducted at Perta-Browary
Lubelskie S.A. in Lublin, a brewery that was established in 1846. The
brewery underwent modernization in the late 90s. It is located in the
southern part of Lublin, close to urban developments, near two busy
streets, in the vicinity of a small river and the train station. The measure-
ments were performed in the bottling plant operated in 3 shifts and which
was equipped with typical devices such as a bottle washer, beer dis-
penser, labeling and packing machine. The air quality measurement in-
struments in the bottling plant were placed at the height of 1.3 m in two
locations — near the bottle washer and near the beer dispenser. Aerosol
concentrations were determined during 24 hours continuous measure-
ments. Particle mass concentrations were measured with the use of aero-
sol monitor DustTrak DRX model 8533 (TSI Inc., USA). This instrument
was applied to record approximations of mass concentrations of PMI,
PM2.5, PM4, PM10, RESP and TSP (particles with an aerodynamic di-
ameter equal or less than 1, 2.5, 4, 10 um, respirable and total suspended
particles, respectively). These fractions of particles are referred to as
“uncut” in this paper. The DustTrak monitor was subject to standard real-
time size correction factor calibration (Polednik 2013a). The optical
spectrometer OPS 3330 (TSI Inc., USA) was applied to determine the
mass and number concentration and size distribution of particles greater
than 0.3 pum (PNO.3_0,5, PNO.5_1, PNl_z, PN2_5 and PN5_10). In this paper,
such particle fractions are referred to as “cut”. The sampling time for the
instruments was 1 minute and the logging interval was 5 minutes. Con-
centrations of bioaerosol particles were determined by means of the sed-
imentation method with the use of Petri plates with relevant nutrients.
Bacteria concentrations were determined using Tryptone Soya Agar nu-
trient and fungi concentrations were determined using Agar Sabouraud
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nutrient (Rozej et al. 2008). Two measurement series were carried out at
each of the measurement points. After the set exposition time amounting
to 15 minutes the Petrie plates were incubated. The incubation conditions
were as follow: for bacteria the incubation time was 48h and the tempera-
ture was 37°C, for fungi the incubation time was 72h and the temperature
was 27°C. After the incubation period, grown colonies of microorgan-
isms were counted and bacteria and fungi concentrations were deter-
mined in the bottling plant air. The results were presented as colony
forming units per cubic meter of air (CFU/m’). Carbonyl compound con-
centrations in the bottling plant air were determined by means of the pas-
sive method with the use of Radiello dosimeters. Carbonyl compounds
were sorbed on the dosimeters, extracted with acetonitrile (HPLC grade)
and analyzed using RP HPLC (Waters) with a Restek Allure AK column;
acetonitrile/water elution and UV detection set at 365 nm. Average con-
centrations during long-term exposure as well as peak concentrations
(15-minute exposure) were determined. All air quality measurements
in the bottling plant were carried out in June 2015.

The Statistica 12 software package was used for data analyses.
Descriptive statistics were used to characterize the indoor carbonyl com-
pound, aerosol and bioaerosol concentrations. A value of p < 0.05 was
considered statistically significant. The observed distributions of aerosol
particle concentrations fit to lognormal distributions were compared us-
ing the nonparametric Kolmogorov-Smirnov two-sample test.

3. Results and discussion
3.1. Aerosol particles

Internal factors related to the production process as well as exter-
nal factors have an impact on the air quality in the bottling plant. The
same obviously applies to aerosol concentration levels. Figure 1 presents
the time series of particle mass concentrations in the bottling plant which
were obtained during continuous measurements that lasted for 24 hours —
changes of mass particle concentrations during a typical one day of the
bottling plant’s operation.
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Fig. 1. Time series of particle mass concentrations in the bottling plant
Rys. 1. Zmiany stezen masowych czastek w rozlewni piwa

Four distinctive increases (up to about 5 times) in the mass particle
concentrations can be observed which took place at about 6 p.m., 2 a.m. and
6 a.m. and 11 a.m. The exact reason of such increases has not been estab-
lished. Most probably they were caused by the changes in the technological
process or were connected with routine activities of the bottling plant em-
ployees. The lowest aerosol particle concentrations were observed in the
evening and at night i.e. during both planned and unplanned downtimes. The
distributions and cumulative distributions of particle mass concentrations of
the measured fractions PM1, PM2,5, PM4 and PM10 obtained using Dust-
Trak monitor which were fit by lognormal functions are shown in Figure 2.
It can be seen that the distributions of mass concentrations of all the meas-
ured particle fractions are very similar. Both the average values and the me-
dians of the mass particle concentrations are within a relatively narrow range
from 0.16 to 0.23 mg/m’. Steep cumulative distribution functions indicate
that for all the considered particle fractions their predominant scope of mass
concentrations (80%) was in the range from 0.12 to 0.31 mg/m"’. Figure 3
presents the particle mass concentration distributions obtained using the
OPS spectrometer. In turn, Figure 4 presents the particle number concentra-
tion distributions obtained with the use of the OPS sizer.
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Fig. 2. Distribution and cumulative distribution functions of mass

concentrations of PM1, PM2,5, PM4 and PM10
Rys. 2. Rozklady i dystrybuanty masowych stezen PM1, PM2,5, PM4 i PM10

Distribution functions of particle mass concentrations for the “cut”
fractions that were obtained by the OPS spectrometer (PMg3.0s, PMos.1,
PM,_,, PM, s and PMs_jo) are similar to those obtained by the DustTrak mon-
itor for the “uncut” fractions (PM1, PM2.5, PM4 and PM10). The average
values and medians of the particle mass concentrations PN3.0s, PNos.1,
PN ., and PNs.; were within the range from approximately 44 to 63 pg/m’.
Slightly different values of these parameters were obtained for the PM,.s
particles. The lognormal distribution of such particle mass concentrations is
shifted towards higher particle concentrations.
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Fig. 3. Distribution and cumulative distribution functions of mass
concentrations of the particle fractions PMg 3.9s, PMg 5.1, PM;,, PM,.sand PMs g
Rys. 3. Rozklady i dystrybuanty masowych stezen czastek PMg3.9s, PMg .1,
PMl_z, PM2_5 oraz PMS—IO

Their average value and median amount to approximately 101.4
and 99.6 pg/m’. The cumulative distribution function for the concentra-
tions of such particles is not as steep. The predominant range of their
mass concentrations (80%) amounts to from approximately 60 to
150 pg/m’. The two-sample Kolmogorov-Smirnov test proved that the
data sets for mass concentrations of PM,_s and other considered particle
fractions were being drawn from different distributions. Such results con-
firm that in terms of the mass, medium-sized particles (of a few mi-
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crometers) prevail in the indoor air and their mass has a significant im-
pact on the overall mass concentration of aerosol particles (Polednik

2013b).

Fig. 4. Distribution and cumulative distribution functions of number

Frequency [%]

Cumulative frequency [%)]

100
80
60 ‘g
40

20

20 9
/ / / / |

-PNos.os
-PNos.1
-PNq,
-PNy.s
-PNs_10

moow>»

0 P < \, / \
0.01 0.10 1.00 10.00 100.00 1000.00

0.01 0.10 1.00 10.00 100.00 1000.00
PN [pt/cm3]

concentrations of the particle fractions PNy os, PNgs.1, PN;., PN,.s and PNs

Rys. 4. Rozktady i dystrybuanty koncentracji ilosciowych czastek PN 3.0,

PNo,s-l, PN, PN, 5 oraz PNs.jg

In turn, the distributions of number concentrations of the meas-
ured particles are considerably different. Their concentrations depend on
the size of the particles and may differ by several orders of magnitude.
The average number concentrations of PNy .05, PNgs.1, PN, PNa.s and
PNy particles amount to about 847, 92, 16, 1.9 and 0.1 pt/crn3 respec-
tively. The predominant concentrations of such particles amount to re-
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spectively 689, 112, 12.6, 1.7 and 0.1 pt/cm’. The above results confirm
the obvious, namely that in terms of the number of particles, the air
is mostly composed of the finest particles and contains small amounts
of coarse particles. Similar observations have been reported in numerous
publications (Morawska et al. 2013, Polednik 2014).

3.2. Microbiological contaminations

Table 1 presents the results of microbiological measurements i.e.
the concentrations of bacteria and fungi in the bottling plant air which
were carried out in two locations (measurement points A and B).

Table 1. Concentrations of bacteria and fungi in the bottling plant
Tabela 1. Stezenia bakterii i grzybdéw w rozlewni piwa

Sample Colony No. Concentration [CFU/m’]  Average [CFU/m’]

Bacteria
N« 1624 1415
. I i
Fungi
o 1
. B “

Average concentrations of bacteria in the bottling plant were
at the level of 1441 CFU/m’, while average fungi concentrations amount-
ed to 557 CFU/m’. These contaminations did not exceed the values of the
occupational exposure limit for industrial settings in Poland (Polish Gov.
Reg. 2005). They were also below the permitted value i.e. 5000 CFU/m’
proposed for indoor air in residential and public utility buildings.

3.3. Carbonyl compounds

Table 2 presents 24-hour average carbonyl compound concentra-
tions obtained in 3 measurement series in two locations (measurement
points A and B) in the bottling plant.



Air Quality in a Brewery Bottling Plant 599

Table 2. Carbonyl compound concentrations in the bottling plant
Tabela 2. Stezenia zwigzkéw karbonylowych w rozlewni piwa

Carbonyl Concentration [pg/m’]
compound A B LOD
Formaldehyde 139.8 (5.7) 127.0(11.2) 0.5
Acetaldehyde 165.9 (9.1) 156.7 (10.2) 0.5

Acroleine 12.5(1.6) 22.7(1.8) 0.9
Acetone 29.2 (1.5) 30.1(1.2) 0,5
Propanal 16.9 (0.9) 17.8 (1.1) 1.5
Butanal 62.7 (1.7) 47.0 (1.9) 2.0
Butanon 16.9 (1.4) 16.3 (1.3) 1.5
Pentanal 46.1 (2.5) 30.2 (2.1) 0.9
Hexanal 51.9 (3.1 44.0 (2.0) 1.5

Mean (Standard deviation); LOD — limit of detection

The obtained results do not evidence considerable carbonyl com-
pound concentrations in the bottling plant air. When comparing these
compound concentrations measured in both locations, slightly higher
concentrations of formaldehyde (metanal), butanal, pentanal and hexanal
were obtained at the measurement point A. This may be related to the
fact that this measurement point was located near the bottle washer.
Washing agents could be responsible for the increased concentrations of
butanal and hexanal commonly present in all dishwashers as well as for-
maldehyde present in industrial dishwashers due to its antibacterial prop-
erties (Niu & Burnett, 2001). Formaldehyde is commonly present in all
indoor surface layers, including low-VOC wall paints and its emissions
are elevated with the increase of temperature and humidity (Dudzinska et
al. 2009). In turn, acroleine concentrations were considerably higher at
the measurement point B which could be explained by the presence of
tobacco smoke in the air (Dudzinska 2011). Formaldehyde concentra-
tions measured in a weekly period did not exceed the permitted values
for working conditions (Polish Gov. Reg. 2014). However, periodical
(15 min) significant increases of up to 800 pg/m’ were observed for this
compound. Concentrations of other measured carbonyl compounds were
within the acceptable range for indoor premises (Polish Gov. Reg. 1996).

The presented results indicate that the employees of the beer bot-
tling plant are potentially exposed to health hazards related to the period-
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ical concentration increases of the measured pollutants. Information on
such concentration levels may be helpful in implementing measures pro-
tecting the employees against the harmful effects of such pollutants as
well as measures aimed at limiting the exposure of the bottling plant em-
ployees. The limitation or elimination of pollutant emitting processes
during beer production is also of high importance.

4. Conclusions

On the basis of the obtained measurement results it may be con-
cluded that the air quality in the brewery bottling plant is affected by the
production processes. Periodical increases of the measured pollutants
were observed, however, in the long term the average levels of pollutants
did not exceed the permitted levels for such type of facilities. Repetitive
increases of aerosol and carbonyl concentrations may nevertheless have
a potential adverse health effect on the brewery employees.

The knowledge about hazards present in the beer bottling plant
may be helpful in preventive activities consisting in, among other things,
the provision of better protection for the employees against the harmful
effects of air pollutants as well as in a more effective limitation or elimi-
nation of pollutant generating processes and other air pollutant sources in
the beer bottling plant.
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Jakos¢ powietrza w rozlewni piwa w browarze
Streszczenie

Przedstawione wyniki badan dotycza jakoSci powietrza w rozlewni piwa.
W trakcie normalnej pracy rozlewni mierzone byly stg¢zenia masowe i koncentracje
ilosciowe czastek aerozolowych, stezenia bakterii i grzybow oraz stezenia zwigzkow
karbonylowych w powietrzu. Stgzenia aerozoli okreslano w sposob ciagly metodami
spektrometrii optycznej. Zanieczyszczenia biologiczne oznaczano metodg sedymen-
tacyjng wykorzystujac ptytki Petriego z odpowiednimi pozywkami. Stezenia zwigz-
kow karbonylowych w powietrzu okre§lano metoda pasywna uzywajac dozymetréw
Radiello. Przy oznaczaniu stezen zanieczyszczen biologicznych i zwigzkéw karbo-
nylowych wykonano odpowiednio dwie i trzy serie pomiarowe w dwoch miejscach
rozlewni piwa.

Pomimo zautomatyzowania procesu rozlewania piwa do butelek zaobser-
wowano okresowe znaczace wzrosty stezen mierzonych zanieczyszczen. Srednie
stezenia masowe wszystkich mierzonych frakcji czastek aerozolowych miaty po-
dobne wartosci i wynosily ok. 0,2 mg/m’. Maksymalnie ok. 5-cio krotne wzrosty
koncentracji masowych czastek obserwowano w nieregularnych odstgpach czasu.
Najwigksze koncentracje ilosciowe zmierzono dla czastek drobnych. Srednie kon-
centracje czastek o wielkosciach 0,3-0,5 pym i 0,5-1 um miaty odpowiednio warto-
Sci 847 1 93 czastki/em®. W przypadku zanieczyszczen biologicznych $rednie steze-
nie bakterii w powietrzu w rozlewni piwa wynosito 1441 JTK/m’, a érednie steze-
nie grzyboéw 557 JTK/m’. Wartosci te sa nizsze niz proponowane dopuszczalne
poziomy stezen bakterii i grzybéw w budynkach uzytecznosci publicznej. Srednie
stezenia mierzonych zwigzkow karbonylowych rowniez nie przekraczaty wartosci,
ktore sa dopuszczalnych w srodowisku pracy. Oprocz formaldehydu, ktorego okre-
sowe stezenia wzrastaly do prawie 800 pg/m’ stezenia innych zwiazkéw byly
w zakresie akceptowalnym dla pomieszczen przeznaczonych na pobyt ludzi. Nieco
wyzsze stezenia niektorych zwiazkéw karbonylowych odnotowano w punkcie po-
miarowym w poblizy myjni butelek.

Przedstawione wyniki wskazuja, ze istnieje potencjalne zagrozenie dla
zdrowia pracownikow rozlewni piwa zwigzane z okresowymi wzrostami stgzen
mierzonych zanieczyszczen.

Stowa kluczowe:
jakos$¢ powietrza, aerozole, bioaerozole, zwigzki karbonylowe, rozlewnia piwa

Keywords:
air quality, aerosols, bioaerosols, carbonyl compounds, bottling plant
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