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Introduction: Cell processing operators (CPOs) use a variety of disinfectants that vaporize in the work-
space environment. These disinfectants can induce allergic reactions in CPOs, due to their long working
hours at cell processing facilities (CPFs). Ionic substances such as CH3COO� generated from peracetic
acid, nitrogen oxides (NOx) and sulfur oxides (SOx) from outdoor environment are also known to pollute
air. Therefore, our objective was to assess the air quality in CPFs and detect volatile organic compounds
(VOCs) from disinfectants and building materials, and airborne ionic substances from outdoor air.
Methods: Sampling was conducted at three CPFs: two located in medical institutions and one located at a
different institution. Air samples were collected using a flow pump. Ion chromatographic analysis of the
anionic and cationic compounds was performed. For VOC analysis, a thermal desorption analyzer
coupled with capillary gas chromatograph and flame ionization detector was used.
Results: Analysis of the ionic substances showed that Cl�, NOx, and SOx, which were detected in large
amounts in the outdoor air, were relatively less in the CPFs. Ethanol was detected as the main component
in the VOC analysis. Toluene was detected at all sampling points. As compared to the other environments,
air in the incubator contained larger amounts of VOCs, that included siloxane, tetradecane, and
aromatics.
Conclusions: No VOCs or ionic substances of immediate concern to the health of the CPOs were detected
during the non-operating period. However, new clinical trials of cell products are currently underway in
Japan, and a variety of new cell products are expected to be approved. With an increase in cell processing,
health risks to CPOs that have not been considered previously, may become apparent. We should
continue to prepare for the future expansion of the industry using a scientific approach to collect various
pieces of information and make it publicly available to build a database.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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1. Introduction

For the processing of cell products, that cannot be sterilized, it is
important to guarantee sterility during the process. To achieve this,
cell products must be protected from several risks, including bac-
teria present in cell-processing facilities [1e4] and from bacteria
and fungi in raw materials [5,6]. In addition, residues such as cul-
ture fluid droplets may be present in biosafety cabinets (BSCs), and
it is essential to prevent cross-contamination [7,8]. Because of this
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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Abbreviations

BSCs biosafety cabinets
CPOs cell processing operators
CPFs cell processing facilities
FID Flame ionization detector
GC gas chromatograph
IC Ion chromatograph
Inc incubator
NOx nitrogen oxides
MHLW Ministry of health labor and welfare
MS mass Mass spectrometer
SOx sulfur oxides
TD thermal desorption analyzer
UA uncontrolled areas
VOCs volatile organic compounds
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unique environment, cell processing operators (CPOs), who use a
variety of disinfectants such as alcohol, hypochlorous acid,
hydrogen peroxide, and peracetic acid, may be exposed to these
agents. Thus, there are concerns that excessive use of disinfectants
to prevent cell contamination can lead to health hazards. Moreover,
residues of hydrogen peroxide used as disinfectants can affect the
culture cells [9]. Therefore, investigating the air quality is necessary.

Several CPOs working in these environments are affected by the
odors of disinfectants [10]. In terms of health, it has been reported
that healthcare workers in hospitals, that have similar environ-
ments due to frequent use of disinfectants, show more indoor air-
related problems than those working in office buildings [11,12].
Disinfectants used in cell processing facilities can induce allergic
reactions such as asthma and contact dermatitis upon exposure
[13e17]. Alcohol-based hand disinfectants are commonly used in
manufacturing to reduce the contamination of cell products. Dur-
ing hand sanitization, users are exposed to a rapid increase in
ethanol concentration over a short period of time [18,19]. In cell-
processing facilities (CPFs), as in other buildings, the indoor air
quality can be affected by the emission of volatile organic com-
pounds (VOCs) from building materials [20,21]. Furthermore,
exposure to VOCs such as aromatics represented by BTX (benzene,
toluene, and xylene), aliphatic compounds, and aldehydes used in
these building materials is of particular concern because of their
potentially harmful effects on human health [22e24]. Ionic sub-
stances, such as CH3COO� generated from peracetic acid used in
decontaminants, and nitrogen oxides (NOx) and sulfur oxides (SOx)
from outdoor environment, are also known to affect the air quality
[25,26]. For example, NO3

� and SO4
2� are the main contributors to

urban air pollution [27], and urban enter CPFs during outdoor air
intake. However, data on the air contamination in CPFs are
unknown.

Although the environment and hands must be disinfected
regularly to process the cell products, the specific nature of the
activities, such as disinfection and decontamination, can cause air
contamination. In addition, CPOs often work in cleanroom envi-
ronments for long periods, increasing their exposure. Because there
are several types of equipment installed inside CPFs than in a
typical office or hospital setup, these equipment may also act as
sources of air contamination. Furthermore, the CPF circulates most
of its internal air to maintain clean air, which can make the envi-
ronment susceptible to residual contaminants from outside,
building materials or equipment. However, there is a lack of
knowledge regarding the nature and concentration of these
induced air pollutants. Therefore, this study mainly aims to assess
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the quality of airborne ionic substances and VOC contamination in
CPFs to prevent exposure to CPOs.
2. Materials and methods

2.1. Overview of monitored facilities

In the current study, sampling was conducted at Facility A,
located within a hospital, Facility B, located in a healthcare orga-
nization, both of which were established in March 2015. Sampling
was also conducted Facility C, which was established inMarch 2017.
Each sampling point was divided into controlled and uncontrolled
areas (UA). The controlled area was divided into four categories
(Grade D, Grade C, Grade B, and Grade A) in accordance with the
definition of cleanliness in "Consideration of Aseptic Manipulation
in Cell Culture Processing Facilities" based on the "Safety Law"
published by the Japanese Society for RegenerativeMedicine. Grade
A was the area where aseptic cell processing was performed. A
summary map of each CPF is shown in Fig. 1A and B, and C.

The data for each facility are graphically shown as the mean of
the values for each group as follows: AB1 and C11 were defined as
Outdoor, located outside CPF; A1 was defined as a clean, non-
classified, and uncontrolled area located within CPF; B1, C1 were
defined as UA; AB2 was defined as Laboratory located outside CPF;
A2, B2 were defined as Grade D; A3, A4, B3, C2, and C3were defined
as Grade C; and A5, B4, C4, C5, C6, and C7 were defined as Grade B.
The values of the incubator (Inc.) were taken from A6, B5, C8, and
C9, and the values of the BSCs were taken from A7, B6, and C11
(Fig. 1).

For the comparative analysis, the subjects were classified into
three groups: outside CPF, inside CPF, and equipment-related. The
outside-CPF group, is an uncontrolled area that includes outdoors
and laboratory, and consists of five locations. The inside-CPF group
consisted of 14 locations including Grades D, C, and B as environ-
ments where CPOs could work for long durations, and the
equipment-related group consisted of 7 locations including BSCs
and incubators installed in the CPF. The manufacturers, installation
dates, time to measure and model numbers of the incubators and
safety cabinets classified in the equipment-related group are listed
in Table S1.
2.2. Sampling

Air samples were actively collected using a flow pump (MP-
S100NHII and MP-S300NII, Sibata Scientific Technology Ltd, Tokyo,
Japan). For VOCs, air samples were collected using a glass thermal
desorption tube packed with a Tenax GR (Camsco, TX, USA) with a
pumping flow rate of 0.5 L/min for 20 min. Before sampling, sample
tube conditioners (STC-4000, GL Sciences Inc., Tokyo, Japan) were
preconditioned by heating at 300 �C for 1 h with helium gas at a
flow rate of 30 mL/min. For ions, air samples were collected using a
hand-made polypropylene impinger containing deionized water
(18.2 MU cm) supplied by Milli-Q IQ7010 (Merck Millipore Corpo-
ration, MA, USA) with a pumping flow rate of 1.0 L/min for 12 h
(Fig. 1D).

Sampling was conducted during non-operating period termed
as “at rest”. “At-rest” cleanroom is defined in ISO 14644 as a
cleanroom that is complete, functional and ready for operation,
with the equipment inside, but without the personnel. Hand
disinfection and floor wiping with ethanol spray were performed
when entering and exiting the sampling equipment installation.
Sampling at Facilities A and B was conducted on the same days
(October 20e21, 2022), and sampling at Facility C was conducted on
May 9, 2017. Analyses were conducted within one day of sampling.



Fig. 1. Summary map of sampling locations. (A, B and C) Schematic diagram of facilities A, B, and C. Each color represents cleanliness grade definition and environment. Clas-
sification for comparison analysis is divided into outside-CPF group (n ¼ 5), inside-CPF group (n ¼ 14), and equipment-related group (n ¼ 7). Inc: Incubator, BSCs: Biosafety cabinets.
(D) The photo shows air sampling. Air flow rate for VOC 0.5 L/min for 20 min and for ions 1.0 L/min for 12 h.
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2.3. Ion analysis

Standard solutions of anionic compounds such as fluorides, ac-
etates, formates, chlorides, nitrites, bromides, nitrates, phosphates,
and sulfates, and cationic compounds such as lithium, sodium,
ammonium, potassium, calcium, and magnesium were obtained
from Kanto Chemical Co., Inc. (Tokyo, Japan). Ion chromatograph
(IC) analysis of anionic and cationic compounds was performed
using an IC coupled with an automatic eluent generator, concen-
trator column, guard column, analytical column, suppressor, and
conductivity detector (Thermo Fisher Scientific Inc., MA, USA). The
analytical conditions for the anions and cations are presented in
Table 1.
Table 1
Analysis conditions of anions and cations.

IC
Anions

Dionex ICS-5000

Injection volume 0.050 mL
Eluent Potassium hydroxide
Flow rate of eluent 0.012 mL/min
Concentration profile of eluent 6 mM for 10 min,

4 mM/min up to 30 mM,
1.4 mM/min up to 50 mM,
3.3 mM/min up to 60 mM,
60 mM for 7 min

Concentrator column Dionex IonSwift MAC-200 (0.75
Guard column Dionex IonPac AG15 (0.4 mm �
Analytical column Dionex IonPac AS15 (0.4 mm �
Column temperature 30 �C
Suppressor ACES
Electrical current 13 mA
Detector temperature 35 �C
Carbonate removal device CRD-200
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2.4. VOC analysis

Standard solutions of VOCs such as toluene, ethylbenzene, o-
xylene, m-xylene, p-xylene, styrene, p-dichlorobenzene, and tet-
radecane were obtained from Fujifilm Wako Pure Chemical Cor-
poration (Osaka, Japan). TD/GC/FID analysis was performed using a
thermal desorption (TD) analyzer (TD-20, Shimadzu Corporation,
Kyoto, Japan) coupled with a capillary gas chromatograph (GC) and
a flame ionization detector (FID; GC-2010 Plus, Shimadzu Corpo-
ration, Kyoto, Japan). The concentration of total VOCs (TVOC) was
estimated, as a toluene-equivalent value (mg・Tol/m3) using an
external standard calibration method, based on the areas of the
detected peaks with their retention times longer than that of n-
Cations

Dionex Integrion RFIC

0.36 mL
Methanesulfonic acid
0.36 mL/min
30 mM

mm � 80 mm) Dionex IonPac TCC-LP1 (4 mm � 35 mm)
50 mm) Dionex IonPac CG16 (3 mm � 50 mm)
250 mm) Dionex IonPac CS16 (3 mm � 250 mm)

40 �C
CERS_2 mm
32 mA
35 �C
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hexane and earlier than that of n-hexadecane, as defined in ISO
16000e6 (2011). The concentration of all of VOCs (TVOC-all) was
estimated likewise based on all the detected peaks. The concen-
tration of VOCs in the standard solution was estimated using an
external standard calibration method based on the areas of the
detected peaks. The xylene concentration was estimated as the
total amount of its isomers (o-, m-, p-xylene).

TD/GC/MS analysis was performed using a TD analyzer (TD-30R,
Shimadzu Corporation, Kyoto, Japan) coupled with a capillary GC
and a quadrupole mass spectrometer (MS) as a detector (GCMS-
QP2020, Shimadzu Corporation, Kyoto, Japan). Mass scanning in
electron impact modewas conducted in the range of 30e450m/z at
a rate of 909 scans/s. The mass spectra were compared with the
National Institute of Standards and Technology database for com-
pound identification. The compounds with a similarity index of
90％ or more were used for further analyses. The concentration of
VOCs, such as ethanol, eucalyptol, nonanal, and siloxane was esti-
mated as a toluene equivalent value (mg･Tol/m3) by the external
standard calibration method based on the areas of the detected
peaks. The analysis conditions for the VOCs are presented in Table 2.

2.5. Statistical analysis

Statistical analyses were performed using GraphPad Prism
version 9.5.1 (GraphPad Software, La Jolla, CA, USA). The data were
presented as the mean ± standard deviation (SD). For multiple
comparisons, the non-parametric ANOVA (Kruskal-Wallis test) was
followed by two-stage linear step-up procedure of Benjamini,
Krieger, and Yekutieli. Statistical significance was defined as
P < 0.05.

3. Results

3.1. Ionic substances in CPFs

In the current study, F�, CH3COO�, HCOO�, Cl�, NOx þ SOx, and
NH4þ as representative ionic substances, are shown (Fig. 2). No
significant differences were observed in F�, CH3COO�, HCOO�,
NOx þ SOx, and NH4þ.Significantly high Cl� was detected in
Table 2
Experimental parameters for TD/GC/FID and TD/GC/MS analysis.

TD/GC/FID

TD
Desorption temperature 280 �C
Temperature of cold trap �14 �C
Injection temperature 280 �C
Control mode Pressure
Carrier gas Helium
Pressure 100 kPa
Split ratio 1/20
Temperature profile of column oven 40 �C for 5

10 �C/min u
300 �C for 1

GC
Column DB-1 (Agile
Film thickness 0.25 mm
Length 30 m
Inner diameter 0.32 mm
Detector FID
Detector temperature 320 �C
Makeup gas Nitrogen
Flow rate of makeup gas 30 mL/min
Flow rate of hydrogen gas 40 mL/min
Flow rate of air 400 mL/min
Temperature of ion source
Detector gain
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outside-CPF group with a concentration of 698 ± 1315 ng/m3, and
significantly high values were observed in the outdoor air of Facility
C (Fig. 2 and Fig. S1).

The other ionic substances Brþ, Naþ, Kþ, and Mg2þ were below
the detection limit. The concentrations of PO4

3�, Ca2þ were quite
low at 400 ng/m3 and showed no characteristic trends (Figs. S1 and
S2); NO2, NO3, and SO4 followed the same trend and were detected
more in the outdoor air (Figs. S1 and S2).

3.2. Total VOC in CPFs

The concentrations of TVOC-all were analyzed and calculated
for each sampling location. The TVOC-all compounds were
categorized into seven groups: Alcohols, Aldehydes, Aliphatics,
Aromatics, Siloxanes, Terpenes, and Unidentified. The visualiza-
tion of a proportion of the TVOC-all compounds at each
sampling point was presented for each facility (refer to Fig. 3A
and B, and C). The equipment-related group exhibited the highest
concentrations of TVOC-all and TVOC values across all facilities,
with particularly notable levels observed in the incubator
(Fig. 3D and S3). The advisable value of 400 mg・Tol/m3 set by
the Japanese Ministry of Health, Labor and Welfare (MHLW),
was exceeded in incubator, grade B and BSC at Facility A; in
incubator and grade C at Facility B; and in incubator at Facility C
(Fig. S3). The majority of these VOCs were alcohols, particularly
in facilities A and B, which are located within healthcare facilities
(Fig. 3).

3.3. Most detected VOCs in CPFs

Toluene was detected at all 26 sampling points, and was
particularly high in one particular incubator (C8) at Facility C
(Fig. 4A and S4). Large quantities of other aromatics such as xylenes,
ethylbenzene, and styrene were also detected in this incubator.
Aromatics, the most detected chemicals, tended to be more abun-
dant in the incubators (Fig. 4A and B, and S4). However, aromatics
did not differ significantly in group comparisons (Fig. 4B). The VOCs
in the aromatics were individually compared. Styrene in C8 incu-
bator was the only VOC detected in this study that exceeded the
TD/GC/MS

250 �C
�20 �C
250 �C
Pressure
Helium
100 kPa
1/20

min, 40 �C for 5 min,
p to 300 �C, 10 �C/min up to 300 �C,
5 min 300 �C for 15 min

nt J&W Corp.) DB-1MS (Agilent J&W Corp.)
0.25 mm
60 m
0.32 mm
MS

200 �C
�0.10 kV



Fig. 2. Ionic substance in CPFs. Data are presented as mean ± SD for sampling data frommultiple locations. Each group is composed of outside-CPF group (n ¼ 5), inside-CPF group
(n ¼ 14), and equipment-related group (n ¼ 7).

Fig. 3. Total VOCs and the classification ratio of VOCs detected at each sampling point. (A, B and C) Data representation for each facility. TVOC-all was classified into seven
groups: Alcohols, Aldehydes, Aliphatics, Aromatics, Siloxanes, Terpenes, and Unidentified, and a part of whole at each sampling point was visualized. (D) TVOC-all, which is
composed of total VOC and alcohol concentrations, is calculated using toluene conversion value. The values for outside-CPF group (n ¼ 5), inside-CPF group (n ¼ 14), and
equipment-related group (n ¼ 7) are presented as mean ± SD. For multiple comparisons, the two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli was applied
after performing a non-parametric ANOVA (Kruskal-Wallis test). Statistical significance* was set at P < 0.05. (E) TVOC are calculated using toluene conversion value. The data for
outside-CPF group (n ¼ 5), inside-CPF group (n ¼ 14), and equipment-related group (n ¼ 7) are presented as mean ± SD. For multiple comparisons, the two-stage linear step-up
procedure of Benjamini, Krieger and Yekutieli was applied after performing a non-parametric ANOVA (Kruskal-Wallis test). Statistical significance* was set at P < 0.05.
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Fig. 4. Frequently detected VOCs in CPFs. (A) Top 10 VOCs identified at 26 sampling points. The color of the bar is classified according to the type of the chemical. (B) VOCs detected
the most in each area. The color of the bar indicates the detected area. These data are shown by toluene conversion value. The data for outside-CPF group (n ¼ 5), inside-CPF group
(n ¼ 14), and equipment-related group (n ¼ 7) are presented as mean ± SD. For multiple comparisons, the two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli
were applied after performing a non-parametric ANOVA (Kruskal-Wallis test). Statistical significance*was set at P < 0.05. (C) Amount of frequently identified VOCs detected in each
area. Aromatics show the sum of toluene, ethylbenzene, and xylene. These data are shown by quantitative values. Each group consisted of outside-CPF (n ¼ 5), inside-CPF (n ¼ 14),
and equipment-related (n ¼ 7), they are presented as mean ± SD. For multiple comparisons, the two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli were applied
after performing a non-parametric ANOVA (Kruskal-Wallis test). Statistical significance* was set at P < 0.05.
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guideline value of 220 mg/m3 set by Japanese MHLW (Fig. S4 and
Table 3). Toluene, xylene, and ethylbenzene did not exceed the
guidelines; however, their values were high in the C8 incubator
(Fig. S4 and Table 3). Tetradecane, which belongs to the aliphatic
group, also exhibited high concentration in the same incubator;
however, no significant differences were observed in group com-
parisons (Fig. 4B and S5). Ethanol was the most frequently used
alcohol in CPF and, was significantly higher in the equipment-
related group as compared to the outside-CPF group (Fig. 4C).
Eucalyptol, a terpene, which is used as an aromatic in hand sani-
tizers, was detected only in facilities A and B and correlated with
ethanol (Fig. 4B, S5 and S6). Nonanal, a causative agent of body
smell and classified as an aldehyde, was detected in Grade B and
BSC samples; however, it did not vary significantly (Fig. 4C, and S5).
Siloxanes, which are raw materials of silicone, were also detected
and were significantly higher in concentration in the equipment-
related group (Fig. 4B). Siloxanes tended to be particularly abun-
dant in the incubators (Fig. S5).
Table 3
Guideline value of VOCs for indoor air concentration by Jap

VOCs G

Formaldehyde 10
Acetaldehyde 48
Toluene 26
Xylene 20
Ethylbenzene 38
Styrene 22
p-Dichlorobenzene 24
Tetradecane 33
Chlorpyrifos 1

Fo
Fenobucarb 33
Diazinon 0.
Di-n-butyl phthalate 17
Di-(2-ethylhexyl) phthalate 10
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4. Discussion

In this study, air contamination by VOCs and ionic substances in
CPFs during the non-operating period was analyzed. The results of
the analysis showed different trends in Grade B areas, where CPOs
stayed for a long time d in incubators where cells were cultured,
and in BSCs where cells were opened. Ionic substances are affected
by the decontaminant and outdoor air; VOC values exceeding the
MHLW guideline values were observed in some areas, where
ethanol was the main component. Aromatic substances were
detected more frequently in the incubators. The MHLW guideline
values do not pertain to immediate toxicity effects, but rather serve
as management standards that consider potential toxicity risks
during extended periods of exposure. Therefore, in terms of long-
time exposure to CPOs, some operational regimes may require
review.

A characteristic of CPF is that it facilitates the amount of recir-
culating ventilation to about 90e95% by reducing the amount of
anese MHLW.

uideline value for indoor air concentration (at 25 �C)

0 mg/m3 (0.08 ppm)
mg/m3 (0.03 ppm)
0 mg/m3 (0.07 ppm)
0 mg/m3 (0.05 ppm)
00 mg/m3 (0.88 ppm)
0 mg/m3 (0.05 ppm)
0 mg/m3 (0.04 ppm)
0 mg/m3 (0.04 ppm)
mg/m3 (0.07 ppb)
r children: 0.1 mg/m3 (0.007 ppb)
mg/m3 (3.8 ppb)

29 mg/m3 (0.02 ppb)
mg/m3 (1.5 ppb)
0 mg/m3 (6.3 ppb)
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outside air introduced. However, this causes VOCs to remain in the
environment once they are generated. To target CPFs prone to such
VOC residue, sampling was conducted at three locations at rest
period in the present study. Facilities A and B were located within
the same healthcare organization, whereas Facility C was located at
a different institution. Therefore, management policies for each
CPFs differed. For example, Facilities A and B had a policy of
cleaning with ethanol wipes in the room after processing, leading
to a higher concentration of ethanol. In addition to these differ-
ences in policy, Facility C was located near the sea and had different
outdoor air conditions. The builder, buildings and equipment also
differed, and differences in the detection trends were observed for
substances derived from building or equipment materials. As there
are several CPFs [10], analyzing more of themwill help identify the
overall trends.

The effects of ionic substances are often reported in semi-
conductor cleanrooms because their presence has a negative
impact on semiconductor manufacturing [25,26]. However, the
presence of ionic substances in CPFs has not been evaluated. In this
study, we analyzed the environment inside CPFs as a potential
source of air contamination because of multiple equipment
installed and frequent disinfection, which is different from that of
an office or hospital. Ionic substances are highly water-soluble and
readily dissolve in the culture medium. Therefore, the presence of
large amounts of ionic substances may affect cell culture. Ionic
substances are present in the outdoor air, and many are trapped by
the intake filters [28]. NO3

� and SO4
2�, which are the main air pol-

lutants, were detected in the outdoor air. Cl� was detected at high
levels in the outdoor air of Facility C, which is located near the sea,
although these ionic substances were not introduced into the CPFs.
These results indicate that there is no contamination of ionic sub-
stances from inside CPF or from the installed equipment. In addi-
tion, this indicates that exposure to CPOs to these ionic substances
detected during the non-operating period is unlikely to cause any
immediate health problems.

TVOC management varies widely across countries and there are
no uniform international standards [29e31]. Although the advis-
able value of the MHLW in Japan is set in terms of lifetime exposure
to houses, it can be adapted to CPFs too, where CPOs spend a long
time. In this study, all four incubators analyzed exceeded the
advisable value of 400 mg･Tol/m3. As CPOs do not operate or work
in incubators, their immediate health risk is low, but manager of
CPFs need to be alerted. Because CPFs showed high values of TVOCs
and styrene in the incubator (C8) immediately after introduction, it
might be necessary to confirm that there were no problems in the
operation by pre-culturing cells at the first time of use. Because cell
culture problems may arise when the production site is changed, a
detailed analysis will be necessary in the future.

The types of VOCs detected differed according to the sampling
point. In particular, large amounts of alcohol were detected in Fa-
cilities A and B, which may have originated from the standard
operating procedures of the facilities. The use of alcohol and other
disinfectants in CPFs is unavoidable, partly because of the nature of
the cell products. Although the use of alcohol has some positive
hygienic aspects, such as its effectiveness in eliminating bacteria,
high exposure to alcohols has been reported to pose a risk of
increasing the incidence of allergies in offspring [14]. Furthermore,
respiratory problems have been reported in workers in environ-
ments where disinfectants, such as hydrogen peroxide and per-
acetic acid, are frequently used [32,33]. In animal studies, it is also
known that individuals with respiratory impairment have a lower
ozone toxicity threshold [34]. Therefore, it is very important to
check and inform CPOs in advance whether they have any respi-
ratory conditions or are allergic to alcohol or other disinfectants. As
alcohols or other disinfectants such as ethanol are not always the
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best disinfectants for cell product manufacturing sites that use
high-protein serum or human tissue [35], it may be necessary to
consider alternative methods as well. A survey estimated that 50%
of CPOs working in the country had two to three years of work
experience, suggesting a high attrition rate [10]. This high
personnel mobility could be due to these working conditions;
hence, further causal investigations and measures to protect CPOs
are necessary.

The top ten most commonly detected VOCs in each facility were
derived from building or equipment materials, such as toluene,
ethylbenzene, and xylene, chemicals, such as ethanol, a disinfec-
tant, nonanal, which is produced by humans, and siloxane, raw
materials for silicone. Disinfectants were detected more frequently
in Grade B areas, the incubator, and the BSC, suggesting that
ethanol used for room cleaning leaked into the incubator and the
BSC. Several VOCs were also detected at high levels in the incubator
at C8. The elevated values observed in the incubator can potentially
be attributed to the presence of silicone in the lid, which is intended
to prevent the leakage of CO2 and humidity. There is a possibility
that the raw materials used in the incubator, such as toluene,
commonly found in paints, and tetradecane, occasionally used as an
adhesive, contain aromatic compounds. However, the exact cause
of the increased values could not be determined. VOC levels of
incubator were immediately non-toxic to CPOs. Although there are
concerns about their effects on cells, toluene, siloxane, and tetra-
decane are insoluble in water and do not dissolve in culture me-
dium. With the exception of the incubator immediately after
installation, the data obtained in this study showed that, in terms of
toxicity to CPOs, CPFs can be expected to operate safely by pre-
venting the abuse of disinfectants.

This study had three limitations. First, the number of sampling
points was just 26. In addition, the analysis was not conducted
under uniform conditions because the incubators and BSCs were
installed at different times and were of different models. This study
is the first to investigate VOCs and ionic substances in CPFs, and it
was concluded that its adverse effects were minor.

Second, these are short-term data from a non-operating period,
and not from operating period measured over a long period. CPOs
use large amounts of ethanol spray during cell processing. There-
fore, further operational measurements should be conducted in the
future. In addition, based on the results of this study, it may be
necessary to wear a badge specialized for ethanol detection, like
"luminescence badge” used for radiation exposure measurement.
Because cell culture is expected to be continued to be performed
manually, we must consider developing an environment that
safeguards the health of CPOs.

Third, air quality measurements were taken from the perspec-
tive of worker protection, and their effects on cell culture were
beyond the scope of this study. We hope that the data from this
study will provide evidence that VOCs and ionic substances may
have adverse effects on cell cultures.
5. Conclusions

No VOCs or ionic substances of immediate concern to the health
of CPOs were detected in this study. However, new clinical trials of
cell products are currently underway in Japan [36,37], and a variety
of new cell products are expected to be approved. With an increase
in cell processing, problems related to CPOs that have not been
previously considered, may become apparent. Moreover, in design
stage itself, it may be necessary to consider facility planning based
on the user characteristics of cell processing and the use of many
disinfectants. We should continue to prepare for the future
expansion of the industry using a scientific approach to collect
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various pieces of information and make it publicly available by
building a database.
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