2 Bl P sl PASE S S R o ¥y AT
FaLim=
Graduate Institute of Environmental Health

College of Public Health

National Taiwan University

Master Thesis

R TERBRR R PR IR ERD A
Exposure to Flour Dust

and Hazardous Chemicals in Bakeries

5k IR 4

Pei-Ting Chang

s w4
Advisor: Shih-Wei Tsai, Ph.D., CIH

¢ Ea 105 & 7 0

July, 2016

doi:10.6342/NTU201601993



EE ¥

WE kW e A RA S Y e R R 2 S ARG iE A
@%Nﬁﬁﬁp“ﬁ%%ﬁ’ﬁEﬁxéﬁﬁiwi B %) 5 5%-20% » & 4
tHERCAERRO3 AT REEPH Y I 2FELREAL LR -

PR R EY I R 1 TR S PR AN B
Fermm g TREE 78 @ 50 B2 Bag )t 1 (T 9rehy 1 k> ATy %ﬂ:
(1) FEREp 2gRARLTEETE S RPp 4 BB e girivrEy 1oy
?p#%%wf$+i?’ﬁ%?ﬂ @*ﬁﬁﬂéﬁﬁ&i’ﬁﬁ SRR N
*‘v%ﬁ BT () MAETTRE LY F AR AT R P AR

I
f

é‘\-‘-

g
:F:fa_:a(4) REREEL ERE - &a 0 2 gL 55 - DR NF 2EL R E
B IRaE R o

ARG A EREEFF ER IOM 5 B B T e B E  XAD-2
REEFEREZF? 9 A3 THFHE > E A 5B 5 2000 mL/min ~ 100
mL/min 2 35mL/min > #&RFEFF 5 5 [ FF o R 0 F KRR A5 AR
" F AR T RE T AT

AR R F 15 AR K MR o T 2 5 R E 4 g
FEEK 26 BTF A 18 2T FIER o M0t AP PRSI E S

TP OREIRN N REIEAFRE RV AR ETEER 5 027
mg/m » 4~ ¥ 5 0.01-0.83 mg/m v 3 23%z2 g8+t ACGIH 2 TLV-TWA(0.5
mg/m®) s Br B Ak B s 2 FRBEGAI R T - 26 0 7 Sk~ 2,3-

AR~ R iR ~23-C Zfk ~23-A- e fEEeken T IR L Ry AN
BEZFPCHEYNRPRALOEERTE-BRFP T FER 2 37837 2t
FelEFApry > TIFFZQ{EFPFPPFEARATE2E > a1 iwinEY 257
FEFORREAREY GRS -

EHRRHERERSBEP IAHF IR EBET 2 E M L2

v
R AL TE PR ERBE > WHERA ISV R REL G

Biats PRAERE TS HEBE TR AMB R o A1 B

doi:10.6342/NTU201601993



Abstract

In correspondence with a transition trend of Taiwanese’ eating habits, bakeries
become a fast growing industry. High prevalent Baker’s Asthma, the most frequently
reported occupational asthma since the 20th century, as well as eye/nose symptoms,
make occupational health a critical issue in the bakeries. Currently, the studies about
workers’ health, working environment, dust and airborne concentrations of the
associated chemicals in the bakeries of Taiwan are limited. Hence, to improve
occupational health, the objectives of this research were to: (1) perform a
comprehensive collection of information regarding bakery; (2) perform a
comprehensive literature survey on occupational safety and health regarding bakery
and related workplace; (3) identify hazardous airborne materials and perform air
sampling and analysis in the bakery; and (4) perform walk-through surveys at the
bakeries and administrate questionnaires for the workers.

In this study, the walk-through surveys have been carried out for 15 different
bakeries. Field air samplings were performed at 5 out of the 15 bakeries. The average
concentration of inhalable dust was found to be 0.27 mg/m®, with a range of 0.01-0.83
mg/m®. Among the samples, 23% of them were higher than the ACGIH TLV-TWA
(0.5 mg/m°), in terms of the concentration of inhalable dust. The findings indicate that
inhalable dust is an important air pollutant for workers in the bakeriess.

In addition, diacetyl, acetoin, 2,3-pentanedione, 2,3-hexanedione,
2,3-heptanedione, furfural, and acetaldehyde were also found in the bakeries with
various levels. In one of the samples, it was observed that the concentration of
acetaldehyde was 37-83 times higher than the general indoor environment. On the
other hand, the concentration of total VOCs in the working area can be 21 times
higher than other non-working areas. The results suggest that the hazardous airborne
substances might be accumulated in the bakeries.

To lower the levels of exposures, bakeries should improve the ventilation and air
exchange rate. It is also important to implement work rules, in terms of occupational
safety and health, for the baking industry, and to monitor the exposures of inhalable
dust and total VOCs.

Keywords: bakeries, air sampling, inhalable flour dust, acetaldehyde, food flavoring
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Chapter 1 Introduction

According to the Nutrition and Health Survey from the Food and Drug
Administration in Taiwan, a transition trend of food source has been found. Compared
to 1993~1996, it was indicated that an increasing proportion of people tend to have
more convenient food, such as bread, sandwiches, and hamburgers, as the source of
carbohydrate in 2005~2008. [1] ; In correspondence with the trend, the annual value of
production reached 50 billion in 2010, according to the Food Industry Research and
Development Institute.[2]

With case report started from the 20th century, Baker’s asthma has been a very
frequently reported occupational disease, and exposure to flour dust was recognized as
the primary cause to trigger allergic reaction.[3][4][5]

In order to enhance the diversity, smell, and taste of products, raw materials used
in baking workplaces became more complicated, including widely used food additives,
such as the food flavoring which caused severe occupational health events in the
U.S.[6]. Furthermore, the necessary mixing, blending, and heating process increased
the concentrations of airborn hazards, including dust and organic volatile compounds,

which may pose potential health risks toward workers in the bakeries.
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1.1 Baking industry in Taiwan

According to the Taiwan Chain Stores and Franchise Association, the number of
brands and the number of baking chain stores increased rapidly in recent 10 years.
(Table 1)[7] As shown in Table 2, the total number of factories and the number of
workers grew fastly (i.e., 910 enterprise units and 20,428 workers in 2011 with 40
billion revenues).[8] Moreover, accumulated people had certificates of baking were

228,677 in 2014. [9]

The Taiwan Bakery Association reported that there are 4,588 companies taking
part in the business association. Compared to the number of total chain stores in Taiwan,
it was obvious that the independent bakeries and online shopping companies may also
play an important role in this industry.[10] On the other hand, the Taipei Bakery
Association showed that the number of baking retail stores and the combinative coffee

shops has exceeded 9000, and 10,000, respectively. [2]
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1.2 Health Effects and Potential Hazards in Bakeries

1.2.1 Exposure to Flour Dust

In the baking process, workers need to weigh and sieve flour, sugar, and other
baking powder before mixing with eggs, food flavoring, yeast, and butter. At the same
time, they prepare different stuffings with butter, food flavoring, and sugar. Dough
would then be divided, shaped, and fermented under different temperature and
humidity. Finally, workers would bake dough with different temperatures after
applying oil on the dough and baking plates.

It was indicated that 5-19% of adults’ asthma results from occupational exposure.

With case report started from the 20th century, bakers’asthma is one of the most
frequently reported occupational asthma. [11] The symtoms include cough, shortness
of breath, wheezing, and chest tightness.[4] Significant correlation was reported
between asthmatic symtoms and positive skin prick allergy tests to wheat flour, rye
flour, and soy bean flour. Therefore, exposure to flour dust and other allergens in
bakeries was generally recognized as the primary risk factor.[2][3][12]As a result, both
the American Conference of Industrial Hygienists (ACGIH) and the Cal/OSHA had set
the Occupational Exposure Limits (OELs) of 0.5 mg/m?® for the inhalable flour dust. [4]

In Finnish, Frence, Astralia, USA, and Germany, the prevalences for Baker’s

asthma ranged from 4% to 10%, and were about 14-23% for rhinitis. [2][3][4][13][14]
3
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In a two-year follow-up study toward new apprentices, 41.2% developed rhinitis and
the cumulative incidence of asthma-like symptoms reached 20.5%. [11]The
epidemiological research in Germany maintained that bakers’ risk of getting
obstructive lung disease was 50 times higher than the average risk of other professions.
3]

In 2003, a research that included 70 industrial and traditional bakeries was
conducted in Belgium. The average concentration of inhalable flour dust reached 2.10
mg/m?in traditional bakeries, and 1.06 mg/m?in industrial bakeries. [15] R Baatjies et
al. (2007) pointed out that bakers in charge of making dough and operating mixing
machine had the highest exposure to flour dust, which was 0.904 mg/m?®. [16] In 2010
and 2013, the survey carried out by the National Institute for Occupational Safety and
Health (NIOSH) found out that the median concentration was up to 8.21mg/m?, and
workers in high exposure group were more likely to undergo wheezing, runny nose,
itchy eyes, and watery eyes. [4][17]In conclusion, the research showed that the
concentration of inhalable flour dust ranged from 0.125 to 8.21mg/m®. (Table 3)
Furthermore, Burdorf A et al. (1994) reported that in the total mass of inhalable dust,
39% is thoracic subfraction, and 19% is respirable subfraction. [17][18] [20][21] Even
though great attention has been raised regarding the exposure to flour dust in many

countries, there is no regulation toward exposure to flour dust at workplaces in Taiwan.
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[20]

1.2.2 Exposure to Food Flavoring

It was reported elsewhere that over 540 kinds of volatile organic compounds were

released naturally during the baking process, and additional food flavoring was used to

enhance the smell and aroma. [23][24] M. I. Rincon-Delgadillo et al. (2012) and other

baking ingredient stores indicated that flavoring substances were widely added in

variable products commonly used in the bakeries, such as sour cream, cottage cheese,

and margarine.[25][26] The detected concentration reached 22,000ug/g in the products.

[27]

In 1958, the USFDA started the “GRAS”’program. Through examining

toxicological data, many food additives and flavoring substances were classified as

"Generally Recognized as Safe (GRAS)".[28][29][30] However, as pointed out by the

US Department of Labor, while the flavorings may be safe when eaten, the health

effects via inhalation is unknown since the exposure routes other than ingestion were

not considered. [6]

In 2000, NIOSH started the investigations regarding the microwave popcorn

manufacturing facilities and food flavoring plants, since several former workers were

diagnosed with a severe, rare lung disease, bronchiolitis obliterans. Current workers
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also had fixed airway obstruction which indicated lung function abnormalities.

Diacetyl, which was extensively used to produce a variety of food flavoring, was

identified as the most common air contaminants and was considered as the primary risk

factor. [6][31][32]

As shown in Table 4, it was found that the concentration of total volatile organic

compounds in flavoring manufacturing plant reached 100,000 ppb in 2007. As for

diacetyl and acetoin, the concentrations of 0.002-0.235ppm were determined. [33] In

2012, the US OSHA detected diacetyl in 8-hr TWA of 4.31 ppm and short-term

concentration of 50.95 ppm, which exceeded the ACGIH TWA (0.01 ppm) as well as

the STEL (STEL, 0.02 ppm) in the flavoring industry. [34][35]

Apart from diacetyl, up to 150 volitile organic compounds (VOCSs) was detected,

including acetoin, 2,3-pentanedione, acetic acid, furfural, and acetaldehyde. [6][33] In

animal studies, the above compounds were found to influence important

macromolecules such as DNA, structural proteins, and enzymes, especially for furfural

and acetaldehyde. [36][37][38][39]

Some flavorings plants started to use less hazardous diacetyl substitute, including

diacetyl trimer, 2,3-pentanedione, 2,3-hexanedione, and 2,3-heptanedione. However, in

2012, the US OSHA alerted that the toxicities of the substitutes may be similar to

diacetyl because of the similar functional a-diketone group. [6][32]
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During mixing, blending, and heating process under 200-300°C, flavoring
substances volatilized and high air concentrations of various compounds have been
observed. [6][32]Food and Drug Administration in Taiwan have positive listings to
regulate food additives in Taiwan, but there is no regulation or recommendation
toward industry dealing with flavoring substances.[40][41] In addition, baking
workplaces in Taiwan tended to be crowded and poorly ventilated, and the long term
overexposure to flour dust and flavoring substances may be even risky for the

workers.[42]

1.2.3 Research Objective
As mentioned in the research background, the information of chemical and flour
dust exposure in bakeries in Taiwan was limited. Therefore, the aims of this study were
to: 1) describe the environmental characteristics related to occupational hazards; 2)
identify and measure the air concentrations of flour dust and chemicals in bakeries; 3)

administrate health questionnaire to collect the information on worker’s health status.
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Chapter 2 Materials and Methods

2.1 Selecting Bakeries

In Taiwan, stores selling baking products can be categorized into baking retail
stores, chain stores, combinative coffee shops, convenient stores, supermarkets, and
online shopping platforms. The common retail store has its factory/kitchen in the same
building. (FijE1&%)[43] Some of the chain retail stores are only dealing with selling,
packaging, heating or baking of the semifinished products and leave its central factories
or kitchens in charge of producing.

Through telephone inquiries and administrative documents, 15 bakeries were
included in the study, and air sampling was conducted in 5 of the 15 bakeries, which
were scattered in Taipei City, New Taipei City, Taoyuan City, Hsinchu City, Changhua

City, and Kaohsiung City.

2.2 Walk-through Survey

During walk-through surveya, field information were recorded based on bakeries
owners’ and workers’ reports, or researcher’s observation, including environmental

factors, working conditions, raw materials and personal protective equipments used.

9
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For instance, the surface areas of the bakeries, the number of workers, the number of
branches, the ventilation system, and the operating procedures were noted. In addition,
in order to gather the information of food flavoring, the ingredients labled on frequently

used materials were recorded by cameras.

2.3 Selecting Hazardous Chemicals

According to the literature reported elsewhere, the Flavor and Extract
Manufacturers Association (FEMA\) identified 34 "high priority" flavoring substances
which potentially posed respiratory risk. Among them, diacetyl, acetoin,
2,3-pentanedione, 2,3-hexanedione, and 2,3-heptanedione were chosen to be monitored
the airborne concentrations. (Table 5) [32][44]

Research in recent years further recognized that wheat lipid transfer protein,
lactoserum, and rye were potential allergens in the bakeries, and it is reported that the
concentrations of flour dust corresponded to the amount of allergens. [45][46][47][48]

Therefore, inhalable flour dusts were chosen to measure by the IOM multidust sampler.

10
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2.4 Sampling and Analytical Methods

2.4.1 Instruments and reagents

< Ethanol: 99.9%, A.C.S. Reagent, J.T. Baker.

< Toluene: 99.9%, Gradient Grade for Liquid Chromatography, Merck.

< 2,3-Pentanedione, analytical standard, Aldrich.

< Acetoin, analytical standard, Aldrich.

< 2,3-Hexaneedione, analytical standard, Aldrich.

< 2,3-Heptaneedione, analytical standard, Aldrich.

< Diacetyl, analytical standard, Aldrich.

<~ Acetaldehyde, analytical standard, Aldrich.

< Furfural, analytical standard, Aldrich.

< XAD-2 treated with 2-HMP: SKC Cat. No. 226-118.

< Silica gel tube: SKC Cat. No. 226-183.

<~ Sampling pump: GilAir Plus, SENSIDYNE.

< Gas chromatography column: DB-5MS, length 60 meters, I.D. 0.32 mm, Film 0.25um, J&W
Scientific.

< Gas chromatography column: Rtx-Volatiles, length 60 meters, 1.D. 0.32 mm, Film 1.5um,
RESTEK.

<~ Gas chromatography mass spectrometry: Agilent 6890GC, Agilent.

< 1AQ Monitor: AirBoxx IAQ Monitor, KD Engineering.

<~ Flow rate calibrator: BIOS Defender 510-M, DryCal Technology.

< 1OM sampler with MultiDust Foam Disc: SKC Cat. No. 225-70A.

11
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2.4.2 Sampling Methods

Air sampling methods in this study were adopted from both the National Institute

for Occupational Safety and Health (NIOSH) and the US OSHA, which were OSHA

1013, NIOSH 2538, NIOSH 2529, and NIOSH 2539. [49][50][51] During sampling,

two Gilair plus personal sampling pumps were connected to the IOM sampler and the

sorbent tubes, respectively. Silica gel tube and the XAD-2 tube were connected to the

pump in parallel.

Diacetyl, acetoin, 2,3-pentanedione, 2,3-hexanedione, and 2,3-heptanedione

were sampled by two silica gel tubes connected in series to a sampling pump which was

calibrated at a flow rate of 100 mL/min. (Figure 1) [52] In addition, 2-(hydroxymethyl)

piperidine treated XAD-2 tubes were used to measure furfural and acetaldehyde under

35 mL/min of flow rate. (Figure 2) Meanwhile, Inhalable flour dust and respirable flour

dust were sampled by using IOM sampling heads with Teflon® filters (pore size 1.0

micro with) and MultiDust Foam Discs under 2000 mL/min of flow rate. (Figure 3)

2.4.3 Direct Reading Instruments

In order to gather the concentration profiles of VOCs and particle mass, ppb

RAE3000 was used to monitor the total VOCs and AEROCET 531 was used to

measure PM1, PM2.5, PM7, PM10, and TSP.(Figure 4Figure 5)

12
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2.4.4 Sampling Strategies

At each bakery, air samples were taken at four different sites, including weighing

area, baking area, dough making/decorating area, and office/counter. The samplers

were placed at bakers’ breathing zone height (1.3-1.5 meters). The sampling duration

was 5 hours. Two field blanks and more than one lab blanks were prepared for each

sampling and analysis. The flow rates were calibrated before and after sampling.

Task-based personal sampling of inhalable flour dust was carried out at one bekery

on a worker in charge of weighing flour dust and food flavoring dust, and the task lasted

for 42 min, approximately. As shown in Figure 6, the sampler was put on the worker’s

chest.

2.4.5 Sample Pretreatments

After sampling, the adsorbent tubes were covered by lids, sealed with parafilm,

shipped to laboratory, and then stored in the fridge. Before desorbing, sorbent was

poured into a 4 mL vial. Xad-2 sorbent was desorbed by 2 mL tolulene followed by 60

mins ultrasonic bath. As for silica gel tube, 2 mL ethanol:water (95:5) was used

followed by mechanical shaking for 60 minutes. Finally, supernatant was transferred to

a new 1.8 mL vial for analysis and storage. [49][50]

As for the IOM sampler, Teflon® filters and IOM multidust foam discs were

13
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conditioned over 24 hours in a chamber under temperature (20°C) and humidity (35%)
control. Pre-weigh and post-weigh the whole cassette were conducted to acquire the
mass of inhalable dust. In order to acquire the mass of respirable dust, cassette was

weighed for the second run after removing the multidust foam disc. [51]

2.5 Analytical Methods

2.5.1 Instrumental Analysis and calibration curves

Gas chromatography with mass spectrometry (GC-MS) was applied to analyze the
samples. Diacetyl, 2,3-pentanedione, acetoin, 2,3-hexanedione, and 2,3-heptanedione
were separated by a RTX-Volatiles column. To analyze acetaldehyde and furfural, a
DB-5MS column was used. Detailed information listed in Table 6 including oven
program, injection setting and inlet temperature.

The mass spectrometry was operated in electron ionization at 70 eV and quantitative
analysis was conducted by selected ion monitoring (SIM) mode. (Table 7) The

chromatograms of analytes were shown in Figure 7Figure 8

2.5.2 Calibration Curve
The chemical standard solutions were used to verify and develop the analytical
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method. The calibration curves with concentration ranges were shown in Figure
9Figure 10Figure 11Figure 12, and good linearity was indicated with R? =0.99.
Acetaldehyde and furfural standard stock solutions were injected on the XAD-2 sorbent
to prepare calibration curve. In addition, because the mass of acetaldehyde in front and
back sorbent sections were different, two different calibration curves were performed

and applied.

2.5.3 Determination of the mass of analytes in the air
After acquiring the mass of analytes on the sorbent from calibration curve, the air

concentrations could be derived from the following calculation.
C=(Ws +W) -Bs -Bp)/V

C : the mass of analytes in the air (mg/m°)

V : air volume sampled (m®)

W : the mass in the sample front sorbent (mg)

Wb : the mass in the sample back sorbent (mg)

Bf : the mass in the average media blank front sorbent (mg)

Bb : the mass in the average media blank back sorbent (mg)

2.5.4 Method Detection Limit (MDL)

According to the method of US Environmental Protection Agency (EPA), the
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method detection limit (MDL) was calculated by the below formula. [53]

MDL = (standard deviation of replicate analysis) x (student’s t value for 99 %

confidence level with n-1 degrees of freedom) ; standard deviations were obtained by

repeating the lowest concentrations of calibration curves for seven times.

If under the 100 % desorption efficiency conditions, the detectable air

concentrations for in this study were calculated by detectable air concentrations

=MDLxdesorption volume/ air volume sampled (Table &)
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Chapter 3 Results

3.1 Walk-through survey

This study visited 15 baking workplaces, including 8 factories, 4 traditional retail
stores, 1 retail store with online shopping platform, and 2 chain retail stores. The
information of working environment, types of orders, and personal protective

equipments used were collected.

3.1.1 Environmental information

Apart from traditional retail stores, a number of the chain retail stores located at
commercial area with limited working space. Hence, the stores were only in charge of
packaging and selling breads, while there were central kitchens/factories operated at
different locations. For the stores far from the factories, half-finished frozen doughs
were delivered to the retail stores followed by the decorating/baking tasks.

As shown in Table 9, the size of factories tended to be larger. Most of the
workplaces were not equipped with local exhaust ventilation systems. In addition,
standing fans with larger flowing rate were equipped at two workplaces, which may

lead to the resuspension of flour dust.
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3.1.2 Number of Workers and Types of Orders

There were usually more workers in factories and workers tended to separated

further into small groups, such as, flour weighing/mixing, dough shaping, and

packaging; therefore, workers in factories may repeat the same tasks all day in similar

working area, which was a crucial factor to exposure profile.

In addition, the bakers in chain retail stores may expose to high concentration of

flavoring substances, because they repeated baking semi-finished dough all day in

crowded kitchen. Futhermore, as shown in Table 10, the workload may be variable due

to the catering and lunch box orders, which were deeply related to the extra work hours

and usage of different types of raw material. Some factories did shift working

especially on sepcial festivals such as mother’s day

3.1.3 Personal Protection Equipment

The wearing of working suit in baking worplace considered more about protecting

the food safty, therefore, workers need to wear clean working shoes, strip cap, and

working suits to enter factories. At dough making area, most workers did not wear

gloves because it was inconvenient during blending dough by arms. (Table 11)
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3.2 Air sampling and analysis

Air sampling was conducted at 5 baking workplace, which located in Taipei City,

New Taipei city, Hsinchu City, and Taoyuan City.

3.2.1 Factory 1

This is a well-known brand with 30 branches in Taiwan. The facrories is 4000 m?,
and the sampling sites located in the working area on the second and third floor, as
show in Figure 13. The first round of baking tasks was at 4 -10 am in 2F, and the
second run baking process finished at 1:00 pm in 3F. There were around 30 workers at
the sampling day

The air conditioner was on, and there was ventilation system connected to ovens

only on the third floor, the ventilation system is 1.5 m above the tunnel ovens. There
were 4 sampling sites at weiging room (A), 2F baking room (B), 3F baking room (C),
and office in which sometimes microbial experiments were conducted and was next
door to the weighing room (D).

As shown in Table 12, the concentrations of inhalable flour dust (0.55 mg/m?®)
exceeded TLV-TWA of 0.5 mg/m?, and the other one (0.41 mg/m?®) exceeded 1/2
TLV-TWA. Ketones were detected at four sites and with higher concentration in
weighing room. Even though it was lower than 1/10 PEL, the concentration of
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acetaldehyde was much higher, especially in weighing room room. (Table 12) Because
the baking task ended before the time we stopped sampling, so if we adjusted the
sampling time according to working time, the workers’ exposure concentration may be
3-5 times higher than detected.

As for the result of direct-reading instrument, Figure 14 indicated that the total
VOCs reached 5000ppb, which was 21 times higher than non-working area (1F).
Moreover, the VOCs concentration opposite trends in 2F and 3F revealed that VOCs
may accumulate in the working area during baking process; for instance, the
concentration in 2F was higher in the morning when the first run of baking task

finished.

3.2.2 Factory 2
This was an industrial bakery which provided cakes for supermarkets and

convenient stores. The facrories was 1653 m?; Shaping and decorating was conducted
on the first floor, and baking area was on the second floor. The task started at 8 am, and
finished around 6 pm. There were 45 workers on the sampling day. The air conditioner
was on, and there was ventilation systems connected to the tunnel ovens. There were 4
sampling sites at weiging room (A), 2F baking tunnel ovens (B), 3F cake decorating
area (C), and office (D). (Figure 15)
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The highest concentrations of inhalable dust were 0.82 mg/m?, which exceeded
TLV-TWA of 0.5 mg/m?, and the concentration of 42 mins task-based personal
sampling was 0.83 mg/m?. (Table 13) Both acetaldehyde and furfural were detected,
and the highest concentration of acetaldehyde measured around tunnel ovens.

The TVOC:s direct reading instrument showed the ventilation system on the
second floor needed to be improved. After entering the factory, the TVOCs
concentration rose fastly, the highest concentration of TVOCs was 8,678 ppb, 21 times
higher than concentration in office. (Figure 16) As shown in Figure 17Figure 18, the
particle mass concentration in flour-weighing room and oil-spryed room were much
higher than the concentration in office; total suspended particles were measured 0.697

and 9.47 mg/m®, respectively.

3.2.3 Retail store 3
This is a well-known traditional bakery in central Taiwan, with the surfaces of 331
m?. The stores mainly produced traditional cakes and moon cake. The materials were
simple and no food flavorings were used during the process. The flexible amount of
production depended on the selling condition. It was not the busy season for the store
on the sampling day.
All windows and doors were open when air sampling was conducted, and there
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were ventilation systems connected to ovens. There were 11 workers on the sampling
day, and 4 sampling sites located at weiging and theiving area (A), baking areas (B),
working table (C), and counter (D). (Figure 19)

Higher concentration of flour dust was detected around ovens and working table,
which were higher than 1/2 TLV-TWA. The concentration of 2,3-heptanedione was
higher beside counter, it may result from the cooling and packaging tasks conducted
there.(Table 14)

This store is the only one without the detectable acetaldehyde, and coincided on
the low direct-reading TVOCs concentrations, which were all lower than 400 ppb. As
for total particle mass shown in Figure 20, the concentration peaked at 0.278 mg/m?®

during pouring flour dust.

3.2.4 Retail store 4
This was not only a retail store but also a popular online shopping brand. With the
surfaces of 116 m?, the store was on the first flour and cakes and breads were produced
on the basement floor. They normally started to bake at 10 am, and there were 6
workers on the sampling day.
The only ventilation device was a window fan and the basement was crowded.
The 4 sampling sites were set up near weiging and mixing area (A), ovens(B), heating
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area (C), and warehouse(D). (Figure 21)

The concentrations of inhalable dust at A, B, C sampling sites exceeded 1/2
TLV-TWA, the concentration at baking area reached 0.77 mg/m?*. Workers did not wear
any mask, and due to the poor air circulation in basement, it was also hot in the
afternoon. Higher acetaldehyde concentration detected at heating area and warehouse.

(Table 15)

3.2.5 Retail store 5

This was a chain store of a famous brand located in Taipei City, with the surfaces
of 149 m?. Breads was sold on the first floor, and a small proportion of bread was
produced on the second floor. The ventilation system were connected to ovens and air
circulation was pretty good on the second floor. The 4 sampling sites were set up near
working table (A), working table (B), counter (C), and stairs(D). (Figure 22)

The concentrations of inhalable dust were the lowest among 5 bakeries. Acetoin
and acetaldehyde were detected at all sampling sites. (table 16) Most of breads were
produced by their central factories in New Taipei City, and shipped to this chain store
for selling. So there were lots of breads and cakes put besides counter and waited to be
packaged and placed on shelves. This was probably the reason why the concentrations
of TVOCs would be higher on the first floor than the second floor, which was over
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2000ppb, 4-5 times the outdoor concentrations. (Figure 23)

3.3 Health Questionnire
Questionnaires were designed based on respiratory disease questionnaire created

by American Thoracic Society administrated and NIOSH’s plants investigation

questionnaire in 2009. [52][54] Participants’ demographic data, disease history ,

health status, and on-job symptoms were recorded. (appendix 1)

Highlights of the results

1. The participants’ demographic data is listed in Table 17. The percentage of male
and female is similar.

2. The average work years in baking industry were 7.15 years, 77.9% workers
needed to work at least 10 hours per day. And 92.6% workers had (less than) 6
days vacations per monthes. (Table 17)

3. 26.4% and 8.8% workers had smoking and drinking habit, respectively. 19%
workers believed they were less healthy than people at the same age. (Table18)

4. 10.2% had hands/face skin disease, 20.5% had tendinitis/ arthritis, and 36.7%
had nose or skin allergy. (Table18)

5. About asthmatic symptoms, 14.7% had a cough over 3 monthes, 23.5% had
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shortness of breath, 2.9% still have asthma. (Table18)

During the work in past 12 months, 8.8% workers often had eye/nose/throat

symptoms, and 10.2% often had Runny nose and stuffy nose.(Table19)

In the past 12 monthes, 3-10% workers often/always had skin issues, and 20%

for musculoskeletal symptoms. (Table 20)

In the past 12 monthes, 23.4% worker thought the workplaces were too hot, and

only 45% workers thought the ventilation were good. (Table 20)

As shown in Table 21, apart from calculated the prevalence of symptoms,

participants were divided into two groups based on their tasks. High exposure

group were in charge with weighing flour, mixing ingredients, and cake making,

and low exposure group were responsible for shaping dough, packaging, and

decorating. After grouping, prevalences of asthma-like symptoms of the two

groups were derived, and Pearson's Chi-squared tests were conducted to test the

significance of odds ratio in RStudio. (appendix 2) The result indicated that odds

ratio = 3.2, p-value = 0.02, which meant the prevalence of asthmatic group in

high exposure group was significant higher than that in low exposure group.
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Chapter 4 Discussion

4.1 Walk-through survey in 10 bakeries

Environmental factors differed a lot in various kinds of bakeries. All tasks were
conducted in the same room in traditional retail stores, so the highest concentrations
of flour dust were not necessary near the flour handling sites due to wind flow. Even
though industrial bakeries may have better local ventilation systems connected to the
ovens, the circulating air conditioning and the large amount of baking tasks may still
lead to high concentrations of hazardous chemicals.

As shown in Table 22, since food flavorings are added into diverse raw material in
the bakeries, more research will be needed to explore the influence to workers’ health,
including skin symtoms for workers incharge of shaping and decorating dough.

The usage of personal protection equipement varied from stores to stores, and the
purpose of wearing mask was to follow the food safety regulation, but not to protect
workers” health. The most commonly used was surgical mask, which may not be
practical to protect workers from the exposure to flour dust and chemicals.

For those workers in charge of cooking and controlling oven temperature, the
heat exposure and skin burns issues were also critical. Naomi Sharon et al. (2008)

indicated that long term exposure to heat during monitoring baking process may result
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in the damage of the lens epithelial cells. [55]

4.2 Inhalable flour dust and Hazardous Chemicals
4.2.1 Concentrations of flour dust

Among the 5 bakeries conducted air sampling, 23% of the samples with
concentration exceeded the ACGIH TLV-TWA for flour dust of 0.5 mg/m®[48] : 46.2%
of the samples exceeded 1/2 TLV-TWA ; 73% of the samples exceeded 1/10 TLV-TWA.
(Table 23) However, there were only 7 out of 15 workplaces requested workers to
wear mask. In addition, masks offered by most of the companies were very thin and
there was no regulation to remind workers of changing mask periodically.

Considering the frequently occurred skin/nose allergic and respiratory symptoms,
exposures to flour dust were the most crucial issue in the industry, in terms of
occupational safety and health.

Furthermore, the Figure 25 indicated that the clear job and working area division
caused the different patterns of inhalable flour dust among dissimilar bakeries. In
factory 1 and factory 2, the high inhalable dust concentrations were only detected at
the weighing area.

The concentration ranges of the inhalable flour dust were 0.01-0.83 mg/m? in this
research, while 0.125-93 mg/m® was determined from other studies. [4][15][16] The
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highest proportion of respirable dust is 36% detected in factory 2, which is higher than

19% indicated in Burdorf A. et al. (1994)[17]

4.2.2 Concentrations of Acetaldehyde and Ketones
As shown in Figure 26, P. Lovreglio et al. (2009) reported the average residential

concentration of acetaldehyde was 0.010 mg/m?in Italy [56], and S. Uchiyama et al.
(2015) found that it was 0.022 mg/m? in Japan. [57] The highest concentration of
acetaldehyde determined was 0.83 mg/m? in this research, which was around 37-83
times higher than the residential concentration. In addition, J.H. Cheng et al. (2015)
found that the highest concentration of acetaldehyde was 0.086 mg/m®among 6
different types of restaurants. Hence, the highest concentration detected in the
bakeries in this study was ten times higher than the concentrations found in the

restaurants previously. [58]

Apart from acetaldehyde, ketones were also identified in bakeries. All ketones
were detected in low air concentrations, which were similar to the finding reported by
two researches conducted in baking mix plants by G. Day et al. in 2009 and 2011.

(Table 24) However, according to field observation, workers in industrial bakeries
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might still expose to large amount of food flavoring during some tasks, especially for

the industrial ones, since every worker was in charge of a particular task. For example,

workers in weighing room may expose to food flavoring dust for all day.

On the other hand, the Figure 27 showed the average concentrations of ketones in

working and non-working area. For some ketones were detected in relatively higher

concentrations at non-working area, it may resulted from the cooling and packaging

tasks conducted beside counter in the retail stores.

4.2.3 direct-reading instruments

As for the result from direct-reading instruments, the concentration of total

volatile organic compounds reached 5000 ppb-8000 ppb, which was 21 times higher

than non-working areas, such as the office. With air conditioner running, the TVOCs

concentration of 3000 ppb was still detected in the office of factory 1, where no

operation was conducted. The concentration of 3000 ppb was 13 times higher than the

rooms out of the floor where factory 1 located. The above finding pointed out that the

exchange rate of the air conditioner needed to be improved.

29

doi:10.6342/NTU201601993



4.3 Results of Health Questionnaire

The health questionnaire indicated the high prevalence of eyes (8.8%), respiratory
(8-23.5%), allergic symptoms (36.7%), asthmatic symptoms (5.8-23.5%),
musculoskeletal (20%), and skin symptoms (3-10%). G.Y. Hur et al. (2007) also
reported high prevalence (17%) of upper and lower respiratory symptoms in Korean
bakeries. Keeping the same standing posture, repeated action, and heavy lift may be the
reason why 20% of the workers usually had musculoskeletal disorders. Some workers
expressed that being contact to flour dust, oil-sprayed, and yeast resulted in eyes and

skin symptoms, and the denser smell in bakeries was from cooking fume and cheese.
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Chapter 5 Conclusions and Recommendations

5.1 Conclusions

To the best of our knowledge, this study provided the first survey of airborne
hazards in the baking workplaces in Taiwan. The concentration range of inhalable
dust was 0.01-0.83 mg/m3, and 23% of the samples collected were higher than the
ACGIH TLV-TWA (0.5mg/m®). As to the other chemicals, such as aldehydes and
ketones, the concentrations were all well below PEL-TWA. However, the high
TVOCs direct-reading concentrations at workplaces indicated that the ventilation
system needed to be improved.

Moreover, some repeated tasks in the factories might be risky, especially for
workers in weighing room and oil-sprayed area where they exposed to high
concentrations of flour dust and food flavoring particle.

The results of questionnaire also stated that the prevalence of on job health
symtoms were relatively high, including respiratory, skin, nose, and musculoskeletal
symptoms. The exposure of the flour dust was suspected to play an important role for

the causes.
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5.2 Recommendations

1. To reduce the accumulation of hazardous chemicals, the air exchange rate should

be increased, while ventilation systems connected to ovens should be equipped to

lower down the temperature of the surrounding area

2. To provide suitable personal protection equipments, while workers with asthma

history should be transferred to tasks with lower flour dust exposure

Activated carbon masks and dust masks could be provided at different

working areas. Workers with asthma history and respiratory symptoms should

avoid tasks in weighing and mixing room, and should be transferred to shaping,

decorating, and packaging areas.

3. To cover the basket during weighing, sieving, and pouring flour dust. And

weighing flour could be done on the table, since it can reduce airborn flour dust

if the tools were closer to the containers. Local exhaust ventilation system is also

recommended in the flour weighing room.

4. To improve the efficiency of the local exhaust ventilation system, when cooking

and frying are conducted indoors, to prevent the accumulation of the cooking

fume

5. Using glove is adviced to avoid skin irritation when performing cleaning job with

detergents
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Appendix

Appendix 1 Health Questionnaires
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Appendix 2. RStudio code and output for Pearson's Chi-squared test

= exposure<-c("high", "Tow")
= allergy=-c("yes","no")
> data<-c(27,11,13,17)
= table<-expand. grid(exposure=exposure, allergy=allergy)
> table=-chind(table, count=data)
= result<-xtabs(count~exposure+allergy, table)
> result
allergy

exposure yes no

high 27 13

low 11 17

= chisg.test(result)
Pearson's Chi-squared test with yvates' continuity correction

data: result
X-squared = 4.2353, df =1, p-value = 0.03959

= oddsratio(27,11,13,17, conf.level=0.95)
Disease Nondisease Total

Exposed 27 13 40
Nonexposed 11 17 28
Total 38 30 68

odds ratio estimate and its significance probability

data: 27 11 13 17

p-value = 0.02207

95 percent confidence interwval:
1.173211 B.781674

sample estimates:

[1] 3.20979
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Table 1 Number of chain baking stores and brands in Taiwan

year Number of brands Nuber of stores

2006 45 677

2010 55 779

2011 83 1234

Table 2 The total number of factories and workers
. Revenues
year Number of factories  Number of workers
(thousand dollars)

2001 551 12,661 29,262,656
2006 418 13,710 30,318,140
2011 910 20,428 40,470,764

Table 3 Sampling methods and results in different reasearch

Analyte

Sampling method

P. Bulat et al.,
2003

J.ElImsetal.,
2004

R Baatjies et al.,
2007

E. H. Page et al.,
2010

E. H. Pageetal.,
2013

inhalable dust
Industrial and traditional
Bakeries

inhalable dust
Small to large bakeries

inhalable dust
Bakeries in supermarket

inhalable dust
Commercial bakery

inhalable dust
Breading plant

PAS-6 sampling heads

Teflon filters

IOM samplers

0.56-2.10 mg/m’

2.2-4.7 mg/m®

glass fiber filters

PAS-6 sampling heads

Teflon filters

IOM samplers
Teflon® filters

IOM samplers
Teflon® filters

0.125-0.904
mg/m?®

0.235-65 mg/m®

0.22-93 mg/m®

44

doi:10.6342/NTU201601993

Concentration



Table 4 Air sampling and surveys at food flavoring workplaces

Reference Sampling target Results
Diacetyl TWA: 4.31ppm;
Air sampling at different
M. Huey et al. ) _ ) STEL: 50.95ppm
working areas in food falvoring
2012. higher concentration around mixing
plants
machine
Air sampling and raw material diacetyl substitutes: 2,3-pentanedione,
survey at working areas in 2,3-hexanedione, 2,3-heptanedione, and
G. Day et al. . . o .
20 baking mix plants using diacetyl acetoin
11.

substitutes

2,3-pentanedione TWA: 78ppb

personal sampling: 91ppb

M. 1. Rincon-Delgadillo

etal. 2012.

FEMA priority compounds in

cheese, margarine, oil spreads

Highest concentration in products (pg/g):
Acetoin: 130,000

Diacetyl: 22,000

Acetic acid: 290,000

Propanoic acid: 22,000

R. Kanwal et al.

Air sampling and lung fuction

Powdered flavoring production: TVOC

concentrations >100,000 ppb

2007. test in food falvoring plants Diacetyl, and acetoin: 0.002-0.223ppm
Acetaldehyde: 0.0001-0.271ppm
Air sampling and raw material
G.A. Dayetal. survey at working areas in The inhaled risk of flavoring dust is
2009. baking mix plants using diacetyl unknown but may be important

substitutes
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Table 5 Properties of the analytes

i Vapor
Molecular . . Desity
CASNO.  weight Boiling  Melting (@em’ @ pressure
' g point (°C) point (°C) g . (mm Hg @
(g/mol) 20°C) o
25°C)
Diacetyl 431-03-8  86.09 88 3 0.99 56.8
Acetoin 513-86-0 88.1 148 15 1.005 2.7
2,3-pentanedione  123-54-6 100.12 138 -23 0.972 2.96
2,3-hexanedione 3848-24-6 114.14 128 -30 0.934 10
2,3-heptanedione  96-04-8 128.17 176 149.7 0.92 3.97
Acetaldehyde  75-07-0 44.05 21 -123.5°C 1.52 757
Furfural 98-01-1 96.09 161.85 -36.15 1.16 75
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Table 6 GC-MS conditions of analytes

: Front inlet /
Chemicals Column . Programs
inject volume
Diacetyl, RTX-Volatiles 60 Splitless / 1 puL 90 C for9
acetoin, m x 0.32 mm ID x mins ; 5 “C/min to
2,3-pentanedione, 1.50 um 130 C ;60 ‘C/min

2,3-hexanedione,
2,3-heptanedione

DB-5MS 60 m x Splitless /5 puL
0.32 mm ID x 0.25

um

Acetaldehyde,
furfural

to 240 C

100 C ;20 C/min
t0 310 C

Table 7 Retention times and selected ions of GC-MS

Retention time Quantitative ions Qualitative ions
(mins) (m/z) (m/z)
Diacetyl 4.55 86 87
2,3-pentanedione 6.63 57 100
Acetoin 7.69 88 55
2,3-hexanedione 10.06 71 114
2,3-heptanedione 14.60 57 85
Acetaldehyde 4.30 126 140, 141
Furfural 6.50 193 163, 193
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Table 8 Detection limit of target analytes

Instrument detectable air
Analytes Detection Limit concentrations
(ng/pL) (mg/m®)
Diacetyl 0.074 0.0024
2,3-pentanedione 0.082 0.0027
Acetoin 0.081 0.0027
2,3-hexanedione 0. 147 0.0049
2,3-heptanedione 0.081 0.0026
Acetaldehyde 0.043 0.0040
Furfural 0.008 0.0010
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Table 9 Walk through survey toward 10 baking workplaces

Factory Factory Factory Factory Factory Factory Retail Retail Retail Retail Retail =~ Retail Retail
Factory 1 Factory 2
A B C D E F store G storeH storel storelJ store3 store4 store5
Size (mz) 430 826 99 496 331 198 50 83 66 50 4000 1653 331 116 149
Air only in store, not in
. \ \ \Y \Y - - . \Y; \Y; “ L -
conditioner Kitchen
Connect to
Mechanical Connect 1mabove Connect Connect Connectto Connectto ovens/  Connect to Connect to
Ventilations to ovens ovens to ovens to ovens ovens 1/2 ovens tunnel ovens ovens
ovens
Standing Open
Natural Door with fan Door with window  Open Open
o - - Window Open door - - - - -
ventilation curtain window curtain ~ window  window door
fan fan
Machine
Blending % % % v v v v - % % v % v v v
Shaping % % % v v v v - - % v % - - -
Fermenting \Y; \Y; \Y; Y, \Y; \Y; Y, \Y; - \Y; Y, \Y; \Y; \Y; \Y;
Ovens \Y; \Y; \Y; Y, \Y; \Y; Y, \Y; \Y; \Y; Y, \Y; \Y; \Y; \Y;
Grinding - - - - - - v - - - - - - - -
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Table 10 Orders and products in ten bakeries

Factory Factory Factory Factory Factory Factory Retail Retail Retail Retail

Factory Factory Retail

Retail Retail

A B C D E F store G storeH storel storelJ 1 2 store 3 store4 store5
Numbers of
workers 27 60-70 6 11 a7 6 7 7 2 8 30 45 11 6 7
Orders
Branch store v v v v v % % v - -
Lunch box - -
Catering (party) - - -
Products
Bread v v v v v v % - v
Cake v \Y v v v v % % v v
Cookie v v v v % - - v -
Chinese cookie v v v % v % - v - -
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Table 11 Personal protective equipment in 10 bakeries

Factory Factory Factory Factory Factory Factory Retail Retail Retail Retail Factory Factory Retail  Retail Retalil
A B C D E F store G storeH storel store 1 2 store3 stored4 store5
Strip
- v v % % v v % v
Cap
Mask - v v v v v Y, \Y; -
Cake - -
Glove - - - - - - - -
(latex) - - - -
working
] v v v % % v v Y% v
suit
Working
v v % - - v Y% -
shoes
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Table 12 Factory 1 concentrations of analytes

sampling sites A B C D
PEL/TLV-TWA
weighing room  2F baking 3F baking office
mg/m?®
Inhalable dust 055 041 0.01 * * 0.5(ACGIH)
Respirable dust 0.17 0.07 0.01 0.07 -
Diacetyl 0.00335 0.00287 <0.0024 <0.0024 -
2,3-pentanedione 0.00276 <0.0027 <0.0027 <0.0027 -
Acetoin <0.0027 <0.0027 <0.0027 <0.0027 -
2,3-hexanedione 0.00802 <0.0049 <0.0049 <0.0049 -
2,3-heptanedione 0.0091 <0.0026 <0.0026 <0.0026 -
Acetaldehyde 0.8316 0.7525 0.0689 0.5899 180
Furfural <0.001 <0.001 <0.001 <0.001 7.9

- no PEL-TWA value

* lower than pre-weighing
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Table 13 Factory 2 concentrations of analytes

sampling sites A B C D E PEL/TLV-TWA
weighin tunnel cake ersonal
Jning i office R _
room ovens decorating sampling
mg/m®
Inhalable dust  0.82 0.76 * 0.05 0.13 0.83 0.5(ACGIH)
Respirable dust 0.3 * * * * -
Diacetyl <0.0024 <0.0024 <0.0024 <0.0024 - -
2,3-pentanedione <0.0027 <0.0027 <0.0027 <0.0027 - -
Acetoin <0.0027 <0.0027 <0.0027 <0.0027 - -
2,3-hexanedione <0.0049 <0.0049 <0.0049 <0.0049 - -
2,3-heptanedione <0.0026 <0.0026 <0.0026 <0.0026 - -
Acetaldehyde 0.0594 0.0747 0.0563 0.0003 - 180
Furfural 0.0660 <0.001 <0.001 <0.001 - 7.9

- no PEL-TWA value

* lower than pre-weighing
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Table 14 Retail store 3 concentration of analytes

sampling sites A B C D
theiving baking working PEL/TLV-TWA
area ovens table !
mg/m®
Inhalable dust 0.1 0.02 0.49 0.38 0.09 0.5(ACGIH)
Respirable dust * * * * -
Diacetyl <0.0024 <0.0024 <0.0024 <0.0024 -
2,3-pentanedione <0.0027 <0.0027 <0.0027 <0.0027 -
Acetoin <0.0027 <0.0027 <0.0027 <0.0027 -
2,3-hexanedione <0.0049 <0.0049 <0.0049 <0.0049 -
2,3-heptanedione 0.0115 0.0036 0.0099 0.0195 -
Acetaldehyde <0.004 <0.004 <0.004 <0.004 180
Furfural <0.001 <0.001 <0.001 <0.001 7.9

- no PEL-TWA value

* lower than pre-weighing
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Table 15 Retail store 4 concentration of analytes

sampling sites A B C
mixing area ovens heating warehouse EPR-TWA
mg/m?®
Inhalable dust 0.26 0.52 0.77 0.38 0.18 0.5(ACGIH)
Respirable dust * 0.13 0.08 0.02 -
Diacetyl <0.0024 <0.0024 <0.0024 <0.0024 -
2,3-pentanedione <0.0027 <0.0027 <0.0027 <0.0027 -
Acetoin <0.0027 <0.0027 <0.0027 <0.0027 -
2,3-hexanedione <0.0049 <0.0049 <0.0049 <0.0049 -
2,3-heptanedione <0.0026 <0.0026 <0.0026 <0.0026 -
Acetaldehyde 0.0929 0.0833 0.1458 0.1350 180
Furfural <0.001 <0.001 <0.001 <0.001 7.9

- no PEL-TWA value

* lower than pre-weighing
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Table 16 Retail store 5 concentration of analytes

sampling sites

A

B C

PEL/TLV-TWA

working table working table counter stairs
mg/m®

Inhalable dust 015 011 * * 0.26 0.5(ACGIH)
Respirable dust * * * * -
Diacetyl <0.0024 <0.0024 <0.0024 <0.0024 -
2,3-pentanedione <0.0027 <0.0027 <0.0027 <0.0027 -
Acetoin 0.0054 0.0059 0.0045 0.0075 -
2,3-hexanedione <0.0049 <0.0049 <0.0049 <0.0049 -
2,3-heptanedione <0.0026 <0.0026 <0.0026 <0.0026 -
Acetaldehyde 0.2801 0.4314 0.1072 0.1373 180
Furfural <0.0010 <0.0010 <0.0010 <0.0010 7.9

- no PEL-TWA value

* lower than pre-weighing
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Table 17 Demographic characteristics of study subjects (n=68)

Age (years)
Gender No. (%)
Male
Female
Weight(kg)
Height(cm)
BMI(kg m?)
<185
18.5-24
>24
Education No. (%)
=<6 years
6-9 years
9-12 years
12-16 years
Time working in bakeries
day off per month No.(%o)
4 days
6 days
8 days

Working hours per day (hours)

over 10
8~10
<8

32.61(15-61)*

39(57.3)
29(42.6)

62.49(40-95)*
166.62(144-185)*

9(14.2)
35(55.5)
19(30.1)

3(4.4)
6(8.9)
36(53.7)
22(32.8)
7.15(1-40)*

12(17.6)
51(75)
3(44.1)

53(77.9)
14(20.5)
1(1.4)

*Mean (min-max)
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Tablel18 Lifestyle and general health descriptions (n=68)

Smoking status No. (%)
Smoker
Ex-smoker
Never smoked
Alcohol No. (%)

Drinker
Nondrinker

Self-perceived health status No. (%)

Excellent

Good

Average

Fair

Poor

Disease history No.(%o)

Heart disease

Diabetes

Tendinitis

Arthritis

Spine, intervertebral disc disorders
Skin disorder

Rhinitis

Pneumonia, bronchitis
Emphysema

Allergy

Cough over 3 months
Shortness of breath
Wheezing

Asthma

18(26.4)
3(4.4)
45(66.1)

6(8.8)
62(91.1)

8(11.7)
13(19.1)
33(48.5)
9(13.2)
4(5.8)

3(4.4)
1(1.4)
9(13.2)
5(7.3)
5(7.3)
7(10.2)
4(5.8)
5(7.3)
3(4.4)
25(36.7)
10(14.7)
16(23.5)
4(5.8)
2(2.9)
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Tablel19 Prevalence of workers reporting health symptoms (n=68)

No.(%) Never  Seldom Sometimes Usually  Always
Eye symptoms
Eyes dry , itchy , watery eyes 43(63.2) 12(17.6) 7(10.2) 6(8.8) 0(0.0)
Eye irritation 50(73.5) 12(17.6) 2(2.9) 4(5.8) 0(0.0)
Foreign body sensation in eyes 60(88.2) 6(8.8) 1(1.4) 1(1.4) 0(0.0)
Repiratory symptoms

Itchy nose, throat 41(60.2) 13(19.1) 7(10.2) 6(8.8) 0(0.0)
Nose irritation 52(76.4) 9(13.2) 2(2.9) 4(5.8) 0(0.0)
Runny nose, stuffy nose 40(58.8) 15(22.0) 5(7.3) 7(10.2) 0(0.0)
Sneezing, coughing 34(50.0) 18(26.4) 8(11.7) 6(8.8) 1(1.4)

Table 20 Prevalence of workers reporting health symptoms (n=68)

No.(%) Never  Seldom Sometimes Usually  Always
Skin symptoms
Burn 43(63.2) 18(26.4) 3(4.4) 2(2.9) 1(1.4)
Peeling 56(82.3) 8(11.7) 1(1.4) 2(2.9) 0(0.0)
Itching , dryness, soreness 44(64.7) 12(17.6) 4(5.8) 6(8.8) 1(1.4)
Rash , eczema 53(77.9) 6(8.8) 5(7.3) 3(4.4) 0(0.0)
Skin breakdown 49(72.1) 11(16.1) 3(4.9) 2(2.9) 1(1.4)
Musculoskeletal symptoms
Wrist, arm 30(44.1) 12(17.6) 12(17.6) 6(8.8) 7(10.2)
Neck, shoulder 32(47.0) 10(14.7) 10(14.7) 9(13.2) 6(8.8)
Back 35(51.4) 7(10.2) 10(14.7) 8(11.7) 7(10.2)
Leg 37(54.4) 12(17.6) 6(8.8) 4(5.8) 8(11.7)
Other symptomes

Dizziness, headache, drowsiness  45(66.1) 12(17.6) 7(10.2) 1(1.4) 1(1.4)
Fatigue, weakness, incoordination 45(66.1) 11(16.1) 7(10.2) 3(4.4) 0(0.0)
Sweat a lot due to overheating 19(27.9) 10(14.7) 13(19.1) 12(17.6) 8(11.7)
Bad ventilation 23(33.8) 8(11.7) 19(27.9) 5(7.3) 8(11.7)
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Table 21 Asthma-like symptoms among different level flour dust exposure groups

Cough>3  Shortness )
Groups Allergy Wheezing Asthma
months of breath
High exposure 18(45) 8(20) 12(30) 3(7.5) 1(2.5)
Low exposure 7(25) 2(7.1) 4(14.2) 1(3.5) 1(3.5)
] Nose and ]
Dryl/itchy nose Runny nose, Sneezing,
Groups throat ]
and throat o stuffy nose coughing
irritation
High exposure 10(25) 4(10) 9(22.5) 10(25)
Low exposure 3(10.7) 2(7.1) 3(10.7) 5(17.8)
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Table 22 Part of materials frequently used in baking industry
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Table 23 Comparison of detected inhalable dust concentration with TLV-TWA

. personal
sampling sites A-1 A-2 B C i
sampling
mg/m®
Factory 1 0.55 0.41 0.01 * * -
Factory 2 0.82 0.76 * 0.05 0.13
Retail store 3 0.1 0.02 0.49 0.38 0.09 -

Retail store 4
Retail store 5

0.26 0.52 0.77 0.38 0.18 -

0.15 0.11 *

* 0.26 -

B> TLv-TWA i< TLV-TWA, > 1/2 TLV-TWA

<1/2 TLV-TWA, > 1/10 TLV-TWA

Table 24 Results of air sampling in baking mix plants

Reference Sampling target Result
diacetyl substitutes: 2,3-pentanedione,
Air sampling and raw material 2,3-hexanedione, 2,3-heptanedione, and
G. Day etal. survey at working areas in acetoin
2011. baking mix plants using diacetyl  2,3-pentanedione TWA: 78ppb
substitutes (0.31mg/m°)
personal sampling: 91ppb (0.37 mg/m?)
Air sampling and raw material
G. Day et al. survey at working areas in The inhaled risk of flavoring dust is
2009. baking mix plants using diacetyl unknown but may be important.

substitutes
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Figure 3 IOM sampler with MultiDust Foam Disc [51]
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Figure 5 AEROCET 531 Handheld Particle Mass Profiler
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Figure 6 Position of sampler during task-based personal sampling
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Figure 7 Chromatograms of diacetyl, 2,3-pentanedione, acetoin, 2,3-hexanedione, and 2,3-heptanedione
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Figure 8 Chromatograms of acetaldehyde and furfural
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Diacetyl ~ 2,3-pentanedione
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Figure 9 Calibration curve of diacetyl ~ 2,3-pentanedione (0.05-20 ng/uL)
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Figure 10 Calibration curve of acetoin, 2,3-hexanedione, 2,3-heptanedione (0.1-20 ng/uL)
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Figure 11 Calibration curve of acetaldehyd and furfural (0.1-10ug)
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Figure 12 Calibration curve of acetaldehyde in back sorbent section (0.08-5ug)
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Figure 14 Concentrations of total volatile organic compounds in factory 1
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Figure 16 Concentrations of total volatile organic compounds in factory 2

72

doi:10.6342/NTU201601993




Particle conc. during flour weighing in factory 2
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Figure 17 Particle mass concentrations during flour weighing in factory 2

Particle conc. during oil-spraying in factory 2
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Figure 18 Particle mass concentrations during oil sprayed in factory 2

73

doi:10.6342/NTU201601993



AR E 42 |
tE T D
g | |E|l E
% {* {}FE oo D
H0 S
) B
()qu L 5
O || OE
| 21 HES)
Figure 19 Similar exposure group and sampling sites in retail store 3
Concentrations of particle in retail store 3
0.300
0.250
0.200
n 0.150
B 0.100 Pt
PM2.5
0.050 l
PM7
0.000 ‘ ‘ ool
. . . after after HPM10
mixing mixing pouring pouring pouring
m TSP
PM1 0.000 0.000 0.017 0.000 0.000
PM2.5 0.008 0.002 0.072 0.002 0.002
PM7 0.041 0.011 0.242 0.010 0.007
= PM10 0.073 0.017 0.264 0.014 0.010
W TSP 0.073 0.031 0.278 0.024 0.014

Figure 20 Particle mass concentrations in retail store 3

74

doi:10.6342/NTU201601993




TR T

T3 4 B E
A

TIER

(}%ﬂﬁﬂﬁ\ﬁﬂﬁ

HERE

- .

i
=

2

Figure 21 Retail store 4 similar exposure group and sampling sites

75

doi:10.6342/NTU201601993



N 5 =
hE R #a
8
i
= TRELR
i e || 58
= - 22 || m2=
= HREELe g= || gEE
T{Es TiEs
i
B
it
(| =m-s®E | —eIre
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Figure 23 Concentrations of total volatile organic compounds retail store 5
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Figure 25 Comparison of detected inhalable dust concentration with TLV-TWA
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Concentration of acetaldehyde in 5 workplaces
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Figure 27 Average concentrations of ketones at working and counter/office
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