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Association of Particulate Matter from Cooking Oil Fumes with Heart Rate Variability and

Oxidative Stress

Chih-Hong Pan*, Institute of Labor, Occupational Safety and Health, Ministry of Labor, New Taipei City, Taiwan

Chang-Chuan Chan, Institute of Occupational Medicine and Industrial Hygiene, College of Public Health, National Taiwan University,
Taipei, Taiwan

Kuen-Yuh Wu, Institute of Occupational Medicine and Industrial Hygiene, College of Public Health, National Taiwan University, Taipei,

Taiwan

Abstract
Background/Aim: Many studies have reported various cardiovascular autonomic responses to ambient particulate matter
(PM) pollution, but few have reported such responses to occupational PM exposures. Even fewer have demonstrated a
relationship between PM pollution and oxidative stress in humans. This panel study of Chinese cooks was designed to
explore the effects of PM mass and PAHs in cooking oil fumes (COFs) on two markers of oxidative stress, 8-OHdG and
MDA. The influence of PM mass in COFs on HRV was considered and whether pre-exposure baseline oxidative stress
levels modified the effects of PM exposure on HRV was determined.
Methods: This panel study evaluates the association between occupational exposure to PM in COFs, and changes in both
heart rate variability (HRV) and oxidative stress responses in 54 male Chinese cooks. Linear mixed-effects regression
models were adopted to estimate the strength of the association between PM and HRV. Participants’ pre- and
post-workshift urine samples were analyzed for 8-hydroxy-2’-deoxyguanosine (8-OHdG) and malondialdehyde (MDA).
Multiple linear regression models were then used to study the effect of particulate PAHs and PM on urinary 8-OHdG and
MDA levels.
Results: Exposures to PM in COFs from 15 minutes to 2 hours were associated with a decrease in HRV and an increase
in heart rate among cooks. The urinary 8-OHdG levels of cooks were significantly elevated after workshift exposure to
COFs. The levels of particulate benzo(a)pyrene in COFs were positively correlated with cross-workshift urinary 8-OHdG
levels. The effects of COFs on HRV were independent of cross-workshift urinary 8-OHdG levels.
Conclusions: Exposure to COFs leads to disturbed autonomic function and an increased risk of oxidative DNA injury

among cooks in Chinese restaurants.

Key Words: cooking oil fumes, particulate matter, polycyclic aromatic hydrocarbons, heart rate variability, oxidative stress

30



Association of Particulate Matter from
Cooking Oil Fumes with Heart Rate
Variability and Oxidative Stress

S

C

@ Chih-Hong Pan'", Chang-Chuan Chan®, Kuen-Yuh Wu?

(4 - j Mnstitute of Labor, Occupational Safety and Health, Ministry of Labor,

Mew Taipei City, Taiwan

* Institute of Occupational Medicine and Industrial Hygiene, College of
Public Health, National Tarwan University, Taipei. Taiwan

31



32



Background

Cooking oil fumes (COFs) are created and
released into the environment when food
is fried, stir-fried or grilled using cooking
oil at high temperatures. COFs may cause
the occupational and environmental health
problems. The hazard of COFs includes
respiratory diseases, cytotoxicity and
genotoxicity, lung cancer, bladder cancer,
and cervical intraepithelial neoplasm.
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Background (cont. 1)

Particulate matters (PM) and polycyclic
aromatic hydrocarbons (PAHS) are
important components in COFs.

PM is associated with cardiopulmonary.
mortality and morbidity, oxidative stress,
and inflammation response in human.

Background (cont. 2)

PAHs have been reported to cause
oxidative stress in vitro and in vivo
studies, but the mechanisms by
which these compounds produce
oxidative stress are unclear.
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Background (cont. 3)

An important gap in the literature has been the lack of
cohort study for restaurant workers of cardiovascular
diseases in Taiwan.

Many studies have reported various cardiovascular
autonomic responses to ambient particulate matter (PM)
pollution, but few have reported such responses to
occupational PM exposures. Even fewer have
demonstrated a relationship between PM pollution and
oxidative stress in humans.

So this study attempts to deal with the health risk
evaluation of oxidative stress and cardiovascular effects
for restaurant workers exposed to cooking oil fumes in
Talwan.

Panel study

Workday Measurement of Particulate Matter (PM) and
cardiovascular effects for cooks

Cuestionmaire Survey

Contineons PM Measurement in Air of
'orkplace :
’ Electrocardiogram
MMeasurement of PAHSs in Air of
Workplace Measurement of Oxidative stress for pre-
afnid pu--.r workzhift

Calculation of Heart Rate Variahility
[SDNM, --MSDD, LF, HF)
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Exposure Measurement

Airborne particulate PAHs were monitored in the
kitchen and dining areas over two consecutive
workdays, measured for 12 hours with glass
fiber filters on each workday, then analyzed by
HPLC,

Five PAH species, including pyrene,
benzo(k)fluoranthene (BkF), benzo(a)pyrene
(BaP), benzo(ghi)perylene (Bghip), and
dibenzo(a,e)pyrene (DBaeP) were quantified.
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After sampling in the
Blank sample pe

deep fry area

INTRODUCTION

This panel study evaluates the association
between occupational exposure to PM in
cooking oil fumes (COFs), and changes in
both heart rate variability (HRV) and
oxidative stress responses in 54 male
Chinese cooks.
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METHODS

Linear mixed-effect regression models were
adopted to estimate the strength of the
association between PM and HRV.

Participants’ pre- and post-workshift urine
samples were analyzed for 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and malondialdehyde
(MDA).

Linear mixed-effect regression models were then
used to study the effect of particulate PAHs and
PM on urinary 8-OHdG and MDA levels.

METHODS

Linear mixed-effect regression models were
adopted to estimate the strength of the
association between PM and HRV.

Participants’ pre- and post-workshift urine
samples were analyzed for 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and malondialdehyde
(MDA).

Linear mixed-effect regression models were then
used to study the effect of particulate PAHs and
PM on urinary 8-OHdG and MDA levels.
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Particulate Matter

Each study subject underwent continuous,
personal PM,,. PM, - and PM, , monitoring
using a Dust-check portable dust monitor,
Model 1.108 (Grimm Labortechnik Ltd..
Ainring, Germany ), which measured mass
concentration and temperature every minute.
The dust monitor was placed near the
breathing zone of each subject and was worn
throughout the workday:

Particulate PAHs

Particulate PAH samples were collected and HRV and
biological monitoring performed on the same day.
Particulate PAHs in the workplace were collected
using IOM (Institute of Occupational Medicine,
England) samplers with glass fiber filters (diameter:
25mm. pore size: 0.7 pm) at a flow rate of 2.0 L/min.
The samplers were placed near each worker's
breathing zone and worn throughout the workday:.
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HRV Monitoring

To evaluate the effect of PM in COFs and
to avoid sleep effects on HRV, we used the
Holter monitoring when the subjects were
working between 0900 hour and 2100 hr
for data in this study.

HRV Indices

The time-domain measurements of HRV
were standard deviations of all normal-to-
normal (NN) intervals (SDNN) and square
root of the mean of the sum of the
squares of differences between adjacent
NN intervals (r-MSDD).

SDNN=

| 2 (qulalified intervals?) : e .
[ ——————————— — (average of quahhed mtervals)
| Mo. of qualified intervals
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HRV Indices

[
r-M 5 DD = 2 (qulalified interval delta®)
-_—

| No.of gualified intervals

The frequency-domain measurement
of HRV were low frequency (LF) power
(0.04 — 0.15 Hz), and high frequency
(HF) power (0.15 — 0.4 Hz).

[Task Force 1996]

Statistical Methods

We applied lincar mixed-cffects regression
models to estimate the association between PM
and heart rate variability by using general
additive procedures. We treated subjects’ age,
years as cook, BMI, and cigarette smoke
exposure as time invariant variables, and PM
levels, temperature, and HRV as time-varying

variables, in our data analysis.
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Table 1. Personal characteristics and environmental exposures of cooks (n=34)

Charmcte Mean + 5D
4+ 10.5
54+ 108
I.l_:|1
Heart mte (S-minute meam, e e} 015+ 0.2
Lmimte mean, pgm’)
nivle s, g

(S=minube mean, e

16,0 = 34,9

Table 2. Estimated percentage change (95% ClIs) in HR by an
interguartile range (IQR) "increase in PM exposure (n=54) *7

Cutcome ; . P:\Im I1.l|

15-min 0.71 (D42 to 1.01)* 137 (091 to 1.BI)* 1.26 (0.72 to 1.B0)*
A0-min 1.5% (D.BD to 1.51)* 239 (1.79 to 3.01)*

1 =T 129 (.91 to 1.6T)* T {053 10 4.91)* 2000 (1,41 to 2.81)*

2T 1.16 (.41 to 1.92)* 217 (1.12 10 3.23)* 1.26 (.17 1o 2.36)*

hr in. Ph1
Jemmin, 1-hr, am
for 1 5-mdn, 3

age, BMI, smoki c and ambient fempembure
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Table 3. Estimated percentage change (95% Cls) in time-domain HRV by an
interguartile range (IQR) increase in PM exposure (n=54)

PM, ,

1 5=min b (- 1. T8 fo 0.0 A .B5) B 0.16)*
i0-min Al LA8) 2T (-5.90 o -2, ] 320 (-2 00 te-1.2T)*
1=l : 183 to -0,40)* il .45 344 (-5,63 bo -1, 200

2-hr 0.14 (-2, BE(-T7A41 10 .15)" 3.92 (-T.52 to -0.18)*

15-min -0 (- 142 to L 1B)* 0.76 (-1.29 to -L23)* 72 (-1.18 b -0.206)*
A0=miin 1.24 (- L85 to 2065 233 (-3.00t0-1.05)* 1,72 {-3.00 to-0.43)*
1-hr 1.37(-2.21 to AL53)* 201 (-4.34 to -1.46)" L.B9 {-3.45t0-0.31)*

2=l 001 (-2.23 1 1.54) 3.26(-534w0-1.135)* 3,45 (-6.04 to -0, T

Table 4. Estimated percentage changes (95% Cls) in LF and HF of frequency
domain HRV indices interguartile range (IQR) increase in PM exposure (n=54)

0.347*

(-11.58 1o -0.18)
15-min
A0 =11in

1-hr ) : 14 1o i 3.84 (-7.13 o -0

2-hr
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Table 5. Predictors of cross-shift changes in urinary 8-OHd G and MDA levelsin
54 cooks by Linear mixed-effect regression analysis.”
eatiine) hDrA, (pgf itine)
efficient Lo iom coefficient
{958 Confidence interval) (0%5% Confidence interval)
P, (g
P, 5 (ngfme)
P g (lgfme)

Pyrens (ng /o)

ll.1:-|-:|.-_' [ng Vit )y
I.'-i'|:-_'|_.-.-;.'-::a..l.'I|.l:-1l.'.||l.' [ng Vit )y 0483 (-0833 10 1.700 )

"Models adjusted for age, BML, cigarette smoking and years as a cook.

Summary

This study is, to our knowledge, the first
to demonstrate that occupational exposure
to PM mass and PAHs in COFs can
influence HRV and induce oxidative stress
responses among Cooks.
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Summary

The fact that cook’s pre-exposure 8-OHdG
levels did not modify the effect of COFs on
HRV in our study indicates that COFs-
attenuated HRV reduction may not be
affected by individual worker’s oxidative
stress.

Limitation

First, data on other co-pollutant in COFs, such
as aldehyde, aromatic amines and benzene were
lacking, possibly confounding the results
concerning PM effects.,

Additionally, the effects of breathing patterns on
HRV and respiration-modulated autonomic
activity were not accounted for.
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Conclusion

Regardless of these limitations, our data
tend to show that PM in COFs is
associated with altered cardiovascular
autonomic function and may increase the
risk of developing oxidative DNA injury
following the exposure of Chinese cooks to
high levels of COFs.

Cooking oil fumes

Unnary 1-OHP Unnary MDA

Lipd

peroxidation

e Positive predictor -
Oxidative DNA damage
| SDNM | -MSSD |LF |HF Female > Male
tHR ;

l

To disturb antonomic function

Evidence of lung cancer

king oil fumes on oxidative stress and heart

rate variability in restaurant workers
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Exposure to Hexavalent Chromium Induced Oxidative Stress in Male Electroplating

Workers
Chih-Hong Pan*, Institute of Labor, Occupational Safety and Health, Ministry of Labor, New Taipei City, Taiwan

Hueiwang Anna Jeng , School of Community and Environmental Health, College of Health Sciences,
Old Dominion University, Virginia, USA

Ching-Huang Lai , School of Public Health, National Defense Medical Center, Taipei, Taiwan

Abstract
Background/Aim: Hexavalent chromium (Cr(VI1)) is widely used in electroplating industry. There is limited information on
the relationship between chronic exposure to Cr(VI) and health effects on electroplating workers. This study discusses two
oxidative stress markers, urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) and malondialdehyde (MDA), and three
biological exposure markers, Cr in urine, hair and fingernail in workers who are exposed to (Cr(VI)) in electroplating
factories.
Methods: The study participants were 230 non-smoking male workers from electroplating companies in Taiwan. 105
Cr(VI) exposed workers served as the exposure group and 125 workers from administrative offices served as the control
group. Total Cr and Cr(VI) in ambient air were measured to assess the personal exposure to Cr(VI). Cr in urine, hair
and fingernail were used to depict an internal dose of Cr(VI). Urinary 8-OHdG and MDA were analyzed to measure the
status of oxidative DNA damage and lipid peroxidation. A questionnaire was employed to collect demographics and
confounding factors. Linear mixed-effect regression models were employed to estimate the relationship between the
oxidative biomarkers and Cr internal doses depicted in biological samples.
Results: Both the geometric mean concentrations of ambient total Cr and Cr(VI) in the electroplating areas significantly
exceeded those in the offices. The mean concentrations of Cr in urine, hair and fingernail, and urinary 8-OHdG, and
MDA in the Cr(VI) exposed workers exceeded those in the control subjects. Work in electroplating areas, work hours
per day and urinary Cr were significantly associated with both urinary 8-OHdG and MDA, after adjustments for other
covariates.
Conclusions: Exposure to Cr(VI) could lead to an increased risk of oxidative DNA injury and lipid oxidative deterioration in
electroplating workers.
Key words: hexavalent chromium, electroplating workers, oxidative stress, 8-hydroxy-2’-deoxyguanosine,

malondialdehyde
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Methods

The study participants were 230 non-smoking male workers from
electroplating companies in Tarwan. 105 Cr{VI) exposed workers served as the
exposure group and 125 workers from adnumistrative offices served as the
control group. Total Cr and Cr{VI) in ambient air were measured to assess the
personal exposure to Cr{VI). Cr in urine, hair and fingernail were used to
depict an internal dose of Cr(VI). Urnnary 8-0HAG and MDA were analvzed to
measure the status of oxidative DINA damage and lipid peroxidation. A
questionnaire was emploved o collect demographics and confounding factors.
Linear mixed-effect regression models were emploved to estimate the
relationship between the oxidative biomarkers and Cr infemnal doses depicted 1n

biological samples.

51



Results

Both the geometric mean concentrations of ambient total Cr and Cr{VI) 1n
the electroplating areas significantly exceeded those in the offices. The
mean concentrations of Cr in unne, hair and fingernail, and urnnary 8-
OHAG, and MDA in the Cr(VI) exposed workers exceeded those in the
control subjects. Work in electroplating areas, work hours per dayv and
urinary Cr were significantly associated with both urninary 8-OHdAG and
MDA, after adjustments for other covariates.
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Table 1. Descriptive characteristics of Cr-exposed workers
and control subjects

Cr Exposurs Workers Conirol Subgects

R z=107) =127

'-':suna] baracisnisiic, pwez 1 5T

Age (years)

Buwdy mass mdex (kg'm*)

Urinary creatining (mag/dL)

Work sxpariezce, mean t 5T

Working years
Work deys par wees
Work Eours par day

Healtk babavior (N {*a])

sacondhand sozoks exposurs

(24 days parw

-'IJ :-];.:-I -:-: .'ﬂ:cr.

H.1xE6

128+31

iz 440

35246
38x11

80=01

25 (20.0%)

0TS R
19 (15.2%)

0.848

0.711

0285

0.014

0.728

0.022

0024

00238
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Table 2. Personal cumulative Cr (VI) and total Cr concentrations (ug/m**hr)
in Cr exposed workers and control subjects at the 16 electroplating companie:

Varaable Cr-exposed workers (a=10%) Comerol Subjects (n=125) P
AL 5D G A

Daily cumulative Cr{VT) 1556 33 48 10 =10.001
Comulative CriVl) mn the weel: 920.0 2 75 21 =001
Comulative Cr{VI) in the year 460353 al 13755 22 =001
Comulaive CriVD) in the year: 1610'78.1 a2 54101 31 =001
Dadly cumulative tatal Cr 2852 a2z 8.8 21 =001
Comulafive total Crin the week 16563 i1 40 4 13 =1.001
Cumulative total Crin che year 843138 .0 24053 15 <1001
Cumulative total Cr in the years 2952318 4.5 95808 32 =001
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Table 3. Oxidative stress biomarkers and Cr in biological specimens
from Cr-exposed workers and control subjects

Chromium Exposure

Control Subjects

Vanables P
Workers (IN=103) (N=123)
oM G5D GM 5D
Unnary 8-0H4G
(Lig/g creatmine) T8 21 41 21 0.005
Urnary MDA
{Lg/g creatmine] 151.9 1.8 102.2 2.1 0.042
Urnary Cr
(Ug/g creatmine] 2.3 1.8 0.6 1.5 =0.001
Hair Cr {ug's) 7.2 4.7 3.3 3.2 -0.001
Fmgemal Cr {Ug/g) 27 4.5 6.9 4.5 0,001
Summed Cr* (g'g) 452 3.2 18.2 29 =0.001
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Table 4. Assessment of predictors of 3-OHdG and MDA in the Cr-
exposed workers based on the linear mixed-effect regression analvsis

Variable: Log,, 8-OHAG (ug1) Log,, MDA (ug1)
Coefficient f50g CT Coefficient A5G CT

Secondbhand smolke exposore Yes vi 0150 -0.082-0331 0127 -0.014 —0.128

)

Alcohol consnmption .06 -0.082-0222 (.061 -0.078 —0.200

(Yes ve. mo)

Respiratory protection (¥es vs. no) -0L0E8 -0.298-0.180 0017 -0.131-0.098

Are 0.011 -0.008—0.030 0.008 -0.001-0.018

- 0L02E ’ ’

EMD 000G 00250012 0008 0.034-0.018

Career-lensth cumulative Cr{VI) 0.081 -0.160-0.341 .11 -0.058 0219

(Log mg/'m’~hr)

Tearly comulative CriVT) 0. 266 -1 8743406 0160 -LAT0-2.190

{Log mg/m*"hr)

Weeldy cumulative CriVI) 512 -1.623-3 6469 0487 -1.614-2.588

{Log mg/mr**hr)

Lraily comulative CriVT) 732 LOTH-13047 0429 0. 163—0.714*

{Log mz/m**hr)

Log,, Urinary Cr {(pug1) 0237 0OS2—-0.420= 0161 00100 312
. , .062 -0.067-0.191 0017 -0.095-0.131

Lig,, Hair Cr {ug'g)

Log,, Finsernail Cr (us/s) 0.067 0028 —0.123  0L0s8 -0.027-0.143

Log,, Urinary creatinine {mg'dl) 0174 0.446-0.097 0,048 -0.193-0.288
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