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AbstractÐAccording to toxicological studies, there are several unidenti®ed mutagens derived from
cooking oil fumes appearing in kitchens of Chinese homes where women daily prepare food. Data are
limited to an analysis of aromatic amines from cooking oil fumes, which are known to be carcinogenic
for bladder cancer. Fume samples from three di�erent commercial cooking oils frequently used in Tai-
wan were collected and analysed for mutagenicity in the Salmonella/microsome assay. Aromatic amines
were extracted from the samples and identi®ed by HPLC and con®rmed by gas chromatography/mass
spectrometry (GC/MS). Extracts from three cooking oil fumes were found to be mutagenic in the pre-
sence of S-9 mix. All samples contained 2-naphthylamine (2-NA) and 4-aminobiphenyl (4-ABP). Con-
centrations of 2-NA and 4-ABP were 31.5 and 35.7 mg/m3 in fumes from sun¯ower oil, 31.9 and
26.4 mg/m3 in vegetable oil, and 48.3 and 23.3 mg/m3 in re®ned-lard oil, respectively. Mutagenicities of
the three cooking oil condensates were signi®cantly reduced (P< 0.05) by adding the antioxidant cate-
chin (CAT) into the oils before heating. Signi®cant di�erence existed between the amounts of aromatic
amines with and without adding CAT (P< 0.05). These results indicate that exposure to cooking oil
fumes in Taiwan might be an important but controllable risk factor in the aetiology of bladder cancer.
# 1999 Published by Elsevier Science Ltd. All rights reserved
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Abbreviations: 4-ABP= 4-aminobiphenyl; BHA= butylated hydroxyanisole; B[a]A = benzo[a]anthra-
cene; B[a]P = benzo[a]pyrene; CAT= catechin; DB[ah]A = dibenz[ah]anthracene; GC/MS= gas
chromatography/mass spectrometry; HAA= heterocyclic amines; 2-NA= 2-naphthylamine; PAH=
polyaromatic hydrocarbon.

INTRODUCTION

Several aromatic amines have been implicated as

human bladder carcinogens, including 2-naphthyl-

amine (2-NA) (Schulte et al., 1986), 4-aminobiphe-

nyl (4-ABP) (Hueper, 1969), benzidine (Meigs et al.,

1986), 4,4'-methylenedianiline (Schulte et al., 1987),

4,4'-methylenebis (2-chloroaniline) (Ward et al.,

1988), o-toluidine (Rubino et al., 1982) and 4-

chloro-o-toluidine (Stasik, 1988). According to ear-

lier studies, 2-NA and 4-ABP are considered par-

ticularly important as aetiological agents inducing

human bladder cancer associated with cigarette

smoking (Gorrod and Manson, 1986) and occu-

pational exposure (Ri�elmann et al., 1995).

Numerous studies have indicated that smokers

exhibit higher haemoglobin adducts of aromatic

amines than non-smokers (Bryant et al., 1988;

Vineis et al., 1990; Weston et al., 1991). The level

of adducts in non-smokers is positively associated

with their exposure to environmental tobacco

smoke (Maclure et al., 1989). Roughly 50% of

attributed risk for bladder cancer is associated with
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cigarette smoking, which seems to indicate that
there remains some exposure to aromatic amines

that is not associated with tobacco smoke.
Early Western investigations (Gere, 1982;

Teschke et al., 1989) indicated that air samples

from restaurant kitchens were mutagenic in
Salmonella typhimurium strains TA98 and TA100,
as were fumes arising from cooking certain foods

(Lofroth et al., 1991; Rappaport et al., 1979).
Recently, according to research from mainland
China and Taiwan, polycyclic aromatic hydrocar-

bons (PAHs), benzo[a]pyrene (B[a]P), dibenz[ah]an-
thracene (D[ah]A) and benz[a]anthracene (B[a]A)
were extracted from rapeseed, sun¯ower, vegetable,
and re®ned-lard oils (Chiang et al., 1997; Li et al.,

1994). Several PAHs are considered to be aetiologi-
cal agents for lung adenocarcinoma among Chinese
women. In our previous studies, some mutagens

were not identi®ed and con®rmed by comparing
with the amounts of mutagenicity between cooking
oil fumes and identi®ed PAHs (Chiang et al., 1997,

1998; Wu et al., 1998a). Epidemiological studies
have observed an elevated incidence of cancers
among non-smoking women with long-term ex-

posure to cooking oil fumes (Gallagner et al., 1964;
King and Haenszel, 1973), and excess bladder can-
cer was reported among cooks who had occu-
pational exposure to cooking oil fumes daily

(Schoenberg et al., 1984). The aromatic amines
were suspected aetiological factors for contracting
bladder cancer among these people. There are lim-

ited data about the arylamine content of fumes
from cooking oils. We analysed the mutagenicity of
the frequently used oils (sun¯ower, vegetable and

re®ned-lard oils) during the past 10 yr in Taiwan.
Five aromatic amines, 2-NA, 4-ABP, benzidine, o-
toluidine and 4,4'-methylenebis (2-chloroaniline),
were analysed. In addition, catechin (CAT) was

added to cooking oils before heating to clarify the
e�ect of this antioxidant on mutagenicity and aryl-
amine concentrations of fumes produced by the

heated cooking oils.

MATERIALS AND METHODS

Chemicals

Three commercial hand-made cooking oils (sun-
¯ower oil, vegetable oil and re®ned-lard oil) were
purchased at traditional Taiwanese markets. The

acetone extracts of the oils and air samples before
heating were checked for mutagenicity in order to
con®rm that the process of cooking was responsible

for the mutagenicity of these oils. Each oil (0.1
litre) was poured into an iron pot and heated by an
electronic heater at 3002108C. In addition, we

designed another experiment to clarify the e�ects of
an antioxidant on the mutagenicity and arylamine
content of cooking oil fumes. Di�erent amounts
(500 ppm, 1000 ppm and 1500 ppm) of the antioxi-

dant CAT were added to the three cooking oils
before heating, and condensates were collected. All

experiments were performed in triplicate, and par-
ticulate matter arising from the hot oil was collected
for 30 min on 37-mm Grade AA glass ®bre ®lter

paper, by means of a personal sampling pump (¯ow
rate: 2 litres/min) placed 50 cm above the fuming
surface (approximate position of cook's face). An

air sampling study was performed while the iron
pot was heated without cooking oils to con®rm that
the aromatic amines were not supplied from the

heated environmental air or heated iron pot.

Fume extraction

The ®lter paper was weighed before and after
sampling. Each ®lter paper was divided into 1-cm
squares and the pieces were extracted with 200 ml

acetone in a shaker. The organic extracts were ®l-
tered through Whatman No. 1 ®lter paper; the ®l-
trates were concentrated to approximately 10 ml in

a vacuum rotary evaporator at 408C and then evap-
orated to dryness under a nitrogen stream. The resi-
due was weighed, redissolved in the original solvent

(2 ml) and stored at ÿ808C until the mutagenicity
test and HPLC analysis were performed.

Mutagenicity test

Samples were tested for mutagenicity by the

Salmonella/microsome test, as described by Maron
and Ames (1983). Liver homogenate supernatant
(S-9) was prepared from the liver of male Sprague±
Dawley rats treated with Aroclor 1254, as described

by Maron and Ames (1983). Test condensates were
diluted in 100 ml dimethyl sulfoxide with or without
0.5 ml S-9 mix, and were gently stirred for 20 min

at 378C. Selective top agar (2 ml) was added to
each tube and the mixture was stirred and layered
over the surface of a minimal agar plate. The plates

were incubated for 48 hr. Each condensate was
tested at four concentrations (0.25, 0.5, 1.0, 2.0 mg)
and the mean number2standard deviations of

revertants from the six plates was calculated.
Colonies were counted by an automated colony
counter.

HPLC and GC/MS analysis

Extracts of samples were passed through a

Sephadex LH-20 column (15 mm i.d.�190 mm) at
a ¯ow rate of 1.5 ml/min, with 2-propanol as the
eluent. Fractions were collected by a fraction collec-

tor at 2-min intervals. An aliquot (10 ml) of each
fraction was evaporated and the residue was dis-
solved in 1 ml acetone for aromatic amine determi-

nation by HPLC. The fractions were ®ltered with a
0.45-mm Millipore ®lter and eluted with 65% aceto-
nitrile±water (v/v) at 1 ml/min using a Hewlett-

Packard 1050 HPLC system (column type: 80 AÊ

C18, 25 cm�4 mm i.d., 5 mm). The eluents were
monitored at 230 nm. The quantitative analysis
method was compared with standard calibration

Tai-An Chiang et al.126



curves and the peaks were deconvoluted by the pro-
gram in HP-MS (Hewlett Packard Company)

Chem. Station. The areas of the peaks were used to
calculate the concentration of AAs. In order to con-
®rm the arylamines existing in the three tested oil

fumes, UV spectral characteristics of the HPLC
peaks in each puri®ed sample were compared with
library spectra acquired from standard solutions.

Furthermore, gas chromatography/mass spec-
trometry (GC/MS) was conducted using an HP
5890 Series II instrument equipped with split/split-

less injector and a PTE 5 Supelco 30 cm�0.25 mm
column (0.2 mm). An HP-MSD 5972 mass detector
was used as detector and an HP-MS Chem. Station
as integrator.

RESULTS

The amount of fume particulates and acetone

extracts was higher (but not signi®cant) in vegetable
oil (Table 1). The acetone extracts of the oils and
air samples before heating showed no mutagenicity

using the Salmonella mutation assay with tester
strain TA98. The fume extracts of sun¯ower oil and
vegetable oil displayed direct (ÿS-9) mutagenicity

when the concentration was greater than 0.5 and
2.0 mg/plate, respectively (Table 2). Extracts from
sun¯ower, vegetable and re®ned-lard oil fumes were

found to be mutagenic in the presence of S-9 mix

when the concentration was greater than 2.0 mg/

plate. The mutagenicity of cooking oil condensates

was dependent on the concentration and cooking-

oil temperature (data not shown). Air samples col-

lected from unheated oils were all negative in TA98

with or without S-9. Di�erent amounts of CAT

were added before heating and condensates were

collected. CAT signi®cantly inhibited the mutageni-

city of all cooking oil condensates (P < 0.05)

(Fig. 1).

HPLC analysis showed that all extracts of cook-

ing oil fumes contained 2-NP and 4-ABP (Fig. 2)

and was con®rmed by UV spectral (Fig. 3) and

GC/MS (Figs 4 and 5). The average concentrations

of 2-NP and 4-ABP were 31.5 and 35.7 mg/m3 in

sun¯ower oil, 31.9 and 26.4 mg/m3 in vegetable oil,

Table 2. The mutagenicity of acetone extracts of fume particulates from various oils in Salmonella
typhimurium TA98 with or without S-9 mix

Revertants/plate$

Concn
ÿS9 +S9

(mg) Sun¯ower Vegetable Re®ned-lard Sun¯ower Vegetable Re®ned-lard

0.25 2421 1623 1522 6222* 3521 3021
0.5 3021* 2121 1821 8522+* 4522 3522
1.0 4121* 2621 2122 11823* 5523+* 4021
2.0 5523* 3022* 2521 15824* 6923* 5122*

*Positive result (mutagenicity was twofold higher than the spontaneous response).
$The spontaneous revertants of TA98 were 1421 (ÿS-9) and 2522 (+S-9), respectively; positive
control, 2-NA (1 mg/plate): 917244, and 4-ABP (1 mg/plate): 870228.

Table 1. Comparison of the amounts of fume particulates from
various cooking oils heated at 3002108C for 30 min

Oil
Fume particulate

(mg/m3)
Acetone extracts

(mg/m3)

Sun¯ower 25.122.3 20.721.8
Vegetable 28.322.8 22.422.0
Re®ned-lard 26.822.1 20.621.6

Fig. 1. E�ect of CAT on cooking oil condensates (1.0 mg/plate) mutagenicity in the Salmonella
mutation assay (TA98 + S-9).
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Fig. 2. Chromatography of acetone extracts of fumes from heated sun¯ower oil (A), vegetable oil (B)
and re®ned-lard oil (C) detected by HPLC.
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Fig. 3. UV spectra of acetone extracts of fumes from heated sun¯ower oil (A), vegetable oil (B) and
re®ned-lard oil (C) monitored by photodiode array by HPLC.
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Fig. 4. Mass spectra of 2-naphthylamine of acetone extracts of fumes from heated sun¯ower oil (A),
vegetable oil (B) and re®ned-lard oil (C) monitored by GC.
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Fig. 5. Mass spectra of 4-aminobiphenyl of acetone extracts of fumes from heated sun¯ower oil (A),
vegetable oil (B) and re®ned-lard oil (C) monitored by GC.
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and 48.3 and 23.3 mg/m3 in re®ned-lard oil, respect-
ively (Table 3). Quantitative analyses of arylamines

derived from condensates of cooking oils plus
di�erent amounts of CAT were also undertaken.
The amounts of arylamines were signi®cantly

reduced when CAT was added at concentrations of
500, 1000 and 1500 ppm, respectively (P < 0.05).
Vegetable oil had the highest reduction rate of aryl-

amine concentrations, followed by re®ned-lard oil
and sun¯ower oil.

DISCUSSION

In earlier studies, several PAH mutagens
[DB[ah]A, B[a]P in mainland China (Li et al.,
1994), and DB[ah]A, B[a]P, B[a]A in Taiwan

(Chiang et al., 1997)] and volatile organic com-
pounds (Shields et al., 1995) were found in cooking
oils. We analysed frequently used oils (sun¯ower,

vegetable and re®ned-lard oils) in Taiwan and suc-
cessfully identi®ed two aromatic amines (2-NA and
4-ABP) from these oil fumes. Numerous studies

have been conducted which indicate that exposures
to aromatic amines were highly associated with oc-
cupational exposure (Ri�elmann et al., 1995) and
environmental tobacco exposure (Maclure et al.,

1989). The epidemiological studies were in accord-
ance with this conclusion (Bulbulyan et al., 1995;
Naito et al., 1995; Vineis et al., 1994) and also indi-

cated that excess bladder cancer among cooks
might be due to occupational exposure to cooking
oil fumes (Schoenberg et al., 1984). The results pro-

vide experimental evidence that cooking oil fumes
containing aromatic amines might elevate the risk
of contracting bladder cancer. The carcinogenicity

of 2-NA and 4-ABP were con®rmed by IARC
(1992) and ACGIH (1993) and considered as
human carcinogens. Although not all the aryl-
amines in fumes emitted will be respired, this still

may be a potential risk factor of contracting blad-
der cancer in cooks and women who perform cook-
ing tasks and inhale cooking oil fumes daily.

The formation of polycyclic aromatic compounds

in fumes derived from cooking oils has been ident-

i®ed in earlier studies (Chiang et al., 1997; Li et al.,

1994; Wu et al., 1998b). The polycyclic aromatic

compounds of arylamines in cooking oil fumes

needs further analysis because the arylamines are

not likely to be produced solely from the fatty acids

but with nitrogen atoms. The ®rst possible source

of the nitrogen atoms in the arylamines may be

contributed from nitrogen dioxide in the atmos-

pheric environment like the formation of nitropyr-

ene from PAHs (Matsushita, 1980). The second

possible contribution of nitrogen atoms may be the

addition of nitrogen in cooking oils to prevent the

oxidation of fatty acids by oil producers in Taiwan

(Chiang et al., 1997). The third hypothesis is that

arylamines may be produced by heterocyclic aro-

matic amines (HAAs) which have been identi®ed in

some amino acids pyrolysates and which are struc-

turally very similar to arylamines (Sugimura, 1982).

According to our study, several amino acids such as

phenylalanine, glycine and creatinine were detected

in cooking oils (unpublished data). Formation of

HAAs in heated cooking oils may be precursors of

arylamines in fumes derived from cooking oils

(Bryant et al., 1987). Further risk assessment,

including the relationship between personal ex-

posure to arylamines and bladder cancer, is needed.

These three cooking oils contain more than 60%

of unsaturated fatty acids which oxidize at high

temperatures to produce pyrolysates (Tsai et al.,

1993). The study con®rms that fumes from cooking

oils are mutagenic towards the S. typhimurium

strain TA98, and that successful inhibition to the

level of mutagenicity can be achieved by adding

catechin. Butylated hydroxyanisole (BHA) is the

most commonly used antioxidant in cooking oils.

Several studies have indicated that BHA induces

tumorigenesis in rat species (Bran, 1975; Whysner

et al., 1994). CAT, extracted from tea leaves and

grape seeds, shows a signi®cant increase in oil stab-

ility but is less harmful for humans (Gordon and

Kourimska, 1995; Hirose and Iwama, 1984). The

Table 3. Concentrations (mg/m3) of aromatic amines in fume particulates of
various cooking oils

Oils 2-Naphthylamine 4-Aminobiphenyl

Sun¯ower 31.520.5 35.720.2
Sun¯ower + CAT$ (500 ppm)* 24.220.6 25.620.6
Sun¯ower + CAT (1000 ppm) 20.620.4 23.620.4
Sun¯ower + CAT (1500 ppm) 18.220.4 20.820.6
Vegetable 31.920.6 26.420.4
Vegetable + CAT (500 ppm)* 21.820.4 19.020.4
Vegetable + CAT (1000 ppm)* 20.220.6 16.420.4
Vegetable + CAT (1500 ppm)* 17.020.4 16.020.6
Re®ned-lard 48.320.8 23.320.4
Re®ned-lard + CAT (500 ppm)* 34.220.6 16.420.4
Re®ned-lard + CAT (1000 ppm)* 30.620.6 14.120.3
Re®ned-lard + CAT (1500 ppm)* 24.420.6 10.420.2

CAT = catechin
*Difference between three cooking oil fumes with and without CAT, P < 0.05, by
Kruskal±Wallis, ANOVA.
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signi®cant reduction in concentration of arylamines
from cooking oil fumes appears because CAT

decreases the pyrolysis reaction of fatty acids (Wu
et al., 1998). Further study is required to clarify the
interactions between CAT and cooking oils and to

determine a standard concentration for addition to
cooking oils. The permissible concentrations of anti-
oxidants by the Administration of Food and

Sanitation di�er for various chemicals and range
from 200 to 1300 ppm.
In conclusion, in this study we demonstrate that

cooking oil fumes are mutagenic and contain two
carcinogenic aromatic amines. The Taiwan
Government and oil producers have both made an
e�ort to assure the purity and safety of oils follow-

ing the polychlorinated biphenyl oil poisoning inci-
dent which occurred in Taiwan (Hsieh et al., 1996),
but little attention has been paid to the mutageni-

city or carcinogenicity of cooking oil fumes.
Cooking at lower oil temperatures, improving venti-
lation and adding antioxidants, may be useful

methods to reduce the production of carcinogenic
cooking oil fumes.
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