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Background: The lung cancer incidence 
in Chinese women is among the highest 
in the world, but tobacco smoking ac- 
counts for only a minority of the can- 
cers. Epidemiologic investigations of 
lung cancer among Chinese women 
have implicated exposure to indoor air 
pollution from wok cooking, where the 
volatile emissions from unrefined cook- 
ing oils are mutagenic. Purpose: This 
study was conducted to identify and 
quantify the potentially mutagenic sub- 
stances emitted from a variety of cook- 
ing oils heated to the temperatures 
typically used in wok cooking. Meth- 
ods: Several cooking nils and fatty 
acids were heated in a wok to boiling, 
at temperatures (for'the cooking oils) 
that ranged from 240 "C to 280,"C 
(typical cooking temperatures in Shang- 
hai, China). The oils tested were un- 
refined Chinese rapeseed, refined U.S. 
rapeseed (known as canola), Chinese 
soybean, and Chinese peanut in addi- 
tion to linolenic, linoleic, and erucic 
fatty acids. Condensates of the emis- 
sions were collected and tested in the 
Salmonella mutation assay (using Sal- 
monella typhimurium tester strains 
TA98 and TAW).  Volatile decomposi- 
tion products also were subjected to 
gas chromatography and mass spec- 
troscopy. Aldehydes were detected 
using high-performance liquid chroma- 
tography and UV spectroscopy. 
Results: 1,3-Butadiene, benzene, acro- 
lein, formaldehyde, and other related 
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compounds were qualitatively and 
quantitatively detected, with emissions 
tending to be highest for unrefined 
Chinese rapeseed oil and lowest for 
peanut oil. The emission of I,3-buta- 
diene and benzene was approximately 
22-fold and 12-fold higher, respective- 
ly, from heated unrefined Chinese 
rapeseed oil than from heated peanut 
oil. Lowering the cooking temperatures 
or adding an antioxidant, such as butyl- 
ated hydroxyanisole, before cooking 
decreased the amount of these volatile 
emissions. Among the individual fatty 
acids tested, heated linolenic acid 
produced the greatest quantities of 12- 
butadiene, benzene, and acrolein. 
Separately, the mutagenicity of in- 
dividual volatile emission condensates 
was correlated with linolenic acid con- 
tent (r = .83; P = .0004). Condensates 
from heated linolenic acid, but not 
linoleic or erucic acid, were highly 
mutagenic. Conclusions: These studies, 
combined with experimental and 
epidemiologic findings, suggest that 
high-temperature wok cooking with 
unrefined Chinese rapeseed oil may in- 
crease lung cancer risk. This study in- 
dicates methods that may reduce that 
risk. Implications: The common use of 
wok cooking in China might be an im- 
portant but controllable risk factor in 
the etiology of lung cancer. In the 
United States, where cooking oils are 
usually refined for purity, additional 
studies should be conducted to further 
quantify the potential risks of such 
methods of cooking. [J Natl Cancer 
Inst 87:836-841,19951 

Lung cancer incidence in Chinese 
women is among the highest in the world 
(1-5). While tobacco smoking is a major 
risk factor for cancer, especially in men, 
it is not for Chinese women (4,6-8). 
Moreover, among Chinese women who 
do smoke, the tendency is to smoke much 
less than observed for U.S. women (6,8- 
IO), averaging less than eight cigarettes 

per day. As a possible etiologic factor, 
epidemiologic studies (9.10) of lung can- 
cer in China have implicated indoor air 
pollutants from cooking-oil vapors. In 
Shanghai, specifically, the use of un- 
refined rapeseed oil for wok cooking, 
compared with soybean oil, was as- 
sociated with an odds ratio of 1.4 (95% 
confidence interval [CI] = 1.1-1.8) (9). 
The ekcess risk also>vas associated with 
exposure to wok emissions, measured by 
the degree of house smokiness and com- 
plaints of eye imtation. Rapeseed oil is 
known in the United States as canola oil, 
a refined oil with low erucic fatty acid 
coctent. In China, rapeseed oils having 
either low- or high-erucic acid content are 
used for cooking, but refined oils were 
seldom available or used. 

Condensates of volatile emissions from 
oils cooked in a wok were mutagenic in 
several in vitro short-term test systems 
(11). Other oils, such as peanut oil. were 
not. It has been found that the muta- 
genicity of heated Chinese rapeseed oil 
condensate is inhibited by the addition of 
butylated hydroxyanisole to the oil before 
cooking or when the oil is hydrogenated. 
These findings suggest that the muta- 
genicity is related to oxidation of fatty 
acids. linolenic acid in particular. 

In Shanghai. women generally cook 
with Chinese rapeseed oil and, to a lesser 
extent, soybean oil. Customarily, about 
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25-100 mL of cooking oil, depending on 
the type of food being prepared, is placed 
in .the wok and then heated to ap- 
proximately 280 'C. This high heating 
temperature results in the generation of a 
large amount of smoke from the oil that 
can imtate the eyes and mucous mem- 
branes. Thus, kitchen windows are com- 
monly left open, even in the winter. 
Cooking foods at lower temperatures 
causes the food to acquire a "bad" taste, 
whereas cooking at high temperatures 
tends to reduce this problem. 

In this report, we have analyzed 
volatile emissions from several cooking 
oils heated to the temperatures typically 
used in Chinese wok cooking. Included in 
these analyses is a preliminary charac- 
terization of the mutagenicity of these 
compounds. 

Methods 
Chemicals and cooking oils. Chinese cooking 

oils (unrefined Chinese rapeseed. peanut. sesame, 
and soybean) were purchased from retail Shanghai 
markets. Different lots were tested for mutagenic 
condensates. Unrefined Chinese rapeseed oil will be 
referred IO a, Chinese rapeseed oil in this report. 
Canola oil (Proctor and Gamble, Cincinnati, Ohio), 
a refined North American rapeseed oil. was pur- 
chased from a supermarket in Bethesda. Md. Lino- 
lenic acid, linoleic acid, and erucic acid were 
purchased from Sigma Chemical Co. (SI. Louis. 
Mo.). All chemicals were reagent grade. 

Preparation of condensates. A wok lid was 
modified by introducing three holes-two for the at- 
tachment of filter holders and one for a ther- 
mometer. Two glass filters (M9; Shanghai Huon 
Guan Paper Corp., Shanghai, China) were used in 
each filter holder. Cooking oils were placed in the 
wok (20 mL for volatile organic compound analysis 
and 100 mL for mutagenicity studies) and heated 
rapidly with a spherical heating mantle (loo0 mL: 
380 W) until the designated temperature was 
reached (Chinese rapeseed: 275-280 'C [with and 
without butylated hydroxyanisole: Sigma Chemical 
Co.], canola oil: 275-280 'C. peanut oil: 260-265 'C. 

soybean oil: 260-265 'C. linolenic acid: 240 'C, 
linoleic acid: 240 'C, and erucic acid: 240 T), coin- 
ciding with either the release of smoke for oils. the 
typical Shanghai cooking temperatures. or boiling 
points for the fatty acids. The wok was then 
covered, and suction was applied throiigh the filters 
via a pump (20-30 L/minute). After cooking for 20 
minutes. condensates from the four filters were ex- 
tracted with acetone (IO mL) at room temperature. 
The condensate extract was then filtered with # I  fi l-  
ter paper (Whatman Ltd., Maidstone, U.K.) and 
evaporated at 60 'C under a stream of nitrogen. The 
wok was washed with liquid detergent after each 
use. Condensates were stored at -70 'C. 

Solmanella mutation assay. The assay was per- 
formed according to the method of Maron and Ames 
(12). Briefly. test condensates were diluted with 
dimethyl sulfoxide in the presence (or absence) of 
S9 liver homogenates (prepared from male Sprape- 
Dawley rats that had been given injections of 
Anxlor 1254) and preincubated (20 minutes at 37 
'C) in glass culture tubes. Salmonella Fphimurium 
tester strains TA98 and TA104 were utilized. The 
bacteria were incubated under selective conditions 
on agar plates for 48 hours at 37 'C. 

Determination of volatile organic compounds. 
The identification of the major components in oil 
vapor samples was accomplished by manually eluci- 
dating their mass spectroscopic fragmentation pat- 
terns and comparing them with published spectra 
(13). Oil vapors were cryogenically trapped, sub- 
jected to gas chromatography (model 3700; Varian 
Associates. Inc., Lexington. Mass.) using thermal 
desorption onto a DB-624 fused silica capillary 
column (30 mm x 0.32 mm internal diameter. 2.7 
mUminute flow rate; 240 'C) and analyzed with a 
magnetic sector mass spectrophotometer (model 
2091: Pharmacia LKB Nuclear, Gaithersburg. Md.). 
Internal standatti-normalized responses from duplicate 
analyses of each standard were fit to a xcond-order 
calibration curve. Concentrations for I ,3-butadiene 
and benzene wtre calculated from the gas chroma- 
tography and mass spectroscopy responses for the 
analyte (normalized to the response of the internal 
standard) and the coefficients of the calibration 
curve. Larger volumes (200 mL) of the wok back- 
ground and canister background samples were 
analyzed along with a National Institutes of Stand- 
ards ad Technology standard reference mixture 
(SRM #1804) containing 1.3-butadiene and ben- 
zene. The recoveries were 96% and 92%. respec- 
tively. 

Determination of aldehyde and ketone con- 
tent. Aldehydes and ketones were collected from 
heated oil emissions above the wok. using Sep-Pak 
DNPH-Silica canridges (Waters Chromatography. 
Millipore. Bedford, Mass.). The canridges were ex- 
tracted with acetonitrile (6 mL) in a volumetric 
flask. Extracts were analyzed by isocratic high-per- 
formance liquid chromatography (50% acetonitrile. 
IO% methanol. and 40% water mobile phase on a 
Sphcrisorb ODS column 25 cm x 4.6 mm internal 
diameter) and analyzed by UV (365 nm) spectros- 
copy. Calibration standards were used for identifica- 
tion (retention time) and to construct a linear 
calibratior. curve. 

Statistical methods. Spearman's rank correla- 
tion coefficients were used to assess the relationship 
between linolenic acid and condensate mutagenicity. 
P values result from two-sided tests. 

Results 

Mutagenicity testing using the Sal- 
monella mutation assay with tester strain 
TA98 and S9 liver homogenates con- 
firmed that unrefined Chinese rapeseed 
condensates are mutagenic (Table I ) ;  the 
number of mutants (i.e., revertants) per 
plate increased fourfold and a dose- 
response effect was observed until 
cytotoxicity occurred. The condensates 
were not mutagenic without S9 liver 
homogenates, indicating a requirement 
for metabolic activation (data not shown). 
Individual condensates were not 
mutagenic using the tester strain T.4104. 
with or without S9 (data not shown). 
Soybean oil was weakly mutagenic, but 
peanut oil. sesame oil, lard, and canola oil 
were not under these conditions. 
' 

We hypothesized that the condensate 
mutagenicity was related to linolenic acid 
content because of previous data showing 
that mutagenicity could be eradicated 
with hydrogenation of the oil (11) and 
that linolenic acid is the fatty acid in 
cooking oil with the greatest number of 

Table 1. Mutagenicity of cooking oil condensates: TA9R Sulnronclla mutation assay* 

Dose, 
mg/plate 

Chinese 
rapeseed 

Vehiclet 
0.1 
0.33 
I .o 
3.33 
10.0 

1 9 f  I 
42 f 9$ 

I I I f 16+ 
157 f IO$ 
2 9 f 8  
4 4 f 2  

Soybean Peanut Lard Canola Sesame LiiiolelL Linolenic Erucic 

2 3 f 6  2 8 f 5  1 7 f 7  2 6 f 7  27 f 5 1 7 f 4  24 f 3 1 9 f 2  
23 f 9  21 f S  2 0 f 4  22 f 4  22 f 4 24 f 6 85 f 4$ 24 f4 
4 5 f 7  26 f 2 2 2 f 6  1 9 f 3  23 f S 33 f 5 
68fW 25 f 3 2 7 f 3  3 0 f 3  23 f 4 2 0 f 2  29f 10 24 f 7 
I S f 3  1 5 f 3  2 4 f 8  2 4 f I I  1 4 f 8  I R f 5  l O f 2  22 f 3 

24 f IO 415 f 26$ 

9 f 4  1 9 f 3  1 8 f S  21 f3 1 7 f 2  1 2 f 2  O f  I 2 9 f 6  
t'ositrveb. 136f I I  181 f 16 I47 f 16 I45 f 25 152f I I50 f 9 135f  IO 123f 15 tn3f I O  

___ -- - 
''Zn ?C reven.?.its; mean of triplicates f SD. 
f 'q eihcle cmtr:il = dimethyl sulfoxide. 0.1 mUplate. 
$Positive re' L I t  (>twofold increase in revertants over the vehicle control) 
5Posi:ive COI :td = 2-aminoanthracene, 0.5 mglplate. 
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double bonds (n = 3). Further, mutagenic 
Chinese and nonmutagenic U.S. (canola) 
rawseed oits have much higher contents 
of linolenic acid compared with other 
nonmutagenic oils, such as peanut (9.8%, 
11.3%. and 0.6%, respectively [unpub- 
lished data]). Our tests indicated that lino- 
lenic acid was highly mutagenic (Table 
1). Moreover, when linolenic acid was 
added to the peanut oil before heating, the 
results became positive. A correlation 
with the number of revertants was found 
for the concentration of linolenic acid 
present either in native oils or when 
added as a supplement in different pro- 
portions to peanut oil (Fig. 1; Spearman's 
rank correlation coefficient r = .83; P = 
.OOO4). In contrast, linoleic acid and crucic 
acid were not mutagenic (Table 1). 

Qualitative analyses of volatile organic 
compounds from heated Chinese rape- 
seed, canola, soybean, and peanut oils 
were undertaken by gas chromatography 
and mass spectroscopy (Fig. 2). The 
analysis identified 54 major and minor 
compounds among the four oils, most of 
which were present in all oils. There were 
semiquantitative and quantitative dif- 
ferences in volatile organic compounds 
emitted from the heated cooking oils. The 
Chinese rapeseed oil tested here had the 
highest content of major peaks and sub- 
stantially more minor peaks. Canola oil 
was similar, but soybean and peanut oils 
had substantially less. Quantitatively, a 
similar pattern was observed for 1,3-buta- 
diene and benzene (Table 2) compared 
with the semiquantitative differences for 
total peaks. For all oils, 1,3-butadiene, 
acetaldehyde, n-pentane, acrolein, propa- 
nol, n-hexane, propionaldehyde, and ben- 
zene were observed. Of particular note, 
the emission of 1,3-butadiene and ben- 
zene was approximately 22-fold and 12- 
fold higher, respectively, from heated 
unrefined Chinese rapeseed oil than from 
heated peanut oil (Table 2). 

Heating the oils in a wok at lower 
temperatures resulted in qualitatively less 
volatile organic compounds, as evidenced 
by much smaller peak heights (data not 
shown). Quantitatively, compared with 
Chinese rapeseed oil heated to 275 'C, 
there were fourfold and 14-fold lower 
levels of 1,3-butadiene and onefold and 
sevenfold lower levels of benzene when 
the oils were heated at 240 'C and 185 'C, 
respectively (data not shown). Linolenic 

8 Rapeseed Oil (9%) 
A Peanut Oil (0%) 7 -  

6 -  0 Soybean Oil (6%) 

5 -  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

Final Linolenic Acid Concentration (%) 
Fig. 1. Dose-response curve showing that the concentration of linolenic acid is correlated with the number 
of revertants in the Salmonella mutation assay ( r  = .83; P = .OOO4). Oils were tested either alone or with the 
addition of increasing amounts of linolenic acid. Parentheses indicate starting concentration of linolenic acid 
in native oils. Data represent thc highest number of revertants found for each of the oils tested (see Table I) .  

acid, in contrast, at its boiling point studies, suggest that wok cooking with 
(240 "C) emitted sevenfold higher levels * Chinese rapeseed oil may pose a lung 
of 1,3-butadiene and 76-fold higher levels 
of benzene, compared with Chinese rape- 
seed oil also heated to 240 'C. Linoleic 
acid, however, emitted only twofold 
higher levels of 1.3-butadiene and 12-fold 
higher levels of benzene, compared with 
the Chinese rapeseed oil (at 240 T), 
Erucic acid emitted threefold lower levels 
of I ,3-butadiene and sixfold lower levels 
of benzene. The addition of butylated 
hydroxyanisole (0.1 % vol/vol) to Chinese 
rapeseed oil before heating lowered the 
emission of total volatile organic com- 
pounds and reduced the emissions of 1,3- 
butadiene by 50% and benzene by 73% 
(Table 2). 

Aldehyde emissions from the cooking 
oils also were determined (Table 2). In 
general, Chinese rapeseed oil emitted the 
most aldehydes, while peanut oi! emitted 
the least. Acrolein was produced from all 
the heated oils, although there were no 
appreciable differences among the oils 
except for peanut oil, which was substan- 
tially lower. Linolenic acid produced at 
least two times more acrolein than any 
oil. There were no appreciable differen- 
ces in formaldehyde emission among the 

.oils and acids. 

Discussion 

Our findings, together with car- 
cinogenesis bioassays and epidemiologic 

cancer risk in Chinese women. We o b  
served that heated cooking oils emit a 
variety of toxic agents, some of which are 
known as potential or probable human or 
laboratory animal carcinogens (5.1420) 
or mutagens (14.2122). including 1,3- 
butadiene, benzene, acrolein. formal- 
dehyde, and acetaldehyde. Some of these 
compounds may cause acute neurologic, 
respiratory. and dermatologic effects. n- 
Hexane is associated with chronic neuro- 
logic effects (23). It is noteworthy that 
some agents (e.g., acrolein and alde- 
hydes) cause eye irritation. coinciding 
with the report of eye irritation related to 
wok cooking and lung cancer (9). Un- 
refined Chinese cooking oil. which has 
been associated with lung cancer risk (9) 
and mutagenicity (If), had the greatest 
amount of volatile decomposition pro- 
ducts, but levels were only somewhat 
higher than U.S. canola oil.. Peanut oil 
emitted substantially less. 

Our study revealed that condensates of 
the volatile emissions from Chinese rape- 
seed oil, soybean oil, and linolenic acid 
are mutagenic in the Sulmonellu mutation 
assay. Comparable data from other stud- 
ies are limited, but volatile emissions 
from several cooked foods (e.g., beef) 
have previously been found !o be muta- 
genic (2425). as were samples of res- 
taurant kitchen air (2627). Furthermore, 
some studies in western countries indicate 
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Fig. 2. Gas chromatography and mass spectroscopy analysis 
basis of typical cooking temperatures in Shanghai and/or 
Chinese soybean oil (C) and Chinese peanut oil @) were 

olatile emissions of cooking oils heated in a wok. The cooking temperatures were chosen on the 
oils began to emit smoke. Chinese rapexed oil (A) and U.S. canola oil (B) were heated at 275 'C. 
260-265 'C. Smaller peaks. except for 1.3-butadiene and benzene. were not identified. The peds  

that were identified are numbered and correspond to n-butane (1). butene isomer (2). 1.3-butadiene (3). I-butene (4). acetaldehyde (5).  I-pentene (6). n-pentane (7). 
acrolein (8). propanol (9). 1.3-pentadiene isomer (IO), I-hexene kI I), n-hexane (12). n-butanol(13). n-butanal(14). methyl vinyl ketone (IS). hnzene (16). I-hep- 
tene (171, n-heptane (IW, C7Hn isomers (19). C ~ H M  isomers (2$, n-pentanal(21). I-pentene-3sl(22), toluene (23). I-octene (24). n-octane (25). rrons-4.octene or 
CRHM isomer (26). I-pentanol (27), n-hexanal (28). CeHi4 is0 r (29). cyclopentane and carbaldehyde (30). Cz-alkyl benzene (31). I-nomne (321, CRHI? isomer 
(33). C7HxO isomer (34A n-nonane (3% CsHtn isomer 136). cnal(37), n-butylcyclopentane (38). n-hcptanal(39), Cdi16 isomer (40). rruns-2-heptanal(4 I). un- 
saturated hydrocarbons (421, CioHin isomer (43). CI iH24 (44). octa-l,7-dienc-3-ol(45). n-octanal(46). I-decene (47). C I I H ~ ~  isomers (48). rruns-2-gtenal 
(49). unsaturated hydrocarbons (50). CI 1H22 isomers (5 I ). C12Hzz isomers (53). and unsaturated hydrocarbons (54). 

Tnble 2. Detection df volatile organic communds in cmkine oil emissions 

I 
Sample I .  %Butadiene* Benzene* Formaldehyde, p a t  , Acetaldehyde. p@t 

Rapeseed oil SO4 239 I 71.2 306.9 
Rapeseed oil + buiylated 247 663 10.0 40.0 

hydroxyanisole, 0.1% 
Canola oil 200 664 30.2 94.6 
Soybean oil 57 450 39. I 112.7 
Peanut oil 23 203 22.8 45.1 
Peanut oil + linolenic acid. IO% I23 626 49.0 147.0 
Peanut oil + linolenic acid. 20% 725 21 200$ - - 
Linolenic acid 3390 1wooo$ 43.3 239.0 
Linoleic acid 279 23 300f 52.3 102.4 

Acrolein. p@t 

39 I .X 
36.0 

320.0 
442.7 
49.0 

247.0 - 
~67.4 
286.9 

*Calculated using National Institute of Standards and Technolo reference standard: expressed as n a .  
t- = not tested. 
$Estimated concentration: exceeds highest standard. 

that restaurant cooks have elevated risks Seve I lines of evidence suEgest an linolenic acid concentration. and the 
of lung cancer (28,29), even when risks importa a t role for linolenic acid. Spcifi- mutagenicity was reduced by hydmgena- 
are adjusted for tobacco use. cally, mutagenicity was associated with tion or by adding butylated hydroxy- 
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anisole to the oil before cooking. Also, 
heafing pure linolenic acid resulted in the 
greatest production of mutagenic, volatile 
decomposition products. Linolenic acid is 
known to cause bad odors (30), which 
can be reduced by hydrogenation or the 
addition of antioxidants, and might ex- 
plain the customary use of high-tempera- 
ture cooking (275-280 'C) in Shanghai. 
However, the presence of linolenic acid 
does not fully explain the mutagenicity 
results because Chinese rapeseed oi: is 
mutagenic, while U.S. canola oil is not, 
although they have similar linolenic acid 
contents. Furthermore, soybean oil is 
weakly mutagenic even though it has less 
linolenic acid than canola oil. We SIIS- 
pected that the erucic acid content or 
other chacteristics of Chinese rapeseed 
plants, including additives or refining 
processes, may be involved, although 
none of these factors consistently ex- 
plained the effects when we tested dif- 
ferent lots of refined Chinese rapeseed oil 
or linolenic acid (data not shown). There- 
fore, the most plausible explanation for 
these findings is that canola oil contains 
specific inhibitors to oxidation or that 
Chinese rapeseed oil contains promuta- 
genic compounds in addition to linolenic 
acid. 

Among the chemicals detected in the 
cooking oil emissions, 1,3-butadiene has 
been classified as a probable (group 2A) 
human carcinogen by the International 
Agency for Research on Cancer ( 5 J i )  
and a suspected human carcinogen by the 
American Conference of Governrr,ental 
Industrial Hygienists (20). At exposures 
as low as 6.5 ppm, this compound is a 
lung carcinogen in laboratory mice 
(15,16,19), although rats are typically 
resistant (32). The interspecies variation 
is likely related to differences in meta- 
bolic activation and detoxification (3.3- 
35). Epidemiologic evidence to date has 
not documented a lung cancer risk lated 
to 1.3-butadiene exposure (36), although 
some studies suggest an excess of hema- 
tologic malignancies ( I  737). Other 
volatile decomposition products of the 
cooking oils may contribute to lung can- 
cer risks. While benzene is an established 
human leukemogen (14). its association 
with lung cancer is not clear, although an 
increased risk has been reported in ben- 
zene-exposed Chinese workers (18) and 
experimental studies also indicate that 

Y 

benzene may be a lung carcinogen (38). 
Some studies (3942)  have related 
formaldehyde to lung cancer, but the evi- 
dence is inconclusive. Acrolein is muta- 
genic in a number of different test 
systems (1421,22), but human studies are 
lacking. 

Some of the chemicals detected in 
cooking-oii emissions are also evident in 
cigarette smoke. In particular, 1,3-buta- 
diene (43) has been reported at levels 
ranging from 19 pg to 75 pg per cigarette 
in mainstream smoke, depending on 
whether the cigarette smoke is filtered. 
The amount of 1,3-butadiene generated 
from heating Chinese rapeseed oil under 
the conditions reported here, however, is 
approximately 0.6 pg. Therefore, for I ,3- 
butadiene and also for benzene, acrolein, 
and the other detectable voldtile products, 
the lifetime eiposure from wok cooking 
appears to be substantially less than that 
for a heavy smoker. However, these cal- 
culations may underestimate the exposure 
and risk because they do not sufficiently 
consider peak exposures during the initial 
generation of volatile compounds. 

This study suggests several methods 
that could reduce exposures toLv201atile or- 
ganic compounds and mutagenic sub- 
stances from heated cooking oils. These 
methods include cooking at lower temp- 
eratures, addition of antioxidants, hydro- 
genation during refining, and increasing 
ventilation during cooking. Further 
studies are needed to clarify the relation- 
ship of cociking oil vapors, other environ- 
mental exposures, and genetic suscep- 
tibilities to lung cancer in Chinese 
populations. Studies also are needed in 
the United States that will evaluate a lung 
cancer risk associated with exposure to 
cooking oils, especially in different ethnic 
and racial groups, including Americans of 
Chinese descent. Finally, the effects of 
cooking specific foods and the volatiliza- 
tion of other potential mutagens and car- 
cinogens should be investigated. 
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