




ABSTRACT

A gutter oil scandal was discovered in Shanghai in April 2012. The adulterated oil contained harmful chemicals such as polycyclic aromatic hydrocarbons (PAH) and Aflatoxin, which could have potential risks to several health effects caused by carcinogenic PAH consumed by both customers and occupational workers through cooking oil fumes. This scandal not only adversely impacted public health but alerted government and society to food safety. However, cooking oil quality is not listed in the criteria of restaurant rate evaluations by Shanghai Municipal Food and Drug Administration (SFDA). According to previous studies on characteristics of cooking oil PAH, elevated biomarkers of PAH exposure have been found among food professionals who use cooking oil to process food. More research is needed since we lack research into the exposure of cooks under current regulations.  Also, the effectiveness of the current regulations are unknown. The public health significance of this study is to provide substantial data for improving the laws and regulations of the restaurant evaluation system and taking a more serious look at PAH exposure among food professionals. In this essay, my hypothesis is that cooks are exposed to different concentrations of airborne PAH between good-rated and excellent-rated restaurants due to the various qualities of cooking oil. The airborne [PAH] in oil and [PAH] in urine will be collected and measured by cartridge filters, Personal Environmental Monitors (PEM) and urine samples from non-smoking cooks. Follow-up sampling and exposure analyses will be carried out based on my hypothesis. The result of these analyses would be sent to both government bodies, such as SFDA and Health Supervision Bureau, and restaurant communities as well. The further goals include to alert food professionals the potential risks of PAH exposure and to urge SFDA to modify current restaurant evaluation system and set up standards for cooking oil quality.
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1.0  Introduction

In Shanghai, April 2012, an unscrupulous cooking oil company, that was a primary source of cooking oil source in many restaurants and vendors, blended oil with recycled waste oil, grease, and animal feed. This scandal not only adversely impacted public health but alerted the government and society to food safety. This adulterated oil (also called gutter oil in China) contains harmful chemicals such as polycyclic aromatic hydrocarbons (PAH) and aflatoxin, which can be indicators for low quality cooking oil. [1] Gutter oils contain higher PAH concentration because a large number of them are dumped cooking oil reprocessed by being extracted and reheated under high temperature. [2] PAH concentration will henceforth be abbreviated as [PAH] in this essay.  Cooking oil fumes contribute to ambient [PAH] [3] when the heated PAH contained within the oils evaporate.  Also, volatile organic compounds in cooking oils, when heated to high temperatures, can crack into smaller unstable fragments that recombine to form stable PAH. [4] As a result, the use of low quality cooking oil (adulterated oil) carries a potential risk to both customers and occupational workers such as restaurant cooks and street vendors due to several health effects caused by PAH consumption.

Polycyclic aromatic hydrocarbons, PAH, is a group of organic compounds of two or more fused aromatic rings. It is derived from incomplete combustion or pyrolysis of organic materials. [5] Eight types of polycyclic aromatic hydrocarbons are considered highly carcinogenic, which are benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene (B[a] P), dibenzo[a,h]anthracene, indeno[1,2,3-cd]pyrene and benzo[g,h,i]perylene. PAH are implicated in skin, lung, bladder and gastrointestinal cancer. [6]   In 2009, the International Agency for Research on Cancer of the World Health Organization classified benzo[a]pyrene (B[a] P) as “carcinogenic to humans.”
In Shanghai, only two properties of cooking oil are examined: acid value and total polar material. Restaurants are assigned grade excellent, good and poor by the Shanghai Municipal Food and Drug Administration (SFDA). Whether these evaluations reflect the quality of cooking oil, at least in our concern to PAH or not remain unknown. My hypothesis is that cooks are exposed to different concentrations of airborne PAH depending on the quality of the cooking oil in good-rated or excellent-rated restaurants. The reason why poor-rated restaurants are excluded is that poor-rated restaurants should be enforced to shut down and rectify according to SFDA regulations. Also, the recent gutter oil scandal is discovered most in good-rated restaurants.  Furthermore, three sub-hypotheses are raised, which are:

1.  the airborne [PAH] in oil is correlated with [PAH] in urine sample; 

2. [PAH], measured by personal monitoring, are higher than those detected by cartridge filter; 

3. The mean [PAH] in oil significantly correlates with the restaurant evaluation system.

These sub-hypotheses are based on statistical analyses of the study.

1.1 Overall goal
To better evaluate effects of [PAH] on cooks in different rated restaurants, I propose to:
1. Develop a specific sampling method to estimate the concentrations of airborne PAH to which cooks who work in either good-rated or excellent-rated restaurants are exposed. 

2. If differences in airborne [PAH] are found between the cooks due to the restaurant rating, I will analyze the [PAH] concentration in the exposed cooks to determine if there is a link between airborne [PAH] exposure and biological concentration. 

This work will be performed in Shanghai due to a continuing, documented problem with adulterated oil in this city which alerted the government and society to this important food safety issue. Also, the lack of a proper restaurant evaluation system for cooking oil quality may lead to a deficiency of occupational health care among cooks.

1.1.1 Specific Aim
Through statistical analysis, I aim to estimate if [PAH] could be a health factor in the cooks’ work place; furthermore, we want to determine if the mean [PAH] in oil is significantly correlated with the restaurant evaluation system (e.g. good-rated vs excellent-rated). If the correlation between the evaluation system and [PAH] is positive then the government should add [PAH] in cooking oil as a monitoring index in the restaurant evaluation system.
1.1.2 Target readership
The intended readership of this study is both government bodies and restaurant communities. I purpose that the result of the analyses should be sent to Shanghai Municipal Food and Drug Administration (SFDA) and the Health Supervision Bureau of Shanghai, in order to highlight the potential public health risks of food professionals related to [PAH].  I would expect them to regulate restaurants by setting up new standards for cooking oil quality. Also, food professionals should then be alerted as to the health effect that they might experience due to high levels of [PAH] and help them replace the low quality cooking oil. 
2.0  review
2.1 pah toxicity
Polycyclic aromatic hydrocarbons are explicitly defined as environmental pollutants. PAH is a group of organic compounds consisting of two or more fused aromatic rings. They are derived from the incomplete combustion or pyrolysis of organic materials. [5] Generally, the bioaccumulation of PAH occur in air, waters, soil, and biological media. Inhalation, ingestion and dermal contact are three most common ways humans are exposed to PAH. Eight types of PAH are considered highly carcinogenic, among which benzo[a]pyrene (B[a] P) has been intensively investigated. In 2009, the International Agency for Research on Cancer of the World Health Organization classified B[a] P as “carcinogenic to human.” PAH exposure has been implicated in skin, lung, stomach, esophagus, bladder and gastrointestinal cancers. [6] 
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Figure 1. Benzo[a]pyrene
PAH cause metabolic activation in mammalian cells via diol epoxides, which can result in errors in DNA replication and mutation. [7] This oxidative damage is caused by three possible mechanisms (Figure 2.): the radical cation pathway of PAH activation, diol epoxide pathway of PAH activation and o-quinone pathway of PAH activation.
In the radical cation pathway of PAH activation, the proximate PAH carcinogens, e.g., benzo[a]pyrene, are oxidized to radical cations by P450 peroxidase. PAH radical cations could then react with DNA to form depurination adducts in vitro which may result in mutagenesis.
In the diol epoxide pathway of PAH activation, B[a]P-7,8 - trans - dihydrodiols are oxidized by CYP1A1/ CYP1B1 expoxide hydrolase to generate B[a]PDE, which can produce DNA adducts for potential mutagenesis.
In the o-quinones pathway of PAH activation, B[a]P-7,8 - trans - dihydrodiols are oxidized by  Aldo-keto reductases (AKR), a superfamily of monomeric NAD(P)(H)-dependent oxidoreductases, to yield ketols which spontaneously rearrange to form catechols, e.g., B[a]P-7,8-catechol.[7] The unstable catechols then autoxidize to produce B[a]P-7,8-dione. Next, the electrophilic and redox-active PAH o-quinones cause oxidative DNA damage that result in the formation of DNA adducts in vitro. Studies have shown that the o-quinones pathway of PAH activation is more mutagenic than either the radical cation pathway or the diol epoxide pathway.
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Figure 2. Three pathways of PAH activations and DNA damages
According to EPA recommendation, the potential doses of carcinogenic PAHs for the average inhalation rate of the general population are 11.3 m3/ day for women and 15.2 m3/day for men. [19] Taking the adult male inhalation rate as a worst-case scenario, the daily intake dose through inhalation spans the range of 0.15–32 ng/day. [19] 
2.2 Significance
Cooking oil fumes are volatile compounds emitted by complex chemical reactions of edible oil and food components occurring at high temperatures [8]. Cooking oil fumes contain PAH, benzene, particulate matters and formaldehyde.  Thus, they are considered as one of the most important indoor sources of PAH exposure. Previous studies also showed that cooking styles are significantly related to the components of cooking oil fumes. Deep-frying, stir-frying, or grilling generate more PAH and harmful substances than other cooking styles [8]. It is mainly because these cooking processes need more cooking oil and cook at higher temperatures, that more detrimental chemicals are produced. Therefore, restaurants in China could have a higher risk of PAH exposure because they use many of the cooking styles that lead to the generation of these toxic fumes.
In China, Deep-frying and stir-frying are widely used in restaurants in that a large number of popular Chinese dishes are processed by these two cooking styles. According to previous studies mentioned above, we know that food professionals are at risk. Cooks who use these cooking styles to process food were shown to have elevated biomarkers of PAH exposure [9]. There are several specific markers of DNA damage among these cooks. [10] Also, a study of Taiwanese military cooks showed that cooks were exposed to 30 ng/m3 of PAH. [11] More research is needed since we lack data on the exposure of cooks to PAH under the current restaurant regulations.  Also the effective of these regulations remains unknown. There is currently no determination of [PAH] in both rated restaurants and thus we are unable to determine if a difference in cooking oil has an effect on the [PAH] level in the rated restaurants. As far as I am concerned, a multivariate means of detecting PAH exposure should be carried out as shown in as Figure 3.
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Figure 3. Multivariate means of detecting PAH exposure
2.3 Innovation

Relatively little is known about the impact of [PAH] on cooks’ health.  Even less is known about the whether the quality of cooking oil is a significant factor in the exposure of cooks to PAH. In this study I purpose to build upon the unique state of the art analytical tools, such as Ultra Performance Liquid Chromatography (UPLC) coupled with Mass Spectrometry, to screen PAH compounds, and incorporate various techniques for exposure assessment. As for sampling collection, this study tries to use multiple sampling methods instead of simply sampling from one source, so as to provide comparisons among different PAH exposure pathways and reduce the selection bias as well. Therefore, three sampling methods (air, biological and oil sampling) will be used for determining the exposure to PAHs. After analyzing the PAH compounds in our collected samples, we will be able to discover more biomarkers of PAH exposure, which could be quite helpful for increasing the effectiveness of future analytical research. The results of this study will provide substantial data for improving the laws and regulations of the restaurant evaluation system and taking a more serious look at PAH exposure among food professionals. Also, the results of this study will be given to cooks and restaurants in Shanghai along with an interpretation of the data and a website will be set up to share data with the entire restaurant community. Hopefully, more food professionals in the catering industry will become aware of the risks and related health effects of PAH exposure.
3.0  Analytical Section
3.1 Approach
3.1.1 Sample selection criteria
Cooks will be recruited from the urban area of Shanghai, and should be employed in a rated restaurant at least for one year; Restaurant cooks should complete a questionnaire survey and provide a most recent employee physical examination report.  Only non-smokers will be eligible for this study. During the study period, a daily diary will be required to record other possible confounding information.
3.1.2 Questionnaire Constructions
Confounders will be determined by questionnaire including:
(a) Demographic Characteristics
Age, weight and height, geographic location, medical history, cooking at home, second-hand smoke exposure, consumption of broiled, grilled, barbecued food, use of incense, candles, or mosquito coils and so on. 
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Figure 4. Sample questions shown on the questionnaire
(b) Cooking habit
Cooking history, cooking style, cooking oils, cooking practice, ventilation conditions, use of fume extractor in the kitchen, use of personal protective equipment and so on.
Some sample questions that would be included in the questionnaire are shown in Figure 4.
3.1.3 Sampling Method
This study tries to use multiple sampling methods instead of simply sampling from one source, so as to provide comparisons among different PAH exposure pathways and reduce the selection bias as well. According to the previous studies, bioaccumulations of PAH have taken place in air, water, soil, and biological media. Inhalation, ingestion and dermal contact are the three most common ways of human exposure to PAH. Therefore, cooks in the restaurants are faced exposure to PAH from the inhalation of cooking oil fumes inhalation, direct consumption of dishes, and via dermal contact. As a result, we will collect PAHs by air, biological (urine) and oil sampling using three different methods.
(a) Air Sampling Method
Air cartridges with fiber filters [12] will be used to collect the whole field exposure of PAH. Filters will be placed on the ceiling and floor, and will be exchanged daily. The particular PAHs in PM10 aerosols are collected by using personal air collection samplers. [13] The personal air collection samplers are connected to Personal Environmental Monitors, monitored for one week at a flow rate of 2.0 l/min with quartz ﬁlters. [13] Duplicated samples will be collected from each location and personal monitor.
(b) Biological Sampling Method
Urine samples: Brown polyethylene 50-ml collectors will be used and labeled with the subject’s number and date and time of collection. Urinary 1-Hydroxypyrene (1-OHP), a biomarker of the PAH exposure, found in kitchen workers is a good indicator of cooking oil fumes exposure in Chinese restaurants. [15] Previous studies in occupationally exposed workers suggest that the half-life for urinary excretion of 1-OHP is about 18 hr and ranges from 6 to 35 hr. This short half-life time requires us to freeze samples as soon as possible at -20 or -80°C. Once we have collected the samples. Before we start the sampling, we should collect pre-shift urine samples on the first day of each workweek and then every work day for one week. Average [PAH] or [PAH] values for specific days in urine can be obtained for evaluation.

(c) Oil Sampling Method
Oil samples are collected before and after use of every work day and will be continued for one week. Oil types and cooking temperatures will be recorded. After brief processing, oil samples will be sent for Mass Spectrometry.
(d) Sampling Methods: Blanks
Background urinary 1-hydroxypyrene levels are mainly influenced by factors such as diet, industrial pollution, and cigarette smoking [14]. 
Airborne exposure blank: We will use personal environmental monitors in “non-exposure” room, such as manager office and staff rooms, to measure the airborne exposure blank; 
Urine blank: To get the urine blanks, we will collect the first urine sample before work, or use commercial urine blank, which is the preferred one for analytical use. We will spike with known amounts of 29 PAH for further controls, and the use commercial or urine from healthy people could also be considered as controls. 
Cartridges and filters from personal monitors will be analyzed without field exposure and used as blanks; the evaluation of field recovery can be addressed through pilot study.
3.1.4 Analysis of samples
Once the PAH samples are collected, we will freeze the samples as soon as possible  to -20 or -80°C freezer. Air samples, oil samples, and urine samples can be extracted using a hydrophilic lipophilic balanced (HLB) cartridge and extracts will be injected to UPLC-MS/MS for analysis [15]. According to previous studies, 29 PAHs have been reported to be detected in fumes released through deep frying, the limit of detection (LOD) of these PAH are below 10 pg. We will send our samples to the collaborative group in Academia Sinica in Shanghai for further analysis of toxicity and carcinogenicity.
3.2 SAMPLE SIZE AND STATISTICAL POWER
Ideally, a pilot study will be conducted including replicates such as airborne exposure to cooks and ambient exposure to restaurant kitchens. We will calculate the mean exposure [PAH] for cooks and the ambient PAH in their kitchens, and calculate variance among exposures for estimating the sample size. In the previous study, it was shown that on average, there was an exposure of 20 ng/ m3 PAH for cooks (with a variance of ~10 ng/m3). This could work as the baseline PAH exposure concentration for the study. 
If we assume that the Excellent rated restaurant [PAH] baseline is 20 ng/m3, we can then estimate an expected mean [PAH] exposure for “Good” restaurants of 30, 25 and 22.5 ng/m3, with a variance of 10. These expected mean [PAH] intervals are chosen based on the range of sample size we want. We will conduct the sample size under two different powers: 80% and 90% to see the diversity of the result. The sample size results are shown in Table 1 and Table 2.
After we have rough results of the sample size calculation, we will decide which sample size we will choose based on the restaurant distributions in Shanghai and the cost of the study. Furthermore, we should specifically indicate that the sample analyses are for restaurant or cooks or both depending on how many samples we need to collect.
Table 1. Sample size calculation result 1

	Expected Mean [PAH] for

“Good” restaurants

ng/m3 (vs 20 for excellent)
	Power
	Sample size

(Variance is 10)

	30
	80
	16

	
	90
	22

	25
	80
	63

	
	90
	85

	22.5
	80
	252

	
	90
	337


Table 2. Sample size calculation result 2

	Effect Size (SD)
	Power
	Sample size

	0.25
	80
	252

	
	90
	337

	0.5
	80
	63

	
	90
	85

	1
	80
	16

	
	90
	22


3.3 CHALLENGES/ FUTURE DIRECTIONS
1. Confounding factors might result in some bias in our analysis. Second hand smoke is a good example. We may eliminate the smoking cooks by questionnaire, but if they suffer from second hand smoking or not could be hard to measure and filter; Also, although all the cooks work indoors, the ambient PAH should still be considered when they are at home, on their way to work/home, their living locations, etc. Moreover, PAH ingestion by daily food consumption PAH could be regarded as a confounder as well. 
2. Recall bias in the questionnaire is another common problem we are faced with. 
3. The matrix effect on urine and oil samples during the sample analysis process. 
4. Various PAH have different half-lives in urine. This may interfere with our analysis and skew the results of the PAH concentration measurements. 
5. Last but not least, when we get the results of our study, we should coordinate with current Public Health Policy to improve the health evaluation systems in restaurants, and perhaps use mass media to disseminate the potential health risks to a wider audience.
3.4 DISSEMINATION
The results of this research will be given and interpreted to cooks and restaurants in Shanghai, and a website will be set up to share data with restaurant communities. Also, data should be sent to Government bodies, such as Ministry of Health, Shanghai Municipal Food and Drug Administration (SFDA) and Health Supervision Bureau of Shanghai to make them aware them that the modification of the current evaluation system should be undertaken.
3.5 RESEARCH TIMELINE
In table 3 (below) is the purposed research schedule and timeline suggested for this study. Time points for each step are marked grey.
	
	Y1Q1
	Y1Q2
	Y1Q3
	Y1Q4
	Y2Q1
	Y2Q2

	Preparation
	
	
	
	
	
	

	Recruitment &

Questionnaire
	
	
	
	
	
	

	Sample Collection
	
	
	
	
	
	

	Methodology Establishment
	
	
	
	
	
	

	Sample Testing
	
	
	
	
	
	

	MS Data Analysis
	
	
	
	
	
	

	Statistical Analysis
	
	
	
	
	
	

	Dissemination of Results
	
	
	
	
	
	


Table 3. Research timeline

4.0  Concluding Remarks
Previous studies have indicated that there are significant correlations between indoor airborne PAH concentrations and cooking oil quality. It has also been suggested that PAH exposures are higher among food preparation professionals than other populations. Airborne PAH concentrations in kitchens are significantly higher than “non-exposure” rooms, such as manager offices and staff rooms. I predict that there will be a statistical significance between the mean PAH concentration in oil and the Shanghai restaurant evaluation system. Furthermore, this study could be considered as a pilot study for toxicity analyses of airborne PAH carcinogenesis, so that the relationship between indoor PAH exposures and human health effects can be explored.
The strengths of this study are that multiple sampling methods are applied (air, biological and oil sampling method) in order to provide comparisons among different PAH exposure pathways and reduce the selection bias as well. Both air cartridges with fiber filter and Personal Environmental Monitors are used for collecting the whole field exposure of PAHs as well as personal airborne PAH exposure in order to determine the airborne [PAH] and the personal exposures.  Using 1-OHP as a biological measure of cooking oil fumes exposure in restaurant workers has been well documented. [15] There are blanks for each of the sampling methods to so that samples may be properly compared. Sample size calculations are designed and should be selected based on the restaurant distributions in Shanghai and the cost of study.
There are limitations in this study as well. Although we have set up blanks for each sampling method, and questionnaires are made to eliminate the smoking cooks, some additional confounding factors might cause some bias in our analyses. For example, the ambient PAH should still be considered when cooks are off work, which is really hard to control and measure; And PAH intake by food should be considered as a confounder as well; Also, recall bias is frequently common when questionnaires are used. Besides the confounding factors mentioned above, the half-life variances in urine between different PAH compounds may interfere with our analyses and make it more difficult to determine the exact PAH concentration in the urine samples.
Our data should be able to correlate exposure to indoor PAHs in cooking oil fumes with restaurants using low quality cooking oils.  This should indicate a greater health risks among cooks. To improve the working conditions of food professionals, I suggest that improved ventilation systems are necessary in kitchens. Moreover, our samples will be sent to a collaborative group in Academia Sinica in Shanghai for further toxicology analysis, and the results of the data in this study and the toxicological results should be sent to Government bodies, such as Ministry of Health, SFDA and Health Supervision Bureau of Shanghai
In the future, I may suggest that the government strengthen its control and supervision of PAH contamination in food and edible oils, amend relevant standards, and provide a maximum limitation value for PAHs based on the potential findings of the study. Last but not least, controlled interventions would be needed to assess whether these new regulations help to reduce the occupational exposure of PAH to food professionals.
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