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Mong Kok  
(MK) Roadside 

• PM2.5 inlet (3m above ground) 
– 10L/min (FMPS) 

– 0.08 L/min (AMS) 

– 6.5 L/min (Excess flow pump) 
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High-resolution Time-of-Flight Aerosol Mass Spectrometer (HR-ToF-AMS) 

Inlet and aerodynamic lens 

Chopper for sizing 

Heater and ionizer 

Mass analyzer Detector 

7 



AMS: ionization and fragmentation of species 
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Organics  
Sulfate        Nitrate
Ammonium Chloride

Water    H2O      H2O
+ , HO+ , O+  18, 17, 16 

Ammonium NH3   NH3
+, NH2

+, NH+  17, 16, 15 

Nitrate    HNO3         HNO3
+, NO2

+,  NO+  63, 46, 30 

 

Sulfate  H2SO4           H2SO4
+, HSO3

+, SO3+  98, 81, 80 

    SO2
+, SO+   64, 48 

Organic   CnHmOy    CO2
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 (Oxygenated)          H3C2O
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+,  Cn’Hm
+  43, 45, ... 
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Characterization of Organic Aerosol (OA) at 
Mong Kok 

 
 

14 

Positive Matrix Factorization (PMF) for source analysis 

Traffic 

Cooking 

POA = Primary Organic Aerosol 

Directly emitted from sources 

= Traffic  +  Cooking 

= 61% of total OA 

 

SOA = Secondary Organic Aerosol 

From atmospheric reactions 

= 39% of total OA 

Lee et al. JGR, 2015 



Primary Organic Aerosol (OA) in Mong Kok 
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Traffic Cooking 
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National emission rates in US: 

PM2.5 from total charbroiling = 79,300 tonnes yr-1 

PM2.5 from flat griddle frying = 15,700 tonnes yr-1 

PM2.5 from highway vehicles = 135,000 tonnes yr-1 
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evaporation 

oxidation 
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 Unknown 

(Klein et al., 2016) 

VOCs 
Cooking: important source of OA 
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(Allan  et al., 2010; Sun et al., 2011; 2013; Mohr 
et al., 2012; Crippa et al., 2013; Lee et al., 2015) 



A model study in California in 2010 

(Hayes et al., 2015) 

Parameters were assumed to be same with 
gasoline vehicle exhaust!!! 

 Previous studies have been focused 
on primary emissions from cooking 
activities. 

 Only one study regarding SOA from 
meat charbroiling was reported 
(Kaltsonoudis et al., 2016). 
 

 Our objective is to characterize SOA 
formation from cooking emissions 
including the key SOA precursors and 
SOA formation potential.  
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SOA formation from heated cooking oil 
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Liu et al., ACP, 2017 



SOA formation from gas-phase emissions 
of heated cooking oils 

SOA production rate:1.35± 0.30 µg min-1 

PM2.5 emission rate:3.7-54 mg min-1 (Amouei Torkmahalleh et al., 2012) 
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Relationship between SOA production 
efficiency and the fat content of oil 

• SOA production efficiency: 
Peanut<Olive<Canola<Corn<Sunflower 

• Correlated with the content of monounsaturated 
fat and omega-6 fatty acids 
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Modeled with monounsaturated fat 
and omega-6 fatty acid  



POA and SOA mass spectra of Canola oil 

m/z 28, 29, 44  

m/z 41, 43, 55, 57  

From POA to SOA 
 
CxHyOz 

 
 CxHy 

 
Portions of oxygen-
containing ions increased 
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Canola POA 

Canola SOA 



• Cooking SOA is less 
oxidized than vehicle 
exhaust SOA 

• Parameters used for 
SOA from vehicles 
cannot be used for 
cooking 

24 



VOCs emissions and SOA formation from 
stir-frying spices 
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(FAOSTAT, 2005) 

Liu et al., STOTEN, 2017 



Monoterpenes 
Terpenoids 

Mass spectra of VOCs 
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SOA/POA for myrcia and Sichuan pepper: 0.13 and 0.53 

SOA production rate 
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Summary 
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 Cooking contributions in primary OA (POA) exceeded those 
related to vehicles in Mong Kok, an urban site in Hong Kong. 
 

 The efficiency of SOA production from gas-phase emissions of 
cooking oil, in ascending order, was peanut oil < olive oil < 
canola oil < corn oil < sunflower oil.   SOA << POA. 
 

 The major SOA precursors from heated cooking oils were related 
to the content of mono-unsaturated fat and omega-6 fatty 
acids in cooking oils. SOA in these experiments was only lightly 
oxidized, different from traffic SOA. 
 

 The contribution of stir-frying spices to ambient organic aerosol 
levels is likely dominated by POA. 
 

 All the above experiments did not have seed particles, which 
may underestimate SOA formation. 
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R7: ROB, GRI and PYE represent different parameterization for SOA from SVOCs and IVOCs; 
TSI represent parameterization for SOA from VOCs. Our objective is to characterize SOA 
formation from cooking emissions including the key SOA precursors and SOA formation 
potential.  
 
R9: PR=[SOA]× Dilution ratio× Flow rate;  It is not on a per mass basis because production 
rates did not depend on the mass of oil used. 
 
R10: Model results are obtained by multiple linear regression of contents of 
monounsaturated fat and omega-6 fatty acids. It is based on our own measurements. 
 
R11: Figures were modified. Ogt1 means that the oxygen number is greater than 1; O1 means 
the oxygen number is 1.  
 
R12: SOA formed from gas-phase emissions of heated cooking oil was less oxidized than 
those from vehicle exhaust, indicating their difference in SOA precursors. Then parameters of 
gasoline vehicle exhaust can not be used to represent those of cooking (slide 7). 
 
R13: The main message is that the O:C ratios fell in the range 0.2-0.4, which was lightly 
oxidized. 
 
R14: Myrcia means 香叶. If all audiences can read Chinese, it would be better to put its 
Chinese name. 
 
R15: Revised. 


