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C 










hina’s modern cities 



are 

often associated with 



the 

grey 










smoggy skies and hazes attributed 



to air 

pollution (see 










CHEMISTRY REVIEW, 



Vol. 



28, 



No. 



2, pp. 



2–6). 



It 



has been 










reported that breathing this sort 



of air for 

just 



an 

hour 



is 










comparable 



to 

smoking 



1.5 

packets 



of 

cigarettes 



per 

day. 



It is 










therefore 



no 

surprise that some 



of the 

inhabitants 



in 

Chinese 










megacities 



try to 

avoid leaving their homes during heavily 










polluted periods. 










According 



to the 

World Health Organization, 



4.2 

million 










deaths 



per 

year can 



be 

attributed 



to 

outdoor 



air 

pollution, with 










3.8 



million deaths 

per 



year associated with human exposure 

to 










smoke from dirty household appliances such 



as 

cooking stoves. 










This environmental cause 



of 

mortality has become one 



of the 










leading preventable causes 



of 

death worldwide. 










With over 



1.6 

million people 



per 

year 



in 

China dying from 










the 



adverse health effects caused 

by air 



pollution (around 4,400 










Organic nitrogen 










The secret killer in Chinese megacities 










Stefan Swift 










This article links to the following topics in the 



AQA, Edexcel, OCR, 










WJEC, CCEA, SQA 



and 

IB Diploma 



exam specifications: 










• 



particulate matter (PM) and organic nitrogen (ON) in the 








atmosphere 










• 



toxicological behaviour of chemical species 








• 



nitration reactions 








• 



how science works 








• 



radical reaction mechanisms 








Exam links 










people 



per 

day), and with reports 



of 

children 



as 

young 



as 8 

being 










diagnosed with lung cancer, 



the 

investigation into 



the 

quantity 










and quality 



of 

gases and particles 



in the 



boundary layer 



of 










China’s megacities 



is 

vital. 










In 



2016 

it 



was estimated that China consumed around 










11.5 million barrels 



of oil per 

day. 



It is the 

largest consumer and 










producer 



of 

coal worldwide. With such 



a 

large consumption 



of 










fossil fuels needed 



to 

sustain 



the 

modern lifestyles desired 



by its 










vast population, 



air 

pollution 



is 

inevitable. The people 



of 

China 










are 



fully aware and angered 

by the 



adverse health effects that 



are 










caused 



by the 

smoggy episodes clouding 



the 

country’s blue skies. 










But what exactly 



is it 

within this smog that 



is so 

dangerous? How 










are 



these chemicals introduced into 

the air 



that China breathes, 










and which chemicals 



are 

among 



the 

most threatening 



to 

life? 










Organic nitrogen species 










Photochemical smog 



is a 

toxic cocktail 



of 

particles and 



gases. 










Particulate matter (PM), ozone and nitrous oxides 



are the 










dominant substances found 



in 

these hazes. 



All are 

detrimental 










to 



human health. Studies have revealed that 

a 



class 

of 



chemicals 










called organic nitrogen (ON) compounds contribute significantly 










to 



particulate matter. ON compounds 

are organic 



molecules that 










contain 



a 

nitrogen atom. These include organonitro compounds, 










amines and amides. 










The study 



of 

these compounds 



in 

urban 



air 

has been relatively 










neglected, despite 



the 

abundant library 



of 

medical papers that 










describe 



(in 

great detail) their toxicology. Many ON species have 










Scientists use the principles 



of 

absorption and emission 



to 










detect the deadly chemicals 



in 

Beijing’s atmosphere 
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NO 



2 










NO 



2 










O 



2N 










Chrysene 










6-nitrochrysene 










Pyrene 










1,8-dinitropyrene 










Figure 1 



1,8-dinitropyrene and 6-nitrochrysene are 1000 times 










more toxic than the equivalent non-nitrated molecules: pyrene 










and chrysene 










Box 



1 



Nitroaromatic compounds 










When certain organic molecules are nitrated, they become 










more mutagenic. Nitroaromatic compounds (NACs) are of great 










atmospheric interest, as these are emitted directly from 



a 

variety of 










sources, such as from diesel emissions, biomass burning, gas burners 










and kerosene heaters. For example, 1-nitropyrene is thought to be 










one of the most prevalent nitro-PAHs emitted. It is found in diesel 










fumes and is produced as 



a 

result of incomplete combustion. Another 










example of an NAC is 2-nitrophenol, 



a 

compound used in chemical 










industries and agriculture. 










NACs may also be formed secondarily in the atmosphere, on 










interaction of 



a 

PAH with oxides of nitrogen and other species. In 










contrast to this, other studies have suggested that nitro-PAHs where 










the nitro group 



is 

positioned perpendicular, or almost perpendicular, 










to the aromatic rings may actually demonstrate lower tumorigenic 










characteristics than the original parent PAH. 










N+ 










– O 










O 










1-nitropyrene 










OH 










N+ 










O 










O– 










2-nitrophenol 










been reported 



as 



class 



A 



carcinogens, 

which have 



no 

safe level 



of 










exposure and definitely cause cancer. 










For 



example, 6-nitro-chrysene has been reported 

to be 



1000 










times more 



carcinogenic 

than chrysene. The nature 



of 

this 










immense toxicity arises from 



the 

integration 



of a 

nitrogen 










atom into 



the 

structure 



of 

some typical organic molecules, 



for 










example those shown 



in 

Figure 1. 










These substances may 



be 

formed 



in 

high-temperature 










environments, including combustion sources such 



as 










smoking 



or 

cooking, 



or 

they also may 



be 

formed secondarily 










in the 



atmosphere. Studies conducted 

to 



date have suggested 










mechanisms such 



as the 

electrophilic substitution 



of 

NO2 

during 










combustion, producing species such 



as 

nitro-polyaromatic 










hydrocarbons (nitro-PAHs, 



see 

Box 



1). 

Other ON species include 










nitroalkanes, nitroalkenes, nitrophenols, nitrosamines, amines 










and amides, 



as 

well 



as 

many more substances that demonstrate 










acute toxicity. 










Health effects 










Epidemiological studies 



have shown 



a 



positive trend between 










diesel fume exposure 



in 

urban 



air 

pollution and 



an 

increased 










risk 



of 

lung cancer. Many ON compounds have 



tumorigenic, 










genotoxic, mutagenic 



and carcinogenic properties. Animal 










testing and tests conducted 



on 

single-celled organisms have been 










used 



in the 

study 



of the 

toxicological mechanisms surrounding 










ON and DNA. Tumour development was found 



in 

dogs and 










carcinogenic activity was observed 



in 

rats (Box 



2). 










In 



2011, 

5 



million cars were registered 

in 



Beijing, making 










vehicle emissions one 



of the 

dominant sources 



of air 

pollution 










in the 



city. Nitro-PAHs 

are 



emitted from diesel vehicles through 










PM 



emissions, and this 

is the 



route through which humans 

are 










most likely 



to be 

exposed 



to 

nitro-PAHs. 










The dangerous nature 



of 

particulate matter also stems from 










its 



ability 

to 



penetrate deep into 

the 



lung due 

to its 



small size. 










Some particles, such 



as PM2.5

(smaller than 



2.5 

μm 



in 

diameter), 










are so 



small that they 

are 



capable 

of 



reaching 

the 



bronchi 










and alveoli. This has 



the 

potential 



to 

induce damage 



to 

these 










sections 



of the 

respiratory tract. 



For 

some particles (such 



as 








PM0.1), 



their size 

is so 



small that they can 

be 



transferred through 








the 



lining 

of the 



alveoli and into 



the 



bloodstream. 
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