
ENV 320 – Chemical 
composition

Exercise session

04.04.2025



Aerosols are solid or liquid particles, 
not gases.

Water vapor is a gas, while aerosols are 
solid or liquid particles.



Makes up ~78% of the 
atmosphere and is not harmful.

From ocean spray.







ppmv = part per million by volume (μL/L, cm³/m³, etc.)
ppmm = part per million by mass (mg/kg, μg/g, etc.)

Exercise : Please convert 420 ppmv of CO2 into ppmm.

𝒑𝒑𝒎𝒗 = 𝒑𝒑𝒎𝒎 ∙
𝑴𝒂𝒊𝒓

𝑴𝑪𝑶𝟐

Mair = 28.97 g/mol (average molar mass of dry air)
MCO2 = 44.01 g/mol (molar mass of CO2)

Solutions :

𝒑𝒑𝒎𝒎 = 𝒑𝒑𝒎𝒗 ∙
𝑴𝑪𝑶𝟐

𝑴𝒂𝒊𝒓
= 𝟒𝟐𝟎 ∙

𝟒𝟒. 𝟎𝟏

𝟐𝟖. 𝟗𝟕
= 𝟔𝟑𝟖 𝒑𝒑𝒎𝒎



Gases expand and contract with 
temperature and pressure changes
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Global Carbon Cycle

IPCC, 2013, chapter 6

Units: PgC (1 PgC = 1015 gC), PgC yr-1

Black: reservoir or fluxes prior to 1750 (pre-industrial), 

reservoir also called «carbon stock»

Red: «anthropogenic» fluxes 2000-2009

Two domains: 

«Fast»: carbon in the atmosphere, the ocean, 

surface ocean sediments and on land in 

vegetation, soils and freshwaters

Slow: carbon stores in rocks and sediments

They exchange via volcanic eruptions and 

chemical weathering of rock. 

Location % C Type of carbon

Lithosphere 99.985

fossil, sediments, organic carbon, marine 

sediments

Hydrosphere 0.0076
carbonate ions, dissolved CO2, biocarbonate

ions

Pedosphere 0.0031 soil organisms, plant remains

Cryosphere 0.0018 frozen mosses

Atmosphere 0.0015 gaseous carbon

Biosphere 0.0012 living plants and animals
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Produces ammonia, not oxygen. Ammonia is not primarily used as fuel.



Ammonia does not directly 
deplete the ozone layer.

Ammonia-based fertilizers 
increase soil alkalinity, not acidity.



SH Han et al. 2009



Saharan dust transport : good visual 
representation of how long-lived air pollutants 

are spreading through global transport. 



OH is the «washing agent» 
of the troposphere.



▪ Particulate matter (PM)

• ≤ 10 µm: PM10

• ≤ 2.5 µm: PM2.5

▪ Swiss standard

• PM2.5 : 10 µg m-3 (annual mean), 
25 µg m-3 (daily mean)

• PM10 : 20 µg m-3 (annual mean), 
50 µg m-3 (daily mean)

▪ Ozone

CH: 

• < 100 µg m-3 (98 % of ½ -h 
averages in one month)

• 120 µg m-3 hourly average, only
to be surpassed once per year

USA

• 0.070 ppm (8-hour average)

Common air quality units
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Who is stricter?
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CH

120 µg m-3 hourly average

USA

0.070 ppm (8-hour average)What you need to know

Loschmidt’s number:

Number of molecules per m3 at STP

2.687x1025

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑏𝑦 𝑂3

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑏𝑦 𝑎𝑖𝑟

=
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑂

3
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑝𝑒𝑟 𝑚3

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑝𝑒𝑟 𝑚3

Molecules per mol: 6.022*1023

Molecular weight of O3: 48 g / mol

Calculation not done during lecture



Solution 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑏𝑦 𝑂3

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑏𝑦 𝑎𝑖𝑟
=

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑂
3
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑝𝑒𝑟 𝑚3

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑝𝑒𝑟 𝑚3

USA (8-hour average)

0.070 𝑝𝑝𝑚 = 0.07 ∗ 10−6

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑂3𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑚
−3 =

0.07 ∗ 10−6 * 2.687 ∗ 1025 = 𝟏. 𝟖𝟖 ∗ 𝟏𝟎𝟏𝟖

Molecules per mol: 6.022*1023

Molecular weight of O3: 48 g / mol

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝑂3𝑚
−3 =

1.88 ∗ 1018

6.022∗1023
= 3.12 ∗ 10−6

µ𝑔 𝑜𝑓𝑂3𝑚
−3 = 3.12 ∗ 10−6 * 48 * 106 = 𝟏𝟒𝟗. 𝟗𝟐

Switzerland: 120 µg m-3 (hourly)

→ Switzerland is stricter
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Loschmidt’s number:

Number of molecules per m3 at STP

2.687x1025

mol/m3

µg/m3

molecules/m3

Calculation not done during lecture


