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o Humidity is the measure of water vapour present in air or other gases. 
 
o The measurement of humidity is called hygrometry derived from the 

Greek term ‘hygros’ meaning moist. 
 
o Earth is a very wet planet - Over 70% of the its surface is covered by 

water. 
  
o Water vapour is present in atmospheric air -  

•  Approximately 1% by volume in colder/drier climates 
   Up to 2% in warmer/wetter regions. 

                   
o All industrial and process gases contain moisture -  

•  From trace levels for high purity special gases and cryogenic 
liquefaction processes, 
•  Up to high percentages >50% by volume for some product                    
drying processes and humidity conditioning environments. 
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Water Vapour Pressure (e) 
 
That part of the total gas pressure which is contributed by water vapour.  Also referred to as the partial 

pressure of water vapour.  This is the fundamental measure of humidity. 
  
Saturation Water Vapour Pressure (es) 
 
The maximum attainable water vapour pressure of a gas at a given temperature and pressure. 
  
Water vapour in a gas can be considered as a gas itself in accordance with Dalton’s law for a mixture of 
gases.   
 
The total pressure (PTOTAL) of a gas is composed of the partial pressure of the dry gas (PDRY GAS) plus the 
partial pressure of water vapour (PWATER). 
  
PT = PDRY GAS + PWATER 
  
For atmospheric air, 
PTOTAL = PNITROGEN + POXYGEN + PARGON + PWATER + PTRACE ELEMENTS 
  
Partial pressures of typical atmospheric air the component gases: 
PNITROGEN=    78    KPa 
POXYGEN =    21    KPa 
PARGON =      1    KPa 
PWATER =      1    KPa 
PTRACE =      0.3 KPa 
PTOTAL =  101.3 KPa 
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Saturation Water Vapour Pressure 
Tables 
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Charts showing Dew Point to Moisture 
Content & Saturation Vapour Pressure 
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Absolute Humidity 
A measure of the amount of water vapor present 

in the system 

 

Dew-Point 
Temperature 

Frost-Point 
Temperature 

Parts Per 
Million/Billion 
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DEW-POINT 

TEMPERATURE 
 

The temperature to which a gas 
must be cooled to be saturated 

with water vapor. 

- or - 

The temperature to which a gas 
must be cooled where the first 

molecule of water vapor changes 
to the liquid phase. 

For a given partial pressure of 
water, there is only one 

corresponding dew point. 
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Dew Point (Cdp, Fdp) 

• The dew point is the temperature at which condensation occurs if a gas is cooled (at 

constant pressure).  At the dew-point temperature a gas is saturated in equilibrium with 

water vapour. 

 
• The dew point is therefore the temperature at which saturation water vapour pressure 

would occur if a gas were to be cooled (at constant pressure). 

 
• In the operation of a cooled mirror dew-point hygrometer, a mirror surface is cooled to the 

temperature at which condensation occurs - By definition this is the dew-point temperature.  
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Frost-Point 

o  When a gas is saturated with respect to ice the appropriate term is ‘frost point’ although the convention 

has developed of using the term ‘dew point’ irrespective of temperature. 
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 FROST-POINT 

 TEMPERATURE 
 

The temperature to which a gas 
must be cooled to be saturated 
with respect to ice (solid water). 

- or - 

The temperature to which a gas 
must be cooled where the first 

molecule of water vapor changes 
to the solid phase. 

For a given partial pressure of 
water, there is only one 

corresponding frost point. 
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Effect of increasing gas pressure on 
dew point and moisture content 
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Reference to saturation vapour 
pressure tables 
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Relative Humidity (%rh) 

The ratio of actual water vapour pressure (e) to saturation water vapour pressure 

(es) at a given temperature and expressed as a percentage. 

 
 

rh =   e  x 100 % 
es 

 
 
 
Relative humidity is the humidity present relative to the highest possible humidity 

at the same temperature.   

 

rh is therefore an expression of degree of saturation expressed as a percentage.  

 

rh is used where degree of moisture saturation is the factor is of significance:  

Air conditioning systems, food processing and storage environments (warehouses, 

museums). 
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For our example of atmospheric air, if we assume normal ambient temperature of 

21C then, 

 
rh =    1  x 100% 

2.5 
      =  40% 

 

 
If the ambient temperature is decreased, say to 15C, then the saturation water 

vapour pressure will fail and thus the relative humidity will rise, 

 

rh =    1  x 100% 
1.7 

      =  59% 
 
It is therefore essential, in order to define a measured humidity level in rh, that the 

prevailing temperature is also stated. 
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Moisture Content 

Units of moisture content are expressions of absolute humidity which will 

therefore remain constant for a gas of fixed composition irrespective of 

variations in gas temperature and pressure.   

 
A number of different units are in common usage which are derived as a 

ratio of volume, mass or as a density.   

 

Care must be taken as some units are expressed as a mixing ratio of 

moisture to dry gas whilst others are expressed as a specific humidity of 

moisture to humid gas.  The different between the two is almost negligible 

for trace moisture concentrations but is of significance at higher moisture 

concentrations. 



HYGROMETRIC DEFINITIONS] 

For low humidity levels, the unit of moisture content in most common usage is parts per million:  The 

number of parts of water vapour to one million parts of wet gas expressed either by volume (ppmV) or 

weight (ppmW). 

 
    ppmV =      e          x 106 
     PTOTAL 

 
    ppmW = grams of water vapour  x 106 
                         grams of gas 

 
or simply derived from ppm(V) as follows, 

 
    ppmW = ppmV x molecular weight of water 
               molecular weight of gas 

 
For our example of atmospheric air, 

 
    ppmV  =      1        x 106 
                                                                                          101.3 
                                 = 10,000 

 
    ppmW  = 10,000 x 18 
                                                                                                         29 
                                   =  6,207 

Parts per million 
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Conversion from Measured Dew 
Point to Moisture Content 
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When moisture content is expressed as a density, the most common unit is mg/m3 which can be 

calculated from ppmW as follows, 

 
For an ideal gas, 1 mole (grams molecular weight) has a volume of 22.4 litres at s.t.p. 
For air, 29 grams has a volume of 22.4 litres at s.t.p. therefore, 
106 grams of air has a volume =   106 x 22.4 
     29 
               = 772,414 litres 
               = 772.4 m3 
From previous slide, 
    ppmW = grams of water vapour x 106 
                     grams of wet gas 
Therefore, 
    mg/m3 = ppmW  
                              772.4 

 

 
For the example of atmospheric air, 
    mg/m3 = 6,207 
                                772.4 
                        = 8.04 

Absolute Humidity (wet basis) 
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Dew-Point Pressure Relationship 

 PT1  = 1277 mm Hg (10 psig)  

 PW1  
=  0.0966 mm Hg 

 DP1  =  -40°C 

  PT2  =  5930 mm Hg (100 psig) 

  PW2 
=  0.4486 mm Hg 

  DP2  =  -25.6°C 
 

      Dalton’s Law 
 PT  = P1  + P2 + ... Pi 

 PT () = P1 () + P2 () + ... Pi  ()  

Pressure Increases ()   Water Partial Pressure Increases ()  

Water Partial Pressure Increases () Dew Point Increases ()  



HYGROMETRIC DEFINITIONS] 

 PARTS PER MILLION BY 
VOLUME (PPMV ) 

 

PPMV = (PW / PT ) (106) 

PW = Partial Pressure of Water 

PT = Total Pressure of the System 

PPMv is most commonly used when 
measuring moisture in gases. 

1 minute in 1.9 
years = one PPM 

http://images.google.com/imgres?imgurl=http://www.dexter.lib.mi.us/images/calendar.jpg&imgrefurl=http://www.dexter.lib.mi.us/librarybuilding/newLibrary.html&usg=__Y5SzS-8Klhp1kHpGcg12WNYPILY=&h=371&w=495&sz=31&hl=en&start=1&um=1&itbs=1&tbnid=npV-y9AnGaYo3M:&tbnh=97&tbnw=130&prev=/images?q=image+calendar&um=1&hl=en&sa=G&rlz=1R2GFRE_enGB330&tbs=isch:1
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PPMV/Pressure Relationship 

     P1  = 1277 mm Hg (10 psig) 

    PW1   
=  0.0966 mm Hg 

    PPMV1 
=  75.6 

P2       =  5930 mm Hg (100 psig) 

PW2       
=  0.4486 mm Hg 

PPMV2 
=  75.6 

 

Dalton’s Law PT () = P1 () + P2 () + ... Pi  ()  

PPMV = (PW1 
/ PT1

)
 
 (106 ) = (PW2 

/ PT2 
)  (106 ) 

 (PW1 
/ PT1

) = (PW2 
/ PT2 

) 
 

The ratio of water partial pressure to total pressure doesn’t change 

because every component chances proportionally, so PPMV1 
= PPMV2

 

P1V1 = P2V2 
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Influence of Pressure on Moisture content: 
Looking again to the effects of doubling the pressure of typical atmospheric air, as the proportion of moisture 

to carrier gas remains constant, then the moisture content remains constant irrespective of pressure 

variations: 

 
    ppm(V) =     2      x 106 
                                                                                          202.6 
                                  = 10,000 

 

Conclusion: Moisture Content is independent of pressure. 

Influence of  P and T on Relative Humidity: 
 

Pressure: Changes the partial pressure of water vapour (e), 

  

Temperature: Alters the saturation vapour pressure (es) . 

 

Conclusion: %rh is influenced by both temperature and pressure. 

 Summary: Dew point Moisture 
content 

Relative 
humidity 

Increase pressure  0  

Decrease pressure  0  

Increase temperature 0 0  

Decrease temperature 0 0  
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Application of Henry’s Law 

The mass of gas dissolved by a 
given volume of solvent, at a 

constant temperature, is directly 
proportional to the pressure of gas 

with which it is in equilibrium 

C = KP 

C = concentration of the gas 

K = Henry’s Law constant 

P = pressure of the gas 

Parts Per Million By Weight (PPMW )  
In Liquids 
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Application of Henry’s Law 

The concentration of water in an organic 
liquid is equal to the vapor pressure of 
the water in the liquid multiplied by a 
constant. 
 

Cw = KPw 

 

Cw = concentration of water in the liquid 

K = Henry’s Law constant 

Pw = vapor pressure of water in the 
liquid 

Parts Per Million By Weight (PPMW )  
In Liquids 
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Application of Henry’s Law 
…and         Cs = KPs 

Cs = saturation concentration of water in 
the liquid 

K = Henry’s Law constant  

Ps = saturation water vapor pressure 

…eliminating K reveals that percent 
saturation is simply equal to the ratio of 
the actual vapor pressure of water (dew 
point) to its saturation vapor pressure at 
the same temperature. 

Cw/Cs = Pw/Ps 

…and finally determining moisture 
content 

Cw = (Cs/Ps) Pw 
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Water Solubility Data for Mixtures 
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