
Lecture Notes 1 

Problem 1 

Use the same units throughout: m3 for volume, kg for mass. 
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𝒇𝑶𝑪 = 𝟎. 𝟎𝟐 
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𝜺 = 𝟎. 𝟑𝟓 

In an aquifer (= saturated) there is only two phases: solid and liquid. 

Part 1 

First, we consider 𝝆𝒃 = 𝟏. 𝟔 𝒈
𝒄𝒎𝟑 = 𝟏. 𝟔	 𝒈

𝒄𝒎𝟑 ∗
𝟏𝒌𝒈
𝟏𝟎𝟎𝟎𝒈

∗ 𝟏𝟎
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𝟏𝒎𝟑 = 𝟏𝟔𝟎𝟎	 𝒌𝒈
𝒎𝟑     

we would like to calculate Ci,s 

Given that we have Ci,aq , we only need KD 
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è 𝐶:,; = 𝐾7𝐶:,<= = 3.64 ∗ 10/# >
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∗ 2 ∗ 10/A 𝒌𝒈	𝒕𝒐𝒍𝒖𝒆𝒏𝒆

𝒎𝟑 = 7.28 ∗ 	10/B ?@	CDEFGHG
?@	;D:E

 

We consider 1 m3 of aquifer => VT 

𝑀I = 𝑚𝑎𝑠𝑠	𝑜𝑓	𝑑𝑟𝑦	𝑠𝑜𝑙𝑖𝑑 = 𝑉J𝜌K = 1	𝑚# ∗ 1600	 ?@
>& = 1,600	𝑘𝑔 soil 

𝑚:,; = 𝐶:,;𝑀I = 7.28 ∗ 	10/B ?@	CDEFGHG
?@	;D:E

∗ 	1,600	𝑘𝑔	𝑠𝑜𝑖𝑙 = 0.11648	𝑘𝑔	𝑡𝑜𝑙𝑢𝑒𝑛𝑒 in 1 m3 of aquifer 

𝑚:,; = 116.48	𝑔	𝑡𝑜𝑙𝑢𝑒𝑛𝑒 

 

Part 2 

Second, we consider 𝝆𝒘𝒃 = 𝟏𝟔𝟎𝟎	
𝒌𝒈
𝒎𝟑	, we need to recalculate the mass of dry solid in a cubic meter 

of aquifer. 

𝑀; +𝑀N = 𝑉J𝜌OK  

𝑀N = 𝑉N𝜌O<CGP = 0.35 ∗ 1	𝑚# ∗ 997
𝑘𝑔
𝑚# = 349	𝑘𝑔	

𝑀; = 1,600 − 349 = 1,251	𝑘𝑔 

𝑚:,; = 𝐶:,;𝑀; = 7.28 ∗ 	10/B
𝑘𝑔	𝑡𝑜𝑙𝑢𝑒𝑛𝑒
𝑘𝑔	𝑠𝑜𝑖𝑙

∗ 1,251	𝑘𝑔	𝑠𝑜𝑖𝑙 = 9.11 ∗ 10/A𝑘𝑔	𝑡𝑜𝑙𝑢𝑒𝑛𝑒 

 

 



𝑚:,; = 91	𝑔	𝑡𝑜𝑙𝑢𝑒𝑛𝑒 

Less toluene is sorbed on the solid phase because there is less solid phase in the cubic meter of 
aquifer if the wet bulk density is considered as opposed to the dry bulk density. 

Let’s calculate what the actual 𝜌OK should be if 𝜌K = 1.6 g/cm3 and the porosity is 	𝜺 = 0.35 

𝜌OK =
𝑀; +𝑀N

𝑉J
=
𝑀I

𝑉J
+
𝑀N

𝑉J
= 𝜌K +
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𝑉J
= 1600	

𝑘𝑔
𝑚# +

349	𝑘𝑔
1	𝑚# = 1949	

𝑘𝑔
𝑚#	 

𝜌OK = 1949	
𝑘𝑔
𝑚# 

 

Problem 2 

 

pH=12 => [OH-] = 10-2 M 

[𝐶𝑎AQ] =
𝐾;R

[𝑂𝐻/]A
=	
6.5 ∗ 10/S

10/T
= 0.065	𝑀 

This means that Ca2+ at this concentration (equivalent to 0.065 mol/L * 40 g/mol= 2.6 g/L) is at 
equilibrium with the Ca(OH)2 solid phase at this pH. So, if you have solid Ca(OH)2 in water (at any 
amount), the concentration of calcium at equilibrium will be 2.6 g/L (0.065 mol/L) at pH 12. 

If we want to know how much Ca(OH)2 we will be able to dissolve in water, then, it will be 0.065 
moles per L (it should be stoichiometric with dissolved calcium). However, we like to know how much 
mass of calcium hydroxide can be dissolved and considering the MW of this compound is 74 g/mol, 
we get: 

𝑠𝑜𝑙𝑢𝑏𝑙𝑒	𝑐𝑎𝑙𝑐𝑖𝑢𝑚	ℎ𝑦𝑑𝑟𝑜𝑥𝑖𝑑𝑒 = 0.065	
𝑚𝑜𝑙
𝐿

∗
74	𝑔
𝑚𝑜𝑙

= 4.81	 𝑔 𝐿^  

You can add 4.81 grams of Ca(OH)2 to one liter of water and it will dissolve fully at pH 12. If you add 
more, the excess (more than 4.81 g) will not dissolve and remain in solution. (this is assuming that 
the pH is buffered at pH 12 and not impacted by the dissolution of the compound) 

 

 

 


