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Theory and Objective

pH levels is an important factor when facilitating the treatment and distribution of water. pH levels change the processes as it can affect certain water treatment processes such as chemical coagulation, disinfection, water softening and corrosion. In circumstances of biological waters the pH level of the water is maintained to favour microbial growth for biological or wastewaters (Meghan 2015).

The pH level of a body of volume is the measurement of the concentration of Hydronium ([H+]) and is calculated by the equation pH = - log[H+]. The pH is measured from a figure from 1 – 14, 7 indicating neutrality (the pH of water). Any substance with a pH above seven is Basic and any pH below seven is Acidic. The pH level of a body of volume can be approximated by the use of Litmus papers or measured using a pH meter with a glass electrode and a reference electrode (Meghan 2015).

In water treatment there are two types of waters dependent on the pH level of the fluid. Water samples with a pH above 7 are alkaline and water samples with a pH below 7 is acidic. Alkalinity in water describes the ions within the fluid that neutralizes with solution and takes up [H+] ions. The removal of [H+] ions results in the solution to buffer and resist pH shifts. Typical ions attributed to alkalinity are bicarbonate (HCO3-), carbonate (CO32-), Hydroxide (OH-), phosphate (PO42-), di hydrogen phosphate (H2PO4-) and silicate (SiO(OH)3-). The most common system controlling, alkalinity in waste waters is the carbon dioxide-carbonic system.  Since most waste waters facilitate natural organic activities, the carbon dioxide-carbonic system maintains a pH level from 4.5 – 10.  The carbon carbonic system is comprised of a series of reactions as shown below (Meghan). 
CO2 (aq) + H2O (aq) <=> H2CO3 (aq) equation 1

H2CO3 (aq) + H2O (aq) <=> H+ + HCO3- (aq) equation 2

HCO3 - (aq) + H2O(aq) <=> H+ + CO3-2 (aq) equation 3

The alkalinity of a volume of a sample is measured through the process of phenolphthalein alkalinity (PA). The Phenolphthalein alkalinity process titrates the alkaline solution with sulfuric acid (H2SO4). The addition of H2SO4 reacts with the CO32- and OH- ions within the carbon dioxide-carbonic system until the pH changes to approximately 4.5. The titration process shifts the ion concentrations of the system (through the process of leChatelier’s principle), causing the phenolphthalein to change the solutions colour from pink to colourless. Total alkalinity (TA) of an alkaline sample is a second step requiring the addition of methyl Orange. The addition of methyl orange changes the colour of the solution to yellow. This colour changes as the solution continues the titration process with H2SO4 until the colour of the solution turns pink. The volume of titrate used indicates the PA and TA within a solution. The formulas for calculating PA and TA are given by: 

Phenolphthalein alkalinity (PA): 

Total alkalinity (TA): 
Where 
P = Volume of Titrant Used prior to the addition of methyl orange 
T = Volume of Titrant Used after the addition of methyl orange
N = Normality of Titrant
Vs= Volume of sample titrated 

Acidity in water describes the ability of the solution to neutralize bases. There are two types of acidity’s that sanitary industries handle with treatment processes. The two types are Mineral Acidity (MA) and Total Acidity. Mineral Acidity is a common by product of industrial waste waters from acid mine drainages. The mineral acidity of a sample can be determined by titration with sodium hydroxide (NaOH). Methyl orange is added with the solution to determine the shift in pH when the solution turns from pink to yellow. To determine the total acidity (TAc), the titration is continued after the addition of phenolphthalein. The titration process changes the colour of the sample from yellow to pink indicating the shifting of pH to approximately 8.3 (Meghan 2015). The formulas for calculating MA and TAc are given by: 

Mineral Acidity (MA): 

Total Acidity (TAc): 
Where 
T = Volume of Titrant Used prior to the addition of phenolphthalein
M = Volume of Titrant Used after the addition of phenolphthalein
N = Normality of Titrant
Vs= Volume of sample titrated 

Material and Equipment 
The material and equipment is as written in the lab manual on page 18 (CVG2132 Lab Manual (2015)).

Experimental procedure 
The procedure is as written in the lab manual on page 19-20 (CVG2132 Lab Manual (2015)







Calculations
All values are the average over all 7 groups
Alkalinity Test (PH>7)
Sample A
Phenolphthalein Alkalinity (PA) as CaCo3= =114.8 as CaCo3
Total Alkalinity (TA) as CaCo3= ==154.4 as CaCo3
Type of Alkalinity
PA so for OH-: (2(114.8 as CaCo3) – 154.4 as CaCo3) = 75.2 as CaCo3
For CO32-: 2(154.4 as CaCo3 - 114.8 as CaCo3) = 79.2 as CaCo3
Sample B
Phenolphthalein Alkalinity (PA) as CaCo3= =135.6 as CaCo3
Total Alkalinity (TA) as CaCo3= ==334.0 as CaCo3
Type of Alkalinity
PA so for HCO3-: 334.0 as CaCo3 – 2(135.6 as CaCo3) = 62.8 as CaCo3
For CO32-: 2(135.6 as CaCo3) = 271.2 as CaCo3
Sample C
Phenolphthalein Alkalinity (PA) as CaCo3= =10.4 as CaCo3
Total Alkalinity (TA) as CaCo3= ==195.2 as CaCo3
Type of Alkalinity
PA so for HCO3-: 195.2 as CaCo3 – 2(10.4 as CaCo3) = 174.4 as CaCo3
For CO32: 2(10.4 as CaCo3) = 20.8 as CaCo3
Sample D
Phenolphthalein Alkalinity (PA) as CaCo3= =231.2 as CaCo3
Total Alkalinity (TA) as CaCo3= == 448.8 as CaCo3
Type of Alkalinity
PA  so for OH-: -448.8 as CaCo3+ 2(231.2 as CaCo3) =    13.6 as CaCo3
            For CO32: 2(TA-PA) =      435.2 as CaCo3
Sample E
Phenolphthalein Alkalinity (PA) as CaCo3= = 300.0 as CaCo3
Total Alkalinity (TA) as CaCo3= == 783.2 as CaCo3
Type of Alkalinity
PA so for HCO3-: 783.2 as CaCo3 – 2(300.0 as CaCo3) = 183.2 as CaCo3
For CO32: 2(300.0 as CaCo3) = 600 as CaCo3
Tap Water
Phenolphthalein Alkalinity (PA) as CaCo3= = 0 as CaCo3
Total Alkalinity (TA) as CaCo3= == 34.4 as CaCo3
Type of Alkalinity
PA so for HCO3-:34.4 as CaCo3– 2(0 as CaCo3) = 34.4 as CaCo3
For CO32: 2(0 as CaCo3) = 0 as CaCo3
Where
P= Volume of titrant used in step 2 (mL)
T= Volume of titrant used in step 2 and 3 (mL)
N= Normality of Titrant (N)
V= Volume of Sample (mL)



Acid Test (PH<7)
Sample F
Mineral Acidity (MA),  as CaCo3= = 319.6 as CaCo3
Carbon Dioxide Acidity (CDO),  as CaCo3= == 27.6 as CaCo3
Where
M = Volume of titrant from step 2 (mL)
N = Normality of titrant (N)
V = Volume of sample (mL)
T = Volume of titrant from steps 2 and 3 (mL)





























Discussion
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]	There are seven samples in total that were detected in this lab: samples A to F and tap water. Also, as the lab manual (P19 – P20) has shown, the pH of each sample should be recorded for later on use. Then, as to the different pH values, we applied the relevant alkalinity and acidity tests. For example, after we determining the PH value of sample F, which was 2.51, by referring to the lab manual so that we knew this sample is acidic, and we should therefore apply the acid test on the sample F.

Table 1. Type of Alkalinity by Titration Results
[image: ]
(Cited Source: University of Ottawa – P20 of the CVG 2132 LAB MANUAL, 2015)

Table 2. Experiment Date of Group 2
	Sample
	pH
	Alk./Acid
	Volume #1
	Volume #2

	A
	10.75
	Alk.
	3.1
	1

	B
	10.16
	Alk.
	3.5
	4.8

	C
	8.35
	Alk.
	0.3
	4.6

	D
	10.7
	Alk.
	5.85
	5.15

	E
	9.95
	Alk.
	7.35
	12.75

	F
	2.42
	acid
	8
	0.4

	TAP WATER
	7.53
	Alk.
	0
	1



Table. 3 Average Experiment Data of All the Groups
	Sample
	Ave.ph
	alk/acid
	Ave. Volume#1
	Ave. Volume#2

	A
	10.85429
	
	2.871428571
	0.985714286

	B
	10.12429
	
	3.385714286
	4.957142857

	C
	8.287143
	
	0.264285714
	4.578571429

	D
	10.67286
	
	5.778571429
	5.335714286

	E
	10.11429
	
	7.5
	12.08571429

	F
	2.401429
	
	7.985714286
	0.692857143

	TAP WATER
	7.491429
	
	0
	0.864285714


 (Data Source: the Excel document assigned by the Teaching Assistance.)


Table 4. Types and Amounts of Alkalinity, Acidity, and Ions.

	Sample
	pH
	Volume #1 (mL)
	PA (mg/L as CaCO3)
	Volume #2 (mL)
	TA (mg/L as CaCO3)

	A
	10.75
	3.1
	114.8
	1
	154.4

	B
	10.16
	3.5
	135.6
	4.8
	334.0

	C
	8.35
	0.3
	10.4
	4.6
	195.2

	D
	10.7
	5.85
	231.2
	5.15
	448.8

	E
	9.95
	7.35
	300.0
	12.75
	783.2

	TAP WATER
	7.53
	0
	0
	0
	34.4

	Sample
	PA (mg/L as CaCO3)
	TA (mg/L as CaCO3)
	OH-
	HCO3-
	CO32-

	A
	146
	156
	136
	0
	20

	B
	176
	340
	12
	0
	328

	C
	20
	200
	0
	160
	40

	D
	246
	426
	66
	0
	360

	E
	318
	786
	0
	150
	636

	TAP WATER
	0
	20
	0
	20
	0

	Sample
	pH
	Volume #1 (mL)
	MA (mg/L as CaCO3)
	Volume #2 (mL)
	CDA (mg/L as CaCO3)

	F
	2.42
	8
	274
	1
	44


 

The Table 2 was taken simultaneously as the experiment was being processed, it records the alkalinity or acidity of the samples A, B, C, D, E, F, and Tap water. Since that all of those samples solutions have low concentrations, they therefore do not damage too badly to human body once being physically engaged (said by TA during the laboratory). In the other words, all the samples in used in this lab are dilute. Moreover, according to the Table 1, we found that all the samples were basic except the sample F, even the tap water we obtained in the lab was also slightly basic. However, although several solutions are all basic and their PH values are also similar, they do not all contain the same ions, they have OH-, CO32-, and HCO3-, etc. 
After that, when we were performing the titration for each sample, we confirmed our assumption that solutions with different PH value, also known as containing different concentrations of H+, will require different amount of H2SO4 to become fully titrated. This is because that solutions with a larger amount of OH- require a higher larger amount of H+ to neutralize. Isochorically, we needed to provide larger amount of H2SO4 in order to neutralize the bases. However, besides this lab, the same result can be obtained by providing a smaller amount of concentrated H2SO4. As to the concentration in CaCO3, it was obtained similarly referring to the calculation for the phenolphthalein alkalinity and total alkalinity of each sample in the calculation part.
Sample F was the only sample that has a PH value lower than 7, which was an acidic solution. In this solution, the amount of H+ is more than the amount of OH-. Based on those information, we decided to apply the acid test to this sample. Afterwards, by determine the ions of each sample, we found that the ions in this acidity is very different to other alkalinities.
Referring to the lab manual, the acidic solution is consisted of mineral acids, which contain both hydrochloric acid (HCL) and sulfuric acid (H2SO4). In order to find a way that can perform both acids in one unit measurement, we calculated the values of mineral acidity and carbonate acidity in term of CaCO3.
According to the Table 3, only tap water is a good idea for humans to drink, since others samples are either too acidic or too basic as their PH values have shown. For example, sample F, which has a PH of 2.42, it is very acidic to humans and it may corrode human organs if people drink it. For those samples which have higher PH values than 7 but “look” close to 7, they are not good choices to be as drinking water as well. Although those samples may not damage human organs as badly as the sample F, but they do contain high levels of concentration of CaCO3, which will lead to high degrees of hardness of the liquids. Drinking excessive amount of hard water will lead to an overwhelming level of Calcium Carbonate (CaCO3) being left inside human’s body. Therefore, a series of health issues might be caused afterwards, such as vertigo, emesis, joint pain, and disorientation, etc.
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Titration Results

Type of Alkalinity, mg/L as CaC0s

OH- HCOx €03z
PA=0 0 TA 0
PA<TA/2 0 TA-2PA 2PA
PA=TA/2 0 0 2PA
PA>TA/2 2PA-TA 0 2(TA-PA)
PA=TA TA 0 0





