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METHOD #:
SM2320 B, Approved for the Analysis of SDWA and NPDES Samples

TITLE:

ALKALINITY (Titration Method)

INSTRUMENTATION:
Accumet AB 15 pH Meter

1.0
SCOPE AND APPLICATION


Alkalinity is significant in many uses and treatments of natural waters and wastewater. Alkalinity in excess of alkaline earth metal concentrations is significant in determining the suitability of water for irrigation.  Alkalinity measurements are used in the interpretation and control of water and wastewater treatment processes.  Raw domestic wastewater has an alkalinity less than or only slightly greater than that of the water supply.

2.0
SUMMARY

2.1
Alkalinity of water is its acid-neutralizing capacity; it is the sum of all the titratable bases.  The measured value may vary significantly with the end-point used.  Alkalinity is a measure of an aggregate property of water and can be interpreted in terms of specific substances only when the chemical composition of the sample is known.

2.2
Hydroxyl ions present in a sample as a result of dissociation or hydrolysis of solutes react with addition of standard acid.

2.3
For samples of low alkalinity (less than 20 mg/L as CaCO3), use an extrapolation technique based on the near proportionality of concentration of hydrogen ions to excess of titrant beyond the equivalence point.  The amount of standard acid required to reduce pH exactly 0.30 pH unit is measured carefully.  Because this change in pH corresponds to an exact doubling of the hydrogen ion concentration, a simple extrapolation can be made to the equivalence point.

2.4
When alkalinity is due entirely to carbonate or bicarbonate content, the pH at the equivalence point of the titration is determined by the concentration of carbon dioxide at that stage. CO2 concentration depends on the total carbonate species originally present and any loses that may have occurred during titration. For routine or automated analysis a pH value of 4.5 is suggested as the equivalence point for the corresponding alkalinity concentration as milligrams CaCO3 per liter.

2.5
Phenolphthalein alkalinity is the term traditionally used for the quantity measured by titration to pH 8.3.

3.0
DEFINITIONS

3.1
Phenolphthalein Alkalinity- the fraction of total alkalinity that is neutralized at a pH of 8.3.

3.2
Inflection Point- the endpoint or equivalence point on a titration curve signifying that the species of interest has been completely reacted.

4.0
INTERFERENCES

4.1
Soaps, oily matter, suspended solids, or precipitates may coat the glass electrode and cause a sluggish response.

4.2
Do not filter, dilute, concentrate, or alter sample.

5.0
SAFETY

5.1
Standard laboratory protective clothing and eye covering is required.

6.0
EQUIPMENT AND SUPPLIES

6.1
pH Meter- Accumet AB 15

6.2
Burrets – 25 mL and 10 mL

6.3
Magnetic Stirrer

7.0
REAGENTS AND STANDARDS

7.1
Sodium Carbonate (approximately 0.05 N)- Dry 3 to 5 g primary standard Na2CO3 at 2500C for 4 hours and cool in a desiccator.  Weigh 2.5 +/- 0.2 g (to the nearest mg), transfer to 1.0 L volumetric flask and QS to volume.  Do not keep longer than 1 week.

7.2
Standard Sulfuric Acid (0.02 N) - Prepare from appropriate stock standard. Standardize by potentiometric titration of 15.00 ml of 0.05N CaCO3.

7.3
Standard Sulfuric Acid (~ 2.0 N) - dilute 55.5 ml of conc. H2SO4 to 1.0 L 

7.4
Standard Sulfuric Acid (~ 10.0 N) - dilute 278 ml of conc. H2SO4 to 1.0 L

7.5 Buffers 7.00/4.00/10.00; Color Coded, referenced to NIST SRMs.

8.0
SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1
Store samples at 4ºC in a tightly capped bottle completely filled.  Avoid sample agitation and prolonged exposure to air.

8.2
Analyze samples without delay, preferably within 1 day.  The EPA lists a holding time of 14 days for alkalinity.

9.0
QUALITY CONTROL

9.1
Standard Sulfuric Acid (Working Standard-0.02N) is prepared from stock solutions that are standardized with primary standard Na2CO3.

9.2
The pH meter is calibrated every day with a pH 7.00 and 4.00 buffer and checked with a pH 10.00 QCS buffer; the slope is recorded.  A buffer is also analyzed after every 10 samples and at end of batch.  All check buffers must be within 0.1 pH units of true value.

9.3 Duplicates are analyzed with every batch and at a frequency of 10%.    

9.4 All QC elements and acceptance limits are summarized in Table 1.

10.0
CALIBRATION AND STANDARDIZATION

10.1
Standardizing Working Standard (0.02N) - Standardize against 15.00 ml of 0.05N Na2CO3 with about 85 ml of reagent water by titrating potentiometrically to pH of about 5.  Lift out electrodes, rinse into the same beaker, and boil gently for 3 to 5 min under a watch glass cover.  Cool to room temperature, rinse cover glass into beaker, and finish titrating to the pH inflection point (4.5).  Calculate normality:


Normality,

	A
	 = 
	g Na2CO3 weighed into 1-L flask

	B
	 = 
	mL Na2CO3 solution taken for titration

	C
	 =
	mL of acid used


10.2
Calibrating pH Meter- See pH SOP, #SM 4500H-B

11.0
PROCEDURE

11.1
Calibrate pH meter as given in pH SOP, #SM 4500H-B.

11.2
Collect 100 mL of sample in a beaker.  Place on magnetic stirrer and immerse electrodes.

11.3
Titrate to the end-point pH (4.5) with 0.02N H2SO4 without undue delay.  As the end point is approached, make smaller additions of acid and be sure that pH equilibrium is reached before adding more titrant.  Record volume of titrant added.

11.4
Potentiometric titration of low alkalinity: (alkalinities less than 20 mg/L) - Stop the titration at a pH in the range 4.3 to 4.7 and record volume and exact pH.  Carefully add additional titrant to reduce the pH exactly 0.30 pH unit and again record volume. 

12.0
DATA ANALYSIS AND CALCULATIONS

12.1
For sample volume of 100 mL and 0.02N H2SO4 titrant, the alkalinity is:


Alkalinity, mg CaCO3/L = 10 x (mL of titrant)

12.2
Potentiometric titration of low alkalinity.  For sample volume of 100 mL and 0.02N H2SO4 titrant, the alkalinity is:

	Alkalinity, mg CaCO3/L
	=
	(2B-C) x 10

	
	
	

	B
	= 
	mL titrant to first recorded pH

	C
	=
	total mL titrant to reach pH 0.3 unit lower


12.3
Calculation of alkalinity relationships: The results obtained from the phenolphthalein and total alkalinity determinations offer a means for stoichiometric classification of the three principal forms of alkalinity present in many waters.  There are several simplifying assumptions made that are listed in Table 2.

13.0
METHOD PERFORMANCE

13.1
Standard Methods for the Examination of Water and Wastewater citation: Sodium carbonate solutions equivalent to 80 and 65 mg CaCO3/L were analyzed by 12 laboratories; standard deviations of 8 and 5 mg CaCO3/L, respectively, were reported with negligible bias.

13.2
The relative percent difference (RPD) among laboratory duplicates is charted.

13.3
Accuracy, precision, and MDL data are provided in Tables 3-5.

14.0
POLLUTION PREVENTION

14.1
Refer to the WES Environmental Management System (EMS) policy and SOPs regarding pollution prevention.  

14.2
The quantity of chemicals purchased should be based on expected usage during its shelf life. Actual reagent preparation volumes should reflect anticipated usage and reagent stability.

15.0
WASTE MANAGEMENT

15.1
WES laboratories fully comply with all applicable federal, state, and local environmental regulations.  WES is also committed to protecting the air, water, and land by minimizing and controlling all chemical releases from fume hoods, biological safety cabinets, and bench operations.  Refer to the WES EMS policy and SOPs regarding waste management.

15.2
All waste solvents are collected in sealed waste containers. Once the waste containers reach capacity, they are transferred to the WES hazardous waste storage room where they are emptied into a waste solvent drum.  Within 180-days of waste accumulation, the waste solvent drum is transported off the premises by a licensed hazardous waste management contractor.  Under the WES EMS, a chemical inventory database has been developed to track purchases and use of solvents and other hazardous materials, and the waste generated by the use of these chemicals. 

16.0
REFERENCES

16.1
Standard Methods for the Examination of Water and Wastewater, 19th Edition, 1995. American Public Health Association, American Water Works Association, and Water Environment Federation, Washington, DC.

17.0
VALIDATION DATA

	TABLE 1.
Quality Control Elements and Acceptance Limits for the Analysis of Alkalinity by SM2320 B

	QC Elements
	Frequency
	Acceptance Criteria
	Corrective Action

	Laboratory fortified blank (LFB)
	One per sample batch of 20 or fewer samples
	 90 – 110% Recovery
	Repeat with new standard.  If failure continues, check electrode/meter.

	Quality control sample (QCS) from an external source
	One per sample batch of 20 or fewer samples
	 90 – 110% Recovery
	Repeat with new QCS.  If failure continues, check electrode/meter.

	Laboratory duplicates
	One per sample batch of 10 or fewer samples
	Relative percent          difference (RPD) ( 20%
	Repeat using fresh sample.  If failure continues, check electrode/meter.

	MDL determination (USEPA, 1997)
	Annually
	Target analyte concentration spiked into the blank matrix must not exceed 10 times (approximately) the experimentally determined MDL 
	Repeat MDL study spiking the blank matrix with lower concentration of the target analyte 


	TABLE 2.
Alkalinity Relationships

	Result of titration
	Hydroxide alkalinity as CaCO3
	Carbonate alkalinity as CaCO3
	Bicarbonate Concentration as CaCO3

	P = 0
	0
	0
	T

	P < 1/2 T
	0
	2P
	T-2P

	P = 1/2 T
	0
	2P
	0

	P > 1/2 T
	2P-T
	2(T-P)
	0

	P = T
	T
	0
	0



T = total alkalinity 
P = phenolphthalein alkalinity

	TABLE 3.
Accuracy of Alkalinity Analysis of a 50-mg/L as CaCO3 Standard Solution by Standard Method 2320 B

	Date
	No of Samples
(n)
	Accuracy (% Recovery) 

	
	
	Mean
	SDa
	Warning Limits
(( 2 SD)
	Control Limits
(( 3 SD)

	
	
	
	
	Upper (UWL)
	Lower (LWL)
	Upper (UCL)
	Lower (LCL)

	07/02/03
	7
	100
	1.15
	103
	97
	104
	96

	a SD = standard deviation.


	TABLE 4.
Precision of Alkalinity Analysis of a 50-mg/L as CaCO3 Standard Solution by Standard Method 2320 B

	Date
	No. of Samples (n)
	Precision (RPD)b

	
	
	Mean
	SDa
	Warning Limits
(( 2 SD)
	Control Limits
(( 3 SD)

	
	
	
	
	Upper (UWL)
	Lower (LWL)
	Upper (UCL)
	Lower (LCL)

	07/02/03
	7
	0.96
	0.73
	15
	0
	21
	0

	a SD = Standard deviation     b RPD = Relative percent difference


	TABLE 5.
Method Detection Limit (MDL) for Alkalinity Analysis by Standard Method 2320 B

	Date of Study
	No. of Samples Spiked (n)
	Spiked Concentration (mg/L CaCO3)
	Accuracy 
(Mean % Recoverya)
	Precision
(SDb in mg/L CaCO3)
	MDL (mg/L CaCO3)

	11/12/03
	7
	5.0
	91
	.4499
	2

	a Recovery of spiked concentration     b SD = standard deviation of mean concentration measured


� EMBED Equation.3  ���
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