Water Analysis

Introduction

1. To obtain true indication of the nature of a water or wastewater it is first necessary  to ensure that the sample is actually representative of the source.

2. The appropriate analyses must be carried out using standard procedures so that results obtained by different analysis can be compared.

Sampling

1. Single Grab sample will be satisfactory for a representative sample from a source of uniform quality.

2. A grab sample will also be sufficient if the purpose of sampling is simply to provide a spot check to see whether particular limits have been complied with.

3. Most of raw waters and wastewaters are highly variable in both quality and quantity (see Figure 2). To obtain an accurate picture of the nature of such waters and wastewaters a composite sample by collecting individual samples at known time intervals throughout the period and measuring the flow at the same time.

4. By bulking the individual samples in proportion to the appropriate flows an integrated composite samples is obtained.

5. Various automatic devices are available to collect composite samples and these may operate on either time basis or on a flow-proportional basis.
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Remarks

1. When designing a sampling program it is  vital that the objective of the exercise be clearly specified, e.g., to estimate maximum or mean concentration, to detect changes or trends, to estimate percentiles or to provide a basis for industrial effluent charges.

2. Ideally, all analysis should be carried out on the sample immediately after collection and certainly the quicker the analysis can be done the more likely it is that the results will be a true assessment of actual nature of the liquid in situ.

3. With characteristics which are likely to be unstable such as dissolved gases, oxidizable or reducible constituents, etc., the analysis must be carried out in the field or the sample must be suitably treated to fix the concentrations of unstable materials.

4. Changes in the composition of a sample with time can be retarded by storage at low temperature ( 4 oC ) and the exclusion of light is also advisable.

5. The more polluted a sample is, the shorter the time which can be allowed between sampling and analysis if significant errors are to be avoided.

6. Sampling of industrial wastewater discharges may be even more difficult since they are often intermittent in nature. In these circumstances it is important that the nature of the operations producing the discharge is fully understood so that an appropriate sampling program can be drawn up to obtain a true picture of the discharge.

Analytical Methods

1. Quantitative analysis may be carried out by gravimetric, volumetric or colorimetric methods.

2. Various types of electrode may be used determine certain constituent.

3. Automated techniques for continuous monitoring of important parameters is also being developed.

4. Because of the low concentration of impurities in water, laboratory work is often a micro-analytical nature requiring the use of careful procedures.

Gravimetric Analysis
The analysis is based upon weighing solids obtained from the sample by evaporation, filtration, or precipitation. A balance accurate to 0.0001 gram is required together with a drying oven to remove all moisture from the sample.

The main uses of gravimetric analysis are

1. Total and Volatile Solids (TS and VS): A known volume of sample in a pre-weighed nickel dish is evaporated to dryness on a water bath, dried at 103 oC for wastewater and 180 oC for potable waters, and weighed. The increase in weight is due to the total solids. The loss in weight on firing at 500 oC represents the volatile solids.

2. Suspended Solids (SS): A known volume of sample is filtered under vacuum through a pre-weighed glass-fibre (Whatman GF/C) with a pore size 0.45 m. Total SS are given by the increase in weight after drying at 103 oC and volatile SS are those lost on firing at 500 oC.

3. Sulfate: For concentration above 10 mg/L it is possible to determine sulfate by precipitating barium sulfate after the addition of barium chloride. The precipitate is filtered out of the sample, dried and weight.

Volumetric Analysis
Many determinations in water quality control can be rapidly and accurately carried out by volumetric analysis, a technique which depends on the measurement of volumes of liquid reagent of known strength. The requirements for volumetric analysis are relatively simple.

1. A pipette to transfer a known volume of the sample to a conical flask.

2. A standard solution of the appropriate reagent. It is often convenient to make the strength of the standard solution such that 1 mL of the solution is chemically equivalent to 1 mg of the substance under analysis.

3. An indicator to show the end point of the reaction has been reached. Various type of indicator are available, e.g., electrometric, acid-base, precipitation, adsorption and oxidation-reduction.

4. A graduated burette for accurate measurement of the volume of standard solution necessary to reach the end point.

Example:

Only with strong acids and strong bases does neutralization occur at pH 7, with all other combinations the neutralization points occur at pH 8.2 and pH 4.5. 

For the most accurate determinations in acid-base titration a pH meter may be used for direct indication of the end point. Using N/50 standard solutions for alkalinity, acidity, and also hardness determination, 1 mL of titrant solution 
[image: image2.wmf]º

 1 mg CaCO3.

Volumetric analysis can be useful in establishing the particular form of alkalinity present in a sample. Neutralization of OH- is completed at pH 8.2, whereas neutralization of CO3- is only half completed at pH 8.2 and not fully completed until pH 4.5 is reached.

CO3- + H+ 
[image: image3.wmf]®

 HCO3- + H+ 
[image: image4.wmf]®

 H2CO3
The possibility of alkalinity in water (see Figure 3 and Table 4a)

1. OH- alone will give an initial pH of about 10 and in this case, OH- alkalinity = caustic alkalinity = total alkalinity.

2. CO3= alone will give an initial pH of about 9.5, CO3= alkalinity = 2 x caustic alkalinity = total alkalinity.

3. OH- and CO3= together will give an initial pH of about 10, CO3= alkalinity = 2 x titration from pH 8.2 to 4.5 and OH- alkalinity = total alkalinity - CO3= alkalinity

4. CO3=  and HCO3- together will give an initial pH > 8.2 but <10.5. CO3= alkalinity = 2 x caustic alkalinity, and CO3= alkalinity = total alkalinity - CO3= alkalinity.

5. HCO3- alkalinity alone will give initial pH <8.2, HCO3- alkalinity = total alkalinity.


[image: image5.wmf]
Colorimetric Analysis

When dealing with low concentrations, colorimetric analysis are often particularly appropriate and there are many determination in water quality control which can be quickly and easily carried out by colorimetric analysis.

To be of quantitative use a colorimetric method must be based on the formation of a completely soluble product with a stable color. The colored solution must conform with the following relationships:

· Beer’s Law: Light absorption increase exponentially with he concentration of the absorbing solution.

[image: image1.wmf]
· Lambert’s Law: Light absorption increase exponentially with the length of the light path.

OD = log 
[image: image6.wmf]I

Io

 = abc


Where,
OD = optical density




Io   = intensity of light entering sample




I     =  intensity of light leaving sample




a    =
  constant characteristic of solution




b    =  length of light path in solution




c    =   concentration of absorbing substrate in 

  solution

The color produced may be measured by a variety of methods:

1. Visual methods:

(a) Comparison tubes (Nessler tubes): A standard range of concentrations of the substrate under analysis is prepared and the appropriate reagent added. The unknown sample is treated in the same manner and matched to the standards by looking down through the solutions on to a white base.

(b) Color discs: In this case the standards are in the form of a series of suitably colored glass filters through which a standard depth of distilled water or sample without color-forming reagents is viewed. The sample in a similar tube is compared with the color disc and the best visual match selected.

2. Instrumental Methods:

(a) Absorptiometer or colorimeter: This type of instrument comprises a glass sample cell through which a beam of light from a low-voltage lamp is passed. Light emerging from the sample is detected by a photo-electric cell whose output is displayed on a meter.

(b) Spectrophotometer: This is a more accurate type of instrument using the same basic principle as an absorptiometer but with a prism being employed to give monochromatic light of the desired wavelength.

Electrode Techniques


The measurement of such parameters as pH, ORP has been widespread for many years using electrode techniques. The more recent developments in electrode technology are the oxygen electrode for the measurement of DO (dissolved oxygen), NH4+, NO3=, Ca++, Na+, Cl-, Br-, F-, etc.

 Automated Analysis and Remote Monitoring

1. In laboratory with a large number of samples for analysis, there is considerable use of automated techniques to speed up the work and reduce staffing requirements.

2. Many of these automated analytical techniques utilize colorimetric determinations with an automatic sampler feeder.

3. In contrast with this situation there is a need for the operation of continuous remote monitoring installation, particularly on raw water sources to provide early warning of any changes in water quality.

4. The quality parameters monitored by automated techniques is usually restricted to those which can be determined by simple colorimetric or electrode techniques.
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