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General discussion 

The strength of waste water is normally measured using accurate 

analytical techniques.  

The more common analyses used to characterise waste water 

entering and leaving a plant are:  

• BOD5  

• COD  

• Solids  

• pH  

• Total phosphorus  

• Total nitrogen 

 

Parameters by which waste water is measured: 
1. Biochemical oxygen demand (BOD): 

BOD is the amount of oxygen used by organisms while consuming 

organic matter in a waste water sample. It is possible to assess the 

performance of a wastewater treatment plant by measuring the 

BOD5 of the inflow and the outflow. Many factors can influence 

this test, such as temperature of incubation, dilution rate, 

nitrification, toxic substances, nature of bacterial seed and 

presence of anaerobic organisms. 

The method of measurement for the BOD5 test in the UWWT 

Regulations requires: 

1. The sample is homogenized, unfiltered and undecanted. 

2.  The nitrification inhibitor is added. 

 

The UWWT Regulations allow for the BOD5 test to be replaced by 

another parameter, total organic carbon (TOC) or total oxygen 

demand (TOD) if a relationship can be established between BOD5 

and the substitute parameter. 
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2. Chemical oxygen demand (COD):  

The COD test uses the oxidising agent potassium dichromate to 

oxidise organic matter in the sample.  

The test is extensively used because it takes less time (about 3 

hours) than other tests such as the BOD5, which takes 5 days. The 

COD test does not, however, differentiate between biodegradable 

and non-biodegradable organic matter.  

For municipal wastewater it is generally possible to establish a 

relationship between COD and BOD. 

Once a correlation has been established, the COD test can be a 

very useful indicator for the operation and control of the plant.  

 

3. Organic Analyses for wastewater: 
 Dissolved Oxygen (DO)   mg/l 

 Bacterial Oxygen Demand (BOD)  mg/l 

 Chemical Oxygen Demand (COD)  mg/l 

 Oil & Grease (O & G)    mg/l 

 Phenol      mg/l 

 Total Organic Carbon (TOC)   mg/l 

 

1. DISSOLVED OXYGEN (DO.) 

Introduction 

Dissolved oxygen (DO) levels in natural and wastewaters depend 

on the physical, chemical, and biochemical activities in the water 

body. The analysis for DO is a key test in water pollution and 

waste treatment process control. 
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Selection of Method 

Two methods for DO analysis are described: the Winkler or 

iodometric method and its modifications and the electrometric 

method using membrane electrodes. The iodometric method is a 

titrimetric procedure based on the oxidizing property of DO while 

the membrane electrode procedure is based on the rate of 

diffusion of molecular oxygen across a membrane.2. The choice of 

procedure depends on the interferences present, the accuracy 

desired, and, in some cases, convenience or expedience. 

The iodometric method is not suited for field testing and cannot be 

adapted easily for continuous monitoring or for D.O. determination 

in situ. 

Membrane electrodes provide an excellent method for D.O. 

analysis in polluted or highly colored waters, and strong waste 

effluents. They are recommended for use especially under 

conditions which are unfavorable for the iodometric method, or 

when that test and its modifications are subject to serious errors 

caused by interferences. The oxygen permeable plastic membrane 

serves as a diffusion barrier against impurities. 

In laboratory investigations, membrane electrodes have been used 

for continuous D.O. analyses in bacterial cultures, including the 

BOD test. 

Because membrane electrodes offer the advantages of analysis in 

situ, they eliminate errors caused by sample handling and storage. 

If sampling is required, use the same precautions suggested for 

the iodometric method. 
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Equipment 

1 300 ml BOD bottle. 

2 Oxygen-sensitive membrane electrode, polarographic or 

galvanic, with appropriate meter. 

3 Appropriate replacement membrane packet and O-ring 

packet. 

 

Calibration Procedure 

1. Collect a sample. 

Take a sample (preferably tap water) which does not contain 

substances that interfere with either the probe reading or the 

modified Winkler Method. Sample size should be at least 600 ml in 

size. 

 

2. Divide the sample. 

Divide the sample into two even portions. Each portion should be 

at least 300 ml. 

 

3. Measure DO of one aliquot of sample. 

Measure one aliquot using Winkler Method. 

 

4. Measure D.O. of other aliquot of sample using D.O. meter 

and probe. 

Insert probe into sample. Provide adequate sample flow across the 

membrane surface (stir). When using DO meter, follow 

manufacturer's recommended precautions to insure acceptable 

results. When changing membranes, be careful to avoid 

contamination of sensing element and trapping air bubbles under 

the membrane. 

 

5. Compare the D.O. values. 

Compare the D.O. values obtained. If the results coincide, the D.O. 

meter is calibrated. 
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6. Adjust the meter. 

If the results do not coincide, adjust the meter according to the 

manufacturer's specifications until it agrees with the Winkler 

Method results. 

 

Sample Measurement Procedure 

1. Collect sample. 

If the measurement is not made in situ collect at least 300 ml of 

sample in a 300 ml bottle. Be careful to prevent aeration of the 

sample. 

 

2. Insert probe into sample. 

Provide adequate sample flow across the membrane surface (stir). 

When using meter, follow manufacturer's recommended 

precautions to insure acceptable results. When changing 

membranes, be careful to avoid contamination of sensing element 

and trapping air bubbles under the membrane. Note reading. 

 

3. Take reading.  

Note reading on meter scale. 

 

DO. METER AND THE BOD BOTTLES PROBE 
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2. BIOCHEMICAL OXYGEN DEMAND(BOD5) 

General Discussion 

The BOD test measures the amount of oxygen used by 

microorganisms as they use the substrate (food) in wastewater 

when placed in a controlled temperature for five days. The DO 

(dissolved oxygen) is measured at the beginning and recorded. 

During the five days period, microorganisms in the sample break 

down complex organic matter in the sample, using up oxygen in 

the process. After the five-day dark incubation period, the DO is 

again determined. The BOD5 is then calculated on the basis of the 

reduction of DO and the size of sample. This test is an estimate of 

the availability of food in the sample (food or organisms that take 

up oxygen) expressed in terms of oxygen use. Results of a BOD5 

test indicate the rate of oxidation and provide an indirect estimate 

of the availability to organisms or concentration of the waste. 

Actual environmental conditions of temperature, organism 

population, water movement, sunlight, and oxygen concentration 

cannot be accurately reproduced in the laboratory. Results 

obtained from this test must take into account these factors when 

relating BOD5 results to receiving water oxygen demands. 

Samples for the BOD5 test should be collected before chlorination 

because chlorine interferes with the organisms in the test. It is 

difficult to obtain accurate results with dechlorinated samples. 

Samples are incubated for a standard period of five days because 

a fraction of the total BOD will be exerted during this period. The 

ultimate or total BOD is normally never run for plant control. 

A limitation of the BOD5 test is that the results are not available 

untile five days after sample was collected. 

The test has its widest application in measuring waste loadings to 

treatment plants and in evaluating the organic matter removal 

efficiency of such treatment systems. The test measures the 

molecular oxygen utilized during a specified incubation period for 

the biochemical degradation of organic material (carbonaceous 

demand) and the oxygen used to oxidize inorganic material such 

as sulfides and ferrous iron. It also may measure the amount of 

oxygen used to oxidize reduced forms of nitrogen (nitrogenous 

demand) unless their oxidation is prevented by an inhibitor. The 

seeding and dilution procedures provide an estimate of the BOD at 
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pH 6.5 to 7.5. 

The extent of oxidation of nitrogenous compounds during the 5 d 

incubation period depends on the concentration and type of 

microorganisms capable of carrying out this oxidation. Such 

organisms usually are not present in raw or settled primary 

sewage in sufficient numbers to oxidize sufficient quantities of 

reduced nitrogen forms in the 5 d BOD test. Many biological 

treatment plant effluents contain sufficient numbers of nitrifying 

organisms to cause nitrification in BOD tests. Because oxidation of 

nitrogenous compounds can occur in such samples, inhibition of 

nitrification is recommended for samples of secondary effluent, for 

samples seeded with secondary effluent, and for samples of 

polluted waters. 

Report results as carbonaceous biochemical oxygen demand 

(CBOD5) when inhibiting the nitrogenous oxygen demand. When 

nitrification is not inhibited, report results as BOD5' 

 

Seeding:  

Determine BOD of the seeding material as for any other sample. 

This is the seed control. From the value of the seed control and the 

knowledge of the seeding material dilution (in the dilution water) 

determine seed DO uptake. Ideally, make dilutions of seed such 

that the largest quantity results in at least 50% DO depletion. A 

plot of DO depletion, in milligrams per liter, versus milliters of seed 

for all bottles having 2 mg/L depletion and 1.0 mg/L minimum 

residual DO should present a straight line for which the slope 

indicates DO depletion per milliliter of seed. The DO-axis intercept 

is oxygen depletion caused by the dilution water and should be 

less than 0.1 mg/L .Alternatively, divide DO depletion by volume of 

seed in milliliters for each seed control bottle having 2 mg/L 

depletion and 1.0 mg/L residual DO. Average the results for all 

bottles meeting minimum depletion and residual DO criteria. The 

DO uptake attributable to the seed added to each bottle should be 

between 0.6 and 1.0 mg/L, but the amount of seed added should 

be adjusted from this range to that required providing glucose-

glutamic acid check results in the range of 198 ± 30.5 mg/L. To 

determine DO uptake for a test bottle, subtract DO uptake 

attributable to the seed from total DO uptake. Adding seeding 
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material to dilution water is described for two sample dilution 

methods. 

 

Dilution Requirements 

The BOD concentration in most wastewaters exceeds the 

concentration of dissolved oxygen (DO) available in an air-

saturated sample. Therefore, it is necessary to dilute the sample 

before incubation to bring the oxygen demand and supply into 

appropriate balance. Because bacterial growth requires nutrients 

such as nitrogen, phosphorus, and trace metals, these are added 

to the dilution water, which is buffered to ensure that the pH of the 

incubated sample remains in a range suitable for bacterial growth. 

Complete stabilization of a sample may require a period of 

incubation too long for practical purposes; therefore, 5 d has been 

accepted as the standard incubation period. 

 

Notes: 

The source of dilution water is not restricted and may be distilled, 

tap or receiving-stream water free of biodegradable organics and 

bio-inhibitory substances such as chlorine or heavy metals.  

Distilled water may contain ammonia or volatile organics; 

deionized waters often are contaminated with soluble organics 

leached from the resin bed. Use of copper-lined stills or copper 

fittings attached to distilled water lines may produce water 

containing excessive amounts of copper. 

 

WHAT IS TESTED? 

Sample Influent Common Range, mg/l 

Influent (Domestic) 150 to 400 

Primary Effluent 60 to 160 

Secondary Effluent 

Digester Supernatant  

5 to 30 

Industrial Wastes 100 to 3000 + 
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Apparatus 

1. 300 ml BOD bottles with ground glass stoppers  

2. Incubator, 20 °C ± 1 °C 

3. Pipets, 10 ml graduated, (0.8- to 1.6-mm) diameter tip 

4. Buret and stand 

5. Erlenmeyer flask, 500 ml  

6. DO. meter. 

 

Reagents 

1. Distilled water: Water used for solutions and for preparation of 

the solution water must be of highest quality. It must contain less 

than 0.1 mg/L copper and be free of chlorine, chloramines, caustic, 

organic material, and acids 

2. Phosphate buffer solution. Dissolve 8.5 gm monobasic po-

tassium phosphate (KH2PO4), 21.75 gm dibasic potassium 

phosphate (K2HPO4), 33.4 gm dibasic sodium phosphate crystals 

(Na2HPO4.7H2O), and 1.7 gm ammonium chloride (NH4CI) in 

distilled water and make up to 1 liter. The pH of this buffer should 

be 7.3 and should be checked with a pH meter. Discard this 

reagent if there is any sign of biological growth. 
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3. Magnesium sulfate solution. Dissolve 22.5 gm magnesium 

sulfate crystals (MgSO4.7 H2O) in distilled water and make up to 1 

liter. 

4. Calcium chloride solution. Dissolve 27.5 gm anhydrous calcium 

chloride (CaCI2) in distilled water and make up to 1 liter. 

5. Ferric chloride solution. Dissolve 0.25 gm ferric chloride 

(FeCI3.6H2O) in distilled water and make up to 1 liter. 

6. Dilution water. Add 1 ml each of phosphate buffer (Step 2), 

magnesium sulfate (Step 3), calcium chloride (Step 4), and ferric 

chloride solutions (Step 5) for each liter of distilled water. Saturate 

with DO by shaking in a partially filled bottle or by aerating with 

filtered air. Store at a temperature as close to 20 °C as possible for 

at least 24 hours to allow the water to become stabilized. This 

water should not show a drop in DO of more than 0.2 mg/l on 

incubation for five days. 

 

Procedure for unchlorinated samples 

The test is made by measuring the oxygen used or depleted during 

a five days period at 20 °C by a measured quantity of wastewater 

sample seeded into a reservoir of dilution water saturated with 

oxygen. This is compared to an unseeded or blank reservoir of 

dilution water by subtracting the difference and multiplying by a 

factor for dilution. 

 

Procedure 

1. BOD bottles should be of 300 ml capacity with graduations and 

ground-glass stoppers. To clean the bottles, carefully rinse with tap 

water followed by distilled water. 

2. Fill two bottles completely with dilution water and insert the 

stopper tightly so that no air is trapped beneath the stopper. 

Siphon dilution water from its container when filling BOD bottles. 

3. Set up one or more dilutions of the sample to cover the 

estimated range of BOD values. From the estimated BOD, 

calculate the volume of raw sample to be added to the BOD bottle 

based on the fact that: 

The most valid DO depletion is 4 mg/L.  
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Therefore, 

                              
                 

                  
 

 
     

                  
 

 

Example: 

a. Estimated BOD = 400 mg/l 

                                 
    

   
      

 

b. Estimated BOD =   200 mg/l:  use 6 ml 

    100 mg/l: use 12 ml 

    20 mg/l:  use 60 ml 

 

When the BOD is unknown, select more than one sample size, for 

example, place several samples 1 ml, 3 ml, 6 ml, and 12 ml-into 

four BOD bottles. For samples with very high BOD values, it may 

be difficult to accurately measure small volumes or to get a truly 

representative sample. In such a case, initial dilution should first be 

made on the sample. A dilution of 1:10 is convenient. 

 

4. To perform the BOD test, first fill two BOD bottles with BOD 

dilution water (blanks). Nos. (1) and (2). 

5. Next, for each sample to be tested, carefully measure out the 

two portions of sample and place them into two new BOD bottles, 

Nos. (3) and (4). Add dilution water until the bottles are completely 

filled. Insert the stoppers. Avoid entrapping air bubbles. Be sure 

that there are water seals on the stoppers. 

6. On bottles (2) and (4) immediately determine the initial dissolved 

oxygen. 

7. Incubate the remaining dilution water blank and diluted sample 

in the dark at 20 °C for five days. These are bottles (1) and (3). 

8. At the end of exactly five days (±3 hours), test bottles (1) and (3) 

for their Dissolved Oxygen by using the DO probe. At the end of 
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five days, the oxygen content should be at least 1 mg/L. Also, a 

depletion of 2 mg/L or more is desirable. Bottles (1) and (2) 

(blanks) are only used to check the dilution water quality. Their 

difference should be less than 0.2 mg/L after five days if the quality 

is good and free of impurities. The difference in blank readings is 

not used as a blank correction, but merely as a check on the 

quality of dilution water. Differences of greater than 0.2 mg/l could 

possibly be due to contamination and /or dirty BOD bottles. 

 

Precautions 

1. The temperature of the incubator must be at 20 °C. Other 

temperatures will change the rate of oxygen used. 

2. The dilution water must be made according to Standard 

Methods for the most favorable growth rate of the bacteria. This 

water must be free of copper which is often present when copper 

stills are used by commercial dealers. Use all glass or stainless-

steel stills or demineralized water. 

3. The wastewater must also be free of toxic wastes, such as 

hexavalent chromium. 

4. If you use a cleaning solution to wash BOD bottles, be sure to 

rinse the bottles several times. Cleaning agents are toxic and if 

any residue remains in a BOD bottle, the BOD test could be 

ruined. 

5. Unchlorinated wastewater normally contains an ample supply of 

seed bacteria; therefore seeding is usually not necessary. 

 

Example: 

BOD Bottle Volume (V)     = 300 ml 

Sample Volume       = 15 ml 

Initial DO of Diluted Sample (A)    = 8.0 mg/L 

DO of Sample and Dilution after 5 days Incubation (B) = 4.0 mg/L 
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Calculation: 
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3. CHEMICAL OXYGEN DEMAND( COD) 

Introduction 

Chemical oxygen demand (COD) is defined as the amount of a 

specified oxidant that reacts with the sample under controlled 

conditions. The quantity of oxidant consumed is expressed in 

terms of its oxygen equivalence. Because of its unique chemical 

properties, the dichromate ion (Cr2O7
2-) is the specified oxidant in 

Methods of the Standard Methods 20th edition; it is reduced to the 

chromic ion (Cr3+) in these tests. Both organic and inorganic 

components of a sample are subject to oxidation, but in most 

cases the organic component predominates and is of the greater 

interest. COD is a defined test; the extent of sample oxidation can 

be affected by digestion time, reagent strength, and sample COD 

concentration. 

COD often is used as a measurement of pollutants in wastewater 

and natural waters. Other related analytical values are biochemical 

oxygen demand (BOD5), total organic carbon (TOC), and total 

oxygen demand (TOD). In many cases it is possible to correlate 

two or more of these values for a given sample.  

 BOD is a measure of oxygen consumed by microorganisms 

under specific conditions.  

 TOC is a measure of organic carbon in a sample.  

 TOD is a measure of the amount of oxygen consumed by all 

elements in a sample when complete (total) oxidation is achieved. 

In a COD analysis, hazardous wastes of mercury, hexavalent 

chromium, sulfuric acid, silver, and acids are generated. Closed 

reflux method reduces these waste problems. 
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Closed Reflux, Colorimetric Method 

General Discussion 

a. Principle: When a sample is digested, the dichromate ion 

oxidizes oxidizable material in the sample. This results in the 

change of chromium from the hexavalent (VI) state to the trivalent 

(III) state. Both of these chromium species are colored and absorb 

in the visible region of the spectrum. The dichromate ion (Cr2O7
2-) 

absorbs strongly in the 400 nm region, where the chromic ion 

(Cr3+) absorption is much less. The chromic ion absorbs strongly in 

the 600 nm region, where the dichromate has nearly zero 

absorption. In 9M sulfuric acid solution, the approximate molar 

extinction coefficients for these chromium species are as follows: 

Cr3+- 50 L/mole cm at 604 nm; Cr2O7
2-- 380 L/mole cm at 444 nm; 

Cr3+- 25 L/mole cm at 426 nm. The Cr3+ ion has a minimum in the 

region of 400 nm. Thus a working absorption maximum is at 420 

nm. 

For COD values between 100 and 900 mg/L, increase in Cr3+ in 

the 600 nm region is determined. Higher values can be obtained 

by sample dilution. COD values of 90 mg/L or less can be 

determined by following the decrease in Cr2O7
2- at 420 nm. The 

corresponding generation of Cr3+gives a small absorption increase 

at 420 nm, but this is compensated for in the calibration procedure. 
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Apparatus 

a. Ensure that reaction vessels are of optical quality. Other types 

of absorption cells with varying path lengths may be used. Use the 

extinction coefficients of the ions of interest for this approach. 

b. Spectrophotometer, for use at 600 nm and/or 420 nm with 

access opening adapter for ampule or 16, 20, or 25 mm tubes. 

Verify that the instrument operates in the region of 420 nm and 

600 nm. Values slightly different from these may be found, 

depending on the spectral bandpass of the instrument. 

 

Reagents 

a. Digestion solution, high range COD HACH Tubes 150 to 1500 

mg/l 

b. Digestion solution, low range COD HACH Tubes 0 to 150 mg/l 

 

Procedure 

a. Treatment of samples: Measure 2 ml of sample (or a diluted 

sample) into a digestion tube indicated in the manufacturer 

instructions. Prepare, digest, and cool samples, blank, and one or 

more standards. It is critical that the dilution factor of each sample 

be known and that the total volume is the same for each reaction 

vessel (2 ml).  

b. Measurement of dichromate reduction: Cool sample to room 

temperature slowly to avoid precipitate formation. Once samples 

are cooled, vent, if necessary, to relieve any pressure generated 

during digestion. Mix contents of reaction vessels to combine 

condensed water and dislodge insoluble matter. Let suspended 

matter settle and ensure that optical path is clear. Measure 

absorption of each sample blank and standard at selected 

wavelength (420 nm or 600 nm) (DR 2500 is adjusted by the 

factory). Analyze a digested blank to confirm good analytical 

reagents and to determine the blank (to set the zero value). 

Preferably analyze samples in duplicate because of small sample 

size. Samples that are inhomogeneous may require multiple 

determinations for accurate analysis. 
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Calculation 

If sample, standard, and blanks are run under same conditions of 

volume and optical path length, calculate COD as follows: 

                    
                            

         
 

 

Note: 

Sample volume used according to the DR2500 spectrophotometer 

method is 2 ml. 

Preferably analyze samples in duplicate because of small size 

used. Samples that are inhomogeneous may require multiple 

determinations for accurate analysis. These should not differ from 

their average by more than: 1.5% for the high level COD test 

unless the condition of the sample dictates otherwise. 
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Oil and Grease (O&G) 

Partition-Gravimetric Method 

Introduction 

"Oil and grease" is defined as any material recovered as a 

substance soluble in the solvent. It includes other material 

extracted by the solvent from an acidified sample (such as sulfur 

compounds, certain organic dyes, and chlorophyll) and not 

volatilized during the test. The 12th edition of Standard Methods 

prescribed the use of petroleum ether as the solvent for natural 

and treated waters and n-hexane for polluted waters. The 13th 

edition added trichlorotrifluoroethane as an optional solvent for all 

sample types. In the 14th through the 17th editions, only 

trichlorotrifluoroethane was specified. However, because of 

environmental problems associated with chlorofluorocarbons, an 

alternative solvent (80% n-hexane and 20% methyl tert butyl ether) 

was included for gravimetric methods in the 19th edition. In the 20th 

edition, trichlorotrifluoroethane has been dropped from all 

gravimetric procedures, and replaced by n-hexane. Solvent-

recovery techniques are included and solvent recycling is strongly 

recommended. 

In a detailed study involving many complex organic matrices, it 

was shown that either n-hexane or 80/20 n-hexane/methyl tert 

butyl ether gave results that were not statistically different from 

results obtained with trichlorotrifluoroethane. Although 5520B 

allows either solvent system for extraction of wastewaters, note 

that for certain regulatory purposes U.S. EPA currently 

recommend only n-hexane. 
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Sample Collection, Preservation, and Storage 

Collect a representative grab sample in a wide-mouth glass bottle 

that has been washed with soap, rinsed with water, and finally 

rinsed with solvent to remove any residues that might interfere with 

the analysis. As an alternative to solvent rinsing, cap bottle with 

aluminum foil and bake at 200 to 250 °C for at least 1 h. Use 

PTFE-lined caps for sample bottles; clean liners as above, but limit 

temperature to 110 to 200 °c. Collect a separate sample for oil and 

grease determination. Do not overfill the sample container and do 

not subdivide the sample in the laboratory. Typically, collect 

wastewater samples of approximately 1L. If sample concentration 

is expected to be greater than 1000 mg extractable material/L, 

collect proportionately smaller volumes. If analysis is to be delayed 

for more than 2 h, acidify to pH 2 or lower with either 1:1 HCl or 1:1 

H2S04 and refrigerate.  
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Apparatus 

a. Separatory funnel, 2 L, with TFE stopcock. 

b. Distilling flask, 125 ml. 

c. Liquid funnel, glass. 

d. Filter paper, 11 cm diam. 

e. Centrifuge, capable of spinning at least four 100 ml glass 

centrifuge tubes at 2400 rpm or more. 

f. Centrifuge tubes, l00 ml, glass. 

g. Water bath, capable of maintaining 85 °C. 

h. Vacuum pump or other source of vacuum. 

i. Distilling adapter with drip tip. Setup of distillate recovery 

apparatus. Alternatively, use commercially available solvent 

recovery equipment. 

j. Ice bath. 

k. Waste receptacle, for used solvent. 

l. Desiccator. 

 

Reagents 

a. Hydrochloric or sulfuric acid, 1:1: mix equal volumes of either 

acid or reagent water. 

b. n-Hexane, boiling point 69 °C. The solvent should leave no 

measurable residue on evaporation; distill if necessary. Do not use 

any plastic tubing to transfer solvent between containers. 

c. Methyl-tert-butyl ether (MTBE), boiling point 55 °C to 56 °C. The 

solvent should leave no measurable residue on evaporation; distill 

if necessary. Do not use any plastic tubing to transfer solvent 

between containers. 

d. Sodium sulfate, Na2SO4 anhydrous crystal. 

e. Solvent mixture, 80% n-hexane 20% MTBE, v/v. 
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Procedure 

When a sample is brought into the laboratory, either mark sample 

bottle at the water meniscus or weigh the bottle, for later 

determination of sample volume.  

 If sample has not been acidified previously, acidify with either 

1:1 HCl or 1:1 H2S04 to pH 2 or lower (generally, 5 ml is sufficient 

for 1L sample).  

 Using liquid funnel, transfer sample to a separatory funnel. 

Carefully rinse sample bottle with 30 ml extracting solvent and add 

solvent washings to separatory funnel.  

 Shake vigorously for 2 min. Let layers separate. 

 Drain aqueous layer and small amount of organic layer into 

original sample container. 

 Drain solvent layer through a funnel containing a filter paper 

and 10 g Na2SO4 both of which have been solvent rinsed, into a 

clean, tared distilling flask. If a clear solvent layer cannot be 

obtained and an emulsion of more than about 5 ml exists, drain 

emulsion and solvent layers into a glass centrifuge tube and 

centrifuge for 5 min at approximately 2400 rpm.  

 Transfer centrifuged material to an appropriate separatory 

funnel and drain solvent layer through a funnel with a filter paper 

and 10 g Na2SO4 both of which have been prerinsed, into a clean, 

tared distilling flask. 

 Recombine aqueous layers and any remaining emulsion or 

solids in separatory funnel. 

 For samples with <5 ml of emulsion, drain only the clear 

solvent through a funnel with pre-moistened filter paper and 10 g 

Na2SO4. 

 Recombine aqueous layers and any remaining emulsion or 

solids in separatory funnel. Extract twice more with 30 ml solvent 

each time, but first rinse sample container with each solvent 

portion. 

 Repeat centrifugation step if emulsion persists in subsequent 

extraction steps. 

 Combine extracts in tared distilling flask, and include in flask a 

final rinsing of filter and Na2SO4 with an additional 10 to 20 ml 
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solvent. 

 Distill solvent from flask in a water bath at 85 °C for either 

solvent system. To maximize solvent recovery, fit distillation flask 

with a distillation adapter equipped with a drip tip and collect 

solvent in an ice bath cooled receiver. When visible solvent 

condensation stops, remove flask from water bath. 

 Cover water bath and dry flasks on top of cover, with water 

bath still at 85 °C, for 15 min. Draw air through flask with an 

applied vacuum for the final 1 min. 

 Cool in desiccator for at least 30 min and weigh. 

 To determine initial sample volume, either fill sample bottle to 

mark with water and then pour water into a 1 L graduated cylinder, 

or weigh empty container and cap and calculate the sample 

volume by difference from the initial weight (assuming a sample 

density of 1.00). 

 

Calculation 

If the organic solvent is free of residue, the gain in weight of the 

tared distilling flask is due to oil and grease. Total gain in weight, 

A, of tared flask, less calculated residue from solvent blank, B, is 

the amount of oil and grease in the sample: 
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Phenols 

Introduction 

This method is taken from Standard Methods for the Examination 

of water and wastewater edition 19:1995, 4530-C. “Chloroform 

Extraction Method”. And analysis of raw, potable and waste water 

London her majesty's stationery office 1972. 

The term "phenols" covers a wide range of compounds, those 

present in particular industrial effluents consisting mainly of 

monohydroxy (monohydric) and dihydroxy (dihydric) derivative of 

benzene. 

The monohydric phenols include phenol itself, the three methyl- 

substituted phenols (cresols) and the six dimethyl-substituted 

phenols (xylenols), together with traces of phenols having larger 

alkyl group and fused ring systems. 

The ortho-, meta- and para-dihydric phenols have been identified 

in gasworks effluents together with their methyl and higher alkyl 

Derivatives. 
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Much lower levels of phenols are also likely to be present in 

domestic waste waters and drinking water supplies. 

The analytical procedures described here uses the 4-

aminoantipyrine colorimetric method that determines phenol, 

ortho– and meta-substituted phenols and under proper pH 

conditions, those para-substituted phenols, in which the 

substitution is a carboxyl, halogen, methoxyl, or sulfonic acid 

group. The 4-aminontipyrine method does not determine those 

Para–substituted phenols where the substitution is an alkyl, aryl, 

nitro, benzoyl, nitroso, or aldehyde group.  

Atypical example of these latter groups is Para cresol which may 

be present in certain industrial waste waters and in polluted 

surface waters. 

 

Scope 

This procedure describes how to measure Phenols. 

 

Personal Responsible 

Title Chemist 

Responsibilities Responsible to measure Phenols in 

wastewater samples. 

 

Reagents 

Hazards 

Laboratory coats must be worn. 

This method involves the handling of acids. Safety goggles, gloves 

and eye protection must be worn. 

 

Water 

Laboratory distilled water. 
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Stock phenol solution: 

Dissolve 100 mg phenol (analytical grade) in freshly boiled and 

cooled distilled water or deionised water and dilute to 100 ml, this 

equal 1000 mg/l  

 

Intermediate phenol solution: 

Dilute 1.0 ml stock phenol solution in freshly boiled and cooled 

distilled water or deionised water to 100 ml, 1 ml = 10.0 µg phenol. 

This solution must be prepared daily. 

 

Standard phenol solution: 

Dilute 50.0 ml intermediate phenol solution to 500 ml with freshly 

boiled and cooled distilled water or deionised water, 1ml = 1.0 µg 

phenol, (1000 µg/L). Prepare within 2 h of use.  

 

Bromate – bromide solution:  

Dissolve 2.784 gram anhydrous KBrO3 in water, add 10 gram of 

potassium bromide (KBr) crystals, dissolve, and dilute to 1000 ml. 

 

Standard sodium thiosulphate (Na2S2O3.5H2O) titrant, 0.025M: 

Dissolve 6.205 gram Na2S2O3.5H2O in distilled water, add 0.4g 

solid NaOH and dilute to 1000ml.  

 

Starch indicator:  

Grind 5 gram soluble starch into a smooth paste with a little cold 

water, and poor into 1 litre boiling water with constant stirring. Boil 

for one minute and allow cooling before use.  

 

Ammonium hydroxide NH4OH .(0.5N):  

Dilute 35 ml fresh concentrated, ammonium hydroxide to 1L with 

water. 
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Phosphate buffer solution: 

Dissolve 104.5 gram of K2HPO4 and 72.3gram of KH2PO4 in water 

and dilute to 1 liter, the pH should be 6.8  

 

Aminoantipyrine solution: 

Dissolve 2.0gram of 4-Aminoantipyrine in water and dilute to 

100ml, prepare daily  

 

Potassium ferricyanide K3Fe(CN)6 solution:  

Dissolve 8.0 gram of K3Fe(CN)6 in water and dilute to 100 ml filter, 

if necessary store in a brown glass bottle, prepare fresh weekly .  

 

Chloroform CHCI3  

Sodium sulphate, anhydrous Na2 SO4 granular.  

Potassium iodide KI crystals.  

 

Quality Control standard 

This standard must not be prepared by the analyst who prepared 

the other chemicals, use a separate batch of phenol from the batch 

used to make the calibration standards 

Dissolve 10 mg phenol (analytical grade) in freshly boiled and 

cooled distilled water or deionised water and dilute to 100 ml, this 

equal 100 mg/l  

Pipette 10 ml of the 100 mg/L stock phenol solution into a 100 ml 

volumetric flask and dilute to the mark with distilled water. This is 

the 10 mg/L intermediate standard. This solution must be prepared 

daily. 

Pipette 10 ml of the 10 mg/L intermediate standard into a 100 

volumetric flask and dilute to the mark with distilled water. This is 

the 1000 µg/L quality control solution. This solution must be 

prepared daily. 
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Apparatus  

1  pH meter  

2  Separator funnels 1000 ml, Squibb form, with ground-glass 

stoppers and TFE stopcocks. 

3  Spectrophotometer for use at 460 nm equipped with 

absorption cells providing light paths of 1 to 10 cm, depending on 

the absorbance's of the colour solutions and the individual 

characteristic of the photometer.  

4  filter funnels, Buckner type with fritted disk.  

5 Filter paper, alternatively use an appropriate 11-cm filter 

paper for filtering CHCI3 extracts instead of the Buckner – type 

funnels and anhydrous Na2SO4 . 

6 Balance 

7 100, 250, 500, 1000 ml volumetric flasks 

8 Volumetric pipettes 

9 100 ml conical flasks 

10 50, 100 ml cylinders 

11 100, 400 ml beakers 

12 Stirrer bars 
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Procedure 

1 Place 500 ml distillate, or a suitable portion containing not 

more than 1µg phenol, diluted to 500 ml, in beaker 1 liter.  

2 Prepare 500 ml distilled water blank, and a series of 500 ml 

phenol standards containing 5, 10, 20, 30, 40, and 50 mg phenol.  

3 Treat sample blank, and standards as follows:  

Add 12.0 ml 0.5N NH4OH and immediately adjust pH to 7.9 ± 0.1 

with phosphate buffer.  

Transfer to a 1 L separatory funnel; add 3.0 ml 4-aminoantipyrine 

solution mix well, add 3.0 ml K3Fe(CN)6 solution, mix will, and let 

color develop for 15min .  

The solution should be clear and light yellow.  

Extract immediately with CHCI3, using 25ml for 1 to 5 cm cells and 

50 ml for a 10 cm cell. 

4 Shake reparatory funnel at least 10 times, let CHCI3 settle, 

shake again 10 times, and let CHCI3 settle again. 

Filter each CHCI3 extract through filter paper or fritted glass 

funnels containing a 5 g layer of anhydrous Na2SO4  

5 Collect dried extracts in cells for absorbance measurements. 

6 Read absorbance of sample and standards against the blank 

at 460 nm.  

7 Plot absorbance against micrograms phenol concentration 

on a calibration curve.  

8 Calculation: 

 

                 
      

 
 

 

Where: 

A= µg phenol in sample, from calibration curve. 

B = ml of original sample. 
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Phenol Quality Control Chart 

A Quality Control check must be run with every batch of samples; 

this is Quality Control Standard and Control Chart. 

A Quality Control standard (QC) must be run with each batch of 

samples. 

The target concentration used is 1000 µg/L. 

The analyst, independent of the analyst who prepared the 

chemicals, must prepare the QC standard solution. 

 

Use of control chart 

A “Shewert” Control chart has been set up using the standard 

solution at 1000 µg/L as the target concentration. 

For a more detailed explanation of Quality Control charts and how 

they should be used refer to document LP/02 “Quality Control 

Charts”. 

Plot the result from the Quality Control Standard onto the control 

chart as soon as the result available. 

 

Reporting results 

If the Quality Control standard passes report the results. 

All results should be reported to the nearest whole number. 

Save the spread sheet and print out the phenol report sheet. Pass 

to the Senior Scientist or Laboratory Manager to sign off. 

When the phenol sheet has been signed off the daily report can be 

prepared. 
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Total Organic Carbon (TOC) 

Introduction 

The organic carbon in water and wastewater is composed of a 

variety of organic compounds in various oxidation states. Some of 

these carbon compounds can be oxidized further by biological or 

chemical processes, and the biochemical oxygen demand (BOD), 

assimilable organic carbon (AOC), and chemical oxygen demand 

(COD) methods may be used to characterize these fractions. Total 

organic carbon (TOC) is a more convenient and direct expression 

of total organic content BOD, AOC, or COD, but does not provide 

the same kind of information. If a repeatable empirical relationship 

is established between TOC and BOD, AOC, or COD for a specific 

source water then TOC can be used to estimate the accompanying 

BOD, AOC, or COD. 

This relationship must be established independently for each set of 

matrix conditions, such as various points in a treatment process. 

Unlike BOD or COD, TOC is independent of the oxidation state of 

the organic matter and does not measure other organically bound 

elements, such as nitrogen and hydrogen, and inorganics that can 

contribute to the oxygen demand measured by BOD and COD. 

TOC measurement does not replace BOD, AOC, and COD testing. 

Measurement of TOC is of vital importance to the operation of 

water treatment and waste treatment plants. Drinking water TOCs 

range from less than 100 g/L to more than 25,000 g/L. Wastewater 

may contain very high levels of organic compounds (TOC 100 

mg/L). Some of these applications may include waters with 

substantial ionic impurities as well as organic matter. In many 

applications, the presence of organic contaminants may degrade 

ion-exchange capacity, serve as a nutrient source for undesired 

biological growth, or be otherwise detrimental to the process for 

which the water is to be utilized. For drinking waters in particular, 

organic compounds may react with disinfectants to produce 

potentially toxic and carcinogenic compounds. 

To determine the quantity of organically bound carbon, the organic 

molecules must be broken down and converted to a single 

molecular form that can be measured quantitatively. TOC methods 

utilize high temperature, catalysts, and oxygen, or lower 

temperatures (100 °C) with ultraviolet irradiation, chemical 

oxidants, or combinations of these oxidants to convert organic 
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carbon to carbon dioxide (CO2). The CO2 may be purged from the 

sample, dried, and transferred with a carrier gas to a nondispersive 

infrared analyzer or coulometric titrator. Alternatively, it may be 

separated from the sample liquid phase by a membrane selective 

to CO2 into a highpurity water in which corresponding increase in 

conductivity is related to the CO2 passing the membrane. 

 

Fractions of Total Carbon 

The methods and instruments used in measuring TOC analyze 

fractions of total carbon (TC) and measure TOC by two or more 

determinations. These fractions of total carbon are defined as: 

inorganic carbon, the carbonate, bicarbonate and dissolved CO2; 

total organic carbon (TOC), all carbon atoms covalently bonded in 

organic molecules; dissolved organic carbon (DOC), the fraction of 

TOC that passes through a 0.45 µm diameter (millipore filter 

membrane); suspended organic carbon, also referred to as 

particulate organic carbon, the fraction of TOC retained by a 0.45 

µm filter; purgeable organic carbon, also referred to as volatile 

organic carbon, the fraction of TOC removed from an aqueous 

solution by gas stripping under specified conditions; and 

nonpurgeable organic carbon, the fraction of TOC not removed by 

gas stripping. 

In most water samples, the inorganic carbon fraction is many times 

greater than the TOC fraction. Eliminating or compensating for 

inorganic carbon interferences requires determinations of both TC 

and inorganic carbon to measure TOC. Inorganic carbon 

interference can be eliminated by acidifying samples to pH 2 or 

less to convert inorganic carbon species to CO2. Subsequent 

purging of the sample with a purified gas or vacuum degassing 

removes the CO2 by volatilization. Sample purging also removes 

purgeable organic carbon so that the organic carbon measurement 

made after eliminating inorganic carbon interferences is actually a 

nonpurgeable organic carbon determination: determine purgeable 

organic carbon to measure TOC. In many surface and ground 

waters the purgeable organic carbon contribution to TOC is 

negligible. Therefore, in practice, the nonpurgeable organic carbon 

determination is substituted for TOC. 
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Alternatively, inorganic carbon interference may be compensated 

for by separately measuring total carbon (TC) and inorganic 

carbon. 

 

 

The difference between TC and inorganic carbon is TOC. The 

purgeable fraction of TOC is a function of the specific conditions 

and equipment employed. Sample temperature and salinity, gas-

flow rate, type of gas diffuser, purging-vessel dimensions, volume 

purged, and purging time affect the division of TOC into purgeable 

and nonpurgeable fractions. When separately measuring 

purgeable organic carbon and nonpurgeable organic carbon on the 

same sample, use identical conditions for purging during the 

purgeable organic carbon measurement as in purging to prepare 

the nonpurgeable organic carbon portion for analysis. Consider the 

conditions of purging when comparing purgeable organic carbon or 

nonpurgeable organic carbon data from different laboratories or 

different instruments. 
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Selection of Method 

The high temperature combustion method (B) is suitable for 

samples with higher levels of TOC that would require dilution for 

the various persulfate methods (5310C or D). Generally, it also will 

determine organic carbon from compounds that are chemically 

refractory and not determined by 5310C or D. Hightemperature 

combustion may be desirable for samples containing high levels of 

suspended organic carbon, which may not be efficiently oxidized 

by persulfate and/or UV methods. Interlaboratory studies have 

shown biases on the order of 1 mg/L using older high-temperature 

instruments. With newer instruments, detection limits as low as 10 

g/L have been reported. Some high-temperature combustion 

instruments are not designed for levels below 1 mg/L. The high-

temperature methods accumulate nonvolatile residues in the 

analyzer, whereas, in 5310C, residuals are drained from the 

analyzer. Section 5310C generally provides better sensitivity for 

lower level (1 mg/L) samples. 

Persulfate and/or UV oxidation are useful for TOC as low as 10 

g/L. Because the range of sensitivity of the methods overlaps, 

other factors may dictate method choice in the range of 1 mg/L to 

50 mg/L. A method may be chosen on the basis of desired 

precision, ease of use, cost, etc. Section 5310D generally is 

equivalent to 5310C, but the equipment for 5310D is no longer 

manufactured. 

To qualify a particular instrument for use, demonstrate that the 

single-user precision and bias given in each method can be 

reproduced. Also, preferably demonstrate the overall precision by 

conducting in-house studies with more than one operator. 

Evaluate the selected method to ensure that data quality 

objectives are attained. Evaluate method detection level in a matrix 

as similar as possible to the unknowns as described in Section 

1030C. Be aware that instrument blanks are handled in a variety of 

ways in TOC analyzers and that the true magnitude of the blank 

may not be readily apparent to the analyst. Some instruments 

“zero out” much of the blank by adjusting the zero on the detector. 

Others enter blank values in units such as mv responses rather 

than absolute concentrations, whereas other instruments 

accumulate the total blank in the system during a blank run. 
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Carefully observe the variability of low-level measurements and 

check it any time reagents or instrument operations are changed. 

The following methods note that when the water blank is run, there 

is a contribution to the observed blank value from the level of 

carbon in the blank water. 

The methods show expected single operator and 

multiplelaboratory precision. These equations are based on 

referenced interlaboratory studies that in some cases were 

performed on older equipment. The range of testing is important to 

observe because the error and bias generally will be some 

significant fraction of the low standard. Consult references to 

determine type of equipment and conditions of the interlaboratory 

study. 

Determine the performance of the instrument being used by 

analyzing waters with matrices similar to those of unknowns, using 

the procedures outlined in Section 1040B. 

 

5310 B. High-Temperature Combustion Method 

General Discussion 

The high temperature combustion method has been used for a 

wide variety of samples, but its utility is dependent on particle size 

reduction because it uses small-orifice syringes. 

 

Principle:  

The sample is homogenized and diluted as necessary and a 

microportion is injected into a heated reaction chamber packed 

with an oxidative catalyst such as cobalt oxide, platinum group 

metals, or barium chromate. The water is vaporized and the 

organic carbon is oxidized to CO2 and H2O. The CO2 from 

oxidation of organic and inorganic carbon is transported in the 

carrier-gas streams and is measured by means of a nondispersive 

infrared analyzer, or titrated coulometrically. 

Because total carbon is measured, inorganic carbon must be 

removed by acidification and sparging or measured separately and 

TOC obtained by difference. Measure inorganic carbon by injecting 

the sample into a reaction chamber where it is acidified. Under 

acidic conditions, all inorganic carbon is converted to CO2, which is 
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transferred to the detector and measured. Under these conditions 

organic carbon is not oxidized and only inorganic carbon is 

measured. 

Alternatively, convert inorganic carbonates to CO2 with acid and 

remove the CO2 by purging before sample injection. The sample 

contains only the nonpurgeable organic carbon fraction of total 

carbon: a purgeable organic carbon determination also is 

necessary to measure TOC. 

 

Interference:  

Removal of carbonate and bicarbonate by acidification and purging 

with purified gas results in the loss of volatile organic substances. 

The volatiles also can be lost during sample blending, particularly if 

the temperature is allowed to rise. Another important loss can 

occur if large carbon-containing particles fail to enter the needle 

used for injection. Filtration, although necessary to eliminate 

particulate organic matter when only DOC is to be determined, can 

result in loss or gain of DOC, depending on the physical properties 

of the carbon-containing compounds and the adsorption or 

desorption of carbonaceous material on the filter. Check filters for 

their contribution to DOC by analyzing a filtered blank. Note that 

any contact with organic material may contaminate a sample. 

Avoid contaminated glassware, plastic containers, and rubber 

tubing. Analyze sample treatment, system, and reagent blanks. 

Combustion temperatures above 950 °C are required to 

decompose some carbonates. Systems that use lower 

temperatures must destroy carbonates by acidification. Elemental 

carbon may not be oxidized at lower temperatures but generally it 

is not present in water samples nor is it formed during combustion 

of dilute samples. The advantage of using lower temperatures (680 

°C) is that fusion of dissolved salts is minimized, resulting in lower 

blank values. Gases evolved from combustion, such as water, 

halide compounds, and nitrogen oxides, may interfere with the 

detection system. Consult manufacturers’ recommendations 

regarding proper selection of scrubber materials and check for any 

matrix interferences. 

The major limitation to high-temperature techniques is the 

magnitude and variability of the blank. Instrument manufacturers 
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have developed new catalysts and procedures that yield lower 

blanks, resulting in lower detection levels. 

 

Minimum detectable concentration: 

1 mg C/L or less, depending on the instrument used. This can be 

achieved with most high temperature combustion analyzers 

although instrument performance varies. The minimum detectable 

concentration may be reduced by concentrating the sample, or by 

increasing the portion taken for analysis. 

 

Sampling and storage: 

If possible, rinse bottles with sample before filling and carry field 

blanks through sampling procedure to check for any contamination 

that may occur. Collect and store samples in glass bottles 

protected from sunlight and seal with TFE-backed septa. Before 

use, wash bottles with acid, seal with aluminum foil, and bake at 

400 °C for at least 1 h. Wash uncleaned TFE septa with detergent, 

rinse repeatedly with organicfree water, wrap in aluminum foil, and 

bake at 100 °C for 1 h. Check performance of new or cleaned 

septa by running appropriate blanks. Preferably use thick silicone 

rubber-backed TFE septa with open ring caps to produce a 

positive seal. Less rigorous cleaning may be acceptable if the 

concentration range is relatively high. Check bottle blanks with 

each set of sample bottles to determine effectiveness or necessity 

of cleaning. Preserve samples that cannot be examined 

immediately by holding at 4 °C with minimal exposure to light and 

atmosphere. Acidification with phosphoric or sulfuric acid to a pH 2 

at the time of collection is especially desirable for unstable 

samples, and may be used on all samples: acid preservation, 

however, invalidates any inorganic carbon determination on the 

samples. 
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Apparatus 

a. Total organic carbon analyzer, using combustion techniques. 

b. Sampling, injection, and sample preparation accessories, as 

prescribed by instrument manufacturer. 

c. Sample blender or homogenizer. 

d. Magnetic stirrer and TFE-coated stirring bars. 

e. Filtering apparatus and 0.45 µm filters. Preferably use HPLC 

syringe filters with no detectable TOC blank. 

Glass fiber or silver membrane filters also can be used. Rinse 

filters before use and monitor filter blanks. 
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Reagents 

a. Reagent water: Prepare reagents, blanks, and standard 

solutions from reagent water with a TOC value less than 2 the 

MDL (see Sections 1030 and 1080). 

b. Acid: Phosphoric acid, H3PO4. Alternatively use sulfuric acid, 

H2SO4. 

c. Organic carbon stock solution: Dissolve 2.1254 g anhydrous 

primary, standard grade potassium biphthalate, C8H5KO4, in 

carbon free water and dilute to 1000 ml; 1.00 ml, 1.00 mg carbon. 

Prepare laboratory control standards using any other appropriate 

organic carbon containing compound of adequate purity, stability, 

and water solubility. Preserve by acidifying with H3PO4 or H2SO4 to 

pH 2, and store at 4 °C. 

d. Inorganic carbon stock solution: Dissolve 4.4122 g anhydrous 

sodium carbonate, Na2CO3, in water, add 3.497 g anhydrous 

sodium bicarbonate, NaHCO3, and dilute to 1000 ml; 1.00 ml ≡ 

1.00 mg carbon. Alternatively, use any other inorganic carbonate 

compound of adequate purity, stability, and water solubility. Keep 

tightly stoppered. Do not acidify. 

e. Carrier gas: Purified oxygen or air, CO2 free and containing less 

than 1 ppm hydrocarbon (as methane). 

f. Purging gas: Any gas free of CO2 and hydrocarbons. 

 

Procedure 
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a. Instrument operation: 

Follow manufacturer’s instructions for analyzer assembly, testing, 

calibration, and operation. Adjust to optimum combustion 

temperature before using instrument; monitor temperature to 

insure stability.  

 

b. Sample treatment:  

If a sample contains gross solids or insoluble matter, homogenize 

until satisfactory replication is obtained. Analyze a homogenizing 

blank consisting of reagent water carried through the 

homogenizing treatment. 

If inorganic carbon must be removed before analysis, transfer a 

representative portion (10 to 15 ml) to a 30 ml beaker, add acid to 

reduce pH to 2 or less, and purge with gas for 10 min. Inorganic 

carbon also may be removed by stirring the acidified sample in a 

beaker while directing a stream of purified gas into the beaker. 

Because volatile organic carbon will be lost during purging of the 

acidified solution, report organic carbon as total nonpurgeable 

organic carbon. Check efficiency of inorganic carbon removal for 

each sample matrix by splitting a sample into two portions and 

adding to one portion an inorganic carbon level similar to that of 

the sample. The TOC values should agree; if they do not, adjust 

sample container, sample volume, pH, purge gas flow rate, and 

purge time to obtain complete removal of inorganic carbon. 

If the available instrument provides for a separate determination of 

inorganic carbon (carbonate, bicarbonate, free CO2) and total 

carbon, omit decarbonation and determine TOC by difference 

between TC and inorganic carbon. 

If dissolved organic carbon is to be determined, filter sample 

through 0.45 µm filter; analyze a filtering blank. 
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c. Sample injection:  

Withdraw a portion of prepared sample using a syringe fitted with a 

blunt-tipped needle. Select sample volume according to 

manufacturer’s direction. Stir samples containing particulates with 

a magnetic stirrer. Select needle size consistent with sample 

particulate size. Other sample injection techniques, such as 

sample loops, may be used. Inject samples and standards into 

analyzer according to manufacturer’s directions and record 

response. 

Repeat injection until consecutive measurements obtained that are 

reproducible to within 10%. 

 

Preparation of standard curve: 

Prepare standard organic and inorganic carbon series by diluting 

stock solutions to cover the expected range in samples within the 

linear range of the instrument. Dilute samples higher than the 

linear range of the instrument in reagent water. Inject and record 

peak height or area of these standards and a dilution water blank. 

Plot carbon concentration in milligrams per liter against corrected 

peak height or area on rectangular coordinate paper. This is 

unnecessary for instruments provided with a digital readout of 

concentration. With most TOC analyzers, it is not possible to 

determine separate blanks for reagent water, reagents, and the 

entire system. 

In addition, some TOC analyzers produce a variable and erratic 

blank that cannot be corrected reliably. In many laboratories, 

reagent water is the major contributor to the blank value. 

Correcting only the instrument response of standards (which 

contain reagent water reagents system blank) creates a positive 

error, while also correcting samples (which contain only reagents 

and system blank contributions) for the reagent water blank 

creates a negative error. Minimize errors by using reagent water 

and reagents low in carbon. Inject samples and procedural blanks 

(consisting of reagent water taken through any preanalysis steps 

values are typically higher than those for reagent water) and 

determine sample organic carbon concentrations directly from the 

readout or measurements by comparing corrected instrument 

response to the calibration curve. Instruments with coulometric 
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detectors do not require calibration curves. Regularly analyze 

laboratory control samples to confirm performance of the 

instrument (see Quality Control, below). These detectors 

accumulate the system blank; therefore, monitor system blank 

regularly. 

 

Calculations 

Calculate corrected instrument response of standards and 

samples by subtracting the reagent-water blank instrument 

response from that of the standard and sample. Prepare a 

standard curve of corrected instrument response vs. TOC 

concentration. Subtract procedural blank from each sample 

instrument response and compare to standard curve to determine 

carbon content. Apply appropriate dilution factor when necessary. 

Subtract inorganic carbon from total carbon when TOC is 

determined by difference. 

 

Note: 

The reagent water blank may include an instrument contribution 

not dependent on reagent-water carbon, and a true response due 

to reagent-water carbon. When reagent-water carbon is a 

significant fraction of reagent-water blank, a negative error no 

larger than reagent-water blank is introduced in the sample values. 

If TOC analyzer design permits isolation of each of the 

contributions to the total blank, apply appropriate blank corrections 

to instrument response of standards (reagent blank, water blank, 

system blank) and sample (reagent blank and system blank). 
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Quality Control 

The quality control practices considered to be an integral part of 

each method are summarized in Table 5020: I. 

Determine instrument detection limit according to Section 1030. 

After every tenth analysis, analyze a blank and a laboratory control 

sample prepared from a source of material other than the 

calibration standards, at a level similar to the analytical samples. 

Preferably prepare the laboratory control sample in a matrix similar 

to that of the samples. Alternatively, periodically make known 

additions to samples to ensure recovery from unknown matrices. 

 

Precision 

The difficulty of sampling particulate matter on unfiltered samples 

limits the precision of the method to approximately 5 to 10%. 

Interlaboratory studies of high-temperature combustion methods 

have been conducted in the range above 2 mg/L. The resulting 

equation for single-operator precision on matrix water is: 

 

So= (0.027 x) - 0.29 

 

Overall precision is: 

St = (0.044 x) - 1.49 

 

Where: 

So = single-operator precision. 

St = overall precision. 

x = TOC concentration, mg/L. 

 

Reference 

1. AMERICAN SOCIETY FOR TESTING AND MATERIALS. 1994. 

Standard Test Method for Total and Organic Carbon in Water by 

High Temperature. 
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 المراجع 

 

   تم اإلعداد بمشاركة المشروع األلمانيGIZ 
  و مشاركة السادة:- 

 الشركة القابضة لمياه الشرب والصرف الصحي البير ميالدالسيد / د 
 حيرةشركة مياه الشرب والصرف الصحي بالب عبد الرحمن الخولي/ د 
 شركة صرف صحي اإلسكندرية حسام الشربيني/ د 
 الشركة القابضة لمياه الشرب والصرف الصحي خالد محمد فهمي/ د 
 كة صرف صحي القاهرةشر  رمضان محمد/ د 
 الشركة القابضة لمياه الشرب والصرف الصحي شريف سرور/ د 
 شركة مياه الشرب والصرف الصحي بالدقهلية محمد ابراهيم/ د 
 الشركة القابضة لمياه الشرب والصرف الصحي محمد اسماعيل/ د 
 شركة صرف صحي القاهرة محمد صبري/ د 
 ه الشرب والصرف الصحيالشركة القابضة لميا محمود عبد الرحمن/ د 
 شركة مياه الشرب والصرف الصحي ببني سويف مرزوقة شعبان/ د 
 الشركة القابضة لمياه الشرب والصرف الصحي مصطفى فراج/ د 
 الشركة القابضة لمياه الشرب والصرف الصحي ممدوح محمد زريق/ د 
 مها خالف/ د GIZ 
 شركة مياه القاهرة مي السيد حسين/ د 
 الشركة القابضة لمياه الشرب والصرف الصحي حمننسرين عبد الر / د 
 الشركة القابضة لمياه الشرب والصرف الصحي يحيى شريف/ د 

 


