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1.0 PURPOSE

Establish a procedure for analyzing the biological oxygen demand in wastewater samples. 

2.0 SCOPE

This procedure applies to the City or Village Name employees and facilities. This procedure defines roles and responsibilities of employees performing ammonia testing.

3.0 SAFETY

Use general safety procedures. Standard protective wear including safety shoes, gloves, protective clothing and eye protection should be worn. Additional safety equipment that may be required should be easily accessible. 

4.0 RESPONSIBILITIES

It is the responsibility of any employee involved with this procedure to read, understand and follow this SOP. 

5.0 REQUIRED SUPPLIES

5.1 300 mL BOD bottles with penny stoppers: Wheaton, Fisher Cat#02-926-7A or equivalent

5.2 Nitrification Inhibitor, Formula 2533, Hach Cat #2533-35 or equivalent with “shot top”

5.3 BOD nutrient pillows, Hach Cat#14862-66 or equivalent 

5.4 2-liter bottle

5.5 Carboy with spigot or tubing with clamp (size will depend on amount of dilution water needed)
5.6 25 mL pipette

5.7 100 mL graduated cylinder

5.8 250 mL graduated cylinder

5.9 500 mL graduated cylinder

5.10 Dissolved oxygen meter, YSI 5100 or equivalent

5.11 Dissolved oxygen probe, YSI 5905 or equivalent

5.12 Incubator set at 20ºC
5.13 Deionized water, of which ____ (insert your amount) liters have been stored in a carboy at 20ºC for a minimum of 24 hours and have a dissolved oxygen content of 7.5 mg/L.

5.14 Glucose plus Glutamic Acid standard (GGA), 300 mg/L each glucose plus Glutamic Acid, Hach Cat #14865-10 or equivalent
5.15 pH meter with temperature compensation

5.16 Stir bar

5.17 Stir plate

5.18 250 mL glass beaker

5.19 pH Standard solution pH 4.0

5.20 pH Standard solution, pH 7.0

5.21 pH Standard solution, pH 10.0

5.22 Squeeze bottle, DIH2O

5.23 H2SO4, 1 N

5.24 NaOH, 1 N

6.0 SAMPLING PROCEDURE AND PRESERVATION

6.1 Sampling of the raw and final effluent is required for the NPDES permit. This is a 24-hour composite sample that must be collected and tested a minimum of (insert permit requirements). Keep sample at 4ºC during compositing.
6.2 Various other locations may be collected for process evaluation. Testing frequency will vary.

6.3 Analysis should start within 2 hours of collection. If not started within 2 hours, samples may be stored at 4ºC for up to 6 hours. If necessary, due to sample site distance from laboratory, testing can be delayed for up to 24 hours, but at no time should the 24-hour limit be exceeded. Report length of time stored and temperature on bench sheet. When samples are to be used for regulatory purposes, make every effort to deliver samples for analysis within 6 hours.

6.4 There are no preservatives used in the storage of the samples. 

7.0 PREPARATION OF REAGENTS AND SAMPLES 

7.1 Nutrient Diluent (prepare immediately before use)
7.1.1 Place nutrient pillow pack (amount is dependent on the amount of dilution water used) into the ____ (insert your amount) liters of water in carboy. Use deionized water from squeeze bottle to rinse out the pillow pack into the dilution water.
7.1.2 Cap the vessel and swirl to mix.
7.1.3 DO of diluent should be 7.5 mg/L or higher. Incorporate air into diluent via shaking or aeration.

7.2 Seed
7.2.1 Seed Dilution Water (amount of seed will vary depending on strength)
7.2.1.1 Place appropriate amount of seed water into 2-liter container.
7.2.1.2 Add nutrient diluent to 2 liters.
7.2.1.3 Mix by inversion, being careful to not incorporate air into seed.

7.2.1.4 Sample size should be chosen to produce a residual DO of at least 1.0 mg/L and a DO uptake of at least 2.0 mg/L.

7.2.2 Seed Individual Bottles

7.2.2.1 Generally 1 to 3 mL of settled wastewater or primary effluent or 1 to 2 mL of a 1:10 dilution of mixed liquor / 300 mL bottle will provide a suitable amount of microorganisms. 
7.2.2.2 Do not filter seed suspension before use. 

7.2.2.3 Agitate the seed suspension during transfer to ensure that the same quantity of microorganisms is added to each BOD bottle.
7.2.2.4 Always record the exact amount of seed suspension added to each bottle.
7.2.2.5 The appropriate amount of seed used in samples will produce a DO uptake that should be between 0.6 mg/L and 1.0 mg/L.
7.3 Sample Preparation

7.3.1 Temperature of sample should be 17-23ºC.
7.3.2 Following pH SOP, perform pH analysis on all samples. 

7.3.3 If pH is outside the range of 6.5-7.5, add H2SO4 or NaOH to achieve a pH in the range of 7.0-7.2.
7.4 Dechlorination of Samples

7.4.1 If any sample has chlorine, it must be dechlorinated by adding 1 mg/mL sodium thiosulfate.
7.4.2 Add 3-6 drops and check for chlorine residual. 
7.4.3 Too much sodium thiosulfate can interfere with the BOD test. Add slowly to minimize any effect. 
8.0 BOTTLE SETUP

8.1 Record all information on the BOD daily sheet.
8.2 The following bottles are the minimum needed for each sample:

8.2.1 Raw influent: 3 bottles

8.2.2 Final effluent: 3 bottles

8.2.3 Blanks: 2 bottles

8.2.4 Seeds: 2 bottles

8.2.5 Glucose control: 2 bottles
8.2.6 Other samples may be analyzed for process control.

8.3 Place 3 mg (two shots) of nitrification inhibitor into every bottle except the three raw influent bottles. (Samples where CBOD is required or any seeded sample.)
8.4 Add the appropriate amount of seed as determined above either to individual bottles or with seeded dilution water.
8.5 Swirl bottles with nitrification inhibitor to dissolve the inhibitor.

8.6 Make sure sample is mixed well, but refrain from adding air into sample during mixing.

8.7 Add sample by tilling bottle and pouring sample down side of bottle.

8.8 Using wide bore volumetric pipettes or graduated cylinders, add the volumes of sample giving a minimum depletion of 2 mg/L and a residual DO of at least 1.0 mg/L to each bottle. 

8.8.1 Raw Influent: Change dilution and sample size to meet your needs. (Insert your sample location and amount here.)
8.8.2 Glucose/Glutamic Acid Standard 
8.8.2.1 First bottle: 3 mL of deionized water and 3 mL of glucose standard. Amount depends on strength of GGA prepared per manufacturer’s instructions.
8.8.2.2 Second bottle: 3 mL of deionized water and 3 mL of glucose standard. Amount depends on strength of GGA prepared per manufacturer’s instructions.

8.8.3 Final Effluent: Change dilution and sample size to meet your needs. (Insert your sample location and amount here.)
8.8.4 Seed Control: Change dilution and sample size to meet your needs. (Insert your sample location and amount here.)
8.9 Fill all bottles to top with diluent if seeding directly to the bottle.

8.10 Fill all bottles with diluent, except final effluent bottles. Use seeded dilute for final effluent bottles.
9.0 DISSOLVED OXYGEN MEASUREMENTS
9.1 All water needs to be removed from probe prior to calibration. Shaking or blotting the probe will remove the water. 

9.2 Dissolved oxygen probe should be turned on a minimum of one hour prior to reading.

9.3 Probe is stored in BOD bottle with 1-inch of deionized water. Change water regularly. 

9.4 Follow manufacturer’s calibration instructions. (For example: While probe is in storage container, calibrate by pressing the calibration key located on the right side. Functions will change on screen. Select the auto calibrate key located on the left side. Screen will state that DO calibration was saved.)
9.5 Record temperature, DO and barometric pressure on daily sheet. 

9.6 Rinse probe with deionized water.

9.7 Place probe into blank bottle.

9.8 Turn on stirrer.

9.9 Allow probe to stabilize. An asterisk (*) will appear after the DO reading to indicate that reading is stable.

9.10 Record DO reading on daily sheet in proper column. 

9.11 Turn off stirrer.

9.12 Repeat steps 9.5 thru 9.10 for remaining bottles. The blanks should be read first, followed by samples with lowest expected BODs to samples with highest expected BODs.

9.13 Place penny stopper into bottle and twist gently. Solution should cover stopper to ensure proper seal

9.14 Inspect bottle for air bubbles. If present, remove stopper, add more diluent or seed and re-stopper.

9.15 Place cap onto bottle.
10.0 INCUBATING SAMPLES

10.1 Place bottles into 20ºC +/- 1ºC incubator.
10.2 Leave spaces between bottles.

11.0 FINAL DISSOLVED OXYGEN READING 

11.1 After 5 days, remove bottles from incubator.
11.2 Calibrate meter per manufacturer’s instructions.

11.3 Remove caps and stoppers.
11.4 Check bottles for bubbles. Note on daily sheets.

11.5 Following procedure described in 9.1 through 9.11, read the DO on all bottles.
11.6 Record the reading on the daily sheet.

12.0 CALCULATIONS

12.1 Blanks
12.1.1 Subtract the beginning DO from the ending DO.
12.1.2 The blanks need to have a depletion of less than +/-0.2 mg/L.

12.2 Seeds 
12.2.1 Subtract the beginning DO from the ending DO.
12.2.2 Average the two results.

12.2.3 Seed depletion needs to be greater than 2.0 mg/L, but a remainder of 1.0 mg/L must be present. 
12.2.4 Seed should have a depletion of 0.6-1.0 mg/L. See 12.4. The portion of the equation (D3 * decimal fraction of seed) needs to be between 0.6-1.0 mg/L.
12.3 Samples with No Seed
Calculation: 

BOD  = 
(D1-D2)

      



Decimal fraction of sample used

Where:
D1 = beginning DO


D2 = ending DO


Decimal fraction = found on sample sheet labeled Dil %

12.3.1 For results to be significant, a minimum of 2.0 mg/L depletion had to occur with a DO of 1.0 mg/L remaining.

12.4 Seeded Samples (final effluent)

Calculation: 

CBOD = (D1-D2) - (D3 * decimal fraction of seed)


          Decimal fraction of sample used
Where
D1 = beginning DO of sample


 
D2 = ending DO of sample

D3 = average of seed DO as determined in step 12.2


Decimal fraction of seed = found on sample sheet labeled Seed %

Decimal fraction of sample = found on sample sheet labeled Dil %
12.5 Average the test results for all qualified bottles within each dilution series. 

12.6 Report the results as BOD if nitrification inhibitor is not used.
12.7 Report the results as CBOD if nitrification inhibitor is used.
12.8 Identify results in the test reports when any of the following quality control parameters are not met:

12.8.1 Dilution water blank exceeds 0.20 mg/L.
12.8.2 Glucose/glutamic acid check falls outside acceptable limits.
12.8.3 Seed control does not meet the criteria in all dilutions.
12.8.4 Minimum DO is less than 1.0 mg/L.
13.0 TROUBLESHOOTING

13.1 Blanks had depletion greater than 0.2 mg/L DO

13.1.1 Deionized water was contaminated.

13.1.2 Diluent water was contaminated.

13.1.3 Bottles were not clean.

13.2 Seed bottles had less than1.0 mg/L remaining

13.2.1 Seed was too strong.
13.3 Seed bottles were not depleted by at least 2.0 mg/L DO

13.3.1 Seed was too weak.
13.4 Membrane replacement per manufacturer’s instructions
Example:
13.4.1 Remove probe from bottle.
13.4.2 Remove stir paddle.

13.4.3 Unscrew membrane from probe and discard.
13.4.4 Using the sanding disk from the probe conditioning kit, gently sand the gold portion on the bottom of the probe.

13.4.5 Rinse shaft well with deionized water.

13.4.6 Place fill solution from probe conditioning kit into a new membrane.
13.4.7 Gently tap membrane on counter to remove any bubbles.

13.4.8 Slowly place membrane onto shaft and secure. Solution should spill over top of shaft to ensure complete filling.

13.4.9 Allow probe to equilibrate for at least two hours prior to use.

14.0 DISPOSAL AND CLEANING

14.1 All samples and reagents can be disposed of down the sink with plenty of water.

14.2 Probe should be rinsed with deionized water and stored in a BOD bottle containing one inch of deionized water. Water should be free of any visible contamination.

14.3 Bottles should be washed in hot soapy water and rinsed with deionized water. Occasional acid wash should be done to clean bottles.
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