APPENDIX D

Methods Checklist:  Biochemical  Oxygen Demand

Date:  

Permit Holder:  


Township:  


County:  


NPDES Permit #:  


Person Interviewed:  


Title:  


Introduction:

The Biochemical Oxygen Demand (BOD) is an empirical test in which standardized laboratory procedure is used to determine the relative oxygen requirements of wastewaters, effluents, and polluted waters.  The test measures the oxygen required for the biochemical degradation of organic material (carbonaceous demand) and the oxygen used to oxidize inorganic materials, such as sulfides and ferrous iron.

The method consists of placing a sample in a full,  airtight bottle and incubating the bottle under specified conditions for a specific time.  Dissolved Oxygen (DO) is measured initially and after incubation.  The BOD is computed from the difference between the initial and final DO.
40 CFR Part 136, July 1, 1996:
1979 US EPA Manual entitled, “Methods for Chemical Analysis of Water and Wastes,”  EPA 600/4-79-020,  Revised 3/83, Method 405.1,  (p. 405.1).

“Standard Methods for the Examination of Water and Wastewater,”  18th Edition 1992, Method 5210 B, (p. 5 - 2-6).

Table II, 40 CFR Part 136, July 1, 1996:

Holding time:

48 Hours

Preservation:

Cool, 4°C maximum

Sample Container:
Polyethylene, glass

Equipment:
DO meter:  


Probe:


Incubator:  

Required by the 1979 EPA Methods Manual and the 18th Edition of Standard Methods (Page):


Yes
No
NA

1.
If the samples are composite samples, is the composting period
___
___
___


limited to 24 hours?    # Hours __________  (5-3)


Start Time: 

Stop Time: 

2.
Are the samples kept at or below 4(C and incubation begun within
___
___
___


48 hours? (5-3)

3.
Are the samples grab samples? (5-3)
___
___
___

4.
If the samples are grab samples, if the analysis is not started within 
___
___
___


6 hours are the samples stored at 4°C, and the temperature and storage 


times  recorded? (5-3) 

5.
Are the incubation bottles 300 mL capacity with ground glass
___
___
___


stoppers? (5-3)

6.
Are the bottles calibrated to be within 297 mL and 303 mL capacity? (5-3)
___
___
___

7.
Are the incubation bottles cleaned well with detergent, rinsed thoroughly
___
___
___


with distilled water, and drained before each use? (5-3)


Cleaning Agent:_______________________

8.
Are the sample temperatures brought back to 20°C ( 1°C before
___
___
___


analysis? (5-4) 

9.
Are the samples neutralized to a pH between 6.5 and 7.5?  (5-2)
___
___
___

10.
Is residual chlorine destroyed with sodium sulfite (Na2SO3), not with 
___
___
___


sodium thiosulfate (Na2S2O3)? (5-4)

11.
Is the sodium sulfite solution made fresh daily? (5-3)
___
___
___

12.
For the dilution water is 1 ml each of phosphate buffer (pH 7.2), MgSO4,
___
___
___


CaCl2, and FeCl3 solutions added per 1 L of water? (5-3)



Other source of solutions:_______________________________________


Solution Composition:  _________________________________________

13.
When dilution water is brought back to room temperature, is it aerated and 
___
___
___


the DO level saturated? (5-3)



Method of Aeration:  _____________________________

14.
Is a wide mouth pipette or graduated cylinder used in making the dilutions? 
___
___
___


(5-5)

15.
Does the dilution technique result in a residual DO of at least 1 mg/L and 
___
___
___


a DO uptake of at least 2 mg/L after a 5 day incubation? (5-4)


(It has been found  that these parameters produce the most reliable results.)


Dilution Volumes:   _____mL  ______mL  ______mL

16.
Are the volumes used recorded on the bench sheets?  It has been found
___
___
___


helpful that the following dilutions for respective sample origins are 


used: (5-4)


(percentage of sample/total volume)


0.0 % to 1.0 % for strong industrial wastes, _________


1.0 % to 5.0% for raw and settled wastewater,_______


5.0 to 25.0% for biologically treated effluent,________


25.0 % to 100 % for polluted river waters, __________

17.
Is a dilution water blank made? (5-4)
___
___
___

18.
For disinfected effluents is seed added to the individual BOD bottles?
___
___
___


analysis? (5-4)


If so, what is the source of the seed? ______________________________

19.
If using raw waste supernatant from domestic sewage as a seed, is it settled
___
___
___


for at least 1 hour, but no longer than 36 hours in a BOD incubator or room 


temperature? (5-4)

20.
Is a seeded water blank made? (5-4) 
___
___
___

21.
Is the seeding enough to produce a DO uptake of  0.6 to 1.0 mg/L in 5 days
___
___
___


at 20(C? (5-3)

22.
If used, is nitrogen inhibition reported on the bench sheets? (5-4)
___
___
___


(Inhibitor may only be used if permit specifies CBOD.)

23.
Is the nitrogen inhibition compound, TCMP, added to each bottle for a 
___
___
___


final concentration of 10 mg/L? (5-4)

24.
Is the DO probe rinsed between readings to avoid cross 
___
___
___


contamination? (5-4)

25.
Is the initial DO determined on each of the BOD bottles and recorded? (5-5)
___
___
___

26.
Is a water seal used? (5-3)
___
___
___

27.
Is a protective cover of foil, paper, or plastic placed over the flared 
___
___
___


end of the bottle to reduce evaporation during incubation? (5-3)

28.
Does the incubator have a thermometer immersed in liquid to monitor 
___
___
___


the temperature?

29.
Is the air incubator or water bath kept at a temperature of 20(C ( 1(C? 
___
___
___

30.
While being incubated, are the samples kept in the dark to prevent 
___
___
___


the possible photosynthetic production of DO? (5-3)

31.
Is the standard check solution a mixture of 150 mg glucose/L and 150 mg
___
___
___


glutamic acid/L (G&G)? (5-3)

32.
Is the glucose-glutamic acid solution prepared immediately before use?
___
___
___

33.
Is seed added to the BOD bottle used for the G&G test? (5-3)
___
___
___

34.
If the 5 day BOD value for the G&G is outside the range of 
___
___
___


198 ( 30.5 mg/L, are the seed and dilution water rejected? (5-6)

35.
After the 5 day incubation is the DO determined on each bottle
___
___
___


and recorded? (5-7)

Calculations:











Quality Control/ Lab Techniques
Yes
No
NA

1.
Are all required calibrations performed on equipment?
___
___
___

2.
Are the analyst’s initials recorded on the bench sheets?
___
___
___

3.
Are the analysis start and stop date recorded?
___
___
___


Start:____________
Stop: ___________

4.
Are the sample date and time recorded?
___
___
___

5.
Are all raw data retained for three years?
___
___
___

6.
Are all bench sheets self explanatory?
___
___
___

APPENDIX e

BOD Survivor’s Guide
Joseph L. Slayton, Chemist

U.S. EPA, Region III

Central Regional Laboratory

839 Bestgate Road

Annapolis, MD  21401

Comm. 410-573-2600

This material is offered to simplify and clarify many of the BOD procedures and calculations.  They are especially directed to those who do not normally seed, yet must analyze audit samples (QC; DMRQA etc.).  It is not recommended that you change your current BOD procedures if you are satisfied with the results and have no difficulty analyzing QC (DMRQA) samples.

1.
Use the DO Probe.  This is a nondestructive procedure which allows direct reading of the dissolved oxygen in the same bottle initially and five days later.  No assumption (and therefore error) need be made that the DO in different bottles is the same.

2.
Air Calibrate - Air Saturated with Water, Not Water Saturated with Air.  The air calibration procedure is very reproducible, yet saves time.

3.
Make Dilutions Directly in Calibrated BOD Bottles.  These should be weight calibrated using lab pure water.  At 20°C, 1 mL should weigh 1 g.  Keep those bottles that are found to be within 1% of 300 mL (297 mL - 303 mL).

4.
Soap, a Good Brush, and Lots of Lab Pure Water is Probably the Safest Yet Effective Method of Cleaning BOD Bottles.  If you chromic acid wash bottles, rinse well with lab pure water.  Be careful, this is a dangerous procedure.  You should wear gloves and a full face shield.  Take extra precautions to rinse out all of the chrome with many lab pure water rinses.

5.
Seeding - Seed Only if it is Necessary.  Seeding should be performed when insufficient biological activity is suspected; e.g. chlorinated sample, QC sample.  A chlorinated sample must be first dechlorinated.  Sodium sulfite is the required reagent, but after addition of this reagent to the sample (now ready for seeding) allow 15 minutes before preparing the dilutions.  This will allow any reactions of the reagent with DO to occur before the initial DO measurement is made.

(
Stale Settled Influent is Often the Best Seed.  Let it settle overnight in a 2 liter graduated cylinder in the BOD incubator.  Pour off the clear liquid through lab tissues (kimwips, etc.) and collect it.  This removes the large solids and the seed is ready for use.

(
Freeze-Dried Seed Material may also Prove Successful.  (e.g. Horizon Ecology Company, Chicago and Polybac, Allentown).

(
Seed the Sample Directly in the BOD Bottles.  Have the seed material stirring with a magnetic stirrer and using a pipet (a 2 mL automatic pipet is suggested) add 2 mL of seed material to each bottle to be seeded.  Every effort must be made to assure that the same amount of seed is placed in each bottle, e.g. do not use a large serological pipet as the seed may tend to stratify as it is dispensed.

6.
Glucose and Glutamic Acid Standard G & G.  This must be analyzed with each batch of samples or audits (QC).  It is a quick and easy process yet checks the entire analytical procedure.  Place the following in a BOD bottle:

(
6 mL (using a volumetric pipet) of G & G solution that is 0.15 g each of glucose and glutamic acid in 1 liter volumetric flask.

(
2 mL of seed (added as detailed above).

(
Fill the bottle just to the neck with dilution water.

(
Measure initial DO, incubate, measure final DO, and calculate the results as for other samples.

7.
A Dilution Water Control (not seeded) Must be Analyzed with Each Set of Samples.  The BOD procedure does not correct for dilution water BOD.  A significant blank can be tolerated as it will result in an falsely high BOD (the blank BOD should be < 0.2 mg/L).

8.
A min. max. thermometer from the local hardware store is a convenient but inexpensive means of assuring that the incubator has not malfunctioned.

9.
Seed Correction.

(
Treat the seed material (“seed ready for use”) as a sample, i.e. set it up as a sample making dilutions directly in the BOD bottles but do not seed it.

(
After 5 days, determine the BOD of this “seed sample” using the dilutions which have at least 1 mg/L remaining and a DO uptake of 2 mg/L.

BOD of SEED  =  DO Depletion  x  300/mL of seed added to the bottle

NOTE:  300 is the volume of the bottle.

Average the BOD of SEED results obtained from all valid dilutions.

SEED CORRECTION  =  BOD of SEED  x  2/300

NOTE:  2 is the volume of seed added to each sample bottle and 300 is the volume of the bottle.

The seed correction is the BOD caused by the seed that was added to the sample and, as can be seen in the following equation, must be corrected for in calculating the BOD of the sample.

10.
BOD of Sample.

(
Use dilutions of the sample which are found to result in DO uptake of ( 2.0 mg/L and also have final DO concentrations of 1.0 mg/L or greater.

BOD of Sample mg/L  =  (DO Depletion - Seed Correction)  x  300/mL of Sample

DO Depletion  =  (Initial Sample DO - Final Sample DO) and

300 is the volume of the bottle.

Summary:

(
Do not change your current BOD procedures if you are satisfied with the results and have no difficulty analyzing QC (DMRQA) samples.

(
Use the probe.

(
Make your dilutions directly in BOD bottles.

(
Seed directly in the BOD bottles using a constant amount of seed in all bottles.

(
Analyze glucose/glutamic acid controls with each batch of samples, the result should be 200 ( 
37 mg/L.

(
Analyze a dilution water control (dilution water without seed) with each set of samples.

(
In general, when filling bottles, fill them with enough dilution water so that insertion of the stop-per will displace all air, leaving no bubbles.

DISCLAIMER:  The mention of trade names is for illustration purposes only and is not intended as endorsement of recommendation by the U.S. Environmental Protection Agency.

APPENDIX F

BOD/CBOD BENCH SHEET

Sample
Date: 

Analysis
Date: 

Read
Date: 


Time: 


Time: 


Time: 



Initials: 


Initials: 


Initials: 


Incubator Temperature:
Day
1: 


4:




2:


5:





3:


Dechlorination: 

Sample Type
Blank
Seed Blank
Infl. BOD No. 1
Infl. BOD No. 2
Effl. BOD No. 1
Effl. BOD No. 2
G&G

Bottle #








mL Sample








Sample Temp








Init. DO








Final DO








Depletion








Seed Correction








BOD mg/L

(CBOD) mg/L








Calculations: 











� 	“Carbonaceous Biochemical Oxygen Demand (CBOD5) must  not be confused with the traditional BOD5 test which measures “Total BOD.”  The addition of the nitrification inhibitor is not a procedural option, but must be included to report the CBOD5 parameter.  A discharger’s whose permit requires reporting the traditional BOD5 may not use the nitrification inhibitor in the procedure for reporting the results.  Only when a discharger’s permit specifically states CBOD5 is required, can the permittee report data using the nitrification inhibitor.”  (40 CFR, Part 136, July 1, 1996, Footnote 12)





Chapter 5 / Appendix D / Page 1

_948542748.unknown

_948611031.unknown

_948611032.unknown

_948542820.unknown

_948611030.unknown

_948542585.unknown

