CE 326 Principles of Environmental Engineering -- Laboratory Assignment

BOD and Suspended Solids Analysis
Objective: To determine the biochemical oxygen demand (BOD) and suspended solids (SS) concentration of wastewater at various points in Boone Water Pollution Control Plant.  
*****Note: Please wear eye protection and gloves when doing the experiment. *****
Apparatus and Materials:
BOD test:  BOD bottles (300 ml), DO (Dissolved Oxygen) meter and probe, nutrient water, deionized water, pipettes, volumetric cylinders, beakers
SS test: Filtration apparatus, glass fiber filters (1.2μm pore size), aluminum dishes, tweezers, pipettes, oven (105C) and muffle furnace (550C)

Note: Glass fiber filters and aluminum dishes have been burnt in 550C prior to use. 
Procedure:
BOD test:

1. Prepare the following dilutions of wastewater from the Boone Water Pollution Control Plant.  Rinse BOD bottles with deionized water (use DW tap at the sink).  Mix the samples well before transferring to the bottles.  Accuracy of the test depends on this.  Using either pipette or volumetric cylinder, add the desired amount of samples (see below) and 100 ml of nutrient water (use provided volumetric cylinders) into the BOD bottle.  Fill the rest of the bottle up to its neck with DO saturated deionized water (Dilution water).  Repeat these steps for the next dilution or the next sample.  If there is not enough volume in the bottle for 100 ml nutrient water, fill the rest with only nutrient water.
Blank                                     0/300 (sample vol. in ml / 300 ml of BOD bottle)
Raw influent (RAW)              4/300, 8/300, 10/300
Primary effluent (Primary*)    12/300 and 18/300    
Final effluent (Final)              180/300 and 220/300               
 (Note: DO of Blank should not decrease more than 0.2 mg/L; For usable dilutions, their DO  should decrease more than 2 mg/L and their final DO should not be below 1 mg/L; Average if there are more than one usable dilutions)* The Boone Water Pollution Control Plant does not have primary clarifiers, so this sample was simulated by mixing plant influent  and effluent.
2. Label the BOD bottles by adding sample names, dilution, section#, group#
3. Calibrate DO meter by adjusting the meter to saturated DO value of water at current temperature and pressure.  
4. To measure DO, insert DO probe to the bottles and turn on the mixer.  Make sure that there is no air bubble in the bottle when it is mixed.  After the value stabilizes, record DO value (D1).
5. Cap the bottles with glass stoppers.  Make sure that there is no air bottle in the bottles.  Add deionized water onto the neck of the bottles to prevent air diffusion into the bottles.  Cover the bottles again with plastic caps.  Make sure that the plastic caps sit tightly on the bottles. 
6. Incubate the samples for 5 days (from today to next Monday) at 20C in dark place (use one of the cabinets in the lab to incubate). 

7. After the 5-day incubation period, measure the DO and record the value of each bottle (D2).  
For a Wednesday lab, assign someone to take the final DO & SS measurements on Monday.
Suspended Solids (SS) Test:

1. Mark four clean aluminum weighing dishes with (1) your group number, (2) section, and (3) sample types (Raw, Primary, Mixed liquor, or Final).  Ware lab gloves when touching the aluminum dishes.  Use your ball point pen and press down to create marks on the dishes.  Ink will be burnt at 550 C.  
2. Put fiber glass filter papers on aluminum dishes.  Weigh and record the weight of the dishes and filter papers in Table 2 below (W1).
3. Prepare the samples to be filtered using appropriate volumetric cylinders (see below).  Mix the samples well before transferring to the volumetric cylinders.  Accuracy of the test depends on this.  
Raw influent


20 mL
Primary effluent                   20 mL
Mixed liquor
             5  mL
Final effluent
          200 mL                                                                                               

4. Use tweezers to transfer the filter paper to the filtration apparatus (Remember! Grid side up!)  Do not fold the filter paper yet because it will be broken, and pore size will be change.  

5. Turn on vacuum pump and filter the appropriate amount of sample through each filter paper.  While the pump is turned on, rinse the volumetric cylinder and the inside of filter apparatus with deionized water. 
6. When the filter is dry, use tweezers to remove the filter paper from the filtration apparatus and place it on the aluminum dish.  Repeat these steps for the next samples. 
7. Place the dishes in the 105C oven for at least two hours.  Cool the dishes in a desiccator.  After cooling, weigh and record the weight (W2).  Please assign someone to weigh the dishes on Friday. 
8. After weighing, place the dishes in the 550C oven for one cycle (room temperature ( 550C for 15 min ( room temperature).  Cool the dishes in a desiccator.  After cooling, weigh and record the weight (W3).  Please send someone to weigh the dishes on Monday. 
Calculation: 

BOD5 mg/L  =  [(D1-D2)sample - (D3-D4)blank] x dilution factor 

D1 = DO of diluted sample immediately after preparation, mg/L of sample

D2 = DO of diluted sample after 5-day incubation period, mg/L of sample

D3 = DO of diluted sample immediately after preparation, mg/L of blank

D4 = DO of diluted sample after 5-day incubation period, mg/L of blank

DO = Dissolved Oxygen

Dilution factor = 300 ml / sample vol. in ml 

SS or TSS, mg/L = (W2-W1) x 106      VSS, mg/L = (W2-W3) x 106                                                                            sample vol. (ml)                           sample vol. (ml)
W1 = Initial weight of aluminum dish and filter, g
W2 = Weight of aluminum dish and filter after 105 (C, g
W3 = Weight of aluminum dish and filter after 550 (C, g
Results: 

Table 1
	BOD
	0-day DO, mg/L (D1)
	5-day DO, mg/L (D2)

	Blank

	
	

	Raw
  influent          4/300, 8/300, 10/300

	/               /
	/               /

	Primary effluent     12/300, 18/300

	/
	/

	Final effluent          180/300, 220//300

	/
	/


Table 2
	SS
	Initial weight (W1)
	Weight after 105C (W2)
	Weight after 550C (W3)

	Raw influent, g    
	
	
	

	Primary effluent, g
	
	
	

	Mixed liquor, g
	
	
	

	Final effluent , g
	
	
	


Report:
Prepare a brief report containing the following information:

Introduction: Explain the principal of the BOD and SS measurements and why they are important to environmental engineers.  Read your Textbook. 
Procedure:     Briefly describe the procedures used in each test.  Use narrative format.

Results:          Tabulate the results from the tests.  In your tables, include the raw data used in the calculations.  Also include sample calculations.  

Discussion: 
1. Provide a discussion of the observed results.  Is there any error? 
2. Calculate the removal efficiencies in terms of BOD and SS for the Boone Water Pollution Control Plant (Raw influent vs. Primary effluent and Raw influent vs. Final effluent)
3. How would you characterize the operation of the plant in terms of removal efficiency?
4. How would you describe this wastewater in terms of its strength? (see Text page 353)

5. Do the BOD and SS meet the discharge limit? (http://www.epa.gov/npdes/pubs/chapt_05.pdf page 76 or http://www.city.ames.ia.us/waterweb/Wpc/wpc_water_quality.htm) 
6. Why did we have to incubate BOD bottles in the dark place?

7. In the nutrient water, nitrifier inhibitor was added.  Why was it needed? What is different between CBOD and NBOD? 
8. What is the significance of the suspended (SS) and volatile suspended solids (VSS) concentrations of the mixed liquor? What does VSS represent? What is typical value of MLSS (Mixed liquor suspended solids or SS in this lab) in aeration tank? 
Due date:     April 16th, 2008 by 5pm
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