
OVERVIEW 

 

Industrial treatment processes are known to treat a variety of nutrient loads; in which an 

elevated food: microorganism ratio can be exhibited.  This elevated load on the biological 

population has the potential for undesirable conditions within the treatment processes.  

One of these nuisance biological growths is known as Zoogloea.   

 

Zoogloea excretes a biopolymer which causes buoyancy in the MLSS reducing settling.  

Once the organism multiplies; the biopolymer overcomes the weight of the natural floc.  

These biological secretions have a composition of polysaccharides and proteins.  An  

experimental method to facilitate the disintegration of the secretion is the introduction of 

enzymes.   

 

TREATMENT PROCESSES 

 

 The treatment plant studied uses a variety of biological, physical and chemical treatment 

processes in harmony to produce the desired quality of effluent discharge.   At this facility 

the treatment process is as follows:  A concentrate was diluted in a basin with  

approximately 1% concentrate to 10% surface water. Addition of sodium hydroxide into the 

diluted nutrient basin maintains necessary alkalinity for the biological treatment processes.  

Three basins are available: one as a concentrated nutrient, another as a diluted nutrient 

basin, and finally a groundwater tank with a mix of backwash water and surface water with 

an occasional plant effluent discharge.   This is introduced into a mix tank at a rate of 40 

gpm of the diluted nutrient mixture to 90 gpm groundwater.  At this stage phosphorus and 

ammonia are added; as well as microbes.    

  

Upon departure from the mix tank the load enters the aeration basin (AB).  Two mixers  

provide aeration to a MLSS concentration of approximately 4,000 mg/l to 5,500 mg/l.  One 

mixer has a blower and the other is solely a splasher.  The aeration basin discharges into the 

clarifier which returns solids (RAS) to the AB and clear water to a sand filter.  Waste  

activated sludge (WAS) is sent to the digester.  Two chemical additions are introduced to 

the clarifier in the form of a polymer and coagulant.   

 

INDUSTRIAL CASE STUDY 
 

Industrial Activated Sludge Treatment  
Challenges-Enzyme Trial 



After the sand filter, two activated carbon towers are operated in series to remove SOC and 
VOC.  Backwash water from the sand filter and carbon vessels enter the groundwater tank.   
Upon departure from the carbon towers; water is discharged to a surface water tributary.  
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BIOLOGICAL TREATMENT REACTOR 
 
Diluted waste from the mix tank enters the Aeration Basin perpendicular to return  
activated sludge; both in close proximity to enhance mixing.  A centrally located splash  
mixer adds dissolved oxygen.  In addition a combination mixer/blower adds air and causes a 
circular flow on the east side of the basin. 
 
Due to the depth of the basin depleted areas may exist that causes a reduction in  
treatment.  The southern portion has limited agitation and aeration.  The mixer/blower 
combo violently stirs the MLSS to the extent that the floc potentially becomes sheared. 
 
The use of polymer and coagulant dosages concentrate the return activated sludge which 
alters MLSS concentration as well as adding a degree polymer to the basin. 
 
AEROBIC DIGESTER OPERATION 
 
One tank without partition is aerated at the east and west ends.  No aeration is available in 
the center due to the inefficiency of the centrally placed aerators.  At the southwest corner 
is the discharge of waste activated sludge. Waste activated sludge generally feeds at a rate 
less than 5 gpm over a 24 hour period which provides a consistent nutrient load to the  
digester.   



During the decant process, it is advantageous to cease wasting while the air is off or decant 
can be infiltrated by waste discharge.  Generally decant only becomes available after 2 or 
more days without air.  This causes    septicity which adds filamentous into the treatment 
processes.   
 
PLANT PERFORMANCE AND LOADINGS 
 
Plant loadings in the mix tank are between 1,500 mg/l and 5,500 mg/l Chemical Oxygen  
Demand (COD).  A MLSS of between 4,000 mg/l and 5,500 mg/l was maintained throughout 
the trial.  Discharge from the Aeration Basin had a COD on average of 126 mg/l with an  
average carbon vessel discharge of 70 mg/l.  Plant effluent discharge rarely exceeds 250,000 
GPD. 
 
DIGESTER ENZYME ADDITION 
 
*Initial Test phase 
 
This was completed by the addition of enzyme to a 5 gallon bucket.  An amount of 10 ml and 
20 ml was added to digester fluid and air applied using an aquarium aerator.  Duration of test 
was completed in a heated garage.    The enzyme bucket testing was initiated on 16 Jan with 
two buckets tested; one with enzyme added and one without.  No nutrients or chemicals 
were added during the trail.  Enzyme additions were as follows: 
 
Day 1-10 ml      (12 Jan) 
 
Day 2-10 ml      (13 Jan) 
 
Day 3- 100 ml   (16 Jan) 
 
Day 4- 10 ml     (20 Jan) 
 
Day 5- 10 ml     (21 Jan) 
 
Day 6- 10 ml     (22 Jan) 
 
Day 7- 10 ml     (26 Jan)                                              Nematode found in RAS Sludge 
 
Day 8- 20 ml     (27 Jan) 
 
Day 9- 20 ml     (28 Jan) 
 
Day 10- 20 ml   (29 Jan) 
 
Day 11- 20 ml  (30 Jan) 
 



 
 
 
Below are data regarding settling and supernatant COD values: 
 
AB with enzyme                           
                                                               Settling Volume mL 
 
                              30 minutes                 60 minutes                 90 minutes               COD 
 
Date: 16 Jan              930                                  870                             800                 331 mg/l     
        
            29 Jan             980                                  970                             950               Over range                 
 

AB without enzyme 
                                                                Settling Volume mL 
 
                             30 minutes                   60 minutes                90 minutes                COD 
 

               Date: 16 Jan            870                                  750                             640                   287 mg/l 
 
                          29 Jan            950                                  920                             870                   354 mg/l 

 

 

Noteworthy is the deterioration in settling in both environments and COD factors after the 

two week test.  Supernatant COD increases are related to the enzyme itself and the break-

down components of the sludge it reacted with (liquifying insoluble COD).  While MLSS was 

used; these were aerobic digester simulations since no outside food source or nutrient was 

added during the trial.  Both settling tests deteriorated after two weeks however the enzyme 

bucket had better settling and compaction results than the untreated sludge bucket. 

 

 

 Rotifer found in AB 

 

 

 



 
              
 
 *Enzyme addition to digester 
 
   1) Sludge press filtrate 
      Below are the data ascertained from analysis between 4 Jun -2 Jul: 
 
   pH range: 6:49-7.92 
   COD range: 52-207 mg/l 
   TSS range: 0-33 mg/l 
   NH3 range: 0.366-over range mg/l 
   Phosphate: 0.15-37 mg/l 
 
Samples were taken at a variety of times during an approximately 6 hour cycle.  A full cycle 
profile at defined intervals would indicate nutrient release.  Liberation of nutrients returned 
to the headworks of the facility in certain industrial settings allow for a reduction in chemical 
expenditures. 
 
*Digester Results 
 
   Below are the data ranges were ascertained from analysis 4 Jun-2 Jul: 
 
   pH: 6.39-7.57 
   Temperature: 20.0-25.8 C 
   D.O.: 0.44-7.73 mg/l 
   Total % cake solids: 4.8-10  
   Spins: 22-29 % 
 
During the study air was off during decant; which caused the digester to trend toward  
septicity.  After approximately 2 days the digester becomes notably septic and thus changes 
the biology of the tank.  Enzyme addition allows for increased settleability in a shorter time 
frame, less time without air, which limits the degree of septicity.   

 
 
 
 
 
    Floc Formation and Rotifer from the Digester
  



OBSERVATIONS 
 
An increase of COD in the decant, returned to the headworks of the plant, was expected; 
however nothing was noticeable throughout the trial.  Design of the digester requires a 
constant and regular feed of waste which would allow for total consumption of the enzyme 
due to a consistent supply of Zoogloea.   Enzyme addition was at the zones of greatest  
mixing; at the east and west aerators.   
 
Since enzyme addition was not accomplished daily; foam reduction was not apparent until 
the proper dosage of enzyme became available, 20 days into the trial.   Once the  
degradation of the foam commenced it rapidly dispersed and a week later was virtually 
eliminated.  This adds volume to the digester because the foam can be as much as 1-2 feet 
in depth. 
 
Sludge press design has approximately 40 plates which separate solids from the liquid.   
With the current digester concentration; approximately 3,000 gallons are processed in each 
6 hour cycle.  Filtrate samples were collected at various times throughout the cycle which 
eliminates any possible trends in nutrient discharge. More tests should be run on sludge 
press efficiency and to determine if ammonia is released in greater quantity in the sludge 
press filtrate.   
 
DISCUSSION AND CONCLUSIONS 
 
The enzyme does breakdown the buoyancy factor in the MLSS.  It breaks down the  
biopolymer more rapidly than the normal process of digester operation as noted in the  
reduction in volatile solids.  In warmer periods of the year, the digester turns septic within 2 
days.  Enzyme additions allow for a more rapid breakdown of organic components in the 
digester preventing noisome conditions.   
 
With proper data regarding sludge press filtrate; it is possible nutrient release to the  
headworks of the plant could have a significant reduction in expenditures. Also, a polymer 
feed study could show additional cost savings.  Reduction in foam adds much needed space 
to basin, as well. 
 
Enzyme addition to the digester has shown its applicability and viability in areas where  
Zoogloea is found.  In this preliminary study the enzyme has established desirable qualities 
and further research, I am confident, will uncover further benefits unknown to this  
investigation. 
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