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Abstract 
A full-scale BIOFOR® biological aerated filter (BAF) was intensively monitored during 

the summer time.  During the monitoring, seeded and unseeded nitrified effluent BOD5 

samples were performed.  Discrepancies were found between seeded and unseeded 

samples, which warranted further investigation.  Four biological treatment seeds and a 

commercial microbial seed were screened for appropriate seed volumes in comparison to 

the glucose:glutamic acid (GAA) assay, a standard for BOD5 analysis.  After initial 

screening, a range of seed types was applied to the BAF effluent for BOD5 and cBOD5 

analysis, and to GGA and carbonaceous GGA (cGGA) analysis.  A proposed seed 

screening protocol was developed using a ratio of measured BOD5 values in comparison 

to theoretical GGA standard BOD5 values.        
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Introduction 
Over the last century, environmental awareness has dramatically increased.  One 

environmental concern is the environmental damage and human health issues associated 

with municipal and industrial wastewater discharges.  Issues such as disease prevention, 

the eutrophication of surface waters, and the health of aquatic life are major contributors 

to the increased awareness, not only by the public but by municipalities and industries as 

well.  Public opinion, lobbying bodies, and state agencies have addressed these issues by 

proposing to lower permitted effluent discharge concentrations from wastewater 

treatment facilities. Currently, municipalities and industrial facilities continue to improve 

treatment performance to meet lower effluent discharge concentrations.  New 

technologies, better management of operations, and better operational knowledge have 
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improved health and aesthetics of receiving waters, and addressed human health 

concerns.   

 

Municipalities and industrial facilities treat dynamically fluctuating flows and 

concentrations while meeting specified effluent discharge parameters.  Inflow and 

infiltration into distribution systems cause increased flow and concentrated organic and 

nutrient spikes.  Proper organic and nutrient reductions are required regardless of 

treatment challenges.  Discharged organic matter increases oxygen consumption in the 

receiving water body if insufficiently removed, and can lead to fish kills and 

environmental damage.  Also, more facilities are required to remove environmentally 

damaging nutrients, such as ammonia-N and phosphorus.  Residual nutrient 

concentrations lead to algae blooms and increase the oxygen demands.  

 

Activated sludge and biological aerated filters (BAF) are biological processes, which 

remove organic and nutrient loads from wastewaters.  Microorganisms use oxygen to 

oxidize organic matter into new cells or to provide maintenance energy.  Oxygen 

concentrations in wastewater are insufficient to meet the oxygen demand exerted by 

organic matter in the wastewater; therefore, aeration is required for organic oxidation. 

Oxygen requirements are increased at facilities where nitrification is part of the biological 

treatment process (Grady et al., 1999).  Ammonia-N oxidation, called nitrification, is 

another oxidation process using oxygen to form nitrate.  Nitrification occurs after most of 

the organic material is eliminated.   Oxidation of organic material occurs first because of 

competition between heterotrophs (organic oxidizing microorganisms) and autotrophs 

(nitrifying microorganisms).  Heterotrophic organisms grow at a faster rate compared to 

autotrophic microorganisms (Madigan et al., 1997); therefore, nitrification occurs after 

the associated organic oxygen requirement has been met. 

 

Ammonia-N discharge concentrations have increasingly been regulated to minimize the 

effects of final discharges on water bodies.  Eutrophication of surface waters by increased 

oxygen demand on receiving surface waters is the major reason.  Often, ammonia-N is a 

limiting nutrient in natural environments.  Excess microbial growth and algae blooms 
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occur with increased effluent ammonia-N concentrations.  Excess growth and blooms 

increase the associated oxygen demand and lower dissolved oxygen concentrations.  

Lower dissolved oxygen concentrations adversely affect water bodies’ natural 

environments, leading to fish kills and devastating the natural biota.  

 

Monitoring treatment efficiency and effluent concentrations requires a standard series of 

testing protocols.  Organic matter measurements are made using three different methods: 

total organic carbon (TOC), chemical oxygen demand (COD), or biochemical oxygen 

demand (BOD).  TOC measures the total amount of organic carbon present in samples.  

COD analysis involves powerful oxidants and hazardous chemicals, and measures the 

oxidizible fraction of the total organic carbon present.  Biochemical oxygen demand 

(BOD) is a bioassay using microorganisms to determine the aerobically biodegradable 

fraction of organic matter in samples (APHA, 1995).  The current effluent water quality 

standard used in the United States is BOD5 for wastewater treatment facilities. 

 

The BOD test monitors oxygen consumption over a set time period, typically 5 days.  

The 5 day incubation period limits the usefulness of measured BOD5 values because the 

lengthy analytical time delays treatment process improvements and operational 

responses.  High effluent discharges can occur for several days while the samples are 

incubated.  Recent studies have proposed the use of BOD biosensors (Chan, et al., 2000; 

Chee, et al., 2000; Nomura, et al., 1998; Tan, et al., 1999; Tanaka, et al., 1994; Yoshida, 

et al., 2000) and rapid BOD detection methods (Gil-Rodriguez, 2000; Pasco, et al., 2000) 

for BOD5 determination for municipal and industrial wastewaters.  BOD5 sensors are 

limited because of the availability of oxygen at the sensor surface (Reshetilov, et al., 

1998).   Rapid BOD5 detection methods using potentiometry (Gil-Rodriguez, 2000) and 

mediators (Pasco, et al., 2000) are new analytical techniques that require more research 

before possible implementation. 

 

Initial and final dissolved oxygen (DO) concentrations are measured, and the BOD5 is 

calculated from the change in DO concentration after 5 days.  The standard BOD5 sample 

protocol requires a residual 1 mg/L DO concentration and a minimum 2 mg/L depletion 
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after incubation (APHA, 1995).  Sample dilution is required if a residual 1 mg/L DO 

concentration is not retained.  BOD5 assays that do not show a minimum 2 mg/L DO 

depletion may indicate that additional microorganisms, called microbial seed, are needed.  

Typically, effluent samples, especially nitrified effluents, require microbial seeds for 

proper BOD5 analysis because heterotrophic organisms are limited.  Several microbial 

sources are allowed for seed use, including domestic wastewaters, unchlorinated 

wastewaters, and surface waters (APHA, 1995). Additionally, commercially available 

microbial seeds are available, such as PolySeed (InterBio, Woodlands, TX).  Dehydrated 

(Manoharan et al., 2000; Paixão et al., 2000), formulated (Kumar, A., et al., 1998; 

Kumar, R., et al., 1999) and co-immobilized (Sharma et al., 2000) microbial consortia 

have been studied as optional seeding material. However, the preferred microbial seed 

comes from biological treatment processes, which are acclimated to the specific 

wastewater (APHA, 1995).   

 

When adding microorganisms via a seed, other constituents from the seed source will be 

added and can include organic matter and ammonia.  Traditionally, blank assays are 

prepared with seed and are used to account for the addition of oxidizible material.  

However, seed associated ammonia-N increases the DO depletion measured in nitrified 

effluents (due to the higher fraction of autotrophic bacteria present in the sample); 

therefore, the measured BOD5 value is increased.  Dissolved oxygen depletion from 

nitrification is not accounted for in the seed blanks (due to the low autotrophic 

concentration in the seed).  Nitrification inhibitor can eliminate all DO depletion 

associated with ammonia-N oxidation.  

 

A full-scale biological aerated filter (BAF) effluent was analyzed during summer and 

winter periods. The BAF effluent wastewater was analyzed for BOD5, cBOD5, and 

ammonia-N concentrations.  Seeded and unseeded BOD5 samples were analyzed and 

discrepancies were investigated.  A study was performed to analyze the discrepancies and 

the effects of seed addition on effluent BOD5 values.  Both biological treatment and 

commercial seeding materials were screened for appropriate dosages and applications. 

BOD5 and cBOD5 were performed for glucose:glutamic acid (GGA) standards.  Based on 
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the results from this study, a protocol was developed to select appropriate effluent BOD5 

seeding material.   

 

Materials and Methods  
 
System Description 

Analyses were performed on a municipal wastewater treatment plant with a small 

percentage (approximately 10%) of industrial flow.  The wastewater treatment plant (see 

Figure 1) consists of three separate primary clarification units followed by ten subsequent 

activated sludge basins with secondary clarification.  Six nitrifying activated sludge 

basins follow secondary clarification and include separate final clarifiers.  Next, residual 

phosphorus is precipitated with ferric chloride and the chemical (and any residual 

biological) flocs are removed by sand filtration.  Finally, chlorination/dechlorination is 

performed before final discharge. 

 
A BIOFOR upflow biological aerated filter (BAF) system treats a fraction of the 

primary effluent.  The BAF consists of two-stages.  Six separate first-stage cells (C-unit) 

remove carbonaceous material from screened primary effluent.  Six second-stage 

nitrification cells (N-unit) treats C-unit effluent. A holding tank stores second-stage 

effluent for use as BAF backwash water.  If not used as backwash water, treated N-unit 

effluent is discharged from the facility and blended with final clarified wastewater (from 

nitrification activated sludge treatment) for phosphorus removal, sand filtration, and 

chlorination/dechlorination.   

 

Seed Sources 
Microbial seeds were collected from various treatment processes.  Primary effluent, 

activated sludge, secondary effluent from the first activated sludge stage, and secondary 

effluent from the second activated sludge stage (called final clarified effluent) samples 

were collected and analyzed for use as potential seeds.  All seeding material samples 

were grab samples.  Clarified effluents were collected downstream of overflow weirs, and 

activated sludge samples were taken near the discharge weir.  Additionally, PolySeed 

(InterBio, Woodlands, TX) was used as a commercial seeding material. 
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Figure 1: Roanoke Regional Water Pollution Control Plant Process Diagram
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After collection, potential seed samples were allowed to settle for a minimum of one hour 

and a maximum of four hours.  Seed samples were pipetted from the holding containers 

and applied directly to BOD bottles.  PolySeed was applied in conformance with 

manufacturer's directions.   

 

Analyzed Effluent Samples 

Second-stage BAF samples were used to represent a nitrified effluent sample.  During 

summer evaluation, an ISCO 2970R composite sampler was used to collect samples.  The 

automated sampler collected a 24-hour (24 samples per day) effluent wastewater 

composite sample.  Samples were refrigerated at 4°C and stored in 2-gallon glass jar.  

 

During winter evaluation, sample collection consisted of a pump controller, a peristaltic 

pump, and a 5-gallon plastic storage container.  The pump was operated constantly at 10 

mL/min over a 24-hour period.  Sampling differed because the ISCO sampler was non-

operational for an entire wintertime period. 

 

Analyses Performed 

Five-day biochemical oxygen demand (BOD5) and carbonaceous BOD5 (cBOD5) were 

performed in triplicate by the dilution method in accordance with Method 5210 B in 

Standard Methods (APHA, 1995).  Multiple dilutions were used to determine appropriate 

sample volumes and seed requirements.  cBOD5 was determined using nitrification 

inhibitor Formula 2533 (Hach, Loveland, CO) by adding 0.16 g per 300 mL bottle.  

Glucose: glutamic acid (GGA) standards were analyzed to ensure that dilution water 

quality was adequate and microbial seed additions were sufficient.  GGA reagents (150 

mg/L glucose and 150 mg/L glutamic acid) were dried daily at 105°C for a minimum of 1 

hour before preparing standard solutions.  Ammonia-N was analyzed by distillation and 

conformed to Method 4500-NH3 C in Standard Methods (APHA 1995). 

 

 

 

 



 10 

Results and Discussion 

Initial Observations 
BAF effluent samples were intensely monitored during the summer for BOD5, cBOD5, 

and ammonia-N.  Primary effluent was used as an appropriate seed during the summer 

monitoring, which is in accordance with Standard Methods (APHA, 1995).  It was 

determined that seed was needed to achieve the minimum required DO depletion of 2 

mg/L.   

 

Primary effluent-seeded and unseeded BAF effluent sample analysis started after a 

routine discussion with the treatment plant's laboratory personnel.  Between June 5 and 

July 24, 2000, twenty-six (26) effluent samples were analyzed for BOD5 and cBOD5.  

Primary effluent-seeded effluent samples averaged 14.0 + 4.9 mg/L, whereas unseeded 

effluent samples averaged 7.8 + 3.3 mg/L.  Figure 2 compares BOD5 values for primary 

effluent-seeded and unseeded BAF effluent samples.  The primary effluent-seeded BAF  

 

Figure 2: Primary Effluent-Seeded and Unseeded BAF Effluent BOD5 Between June 

5, 2000 and July 24, 2000 
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effluent BOD5 values were found to be statistically different from the unseeded sample 

by using a two tail t-test with unequal variances (P = 1.79x10-6, a = 0.05).  Therefore, 

effluent BOD5 values were significantly impacted if primary effluent was used as a 

seeding material.  Additionally, 10 mg/L was the maximum effluent BOD5 concentration 

permitted by design specifications.  Therefore, the ability to meet effluent criteria 

depended on whether seeding material was used.    

 

Fifteen cBOD5 samples were also analyzed between June 5 and July 24, 2000.  Primary 

effluent-seeded samples averaged 7.7 + 2.4 mg/L, and unseeded samples averaged 5.9 + 

2.9 mg/L.  Figure 3 shows a comparison between primary effluent-seeded cBOD5 

samples and unseeded cBOD5 samples.  The cBOD5 values were not statistically different 

from one another by using a two tail t-test with unequal variances (P = 0.137, a = 0.05).   

 

Figure 3: Primary Effluent-Seeded and Unseeded BAF Effluent cBOD5 Between 

June 5, 2000 and July 24, 2000 
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Carbonaceous BOD5 samples are performed with the use of a nitrification inhibitor, 

which eliminates the nitrogenous oxygen demand.  Clearly, the nitrogenous oxygen 

demand associated with seed addition appears to be an important consideration when 

applying seed to BAF effluent.  

 

Minimal ammonia-N concentrations were present in nitrified effluent samples, averaging 

0.12 + 0.11 mg/L- N over the same time period.  Once diluted in a BOD5 bottle, the 

theoretical ammonia-N BOD5 contributed by the nitrified effluent sample was less than 

0.18 + 0.17 mg/L (assuming dilution factor of 33%), and therefore insignificant.  On the 

other hand, a significant nitrogenous BOD5 was added with the primary effluent seed.  

The theoretical ammonia-N (avg conc = 11.4 + 2.4 mg/L) BOD5 associated with primary 

effluent used was  2.08 + 0.44 mg/L (assuming dilution factor of 33%). An additional 

experiment was performed to confirm ammonia-N oxidation during the BOD5 5 day 

incubation time.  Alkalinity and ammonia-N concentrations were measured in the initial 

BOD5 samples before and after incubation (data not shown).  Alkalinity and ammonia-N 

concentrations decreased during the incubation time, which indicates nitrification 

occurred.  It is believed that the addition of primary effluent as a microbial seed increased 

the BOD5 values during the summer by increasing the nitrogenous oxygen demand in 

BAF effluent samples. 

 

Nitrogenous oxygen demand must be accounted for when seed addition is required in 

BOD5 analysis, especially with nitrified effluent samples.  Methods to account for the 

seed associated ammonia-N addition may include: 

1. Adding an equal concentration of nitrifying bacteria into seed blanks 

2. Using seeding material with minimal ammonia-N 

3. Using seeding material that has the capability to indicate oxygen demand due to both 

organic matter and that associated with ammonia-N externally added. 

Therefore, further investigations were performed to select an optimum seed for the BAF 

effluent sample.       
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Screening of Potential Seeds 

Potential seeding materials had to meet several criteria before implementation as an 

appropriate seed.  First, high heterotrophic organism concentrations were desired.  

Heterotrophic organisms, which comprise a lower percentage of microorganisms in 

nitrified effluent samples, measure the oxygen demand associated with organic matter.  

Second, potential seeding material should minimize ammonia-N addition; therefore, seed 

supplies should have relatively low ammonia concentrations or require low seed volumes 

for higher ammonia-N concentrated seeds.  Also, seeding material must fall within the 

standard GGA assay guidelines.  Finally, potential seeds must be easily implemented into 

analytical procedures.  Seeds should be easy to collect, maintain, and use for BOD5 

analysis.  Seeds were initially screened by comparing seed volumes to the standard GGA 

assay.  Various seed volumes were used to determine seed effectiveness and optimum 

seed dosage.    

 
Figure 4: Primary Effluent Seed Volume Selection 
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Figure 4 shows the relationship between measured BOD5 and seed dosage when primary 

effluent was used as seed in the GGA assay.  A 1.0 mL seed volume was deemed 

adequate for subsequent analysis, based on the GGA standard response.  The 1.0 mL seed 

volume was selected primarily because increasing seed volumes did not improve GGA 

measurement recoveries, and higher volumes increased the mass of ammonia-N added.  

The primary effluent ammonia-N concentration averaged 9.19 + 1.15 mg/L-N.  

Theoretically, the 1.0 mL seed volume adds an average of 0.03 mg/L as N, and if 

nitrified, an oxygen demand impact is 0.14 mg/L O2. Therefore, a minimum seed volume 

was desired, and the 1.0 mL seed volume was selected as most appropriate. 

 

Figure 5: Activated Sludge Seed Volume Selection 
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standard, especially at low seed volumes (less than 2.0 mL).  Presumably, seed volumes 

below 2.0 mL had insufficient acclimated microorganisms to meet the standard GGA 

oxygen demand and yielded increased sample variability.  As seed volumes were 

increased, and a plateau was reached where little additional oxygen depletion was 

achieved.  Therefore, activated sludge was eliminated as a potential seed.   

 

The third microbial seed studied was secondary clarified effluent.  Average results from 

secondary effluent-seeded BOD5 measurements fell within the bounds of the GGA assay 

for all dilution volumes applied, as shown in Figure 6.  However, all averages were below 

the theoretical oxygen demand for GGA.  Additionally, lower seed volumes increased the 

variability of measured results, with some falling outside the acceptable bounded range 

reported by Standard Methods (APHA, 1995).  The ammonia-N concentrations averaged 

4.42 + 5.13 mg/L-N and were lower than primary effluent seed materials, which was 

expected after activated sludge treatment.  A maximum GGA value was measured with 

the seed volume of 8 mL.  However, the average value was 181.1 + 9.30 mg/L, which is  

 

Figure 6: Secondary Effluent Seed Volume Selection 
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below the average GGA standard value of 198 + 30.5  mg/L.  Increasing the seed volume  

to 10 mL did not increase the measured BOD5 value.  The secondary effluent seed 

volume required also increased the mass of associated ammonia-N added.  The 

theoretical ammonia-N oxygen demand was increased by 0.54 mg/L O2 with the addition 

of 8 mL of secondary effluent seed.  The theoretical oxygen demand associated with 

secondary effluent seed addition was significantly larger at 0.54 mg/L O2 than primary 

effluent seed oxygen demand of 0.14 mg/L O2.  Therefore, secondary effluent seed 

proved to be an inadequate seed because of lower GGA standard measurements and 

increased ammonia-N addition with the increased seed volumes.   

 

Figure 7: Secondary Effluent Mixture Seed Volume Selection 
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autotrophic (nitrifying) population relative to the heterotrophic population in the seed.  A 

1:1 dilution of secondary clarified effluent and final clarified effluent seed increased the 

measured GGA values to 191.9 + 4.40 mg/L using 6.0 mL seed volume, as shown in 

Figure 7.  In addition, the ammonia-N concentration decreased to an average of 2.03 + 

1.84 mg/L-N for the secondary effluent mixture.  If completely nitrified, the theoretical 

oxygen demand associated with 6 mL of secondary effluent mixture seed addition was 

0.19 mg/L O2.  Therefore, 6 mL of the secondary effluent mixture was substituted as an 

appropriate seed, rather than the secondary effluent alone.        

 

PolySeed was used to represent a commercial seeding material.  PolySeed is designed for 

a wide range of industrial and municipal wastewaters with a wide consortium of 

microorganisms.  Additionally, PolySeed is an EPA accepted seed inoculum for BOD5 

analysis.  A range of PolySeed volumes were applied to analyze GGA standards, in 

addition to the manufacturer recommended volume of 2 mL.  Figure 8 shows data from 

the various PolySeed volumes applied.  Seed volumes below the prescribed 2 mL volume  

Figure 8: PolySeed Seed Volume Selection 
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seemed to generate slightly improved average results for the GGA standard; however, the  

average recovery from PolySeed at 1 mL and above was below the lower bound for 

GGA.  Therefore, applied PolySeed seed volumes were decreased to below the instructed 

2 mL volume before application to BAF effluent samples.  The selected PolySeed volume 

was 0.75 mL.  PolySeed ammonia-N concentrations were not determined because it is a 

dehydrated seed inocula, and the seed was inoculated in BOD5 dilution water.  Therefore, 

no significant exogenous ammonia-N was added with implementation.   

 

Table 1 summarizes the BOD5 seeds screened for implementation in BAF effluent 

samples.  The preliminary seed screening required two criteria.  First, seed volumes were 

screened versus the GGA standard for effectiveness of measurement of the known 

standard.  Seed volumes added heterotrophic organisms that are underrepresented in BAF 

effluent samples.  Additionally, seed volume addition must minimize the addition of seed 

associated ammonia-N concentrations at the same time.  Seed addition must increase 

heterotrophic concentrations while minimizing the ammonia-N addition.  

Table 1:  Summary of Potential Seeding Material  
for BAF Effluent BOD5 Determination 

     
    Theoretical 

    Oxygen 
Demand 

Seed Seed 
Volume 

GGA Ammonia-N from 
Ammonia-N  

 Selected  Concentration Addition 
 (mL) (mg/L) (mg/L - N) (mg/L) 

Primary Effluent 1.0 193.9 + 10.5 9.19 + 1.15 0.14 + 0.02 
Activated Sludge NA 182.2 + 7.61 5.81 + 5.29 NA 

Secondary Effluent NA 181.1 + 9.30 4.42 + 5.13 NA 
Secondary Effluent Mixture 6.0 191.9 + 4.40 2.03 + 1.84 0.19 + 0.17 

Polyseed 0.75 171.4 + 4.44 0 NA 
     

  
NA = Not applicable, seed volume not selected 
 
Implementation of seed material to BAF effluent 
 
The nitrified BAF effluent was analyzed for BOD5 and cBOD5 during the winter for ten 

days using the seed applications identified during preliminary screening. Both unseeded 
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samples and each seed samples were not statistically different for both BOD5 and cBOD5 

values as shown in Table 2.  

 
Table 2: Summary of Two-Tailed t-Test Analysis on Seeded BOD5 and cBOD5 

Values during the Wintertime  
 

Sample BOD5 
P value 

cBOD5 
P value 

Primary Effluent Seed 0.622 0.734 
Secondary effluent mixture 

Effluent Seed 
0.448 0.965 

PolySeed 0.159 0.671 
 

Two reasons are presented to explain the difference between the summer BOD5, which 

had increased BOD5 values for primary effluent-seeded samples, and the winter BOD5 

seed experiment.  First, the BAF system suffered an extended plant shutdown due to 

mechanical difficulties between August 16 and December 19, 2000.  This shutdown 

required a complete system restart and biomass acclimation.  The wintertime 

investigation began only two weeks after 24-hour BAF operation was resumed.  

Therefore, the newly developed biomass had to reestablish itself, compared to an aged 

and acclimated biomass from the summer.  Therefore, relatively higher concentrations of 

heterotrophic microorganisms were likely located in the BAF's second-stage (the N-unit) 

during the wintertime period compared to the summertime monitoring, which would 

negate the seed addition requirements to measure the organic matter in the effluent 

samples.  

 

An additional reason was the different environmental conditions.  Nitrification rates 

increase with temperature, and summer time treatment oxidized ammonia earlier in BAF 

treatment.  More nitrification occurred in the first-stage (the C-unit) during the summer 

(Phipps, 2001) due to environmental and operational conditions.  Therefore, the second-

stage (the N-unit) had relatively fewer heterotrophic organisms and more autotrophic 

microorganisms.  During the wintertime sampling period, the distribution of 

heterotrophic and autotrophic microbes was probably different due to the shutdown and 

wintertime conditions (Gilmore, et al., 1999).  Therefore, it is likely that the BAF effluent 
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samples contained relatively more heterotrophic organisms during the wintertime sample 

period, which captures the oxygen demand due to the presence of organic matter better 

than during the summer, when heterotroph-containing seeds were needed.        

 
Given contradicting results between summer and winter, an investigation was conducted 

to compare the microbial seeds to a theoretical standard BOD5 solution.  Theoretical 

GGA comparisons and measured organic and ammonia-N oxidations were studied. 

 

Protocol for Seed Selection 
 
BOD5 reproducibility is a difficult challenge.  Sample heterogeneity, variations in the 

composition of seed and indigenous microbial consortia, and the routine variations in 

analytical procedure increase variability in measured BOD5 values.  Therefore, a glucose 

and glutamic acid standard (GGA) is used to indicate BOD5 accuracy and precision.  

Glucose has a rapid oxidation rate; however, glutamic acid stabilizes glucose oxidation 

(APHA, 1995).  The glucose and glutamic acid oxidation rate is similar to municipal 

wastes with a standard value of 198 + 30.5 mg/L (APHA, 1995).  The large GGA range 

reflects the accepted level of sample and analytical variability. 

 
The GGA standard is composed of 150 mg/L glucose and 150 mg/L glutamic acid.  GGA 

assays measure the oxygen demand associated with organic matter oxidation. The GGA 

standard does not differentiate between organic and ammonia-N oxidation and the 

associated oxygen demands.  The GGA standard does not quantify the effects of 

ammonia-N oxidation, which can be quite significant (4.57 mg O2 / mg NH4-N). A new 

protocol for seed selection is proposed, which considers nitrification as a source of 

oxygen demand in the GGA standard. 

 
GGA standards were analyzed using a preliminary screening protocol.  Seed volumes 

were selected so that measured BOD5 values fell within the Standard Methods guideline 

of 198 + 30.5 mg/L (APHA, 1995).  In addition, nitrification inhibitor was added to 

eliminate ammonia-N oxidation from the GGA standard analyses.  Glutamic acid has an 

amino group on the amino acid backbone.  When glutamic acid is degraded, this amino 

group is available as an ammonia source.  The nitrogenous GGA (nGGA) oxygen 
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demand contribution is determined from the difference between the GGA and cGGA 

standards. 

 
A 150 mg/L solution of glucose has a BOD5 value of 99 mg/L according to Standard 

Methods (APHA, 1995) through the following equation. 

 

 

 

 

 

The stoichiometric equation for the oxidation of glucose is: 

 

 

 

 

 

 

Glutamic acid degradation contributes the remaining 99 mg/L of BOD from the standard 

198 mg/L.  If nitrification effects are included, the stoichiometric equation for the 

oxidation of glutamic acid is: 

 

 

 

 

 

If 0.458 mM of glutamic acid is oxidized, 0.458 mM of ammonia is available for 

nitrification via the amino group.   Assuming complete nitrification, the theoretical 

oxygen demand associated with ammonia-N oxidation is: 

 

 

X = 0.658 (added concentration level, mg/L) + 0.280 mg/L 
 

S = 0.100 (added concentration level, mg/L) + 0.547 mg/L 
 

Where  X = mean value 
    S = standard deviation 

C6H12O6 + 6 O2   à 6 CO2 + 6 H2O 
 
A measured BOD5 of 99 mg/L for glucose corresponds to 3.094 mM of O2; therefore, 
 

 0.516 C6H12O6 + 3.094 O2   à 3.094 CO2 + 3.094 H2O 

C3H5NH2 (COOH)2 + 6.75 O2   à 5 CO2 + 4.5 H2O + NO3
- 

 
A measured BOD5 of 99 mg/L for glutamic acid corresponds to 3.094 mM of O2, 
 

 0.458 C3H5NH2 (COOH)2 + 3.094  O2   à 2.292 CO2 + 2.063 H2O + 0.458 NO3
- 

0.458 mM NH4-N requires 0.916 mM O2 for complete nitrification to NO3
- 

 
0.916 mM O2 corresponds to 29.0 mg/L O2 
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Therefore, 29.0 mg/L of the measured BOD5 for the GGA standard is theoretically 

attributed to the oxidation of the amino group from the glutamic acid.  The 29.0 mg/L 

BOD5 associated with the GGA standard corresponds to 14.6% of the total GGA BOD5 

measured.  The remaining 85.4% GGA is attributed to the oxidation of glucose and the 

organic fraction of glutamic acid.  Clearly, the nitrogenous oxygen demand is a 

significant factor, which is often ignored in GGA analysis.   

 
A protocol is proposed to account for the nitrification effects in the GGA standard.  The 

protocol uses theoretical cGGA and nGGA values to compare and select optimum 

microbial seeds for BOD5 analysis.  The organic fraction ratio of measured cGGA to the 

theoretical cGGA value of 0.854 (or 169 mg/L BOD5) is called the carbonaceous 

standard ratio (equation 1).  Similarly, the ratio of measured nGGA to the theoretical 

nGGA value of 0.146 (or 29 mg/L BOD5) is named the nitrogenous standard ratio 

(equation 2).  The overall standard ratio (equation 3) is the nitrogenous standard ratio 

divided by the carbonaceous standard ratio, and will equal 1.0 for an ideal seed sample, 

which accurately measures the organic and nitrogenous fractions compared to theoretical 

values.  Seeds yielding standard ratios higher than 1.0 measure nitrogenous oxygen 

demand more readily, whereas standard ratios lower than 1.0 measures carbonaceous 

oxygen demand better.   

 

   Eq #1 carbonaceous standard ratio = cGGAmeasured / cGGAtheoretical 

   Eq #2 nitrogenous standard ratio    = nGGAmeasured / nGGAtheoretical  

   Eq #3 standard ratio = nitrogenous standard ratio / carbonaceous standard ratio 

 

Unseeded BAF effluent samples from the winter analysis period were initially analyzed 

by the proposed protocol.  Several observations can be made from Table 3.  In the BOD5 

samples, 49.9% of the oxygen demand was associated with the oxidation of organic 

matter, and the remaining 50.1% was due to nitrification.  The 50.1% BOD5 from 

nitrification is important because the ammonia-N concentration in the BAF effluent 

sample averaged 0.19 + 0.06 mg/L as N over the 10 sample days.  The theoretical 

maximum oxygen demand for the BAF effluent ammonia-N concentrations was 0.28 + 
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0.09 mg/L.  However, the nitrogenous BOD5 was measured to be 3.56 + 2.22 mg/L-N. 

Therefore, nitrification contributed a high percentage of the overall measured BOD5, with 

minimal ammonia present in the effluent samples.  However, the GGA standard gave 

different results.  Carbonaceous BOD5 values averaged 208.0 + 10.12 mg/L, or 95.2% of 

the total GGA standard.  This contradicts the BAF effluent sample BOD5 values.  The 

GGA standard suggests organic material contributes 95.2% of the total BOD5 value 

measured, and nitrogenous BOD contributes 4.8%.  One possible explanation for the 

contradiction is glucose and glutamic acid are readily degradable substrates, and differ 

from the organic compounds found in wastewater effluents. Domestic wastewater’s 

composition is site-specific and individual waste streams vary, but the typical 

composition of wastewater contains 40-60% proteins, 25-50% carbohydrates, and 10% 

lipids (Metacalf and Eddy, 1991).  Numerous particle sizes are prevalent in municipal 

wastewater, and larger particles of proteins, called polypeptides, and carbohydrates, 

called polysaccharides, are often in high concentrations (Levine et al, 1985).  Larger 

macromolecules require several enzymes for complete oxidation, and BAF effluent  

 

Table 3: Unseeded Effluent BOD5 Concentrations and Proposed Standard Ratio 

Calculation during the Wintertime BAF Operation 

Number of Samples 10          95% Confidence Interval
Average St Dev Maximum Minimum

BOD (measured) 7.11 2.95 9.220 5.000
cBOD (measured) 3.55 1.08 4.323 2.777
nBOD (calculated) 3.56 2.22 5.148 1.972

Carbonaceous Fraction 49.9%
Nitrogenous Fraction 50.1%

Number of Samples 6

GGA (measured) 218.5 17.9 237.288 199.712
cGGA (measured) 208.0 10.12 218.622 197.378
nGGA (calculated) 10.5 9.78 20.745 0.215

Measured cGGA/GGA ratio 95.2%
Measured nGGA/GGA ratio 4.8%

% of cGGA measured in GGA 1.115
% of nGGA measured in GGA 0.329

Standard Ratio 0.295
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samples may not have the necessary microbial consortium or enzymatic capability to 

quantify the macromolecules present in effluent samples.  In contrast, glucose and 

glutamic acid are a simple sugar and a small amino acid, respectively, and are easily 

oxidized.  With the proposed screening method, the unseeded effluent gives a poor 

standard ratio of 0.295, which is well below the suggested value of 1.0.  The low value is 

largely due to the high nBOD calculated in the effluent sample and the low value on the 

nGGA standard, which yields a low standard ratio value.  Given this, unseeded samples 

underestimate the nGGA compared to the theoretical value, and overestimate the 

nitrogenous demand in BAF effluent samples.  Therefore, unseeded effluent samples may 

not provide the most accurate BOD5 measurement due to the increased nitrogenous BOD5 

measured in the sample and low nitrogenous oxygen demand value in the GGA standard. 

 
Primary effluent seed data is shown in Table 4.  BAF effluent samples seeded with 

primary effluent had BOD5 and cBOD5 values of 6.46 + 3.72 mg/L and 3.72 + 2.74 

mg/L, respectively.  The measured effluent BOD5 organic fraction was 57.6%, and the 

nitrogenous demand contributed 42.4%.  The primary effluent seed captured more 

organic material in comparison to the unseeded sample, and less nitrification.  The 

increased measured organic fraction with primary effluent seed indicates that 

heterotrophic organisms could be limiting in the unseeded BAF effluent sample.  

Additionally, less ammonia-N effects were measured, even with the addition of seed 

associated ammonia-N, which had the theoretical ammonia-N oxygen demand of 0.14 + 

0.02 mg/L (see Table 1).    

 
The standard ratio for primary effluent seed was also calculated. The measured 

carbonaceous fraction of GGA was 0.839 or 83.9%, which is similar to the theoretical 

carbonaceous standard ratio of 0.854 or 85.4%.  Additionally, the measured nitrogenous 

standard ratio was 0.161 (16.1%) compared to the theoretical value of 0.146 (14.6%).  

These values indicate that primary effluent seed produced a measured value for the GGA 

standard similar to theoretical values.  The standard ratio was 1.12, which is very close to 

the ideal value of 1.0.  This conclusion is based on the primary effluent seed measuring 

the organic and nitrogenous fractions similar to the theoretical GGA values. 
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The measured secondary effluent mixture seed produced similar results compared to the 

primary effluent seed on the BAF effluent sample as shown in Table 5.  The secondary  

 
Table 4 

Primary Effluent Seeded BAF Effluent BOD5 and cBOD5 Concentrations and 

Proposed Standard Ratio Calculation during the Wintertime 

 

effluent mixture seed produced BOD5 and cBOD5 values similar to primary effluent seed, 

with 57.5% and 42.5% contributed from organic material and nitrification in the BAF  

effluent samples, respectively.  The GGA standard was 205.4 + 9.09 mg/L, and the 

cGGA standard was 164.7 + 9.62 mg/L, which indicates that 80.2% of the measured 

BOD5 was contributed by the oxidation of organic matter.  Consequently, the percentage 

of nitrogenous oxygen demand measured in the GGA standard by secondary effluent 

mixture was 19.8%.  The seeding material measured more organic material and less 

ammonia-N than the unseeded BAF effluent sample.  This also indicates that more 

heterotrophic organisms were introduced into the BAF effluent sample by seed addition.  

 
The carbonaceous and nitrogenous standard ratios for the secondary effluent mixture seed 

did differ from the primary effluent seed.  The secondary effluent mixture seed measured 

less of the cGGA standard than the primary effluent seed with an average 164.7 mg/L for 

Number of Samples 10          95% Confidence Interval
Average St Dev Maximum Minimum

BOD 6.46 2.8 8.463 4.457
cBOD 3.72 1.12 4.521 2.919
nBOD 2.74 2.05 4.206 1.274

Carbonaceous Fraction 57.6%
Nitrogenous Fraction 42.4%

GGA 204.5 5.53 208.456 200.544
cGGA 171.6 13.76 181.443 161.757
nGGA 32.9 16.74 44.884 20.936

Measured cGGA/GGA ratio 83.9%
Measured nGGA/GGA ratio 16.1%

% of cGGA measured in GGA 0.983
% of nGGA measured in GGA 1.102

Standard Ratio 1.122
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the secondary  mixture compared to 171.6 mg/L from the primary effluent.  The variation 

generated a significant deviation of the standard ratio to 1.45.  This shows the sensitivity 

of the standard ratio to nitrogenous demand associated with the GGA standard.  The 

secondary effluent mixture seed was capable of nitrifying the amino group from the 

glutamic acid more readily than the primary effluent seed.  The secondary effluent 

mixture seed is believed to be an acceptable seeding material for BOD5 analysis; 

however, primary effluent seed seems to be more appropriate for the specific wastewater 

treatment facility studied here.  

Table 5 

Secondary  Effluent Mixture Seeded BAF Effluent BOD5 and cBOD5 

Concentrations and Proposed Standard Ratio Calculation during the Wintertime  

PolySeed results, shown in Table 6, were also analyzed by the proposed seed selection 

protocol.  PolySeed produced less reliable and more variable GGA values (coefficient of 

variation (COV) = 10.8) than both the primary effluent seed (COV = 4.1) and secondary 

effluent mixture seed (COV = 5.8).  The average GGA standard was 176.7 + 15.1 mg/L, 

which is close to the minimum allowed GGA value of 167.5 mg/L.  PolySeed had an 

average cGGA standard of 155.9 + 18.2 mg/L and nGGA of 20.8 + 17.9 mg/L.  The low 

average standard and increased variability limits the applicability of the commercial seed 

for BAF effluent wastewater analysis. The GGA organic fraction measured was 0.882 

(88.2%), which is greater than the theoretical value of 0.854 (85.4%).  The ratio indicates 

Number of Samples 9          95% Confidence Interval
Average St Dev Maximum Minimum

BOD 6.21 2 7.841 4.579
cBOD 3.57 0.88 4.287 2.853
nBOD 2.64 1.34 3.732 1.548

Carbonaceous Fraction 57.5%
Nitrogenous Fraction 42.5%

GGA 205.4 9.09 212.811 197.989
cGGA 164.7 9.62 172.543 156.857
nGGA 40.7 11.81 50.329 31.071

% of cGGA measured in GGA 80.2%
% of nGGA measured in GGA 19.8%

Carbonaceous Standard Ratio 0.939
Nitrogenous Standard Ratio 1.357

Standard Ratio 1.445
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that PolySeed supports the oxidation of organic material to a greater degree than the 

theoretical predictions.  Consequently, the percent of nitrogenous oxygen demand was 

11.8%, measured in the GGA standard, which is less than the theoretical value of 0.146.  

The standard ratio value was 0.78, which is less than the proposed value of 1.0.  Polyseed 

is not considered to be an acceptable seed source because of the high GGA variability 

and the low proposed standard ratio value. 

Table 6:  

PolySeed Seeded BAF Effluent BOD5 and cBOD5 Concentrations and Proposed 

Standard Ratio Calculation during the Wintertime  

 

Conclusions 

Seeded and unseeded BOD5 and cBOD5 samples from a full-scale BAF were analyzed, 

and the differences between the two approaches were investigated during a summer 

analysis period. A study was performed to evaluate the effects of a range of seed types on 

BAF effluent BOD5 values.  The type of seed added and ammonia-N associated with seed 

addition greatly impacted final BOD5 results.     

 

Seeding materials, both natural and commercial, were screened for appropriate dosages 

and effectiveness compared to the GGA standard.  The BAF effluent was analyzed for 

Number of Samples 10          95% Confidence Interval
Average St Dev Maximum Minimum

BOD 5.47 1.87 6.808 4.132
cBOD 3.76 1.08 4.533 2.987
nBOD 1.71 0.94 2.382 1.038

Carbonaceous Fraction 68.7%
Nitrogenous Fraction 31.3%

Number of Samples 9

GGA 176.69 15.06 188.968 164.412
cGGA 155.9 18.22 170.715 141.005
nGGA 20.8 17.85 35.383 6.277

% of cGGA measured in GGA 88.2%
% of nGGA measured in GGA 11.8%

Carbonaceous Standard Ratio 1.033
Nitrogenous Standard Ratio 0.807

Standard Ratio 0.782
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BOD5, cBOD5, and ammonia-N concentrations during the wintertime.  Seed addition did 

not seem to contradict BOD5 values obtained from unseeded BAF effluent samples.  

However, the BOD5 values did differ because of whether oxygen was used to oxidize 

organic material or ammonia.  The source of oxygen demand was investigated on the 

BAF effluent samples using the GGA standard, cGGA standard, nGGA standard, and 

theoretical GGA ratios.  A protocol was developed to select appropriate effluent BOD5 

seeding material using the standard ratio as an indicator.  Primary effluent appears to be 

the most appropriate seeding material of the specific wastewater treatment facility 

investigated here, when compared to the proposed screening criteria and the standard 

ratio. Previously, the primary effluent seemed to inflate BOD5 values due to seed 

associated ammonia-N addition.  Further investigations are required during a summer 

period to determine the most appropriate year around seeding material for BAF effluent 

BOD5 analysis. Further research is necessary to determine the validity of applying the 

proposed seed selection protocol to a wide range of municipal and industrial wastewaters 

treatment facilities.  The work highlights the importance of seed selection and 

implementation.  Microbial seeds used for BOD5 analysis should be given increased 

attention at individual wastewater facilities. 

 

References 
 
American Public Health Association; American Waterworks Association; and Water 
Environment Federation.  (1995)  Standard Methods for the Examination of Water and 
Wastewater.  19th Ed., Washington, D.C. 
 
Chan, C., et al. (2000)  Designing an amperometric thick-film microbial BOD sensor.  
Biosensors & Bioelectronics. 15 (7-8), 343-353. 
 
Chee, G., Nomura, Y., Ikebukuro, K., and Karube, I.  (2000)  Optical fiber biosensor for 
the determination of low biochemical oxygen demand.  Biosensors & Bioelectronics.  15 
(7-8), 371-376. 
 
Gilmore, K., Husovitz, K., Holst, T., and Love, N.  (1999)  Influence of organic and 
ammonia loading on nitrifier activity and nitrification performance for a two-stage 
biological aerated filter system.  Water Science & Technology, 39 (7), 227-234. 
 
Gil-Rodriguez, M.  (2000)  Rapid determination of wastewater pollution by 
potentiometry.  Journal of Environmental Science and Health: Part A.  35 (2), 203-217. 



 29 

 
Grady, C., Daigger, G., and Lim, H.  (1999)  Biological Wastewater Treatment. 2nd Ed.  
Marcel Dekker, Inc.  New York, New York. 
 
Kumar, R., et al.  (1999)  Formulation and standardization  of microbial composition 
useful for reproducible BOD estimations.  Journal of Environmental Science and Health - 
Part A. 34, 125-144. 
 
Kumar, A., Kumar, R., Sharma, A., Gangal, V., and Makhijani, S.D.  (1998)  
Biodegradable organic matter in industrial wastewaters as determined by formulated 
microbial mixture.  Journal of Environmental Biology.  19, 67-72.  
 
Levine, A., Tchobanoglous, G., and Asano, T.  (1985)  Characterization of the size 
distribution of contaminants in wastewater: treatment and reuse implications.  Journal of 
Water Pollution Control Federation, 57, 805-816. 
 
Madigan, M., Martinko, J., and Parker, J.  (1997)  Brock Biology of Microorganisms, 
Eighth Edition.  Prentice Hall.  Upper Saddle River, New Jersey. 
 
Manoharan, A., et al.  (2000)  Validation of the use of microbial consortium as standard 
seeding material in BOD determination.  Hydrobiologia, 430, 77-86. 
 
Metcalf and Eddy, Inc.  (1991) Wastewater Engineering:  Treatment, Disposal, Reuse. 
McGraw-Hill, New York. 
 
Nomura, Y., Chee, G., and Karube, I.  (1998)  Biosensor technology for determination of 
BOD.  Field Analytical Chemistry and Technology.  2 (6), 333-340. 
 
Paixão, S., Baeta-Hall, L., Anselmo, A.  (2000)  Evaluation of two commercial microbial 
inocula as seed in a 5-day biochemical oxygen demand test.  Water Environment 
Research, 72 (3), 282-284. 
 
Pasco, N., Baronian, K., Jeffries, C., and Hay, J.  (2000)  Biochemical mediator demand - 
a novel rapid alternative for measuring biochemical oxygen demand.  Applied 
Microbiology and Biotechnology. 53, 613-618. 
 
Phipps, S.  (2001)  Investigations and observed yield determination for a full-scale, two-
stage biological aerated filter system.  Master’s Thesis.  Virginia Polytechnic Institute 
and State University. 
 
Reshetilov, A., et al.   (1998)  Effects of high oxygen concentrations on microbial 
biosensor signals: Hyperoxygenation by means of perfluorodecalin.  Biosensors and 
Bioelectronics.  13, 795-799. 
 
Sharma, A., Kumar, R., Kumar, A., and Gangal, S.  (2000)  Application of defined co-
immobilized microbial consortium as a ready-to-use seed inoculum in BOD analysis.  
Environmental Monitoring and Assessment.  60, 251-260. 



 30 

 
Tan, T., and Wu, C.  (1999)  BOD sensors using multi-species living or thermally killed 
cells of a BODSEED microbial culture.  Sensors and Actuators.  54 (3), 252-260. 
 
Tanaka, H., Nakamura, E., Minamiyama, Y., and Toyoda, T.  (1994)  BOD biosensor for 
secondary effluent from wastewater treatment plants.  Water Science and Technology, 30 
(4), 215-227. 
 
Yoshida, N., et al.  (2000)  A mediator-type biosensor as a new approach to biochemical 
oxygen demand estimation.  Analyst. 125 (12), 2280-2284. 
 
 


