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CASE STUDY REPORT: 

MATURATION POND BIOREMEDIATION 

TREATMENT AT PNIEL WWTW 

During April 2017, Enviro-Lab was requested to perform assessment trails on its 

bioaugmentation product (MICROBE-AID) and report there-on once tests were complete. 

This was to address current high sludge levels at the maturation pond at Pniel WWTW.  

What follows is a case study report giving insight as to how bioremediation works and 

evaluation of the results obtained. 

The report comprises of a brief literature review as to sludge formation and how the 

bioaugmentation product works to reduce the sludge, a description of the sampling and 

analysis used, a report on the results obtained and recommendations and cost involved in 

the full-time application of the bioremediation product. 

1 Literature review: Sludge Production and Bioremediation 

1.1 Sludge 

1.1.1 Sludge Production 

Sludge is commonly the residual, semi-solid material left from the sewage treatment 

process.   

Organic matter is oxidized by heterotrophic micro-organisms to produce H2O and CO2 in the 

process called catabolism.  This process is driven by the availability of an electron acceptor 

– which may be oxygen or a nitrate – and leads to the production of energy as adenosine

triphosphate (ATP).  This energy is then used by microorganisms to grow, forming new

cellular biomass and to guarantee maintenance functions (such as the renewal of cellular

constituents, maintenance of osmotic pressure, nutrient transport, mortality, etc.) in the

process called anabolism.

Figure 1 depicts a graphical scheme of the processes leading to sludge accumulation in the 

biological treatment of influent wastewater. 
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Figure 1: Simplified scheme of the processes leading to sludge production in the biological treatment of 

influent water 

During this, simultaneous biological decay of cellular biomass occurs.  This creates two 
fractions: 

1. Biodegradable particulate COD (XS) 
2. Endogenous residue considered as inert particulate COD (XP), this accumulates in 

the system. 

The XS fraction is subjected to hydrolysis process and is further oxidized to generate new 
cellular biomass (cryptic growth), while the endogenous residue (8-20%) remains and 
accumulates in the sludge. 

1.1.2 Sludge Composition 
Sludge is commonly quantified with reference to analyses of Total Solids (TS), Volatile 
Solids (VS), Total Suspended Solids (TSS), Volatile Suspended Solids (VSS), total Chemical 
Oxygen Demand (tCOD) or particulate Chemical Oxygen Demand (pCOD).  Each 
measurement accounts for a different constituent of sludge, thus: 

1. TS is a quantification of solids both in soluble and particulate form being both organic 
and inorganic. 

2. VS is a quantification of organic solids, both in soluble and particulate form. 
3. TSS is a quantification of particulate solids, excluding soluble organic and inorganic 

solids. 
4. VSS is a quantification of particulate organic solids, excluding soluble and 

inorganic solids. 
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5. Total COD quantifies the chemical oxygen demand of particulate and soluble COD 
(pCOD and sCOD). 

6. Particulate COD quantifies the chemical oxygen demand of particulate compounds 
and is estimated as the difference between tCOD and sCOD (tCOD = pCOD + 
sCOD). 

Total COD only considers organic compounds.  The relationship between VSS and COD 
is mentioned by Foladori et al to be 1.42 – 1.48 mg COD / mg VSS. 

Particulate COD is subdivided into fractions (or sludge fractions as COD).  The fractions 
are indicated as X as follows in figure 1: 

1. Heterotrophic biomass (XBH): made up of heterotrophic bacteria involved in the 
biodegradation of organic matter 

2. Autotrophic biomass (XBA): Made up of nitrifying bacteria 
3. Inert particulate COD (XI): derives from the inert particulate COD present in the 

influent wastewater and entering the plant.  When it reaches the activated sludge 
stage, it is not affected by the biological treatment ad accumulates as sludge. 

4. Endogenous residue (XP): residue of the decay process of bacterial biomass which 
accumulates in sludge. 

5. Biodegradable particulate COD (XS): the slowly biodegradable COD; in activated 
sludge with sufficiently long SRT this fraction is often small. 

Particulate COD can be summarized mathematically as follows: 

pCOD = XI + XP + XS + XBH + XBA 

The XS and XBA are small fractions and can be ignored. Thus, the composition of activated 
sludge can be approximated as follows: 

pCOD = XI + XP + XBH 

During long sludge retention time (SRT), the XI and XP are greater that the XBH fraction. 

Regarding sludge reduction techniques, the optimal strategy should lead to the following 
objectives: 

1. To attack, solubilize or reduce the inert fractions, XI and XP, converting them into 
soluble or biodegradable compounds (as can be done with bioaugmentation in 
maturation ponds) 

2. To reduce the net grown biomass, but keep the active biomass (XBH) high to ensure 
that the biological process remains efficient (mostly applicable to activated sludge 
reactors) 
 

1.2 Bioremediation 

Huban and Plowman (1997) describes bioaugmentation as similar to bio-stimulation (which 
supplements biomass with organic and inorganic nutrients and inducers) which fortifies 
biomass with micro-organism strains that have been selectively adapted to degrade the XI 

and XP fractions.  These fractions are contaminants not broken down by their indigenous 
counterparts.  Huban and Plowman (1997) say that properly applied bioaugmentation has 
the ability to: 

1. Reduce process instability caused by fluctuations in organic loadings 
2. Improve the degradation of target substrates 
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3. Improve removal efficiencies of COD 
4. Speed recovery from plant upsets or prevent upsets 
5. Reduce the inhibitory effects of toxic substrates 
6. Improved mixed liquor flocculation 
7. Reduce sludge and scum from aerobic and anaerobic digesters and lagoon deposits 
8. Induce or stabilize nitrification and recover nitrates 

The specific bioaugmentation product supplied by Enviro-Lab is WATERCO MICROBE-AID.  
As described in its TDS it is specifically blended facultative bacteria strains that liquify or 
decompose organic waste. 

MICROBE-AID digests organic waste with resultant water and carbon dioxide production.  
This process is the same as the processes involved in normal wastewater treatment facilities 
to treat organic laden wastewater.  MICROBE-AID increases the level of activity as well the 
thoroughness of the process due to the multiple bacterial strains that degrade a wider range 
of organics. 

2 Treatment Regime 

From April 2017 till July 2017 the sludge in the maturation pond at Pniel WWTW (as 
indicated by yellow lines in figure 3) was treated with bottom aeration (four pods consisting 
of five diffuser pads each) and MICROBE-AID in the tabulated dosages in table 2.  A pail 
refers to a 25 packet of 0.45 kg each containing the bacterial blend in powdered format. 

 
Figure 2: Aerial photograph representation of Pniel WWTW 

 

Table 1: MICROBE-AID Dosage Regime for maturation pond at Pniel WWTW 

Date MICROBE-AID 
Dosage (pails) 

28 March 2017 10 
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16 May 2017 5 
23 May 2017 1 
30-May-2017 1 
6-June-2017 1 
15-June-2017 1 
20-June-2017 1 
27-June-2017 1 
4-July-2017 1 

 

3 Sampling and Analysis 

3.1 Sampling 
Figure 3 below represents the specific sample points where the sludge was sampled for 
chemical and microbial analysis and to judge sludge depth. 

 
Figure 3: Sample points at maturation pond at Pniel WWTW 

3.2 Analysis 
At the various sample points 1 L samples were taken and analysed for the following at CSIR 
and WALAB laboratories: 

• Ammonia as N (mg/L) 
• Nitrate + Nitrate as N (mg/L) 
• Nitrate as N (mg/L) 
• Ortho-phosphate as P (mg/L) 
• Electrical conductivity (mS/m) 
• pH 
• Chemical Oxygen Demand (mg/L) 
• Suspended Solids (mg/L) 
• E. Coli (count per 100 mL) 
• Faecal Coliform (count per 100 mL) 

Furthermore, the effect of MICROBE-AID and aeration was assessed by measuring the 
depth of the sludge with a demarcated Perspex tube (“sludge judge”). 

4 Results 

During the MICROBE-AID trail, certain physical observations were made: 

• Decreased odour levels 
• Less murky water (lighter in colour) 
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• Greatly reduced surface sludge 
• Bottom sludge depth has been reduced by an average of 440 mm 
• Less dense bottom sludge in a more liquid state 
• More bubbles on pond surface 

These physical observations are evident from the photographs show in the figures 4 and 5 
below.  All photos on the left in figure 4 indicate the maturation pond before treatment (11th 
of April 2017) and all photos on the right indicate the pond after 69 day’s (5th of June 2017) 
treatment. 

For figure 5 all photos on the left indicate the maturation pond before treatment (28th of 
March 2017) and all photos on the right indicate the pond after 142 day’s (17th of August 
2017) treatment. 
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11 April 2017     5 June 2017 

Figure 4: Photographic representation of effect of bottom aeration and Microbe-Aid 
treatment after 69 days 
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11 April 2017 

 

 

 

 

5 June 2017

Figure 4 (Cont’d): Photographic representation of effect of bottom aeration and 
Microbe-Aid treatment after 69 days 
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Figure 5: Photographic representation of effect of bottom aeration and Microbe-Aid 
treatment after 142 days
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The graphs below indicate trends based on regression of the actual sample values obtained 
at the maturation pond. 

In terms of the samples analysed the following trends are evident: 

• Increasing Ammonia levels (figure 6) 
• Decreasing COD levels (figure 7) 
• Decreasing Suspended Solids levels (figure 8) 
• Increased Ortho-phosphate levels (figure 9) 
• Increased Electrical Conductivity (figure 10) 
• Decreasing E. Coli counts (figure 11) 
• Decreasing Faecal Coliform counts (figure 12)  

 
Figure 6: Trends in ammonia levels at Pniel WWTW Maturation Pond 
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Figure 7: Trends in COD levels at Pniel WWTW Maturation Pond 

 
Figure 8: Trends in suspended solids levels at Pniel WWTW Maturation Pond 
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Figure 9: Trends in Ortho-phosphate levels at Pniel WWTW Maturation Pond 

 
Figure 10: Trends in electrical conductivity levels at Pniel WWTW Maturation Pond 
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Figure 11: Trends in E. Coli counts during treatment 

 
Figure 12: Trends in Faecal coliform counts during treatment 
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5 Discussion 
From the results, it is evident that the bacillus strains of bacteria in MICROBE-AID degrade 
and break down complex materials including organic material comprised of proteins, 
carbohydrates, fats, oils, greases, sugars, cellulose, starches and so forth via the cells 
enzymatic activity. Enzymatic degradation of these complex organic substrates results in 
smaller, simpler compounds and molecules which can be utilized by the bacteria for their 
metabolic activity and food source purposes. In the case of the sludge degradation these 
bacteria will dissipate and ultimately degrade the organic fraction (XI and XP) into smaller, 
simpler compounds. Therefore, an increase in the conductivity and ortho phosphate 
numbers is observed.  This is because there is a constant degradation of organic 
compounds into simpler ionic compounds as they are finally being used by the bacteria as 
nutrients.  This is further evident by increased electrical conductivity values. 

Decreased counts of E. Coli and Coliforms also proves that MICROBE-AID is obtaining a 
bacterial advantage over other strains present in the waste water.  This also suggests why 
odour levels are decreasing at Pniel WWTW. 

Physical observations show drastically reduced odours levels, improvement in water clarity, 
reduction in floating fats, oils and greases as well as the bottom sludge being more liquefied 
(less dense), indicate that the bacteria is breaking down the organic substrates in the sludge 
and using them as a nutrient source. If bioaugmentation was contributing to an increase in 
the biomass, the physically observed effects would not be visible. The bubbles that have 
been observed coming-up to the surface, are caused by the bacteria as it is generates 
carbon dioxide as a by-product of its metabolism.  This is due to more biodegradable 
compounds (XS) being available for the bacteria to metabolise on.  The reduction of sludge is 
further liberating trapped gases in the sludge matrix. Thus, decreased biomass levels mean 
less places for the gases to get trapped in and thus more bubbles observed on the surface. 

6 Conclusion and Recommendations 

After review of the data it can be concluded that the MICOBE-AIDE is accomplishing what is 
required of it.  This is further supported by the reduction in sludge volume by decreasing 
sludge depth and increasing sludge reduction. 

The volume of sludge was calculated based on the total area of the maturation pond and 
measured sludge depth in meters.  The area of the pond was calculated as 2 535 m2.  The 
sludge reduction was based on the calculated tonnage of sludge removed (based on sludge 
density of 1 400 kg/m3 (Iowa State University, 2017) and sludge volume) 

Figures 11 and 12 show excellent results of the treatment done with bottom aeration and 
dosing of MICROBE-AID. 

Figure 11 shows that the average sludge depth has reduced dramatically over the course of 
treatment from 1.2 m at the start to 0.8 m at the end.  The average sludge depth has 
decreased by about 0.5 m from when initial readings were taken in April. 
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Figure 13: Trends in sludge depth during MICROBE-AID trails 

The data gathered indicate an average conversion rate of sludge to bacteria (metric ton 
sludge/kg MICROBE-AID) of 7.  This means that for every kg of Microbe Aide dosed, the 
sludge was significantly decreased on average by 7 tons. At a cost of R905,85/kg for 
MICROBE-AID the effective cost per ton sludge reduced is R127,62. 

Analyses proves thus of overall improvement or ongoing activity of the MICROBE-AID. 
When MICROBE-AID is working you can see higher levels of SS and COD initially due to 
increased bacterial activity of MICROBE-AID. 

The results to this point are based on the original long-time build-up of sludge in the 
maturation pond. There is a part of the sludge that is inorganic and it does not degrade by 
bacterial action. 
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Figure 14: Trends in sludge reduction during MICROBE-AID trails 

Based on the fact that all physical signs and analysis point to current ongoing degradation 
activity we would strongly suggest the continued addition of 12 kg of MICROBE-AID per 
week to maintain improved conditions.  We would strongly suggest that slight amounts of 
fresh wastewater from the reactor be introduced to the pond to provide enriched organic 
food sources to re-energize the bacteria (the bacteria tend to decrease in activity when 
regurgitating the same waste organics). This re-introduction of fresh wastewater should be 
done on an infrequent basis, during pond renovation, as based on continued observations 
and analysis. 
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