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2. Waste Stabilization Ponds Systems

A World Bank Report (Shuval et al. 1986) endorsed the concept of
stabilization pond as the most suitable wastewater treatment system for
effluent use in agriculture. Table 1 provides a comparison of the advantages
and disadvantages of ponds with those of high-rate and low-rate biological
wastewater treatment processes (note that Aereated Lagoon and WSP system
are considered low-rate biological wastewater treatment processes).
Stabilization ponds are the preferred wastewater treatment process in
developing countries, where land is often available at reasonable opportunity
cost and skilled labor is in short supply.
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Table 1. Advantages and disadvantages of various sewage treatment systems (Arthur 1983).

Plant
performance

Economic
factors
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BOD removal

FC removal

SS removal
Helminth removal
Virus removal

Simple and cheap
construction

Simple operation
Land requirement
Maintenance costs
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Sludge removal costs
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|SS = Suspended solids|
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Wastewater stabilization pond systems are designed to achieve different forms of
treatment in up to three stages in series, depending on the organic strength of
the input waste and the effluent quality objectives. For ease of maintenance
and flexibility of operation, at least two trains of ponds in parallel are
incorporated in any design. Strong wastewaters, with BODs concentration in
excess of about 300 mg/l, will frequently be introduced into first-stage
anaerobic ponds, which achieve a high volumetric rate of removal. Weaker
wastes or, where anaerobic ponds are environmentally unacceptable, even
stronger wastes (say up to 1000 mg/l BODs) may be discharged directly into
primary facultative ponds. Effluent from first-stage anaerobic ponds will
overflow into secondary facultative ponds, which comprise the second-stage
of biological treatment. Following primary or secondary facultative ponds, if
further pathogen reduction is necessary, maturation ponds will be introduced
to provide tertiary treatment. Typical pond system configurations are given in
Fig. 1, though other combinations may be used.
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Fig. 1 Stabilization pond configurations: AN = anaerobic pond; F =
facultative pond;
M = maturation pond (Pescod and Mara, 1988).
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Anaerobic pond:

3.1.3. Nutrient Removal
Nitrogen

In WSP systems the nitrogen cycle is at work, with the probable
exception of nitrification and denitrication. In anaerobic ponds
organic nitrogen is hydrolyzed to ammonia, so ammonia
concentrations in anaerobic pond effluents are generally higher
than in the raw wastewater (unless the time of travel in the sewer
is so long that all the urea has been converted before reaching
the WSP). Volatilization of ammonia seems to be the only likely
nitrogen removal mechanism occurring to some extent in
anaerobic ponds. Soares et al (1996) carried found a very low
removal of nitrogen in anaerobic ponds.

Phosphorus

The mechanisms of phosphorus removal most likely take place
in maturation ponds (Mara et al. 1992).

3.1.4. Environmental Considerations

Physical as well as chemical factors affect the habitat of
microorganisms and consequently the anaerobic sewage treatment
process. The most important environmental factors to take into
consideration are: temperature, pH, degree of mixing, nutrient
requirements, ammonia and sulphide control and the presence of toxic
compounds in the influent (Van Haandel and Lettinga, 1994).

Temperature

As temperature rises, the rate of reaction also increases. In order
to have a reasonable methane production rate, the temperature
should be maintained above 20°C. Methane production rates are
doubled for each 10°C temperature increase in the mesophilic
range (Droste, 1997).

pH

According to Zehnder et al. (1982), the optimum pH range for all
methanogenic bacteria is between 6 and 8, but the optimum

AR
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value for the group as a whole is close to 7. Van Haandel and
Lettinga (1994) reported the same observation and also pointed
out that, since acidogenic populations are notably less sensitive
to pH variations, acid fermentation will predominate over
methanogenic fermentation. The latter may result in souring of
the reactor contents. Thus, the system must contain adequate
buffering capacity to neutralize the production of volatile acids
and carbon dioxide, which dissolves at the operating pressure
(Droste, 1997).

Degree of Mixing

The separation of digestion from other processes and the
application of mixing were the first major advances in anaerobic
treatment. Mixing is an important factor in pH control and
maintenance of even environmental conditions. It distributes
buffering agents throughout the reactor volume and prevents
localized build-up of high concentrations of intermediate
metabolic products, which may inhibit methanogenic activity. On
the contrary, inadequate mixing propitiates the development of
adverse microenvironments.

Nutrient Requirements

Acidogenic and methanogenic bacteria have low growth rates for
a given amount of substrate and this feature results in less
nutrient requirements compared to aerobic systems. On the
other hand, anaerobic systems produce 20% or less of the
amount of sludge produced in aerobic systems for the same
substrate and so N and P requirements should decrease
proportionally.

Ammonia and Sulphide Control

Anaerobic bacteria can acclimatize to high ammonia
concentrations, but large fluctuations can be detrimental to the
process. Free ammonia is much more toxic than the ammonium
ion and it occurs more at high pH values. Wastes with high
contents of proteins will generate significant amounts of
ammonia that in turn increases alkalinity. Wastes containing
blood can produce enough ammonium bicarbonate to raise the
pH beyond the optimal range and this requires acid addition for
pH correction. In most cases, the protein content of wastes is not
high enough to cause ammonia toxicity problems.

ARR
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At the same time, sulphide can be formed in the process due to
the reduction of sulphates. Sulphides are inhibitory to
methanogens and sulphate-reducers themselves, but according
to results of Rinzema (1988), a sulphide concentration of up to
50 mg/l (normally expected in anaerobic sewage treatment
systems) is far lower than the minimum concentration causing
toxicity problems.

Toxic Compounds

Other compounds such as heavy metals and chloro-organics
affect the rate of anaerobic digestion even at very low
concentrations. Apart from sulphide, oxygen is also a potentially
toxic compound, which can enter the reactor together with
influent flow. However, the presence of these compounds at
inhibitory concentrations is unlikely in domestic wastewater.

Facultative pond:
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Fig. 4 Operation of the facultative pond (Tchobanoglous and
Schroeder 1987
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3.2.3. Nutrient Removal
Nitrogen

In facultative and maturation ponds, ammonia is incorporated
into new algal biomass. Eventually the algae become moribund
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and settle to the bottom of the pond; around 20% of the algal cell
mass is non-biodegradable and the nitrogen associated with this
fraction remains immobilized in the pond sediment. That
associated with the biodegradable fraction eventually diffuses
back into the pond liquid and is recycled back into algal cells to
start the process again. At high pH, some of the ammonia will
leave the pond by volatilization. Mara and Pearson (1986) point
out that under certain conditions some algal species are able to
adapt to and withstand concentrations of up to 50 mg/I.

There is little evidence for nitrification (and hence denitrification,
unless the wastewater is high in nitrates). The populations of
nitrifying bacteria are very low in WSP due primarily to the
absence of physical attachment sites in the aerobic zone,
although inhibition by the pond algae may also occur. Total
nitrogen removal in WSP systems can reach 80% or more, and
ammonia removal can be as high as 95%.

Phosphorus

The efficiency of total phosphorus removal in WSP depends on
how much leaves the pond water column and enters the pond
sediments. This occurs due to sedimentation as organic P in the
algal biomass and precipitation as inorganic P. (principally as
hydroxyapatite at pH levels above 9.5), compared to the quantity
that returns through mineralization and resolubilization. As with
nitrogen, the phosphorus associated with the non-biodegradable
fraction of the algal cells remains in the sediments. Thus the best
way of increasing phosphorus removal in WSP is to increase the
number of maturation ponds, so that progressively more and
more phosphorus becomes immobilized in the sediments. From
a well functioning two-pond system, 70% mass removal of total
phosphorus may be expected.

Heavy Metals

Polprasert and Charnpratheep (1989) and Kaplan et al. (1987)
examined the fate of heavy metals in such ponds. Adsorption of
metals was increased in attached-growth stabilization pond as
compared to stabilization ponds without attached-growth. Kaplan
et al. reports only a slight decrease in total metals concentration,
however the particulate fraction was mostly solubilized.
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A study by Moshe (1972) showed that high concentrations of
metal ions (Cd, Cu, Ni, Zn, and Cr) are toxic to Chlorella species,
the most common species in stabilization ponds, and adversely
affect pond efficiency. However, high pH (higher than 8) causes
metal ions to precipitate and allows pond purification processes
to occur normally.

3.2.4. Removal of Algae from Facultative Ponds Effluent

Many techniques have been developed to remove the algae from
effluents, these include rock filtration, grass plots, floating
macrophytes and herbivorous fish. Also, the use of maturation
ponds can reduce the algal concentration considerably provided
the system is not overloaded.

4.8. Aerated Ponds/Lagoons

A number of facultative ponds have been designed, or more
commonly retrofitted, with surface aerators to boost dissolved
oxygen levels and/or to aid mixing.

There is often confusion between these systems and what are
typically called aerated lagoons. Unlike facultative ponds,
aerated lagoons are designed to operate at high bacterial cell
mass concentrations. These require a high power input for
aeration and in some cases incorporate biomass return. They
operate at much shorter hydraulic residence times and as a
consequence of this, and their increased depth, do not develop
significant algal populations. Aerated lagoons are essentially
designed to work as a form of lowly loaded activated sludge.
Mechanically supplied oxygen increases treatment efficiency and
reduces land requirements. However, the high-cost power input
is sufficient only for diffusing oxygen into the pond and not for
mixing the contents.

4.9. High-rate Algal Ponds

Originally developed by Oswald at the University of California in
the sixties, high-rate algal ponds have continued to be developed
and implemented particularly in the United States. These
systems_are shallower than a facultative pond and operate at
shorter hydraulic retention times. A paddlewheel is normally
incorporated to drive the water around a "race-track" shaped
pond. The oxygen production is reported to be significantly
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higher than typical facultative pond designs. The micro algae
produced in these systems are also reported to have good
settling properties (Green et al., 1996).

4.10. Rock Filters

Waste stabilization ponds often have high concentrations of TSS
in the effluent, which may or may not be desirable depending on
the irrigation delivery method. Several polishing options are
feasible to use in combination with WSPs to upgrade pond
effluents, thereby increasing the options for effluent reuse.
Middlebrooks (1995) suggests that many low-cost methods exist
for polishing WSP effluent, which include intermittent sand
filtration and rock filters.

Rock filters, when used in conjunction with WSPs, have been
shown to upgrade WSP effluent. Research at a pilot-scale rock
filter demonstration conducted at the Assamra WSPs in Jordan
showed that effluent content reductions could be reduced
greatly. TSS and BOD were reduced by 60%, total faecal
coliform count (TFCC) by a maximum of 94% and T-P by 46% at
a loading rate of 0.33-0.044 kg/m3 of TSS (Saidam, Ramadan
and Butler, 1995). If high levels of TSS are not an issue in an
irrigation scheme and there is no risk of clogging irrigation
equipment, high TSS may be advantageous as they will add
organic matter to the soil matrix.

6.1. Effluent Limits

Effluent limits' represent the maximum amount of pollutants
allowed to discharge from wastewater to its final destination
(waterway, reservoir for reuse, etc.). These limits vary from
country to another due to geographical, climatic and socio-
economical reasons. They vary as well with the character of the
wastewater final destination. For example, the effluent quality of
wastewater discharged to the ocean would be less stringent than
the effluent quality of wastewater used for agriculture.

Effluent limits characterize the required and accepted quality of
the discharged wastewater. Hence, prior to design, these limits
must be known (from local municipal effluent standards
publications) since they will be used as the water quality design
objectives. An example is the European Union quality
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requirements for WSP effluents being discharged into surface
and coastal waters:

Filtered BOD = 25 mg/I (non-algal BOD)
Filtered COD = 125 mg/l (non-algal COD)
Suspended solids = 150 mg/

Together with, for discharge into designated "sensitive areas
subject to eutrophication”:

Total nitrogen = 15 mg/I
Total phosphorus = 2 mg/l

(Although, if the population served is > 100,000, these last two
requirements are reduced to 10 and 1 mg/l, respectively)
(Council of the European Communities, 1991a).

Another example is from India. The general standards for the
discharge of treated wastewaters into inland surface waters are
given in the Environment Protection Rules (CPCB, 1996). The
more important of these for WSP design are as follow:

BOD 30 mg/l (non-filtered)
Suspended solids 100 mg/I
Total N 100 mg N/I

Total ammonia 50 mg N/I
Free ammonia 5 mg N/I
Sulphide 2 mg/I

pH 5.5-9.0
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Design and Performance of Waste Stabilization Ponds, Hamzeh Ramadan and
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