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SIGNIFICANCE OF OXIDATION PONDS IN SEMI ARID
ENVTRON OF JAIPUR-A REVIEW

PUSHPA SRIVASTAVA

DepartmeDt of Botany, University of Rajasthan, Jaipur 302004, India'

Oxidatioo ponds in a semi-arid environment have been characterised, which include

physical. chemicaland biological factors. Pbysical factors included shape, depth

number and size of the pond and the effect of light, temperature and wind. chemi-

cal factors take into their gemut the nutritional requiremeDts i.e. organic carbon,

nitrogen, phosphorus and dissolved oxygeD. Biological factors encompass baclerial

and algal activities in such ponds. The significance of oxidation ponds in the

recycliog of domestic and industrial waste bavo been emphasised.
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lntroduction
The dawn of this centuary invited the

attention of the scientists towards

the oxidation ponds, as waste stabili'
sation ponds have become a Palt of

sewage treatment practice. ln the

beginning, most of the Ponds con-

structed were designed mainlY as

holding ponds to conserve water

which was later used for irrigation,
particulatly in water scarce aleas.

With the introduction of Environment

Act 1986, needless to emphasise the

significance of oxidation ponds in

treatment of sewage, domestic and

industrial effluents.

Early in this centuarY (Cumming

1916), prior to serious study of

waste or sewage Ponds, Public
health officials and limnologists were

aware of the fact that oxygen con'
centration was increased during the

day, where there was increased aqua'

tic vegetation. including algae. On

the other hand, oxygen concentralion
decreased during night. Cumming
(1916) reported that algal masses

and submerged plants contributed
higher oxygen contents, when com'
pared to those ponds, where fewer
algae were present. Thereafter, a

number of studies (Ludwig et a|.1951,
Ludwig and Oswald 1952, Oswald

et al, 1953) wele concerned with
algal symbiosis in oxidation ponds

and with the growth characteristics
of algae growing in these Ponds.
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Oxidation ponds range in dePth

between 3-5 feet. The light inten-
sity penetrating to these depths in

most of the ponds is insufficient to
support the.photosynthetic activity.

Therefore the lower region of these

pondB is usuallY devoid of oxYgen

and is anaerobic zone. However,

the upper portion, where intencity of

tight is sufficient to suppott algal

photosynthesis is referred as aerboic

zone. Primarily, algae were rendered

responsible for acting as PrimarY

agents for waste stabilisation in

ponds. Further studies suggested

that Iole of algae was basically as a

source of oxygen for the aerobic and

facultive bacteria, which were consi-

dered to be the most imPortant

stabilisers of degradable organic

matter. Recent studies suggest

that the role of algae and aerobic

zone is a secondarY on which is in
polishing'the effluent and oxidizing
any hydrogen sulPhide or odorous
gases produced bY the anaerobic

fermentation of the waste (Khurshed

and Chu'ghtai 1986). Still others

feel that aerobic conditions:hould be

present throughout the depth of the
pond eliminating the anaerobic zone.

Although, the role PlaYed bY each

zone is not yet verY clear, but it is
almost certain that the actual role

played by each zone depends uPon

the specific nature of the treatment.

T'he effectiveness of these Ponds
much depends uPon the interaction,

of several factors which may be

physical, chemical or even biological.
Physical factors: This factor takes
into its gemut the depth and shape
of the oxidation pond, its size and
number and the detention time of
the waste in the pond. Tempetature,
light and wind action are other
factors of this category.

The depth of the pond is a signi-
ficant ecological factor as it is directly
associated with the light intensity.
Oswald et al, (1964) have shown thet
pond deplh should be less than one
loot, if it is to function aerobically
throrghout its depth. But such a

pond is suitable only if algal pro-
duction is the main object. Other-
wise, most suitable depth range is
suggested to be between 5.7 feet.
This provides adequate insulation
between anaerobic organisms at
bottom of the pond and aerobic
environ in the upper layers.

The total pond area required to
treat the waste of a given community
much depends upon the organic
contents, usually expressed in terms
of BOD (Biological Oxygen Demand)
per acre per day. The values recom-
mended so far fall between 20-50
pounds BOD/acre/day. However,
reports are on record, (Mars 1957,

Svore 1969 and Parker et al. 19591
where BOD/acre/day ranges between
263-1230 pounds. Most suitable
shape for oxidation pond should be

regular in shape without leaving any

totally or partially isolated area. This
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would create hurdles in circulation
and invite the undesirable growth of
the weeds. Likewise, detention of
a given waste in an oxidation pond
has many repercursions. Various
detention timings have been sugges-
ted earlier. Oswald (1964; sugges-
ted 40 or more days but Parkar er al.
(1959) shovved five days to be suffi-
cient for highest land use efficiency.
The solids detention time greately
influences the anaerohic organisms.

Temperature: Temperature is a most
important factor in the aerobic envi-
ron of the oxidation ponds, as by and
far, it determines the succession of
predominant species of algae, bacte-
ria and other aquatic organisms.
Solar radiation is the main source
of heat in oxidation ponds. The tem.
perature range is diiectly propor-

tionate to the'depth of the ponds.

Stahl and May (1977) have observed
a temperature drop to the extent of
20"C in 50 cms of pond depth. The
other source of heat is influent in
the pond, as temperature of seawage
is always lighter than that of the
pond contents. Hig h temperature
is known to improve the overall
performance of the ponds. For
optimum activity, temperature should
be maintained at the highest range
so as to induce the growth of the
desirable micro-organisms. Tem-
perature is not only an important
factor for aerobic layer, rather it is
equally imoortant for anaerobic
processes, which convert the waste
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to the stable products.'The effi-
ciency of anaerobic sludge digestion
increases with the increase in tem.
peratuie. However, Pipes (1978)
feels that the maximum .temperature
of oxidation pond .should be about
30oC. Decrease in temperature
range lowered the anaerobic activity
of the pond. Oswald er al. (1964)
reported the decrease in gas produc-

tion from 6,700 cu. ft. to 400 cu. ft,
when temperature was lowered from
22.51o 72oC. They further reported
that organic solids in an anaerobic
pond got partially converted into
acids during the periods of lcw
temperature. Gloyna (1978) reported
that the heat absorbed by the ground
is the rnost important heat loss from
the, pond. But Pasveer (1962) found
that evaporation and effluent con-
centration were also important means

of heat transfer.

Light : !n oxidation ponds, oxygen
should be present in reasonably high
amounts, in order to support its
biological activity. The main source
of oxygen is photosynthetic oxygena-
tion. The bulk of the Oz needad is
provided by the algae which they
can produce in the presence of
adequate light. lntensity of solar
radiation varies with the time of the
day. lt is minimum at night and
maximum at noon. Slow and con-
sistant reduction of light results in
lowering of photosynthetic activity
proportionate to the depth. Stahl
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and May (1977) reported that dis-

solved oxygen concentration drop'
ped from 3O/" al the surface to 3%

at a depth of 50 cms.

Ihind action: There are three major

factors which influence pond opera-

tion and performance (Khurshed and

Chughtai 1986). Wind action is

responsible for surf ace reaeration,

mixing and evaPoration. Earl'er

workers favoured wind action as it
was major source of surface leaera'
tion. But present day workers favour

the isolation of Oxidation ponds from

wind action as it leads to the

evaporation, and cooling of the
ponds. Thus the value of mixing is

reduced due to evaPoration.

ln addition, deterimental effect of

wind action include the erosion of

banks by wave action and carrYing

the undesirable odours.

Chemical factors : These factors

mostly incorporate the nutritional

requirements of micro-organisms

including organic carbon, nitrogen

and phosphorus, Of couISe, dissol-

ved oxygen has a direct relevance

with the oxidation Ponds.

Organic Carbon: The decomposable

organic content is commonly measu-

red in terms of biochemical oxYgen

demand. The standard practice is to

use the five daY BOD, as an index of

the organic carbon content' The

standard BOD estimation is hamper'

ed by the Presence of large concen-

trations of algae and elfluents from

various sources. Since algae in the

light normally contribute oxygen to
the environment. lf the test is per-
formed in the dark, the algae will
shift to respiratory metabolism.
However. it is still believed that the
results from the ponds will be higher,
even if the algae were to be removed.
The large number of bacteria, fungi,
protozoa and unstable organic matter
will contribute to BOD. Pipes (1978)
pointed out that for optimum BOD
reduction, it is essential that the
organic carbon be in shortest supply,
when compared with other organic
nutrients.

Nitrogen : ln recent years, much
attention has been paid to the algae
as they form blooms, when nitrogen
and phosphorus are available to
them. Sawyer (1960) has pointed
out that ammonia is obtained chiefly
through bacterial decomposition of
dead plant and animal protein. An
additional method is through the
bacterial reduction of nitrates to
nitrites to ammonia under anaerobic
condition. The available nitrate nilro
gen is probably assimilated quickly by
the algal cells. ln ponds both these
activities resu!t in teduction of total
nitrogen.

Gates and Borchard (1964)

reported that by supplementing in-
organic carbon 50"/" nitrogen remcval
was achieved in one day, 95%
removal in 4 days bY algal cultures
but under controlled condition.

Phosphorus: lt is the well known fact

that phosphorus is an imPortant



nutrient involved in algal metabolism.
It is the growth limiting factor in

aquatic environ. Sewage Ponds,
receiving domestic seawage are

generally rich in Phosphorus con'
tents, as it is the basic constitutcnts
of detergents. Major portion of the
phosphate enters the Pond system

via media of the sludge. However,

oxidation ponds are known to have

reduced concentration of phosphates"

Bogan et al. (1960) repotted 807"

phosphate removal in four hours bY

algal cultures under laboratory condi-
tion (Khurshed and Chughtai 1986).

The mechanism of Phosphate remo-

val is said to be the absorption, coa'
gulation and d ecipitation, accompa-

nied by high pH. due to algal activi-
ties.
Dissolved Oxygen: The solubility of

oxygen mostly depends upon the

temperature and atmospheric pres-

sure. As the temperature rises the

solubility of oxygen in water decrea-

ses (SawYer 1960). Another imPor-

tant factor may be the Presence of

ptotozoa, bacteria and fungi in great

numbers, sinne theY all use oxygen

in respiration. Wind direction also

sometimes has an effect on dissolved

oxygen.
There are two sources of dissol-

ved oxygen in the Ponds, surface

reaeration and photosynthetic oxy-

genation. Accordrng to RaYnold

(1975) reaeration is relalively insigni-

f icant factor for disolved oxygen

concentration. With this, the dissol-
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ved oxygen quantity much depends
upon the photosynthetic activity,
which becomes low at night and
high at noon.

Biological factors: These factors
mostly encompass bacteriat and
algal activities in any oxidation pond.
The contributions of bacteria are in
decomposition of organic matter into
oxidised endproducts (Khurshed and
Chughtai 1986). There is a broad
spectrum of variation of bacteria in
the ponds i.e. aerobic, acid forming,
methane producing, purple-sulphur
and pathogenic bacteria. Aerobic
bacteria are concerned with the
decomposition of organic matter in
the presence of oxygen, while acid
forming bacteria are facultative

heterotrophs. They convertcomplex
organic material into volatile acids
(Khurshed and Chughtai 1986). The
methane forming bacteria, are, how-
ever, obligate anaerobes. These

bacteria convert volatile acids to
methane and carban dioxide. Their
pH requirements range from 7 to 8.

The inhibition of meth.ane bacteria

leads to the enhanced activity of
acid forming badteria, which shift the
pH to acidic side. Loehr (1972,
observed the minimum temperature

requirement for activity of methane

bacteria to be 18'C. Undesirable
odour problems develop around the
ponds, if methane lorming bacteria

are not active. The PH, tempelature
and anaerobic conditions ate primary
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requirements of methans producing

bacterial population.

The Purple sulPhur bacteria ale

photosynthetic and microaerophilous'

The convert sulPhids into sulPhur

or sulphates. The activity of these

bacteria is significant in controllrng

the odour of sulPhides' These

bacteria mostly form bloorns during

warm periods and imPart Pink or

red colour to the Pond water (Khur-

shed and Chughtai 1986). ln addi-

tion to pathogenic bacteria, viruses

and protozoq also inhabitate oxi-
dation ponds. The most probable nunl'
ber of coliform organism in a given

volume of water is regarded as index

ol pathogenic quality of an effluent'

ln contrast to bacteria, algae

constitute a group of aquatic olga-

nisms, possessing Photosynthetic
pigments. They are autotroPhic
organism and photosynthetically
transform inorganic nutrients into
cellular organic material releasing

oxygen as a by-product. Many
species of algae have been observed
in ponds including green, blue
greens, euglenoids and diatoms. Tlreir
dominance depends upon tempera-
ture, nutrient availability and presence

of toxic substances. Algae and

bacteria are supplementary to each
other in the ponds. Bacteria break
down the organic matter aerobically
and also unaerobically into simpler
products, which ale in turn utilized

by algae for their growth, with lhe

release of oxygen. This oxYgen is
essential in mainiaining the aerobic

enxironment'

It may be concluded that oPti-

mum conditions for the oPeration

of an oxidatian pond are associated

with the microbial population' This

population in turn is ef f ected' bY

physical and chernical factors opera-

ting on the Pond water. The most

of the interaclions belween physical,

chemical and biological factors

should be so, that the oxidation
ponds can be oPerated to Produce
products of value ard an effluent

with a low nutrient content and few

pathogenic bacteria.
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