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ABSTRACT

Recirculation 1s the least understood of factors that affect on the
mechauism and performance of the trickling filter. When recirculation
is used, this works out in to applying almost the same organic mass to
the traickling filter but with the increased hydraulic rate and a lower
organic concentration than without recirculation.

In this analysis, the organic concentration was divided into low
organic concentration where the first order kinetic prevails and high
organic concentration where the zero order kinetic predominates. The
effect of recirculation on trickling filter performance under the two
kinetic conditions were studied theoretically an? by manipulating
vther researchers data found in the literature. The effect of
recirculation on the trickling filter performance using design models
was also investigated.



C. 12 Dr. Ahmed Fadel.

The results of the study showed that:

1- Under both kinetic conditions, recireculaticon affects the removal
efficlency of trickling filters negatively.

2—- Eckenfelder design model {the most widely accepted model} showed
that recirculation effect on trickling filters performance depend
on the media characteristics and the tredtability constant.

3- Manipulated results from other researchers experimental works
confirmed the above findings.

KEYWORDS
Wastewater, Trickling Filters, Reclrculation, Organic Mass, Organic
Concentration, Hydraullc Leads, Fixed Film.

INTRODUCTION

Trickling filters are one of the oldest metheds of blolegical
treatment of domestic and industrial wastewater. Thay have been in use
since the late 1800 s when they were introduced in England. Trickling
filters a2re used as a secondary treatment process for purifying
wastewater. They are contact beds of a sclid suppert medium on the
surface of which mixed microbial populations in the form of a slime
become attached. Organic removal 1is achieved by trickling the
wastewater over the solid support medium arranged in the form of a
packed bed.

Many models have been proposed to describe the efficiency of the
remeval of organic material in trickling filters by the fixed film.
However 1t has not Dbeen possible with these medels to axplain
accurately the true mechanisms of the trickling filter. The two main
reasons for the problem in understanding of the trickling filter
process and the difficulties in describing it mathematically are : the
hydraulic flow pattern in the trickling filter is very complicated,
and the substrate is very cemplex and variable in a domestic sewage.

Several factors affect the trickling filter performance e.g. : crganic
lpading, hydraulic loading, recirculation, temperature,
characteristics of applied wastewater, volume and geometric shape of
the filter medium, wvoiad fraction, air recirculation, the composition
of the microorganisms, and the specific surface area of the medium.
These facters complicate the modeling of the trickling filter organic
removal efficiency.

Recirculation is the least understood of all the factors that affect
the mechanism and performance of tricking filters. Although, it was
reported in the literature that recirculation improves the trickling
filter performance, the minimal or even deleterious effects of
increasing the recycle ratic have been identified in several
references (Metcalf and Eddy Inc. 1878).

It is the purpose of this paper to study, thecretically and by
manipulating other researchers experimental result, the merit of using
recirculacion 1in the trickling filter process,

TRICKLING FILTER REMOVAL MECHANISM
In recent years investigators have initiated studies aimed at
elucidating the mechanism of purification in trickling filters.

They agree on the important parameters of trickling filter bed to
cons1st of the fellowing {(figure 1):

1- The supporting surface;
2- The slime layer which is divided into aerobic and anaercbic
layers;
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3- The 1liquid film which is divided into stagnant layer and
running layers, and;
4- Liquid-~-air interface.

Maier et al. (1967} stated that the removal of impurities in waste
depends on the mass transfer of the organics from the liguid film to
the slime layer. They assumed that the fixed film reactor system is
mass transfer limited which may occur when the rate of use of the
substrate at the slime liguid interface 1s faster than the rate of
transfer of the substrate from the bulk of the liquid film to the
liquid-biofilm interface.

Williamson and McCarty (1976) equated the difference between the mass
transfer of the substrate into and out ¢f the differential element in
the  Dbigfilm with the amount of substrate utilized Dby the
microorganisms which exist in the differential element. They ¢btained
a second order nonlinear ordinary differential equation. In their
model, they defined conditions under which either organics substrate
(electron AdAonor) or oxygen (electron acceptor}) may be flux or
substrate {(metabolism) limiting within a microbial film.

Jennings et al., (1976} tried to modify williamson and McCarty’s model
{1} and combined that with a plug flow modsl through a hiclogical
filter using some dimensionless parameter and Moncd nonlinear
expression for the substrate utilization rate, they obtained an
analytical solution representing a first and zero order behavior of
the substracte utilization.

Harris and Hansford (1976) used a modified expression for Monod
eguation, which takes into consideration the effect of both oxygen and
organics on the microorganisms growth rate. Their model was derived by
egquating the substrate transferred from the bulk of the liguid to the
slime liquid interface with the substrate diffused into the blofilm.
They obtained two secondary differential equations for both oxygen and
organics utilization rates. They solved their equation numerically by
trial and error.

Another model was proposed by Rittmann and McCarty (1980) for
predicting a minimum substrate concentraticn below which a steady
state biofilm cannot exist, i.e., the substrate flux and the biocfilm
thickness are zero. In this model, they considered both growth and
decav rates of the bacteria composing the biofilm. They classified the
biofiim according to its depth into a shallow and a deep biofilm. For
the shallow biofiim, which exists at a very low organic concentration,
the reaction order is higher than one. This is because increasing the
organics concentration leads to a greater biofilm thickness as well as
substrate removed.

From the above explanaticns for trickling filters substrate removal
mechanism it can be concluded that the rate of substrate utilization
can be ciassified into three kinetic behaviors according to the
substrate concentration as follows:

a) At very lowv organic concentration:

There 1s a minimum concentration helow WwWhich no significant biofilm
activity occurs at a steady state condition (4). In this case, the th-
ickness of the biofilm decreases as the concentration decreases and
approaches zero as the substrate concentration approaches its minimum
level.

b} At low organic concentration:
In th:s case, Oxygen 1s not flux and substrate limiting and organ:cs
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are flux and substrate limiting. The increase of organics
concentration in the bulk liguid will lead to an increase of the
substrate flux into the biofilm and more wutillzation could be
achieved, meaning that the rate of substrate utilizatien is dependent
on the substrate concentration. The reaction order, under this
conditions, is considered a first order kinetic with respect to
organics concentration.

c) At high organics concentration:

Here, oxygen start to be flux limited (due to oxygen concentration
limitatien, maximum about 5 to 7 mg/l in the bulk 1ligquid} and the
organic removal rate reaches 1ts maximum level. This means that
increasing the organics concentration will have no effesct on its
removal and accordingly the efficiency will decrease. The reaction
order under this condition could be considered as zerc corder behavior
with respect te the organics concentration.

Pigure (2) represents the three kinetic behaviors for the substrate
utilization versus concentration.

RECIRCULATION
In trickling filter process, there are several possible conditions of
fiow rates with respect te organics concentratiocn such as :-

1- Constant flow rate while organic concentration increases.

2- Plow rate increases with constant organic concentration, and

3~ Plow rate increases while the organic cencentration decreases.
Both the first and the second conditions had been investigated
experimentally and given close attention by different researchers
{i, 2, 3, and 4). Their findings of the trickling filter performance
under these two conditions can be summarized as follows:

When the flow rate 1s constant and the organics concentration
increases the percent removal efficiency will be independent of tha
organics concentration up to the 1level where =zero order behavior
pertains. Above that level, the percent removal efficiency of the
organics will De dependent on the organics concentration and an
increase of the concentration leads to a decrease in the percent
removal efficiency.

When the flow rate increases while the organics concentration is
constant, two constraints could affect the performance of the
trickling filter:

l- Organics are flux limited

This condition prevails at organic concentration below the level at
which first order kinetics prevails. The increase of flow rate will
reduce the stagnant layer depth. Decreasing the stagnant layer will
lead to an increase ©of the flux of the organics and increase the
substrate removal. On the other hand, the mass load applied increases
with increase of the flow rate and the net result will be a decrease
xn the percent removal efficiency. As further increases are made in
the flow rafte additional increases of mass transfer become negligible
50 that no benefits occur to offset the negative effect of the
decreased contact time.

2- Oxygen is flux limited
This condition exists when the zero order ©bperhavior prevails.
Increasing the flow increases the oxygen flux through the stagnant
layer. ©On the other hand, the thickness of the ligquid film will
increase and the transfer for oxygen from the air liquid interface to
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the liquid stagnant layer interface will be less. This effect, besides
reducing the liquid detention time in the filter, will lead to a
decrease in the mass of the substrate removal.

The condition of increasing the flow rate and decreasing the organic
concentration, the third condition, represents the
recirculation process.

Based on the review conducted herein for the different mechanisms
describing the remcval of substrate by trickling filter, the
functiconal effect of the recirculaticn process can be clarified. This
can be achieved by locking at the trickling filter operation at diffe-
rent flow rates and organics concentrations under two conditions:

1~ At low organics concentration

At low organics ceoncentration, organics are flux limiting while there
is no oxygen limitation in the biofilm. Increasing the flow rate by
recirculation {(the mass load is considered constant) will lead to two
opposite trends : a) a decrease of the stagnant layer thickness and
accordingly an increase in the organic flux, and b) a decrease in the
organics concentration and acceordingly reduction in the mass transfer
into the biofilm. The net results for both effects, under the same
condition of wet surface area may cause reduction of the organic
removal this can be detected from manipulating the experimental data
obtained from Maier et al., {(1967) presented in Table 1.

Table (1) : Recirculation effect on trickling filter performance under
low organic concentration.

gsmin Concentration Applied Organics
mg glucose/1 mass load mass removed
mg/1C min mg/1C min
445 a0 40. 05 6.8
1000 40 40 5.2

From the above table, the second flow is approximately two times the
first flow, i.e. recirculation ratio 1:1, and the applied mass load is
almopst the same. The net removal with recirculation was less without
recirculation.

2- At high organic concentration waste

At high organic concentration, zere order behavior prevails and oxygen
1s the flux limiting factor. Increasing the flow, in contrast, will
reduce the contact time and oxygen concentration will not increase
beyond & mg/l, and the performance of the trickling filter will
deteriorate. Table 2 with data obtained f{from Harris and Hansford
{1976 represents evidences for this ceondition.

Table (2) : Recirculation effect on trickling filter performance under

high organic concentration.

Flow rate Recirculation Substrace Hass load Substrate
i/hr Ratio concentration applied removed
mg/1 mg/hr mg
& o 4000 24 £.0
12 1 2000 24 5.6
18 2 1300 24 5.8
24 3 1000 24 5.2

From the above discussion, and based on the experimental data used, it
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is clear that recirculation deteriorate the removal efficiency of
trickling filters. However, there are some advantages of adopting
recirculation in trickling filter such as increasing the wet surface
area at low flow rates, dilute toxic waste, and increase the
dissolved oxygen concentration in the bulk ligquid.

TRICKLING FILTERS DESIGN MODELS AND RECIRCULATION
Models developed earlier did not explain the process reactions
occurring in tricking filters. They were purely empirical. However,
later models did attempt to consider rate limiting factors effect on
substrate removal in the biofllm reaction. But due to the complexity
1involved, most trickling filters are designed by rules of thumh.

Several models have been proposed to describe the degradation of
organic matter in streams. Velz (1394B8) proposed the first formulation
delineating fundomental law as contrasted +to previous emplrical
attempts based on data analysis. The Valz formula related BOD
remaining at depth D as following:-

141

Se = So & (1)
where
5¢ = BOD concentration at the effluent.
Se = BOD concantration at the influent.
K = removal rate constant
D = filter depth.
Eckenfelder, (1263) proved that "K" (removal rate constant) ls not

constant but is proportional to 1/D" where m is an exponent on filter
depth indicative of biological slime distribution with filter depth.

Eckenfelder considened the time of liquid contact with the biological
mass 1s directly proport:ional to the filter depth and inversily
propertional to the hydraulic loading rate as will as the effect of
changes in filter depth on BOD Removal per unit of depth. Eckenfelder
proposed the following equation:

1] n
Se / So = e t-kD #Q (2)

where: n = Exponent characteristic of filter media.

Eg. (2} is considered the most useful equation in designing trickling
filters. In most of the text books, the effect of recirculation on
designing trickling filters, using the above egquation, 1s usually
accomplished by either cone of the following egquations (3} {Clark et
al., (1977)} or (4) (Steel and McGhee (1979), and MHetcalf and Eddy
{19733 }.

m n
e I=-kED 70Q ) / (1+R) - R E—RD /qn {3}

((1+({Se/So}R)/1+R] & *° / tgeqrs"” (4)

Se/Seo

OR Se/Se

Where : R= Recarculation ratio and Qr = recirculated flowrate

Using equation {3), when designing trickling filter does not represent
the real condition of flow in the trickling filter bed. The flow rate
15 no longer ¢ but (Q + Qr). Therefore, the removal ratio will be
changed. The effect of recirculation is represented correctly 1in
eguation (4).

Applying equation (3) for different R, m, n, and K will indicate that
recirculation improves the performance of trickling filter. On the
other hand, using equatien (4) will indicate that the recirculation
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effect depends on the values of X, and n as given in figures (3 a, b,
and c). The wvalue of n and K for different types of nredia were
obtained from Clark et al. (1977}. The figures {llustrated that
recirculation reduces the effluent organics concentration using media
used in figure a, while recirculation have no effect when using nedia
used 1n figure b. On the other hand, the effluent characteristics
deteriorate drastically when applying recirculation for media used in
figure c.

The above findings were proved by manipulating the experimental data
presented by Wu and Beckman (13). The effect of K, m and n on the
trickling filter removal efficiency at different recirculation ratio
for two types of plastic wmedia were alse conducted. Table (3},
1llustrates +the experimental manipulation and the theoretical
calculation of the effect of recirculatien on the performance of
trickling filters using Egquations 3 and 4.

CONCLUSION
Because more than one factor can limit the reactions occurring in
trickling filter, organics modeling is very complicaced.

In the investigation conducted in this study for some of the models
suggested by researchers it was concluded that the substrate removal
mechanisms in trickling filter followed three kinetic behaviors:

1- Higher than first order at very low substrate concentration.

2- First order at low concentration.

3- Zero order at high substrate concentraticn.

Two conditions with regard to crganics concentration were
investigated. At low organics concentration, organics are the limiting
factor and recirculation increases the organic flux Dby reducing the
stagnant layer thickness. At the same time, decreasing the crganics
concentration by recirculation reduce the mass transfer into <{he
biofiim. At high organics concentration, oxygen is the limiting factor
and recirculation will net increase the oxygen concentration beyond
1ts maximum concentration. In both cases recirculation does not
improve the traxckling filter performance.

When using Eckenfelder eguation in predicting the effect of
recirculaticn on the trickling filter performance, media
characteristic, n, treatability constant, k, and the expondent for
filter depth m are play important roles in predicting the performance
of trackling filter.

Manipulating the experimental results in all cases investigated showed
that little to no improvement in reducing effluent organics
concentration was realyed when recirculation in trickling filter
plants is employed,
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Shim [ayar ————— Liquid layer —

Figl {1 1= ELEMENTAL VOLUME OF SLIME aAND LIGUID
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