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“The a-3-7’s of
wastewater treatment

High sludge age, especially when combined with powdered

James F. Grutsch
Standard Gif Company (Indiana)
Chicago, Il. 60601

The petroleum refining industry
has demonstrated two approaches to
improve the performance of the acti-
vated sludge process (ASP) .for or-
ganics removal from wastewaters.

"They are operation at high sludgc age

and further enhancement by using
high concentrations of powdered ac-
tivated carbon (PAC) commingled
with the activated sludge. To get the
best effluent quality very cost effec-
tively, both approaches must be used,
because PAC enhancement of the ASP
is most eflfective at very high concen-
trations; the higher the concentration
in the mixed liquor, the lower the re-

* sidual soluble organics in the treated
_effluent. Fortuitously, very high sludge

age operation is cffective with the use

of PAC. Sludge ages well in excess of -

100 days have been demonstrated. A
5000-mg/L equilibrium mixed-liquor
PAC concentration has been main-
tained in a municipal plant with less
than a 5-mg/L PAC makeup rate!
The key to operating the ASP in the
high-sludge-age made is to recognize
the impact of influent solids on the
physical properties of the activated
sludge, specifically the zeta potential
(ES&T, Scptember 1978, p 1023)
probability distribution. When the feed
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to the ASP is effectively pretreated by
filtration or dissolved air flotation to
remove colloidal and suspended mat-

ter, the activated sludge has much

improved scttling propertics, and
capture by secondary clarifiers is much
more complete. Morcover, pretreal-
ment typically reduccs the contami-
nant concentration by about 50%; this
proves to be an important response Lo
operating results which demonstrate
that the lowest residual effluent or-
ganics will be produced by the unit

with the lowest feed strength. :
The thrust of original researcly on ™

high sludge age and PAC enhance-
ment of the ASP centered on industrial
wastewalers. To demonstrate that the
principles are general and broadly
applicable, Standard Oil Company
(Indiana) conducted a 15-month ex-
perimental program, operating a mu-
nicipal plant with dual treatment
trains. One train was used as a ““con-
trol” and the parallel train was modi-
ficd with a granular media filter for
prefiltering the influent to the acti-
vated sludge unit (ASU) for experi-
mental high-sludge-age operation
{Figure 1). The comparative perfor-
mance of different activated sludge
technologics was determined, includ-
ing the role of powdered activated
carbon for ASP enhancement. This
full-scale study included ASP opera-
tion in the high-studge-age mode and
in the high-studge-age mode enhanced
with PAC.
Historically, wastewater studics

0013-936X/80/0914-0276301.00/0 @_ 1980 American Chemical Sociely |

activated carbon, can materially improve the activated
v o sludge process for organics removal’

« involved wasiewaters containing
soluble, colloidal, and suspended

matter, and the disconlinuous phase -
malter incorporated into theactivated

sludge mass concealed an éstimation
of biomass yicld

« werc of low-sludge-age systemsin-
" which most of the food supply was used

by the bacteria for cell yicld, and the
comparatively smalf amount used for
maintenance energy could not be de-
termined

« did not provide a sufficicnt data |

basc for tempcerature correlation

« ignored the impact of sludge age -

on substrate material balance.

By contrast, high-sludge-age ASP ..
operational data have been rare or.

nonexistent. Our municipal, refinery,
and chemical plant resuits probably

comprise the most extensive data base
available. This unique data resource 32

provides an insight into the biological e

oxidation processes operative in the '
- ASP. In high-sludge-age ASP systems,
most of the food supply is used for .=
maintenance energy; therelore, its 2,
quantitative vatue is more readily de-

termined. Also, operation is achieved

by pretreatment to remove most sus-.

pended and colloidal matter, thus, the

biomass yield results are not obscured ‘%

with inert debris. Moreover, a wide
range of temperatures and sludge ages

are involved. The ubiquitous bacteria 4

treating these widely differing waste-
waters demonstrated remarkably
consistent properties on a chemical

" oxygen demand (COD) basis: '+ -,
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+ The cell yicld coeflficient (alpha)
'is constant, having a value ol about
o 0

4.+ The cell maintenance cnergy
%" cocfficient (beta) is always constant,
 but varies lincarly with temperature
over the range of our data.

<« The organic contaminants in-
«.  ventoried by the cells (gamnmia) relate

o the sludge age.

. Biclogical purification
. Bacteria exist only to make copies of
hemselves, that is, to scll-replicatc,
ko - - . -
The bacteria constituting the activated

waters by using contaminants for ¢n-
4. trgy and new cell material (Figure 2).
i Contaminant materials enter the
acteria; then, some are excreled as
end products of the bacteria’s energy
‘metabolism. The remainder is con-
{verted by enzyme reactions into eell
Cmaterial. Water constitutes about
10-80% of a bacterial cell, and an ¢l-
2. emental composition that accounts for

5 }99% of the dry mass is CsHsNO,. The

gt tytoplasm is an aqueous solution of
g}solu_blc proteins and small-molecu-

4 lar-weight metabolites. About 11.5%

o,

vof the bacterium is proteinaceous; 5%
{'tibonucleic acids; 1% each of deoxyri-
bonicleic acid, polysaccharides, and
wlipids; and 0.5% small maélecules. A
growing bacterium chiefly consists of
1 the ‘macromolecules which are as-

sembled from the intermediates, and
% a¢¢ the constituents of the cell.

Since bacteria are sclf-replicating,

the polysaccharides, enzymes, lipids,
metabolites, nucleic acids, pepiido-
glycans, and so on, uniformly increase
at the same rate. When a bacterium
grows and doublcs its cellular inven-
tory of the thousands of dilferent kinds
of molecules present, it partitions into
two daughter cells, each similar to the
original cell. The maximum possible
cell yield {(dry weight) per unit of food
matcrial is called alpha ().

To change contaminants tn waste-
walers into a copy of itself, a bacterium
requires a supply of energy. Initially,
the contaminants must be transported
across the cell membrane against a
concentration gradient, which requires
encrgy. Creating order out of disorder
in the cell also requires encrgy—to
bring out construction of the required
lipids, polysaccharides, proteins, nu-
cleic acids, and the organizing of these
macromolecules, for cxample. The

" chicel energy source is from chemical

oxidations, and the energy requirement
is termed beta (3).

Thus, in a growing bacterium there
are two metabolisms. One is biosyn-
thetic, in which the food supply is
changed to the components of the cell;
the other is an encrgy one, in which cell
encrgy needs arc supplicd. .

According to molecular genctics,
genetic material directs the synthesis
of protein molecules, which are mac-
romolecules assembled from amino
acids. Those polyaminoacids, fated to
be catalytic enzymes, fold into a
three-dimensional globular protein

with catalytically active site(s). The
polar constituents of the enzyme are
oriented primarily toward the exterior
surface of the globular enzyme asso-
ciating with the water solvent. The
catalylic site often is a cavity below the
surface of the enzyme, such that
reactants can be effectively isolated
from the aqucous phase and its high
diclectric constant. The hydrocarbon
interior of the enzyme has a low di-
clectric  constant
stronger clectrical forces to bear on the
rcactants causing the chemical
change. d
Enzymes are the organic solvents of
the living cell. The more rapid the
growth rate, that is, the lower the
studge age, the more nemerous the
enzymes participating in macromole-
culc biosynthesis, and the more in situ

substrate (gamma) en route to its final *

end use. il

Solids balance

A critical point to recognize is that
ina growing cell, the essential produet
is more cell. Thus, while. the goal is
purified water, the ASP is a unit op-
cration in which the ubiquitous bac-
teria usc contaminants in the waste-

water to produce more bacteria. Inthe -

completely mixed systeny,;a bacteria
material balance includes:

« the increase in sludge attributable
to influent solids. Influcnt inert sus-
pended solids flocculate and accumu-
late in the activated sludge mass, For
high-sludge-age systems, the key is to
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FIGURE 2 55 : » Al o
The bacterial cell, its’ blochemlcal activities, and * " The following biomass balance arou .r_ld“j - M
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keep the influent incrt solids to cssen-

ORI tialty zero. i
s « theincrease in s[udgcallrlbutab]u oy B
2| material Firmere o SHEN
e et 1o cell synthesis By
i = — + the decreasc in sludge gcncrauon 530
ermease enzyme h ‘
transport system capabibity because the cell l_u.cd the : 'i-,
substrate flor energy metabolism 3 &
e s the decrcase in sludge bcuaube of A ‘
cffluent losses. } ‘

The bacteria in aclivated sludgc
replicating from the wide variety of
materinls in wastewalers at a munici-
pal plant and scveral refinerics, pro-
vided an extensive data base for high-
sludge-age ASP operation over -the
FIGURE 3 : temperature range of about 10-30 °C.
Maintenance energy coefficient change Surprisingly, these data indicated that

the alpha was a constant having a
with t:nperature value of about 0.3 (COD basis). Beta

was o constant, linearly dependent '}
upoH temperature, as shown in F:gure g
J(COD basis). I
Perhaps it should not have been too
surprising 1o [ind that the ASP bio-
mass requires a constant amount of the -
substrate resource. The ccll formula is
reasonably constant, as is, cwdent[y, b
the cnergy requirement to construct
the cell. Since a common substrate |
resource supplies the cell material and
the energy to asscmble the intermedi-
ates into macromelecules, and then
directs their asscmbl'\gc into the
structure of the cell, a fixed amount of
substrate is used per unit mass of cell
material gencrated. The best measure
of mixcd substrates is the chemical
oxygen demand, and this is the link to.
the uniformity of the alpha value. -

CO: and other
metabolic by-products
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__ ’1 i l | S i i Pools, uptake, and gamma
; P YT 0.02 003 - 004 Cells contain pools of small molc-

Maintenance energy (beta) coefficient cules clearly important in growth
. grilpeia)con X (Figure 2). "Food materials pass.

through the pools, and whatcver reg-
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