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INTRODUCTION

In an operating bio -reactor used for waste

treatment, an indigenous bacterial population anses
which is unique from the standpoint of species
This parameters.  In bio

diversity. population

reactors treating a varable mixture of toxic or
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inhibitory wastes, bacterial diversity is reduced
by the increased selective pressure on the popula
tion due to the presence of selected waste com-
ponents, Reducing the tvpes of bacteria present,
can diminish the genetic pool of the reactor
population, and decrease the ability of the popula

tion to respond to changes in the environment

KOREAN J. SANITATION Vol. 14, No 1, 1999
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Table . Compilation of current supplementation reports

Bio- augmentation Effective

Test Setting Waste Tvpe Reference
- ) Yes No
Field Pharmaceutical X ey
Field Petrochemical X (2)
Field Refinery X (3
Field Refinery X 4
leld Municipal X )]
Field Dairy X (6)
Laboratory Dairy X (7
Laboratory Hazardous X (8)
Laboratory Synthetic X 9
Laboratory Chlorinated Organics X (10)

and/or waste (:oml)()siLion"‘ Because of the dimi
nished capacity for adaptation, biological hazar
dous waste tresument processes are often plagued
by upsets and are unable to degrade new com
stream.  DBio aug

pounds entering  the waste

mentation 1% the process of adding non inci
genous bacterial supplements to a bio-reactor for
the pumose of artificially increasing the hacterial
diversity and/or activity of the reactor popula
tion. Bio augmentation may increase the hiolo
gical diversity and activity of the population by:
Dadding bacteria with enzvmatic svstems which
allow degradation of previously non biodegrada
ble organics: or 2adding bacteria which  have
higher metabolic rates. Many  bacterial - supple

ments  are  available  commercially to  augment
existing populations of biological hazardous waste
treatment processes.

To date, no clear consensus has been reached
on the relative merits of bio-augmentation. The
purpose of this paper is to discuss and illustrate,
from cxperimental  studies, some of

with  data

the constraints hio augmentation  in - improving
biological treatment performance. Numerous pre
sentations, reports, and articles have heen deli

vered and published on the subject of bio aug

kg a8 7 143 18(1999)

mentation. The reported advantages of bio aug -

mentation are mixed. The merits of bio-aug
mentation have hbeen promoted most heavily in
trade  literature  and  conference  procecedings.
Relatively few articles on bio augmentation have
been published in referced journals. Generally,
those that have been published in the refereed
literature, are not supportive of the bio- augmen
tation concept.

from published

A compilation of findings

papers on  bio augmentation are presented in
Table 1. For each paper referenced, the location
of the testing, waste tvpe, whether or not trea
tment performance was enhanced by bio aug
mentation, and reference are given. Based on the

information presented in Tablel, enhanced bio

logical treatment performance has  heen  attn
buted 1o bio augmentation  for those studies
conducted under field conditions, while  those

studies  conducted in the laboratory have been
generally negative.

In summary, published results from  recent
rescarch dealing with the effectiveness of bacterial
supplementation  have been  inconclusive. How
cever, on the basis of literature review, a number

of criteria which may impact on the potential
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success of bio augmentation were identificd. These

criteria  are: 1) the viability of the  bacterial
supplements should remain high when added 1o
the indigenous reactor population: 2) once supple
ments are added  they should initiate biodegra
dation of the target compound rapidly, or degra
de compounds not degraded by the indigenous
population: and 3) added supplements should have
maintain  their

the necessary characteristics 1o

population in the reactor.

II . Materials and Methods

Laboratory studies were undertaken to inves
tigate the factors found important for supple
mentation success. The approach  and methods
used for these experiments are delincated briefly

in this scction.

1. Study Approach

For bio augmentation to he an  acceptable

option in cfforts increase  biological  treatment

performance,  bacterial supplements  added  must
remain viable after addition to indigenous po

pulation. In this study, a mass balance approach

was emploved to determine the survival rate of

selected supplements after they were added to
reactors containing indigenous  populations, Enu
meration of supplement  viability  was  performed
from plate counts which emploved strain specific

nutrient media. Results from these  tests were

verified using  cellular - Adenosine  Triphosphate

(ATP) analyses ind COD removal results.
Tests were conducted to determine the de
gradation capacity ol bacterial  supplements. A
spread plate growth test procedure was used to
supplements  studied.

analvze  and  screen  all

Selected  supplements identified  as promising

from the preliminary growth tests were further

rested using batch shaker flask COD  removal

Table 2. Waste characterization for blended TSI
wastewater during  the  experi
mental studies

used

Parameter

Concentration”
COD 100
TDS 12,000
1TSS 25
VSS 70
phenol 150
TOX 777 as (Cl
pll 74 pIl units
Cu 6.0
Ni 11
Cr 0.1
/n 0.2
¢ 16.0
total bacteria L1107/
viable bacteria 25100 CFUs/ne

Al concentrations are nomg v unless otherwise noted,

tests. On the basis of the spread plate screening
and the batch shaker flask COD removal tests.
further study of supplement acelimation (0 waste
constituents  and  environmental  conditions  was
warranted. Two conditions were studied: adapta

tion to waste constituents and lemperature.

The culture retention characteristics of supple
ments were investigated during the study, Re
tention characteristics such as growth rate, floc
size, and numbers of dispersed growth in su

pplement reactor effluents were quantified.

2. Study Methodology
The purpose of this section is o describer 1)
the nature of the waste studied: 2ithe bacterial

)

supplements — investigated; and  3) the  expert

mental protocol for the various tests.
2.1 Nature of Waste.

Wastewater for this studv was a blend of

individual waste streams obtained from a hazar

KOREAN J. SANITATION Vol. {4, No 1, 1999
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Table 3. List of hacterial supplements investigeated

Target C()mpounds Waste Level
Heavy Metal Al
Phenol B2 C 2
Chlorinated Organics BI3ICLFLF2FS3
Fats and Proteins A3
Hazardous Wastes D2
Industrial Wastes A2 D
Food Wastes C-1
Septage (O
General Wastes 1
Cold Weather Bl
Study Waste U 1
Soluble Starch U3 -2

dous  waste treatment, storage, and  disposal

facility(TSDE).  An

wastewater 1s presented in Table 2. The waste

analvsis  of  the  blended
was characterized by moderately high chemical
oxvgen demand(COD) concentrations(5,400mg’ ¢ ),
high total dissolved solids(TDS)  concentrations
(42.000mg’ ¢ ), and nearly ncutral pll. The phenol
concentration of the waste was 130mg/ ¢ . Total
organic halogen(TOX) concentration for the waste
was 77.7mg/ ¢ as Cl.

filtered waste(GE/C filters) ranged from 0.2mg/ ¢

Metals concentrations in
for Zn to 16mg/ ¢ for Fe. The blended waste
water had a viable bacteria count of 2.5% 10

colony forming units (CFL)/mé.

2.2 Bacterial Supplements Study

Based on the waste characteristics, a total of
16 bacterial supplements were recommended by
various manufacturers as being able to improve
degradation. Although the stated applications of
the supplements(Table 3.) did not always agree
with the nature of the waste, the manufacturers
maintained that the supplements would bhe able
to increase the biological activity of the reactor
waste.  TFor  confidentiality

treating the study

oigheldetal 2 Q1491 12 (1999)

pumposes, the commercial sources are not iden
tified by company name.

In addition to the supplements recommended
two non-commercial

by various manufacturers,

supplements  were  used  for comparative  pur-
poses. Non -commercial sources included: activated
sludge from a bhatch reactor which had been
treating the TSDEF wastewater for approximately
6 months, and activated sludge from a parallel
batch reactor treating a readily degradable starch
These

identified as UI3-1 and UB-2, respectively.

svithetic  wastewater. supplements  are

2.3 Experimental Protocol.

During the course of the lahoratory experi-
ments, various commercial and non -commercial
supplements were used to inoculate solid or liquid
media. The reconstitution procedures used  for
the various commercial supplements studied were
performed in accordance  with  manufacturers’
recommendation. Before use as inoculums for the
solid or liquid media, all supplements  studied
were washed in a centrifuge at 5,000 rpm for 3
minutes and resuspended in a phosphate buffer

solution. This procedure was performed three to
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prevent carrvover of auxiliary substrates.
“Acclimated populations” of commercial supple
ments were obtained from 1 liter acrobic, mixed,
batch reactors operated with 10 day THRT which
modeled the conditions used 1o develop U 1
and UB 2. The study waste was fed 1o the
reactors daily for a minimum 30 davs prior to
withdrawal of mnoculums. To mimmize potential
cross contamination hetween reactors, all reactors
were sealed. During the study, no wasting from
the reactors was conducted, other than incidental
solids  loss in the effluent and by sampling.
Average MLVSS concentrations in the range of
3,000 to 4.000mg” ¢

reactors.

were Uvpical for the batch

With the exception of the [’seudomonad cnu

meration, the solid Agar growth media used
during the investigations was nutritionally balan
ced with the study waste serving as the sole
carbon and encrgy source. Pseudomonads were
enumerated using  selective media plate counts.
Plates were incubated at room temperature which
averaged 22°C.

The hatch shaker flask COD removal studies
were performed in 250mf Erlenmever flasks, At
start up, 100m? of blended waste, 3mé
hate buffer, 0.3m0 of 10mg NI N/m¢
and  S0mt¢ of bacterial

placed in

of phosp
solution,
seed

prewashed were

cach flask. To keep the activated
sludge in suspension, the flasks were rotated at
200 mm  throughout the test. Sterile  cotton
stoppers were used o minimize cross contami
nation between flasks  contatmng  the individual
study supplements,

ATP

supplements when exposed to the study waste,

To  determine  the fevel  of  bacterial

the cells were washed three times, diluted to 7

mt and mixed with 20m¢ of the study  waste.

The mixture was oscillated at 200rpm and 2m¢
ATP

analvsis. Cellular ATP content was assessed as

aliquots  were  removed  periodically for

1002,

Triphosphate Method  of

per Standard  Methods No.6(Adenosine
determination o hio
mass'

Oxvgen uptake rate was determined using the
Warburg constant volume manometric technicue.
The TSDE biended wastewater was used as the
substrate during the oxvgen uptake rate studies
and comprised 200, by volume, of the reaction
Bacterial  inoculums  for  the

vessel  contents.

tests, obtained from the 1¢ batch reactors, and

freshly  reconstituted  commercial — strains were

diluted to a VOS5 concentration of approximately
1.000mg" v

To prevent crossover of auxiliary substrates, the

and made up the remaining  volume.

inoculums  emploved {or the oxvgen uptake rate
test were centrifuged at 5,000 rpm for 3 minutes,
and  resuspended  in phosphate buffer.  Each
moculum was washed three times.

Bacterial supplement growth rates were deter
shaker  flasks  oscillated  at

mined in o batch

200mpm at 25°C. Growth was quantified using

optical density measured  at a wavelength  of
HMOnm. Total and volatile suspended  solids, COD,
phenol. TOX, pIl, and metals measured during
the expenmental investigation were performed in
accordance to  procedures outlined in Standard

Methods'".

I. EXPERIMENTAL RESULTS

Presented in this section are the results (rom

the  laboratory  studies  conducted  during  the

investigation.

1. Culture Viability

Any culture chosen for bio augmentation must
contain a stable population. In this scection an
example of wviabilitv loss and its consequences
on degradation performance are illustrated. The
viahility of three bacterial supplements( Pseudo
3

monad Dbacteria, 1, £ 2, and was in

KOREAN . SANITATION Vol. 14, No 1, 1999
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Table 4. Viability of cultures -1, 19

2. and F 3 after addition to indigenous bacterial population

CIFUs added

CEFUs remaining Percent viable

Supplement . .
to reactor after two hours. after two Hours
Pl 7.0:10" 2 410" 0.03
2 1.9+10" 1.0x10" 0.50
I3 6.5410" 3.6x10" 0.06

Table b, Average effluent COD  concentrations  achieved  with

during bio augmentation

supplements £ 1, F 2, and '3

Supplement added

Effluent CODmg/ ¢ )

COD removal(Yo)

UB 1 1128
Ul 1 1,120
F 1 1,068
I 1 1039
F 2 1185
| 1142
F 3 L13S
I3 1173

774
77.6
8.7
8.8
76.3
771
7.2

76.5

vestigated using a mass  balance  approach. As
reported in Table 4, supplements I 1, F 2 and
F 3 were developed for enhanced degradation of
TOX. The supplements were enumerated nmme
diately upon and two hours after addition to a
batch bio reactor containing an indigenous  po-
pulation treating the study waste. To be con
servative, the indigenous population was assumed
Lo contain Pseudomonads  at the time of
The

per unit volume of reactor when added and two

no

addition. number of viable Pseudomonads
hours after addition are presented in Table 5.
Two hours after addition to the bio-reactor, less
0.5% of

were found to be viable.

than the added supplemental bacteria
To confirm the results of the species enu-
meration technique emploved, ATP analyses were
used to determine the viability of F 1, F-2, and
-3 when exposed to the waste, ATP is an in
termediate energy storage and transfer molecule

found in all living cells. Upon cell death, ATP is

oighel geta] 2 A147 18(1999)

rapidly lost, making it a suitable parameter for
measuring cell viability. As shown in Figure 1,
ATP

observed over the first hour after supplement

a rapid loss in the cellular pool  was
was exposed to the study waste diluted to 25%.
The rapid loss of cellular ATP during the first
hour. and the low levels reached by two hours
after addition support the viability results obtained
using plate counts.

The osmotic stress caused by the high dis
solved solids content(42g/ ¢ ) ol the study waste
was hypothesized as causing the rapid die off of
supplemental bactena. Consequently, no improve
ment of effluent quality would be expected from
the indigenous

addition of these bacteria  to

population. To further confirm this hypothesis,
bacterial supplements IF 1, F 2, and F-3 were
added dally to a balch reactor containing an
indigenous population for approximately 30 days.
During that time, effluent COD for parallel control

and supplemented reactor was measured and is
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after addition o waste.
presented in Table 5. No significant  difference
between the average effluent COD values was
achieved by bio augmentation using the P’seu

domonacls strains F 1 1F 2 and F 3.

2. Increased Biodegradation Potential
A variety of tests were used o assess  the

degradation  potential  of  the  bacterial  supple

ments. To establish some  baseline  for com
parison, two supplements developed. Supplement
UB 1 evolved during approximately 6 months of
daily exposure to the study waste constituents,
and thus served as an upper hmit control for
degradation potential  of indigenous  populations,
U 2

mately 6 months but was fed a soluble starch

Supplement also evolved over  approxi
svnthetic waste with no prior history of ex
posure to the constituents of the study  waste.
The initial inoculums for both UB-1 and UB 2
were from the Amherst, New York wastewater
facility  with  receives httle

treatment very

wastewater of industrial origin.

2.1 Spread Plate Screening Procedure.

A spread plate culture procedure was used to
assess the degradation potential of various supple
mental  bacteria as compared to the two In
digenous U supplements. Following  inoculation,
plates were incubated at room temperature of 2

2T and growth was quantified daily by visual

inspection. The results of the screening  pro
cedure are presented m Table 6. Only one group
B2 and B3

or better degradation  capacity

of bacterial  supplements(13 1,

exhibited  equal
than the UB 1 culture, Supplements A 1, A 2,
A3, D 1T and D 2 were similar in abilitv to the
culture UB 2 which as previously stated had no
prior exposure to the waste constituents, Supple
ments C I, C2 C3 Cd 1, F 1

[+ 3 showed less ability to degrade the study

2 and
waste than UB 2. Based on these results, one
would hypothesize that few of the recommended
supplements  would  perform better  than the
indigenous  population, and further, o significant
would  require

percentage  of  the  supplements

some  acclimation period to the waste  before

initiating  degradation.

2.2 L.iquid Culture Tests

Simple batch shaker flask COD removal studies
were conducted to further examine the degra
dation properties ol the bactenal  supplements.
As before, supplements UB -1, and U 2 served
asocontrols, Representative COD removal  versus
time plots are presented in Figures 2 and 3 for
supplements B 2 and C 1. The MLVSS of each
reactor was adjusted to approximately 1.000mg/ ¢
at  the nitiation  of  the test. As shown in
Figures 2 and 3, COD removal by culture I3 2
that  of UB 1

culture C 1 closely follows that of

closely  parallels culture while
removal by
U3 2.

The results of the batch tests confirm  the
preliminary results of the spread plate sereening
test and lend further credence to the fact that
some of the supplemental supplements suggested
by manufacturers require a period of acclimation

to the waste to be most effective.

2.3 Oxygen Uptake Tests.

To assess the effect of supplement acclimation,

KOREAN J. SANITATION Vol. 14, No 1, 1999
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Table 6. Relative growth of bacterial supplements on solid nutrient media containing TSDE waste as

sole carbon and energy source

[ncubation Time.(davs)

Supplement
1 2 3 4 D 6 7

LB 1 + [ ot ++++ et +4+
U 2 + +++ 44 +++ +4-
Al + ++ - +4+ ++++ ++++
A2 + -+ ++4 +-t+ + ++++
A3 + -t +4 4 e 4+
B 1 + —++ ++++ ~+++ +rtt+ -
B2 + 4 4t EERE 4k ottt
B3 + ++ +++ bt [ P4+
C1 !
C 2 +
C 3 + '
C4 + t 4 -~ + ~+
D1 + Fbt +++ ++++ -
D2 4 - +++ ++ +4 4 bt
E-1 ++ +++ +++
F 1 -~
F 2 + +
F3 +

Kev to growth indication

Indicator Description
no visible growth.
+ very sparse growth.
+t dispersed colonies or very light plaque.
-t greater than 10 CFUs/er or moderate plaque.
R greater than 10 CFUs/em or heavy plaque.
R many colonies or very heavy plagque formation.

both to the substrate and temperature, on the
rate of study waste degradation, oxvgen uptake
rate studies were performed. A pair of typical
oxygen uptake curves obtained during this study
for & consortium of the B supplements identified
as 3= are presented m Figure 4. The waste
acclimated culture demonstrated a  significantly
higher oxygen uptake rate(slope of the curve)

than the freshly reconstituted culture at 25C. A

thate) A atal 2 A4 18(1999)

summary  of the oxygen uptake rates for addi
tional waste acclimated and unacclimated supple-
ment consortiums are presented in Table 7. In
every case, the acclimated consortiums had an
increased  oxygen uptake rate, indicating an
increased rate of hiodegradation.

Because under normal bio augmentation pro
cedures, non waste acclimated supplements will

be added to an existing indigenous population, it
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Fig. 3. COD removal by C 1 as compared o
U3 1 and UB 2 in batch flask test.

1s also instructive to compare the oxvgen uptake
rates  of the non acclimated consortiums  and
indigenous  population represented by U3-1. In
all cases, but especially for the A-* consortium,
the indigenous  population  exhibited &  higher
oxvgen uptake rate. The effect of temperature
acclimation on supplement I3 1, specifically in
tended to ad biodegradation under reduced tem
perature was assessed using oxvgen uptake rate

data. One sample of 3-1 was reconstituted at 2

Table 7. O uptake rates for study waste acclimated

In Improving Performarces of Biclogical Treatment Process 111
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Fig. 5. Comparson of oxyvgen consumption curves
at 100 for temperature acclimated and
non temperature acclimated B- 1 supple
ments with no previous exposure to the
study waste.

4T and reduced in temperature by 2T /day until
reaching the test temperature of 10T, During
temperature ramping, the 31 was exposed only
to the nutrients present in the reconstitution
media, and thus was unacclimated to the study

waste  constituents. The other sample of B 1

and non acclimated bacterial supplements

Rate, mgOy'g VSS/hr

Supplement —- —
Acclimated - Non- Acclimated
UnB-1 1.20 . NA.
A7 0.41 0.37
B 2.98 0.91
D 1.17 0.90

KOREAN 1. SANITATION Vol. 14, No 1, 1999
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Table 8 O, uptake rates for non acclimated

supplements at 10°C

Supplement Rate, mgOv'g VSS/hr
T T 021
B-1 0.008
B-2 0.003
B3-3 0.013
D1 0.014
D2 ooor
was  reconstituted  at 24C  two  hours  before

testing, and had no prior cxposure 1o the waste
constituents or cold temperatures. These fatter
conditions are representative of expected field
application conditions. Uptake rate studies were
performed on both supplements at 10T,
Supplemental bacteria exposed gradually hacteria
exposed gradually to reduced temperatures had a
much higher oxygen uptake rate than the f{reshly
reconstituted culture as shown by Figure 5. In
fact the freshly reconstituted sample of 13-1 had
no measurable oxygen consumption when exposed
o the waste constituents and reduced tempera
tures for the first time. As shown in Table &,
this result also was obtained for other supple
ments which were known to degrade the waste

under acclimated conditions,

3. Population Retention
For bio-augmentation to be an  economical
added

characteristics which allow their special traits to

alternative, supplements  must  have
be transferred to bio-reactor. Two mechanisms
for this transferal are a physical presence of the

added

genetic coding from the non -indigenous to the

bacterial supplement or a transfer of

indigenous  strains. For the purposes of this

only factors which affect the physical

paper,

presence of added supplements were investi-

gated. Traits deemed important to the population

&4 A A4 135(1999)

0.5

0.4

0.3

0.2

Growth rate(Vhr

0.1

] 26 40 60
Percent waste(V/V %)

Fig. 6. Growth rates of supplements UB-1 and
B-# consortium as a function of percent
waste.

retention were supplement growth rate, floc size,

and degree of dispersed growth.

3.1 Growth Rate Studies

Growth rate studies werce performed with the
B+ consortium and supplement U 1. Presented
in Figure 6, is a plot of the specific growth rate
of UB'1 as compared to B-* as a function of
waste concentration. Both supplements responded
in a similar manner 1o the waste with an
increase in specific growth rate until a limiting
limit concentration, after which point a toxic
response was observed. At high percentages of
study  waste, no growth was observed. Signi
ficant differences observed between the growth
characteristics of th two supplements were: 1)
the U3 1 population has a higher growth rate
than that exhibited by BB * throughout the entire
concentration range investigated; and 2) UB 1
was more resistant to the toxic effects of the
waste constituents at the higher waste percen
tages. Thus, under a competitive growth scenario,
the UB 1 population would outcompete the B =
consortium, and repetitive  additions  of  the
supplements represented by the B-* consortium

would be necessary to maintain 3,

3.2 Formation of Settleable Flocs.

The ability of the bacteria to form settleable
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Table 9. Microscopic ohservations of hacterial supplements,

Supplement Ave. diameter(microns) Dispersed bacteria (per milliliter)
(1 BT 310°
A2 10 210"
B 1 10 110"
B2 20 910"
D1 =10 210"
D2 20 710"
aggregatestlocculate) is an important  require

ment when selecting a o culture for bio aug

mentation.  Destabilization of the biofloc is a
common occurrence in bio reactors treating in
dustrial and hazardous wastes. The presence of
many  non -settleable  bacteria - will  cause  the
effluent to he cloudy and of poor quality. Fur
culture  does  not

thermore, if a  supplemental

flocculate, it may  wash out of the system,

necessitating  frequent  dosing  to maintain - the
desired reactor population.

To assess the flocculent nature of the com
mercial  supplements, the average floc sizes of
the supplement consortiums able to degrade the
wasle were quantified. Floc sizes of acclimated
consortiums obtained from the 10 batch reactor

were  determined by microscopic  observation.
The effluent concentrations of dispersed bacteria
from the same 14 reactors were assessed using
a hacterial counting chamber at 1,000 magni
floc  sizes and  effluent
of the
Table 9. All of the

commercial  supplements tested  exhibited  signi

fication. The average

dispersed  bacteria per  m! supplements

tested  are presented  as
ficantly smaller floc particles, and higher cffluent
dispersed bacterial counts than UB 1 population
which served as a haseline for comparison, The
inability to flocculate and the accompanving high
number of bacteria in the effluent would lead to
a high loss of supplemental bacteria from the

reactors.

IV. DISCUSSION OF RESULTS

Based on experimental results of this inves
tigation, the hypothesis that a number of sclected
factors affect the utility  of  bio- augmentation
was confirmed.

The importance of viahility after supplement
addition to an indigenous population was demon-
strated  with bacterial  supplements  targeted  for
enbanced  degradation  of  chlorinated  organics.
Using a mass balance approach the viability of
sclected  supplements added  was  shown to be
minimal two hours after addition to the indi-
genous population. These results were confirmed
using cellular ATP analvses, Obviously, of added
supplements are not able 1o survive under the
operating  conditions of the reactor, thev have
little chance in enhancing the performance of the
biological process. This expectation was confir
med by comparing the effluent COD values from
the supplemented and non supplemented reactors
in which there was no significant difference be
tween the supplemented  and non supplemented
reactors.

If the supplements remain viable after addition
to the indigenous population, a necessary trait of
supplemental bacteria is that they should enhance
the degradation capacity of the reactor when
compared to the existing indigenous population.

During the course of the spread plate growth
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and batch shaker flask COD removal experi
ments, none of the hacterial supplements studied
performed better than the indigenous  population
and in many cases did not perform as  well,
especially during  the initial phases of the test
Acclimation of the supplements to the  study
wasle constituents and environment were hypo
thesized to be important factors in the inter
pretation of these results.

To test this hypothesis, oxygen uptake studies
were  conducted  with  waste  and  non -waste
acclimated and temperature and non- temperature
acclimated bacterial supplements. Significant di
noted

non acclimated supplements. Cultures neither accli-

fferences  were between  acclimated  and

mated to the waste or depressed temperatures

exhibited no measurable oxvgen uptake. These
results are very important in  assessing  the
feasibility of bio -augmentation because  under

typical field application conditions, unacclimated
added to

Under  these

bacterial  supplements  would  be an

indigenous  population. conditions,
one may conclude that it is likely that little or
no positive effect would be through bio- aug
mentation.

It is also important to note that even when
bacterial  supplements  were  acchmated  to  test
conditions they did not perform better than the
indigenous population. This result raises further
questions about the utility of commercial supple
ment when compared to an indigenous popula
tion.

The importance of population retention factors
such as growth rate, floc size, and numbers - of
dispersed effluent  bacteria  were  investigated.
The specific growth rate of the indigenous popula
tion(UB-1) was greater than that measured for
the supplements. In addition, because the floc
size for the supplements was smaller and the
number of dispersed bacteria was greater, one

may conclude that the non-indigenous supple

et st A Al 13(199)

- Jong Hwa Lee

ments would be at a competitive  disadvantage
over the indigenous population. Therefore, even
of the supplements provided enhanced treatment
potential, frequent dosages of supplement  would
be required to maintain the presence of  the
desired population which would reduce the cost

effectiveness of bio augmentation.

V. CONCLUSIONS

A number of factors thought to be important
in determining the potential of bacterial supple-
mentation  were investigated using  a  specific
waste from a hazardous waste TSDF and bactenal
supplements  recommended  for the wastewater
treatment field by the commercial distributors,

Most supplements recommended for the study
waste were mot able to initiate degradation of
the study waste without a period of acclimation.
Jarameters such as supplement  viability, accli
mation, and population retention are important.
The population UB 1, which modeled an ex-
pected indigenous population, performed as well
as any commercial supplement. The population
UB-2 which had on prior history to the study
waste performed as well as some of the recom-
mended commercial supplements. The feasibility

of bio- augmentation is uncertain.
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