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Abstract

The availability and use of so-called “biosupplements” (or biological “catalysts”) in wastewater treatment systems has increase
significantly in recent years. The effectiveness of adding either live cultures of micro-organisms produced commercially (or
enzyme products from such cultures) to systems which naturally develop mixed and complex populations of many different micro-
organisms (e.g. activated sludge) may be questioned. Comparatively few studies have been published in which the commercially-
produced cultures have been tested under controlled conditions. This study was aimed at conducting a controlled study of one
“liquid live micro-organism” (LLMO) product in a nitrification-denitrification biological enhanced phosphorus removal (NDBEPR)
activated sludge system. The product was marketed by the supplier for its ability to reduce sludge production in acgjeated slud
systems. Using two parallel pilot-scale NDNEPR activated sludge systems operated in parallel under identical conditittms, one wi
and one without the addition of the LLMO product, this study found no evidence to support the supplier’s claim for the product.
Two experiments were conducted: one in which the LLMO product was dosed in relatively large amounts without prior aerobic
activation, and one in which activation was carried out aerobically for 24 to 36 h, as specified by the supplier. Forino¢éimespe
satisfactory mass balances for the systems could be shown, but no statistical difference in sludge production was ghiserved, des
dosing at least ten times more product than that specified by the supplier for typical full-scale applications. Perfaimdase of

and control systems was also virtually identical in all other respects.

Introduction lation was detected in either the control or augmented laboratory
reactors, it was concluded that the commercial biocatalyst is
Biocatalysts (or so-called biosupplements) have been marketaalikely to improve the performance of the digestion process
and used in wastewater treatment processes for a number of y€Kize and Ang, 1992).
with varying degrees of success. According to Koe and Ang In activated sludge systems, there have been commercially-
(1992), results from the commercial application of sucloriented reports of bacterial cultures or mixtures of cultures
biocatalysts, particularly in wastewater treatment systems facimgnich could be useful in improving biodegradation of specific
operational problems, have tended to be positive. Howevearget effluents. For example, particular attention may be di-
laboratory research investigations have often contradicted thaseted to situations where consistent nitrification is the objective,
results and many researchers have concluded that no significhat has proved difficult to achieve in cold climates. The addition
improvement in process performance can be achieved withh pure cultures of nitrifying organisms was reported to signifi-
biosupplementation (Kunst, 1989; Koe and Ang, 1992). cantly improve nitrification within 10 d (Anonymous, 1991).
On the simplest level of wastewater treatment process&imilarly, Glancer et al. (1994) cited the use of denitrifying
some manufacturers claim that bio-enhancement technology aamanismsMoraxella and Corynebacteriumfor improving
improve the performance of oxidation ponds (Ascough, 1997)enitrification on a full-scale biological nutrient removal acti-
Other products use either enzymes or live bacterial cultureswated sludge plant in Salzburg (Austria). Glancer et al. (1994)
accelerate degradation of fats, greases, proteins and carbohlgo cited the use of a mixed culture containing the yeast
drates (including cellulose) in structures such as septic tankgjchosporon which produces increased amounts of the enzyme
pipes, greases traps, and sumps (Jagel.,, 1989; Mylie, 1990; peroxidase, for accelerated degradation of complex refractive
Beams and Burns, 1991). Koe and Ang (1992) investigatednaolecules such as lignins, and mixed cultureBsgudomonas,
biocatalyst which had reportedly improved performance of fullFlavobacterium andBacillus spp for improved biodegradation
scale anaerobic digesters. They identified the bacterial flodd arylsulphonic acids (used as auxiliaries in tanning, paper and
present in the biocatalyst and found that, with the exception t#xtile industries). However, a criticism of the work of Glancer et
certain strict aerobes, all were facultative anaerobes (typically. (1994) may be that the use of suitable controls was not
acid-forming fermenters) which were shown to exist as part oéported. Potentially, this may be a common error in research
the natural bacterial flora in a normal anaerobic digester withowthere a number of variables could influence the observed result.
biocatalyst addition. Since no significant shift in bacterial popuvansever et al(1997) drew attention to the need for controlled
experiments when investigating the potential effects of supple-
ments to activated sludge systems. Since it is rare to have
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silicates as principal constituents (by mass) along with magnage of 10 d. The reactor configuration was as follows: anaerobic
sium sulphate, calcium phosphate and manganese sulphdfg\) reactor (&); anoxic (AX) reactor (4); first aerobic (AE1)
Vansever etal. (1997) concluded thatimproved sludge settleabilitgactor (10¢); second aerobic (AE2) reactor (¥ clarifier
lower effluent COD and stimulated nitrification resulted from thg2.5¢); target influent flow rate (9= 364/d ; s-recycle ratio from
addition of the supplement to laboratory-scale aerobic activatethrifier to AN reactor = 1:1; a-recycle ratio from AE2 to AX
sludge systems with synthetic wastewater (based on powderedctor = 3:1. The influent consisted of settled sewage pumped
milk) or industrial wastewater as influent. Since both types dfom the balancing tank at Darvill Wastewater Works (WWW) in
influent were balanced in mineral nutrients, Vansever et dietermaritzburg (South Africa). Batches of sewage (L@@&re
(1997) found it unlikely that the effect of the supplement woulgrepared every second day, stored at 4°C and served as common
be primarily due to the addition of N, P or trace elements. Instedded to both Unit R1 and Unit R2. Each sewage batch was
they drew attention to the large part of the COD in the supplemeamigmented with the following constituents: sodium acetate (100
being in particulate form which could constitute a nucleus fang# as COD); magnesium chloride (84 mg Mg/ g COD as
aggregation, thereby improving flocculation. Vansever et ahcetate added). In some cases, sodium bicarbonate was added for
(1997) did not draw specific attention to the high content adlkalinity supplementation (100 nigas CaCQ) in order to
ferrous ions in the supplement. In an aerobic system, rapidaintain a median pH in the test units in the range 6.9 to 7.4. In
oxidation of the ferrous ions to ferric form may be expecte@xperiment 2 only (see below), phosphate was added to the
(Singer, 1972). The chemical coagulation properties of ferriafluent (common to both units) at a concentration of 10 @B/
ions are very well known in water and wastewater treatme#t,HPO).
systems, and the doses used by Vansever et al. (1997) amountedrlhe reactor and clarifier interior surfaces were brushed every
to approximately 4 mg Fg/which would be significant as a day and the appropriate volume of mixed liquor {Bv2as wasted
simultaneous precipitant in an activated sludge system (edgily from the AE2 reactor to maintain a sludge age of 10 d.
Yeoman et al., 1988; De Haas et al., 1996). Oxygen uptake rates (OUR) were measured in the AE2 reactors
The aim of this paper is to present the results of an eight-webi means of OUR meters (Randall et al., 1991). The air supply to
trial in which a commercial biosupplement was tested at a pilbbth aerobic reactors was controlled so that the air pumps
plant in a biological excess P removal (BEPR) activated sludgavitched on at a dissolved oxygen (DO) concentration of 3.0
system. This particular biosupplement was selected since it wag# and switched off at a DO of 5.0 migApproximately once
claimed by the supplier to be useful in reducing sludge producti@nfortnight, the mixed liquor of both units was passed through a
in activated sludge systems (Becker, 1997; Dorfling 1998sieve (kitchen type, with a mesh size of ca. 0.5 mm) to remove
BEPR activated sludge systems (i.e. incorporating an anaerohimps from the mixed liquor which otherwise may have caused
reactor) are known to produce greater quantities of both volatidockages of the pipework in the system (dia. <5 mm in some
and total suspended solids (VSS and TSS) than conventiopddces). In some cases, whitish lumps were caught on the sieve
activated sludge systems, on a comparative basis (Wentzel etahd identified mainly as dense colonies of the protoxtati-

1990). cella; in other cases, blackish lumps were found to contain larvae
of pyschodid fliesThe mixed liquor was always saved in such
Materials and methods cases and returned after the reactors had been washed. Pump
tubing lines were cleaned daily by means of squeezing or brush-
Pilot plants ing.

Figure 1 shows a layout of the pilot plants. Pilot plant Unit R1
Two identical units (R1 and R2) were set up in the three-stagerved as the test system (dosed with biosupplement), while Unit
Phoredox configuration and operated at 20 (1) °C, with a sludé®®2 served as the control.

Pilot plants

Biosupplement
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Biosupplement

or not a full-scale trial at more realistic doses should be at-

tempted. The daily protocol for this experiment was as follows:

The product tested in this study was LLMO-S1 supplied by
Amitek Environmental EngineeringBecker, 1997; Dorfling, *
1998). LLMO denotes “live liquid micro-organisms” (Becker,

Two 14 glass beakers served as activation vessels. These were
“activated” on alternate days, so that on any given day, one

1997). This product is described by the supplier as consisting of served as the source of activated mixture for dosing to the

“bacteria specially selected for their ability to produce extracel-
lular enzymes”. According to the supplier, these extracellular

pilot plant, while the other was undergoing activation for 24
to 36 h.

enzymes serve to solubilise colloidal and particulate material #n  To activate each batch, 7% ilLMO-S1 and 35 mh“activa-
sewage/activated sludge systems and hence to reduce sludgetor” solution were added to 390¢{mof tap water, and the
production. It is claimed by the supplier that many bacterial mixture was aerated for between 24 h and 36 h. Aeration was
species produce extracellular enzymes in appreciable quantities carried out at room temperature (20 + 2°C) using an aquarium
while growing and reproducing in the presence of soluble substrate; air pump via a small ceramic diffuser stone.

it is claimed that bacterial starvation induces greater productien After 24 h aeration, 1.5 #mof the activated mixture was

of the enzymes required. The starved bacteria are then activatedwithdrawn and dosed at once to the anaerobic reactor of Unit
by means of the addition of nutrients, and aeration for 24 to 36 h R1. After a further 8 to 12 h aeration (i.e. total 32 to 36 h
at room temperature (Becker, 1997). The active bacteria are then aeration), a second aliquot (1.5)nof the mixture was
added to the wastewater treatment system, where the effects of withdrawn and dosed to the same reactor of Unit R1. On
the enzyme may be exerted. weekends, 3.0 fof activated mixture was dosed in the same
manner, but only once per day (i.e. after 24 h activation).
After dosing the required aliquot(s) from an “activated”
batch, the remainder of the batch was discarded and a new
activation cycle commenced the following day, as described
above.

Experiments using biosupplement .

Two experiments were conducted using the AMITEK LLMO-S1

product.
In Experiment 1, the product was added to Unit R1 in large

excess of the required dose. In this experiment, the LLMO-SIeasurements

bacterial product was exposed to nutrients during the 24 h

“activation” stage but in th@bsence of aerationHence, for OUR was measured automatically, as described by Randall et al.

Experiment 1, the protocol used was: (1991). Flow rates were recorded daily and the pump speeds

adjusted accordingly to achieve average flows of/h.&+ 0.05)

e 400 M LLMO-S1 (bacterial product) and 10Q fiactivator”  as far as possible.
(nutrient solution), both supplied Bmitek (Johannesburg) All chemical and physical parameters measured were in
were initially added to 2 of tap water in a 3 glass reactor accordance witlstandard Method§1985). The only exceptions
termed the activation tank. were: dilute sludge volume index (DSVI), which was measured

« The mixture was gently stirred for 24 h at a temperature of 2&cording to Ekama and Marais (1984); and COD, which was
(x2)°C without aeration. measured both by the open reflux metho&iandard Methods

« After 24 h, 400 mof the “activated/ unaerated” mixture was(1985) and a microwave digestion method, followed by auto-
dosed to Unit R1 (anaerobic reactor). Dosing took place overated potentiometric titration (Slatter and Alborough, 1990). It
23 h by means of a slow feed system using a Gilson peristalti@as found that the open reflux method gave poor recoveries (56
pump fitted with tubing of suitable diameter. to 66%) of sodium acetate COD, both from pure solutions and in

» Every second day, the activation tank was refilled with 640 nadmixture with settled sewage, possibly due to the reflux con-
tap water, 128 ALLMO-S1 and 32 rh“activator”, while 400 denser length (50 cm) being inadequate. Better recoveries (90 to
m¢ of the mixture was withdrawn every day and dosed into thE05%) were obtained by the microwave method which uses
Unit R1 (anaerobic reactor). closed reflux in teflon pressure vessels (De Haas, 1998). In

e This procedure amounted to dosing 400dnof “activated/ summary, the parameters routinely measured were:
unaerated” product consisting of 64/dhLLMO-S1 and 16
m¢/d “activator” (nutrient) solutions, and the balance tap
water. It was estimated (Becker, 1997), that this represented
an excess of approximately 1400-fold of the required dose of
LLMO-S1 product for full-scale operating plants, based om
the normal method of activation with aeration.

Chemical oxygen demand (COD) (influent, effluents)
Total Kjeldahl Nitrogen (TKN) (influent, effluents)

Soluble reactive phosphate (SRP)

Total phosphate (total P) (effluents and filtered AN, AX,
AE1, AE2 reactors)

¢ Soluble ammonia (influent and effluents)

In Experiment 2, the normal procedure was followed for thee
activation of the LLMO-S1 product under aerobic conditions (i.e.
with aeration) in the presence nutrients (i.e. “activator” solu-»
tion). Due to the relatively small scale of the pilot plants (Fig. 1),

for this experiment it was decided to dose ten times the amount

of LLMO-S1 compared to that required for full-scale operating

Soluble nitrate (effluents, filtered AN, AX, AE1, AE2 reac-
tors)

Mixed liquor suspended solids (MLSS) and volatile sus-
pended solids (VSS) (mixed liquors)

DSVI (mixed liquors)

pH (in AN, AE1, AE2 reactors)

plants (Becker, 1997). In this manner, a more practical daily dose Oxygen uptake rate (OUR) (AE2 reactor)

volume (3.0 nid) was applicable to the pilot plants. Moreover,

it was anticipated that the higher dose would exaggerate apylimited number of samples of batches of “activated”
effect which the product might have on sludge production in thsiosupplement mixture were analysed for COD, TKN and total P.
pilot plants, and hence allow an assessment to be made of whether
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TABLE 1
SUMMARY RESULTS FOR EXPERIMENT 1.
BIOSUPPLEMENT (LLMO-S1) WAS DOSED TO PILOT PLANT UNIT R1; UNIT R2 WAS THE CONTROL.

INF = INFLUENT; EFF = EFFLUENT; f=FILTERED; AN = ANAEROBIC; AX = ANOXIC; AE1 = FIRST AEROBIC; AE2 = SECOND

AEROBIC REACTOR; N = NO. OF OBSERVATIONS; SD = SAMPLE STANDARD DEVIATION; MIN. = MINIMUM; MAX. = MAXIMUM.
ALL RESULTS IN mg/ ¢, UNLESS OTHERWISE INDICATED.
Determinand n Mean Min. Max. SD n Mean Min. Max. SD
R1 R1 R1 R1 R1 R2 R2 R2 R2 R2

FLOW, ¢d * 46 35.8 33.8 37.4 0.7 47 36.2 33.8 37.7 0.7
COD, INF a7 366 191 544 78 47 366 191 544 78
COD, EFF 47 49 28 88 11 a7 47 26 70 9
TKN, INF a7 27.1 20.0 37.8 4.2 47 27.1 20 37.8 4.2
TKN, EFF 47 3.3 2.0 7.27 1.43 47 3.4 2.0 7.58 1.54
SRP, EFF 46 1.60 0.12 7.30 1.80 46 0.86 <0.1 5.65 1.18
NH,-N, EFF 46 0.53 <0.5 3.28 0.62 46 0.38 <0.5 2.64 0.43
NO,-N, EFF 46 8.11 3.15 13.70 2.56 46 7.22 2.87 13.00 2.47
fNO,-N, AN 18 <0.5 <0.5 0.5 - 18 <0.5 <0.5 <0.5 -
fNO,-N, AX 18 4.55 3.04 6.52 0.98 18 3.89 2.29 6.09 1.06
f NO,-N, AE1 18 7.90 4.59 12.10 2.05 18 7.11 4.15 11.70 2.03
fNO,-N, AE2 18 8.24 4.72 13.10 2.23 18 7.52 4.10 12.60 2.20
MLSS, mg! 46 1316 983 1660 161 46 1283 1003 1682 165
VSS, mgf 46 923 660 1188 123 46 910 642 1208 125
DSVI, m/g 45 304 74 791 224 45 273 77 624 172
OUR, mg/¢-h)| 58 11.07 7.86 14.78 1.73 57 11.77 7.86 15.86 1.96
Temp., °C 58 19.4 18.5 20.8 0.4 57 19.5 185 21.8 0.5
pH, AN 40 7.24 # 6.96 7.47 - 40 7.19 # 7.00 7.51 -
pH, AE1 40 7.31 # 7.04 7.56 - 40 7.28 # 7.06 7.51 -
pH, AE2 40 7.48 # 7.08 7.69 - 40 7.48 # 7.21 7.63 -

# denotesnedianin place of mean.

* Flow to R1 was corrected for volume of biosupplement mixture dosed (i.¢dCsdbtracted).

Results and discussion increasing trend through the experiment (Fig. 2). This may have
been due to a gradual increase in the influent COD from the
Experiment 1 Darvill WWW settled sewage, which typically occurs at the

transition from the wet season (summer, ending April) to the dry
Experiment 1 was conducted over an eight-week period fromsgason (winter, commencing May/June) at this works. The ob-
April to 12 June 1997. During the preceding period extendingerved trend in influent COD (Fig. 2) shows that this was the case.
over six months, the pilot plants had been operated using the sameDespite the indication from mass balance data that steady-
influent composition, although small differences may have arisestate conditions had not been completely achieved, it is permis-
due to variations in the source settled sewage from Darviible to compare the results for sludge production (VSS and TSS)
WWW. since the two units were operated in parallel under identical
The results for Experiment 1 are given in Table 1. Theonditions. From the results in Table 1, it can be seen that the
nitrogen mass balances for this experiment were acceptabperformance of the two pilot plants (Unit R1 and R2) was
110% for Unit R1 and 108% for Unit R2. The COD mass balancedrtually identical with respect to all determinands. The MLSS
for this experiment were 72% and 74% for Unit R1 and Unit Rand VSS of Unit R1 was slightly greater than that of Unit R2, but
respectively. The COD mass balances were <100%. This couldthe differences were small, namely 33 é1gLSS and 13 md/
partly due to the fact that OUR was only measured in the secod8&S, respectively. This represented <3% of the mean MLSS and
aerobic reactor, and the same OUR was assumed to apply to #&S. The differences between the mean MLSS and VSS in the
first aerobic reactor for the purposes of the mass balance caltwe units were not statistically significant at the 95% confidence
lation. The UCTPHO model of Wentzel et al. (1992) was used tevel when tested using the “Student t” method. Nevertheless, it
estimate the OUR in the first aerobic reactor. The model pré& possible that the slightly greater COD load imposed by the
dicted that the OUR in the first aerobic reactor to be approxbiosupplement mixture dosed to Unit R1 may have contributed to
mately 50% higher than that in the second aerobic reactdhe slightly greater VSS and MLSS production in that unit.
Applying this correction to the mass balance calculations im- The COD of the activated LLMO-S1 biosupplement mixture
proved the result to between 83% (Unit R1) and 85% (Unit R2vas measured and found to be approximately 453. riibis
The failure to achieve complete mass balance further suggestpresents an additional COD load of approximately 182 mg/d.
that true steady-state was probably not achieved during tléssed on an assumption of 13% unbiodegradable particulate
experimental period. The VSS concentrations showed an over@DD and an unbiodegradable soluble COD fraction of 25% (high
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Biosupplement : Experiment 1
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due to the apparent presence of molasses in the “activator”

solution), and using the steady state calculations described TABLE 2
by WRC (1984), it may be estimated that this additional SUMMARY RESULTS FOR SELECTED DETERMINANDS FOR
COD load would contribute approximately 12 mgddi- PHASE 1 (13/1/98 TO 10/2/98) OF EXPERIMENT 2
tional VSS to a system with a 10 d sludge age and a progess .
volume of 32¢ The observed difference in mean Vs Dterminand Mlgim SR? Mg‘;‘n i’;
between the two units was 13 mhdTable 1), which
correlates well.
Similar to the additional COD load, the biosuppleme nlnfluent COD (mgf) 329 98 329 98
. . X OUR (mgt-h) 10.97 1.46 11.10 1.24
mixture appeared to contribute slightly to the phosphat
. . e . LSS (mg)) 1400 68 1408 102
and nitrogen loads of Unit R1, judging from increases p

approximately 0.8 mgPand 0.9 mgN/in the mean efflu- SS (mg) 970 50 o7t 56
ent SRP and nitrate concentrations respectively (Table [T .
The DSVI in both Unit R1 and Unit R2 was high durin SS_R'Sgﬁgfg (;Jg\'i?:ﬁeo:]ate
Experiment 1 (Table 1). This indicated that a sludge with a”
tendency to bulk emerged in both units. The problem was
slightly worse in Unit R1 than Unit R2, judging from the DSVItions (seeMaterials and Methods). The activation step for the
data. However, sludge carryover into the effluent did not occur iosupplement was, however, conducted to the supplier's speci-
either unit since the clarifiers continued to function satisfactorilfications, under aerobic conditions for 24 h to 36 h.
at the relatively low MLSS concentrations which prevailed in the Phase 1 of Experiment 2 extended over the first month (13
systems. January to 10 February 1998). During this period, the mixed
In summary, Experiment 1 showed that the biosupplement liguor total P content showed an increase, due to the development
high doses (developed without aeration during activation) had 6 the biological excess P removal capacity of the systems, in
beneficial effect on the operation of the test pilot plant, relativeesponse to the relatively high acetate content of the feed. This
to the control. The observed differences were either too small pbenomenon is well described for modified activated sludge
be statistically significant, or could be attributed to the additionalystems (Wentzel et al., 1988). The increased P content of the
carbon or nutrient load posed by the biosupplement-activatmixed liquor would have contributed toward the small increase in

mixture. MLSS noted for Phase 1 of this experimental period (Fig. 3).
However, by the end of this period, the MLSS and VSS concen-
Experiment 2 trations were tending toward stability. No differences were noted

in the trends for MLSS and VSS concentrations between Unit R1
Three weeks prior to the commencement of Experiment 2, bosimd Unit R2 for Phase 1 of Experiment 2 (Fig. 3). The mean
pilot plant units had been seeded with activated sludgé &6 concentrations and standard deviations for this period are given
unit) from the aerobic area of the Darvill WWW full-scale plantin Table 2. Similarly, no significant difference in OUR was noted
Experiment 2 was conducted over a ten-week period from I8r this period (Table 2).
January 1998 to 27 March 1998. The dose of biosupplement The biosupplement LLMO-S1 had been dosed throughout
LLMO-S1 was much smaller than that used in Experiment 1, b&thase 1 of Experiment 2, as described urMaterials and
still ten times greater than that expected for full-scale applicéethods. However, in order to rule out any bias which may have
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Biosupplement: Experiment 2, Phase 1
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developed in the pilot plant units as a result of the seeding aofithe influent COD. Figures 4 and 5 show that VSS and MLSS
mixed liquor development, at the end of Phase 1 the mixed liquaresncentrations followed a trend in response to the trend in
from the two units (R1 and R2) were pooled, mixed and equallgfluent COD concentration, but delayed by approximately 10 d
re-divided between the two. The ensuing six-week period cons(one sludge age), as would be expected. The other factor influenc-
tuted Phase 2 of Experiment 2. ing MLSS concentrations would have been bio-P removal. Al-
Phase 2 of Experiment 2 extended over the six weeks from tibugh the bio-P removal processes respond relatively quickly to
February until 27 March 1998. Throughout this period, Unit Rthanges in influent composition (Wentzel et al., 1990), the total
received biosupplement addition, as described uktigerials P content of the mixed liquor will also be subject to sludge
and Methods. wasting from the system; that is, a delayed response to changes
Fairly stable concentrations of MLSS and VSS were observénl influent COD may also be expected for the MLSS due to this
in the pilot plants during this period (Figs. 4 and 5). The mostffect (Figs. 4 and 5).
probable sources of variation in solids concentrations in the units Comparing the relative responses of Units R1 (with
were changes in the influent COD concentration (Fig. 5) arsiosupplement) and R2 (without biosupplement) in Figs. 4 and 5,
composition (not determined), arising from changes in the souritemay be seen that the two systems behaved almost identically.
sewage reaching Darvill WWW. During summer (e.g. the montfihis was expected since the systems had a common sewage
of February 1998 - see Fig. 5), this works often receives source and were fed at closely similar flow rates. These results
significant ingress of rain water and groundwater due to problerivaply that the biosupplement had no observable effect on sludge
in the city's sewer reticulation system, which results in dilutioproduction in the test system.
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TABLE 3
SUMMARY RESULTS FOR EXPERIMENT 2 (PHASE 2).
BIOSUPPLEMENT (LLMO-S1) WAS DOSED TO PILOT PLANT UNIT R1; UNIT R2 WAS THE CONTROL.

INF = INFLUENT; EFF = EFFLUENT,; f=FILTERED; AN = ANAEROBIC; AX = ANOXIC; AE1 = FIRST AEROBIC; AE2 = SECOND

AEROBIC REACTOR; N = NO. OF OBSERVATIONS; SD = SAMPLE STANDARD DEVIATION; MIN. = MINIMUM; MAX. = MAXIMUM.
SRP = SOLUBLE REACTIVE (ORTHO)PHOSPHATE. ALL RESULTS INmg/ ¢, UNLESS OTHERWISE INDICATED.
Determinand n Mean Min. Max. SD n Mean Min. Max. SD
R1 R1 R1 R1 R1 R2 R2 R2 R2 R2

FLOW, 4d 42 35.6 15.6* 40.1 3.3 43 35.7 15.6* 39.1 3.3
COD, INF 32 292 160 408 66 32 292 160 408 66
COD, EFF 32 38 10 69 11 32 38 10 72 14
TKN, INF 30 215 8.8 35.0 5.9 30 215 8.8 35.0 5.9
TKN, EFF 32 2.2 <3.0 5.8 0.8 32 2.8 <3.0 3.5 0.4
TP, INF 31 14.90 11.73 20.57 2.10 31 14.90 11.73 20.57 2.10
TP, EFF 32 3.37 1.23 10.76 2.29 32 2.98 0.99 15.39 2.94
SRP, EFF 32 291 0.73 9.79 2.29 32 2.49 0.49 13.42 2.74
NH_-N, EFF 32 1.06 <0.5 3.27 0.82 32 0.61 <0.5 2.46 0.51
NO,-N, EFF 32 5.48 3.44 9.05 1.43 32 5.10 3.07 8.29 1.33
fNO,-N, AN 12 <0.5 <0.5 <0.5 - 12 0.28 <0.5 0.6 -
fNO,-N, AX 12 3.29 1.95 5.19 0.88 12 2.88 1.33 5.10 0.87
fNO,-N, AE1 12 5.46 3.55 8.29 1.52 12 5.00 2.86 7.62 1.27
fNO,-N, AE2 12 5.75 3.51 8.80 1.65 12 5.17 2.84 7.82 1.45
f SRP, AN 12 40.11 28.05 52.20 7.39 12 41.82 27.14 52.80 7.99
f SRP, AX 12 15.78 10.30 20.94 3.21 12 15.77 9.69 22.10 3.88
f SRP, AE1 12 7.59 4.11 12.40 2.11 12 6.82 3.67 9.46 1.73
f SRP, AE2 12 2.92 1.08 7.73 1.77 12 2.14 0.77 6.32 1.49
MLSS, mg/ 34 1313 1044 1620 145 34 1301 1090 1606 140
VSS, mg{ 34 841 659 1061 100 34 829 662 1065 106
DSVI, mig 33 102 80 138 17 33 112 90 166 17
OUR, mg/¢-h 41 8.86 6.24 11.02 1.6 41 9.69 5.79 12.77 2.07
Temp., °C 41 20.1 19.5 20.6 0.3 41 20.2 19.1 21.0 0.4
pH, AN 31 6.91 # 6.8 7.21 - 31 6.91 # 6.75 7.19 -
pH, AE1 31 7.16 # 7.03 7.56 - 31 7.00 # 6.97 7.6 -
pH, AE2 31 T4 # 7.12 7.86 - 31 7.35# 7.2 7.88 -

# denotesnedianin place of mean.

* Low flow to both units on 21/2/98 due to power failure.

A comprehensive set of results for Phase 2 of Experimentdfference was not statistically significant at a 95% confidence
is given in Table 3. The nitrogen mass balances for this peritevel.
were 101% for Unit R1 and 100% for Unit R2. Using the data in The biosupplement mixture dosed to Unit R1 was analysed
Table 3, the COD mass balances were 80% and 84% for Unit Bdveral times for COD, TKN and total P. The results are given in
and Unit R2 respectively. When applying an estimate for thEable 4. Based on these results and the daily dose oft@l®Mm
OUR in the first aerobic reactor (not measured) obtained using thimsupplement mixture to Unit R1, it can be calculated that the
UCTPHO model (Wentzel et al., 1992), the COD mass balancadditional COD load to this unit was a mere 1.26 mg/d. Against
improved to 90% and 95% respectively for Units R1 and R2. Thesmean COD load of ca. 10 400 mg/d from the influent sewage,
suggests that steady state conditions were closely approaclieel COD load from the biosupplement may be considered to be
during Phase 2 of Experiment 2. This is also reflected in theegligible (0.01%). Similarly, the additional N and P loads
phosphorus mass balances, namely 99% and 98% for Unit R1 @amdounted to 0.4 mgN/d and 0.3 mgP/d respectively, which are
Unit R2 respectively. also negligible amounts (0.05%), compared to the mean N and P

Despite the relatively good mass balances, variation in theads from the influent sewage.
influent COD did occur and may be expected to reflect in the It is worth noting that the mean effluent total P (and SRP) as
performance of both systems. The closely similar results for theell as nitrate concentrations from Unit R1 were slightly higher
two units allows comparisons to be drawn between them.  (ca. 0.5 mgR/or 0.5 mgN¥) than those for Unit R2 (Table 3).

From Table 3 it can be seen that the mean MLSS and VSSAdain, these differences were probably not statistically signifi-
Unit R1 were slightly higher than those of Unit R2 for Experimentant since they fall within the 95% confidence interval of the
2 (Phase 2) as a whole. However, the difference in the meansans. Nevertheless the possibility cannot be ruled out that the
between the units amounted to only 12 hifpr both MLSS and biosupplement resulted in minor changes in the activated sludge
VSS). Using the “Student t” method, it was found that thisnicrobial ecology of Unit R1, which in turn, may have resulted
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Biosupplement Experiment 2, Phase 2

1200

o
1000 (SRR R e R LR LR L EEECEERPELEEREEEEEEEEERE
E Figure 5
§ MLVSS and influent
8 COD concentrations in
2 the second aerobic
g reactor of pilot plant
8 units over a six-week
8 period (Phase 2) in
@ Experiment 2.
200§ -+ ‘Poly’ implies polynomial
trend-fitting function.
0%1élé1é1é1élélé1élélélélélélélélélélélé
8§ 3388883333328 8¢383 838 ¢
32852 328KZ385832 328537
e VSSRL O VSSR2 X CODIN== =Poly. (VSS R1) Poly. (VSS R2) Pol
Conclusions
TABLE 4
RESULTS OF ANALYSIS FOR BIOSUPPLEMENT The addition of biosupplement LLMO-S1 (supplied by Amitek)

MIXTURE DOSED TO UNIT R1 DURING

had no significant effect on the performance of a pilot-scale
EXPERIMENT 2.

activated sludge system operated for nitrification-denitrification

. and biological enhanced phosphorus removal (NDBEPR). The

Determinand n Mean SD h )

dose of biosupplement tested was at least ten times greater than
CoD, mg! 8 420 89 th_at projected _to be necessary for ft_JII sc_ale applications. Th_e

biosupplement is marketed on the basis of its expected propensity
TKN, mgNZ 8 137 40 . o .

to reduce sludge production. No reduction in sludge production
TP 8 93 11 . . . ;

was found for the test unit over experiment periods of six to ten

weeks. Most of the differences in relative mean performance of
the test and control systems were minor, and not statistically
significant when variance in the data was taken into account.
Minor changes in sludge settleability and OUR were found for the
system receiving biosupplement. However, these differences
in weakenedlenitrification and biological P removal potentials,were of marginal statistical significance and unlikely to be
compared to the control (Unit R2). significant in full-scale applications at practicable lower
Settling properties of the activated sludge mixed liquor, adsiosupplement doses.
measured by the DSVI parameter, were very similar in the two Neither unaerated (unactivated) biosupplement in relatively
units. Judging from the DSVI data (Table 3), settling watarge amounts, nor aerated (activated) biosupplement had any
marginally better in Unit R1. This difference was statisticallysignificant effect on the performance of the NDBEPR systems
significant when the 95% confidence interval of the mean wassted here. This implies that neither the seed bacteria in the
taken into account. However, the difference in mean DSVI wdsiosupplement product, nor the enzymes they produce upon
only 10 n#/g, which is small from secondary settling tank desigmctivation (Becker, 1997), are likely to exert any major influence
considerations. It should be borne in mind that the biosupplemestter the microbial ecology and resultant performance of such
dose used in this experiment was ten times higher than ttetivated sludge systems.
expected to be used at full scale (Megerials and Methods).
Hence, it is unlikely that a significant improvement in settlingAcknowledgements
would result from the application of the biosupplement at full
scale at this Works. The excellent technical assistance of Emma Parkhouse and the
The mean OUR was marginally lower (0.8 tigyin Unit R1  staff of Umgeni Water Analytical Services (Darvill Wastewater
than Unit R2 (Table 3). This difference was marginally signifiLaboratory) is gratefully acknowledged. Paul Gaydon and Gordon
cant when taking the 95% confidence limits into account (nhamelBorain (Process Services Dept., Umgeni Water) provided invalu-
0.5 and 0.6 mg/ for Unit R1 and Unit R2 respectively). Again, able help with operation of the pilot plants. Patti Dalziel and
considering the relative magnitude of the biosupplement doSpike Becker (Amitek) are thanked for their input and for free
(see above), this difference is unlikely to be significant at fubamples of the product tested.
scale.

n: no. of observations
SD: Standard deviation

82 ISSN 0378-4738 = Water SA Vol. 25 No. 1 January 1999 Available on websitéattp://www.wrc.org.za



Acknowledgement KOE LCC and ANG FG (1992) Bioaugmentation of anaerobic digestion
with a biocatalytic addition: The bacterial nature of the biocatalytic

This paper was written with the approval of the Acting Director _addition.Water Res26 (3) 389-392.

T . ] : KUNST S (1989) Use of enzymes and bacterial preparations in aerobic

of Scientific Services (Umgeni Water), Mr DJ Nozalc. and anaerobic sewage treatmeBiVF-Wasser/Abwasset30 (7)
321-327.

References

MYLIE N (1990) Prozyme Product Bulletin. Pod Products, PO Box 10050,
Ashwood, Durban 3605, South Africa.

ANONYMOUS (1991) Biochemical wastewater treatmeiater and RANDALL EW, WILKINSON A and EKAMA GA (1991) Aninstrument
Waste Treatmerd4 (1) 16. for the direct determination of oxygen utilisation raféater SA

ASCOUGH S (1997) Communication to Umgeni Water. Alpha Biotech 17 (1) 11-18.

Bioenhancement Technology cc., PO Box 3391, PietermaritzburgINGER PC (1972) Anaerobic control of phosphate by ferrous iron.
3200, South Africa. J. WPCF 44 (4) 663-669.

BEAMS L and BURNS N (1991) Preliminary Report on the ApplicationSLATTER NP and ALBOROUGH H (1990) Chemical oxygen demand
of Enzyme CWS 2 to Wastewater Treatment Systems in Botswana. using microwave digestion: A tentative new methdthter SA18
Firechemcc., PO Box 996, Halfway House, 1685 Johannesburg, (3) 145-148.

South Africa. STANDARD METHODS (19855tandard Methods for the Examination

BECKER S (1997) Personal communication. Amitek Sludge Reduction of Waters and Wastewate¢6th edn.). American Public Health
System: Amitek Environmental Management, PO Box 2405, Association, Washington DC.

Pinegowrie, 2123, Johannesburg, South Africa. VANSEVER S, BOSSIER P, VANDERHASSLET A, BEECKMAN M,

DE HAAS DW, GAYDON PN and WENTZEL MC (1996) Biological CAN DER ZANDEN J, WEYTJENS D, MINGNEAU C and
excess phosphorus removal in an activated sludge system with simul- VERSTRAETEM W (1997) Improvement of activated sludge per-
taneous chemical augmentation. Paper presented at Water Inst. of formance by the addition dfutriflok 50S. Water Re81(2) 366-371.
South. Afr. Bienn. Conf., 20-23 May, Port Elizabeth. WENTZEL MC, EKAMA GA, DOLD PL and MARAIS GVR (1990)

DE HAAS DW (1998) The Use of Simultaneous Chemical Precipitation  Biological excess phosphorus removal - Steady state process design.
in Modified Activated Sludge Systems Exhibiting Biological Water SA16 (1) 29-48.

Enhanced Phosphate Removal. Ph.D. Thesis, Dept. of Civil EnQVENTZEL MC, LOEWENTHAL RE, EKAMA GA and MARAIS GvR

Univ. of Cape Town. (1988) Enhanced polyphosphate organism cultures in activated
DORFLING C (1998) Bugs-for-hire bring down industrial waste by half.  sludge systems - Part 1: Enhanced culture developkvater SAL4
Engineering News20- 26 February. 15. (2) 81-92.
EKAMA GA and MARAIS GVR (1984) Two improved sludge settling WENTZEL MC, EKAMA GA and MARAIS GVR (1992) Processes and
parameterdMIESA, June 1984, 20-25. modelling of nitrification denitrification biological excess phosphorus

GLANCER M, BAN S, SOLIJAN V and PASCIK | (1994) Upgrading removal systems - A revieWater Sci. Techno25 (6) 59-82.
of wastewater treatment plants for the biological nitrogen elimiwRC (1984)Theory, Design and Operation of Nutrient Removal Activated
nation by the injection of on-line prepared mixed cultuk&/ater Sludge Processed/ater Research Commission, PO Box 824, Preto-
Sci. Technol29 (12) 129-138. ria, South Africa.

JAGER P, UNTERWGER A, WIENER W and AUGUSTIN H (1989) YEOMAN S, STEPHENSON T, LESTER JN and PERRY R (1988)

The activity of fat-degrading bacteria and enzymes in the Saalbach The removal of phosphorus during wastewater treatment: A review.
sewage treatment plat@WF-Wasser/Abwassé&B0 (7) 328-333. Environ. Pollut.49 183-233.

Available on websitenttp://www.wrc.org.za ISSN 0378-4738 = Water SA Vol. 25 No. 1 January 1999 83



84 ISSN 0378-4738 = Water SA Vol. 25 No. 1 January 1999 Available on websitéattp://www.wrc.org.za



