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Abstract: The full-scale application of Tx-1, a multifunctional
microbial agent, was carried out for 8 months in an anoxic/
oxic (A/0O) municipal wastewater treatment process. The
results show that the Tx-1 dosed system can obtain good
effluent characteristics while minimizing sludge production and
energy consumption. The total phosphorus (TP) is lower than
0.5 mg/L in effluent without any chemical regent added. The
discharged dry sludge per 10 000 m’ wastewater D,
from 1.4 to 0.5 t. For per cubic meter wastewater, the air
supply decreases from 6. 0 to 5. 1 m’ and the electricity
consumption decreases from 0. 412 - 0. 425 kW - h to 0. 331
kW - h. The addition of Tx-1 can improve the substrate
removal constant and decrease the microorganism growth yield
coefficient of activated sludge. At the same time, the structure
of the microbial community changes and the biodiversity
increases by adding Tx-1. The abundance of polyphosphate
accumulating organisms ( PAO ),
Tetrasphaera, increased. Effective microbial agent is a
potential way to combine in-situ sludge minimization with
contaminants removal.
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A ctivated sludge process is widely used for biological
treatment around the world, however, it also gener-
ates a large amount of excess sludge. In fact, treatment
and disposal of excess sludge from wastewater treatment
plants (WWTPs) has been a great challenge'"’.
legal constrains, rising costs and public sensitivity to
sludge disposal necessitate new development strategies for
the reduction of excess sludge production'™ . Among va-
rious processes of minimizing the production of sludge,
the in-situ sludge reduction technology appears to be an
ideal one by reducing sludge production in the biological
wastewater treatment process instead of post-treating the
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waste sludge''’.

It has been reported that microbial agents have wide ap-
plications in the fields of deodorization, bioremediation
enhancement

and the

wastewater **'. There are some commercial products
such as effective microorganisms ( EM ), Novozymes
products and bio-form BTZ® products. However, com-
pared with the application and research of microbial
agents on improving the effluent, only few reports on re-

of biological treatment of

ducing sludge production were carried out, especially for
full-scale application' ™. Lack of full-scale application
data and mechanism research has hindered their applica-
tion and improvement """, Several pilot test cases repor-
ted in China showed that sludge reduction can be achieved
by introducing microbial agents into the wastewater treat-

21 gcreened two kinds of microbial

ment line. Li et al.'
agents and achieved 53. 1% sludge in-situ reduction in an
A’/0 reactor (4.2 m’). However, a concomitant de-
crease in biological phosphorus removal occurred'" ™.

In the present study, a full-scale study on application
of Tx-1, a kind of multifunctional microbial agent, is
carried out in a WWTP with an average capacity of
23 408 m’/d. By introducing Tx-1 in the anoxic/oxic
(A/0) activated sludge system and optimizing the opera-
tional conditions, the innovative system ( Tx-1 dosed sys-
tem) guarantees good effluent characteristics, particularly
in the biological removal of total phosphorus ( TP). At
the same time, in-situ sludge reduction is achieved. The
kinetic-parameters of the Tx-1 dosed system and the struc-
ture of a new microbial community are measured in the
laboratory. The results prove that Tx-1 is an effective mi-
crobial agent for reducing sludge in-situ and enhancing
phosphorous removal.

1 Materials and Methods
1.1 Materials

Tx-1 is produced by Shanghai Eco-Well Bioscience
Co., Ltd in a pilot-scale fermentation system. The prod-
uct is a light-yellow powder and consists of several kinds
of facultative and aerobic stains. At the same time, the
product also contains some enzymes and small molecules,
such as organic acid,
process. Tx-1 has passed the safety-assessment on the ap-

secreted in the fermentation

plication in environmental protection and obtained a secu-
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rity acceptance letter in Shanghai, China. Tx-1 is activa-
ted on site before using. Briefly, 20 g Tx-1 is added into
1 L influent, and the mixture is kept stirring in an activa-
ting tank at 30 C for 12 h.

1.2 Full-scale pilot experiment

There are two A/O biological treatment lines ( marked
1" and 2%) in the pilot plant. Swirling flow and micro-por-
ous aeration equipment are equipped in two oxic zones, re-
spectively, and the supplied air is adjusted by controlling
the amount of aeration equipment. The water indices of ef-
fluent comply with the Grade Il standards in the national
discharge standard of pollutants for the municipal
wastewater treatment plant (GB 18918—2002, China).

Activated Tx-1 solution is added into the inflow of oxic
zones continuously. The dissolved oxygen (DO) is con-
trolled at 0.9 to 2.2 mg/L.

1.3 Analysis and data collection

During data collection, both the on-line and off-line
monitoring indices are used. The on-line data of influent
and effluent are recorded every day. Off-line indices of
water (COD., BOD,, SS, NH,-N, TN and TP) and
sludge (MLSS, SV,, and MLVSS) are measured every
week in the plant laboratory.

The data are collected for one month ( Stage 2) before
the application of Tx-1 as the background data. After the
start-up period of Tx-1 addition (15 d), the data is col-
lected for eight months ( Stage 3). The data from the

same months ( Stage 1) in the previous year is analyzed
as the historical data. The influent water volume at differ-
ent stages is shown in Tab. 1.

Tab.1 Influent water volume at different stages m’/d
Stage Maximum Minimum Average

1 25 562 12 777 22 663

2 23 575 21 841 22 713

3 27 977 14 174 23 408

1.4 Kinetic parameters

The kinetic parameters are determined based on the
Lawrence-McCarty model and the Monod model "™
our laboratory. The activated sludge is collected in the pi-
lot plant and cultivated in two identical bioreactors
(signed as Tx-1 dosed and Blank) under the following
conditions : Temperature is 20 C; DO is 2 mg/L; and
MLSS is 1.5 to 3.5 g/L.

"in

1.5 Structure of microbial community

The structure of microbial community is analyzed by
extraction, propagation and sequencing of DNA.

2 Results and Discussion

2.1 Effluent characteristics

The most important task for the pilot WWTP is to en-
sure the effluent quality, so the influent and effluent indi-
ces are monitored through the experiment and they are lis-
ted in Tab. 2.

Tab.2 Statistical results of influent and effluent indices with mass fraction at different stages mg/L
Influent indices Effluent indices

Stage Value  TEOD.  CODe  ss TN NH,N TP BOD, COD.  SS TN NH,-N TP
Maximum 256.0 637.8 292.0 78.4 63.6 5.0 14.1 49.5 30.0 34.2 16.9 2.8

1 Minimum 117.6  205.8 142.0 43.7 12.3 2.6 6.5 19.2 12.0 11.8 0.3 0.1
Average 172.3 386.0 199.4 57.2 42.8 3.6 10.3 32.7 21.8 21.5 5.6 0.9

Maximum 199.5 376.0 264.0 69.4 54.6 5.0 12.5 44.1 24.0 24.1 12.5 1.4

2 Minimum 155.0 264.6 186.0 54.9 42.8 3.9 8.8 29.1 18.0 17.9 5.4 0.5
Average 171.8 320.3 218.1 60.7 48.2 4.3 10.8 34.5 21.3 20.8 8.3 0.9

Maximum 267.0 510.0 294.0 71.7 56.7 5.0 28.6 49.0 28.0 33.6 26.9 1.6

3 Minimum 112.0 192.0 132.0 28.6 30.3 3.0 6.4 19.0 1.8 1.5 1.1 0.1
Average 160.6  316.5 207.8 58.4 42.9 3.9 9.9 33.5 21.0 22.8 12.8 0.4

Compared to the historical and background values, the
application of Tx-1 results in a significant increase of TP
removal efficiency. Without adding any chemical phos-
phorus removal agent after biological treatment, the aver-
age TP content in effluent is less than 0.5 mg/L, the
standard value of Grade IA in GB 18918—2002, China.

In terms of organic pollutants COD. and BOD;,, the
removal efficiencies are similar to those in historical and
background stages, and all the values are better than the
drainage standard. It should be noted that similar removal
efficiency is obtained with less air supply than the original
process, which implies that the lower energy cost is avail-
able in the Tx-1 dosed system.

For nitrogen nutrients, it is found that the removal effi-
ciency of TN and NH;-N is clearly affected by tempera-
ture. In July and August, the average water temperature is
27.2 C, and the average NH,-N and TN content in efflu-
ent are 6.4 and 17.4 mg/L, respectively, which can com-
ply with the standard values of Grade I B in GB 18918—
2002. However, when the average temperature decreases
to 12.9 C in February and March, the average NH,-N and
TN content in effluent is 20. 3 and 28.6 mg/L, respective-
ly, which can only comply with the standard value of
Grade [I. The nitrogen removal in A/O process is not so
ideal in practical operation'"’ | so it is necessary to update
the process in this plant in order to improve nitrogen re-
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moval. For microbial agents, adding some specially-se-
lected strains with high nitrogen removal capacity at low
temperatures should be considered.

2.2 In-situ sludge reduction

The MLSS in the oxic zone is set to be 2.0 £0.5 g/L
and DO 1.5 +0.5 mg/L for the experimental stage ac-
cording to prior studies. The characteristics of activated
sludge and sludge production at different stages are listed
in Tab. 3.

Tab.3 Characteristics of activated sludge in an oxic zone and
sludge production at different stages

Stage MLSS/(g-L~!') F SVI/(mL-g™') D/t Dcop/g
1 2.67 0.57 109.2 1.4 0.41
2 1.35 0.59 101. 1 1.1 0.41
3 2.03 0.65 81.3 0.5 0.20

Note: SVI is the sludge volume index.

After the addition of Tx-1, the ratio F of MLVSS to
MLSS increases from 0.57 to 0. 65, which indicates that
the microorganism fraction has increased. Thus, the deg-
radation activity of activated sludge increases, which per-
haps is one of the reasons for the good performance in the
dosed Tx-1 system at the lower DO concentration.

SVI results indicate that the sludge in the dosed Tx-1
system shows much better settle-ability than that in the
original process. One of the major operational problems
in the pilot plant is due to the poor settle-ability of activa-
ted sludge before the application of Tx-1. When MLSS is
higher than 1. 8 g/L, the flotation of sludge in the sec-
ondary clarifier often occurs. However, no more flotation
of sludge occurs by adding Tx-1, even though MLSS is
higher than 2.0 g/L. Good settle-ability can also provide
a high concentration of return sludge. The relationship of
sludge age and the ratio of X,/X in a steady state is" "

0%:%[1”%(1-%)] (1)
where 6, is the sludge retention time ( SRT) or the sludge
age, d; Q is the flow rate, m’/d; V is the volume, m’;
R is the recycling ratio; X is the solid concentration in the
aeration zone, mg/L; X, is the solid concentration in the
return line, mg/L, and it can be roughly estimated as

10°
Xy = ﬁ (2)

So, it is clear that @, increases correspondingly when
SVI and X decrease in the Tx-1 dosed system. Then the
excess sludge (AX, g/d) decreases according to the fol-
lowing equation ;

_xv

X
A 0

(3)

c

The statistical results in Tab. 3 show that the discharged
dry sludge per 10" m® wastewater D, in the Tx-1 dosed

system decreases by 64. 3% and 45. 5% , respectively,
compared to the historical and background data. The
sludge production per gram COD, D.,,was only 48. 8%
of that at stages 1 and 2. The results show that effective
in-situ sludge reduction is achieved in the Tx-1 dosed sys-
tem.

2.3 Energy saving

Wastewater treatment is an energy-intensive process. In
typical biological WWTPs, the aeration process accounts
for more than 50% of the energy consumption"'""’
der to supply DO for the microorganisms in sludge. So
energy consumption can be significantly reduced when the
oxygen requirement is reduced in the aeration process.

The aeration system in the pilot plant was designed to

in or-

maintain DO at 2.0 mg/L, which is the average value in
the activated sludge system'"’’. However, the Tx-1 dosed
system can be operated under a much lower DO concen-
tration, which can be proved by the performance of line
2% in August at stages 1 and 3, respectively (see Fig.1).

The highest temperature appears in August in the pilot
plant. The water temperature is 20 to 28 C (Avg. 22.9 C)
in Stage 1 and 26 to 30 C (Avg. 28.1 C) in Stage 3, re-
spectively, as shown in Fig. 1. High temperatures lead to
higher oxygen consumption due to the rapid biological re-
actions and the rapid oxygen depletion in the sludge' ,
which means that more air supply is needed. Before Tx-1
application, another air supply fan (55 kW) was used to
complement the DO during the high-temperature period
from July to September in the pilot plant. However, it is
not necessary at stage 3. So, at least approximately 1.0 x
10° kW - h electricity was saved in the summer.

Statistic results show that the DO content was low at
stage 3. Even under the low DO concentration, similar
removal efficiency of COD., and NH,-N and the dramatic
increase of TP removal efficiency were achieved. As
shown in Tab. 4, with the decrease of DO concentration,
the average air supply per cubic meter wastewater decrea-
ses from 6.0 to 5.1 m’ in the oxic zone. Corresponding-
ly, the aeration power requirements decrease. Also, the
total electricity consumption per cubic wastewater decrea-
ses by 19.7% to 22.1% .

In this pilot plant, air supply was only adjusted by con-
trolling the number of aeration equipment, so it was
difficult to adjust the air supply volume according to the
actual DO and designed parameters. Frequency conver-
sion technology is strongly recommended to recast the op-
erational model for the improvement of DO adjustment in
the future.

2.4 Kinetic parameters

Two identical bioreactors were set up in our laboratory
to compare the kinetic parameters of activated sludge
with (Tx-1 dosed) and without (Blank) addition of Tx-1.
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Fig. 1 Indices change in line 2* at Stage 1 and Stage 3. (a)
DO; (b) CODg, removal efficiency; (c¢) NH;-N removal efficiency;

(d) TN removal efficiency; (e) TP removal efficiency

Tab.4 Statistical results of DO, air supply and electricity con-

sumption at different stages

DO/(mg-L7")  Air
1* 2#

Electricity consumption/
(kW - h)

Stage Value

supply/m?®

Maximum
1 Minimum

Average 6.0 0.412

2 Minimum

Average 6.7 0.425

Maximum

5

0

2
Maximum 4.

1

1

5

3 Minimum 0
2

— U vl o o|lw L w
- e b o wih oW
N - Uua 9 un|w —

Average 5.1 0.331

The following equations are used to calculate the kinet-

. [13-14]
1C parameters :

(SO_SE)_Kd (4)

c v

where Y is the microorganism growth yield coefficient,
mg/mg; v is the specific substrate utilization rate, 1/d;
S, and S, are the substrate concentration in the influent
and effluent, respectively, mg/L; X, is the biomass con-
centration, g/L; t is the hydraulic retention time, d; K|
is the microorganism decay coefficient,1/d.

1

_ 1 1 _K 1 1
vk

vux_vmax ?e+7 (5)

m:

=
Se max

where v
rate, 1/d; k is the first-order substrate removal constant,
L/(mg - d); K, is the half-saturation constant, mg/L.
The plots based on the experimental data and Egs. (4)
and (5) are shown in Fig. 2, and the calculated kinetic

parameters are shown in Tab. 5.

is the maximum specific substrate utilization
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Fig.2 Plots of the calculated kinetic parameters. (a) In the Tx-
1 dosed system; (b) The Blank system

Tab.5 Kinetic parameters in Tx-1 dosed and Blank systems

Parameter Tx-1 dosed Blank
Y 0.323 0.562
K,/d™! 0.0197 0.0320
Vinar/d ™! 3.10 2.54
K./(mg-L™") 18.51 48.43
k/(L- (mg-d)") 0.168 0.052

Compared to the Blank, Y decreased by 42.8% , which
indicated that excess sludge decreased when the same
amount of substrate was degraded. At the same time, K,



506 Xie Huifang, Zhang Jinhua, Xin Wenli, Hu Canyang, Yan Mei, Zhang Qing, He Qihuan, and Zhou Jiancheng

decreased by 38.2% , which means that the microorgan-
ism activity increased. The biochemical reactions in both
systems followed the first-order kinetics and the constant
in the Tx-1 dosed system was 3. 2 folds of the Blank. The
kinetic parameters proved the good performance of the
Tx-1 dosed activated sludge system.

2.5 Structure of microbial community

A different structure of microbial community was devel-
oped and a new balance in microbial community was es-
tablished in the Tx-1 dosed system due to the selective and
competitive growth of foreign and indigenous strains. It
was observed that Acinetobacter, as a kind of representa-
tive model microorganism in the activated sludge sys-
tem'®’, had the highest abundance in the Blank system.
After the addition of Tx-1, the Acinetobacter also appeared
in high abundance (5.85% ), but a different structure of
microbial community appeared, as shown in Fig. 3.

[ Others ; V7% Comamonadaceae_unclassified
/7] Acinetobacter; 77 Lachnospiraceae_uncultured
N\ Azospira ; Y Caldilineaceae_uncultured

(a)

7

[ ]Others;; /7] Chitinophagaceae_unclassified
772} Acinetobacter; N\ Saprospiraceae _uncultured
V7SJA-28_norank ; R Clostridium_sensu_stricto_13
(b)
Fig.3 Top five dominant microorganisms and their relative

abundance. (a) Tx-1 dosed system; (b) Blank system

The abundance of polyphosphate accumulating organ-

( PAOs ) Comamonadaceae'® and Tetraspha-
era™" increases from 3.24% and 1.31% to 11.53%

and 3.39% , respectively, after the addition of Tx-1. The

isms

results show that more PAOs have colonized in the Tx-1
dosed system, and this may be one of the reasons for the
enhancement of biological phosphorus removal.

The average Shannon indices of the TX-1 dosed and
Blank systems are 4. 58 and 4. 32, respectively. Accord-
ing to the ecological principles, the higher the Shannon
index, the greater the diversity, and the better stability
and flexibility in the microbial community. That is to
say, the Tx-1 dosed system has greater biodiversity, bet-
ter stability and flexibility. So, the Tx-1 dosed system
shows more resistance to the changes, including influent
and operational conditions.

3 Conclusion

The multifunctional microbial agent Tx-1 is safe and
convenient for the application in WWTPs. It can be intro-
duced into the existing activated sludge process directly.
Based on the full-scale study in A/O process, the addi-
tion of Tx-1 enhances the original A/O process. The Tx-
1 dosed system obtains good effluent characteristics while
minimizing sludge production and energy demand. The
biological TP removal is enhanced in particular. The dis-
charged dry sludge decreases by 64. 3% ; the air supply
per cubic meter water reduces to 5.1 m’; and the electric-
ity consumption reduces to 0.331 kW - h/m’. Based on
the research in the laboratory, the addition of Tx-1 im-
proves the first-order substrate removal constant and de-
creases the microorganism yield coefficient in the activa-
ted sludge process. The structure of the microbial com-
munity changes and the abundance of two kinds of PAOs
increases. Tx-1 is a potential microbial agent in WWTPs
for reducing excess sludge and enhancing phosphorous re-
moval. In the future, a more effective microbial agent fo-
cusing on combining in-situ sludge minimization with
pollutants removal should be developed.
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