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ABSTRACT

Activated sludge process is widely used for wastewater treatment throughout the world with various
modifications. The aim of this research was to study the effect ofefé&egve microorganisms (EM)
to enhance the activated sludge process. A model has been constructed to simulate activated sludge
process. It consisted of two reactors (Elsed and control) operated simultaneously. The results of
the present study showdtht the reactor induced with EM achieved removal ratios of 84.5%, 91.5%
and 96.0% in TSS, COD and BOD respectively compared to 63.5%, 66.0% and 74.0% in the control
reactor. Increasing EM dose from (1/7500) to (1/1000), increasing COD and BOD remowal rati
from 71.0%, 75.5% to 91.5%, 96.0% respectively compared to 68.0%, 74.0% in the control reactor .
Also results indicated that the pulse dose addition method achieved higher efficiency in early days (7
days), 90.0% and 94.5% for COD and BOD respectigelnpared to 78.0%, 82.5% in daily dose
method. However, the daily EM dose method showed higher removal efficiency at the long run
application (one month) 92.0%, 85.7% for COD and BOD respectively compared to 82.5%, 76.0% in
pulse dose method. EM dose (D@P showed significant higher removal ratios at lower hydraulic
retention time (HRT=4 hours), where the EM reactor achieved removal efficiency for COD and BOD
were 84.5% and 91.5% respectively compared to 92.0%, 96.5% at the control reactor. Enzymes
evaluaion showed that the enzymatic activity of EM have more ability in the oxidation of organic
materials than of bacté found in the control reactor
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1.INTRODUCTION

More than 80% of biological wastewater treatment plants (WWTPs) are based on the principle of
activated sludge process, in which suspended bacteria oxidize the carbonaceous and nitrogenous
compounds to produce an effluent in accordancé Vegal standards, and that corresponds to a
minimal environmental impact. [Metcalf & Eddy, 2003].

Most large cities in Egypt had already built their wastewater treatment plants as activated sludge
process plants. Some of these plants are sufferingdr@mloading problems. These problems due to
increase in population and standard of living that Led to increase in wastewater discharges. The
increase of organic and hydraulic loads, related to the improvement of wastewater collection, and the
implementabn of new national regulations and directives, often leads to discharges which do not
comply with the standards.

The concept of EM was developed by Japanese horticulturist Teuro Higa from the University of
Ryukyus in Japan. He reported in the 19704 #hacombination of approximately 80 different
microorganisms is capable of positively influencing decomposing organic matter such that it reverts
into a life promoting process. This selection was done from over two thousand species of microbes
found in all environments. EM is developed using three principal organisms, namely phototrophic

78



International Water Technology Journal, IWTJ Vol. 3- Issue 2, June 2013

bacteria, Lactic acid bacteria and Yeasts. Thus, EM consists of these three principal types, which is
subsequently enriched naturally by other species such as filamenbtgiishd Actinomycetes [Higa,
1996].

In the current wastewater treatment process, microorganisms play a significant role in the treatment
of domestic sewage. Many different organisms live within the wastewater itself, assisting in the
breakdown of cedin organic pollutants [Taylor, et al 1997]. The basis for using these EM species of
microorganisms is that they contain various organic acids due to the presence of lactic acid bacteria,
which secrete organic acids, enzymes, antioxidants and metalliateshelThe creation of an
antioxidant environment by EM assists in the enhancement of thedigaiid separation, which is the
foundation for cleaning water. [Higa and Chinen 1998].

Concerning the research in hand, various parameters have been exand@sethe effect of EM on
enhancing the quality of the existing conventional activated sludge WWTPs. Those parameters
included the change in EM dosing, method of dose addition, and hydraulic retention times. In addition,
biological tests have been conthat on the enzymes of EM and compared to the enzymes of the
bacteria present in the control reactor

2. MATERIALS AND METHODS
2.1 Wastewater Characteristics

In this study the used wastewater was collected from the effluent channel of psedanentation
tanks in "El Aslogy wastewater treatment plant”, Zagazig, Egypt. The measured parameters were
COD, BOD, TSS, temperature, DO and pH. All these parameters were measured in Environmental
Engineering Laboratory, Engineering Faculty, Zagazig, pE@ccording to the American Standard
Methods for the Examination of Water and Wastewater [APHA, 2005]. The wastewater characteristics
in this study as shown in Table (1).

2.2 Effective Microorganisms (EM)

Effective microorganisms (EM) used in tligidy was obtained from Egyptian environmental affairs
agency (EEAA). EM solution is a yellowish liquid with a pleasant odor and sweet sour taste with a pH
of 2.8 and stored in area with minimal temperature fluctuations due to don't affect on the sdirvival
microorganisms. EM culture contained a mixture of lactic acid bacteria, phototrophic bacteria, yeast,
actinomycetes and fermenting fungi.

Table 1. The physicatchemical characteristics of inlet wastewater

Parameter Average value Unit
Chemical oxygen demand (COD) 565450 mg/|
Biochemical oxygen demand (BOD) 370+35 mg/l
Total suspended solids (TSS) 375145 mg/l
Dissolved oxygen (DO) 2.68+0.92 mg/|
PH value 7.7£0.25 |-
Temperature 268 Celsius

2.3 Experimental Model

The used experimental model consisted of a feeding tank ahead of two reactors; one of the two
reactors represented the reference and the other was used for the addition of EM as shown in Figure
(1). Each reactor consisted of an aeration tank and fedilmentation tank with dimensions as
illustrated in table (2).
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Table 2: Model's dimensions.
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, length , , Diameter Lo
Units width (m height (m Capacity(Liter
(m) (m) ght (M) | (mm) pacity(Liter)
Head tank 0.40 0.40 0.60 | --—--- 96
Aeration tank 0.40 0.25 031 | --- 31
Final Sedimentation tank| 0.25 0.25 040 | --—--- 25
All pipes |- |- e 127 | -
Air supply “\;7" o

control
reactor

Supply pump

Effluent channel
of primary sedimentation tank

Head tank

* One reactor for control and another for EM study

Fig. 1: Schematic diagram for the bench scale model.

The model was set at the effluent channel of primary sedimentation tanks in "El Aslogy wastewater
treatment plant”, Zagazig, Egypt as shown in figure (1). One horse power pump was used to raise the
wastewater from the channel to the head tank. The tfae&dwas provided with two valves and two
pipes 0.5 inch in diameter to distribute the wastewater on the aeration tanks. The wastewater moved
from the aeration tanks to final sedimentation tanks through pipes 12.7 mm in diameter. The return
sludge is recyled to the aeration tanks by two pumps. Sludge was withdrawn from the sedimentation
tank once a day to keep the SRT at the designated values. This arrangement was adjusted by using an
electronic control system using a timer (24 hr). The supplied air ¢pavds sufficient to maintain
dissolved oxygen concentration in the range of 2rwing/I.

2.4 Model Start Up

The conventional way of stamp of wastewater treatment plant is to inoculate a large amount of
fresh activated sludge to tlaeration tank and acclimatize the sludge for the high removal of organic
materials. In this the model, approximately 10 liters of activated sludge (based=00.81) were
added to each aeration tank in the start of each run. The start up period etageh [{10+15) days
based on characteristics of both return activated sludge and influent wastewater into model.

2.5 Experimental Procedure

In the present study the two reactors worked together in the same atmospheric conditions, flow rates,
raw wastewater and retention time. The experimental program was established on three stages.

In the first stage the effect of different EM doses was studied. This stage included four runs. Each
run carried out using different dose of EM added daily tordaetor in the same time of each day.
These doses based on the ratio of volume of EM to the volume of aeration tank, were (1/1000),
(1/2500), (1/5000) and (1/7500). The selected major enzyme activities of the EM and the conventional
activated sludge werevaluated in this stage to show the differences in their abilities to degrade
organic matter. These tests were amylase, lipase, protease and cellulose. Enzymatic screening was
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