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EXTENDED ABSTRACT

Introduction

The reuse of wastewater in industries and
agriculture has become common in many
countries around the world, including America,
Canada, France, Germany, Mexico, Brazil, Egypt,
China, Morocco, and Saudi Arabia. Combined
with Integrated Fixed-Film Activated Sludge
(IFAS), suspended and attached biomasses have
been effectively used simultaneously. The design
criteria in the IFAS system include primary
treatment, mixing, hydraulic profile and volume
settings, effective microbial mass levels, bed
placement conditions, oxygen transfer, equipment
evaluation, media mobility, and economic
considerations. IFAS systems are used in urban
and industrial wastewater treatment. Combined
suspended and attached growth systems are
effective in removing phosphorus and nitrogen as
advanced wastewater processes. They offer
simple management, easy design, no growth and
development of annoying insects, less sensitivity
to temperature changes, high efficiency in
removing organic matter, a lower volume of
produced sludge, reduced time, energy
consumption, and treatment cost, and a high
ability to absorb heavy metals and pollutants.
Biological improvement of purifying water is one
of the advantages of this method. The purpose of
this research was to investigate the possibility of
reusing the treated wastewater of Urmia 2
industrial estates with the integrated method of
anaerobic reactor system and IFAS.
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Material and Methods

To initiate the reactors, seeding was performed
using sludge prepared from the return flow of the
aeration pond at the human sewage treatment
plant. The IFAS reactor was filled to 70% capacity
with packing media. The IFAS reactor was
aerated for 25 days to allow for the growth of a
suitable biofilm on the packing media. After
transferring the activated sludge to the IFAS
reactor, the system was operated continuously for
3 weeks. To initiate the anaerobic reactor, a
wastewater sample was prepared from the pond
before the balancing unit. Synthetic wastewater,
along with return sludge, was continuously used
to feed the system.

Results

In IFAS systems, the lowest and highest removal
efficiencies are related to the hydraulic retention
times (HRT) of 1 day anaerobic and 4 hr aerobic
(42.74%) and 2 days anaerobic and 8 hr aerobic
(71.88%), respectively. Comparing the results
(Fig. 1) reveals that the use of IFAS is associated
with an increase in COD removal efficiency. In
general, within the whole system (comprising the
anaerobic reactor and IFAS), the lowest and
highest BOD removal efficiencies are related to
the HRT of 2 days anaerobic and 4 hr aerobic, and
3 days anaerobic and 8 hr aerobic, respectively.
Reducing the HRT did not have a significant
effect on the BOD removal efficiency by
anaerobic reactors, IFAS, and the whole system

(Fig. 1).
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Fig. 1 The efficiency of the entire biological treatment system in removing COD, BOD and TSS from industrial
wastewaterat different HRT

According to the diagram in Fig. 1, the highest and
lowest TSS removal rates in HRT are 2 days
anaerobic and 8 hr aerobic (97.9%) and 3 days

Environment and Water Engineering

anaerobic and 4 hr aerobic (91.8%), respectively.
Due to the low concentration of TSS in the
effluent, there is no need to increase the HRT for

Vol. 10, No. 3, 2024

=1 (wge 9 2 ) @
VEY 5ol Folad Ve ooy S

EWE


Admin
Typewritten text
318


4

Industrial wastewater treatment by combining anaerobic reactor and IFAS

this specific configuration (1 day anaerobic and 4
hr aerobic). The results of TSS analysis indicate

that this type of wastewater is suitable for all types
of irrigation systems.
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Fig. 2 Comparison graph of pH changes of phase 2 effluent from the IFAS reactor at different HRT and
operating conditions

According to the graph in Fig. 2, the pH of the
effluent increased with increasing HRT. As COD
removal efficiency increased, the outlet pH values
also increased. The results of phase 2 wastewater
analysis showed that the pH of this wastewater is
typically around 7, which is slightly acidic, and it
may require pH balancing. Based on the pH
results, this wastewater can be wused for
agricultural purposes.

Based on the mentioned definitions and the results
obtained from the biological treatment of phase 2
effluent, it can be inferred that the phase 2 effluent
falls under groups B and C. According to the
Wilcox classification method, the output effluent
of phase 2 belongs to the category of medium-
quality waters and is suitable for irrigation
purposes.

Conclusions

The removal efficiencies of COD, BOD, and TSS
from the industrial wastewater of Urmia Phase 2
industrial state were optimal during the periods of

Environment and Water Engineering

2 days anaerobic and 8 hr aerobic, 3 days
anaerobic and 6 hr aerobic, and 3 days anaerobic
and 8 hr aerobic. The highest removal efficiencies
of COD, BOD, and TSS in the wastewater
treatment system, respectively, were observed
with HRT of 2 days anaerobic and 8 hr aerobic
(88.71%), 3 days anaerobic and 8 hr aerobic
(92.11%), and 2 days anaerobic and 8 hr aerobic
(97.90%).

According to the Wilcox classification method,
the output effluents of phase 2 belong to the
category of medium-quality.

Data Availability

The data used or generated in this research are
presented in the text of the article.
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Table 1 Specifications and technical information related to the used reactors

Parameter Anaerobic Aerobic reactor Settling Pond
reactor

Geometric shape Cylindrical Rectangular cube Rectangular cube

useful volume (1) 200 40 40

Inlet flow rate (I/hr) 0.55-1.6 5,6.6,10 5,6.6,10

stream direction Horizontal First downward, then upward Horizontal

HRT (hr) 24-72 4,6,8 2,3, 4
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Table 2 Specification of honeycomb packing step F19-1

Type of Material Special Air Length  Widt Height Temperat Colo
Characteristic Surface Passage (mm) h (mm) ure (°C) r
(m?m?) (mm) (mm)
Type and PVC ~145 19 -2400 -600 -600 60 black
Amount 1200 300 300

s Wil S sy aig Lyl sl (6l e
i Yoo 0 e 4 g5l o ool ;0 COD/N/P
68 ey w5 Plosil 5l o 5L 5L50)90 Hind 038
J392) 9,15 poiigal 5 5L,50 (13955 5 Sland (39,000

(Sharjeel 2020, Kube et al. 2022) o5 -pels (¥
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Table 3 The composition of simulated wastewater used for the concentration of 1000 (mg/liter) input COD

Combination Type Na,CO3 KH,PO4 NH;CI Glucose Starch
Amount (mg/l) 1.6 12.2 56 952 1.2
Parameter Temprater pH Phosphorus Ammonia (mg/l) COD
(°C) (mg/l) (mg/l)
Amount 18 7.3 4.5 22.5 450
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Fig. 4 Anaerobic reactor and IFAS efficiency in removing COD, BOD, and TSS from phase 2 industrial
wastewater at different HRTs
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Table 3 The results of the analysis of input and output of industrial wastewater (Urmia Industrial estates 2) from
the IFAS system

HRT COD (mg/l) BOD (mg/l) TSS (mg/l) pH
Input output Input output Input output Input output

1d (An) 590 214 336 202 201 - 6.87 -
2.d (An) 647 297 356 196 236 - 6.65 -
3d(An) 505 215 308 179 189 - 6.80 -
1d (An), 214 55 202 28 - 10 - 7.26
4 hr (Ae)

1d (An), 214 40 202 22 - 9 - 7.28
6 hr (Ae)

1d (An), 214 33 202 19 - 5< - 7.35
8 hr (Ae)

2.d (An), 297 65 196 34 - 12 - 6.82
4 hr (Ae)

2.d (An), 297 49 196 26 - 11 - 6.97
6 hr (Ae)

2.d (An), 297 33 196 20 - 5< - 6.90
8 hr (Ae)

3d (An), 215 42 179 19 - 15 - 7.00
4 hr (Ae)

3d (An), 215 31 179 15 - 5< - 7.14
6 hr (Ae)

3d (An), 215 26 179 14 - 5< - 7.39
8 hr (Ae)

Jade o S TFAS o (9,5 )0 BOD usslea TSS
63959 3ge b 509 ol JIo el a5 el 1l
(Monazami et al. 2020) ..

(V56 co Do) ML cols }QUT 3 Jol> s
5T @S olyen & IFAS 5 (glsm s pi 40 5395
day) alisee slaaileplo; ) pimms (nl 5l (795 Sl
Hlas (F) Jgaz ;0 (s5lsp A 97 NI gilea o ¥ ¥ O
5Cr cCO 5Cd cBe 5B GAI sAg }@LLC CA.B.LC .w‘ O\.\.».‘LOOL)
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Table 4 The results of the chemical analysis of the effluent, industrial wastewater phase 2 from the IFAS system
at different times (mg/I)

HRT As Ba CN Mo Zn Fe Mn NH;s  NOs PO

Sewage inlet 005 007 006 005 005 12 01 /0 219 264
(average)

1d(An), 4hr(Ae) 005 005 005 005 005 007 01> 073 88  <0.02
1d(An) 6hr(Ae) 005 005 005 005 005 003 01> 057 7.1 <0.02
1d(An), 8hr(Ae) 005 005 005 005 005 01> 01> 048 54  <0.02
2d(An).4hr(Ae) 005 005 005 005 005 011 01> 064 7.7 <002
2d(An).6hr(Ae) 005 005 005 005 005 114 01> 046 39 <002
2d(An).8hr(Ae) 005 005 005 005 005 01> 01> 029 21 <002
3d(An).4hr(Ae) 005 005 005 005 005 009 01> 052 80 <002
3d(An).6hr(Ae) 005 005 005 005 005 008 01> 016 26 <002
3d(An).8hr(Ae) 005 005 005 005 005 01> 01> 002> 15 <002

oMl pH LT mls cél ¥l 295 8 PH PH &l pusss -0
ML cplas ols Lad V56 OB 5l oals glopaiges S IFAS (ST 51 Y 5B 25,5 Olas PH &l i aslie
4 5L g oog gl Sl Loy oV 03 gdlge ST )0 lngad 1o (608 00 cilizes Lyl 5 calies (glavilenyle;
G rply 0 PH cwlol 285 Jdo & cslo pH gloolee 29,5 PH ¢ loged 4 az g5 b el saosls Lis (0) JSio
23 5360 o)lsen el (al 95 65958 SilsRist e g1 03,5y Galidl ailegley Gl L olay

Ded ks T o5 LS lS 5 509581 b egy)
255 et Ol B Sl S o b5 e il s sy, b PH et iy, alie

Jlade COD Gis  aojl ywlidl b as ols las COD
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T 7
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Fig. 5 Comparison graph of pH changes of phase 2 effluent from the IFAS reactor at different HRT and
operating conditions
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Table 5 Characteristics of wastewater (Urumieh phase 2 industrial estates) resulting from treatment with IFASE

Sample name SAR Classification EC Classification Classification based
on Wilcox
Wastewater 3.61 S1 2720 C3 S1C3
Urmia 2
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