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Abstract

The aim of the present study is the development and testing of an
integrated low cost technology associated with an engineering package for
domestic wastewater treatment that can be applied in small communities.
Design, construction and operation of an integrated anaerobic- aerobic pilot—
plant system hybrid with non-woven fabric spiral sheets for domestic
wastewater treatment were carried out. The treatment system consists of
UASB (up flow anaerobic sludge blanket) (primary treatment unit) packed
with non-woven fabric sheets, followed by DHNW (down flow hanging non-
woven fabric unit) (secondary treatment unit) packed with non-woven fabric
sheets as post treatment. Complete physicochemical and biological
examinations (bacteriological) in raw and treated effluent from different

treatment steps were regularly monitored during the study period.

One hydraulic retention times namely (HRT); 6h was examined. The
results indicated that the integrated treatment system operated at 6 h HRT at
the UASB- DHNW produced sustainable and satisfactory results for the
removal of organic pollutants. The use of the system produced a quality of
effluent complying with the Egyptian code of practice (2015), regarding
effluent reuse in unrestricted irrigation. The quality of treated effluent in
terms of COD, BOD, Turbidity, and TSS removal rates were 71%, 79%, 94%

and 66% respectively. Also the removal of fecal coliform bacteria was 79%.

Study on removal of heavy metals from synthetic water (Cu®*, Zn?*, Mn?",
Ni?* and Fe*") carried out by using banded iron formations (BIFs) at different
conc. (0.5, 0.75 and 1g) and different pH (5, 7 and 9). The results showed that
the best removal for Cu was 99.8% at (pH 5 and 1g). For Zn, the best removal
was 99.5% at (pH9 and 1g). For Fe®* the removal was 94.7% at (pH5 and 1g).



The best removal for Ni** was 95.5% at (pH5 and 1g). For Mn®* the best
removal was 97.7% at (pH5 and 1g).

In the present study, it was observed that the average count of E.coli
bacteria in raw wastewater in different samples from the system was 132 x 10*
MPN/100ml. After the wastewater passes to the UASB unit, the count of
E.coli decreased to average 105 x 10* MPN/100ml, whereas the average count
of E.coli after the DHNW was 95 x 10* MPN/100ml, By using different conc.
of chitosan (0.09, 0.2, 0.4, 0.6 and 0.8g) the percentage of removal were
95.3%, 99.9%, 99.9%, < 99.9%, < 99.9% respectively.

Bacteriological examination on different types of bacterial strains using
chitosan which derived from Procambarus clarkii was studied. The effect of
chitosan was studied by different conc. (0.09, 0.2, 0.4, 0.6 and 0*.8g) on
different types of bacterial strains (Enterococcus faecalis, E.coli, Bacillus
subtilis, Enterobacter aerogenes Staphylococcus aureus aureus) and at
different times (10, 20 and 30min). The results showed that the first optimum
concentration which gave high quality of removal (99.98%) for Enterococcus
faecalis was at 0.4g and time 20min, for E.coli bacteria the maximum
removal of bacteria was started at conc. of 0.4g of chitosan and 20min by %
of removal 99.98%, The Bacillus subtilis showed removal 99.98% which
started at concentration 0.6g and 10min. The removal for Enterobacter
aerogenes was 99.98% started at 0.4g and 30min. for Staphylococcus aureus,
the removal was 99.98% and started at 0.2g and time 30min. In addition the
chitosan was used in two conc. (0.6 and 0.8 g) as an anti-bacterial to
Escherichia coli in comparison with the amoxicillin antibiotic, which has a
strong effect on bacteria Escherichia coli using the spread method. It was
found that the conc. of 0.6 g of chitosan gave 8 mm inhibition zone, while the



conc. of 0.8g of chitosan gave 11 mm inhibition zone, while the amoxicillin

disc gave inhibition zone of 6 mm.

Key words: Anaerobic treatment, aerobic treatment, domestic wastewater, up
flow anaerobic sludge blanket unit, down flow non-woven fabric units, small

communities, banded iron formations, heavy metals, chitosan, bacteria.



Acknowledgement

All Praise to ALLAH for giving me the blessing, the strength,
the chance and endurance to complete this study.

I would like to express my sincere gratitude to Prof. Dr.
Waheed Emam, Professor of Environmental Science- Zoology
Department, Faculty of science, Ain Shams University, for his
guidance time, understanding, and patience; he has provided me a
positive encouragement and a warm spirit to finish and reading
critically for the manuscript. It has been a great pleasure and honor
to have him as my supervisor.

| appreciate to Prof. Dr. Abdel moniem Osman, professor of
geology and economic metals, Geological Science Department,
Faculty of science, Ain Shams, for his support, encouragement and
valuable guidance during the study.

| am grateful to Prof. Dr. Mohamed Ali El- Khateeb,
Professor of Wastewater Treatment Technologies. National
Research Center. NRC, for his kind assistance, advice and helpful
suggestions, reading for the manuscript, his role during all study
duration, | could not have imagined having a better advisor and
mentor for my Ph. D. study.

My gratitude to Associate Prof. Dr. Samah Abd EI- raziq
Mohamed, Microbiology department, Sanitary and Environmental
Engineering Institute, Housing & Building Research Center
(HBRC), for her guidance, reading for the manuscript,
understanding and invaluable advices throughout the duration of
this study.



I would like to extend my appreciation to all the members of the
microbiology laboratory, Sanitary and Environmental Engineering
Institute, Housing & Building National Research Center (HBRC).

All thankful to all members of Zoology Department, Faculty of
Science, Ain shams University.

My deepest gratitude goes to all of my family
members. It would not be possible to write this
thesis without the support from them. | would like
to thank my dearest father, my mother , my
brothers, my husband and my children for
supporting me spiritually throughout writing this
thesis and in my life in general..

Signature

Walaa Ahmed



Contents

Subjects Page

No.
1. INErOAUCTION ..o 1
1.1, AIM OF tNE WOTK ... 2
2. Review oOf [Iterature ..o, 11
2.1. Characteristics OF WaStEWaLEr ............cccvvviiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeee e 15
2.2. Conventional wastewater treatment ...........coovvviiiiiiiiiiiiiiieeeeeeeee 16
2.2.1. Preliminary treatment ........ccooeeeeiiiiiiiiiee e 16
2.2.1. 1. DA SCIEEN ..o 17
2.2.1.2. Gritchamber ... 17
2.2.2. Primary wastewater treatment. ............uuuueuuemmrmmiiiiiiiiiiiiiiiiiiiiienineennees 18
2.2.2.1. Up flow Anaerobic Sludge Blanket (UASB) .........cccovvviiiiieeeennnn. 19
ii) Stages of wastewater treatment in UASB unit...........cccooooeviiiiiiinnnnnn. 23
2.2.3. Secondary wastewater treatment .........cceeeeeeeiiiiiiiiiii e, 24
2.2.3.1. Suspended-growth SYSEEMS ........ccevviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e 25
A. Activated sludge treatment ...............euuuuemmmmmmimmiiiiiiiiiieeneens 25
2.2.3.2. Fixed-film or Attached growth process..........cccoveeeevieeeiiininneeennn. 26
AL Trickling FITers ... 27
B. Rotating Biological Contactors..............coeiieeeriiiiiiiiieee e, 29
D. Down Flow Hanging Sponge (DHS) ..........uuuviiiiiiiiiiiiiiiiiiiiiiinnnns 30
2.2.4. Tertiary treatment ............uuuuuueueeiieiiiieieiiiii bbb baeeeeeannee 32
2.3. Heavy metal removal............ooooiiiiiiiii 33
2.3.1. Banded iron formation (BIF) .......cooemiiiiiiiiee e 36
2.3.2. Iron oxide for heavy metal removal .............coooiiiiiiiiiri e, 38

W B 11111 {11 (101 PP 39



2.4.1. The conventional diSINFECLANT .........vveieie e eaeas 40

2.4.1.1. Chitosan as antibacterial agent............ccccccviiiiie 41

3. Materials & Methods .........ccccceiiiiniieiee e 47
3L INSEIUMENES: it 48
3.1.1. millipore (Elix) — UV-Milli-Q Advantage A 10 System............cccccuveee 48
3.1.2. PH MEASUIEMENT ... 48
3.1.3. Atomic Absorbtion Spectrophotometer (AAS)...........uuvvrvimiirimiiiiiinnnns 48
3.1 INCUDALOL .ttt a e e e 48
315 Water Dath ..o 48
3.1.6. AULOCIAVE ...t 48

3.2. Non Woven fabriC SNEEtS: .......cvvvviviiiiiiiiiiiiieeeeeeeee e 49

3.2.1. Studying the effect of non-woven fabric on improvement of domestic
wastewater properties by designing and manufaturing of treatment units

(UASB- DHNW) oottt ettt ettt eeee e eee s s e 50

3.3. Designing of (UASB-DHNW) ......ccoiiiiiiiiiccn e 50

3.3.1. UASB MBACKON ...ttt 50

3.3.2. DHNW TBACKON .....cceeiieeeitiei e 51

3.2.2. Operating CoNAItioNS .......uuueiiiieeeiieeicce e e 53

3.4. Characterization of WaStEeWALEr ...........ccuvviriiiieeiiiiiieie e 53

1) Fecal coliform ( MPN method).........ccoooeeiiiiiiiieee, 54

A) RBAGENTS....eeiiiiiiiiiiiiieeee ettt 54

B) PresumMpPLiVe TESE: ... e 55

C) Confirmed test for fecal coliform by EC- broth media.................. 56

3.5. Synthetic water Preparation: ............eevvvveeviiiiiiiieiiiiiiiieieeieeeee e 56
3.5.2. Method of removal of heavy metals using banded iron powder (BIF)

0101 = PPN 58

3.5.3. Analytical procedure for (BIF)........couuiiiiiieiiicee e, 58

3.6. Antibacterial effect of ChitoSan ............cccvvviiiiiiiiii 59

I. Preparation of procambarus clarkii shells...............cc.oiiiii e 59



A. Thermomechnical MEthO.........oveiieieee e 60

B. Demineralization...............uuuueuuummmuiiiiiiiiiiiiiiiii e 61
C. DeproteiNalion .........oceeuiiiiii e 61
D. Preparation of chitosan (deacetylation) .............ccceevvvviiiiieeeeciviiiiinnnn, 62
I1) The antibacterial effect of chitosan and estimation of E.coli from different
SAMPIES OF the SYSIEM ... e 63
I11) MPN (most probable number) test for E.colitest...........ccccviieiieeennninnn, 64
A- Reagent and culture medium: ..........cooiiiiiiiiiiie e 64
-lauryl tryptose Droth: ... .. ..eeeeeeiiiiiiiieii i 64
B- Confirmed test for E.coli by tryptone water...............cccccvvviviviiiinnnnnnnns 64
STIYPIONE WALET: .. e e eeene 65
I1V) Antibacterial effect of chitosan on different bacterial strains.................. 65
A- CUILUrE Preparation ...........oceuuuiiiiieeeeeeeeeiee s e et e e e e earaaaas 66
i) Nutrient broth media..........ceeeiiiiiiiice e, 66
ii) Pour plate method teSt.........cooveeieieeeeee e, 66
Plate count agar Medium: ............uuuuuuuumiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeenes 66
) PrOCERAUTE ... 67
iv) The antibacterial effect of chitosan powder on E.coli using amoxillin as
positive control (Spread method): .........oovvvviiiiiiiiiii 68
4. Results and diSCUSSION..........cocveeeiiiiecirie ettt 69
4.1 Raw wastewater CharaCteristiCS..........uuvvvviviiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeee 69
4.1.1 Physicochemical and bacteriological characteristics.............cccccceeeeeee. 69
4.2 The effectiveness of (UASB-DHNW) system packed with non-woven fabric
SNEEL ...ttt 74
4.2.1 physicochemical analyses of wastewater of primary treated unit UASB
BFFIUBNT. ... 74
4.2.2 Characteristics of DHNW effluent ..., 80

4.3. Effectiveness of banded iron formation powder on heavy metals removal
Trom SYNENELIC WALET: ......eiiiiiiiiiii e 89

4.3.1. The effectiveness of banded iron powder on Cu?* removal................... 90



