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Abstract:

Due to limited water sources, the industrial and municipal wastewaters should be reused and and can be used again
after suitable treatment processes. In order to use effectively the reused waters for example for irrigation or for
cleaning or for cooling water and washing water the microorganisms present in the water should be eliminated.
Conventional treatment processes like GAC and activated sludge can not be treated effectively the pathogenic
viruses, bacteria, protozoa and worms of which are released from the human activities. 87%-89% vyields was
detected in this process. The MBR reactor yields for these organisms were 90-92% while with UF and RO 97-
98% and 99, 100% removal efficiencies were detected, respectively. MS2 phage, E.coli, Vibrio cholera,
Cryptosporidium, Giardia, Entamoeba, round worm (Ascaris lumbricoides), hook worm (Ancylostoma duodenale)
and the whip worm (Trichuris trichura) were isolated and investigated their numbers in the influent and effluent
of the four treatment process to determine the their logl0 removals. The log 10 removals in conventional
activated sludge proces varied between 1.00 and 2,01 depending to the SRT ages. As the sludge ages were
increased from 10 days to 20 and 30 days the log10 removal of organizmis increased from 0,98 to 1.1 log 10,
from 1.30 and 1,70 Log 10 and from 1,73 to 2,01, respectively. In the MBR, as the VSS was increased from
10.000 mg/l to 20.000 and to 30.000 mg/I the log 10 removals of organisms increased from 1,2- 1.3 to 1.6 and
1.8 and to 2,02 and to 2,32. In the UF process as the pressure was increased from 10 bar to 15 and to 30 bar the
log10 removals of organisms increased from 1.8-1.9 to 2.18-2.30 to 2.63 and 2.93. In the RO as the pressure was
increased from 15 bar 20 30 and 40 bar the log 10 removals of bacteria increased from around 2,26 to 2,87 and to
4,39. The conventional parameters also such as COD, DOC, TSS, TN and TP were removed with yields as high
as 99%. The results showed that the RO effluent at a pressure of 40 bar can be resused effectively. As the reverse
osmosis (RO) process is often included in the treatment train to produce high quality reuse water from treated
effluent for potable purposes because of its high removal efficiency of many dissolwed inorganic and organic
contaminants, and importantly, it also provides an excellent barrier for pathogens. In order to ensure the continued
protection of public health from pathogen contamination, monitoring RO process integrity is necessary.
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Introduction

The excessive global food demand and enogh sources of water
necessitates the utilization of treated and untreated wastewater in
agriculture . The wastewater is a valuable source and increases the
range of crops when can be irrigated particularly in arid and semi-
arid lands(1,2).The wastewater allowed farming to be done in the
dry season when farmers could sell their produce at three to six times
the monsoon season prices (3,4). Wastewater reliability also allows
for multiple cultivation cycles and flexibility of crops planted (5,6).
The increased productivity and related income/food supply gains
allow farmers a more reliable livelihood with indirect benefits of
using the income for education and improving health

conditions.This is also the group potentially at risk as the possible
adverse health effects to farmers and consumers are well established
(7).As part of the urban food-production systems, urban livestock
contributes to cities” food security by providing meat and dairy
products (8-12). In semi-arid countries, livestock production relies
mainly onnatural pasture, which is often limited or decreasing due
to low precipitation. Reusing wastewater or faecal sludge for fodder
production appears an important and comparatively low-risk avenue
which can contribute to enhancing the resilience to climate changes
and food insecurity especially of small and middle-sized cities in
developing countries.
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Diseases originated from the reuse of cleaned wastewater in
irrigation

The most common diseases associated with wastewater and excreta
are the diarrheic ones. Examples include several kinds of
helminthiases that are caused by intestinal infestation of parasitic
worms. Helminthiases are common where poverty and poor sanitary
conditions prevail; under these conditions they can affect up to 90
per cent of the population (13). Ascariasis (produced by Ascaris
worms) is the most common one and is endemic in Africa, Latin
America, and the Far East. It is estimated that 133 million people
suffer from high-intensity ascariasis infections, which often lead to
severe consequences, such as cognitive impairment, severe
dysentery or anaemia. Even though helminthiases have a low
mortality rate (for ascariasis nearly 10,000 persons per year), most
of the people affected are children under 15 years old with problems
of faltering growth and/or impaired fitness. Approximately 1.5
million of these children never attain expected growth, even if
treated (14-18). Another common helminthiasis is Schistosomiasis
that affects approximately 246 million people worldwide (19). It
causes tens of thousands of deaths every year, mainly in sub-Saharan
Africa. It is strongly related to unsanitary excreta disposal and the
absence of nearby sources of safe water. Another important disease
is cholera, caused by bacteria named Vibrio cholerae. These bacteria
cause not only epidemics but are responsible for several pandemics.
Cholera is strongly related to the use of polluted water for irrigation
or to unsafe disposal of sludge and excreta. Major risks occur where
there are large concentrations of people and hygiene is poor.

Other diarrheic diseases related to unsafe agricultural practices are
salmonellosis, typhoid, shigellosis, gastric ulcers (caused by
Helicobacter pylori), giardiasis and amoebiasis (20-22). In addition,
skin diseases associated with contact with untreated water have been
reported. Nail problems (koilonychias) characterized by spoon-
formed nails have also been reported and are associated with the
anaemia produced by hookworm infections which cause iron
deficiency (23). However, it must be kept in mind that in developing
countries with various disease exposure pathways, the comparative
risk contribution from wastewater irrigation and contaminated crops
has never been comprehensively studied.

Wastewater and excreta policies to control the unplanned reuse of
wastewater where it is an ongoing practice are not only hard to
implement but are even difficult to develop (24-26) because
governments are faced with the trade-off between public health
protection and the ethical question of whether to prevent wastewater
farmers from cultivating with the only source of water that is
accessible to them (27). The WHO, to assist in this decision-making
process, has in recent years been giving consideration both to the
limitations faced by developing countries in providing sufficient
wastewater treatment to meet water-quality standards and the
increasingly important livelihood dimension ofwastewater use. This
is reflected in the 2020 Guidelines. If a government concludes that
the practice must be stopped, then it has to put in place a complex
process for control, with few successful examples in practice. In
almost all countries legislation exists, dating back several years or
decades and referring directly or indirectly to the use of polluted
water or wastewater for irrigation, which is always forbidden. Many
countries have irrigation water-quality guidelines, but they do not
always consider microbiological standards, and where wastewater
use is permitted, the legislation requires that certain quality
conditions are met. Such conditions usually follow the previous
WHO Guidelines which recommended water-quality thresholds.
Such regulations are not followed in practice for the many reasons
mentioned above. A further factor is that wastewater irrigation
usually takes place outside the officially recognized formal
irrigation sector. As a result, most governments ignore the situation
or have no other means than to adopt a laissez-faire attitude (28).
Joint efforts by WHO, FAO and United Nations Environment
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Programme (UNEP) to respond to this global situation, and to
encourage resource recovery, resulted in an enforceable and
achievable regulatory framework to support worldwide the reuse of
wastewater, greywater and excreta in agriculture and aquaculture
(29). These new Guidelines build on previous ones but are in their
2020 version much more supportive of the difficult sanitation
conditions in most developing countries and have suggested a
multiple barrier approach for the long-term achievement ofa
universal health-based target. Furthermore, WHO suggests local
adaptation of the Guidelines with incremental achievements towards
this target. This flexibility means that authorities require support to
understand and apply the new approach. The previous WHO
Guidelines (30) are often considered more straightforward,
especially for countries That already have comprehensive
wastewater collection and treatment in place. The resulting bias
towards countries at the lower part of the sanitation Ladder caused
discomfort among those countries further up which have few
problems in enforcing and monitoring crop or water-quality
thresholds. These countries prefer to use, for example, standards
similar to the California Title 22 (31). Such fixed standards are
indeed most useful where they can actually be met by treatment, and
wastewater use is a planned and controlled activity.

However, they are difficult to apply where treatment is rudimentary
or lacking and when thousands of farmers already use polluted water
sources because they have no alternative. Here, different strategies
for health-risk reduction are needed. Similar regulations based on
local needs and capabilities had been developed before the 2006
WHO Guidelines were released, e.g. in Australia (AATSE, 2019)
and in Mexico in 1996 (32). The advantage of the WHO Guidelines
is that all the developing countries that have ignored previous
guidelines, because the water-quality thresholds were too high, are
now challenged to control the health risks as far as possible, rather
than continuing to disregard the problem. The same applies to
excreta management which the WHO (2020) is also addressing. The
agricultural use of treated, partially treated or untreated wastewater2
or surface water contaminated with wastewater is common. An
estimated 20 million Hectares worldwide are irrigated with
wastewater, more of it with untreated than Treated wastewater (33).
This misbalance in favour of untreated wastewater will continue to
increase as long as the pollution of streams, by effluents from
growing urban populations is not matched by treatment facilities.
The increasing global scarcity of good-quality water will turn
wastewater irrigation from an undesirable phenomenon into a
necessity wherever agricultural water demand is not met by supply.
This is not only the case in drier regions, but anywhere where
farmers seek land and water to address market demand. Common
examples are urban and peri-urban areas in most developing
countries where clean water sources are hardly sufficient even to
meet domestic demand. The use of untreated wastewater, or polluted
water in general, poses risks to human health since it may contain
excreta-related pathogens (viruses, bacteria, protozoan and
multicellular parasites), skin irritants and toxic chemicals like heavy
metals, pesticides and pesticide residues. When wastewater is used
in agriculture, pathogens and certain chemicals are the primary
hazards to human health by exposure through different routes. These
exposure routes are mainly contact with wastewater (farmers, field
workers and nearby communities) and consumption of wastewater-
grown produce (consumers). In addition, contamination may be due
to poor post-harvest handling that can also lead to cross-
contamination of farm produce.

Treaths for health hazards during wastewater irrigation

The causative agents of excreta-associated infections are released
from infected persons (or animals in some cases) in their excreta.
They include pathogenic viruses, bacteria, protozoa and helminths
of which are released from the bodies of infected persons (or animals
in some cases) in their excreta (faeces or urine). The pathogens
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eventually reach other people and enter either via the mouth (the
faecal oral pathway, e.g. when contaminated crops are eaten) or via
the skin (contact with infective larvae, e.g. hookworm infection and
schistosomiasis).

Consumption of irrigated produce In relation to consumption-
associated health risks, the primary concern is about vegetables
eaten uncooked e.g. in raw salad dishes (34). Several studies
including a prospective cohort study (35), an analytical descriptive
study (22) and several descriptive studies including one done in
Jerusalem (24) have shown higher Ascaris infections for both adults
and children consuming uncooked vegetables irrigated with
wastewater. Studies on the impact related to diarrhoeal diseases
from consumption of contaminated vegetables have been published
and reviewed extensively (21). The Escherichia coli strain
enterotoxigenic E. coli (ETEC) is often Associated with diarrhoea
(travellers’ diarrhoea) in developing countries (23). In addition, viral
enteritis (especially norovirus and rotavirus) and hepatitis Aare the
most commonly reported viral infections from vegetable
consumption (24). Several diarrhoeal outbreaks have been
associated with wastewater-irrigated vegetables (25, 36). However,
in developing countries it is often a challenge to attribute Diarrhoeal
outbreaks to specific exposure routes due to other contributing
factors including poor hygiene, sanitation and reduced access to safe
drinking water.

Health problems with wastewater use in agriculture

Not every hazard will end up causing illness and different hazards
and Exposure pathways will result in different disease burdens. The
relative importance of health hazards in causing illness depends on
a number of factors. The ability of infectious agents to cause disease
relates to their persistence in the environment, minimum infective
dose, ability to induce human immunity, virulence and tency periods
(37). Thus, pathogens with long persistence in the environment and
low minimal infective doses that elicit little or no human immunity
and having long latency periods (for example helminths) have a
higher probability of causing infections than others. According to
this, helminth infections, where endemic, pose the greatest risks
associated with wastewater irrigation.

Risks from most chemicals are thought to below, except in localized
areas with large Industrial wastewater generation. Diseases
associated with exposure to chemicals (aside from acute symptoms
such as skin rashes, etc.), such as cancer, are harder to attribute to
wastewater use in agriculture. This is because workers may be
exposed to complex mixtures of chemicals in the wastewater and
long latency periods before the disease symptoms appear, making it
difficult to attribute the disease to any one specific exposure route
or causal factor. The diseases ofmost relevance differ from area to
area depending on the local status of sanitation and hygiene and the
level to which wastewater is treated prior to use in agriculture. Most
of these excreta related illnesses occur in children living in poor
countries. The disease burden is measured in disability-adjusted life
years (DALYs),3 which is increasingly becoming an essential unit
in comparing disease outcomes from different exposures. More
details on the use of DALYSs are given in the following chapters.
Overall, the WHO estimates that diarrhoea alone is responsible for
nearly 3 per cent of all deaths and 3.9 per cent of DALY's worldwide
(6-9). Diarrhoea is indeed a disease which can be largely attributed
to environmental factors, such as unsafe drinking water, poor
hygiene and sanitation, and the consumption of pathogen-
contaminated crops. The question of how much of the disease
burden can be attributed to poor sanitation, unsafe drinking water,
poor hygiene and, in particular, to the con sumption of wastewater-
irrigated vegetables remains a challenging one.

There are not many comparative studies and those that exist only
look at either Waterborne or foodborne pathways. Wastewater-
irrigated food links both categories, but more importantly, many
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factors are interwoven and not mutually exclusive. The large number
of confounding factors makes any specific attribution to wastewater
use difficult. One way to address the challenge is via microbiological
risk assessment considering location-specific exposures.

Waterborne Pathogens

The majority of pathogens in wastewater are enteric, that is they
affect the digestive system, andpresent a serious health risk if
ingested ( 8-12). The adverse health effects of ingestion of pathogens
are serious, and especially in the case of children under five, may be
fatal if appropriate medical treatment is not administered in a timely
manner. Protozoa are single-cell organisms that are important to
public health because they cause life threatening diseases including
giardiasis, cryptosporidiosis, dysentery  and amoebic
meningoencephalitis (26-28). Protozoan parasites are numerous in
wastewater, including Cryptosporidium, Giardia, Entamoeba and
Microsporidia. Cryptosporidium is highly resistant to chlorine-
baseddisinfectants, and has been implicated in a number of
gastroenteritis outbreaks around the world. Protozoa are able to
survive outside their host under adverse conditions as cysts or
oocysts that range in sizefrom 3 to 14m in diameter ( 20-
24).Helminths are larger multicellular organisms, which when
mature can generally be seen with the naked eye. Helminth parasites
commonly detected in wastewaters include the round worm (Ascaris
lumbricoides), the hook worm (Ancylostoma duodenale) and the
whip worm (Trichuris trichura). The most common microbial
pathogens found in wastewater are bacteria (21-23).

These bacteria can be considered in two broad categories:
enteropathogenic ~ bacteria  and  opportunistic  bacteria.
Gastrointestinal diseases are one of the most common bacterial
diseases contracted through wastewater (6-8). These include
diarrhea (e.g., cholera caused by Vibrio cholera and salmonelliosis
caused by a number of Salmonella species) and dysentery (caused
by various Shigella and Salmonella species). Other common Water
diseases include typhoid and paratyphoid fever (caused by
Salmonella species) (23-27). In addition to the established
pathogens, a number of opportunistic pathogens (microorganisms
causing infections and disease under optimal conditions, commonly
in the very young, elderly and immune-compromised), including
Pseudomonus and Streptococcus, can be found in wastewaters.
Bacteria range from 0.6 to 1.0m in diameter and 2-3 m in length (9).
Viruses are considered as one of the most infectious pathogens
common to wastewater due to their greater resistance to treatment
and a smaller dose required to cause infection(19).More than 100
different viruses can be found in human feces (24). Enteroviruses,
the most commonly detected viruses in wastewater, can cause
paralysis, meningitis, respiratory disease, encephalitis and
congenital heart anomalies, along with a range of other conditions
with varying severity (29-30). Other human viruses in wastewater
include coxsackie A and B, reovirus, norovirus, rotavirus, hepatitis
A and E, adenovirus, echovirus and poliovirus, which can
potentially cause upper respiratory and gastrointestinal illness (7,
37). Gastroenteritis is the most common wastewater related illness
and can be caused by bacteria, virus or protozoa (36-38). The leading
viruses responsible for gastroenteritis are rotavirus, calicivirus,
enteric adenovirus and astrovirus (22). The size of different viruses
ranges within a few tens of nm. For example, nominal size of
hepatitis A, hepatitis E, calicivirus and astrovirus has been reported
to be around 30 nm, while the nominal size of rotavirus and enteric
adenovirus can be around 70 nm (26-28).

Indicator Organisms The wide variety of pathogens, including
bacteria, viruses and protozoa present in most wastewater makes it
impractical to test for each pathogen individually. There fore
suitable markers indicating microbial contamination are used. The
indicator organisms themselves may not be pathogens. One widely
used marker is the detection of coliform bacteria, either as total
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coliforms or fecal coliforms. Coliforms are common inhabitants of
ambient water and may be injured by environmental stresses (e.g.,
lack of nutrients) and water treatment (e.g., chlorine disinfection) in
a manner similar to many pathogens. Fecal coliform has been shown
to correlate strongly with the presence of fresh fecal matter (16-
23,39). Possible indicators for protozoa suggested in the literature
include aerobic spores, anaerobic spores and particle profiling.
Similarly, particle profiling has been reported as a useful indicator
for the removal of helminths from wastewater, with a high
correlation observed between numbers of helminth ova and the
volume of particles of 20-80 pm(28). Challenge testing of
wastewater treatment processes for virus removal has been generally
performed with model viruses having inactivation and adsorption
behaviors similar to the native viruses under given conditions.
Bacteriophages are viruses that infect specific bacteria and are
widely considered to be process indicators for enteric virus removal
or inactivation (26). A coliphage is a type of bacteriophage that
infects Escherichia coli (a fecal coliform). Coliphages those attack
E. coli through the “pilli” are referred to as “F-specific phage” or
“Male-specific phage”, while those attacking through the cell Wall
are referred to as “Somatic phage”. MS2 coliphage (an F-specific
phage) appears to be the most common viriis. These characteristics
are similar to some pathogenic human viruses found in water and
wastewater, such as hepatitis A virus and poliovirus, and thus make
MS2 a good indicator and surrogate for virus studies with membrane
systems( 29-34). T4 coliphage (a somatic coliphage) has also been
used in bench-scale MBR studies since it is similar to adenoviruses,
reoviruses, rotaviruses , and coronaviruses (32, 40-43).

In this study, the Log removal values (LRV) of some viruses,
bacteria, protozoa and helmints in the effluents of conventional
treatmnt processes with GAC and activated sludge, MBR reactor,
UF and RO membrane processes were used to evaluate the process
yields which the treated water whether reused for cleaning
activities and irrigation purpose.The effects of SRT for activated
sludge and, VSS concentrations in MBR treatment processes, and
pressure increase on the yields of organisms, dissolved organic
carbon ( DOC) vyields were investigated in UF and RO processes.

Materials and Methods
Reactor configurations

In this study 4 reactors namely conventional activated sludg process,
MBR, UF and RO were used to detect the organism in the treated
effluents which is going to be used as irrigation purpose. The MBR
reactors surface was loaded with 45.000 mg/l heterogenic bacteria
while  UF membranes (FB02-FC-FUS1582: Daicen Membrane
Systems Japan) have pore size 10 nm consisting o f polymers
including proprietary non-ionic polymers, polytetrafluoroethylene
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(PTFE), polypropylene (PP), polysulphone (PSA spiral-wound RO
reactor (SV021GV,Tokyo, Japan) with a membrane area of 0.13 m2
and a molecular weight cut-off was 150,000 Da. RO is a hollow
fiber reactor with a a membrane area of 0.6 m2 and a molecular
weight a cut-off of 190,000 Da.

Used organisms

MS2 phage, E.coli, Vibrio cholera, Cryptosporidium,Giardia,
Entamoeba, round worm (Ascaris lumbricoides), hook worm
(Ancylostoma duodenale) and the whip worm (Trichuris trichura)
were isolated and investigated their numbers in the influent and
effluent of the four treatment process to determine the their log
removals.

Log Removal of organisms

Pathogen removal is expressed in terms of log removal value (LRV),
which is defined as follows:

Log Removal = Log 10 (A) — Log 10 (B);

Here, A is the number of organism before treatment while B is the
number of microorganism after treatment.

If the log removal is equal to one then there is a 90% reduction in
microorganisms. If the log reduction is two, then there is a 99%
reduction, if three, then there is a 99.9% reduction and so on.

Regulations and guidelines for water recycling specify a target LRV
that reduces the risk associated with exposure to the pathogen to a
tolerable level. For example, the specified inactivation or removal
efficiencies for various pathogens defined in Turkey. Environmental
Protection Agency In Turkey mentioned limits to LRV limits
which they were corresponded with 99% removal for
Cryptosporidium parvum, 99.9% removal for Giardia lamblia, and
99.99% removals for viruses and bacteria (3-12).

isolation of bacteria and measurement of all conventional
pollutant parameters

All the organism isolations and pollutant analyses were performed
according to Standart Methods(2022)(39,40).

Results and Discussion

Log 10 removal of organisms in conventional Activated sludge
process

The effects of SRT on the yields of the organisms were tabulated in
Table 1. As the SRT was increased from 10 days to 20 and 30 days
the log 10 removals of all organisms increased from 1.00- 1.30 to
1.2-1.7 and to 1.7-2,01.

Organism names initial SRT = 10 days SRT =20 days | SRT = 30 days Log removal (
concentrations Log removal (log 10 | Log removal ( | log 10 %)
before treatment | %) log 10 %)

MS2 phage (phage) 89 MPN/ml 1 1,7 2,01

E.coli ( bakteria) 45x 10 " cfu/ml 11 13 1,9

Vibrio cholera (bacteria) 12x 10 5 cfu/ml 1,2 13 1,8

Cryptosporidium 67 oocyst/ 100 ml | 1 1,2 1,7

(protozoan)

Giardia(protozoan) 67 oocyst/ 100 ml | 1 13 1,65

Entamoeba(protozoan) 67 oocyst/ 100 ml | 1 1,1 1,73

Covid virts 34 MPN/ ml 1 1,2 1,45

round worm (Ascaris 23 number/ gr 1 1 1,30

lumbricoides)

hook worm (Ancylostoma | 20 number/ gr 1 1 1,30

duodenale)

whip  worm  (Trichuris | 13 number/ gr 1,1 1 1,28

trichura)
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Table 1: Variation of all organism log 10 removal percentageous versus SRT
Log 10removal of organisms in MBR

the effects of VSS on the yields of the organisms were tabulated in table 2. As the VSS elevated from 10 days to 20 and 30 days the log 10
removals of all organisms increased from 1.00- 1.40 to 1.6-1.8 and to 2.11-2,32

Organism names Initial VSS= 10.000 mg/l | VSS= 20.000 mg/l | VSS= 30.000 mg/l Log
concentrations Log removal (log 10 | Log removal ( log | removal ( log 10 %)
before treatment | %) 10 %)

MS2 phage (phage) 89 MPN/ml 1 1,8 2,32

E.coli ( bakteria) 45x 10 7 cfu/ml 1,3 1,8 2,02

Vibrio cholera (bacteria) 12x 10 5cfu/ml 14 1,8 2,08

Cryptosporidium 67 oocyst/ 100 ml 1,2 1,6 2,11

(protozoan)

Giardia(protozoan) 67 oocyst/ 100 ml 1,3 1,7 1,99

Entamoeba(protozoan) 67 oocyst/ 100 ml 1,3 18 1,99

Covid viris 34 MPN/ ml 14 1,7 1,99

round worm (Ascaris 23 number/ gr 1,4 1,65 2,03

lumbricoides)

hook worm (Ancylostoma | 20 number/ gr 1,3 1,6 2,30

duodenale)

whip  worm  (Trichuris | 13 number/ gr 1,42 15 2,29

trichura)

Table 2: Removals of all organisms in MBR versus VSS

Log removal of organisms in UF

The effects of pressure n the yields of the organisms were tabulated in Table 3. As the pressure was increased from 10 bar to 20 and
30 bar the log 10 removals of all organisms increased from 1.80- 1.90 to 2.18-2.30 and to 2.78-2.93

Organism names Initial Pressure = 10 bar, | Pressure= 15 | Pressure= 30 bar, Log removal
concentrations Log removal (log 10 | bar, Log | (log 10 %)
before treatment | %) removal ( log

10 %)

MS2 phage (phage) 89 MPN/ml 19 2,19 2,82

E.coli ( bakteria) 45x 10 " cfu/ml 18 2,18 2,93

Vibrio cholera (bacteria) 12x 10 5 cfu/ml 1,9 2,30 2,93

Cryptosporidium 67 oocyst/ 100 ml 1,8 2,28 2,78

(protozoan)

Giardia(protozoan) 67 oocyst/ 100 ml 1,8 2,29 2,89

Entamoeba(protozoan) 67 oocyst/ 100 ml 19 2,23 2,63

Covid virias 34 MPN/ ml 1,8 1,9 2,03

round worm (Ascaris 23 number/ gr 1,4 1,89 2,47

lumbricoides)

hook worm (Ancylostoma | 20 number/ gr 1,3 1,99 2,40

duodenale)

whip  worm  (Trichuris | 13 number/ gr 1,42 1,96 2,49

trichura)

Table 3: Variations of log10 removals of all organisms versus pressure in UF

Log removal of organisms in RO

The effects of pressure n the yields of the organisms were tabulated in Table 5. As the pressure was increased from 15 bar to 25 and
40 bar the log 10 removals of all organisms increased from 1.90- 2.38 to 2.68-2.89 and to 4.01-4.21

Organism names Initial Pressure= 15 bar, | Pressure = 25 | Pressure = 40 bar, Log
concentrations Log removal ( log 10 | bar, Log removal | removal ( log 10 %)
before treatment | %) (log 10 %)

MS2 phage (phage) 89 MPN/ml 2,26 2,89 4,03

E.coli ( bakteria) 45x 10 7 cfu/ml 2,38 2,68 4,01

Vibrio cholera (bacteria) 12x 10 5 cfu/ml 2,01 2,87 4,21
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Cryptosporidium 67 oocyst/ 100 ml | 2,14 2,68 4,39
(protozoan)

Giardia(protozoan) 67 oocyst/ 100 ml | 2,16 2,79 4,89
Entamoeba(protozoan) 67 oocyst/ 100 ml | 2,11 2,73 4,69
Covid viris 34 MPN/ ml 2,19 2,23 4,21
round worm (Ascaris 23 number/ gr 2,29 2,27 4,38
lumbricoides)

hook worm (Ancylostoma | 20 number/ gr 2,22 2,67 4,36
duodenale)

whip  worm  (Trichuris | 13 number/ gr 2,18 2,69 4,43
trichura)

Removals of all conventional pollutant parameters

Tables 5, 6, 7 and 8 summarize all the conventionalpollutant
parameters in all studied reactor types namely activated sludge,
MBR, UF and RO. In activated sludge at the highests SRT the

Table 4: Variations of log10 removals of all organisms versus pressure in RO

VSS concentration of 30.000 mg/l the maximum pollutant yields

was detected (89-91%). In UF at the highest pressure of 30 bar the

maximum pollutant yields were obtained (94-96%) while in RO the
maximum pollutant yields were detected as 99-99,99% at 40 bar

maximum yields was detected(88-89%). In MBR at the highest pressure.
Pollutant Initial concentrations | SRT = 10 days, | SRT=20days, | SRT = 20 days, Removal
parameters before treatment | Removal efficiency | Removal efficiency (%)
(mg/l) (%) efficiency (%)
CoD 980 69 80 88
DOC 450 70 81 86
TSS 960 71 80 89
TN 56 68 82 87
TP 32 72 80 88
Table 5. Removals of conventional pollutant parameters in conventional activated sludge
Pollutant initial concentrations | VSS= 10.000 mg/l, | VSS= 20.000 | VSS=30.000 mg/l, Removal
parameters before treatment | Removal efficiency | mg/l, Removal | efficiency (%)
(mg/) (%) efficiency (%)
CoD 980 73 86 89
DOC 450 74 87 90
TSS 960 74 86 91
TN 56 73 85 90
TP 32 74 83 89
Table 6. Removals of conventional pollutant parameters in MBR
Pollutant initial concentrations | Pressure = 10 bar, | Pressure= 15 | Pressure=30 bar , Removal
parameters before treatment | Removal efficiency | bar, Removal | efficiency (%)
(mg/l) (%) efficiency (%0)
COoD 980 78 92 94
DOC 450 79 90 96
TSS 960 79 91 95
TN 56 79 90 95
TP 32 79 89 95
Table 7. Removals of conventional pollutant parameters in UF
Pollutant initial concentrations | Pressure = 10 bar, | Pressure= 15 bar, | Pressure=30 bar
parameters before treatment (mg/1) Removal efficiency (%) | Removal efficiency (%) | Removal efficiency (%6)
COoD 980 92 94 99,90
DOC 450 90 96 99,99
TSS 960 91 95 99,90
TN 56 90 95 99,89
TP 32 89 95 99,90

Conclusions

Due to the nominal pore size of the UF and RO membranes used and
the size of the coliform bacteria, membrane is considered the
dominant mechanism for also the removal of coliforms and

Table 8. Removals of conventional pollutant parameters in RO

pollutants by membranes. The pore size of common MF and UF
membranes promises the removal of all bacteria from wastewater
and no tertiary disinfection is required to adhere to the regulatory
limit Conversely, due to the much smaller size of viruses, there is

much greater concern surrounding their removal by RO. Only the
effluent (permeate) of the RO process can be reused for irrigation
and clean water use.
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International guidelines must therefore be practical and offer
feasible risk-management solutions that will maximize health
protection and facilitate the beneficial use of scarce resources. LRV
correlated positively and significantly between all microorganism
indicators and dissolved organic carbon (DOC), becoming a suitable
monitoring technique for biological removal. LRV correlated use
predominant removal mechanism. Strong correlations between LRV
for protozoa, virus and bacteria indicators were established at
optimum pressure,

TMP and MLSS, higher pH and temperature and longer solids times.
The implications of this study provide important guidance for the
validation of conventional activated sluge, MBR, UF and RO. Only
RO produce safe and consistent recycled water. Strong correlations
between LRV for protozoa, virus and bacteria indicators were
established at optimum pressures,VSS and SRTSs.

Information on the removal performances of RO would be helpful
for estimating the health risks caused by organims in the permeate,
but unfortunately the information available is still insufficient.
Information on the origins of organisms detected in the RO permeate
is also important when considering the measures to be taken, which
can change depending on the origin of the organism.
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