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Abstract

Wastewater reclamation holds promise as an important water resource as the desire to develop arid regions
continues to place increasing demands on finite water resources. The debate surrounding the consumption of reclaimed
wastewater finds risk managers pondering the question of what types of water quality standards might be set in order
to provide the proper level of safety associated with the use of reclaimed wastewater. We propose quality categories
for different reuses such as irrigation or indirect aquifer recharge with different requirements towards microbial and
chemical parameters. Based on recent existing guidelines and risk estimations, microbial and chemical limits for each
category were compiled. Since economic calculations are very important, analytical costs are included and measure-
ments frequency is proposed. Biological parameters have to indicate all potential pathogenic organisms including
viruses, bacteria and parasites from different origins. The selected biological indicator parameters most used in rules
and regulations are coliforms and E. coli, indicating the occurrence of a former faecal contamination and the possible
presence of all pathogens occurring in faeces of warm-blooded animals. In the case of wastewater reuse, biological
parameters have to indicate all potential pathogens causing infection diseases and/or intoxication in all living beings
including plants and animals. The large number of possible chemical parameters in relation with wastewater
reclamation and reuse has to be adapted and minimized with respect to the origin of the sewage, the extent of the
treatment process and the intended use. These parameters must cover a broad spectrum of toxicological and ecological
risks as well as possible technical disorders. Risk assessment and risk management are also necessary.
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1. Introduction

Wastewater reclamation and reuse have been
the subject of a number of studies dealing with
water quality for some time, especially in relation
to microbiological criteria. During the last
decade, chemicals have also been incorporated
into the oberservation panel, thus enlarging the
number of parameters to be determined for safe
reuse of wastewater.

Reclamation and reuse hazards are usually
defined according to standards issued or recom-
mended by local authorities or international
agencies. When trying to study the rationale of
such an approach, there are several inconsis-
tencies, namely the adequacy of control para-
meters, a certain lack of definition of the
appropriate sampling points, the number of
samples and analysis necessary, and the cost of
the analytical work.

In any case, if standards are to be met, it
appears that planning steps, economic calcula-
tions, and social tasks are to be performed for
successful reclamation and reuse practices. Then,
it seems obvious that scenarios must be built for
the correct comparison of the different possible
alternatives, including all the data needed to reach
a correct decision.

From the zero scenario (no reuse) to the
theoretically more expensive one (reclamation or
seawater desalination using reverse osmosis),
adequate tools are to be used in order to help
stakeholders to decide the best option for the
increase of available water resources. Among the
tools, decision support systems are the most
useful for gaining good information, but other
studies must also be undertaken to determine the
necessary technologies and schemes. As health
hazards are one of the main constraints for reuse,
it appears that risk assessment, based on hazard
calculations, is basic for several definitions in
reclamation and reuse projects.

A discussion came up on the adequacy of the
main parameters used (coliform-derived stan-

dards, nematode eggs), the suggested ones, the
number of samples compulsory for the “legal”
safe reuse, and on the price of the analytical work
necessary to fulfil legal requirements. If
preventive risk management concepts (mainly
HACCP) are used, the number and periodicity of
analysis are reduced to the established critical
control points, which will decrease costs. Stan-
dards, HACCP systems, and good reuse practices
must be considered in an integrated way in for
efficient management of the reclamation prac-
tices. A final question is issued: can classical
reclamation be competitive with other water
sources if all the compulsory actions are
performed?

2. Microbiological and chemical parameters
concerning reclaimed wastewater reuse

The risks concerning reclaimed wastewater
reuse can be classified into biological and chemi-
cal risks. The biological and chemical parameters
of interest are described in more detail below.

2.1. Microbiological parameters

The increase of health hazards and concerns in
relation to wastewater, the growing number of
wastewater treatment facilities, and the need for
obtaining additional water resources through
wastewater reuse have forced the necessity of
using more precise and sophisticated biological
control tools for wastewater recycling. Due to the
costs and complexity of analyzing actual patho-
gens, it should be considered [1] that wastewater
professionals and regulators have relied for
decades on traditional faecal indicators (Table 1)
to predict potentially high pathogen levels being
sufficient to guarantee high-quality standards.

The scientific community was always aware
that detection and quantification of E. coli are not
enough to define the quality of a certain waste-
water treated, reclaimed, or discharged into the
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Table 1
Types of waterborne pathogens and used indicators [2]

Waterborne pathogens Indicators

Observations

Bacteria
Enterococcus fecalis,

Staphylococcus aureus, Salmonella spec.,
Clostridium perfringens, Pseudomonas

E. coli, Faecal coliforms, Total coliforms,

Faecal coliform (FC) determination is
more usual; E. coli determination is
slowly substituting FC. Other bacteria are
used for bathing waters, groundwater, etc.

aeruginosa, Legionella pneumophila

Viruses
Bacteriophages

Helminth—Nematode

Other helminths Unknown
(i.e., Taenia)

Protozoa (includes Giardia, Unknown

Enterovirus, Hepatitis A virus

Nematode eggs (Ascaris, Trichuris,
Ancylostoma as indicated by the WHO)

An accepted indicator still does not exist.
Bacteriophage is being studied in this
sense.

Discouraging: many negative results in
many countries. Egg viability is not
required.

In some cases important for risk related to
animal health

Analytical tools not well developed until

Cryptosporidium, Amoeba, The presence of one of them could indicate now

Balantidium, etc.) the presence of the other

Fungi, algal toxins Unknown

Few cases detected

environment. Some pathogens are more resistant
to conventional wastewater treatment (including
chlorination) and its sources are not warm-
blooded animal faeces. Therefore, E. coli is an
insufficient tool to reflect the quality changes due
to wastewater treatment processes, conventional
or advanced, extensive or intensive. In addition,
it does not permit the control of wastewater
disinfection.

Otherwise, the long period of time needed to
produce results is a negative feature in the ana-
lytical work, but not only related to £. coli deter-
mination. However, new molecular biological
methods are under development that enable a
faster determination of specific microorganisms
[3]. It is necessary to define more suitable indi-
cators in order to establish the biological quality
of different types of wastewater (Table 1). For
example Enterococcus faecalis and even spores
of Clostridium perfringens are known to be more
resistant against disinfection than E. coli and
therefore may be used for its control. Otherwise,

the current analysis using bacterial indicators
detects only the quality of a wastewater single
sample and not the constant quality during a
given time.

Campos also reported on the difficulty of
defining microbiological quality of the media that
receive reclaimed wastewater, particularly the
agricultural systems where reclaimed water is
used for irrigation [4]. Plants, soil, groundwater,
run-off and the atmosphere can and must be con-
trolled separately from the reclaimed wastewater.
Campos also indicated the need to establish and
realize joint studies of all media implied in waste-
water reuse systems. An additional difficulty is
the lack of reference figures for the content of
pathogen organism in media other than water.

As indicated previously, several groups of
organisms are “determined” by using indicators
(i.e., pathogen bacteria by E. coli), although
others (i.e., Giardia lamblia) do not have useful
indicators and must be determined directly
(Table 2).



32 M. Salgot et al. / Desalination 187 (2006) 29—40

Table 2

Organisms usually determined in wastewater treatment, and reuse [2]

Type/organism Usually/theoretically On research Observations
employed as
Total coliforms Bacterial indicator Not widely used

Faecal coliforms/ Faecal indicator

E. coli

Bacteriophage Faecal indicator

Bacterial count Indicator for aerobic,
heterotrophic bacteria

Nematode eggs Nematode and helminth

indicator
Giardia lamblia Direct detection of
Cryptosporidium Direct detection of
parvum oocysts

Faster methods

Most suitable one

Amount of DNA/RNA

Better concentration
methods. Viability

Better concentration and
cysts detection methods. Viability
Better concentration and
detection methods. Viability

Most used method, despite the
problems and discussions

Somatic, F-specific and
Bacteroides fragilis HSP40 and
RYC2056 phages

Recovery of not more than 10%
Recovery of not more than 70%

In wastewater, false positives can
be found in high numbers
In wastewater, false positives can
be found in high numbers

Until now, indicator-based standards have
been used to define a suitable reclaimed water
quality. Nevertheless, it must be stated that the
health risk related to reuse is defined by several
aspects: the microbial agent, the human host, and
the environment in which the infection process is
mediated [S]. As it is the interaction of these
components which produces human disease, risk
is dependent on defining the exposed population,
the microbial characteristics, and the environ-
mental setting in which the exposure occurs. The
human health risks associated with the ingestion
of waterborne pathogens could be theoretically
and numerically defined by using statistical
models that calculate the probability of individual
infection or disease as a result of a single expo-
sure event. These types of calculations [6] could
be a good tool when fully developed in the future.

It has been suggested in a WHO report [ 7] that
the epidemiological method must be employed
for determining health risks associated with reuse
practices. Nevertheless, it seems not to be a good
tool, as stated by Cooper and Olivieri [8]. It

appears that traditional epidemiological methods
are not sensitive enough to “tease out” cases that
might be associated with recycled water from the
background incidence of these ailments in the
community.

2.2. Chemical parameters

Internationally, there is an increasing require-
ment for the inclusion of chemical parameters in
guidelines or regulations concerning reuse of
reclaimed wastewater. The main reason is that
chemicals in low concentrations may show no
direct toxic effects but do show long-term chronic
effects or bioaccumulation. Environmental con-
cerns are a further important factor because seve-
ral organisms show high sensitivity to some
chemicals. Several national irrigation regulations
contain physicochemical or chemical parameters,
but there is considerable variation among these
guidelines, particularly regarding identifiable
values and the limited parameters. Recent guide-
lines concerning wastewater reuse and irrigation
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Overview of the compiled chemical limits for reclaimed wastewater reuse from existing guidelines and proposed chemical
limits depending on the specific use

Parameter/chemical category Unit 1 2 3 4
Private, urban Environmental Indirect Industrial
and irrigation and aquaculture  aquifer cooling

recharge

pH 6.0-9.5 6.0-9.5 7-9 7.0-8.5

BOD mg /L 1020 10-20

COD (or TOC) mg /L 100 70-100 (1) 70-100 70 (1)

Dissolved oxygen mg/L >0.5 >3 >8 >3

AOX pg/L 25

UV 254 absorbance cm 'x10° 30-70 30-70 10

Electrical conductivity uS/cm 3000 3000 1400

TSS mg/L 10 10 10

Active chlorine (only if mg/L 0.2-1.0 0.05 0.05

chlorination)

Total Kjeldahl N mg/L 15-20 10-20 10

Ammonium-N mg/L 2-20 1.5 0.2 1.5

Parameters of medium analytical frequency (monthly, once per year)

Sodium absorption ratio (SAR) ~ mmol/L’? 5 5

Na mg/L 150 150-200 200

As mg/L 0.1-0.02 0.1-0.02 0.005

B (total) mg/L 0.4-1.0 0.4-1.0 0.2

Cd mg/L 0.005 0.005 0.003

Cr (total) mg/L 0.1-0.01 0.1-0.01 0.025

CrllI mg/L 0.1 0.1

Cr VI mg/L 0.005 0.005

Hg mg/L 0.001-0.002 0.001-0.002 0.0005

Pb mg/L 0.1 0.1 0.005

Nitrate mg/L 25

F (total) mg/L 1.5-2.0 1.5-2.0

Chloride mg/L 250 250-400 100 400

Sulphate mg/L 500 500 100

Total P mg/L 2-5 0.2 0.2

Surfactant (total) mg/L 0.5 0.5

Mineral oil mg/L 0.05 0.05

Parameters of low analytical frequency (once per year—once per 5 years)

Al
Ba
Be
Co
Cu
Fe
Li
Mn

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

1-5

10

0.1
0.05
0.2-1.0
2

2.5

0.2

1-5

10

0.1
0.05
0.2-1.0
2

2.5

0.2
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Parameter/chemical category Unit 1 2 3 4
Private, urban Environmental Indirect Industrial
and irrigation  and aquaculture aquifer cooling

recharge

Mo mg/L 0.01 0.01

Ni mg/L 0.2 0.2 0.01

Se mg/L 0.01-0.02 0.01-0.02

Sn mg/L 3 3

Th mg/L 0.001 0.001

v mg/L 0.1 0.1

Zn mg/L 0.5-2.0 0.5-2.0

CN (total) mg/L 0.1-0.05 0.1-0.05

Pesticides (total) mg/L 0.05 0.05

Pesticides and their metabolites, mg/L 0.0001

per subst. (country specific)

Pentachlorophenol mg/L 0.003 0.003

Synthetic complex-forming subst., mg/L 0.0001 0.0001 0.0001

per subst. (e.g., EDTA)

Chloride solvent mg/L 0.04 0.04

(total, if AOX > limits)

Tetrachloroethylene, trichloro- mg/L 0.01 0.01

ethylene

Disinfection (by)products

(only if chlorination)

NDMA mg/L 0.0001* 0.0001°

Trihalomethane mg/L 0.03 0.03

Aldehyde (total) mg/L 0.5 0.5

Aromatic organic solvent (total) mg/L 0.01 0.01

Benzene mg/L 0.001 0.001

PAH (total) mg/L

Benzene(a)pyrene mg/L 0.00001 0.00001

Phenol (total) mg/L 0.1 0.1

Endocrine active substances mg/L 0.0001* 0.0001° 0.0001°

(E-Screen)

Pharmaceuticals (per subst., e.g., mg/L 0.0001* 0.0001* 0.0001*

carbamazepine, X-ray contrast)

*Proposed value.

have been developed in Italy and Israel [9-11].
These are more specific concerning chemical
parameters than former existing regulations in
other parts of the world.

There are many physical and chemical para-
meters that can be determined in relation to
wastewater reclamation and reuse: from the

simplest ones (pH, EC) to the most complicated
and expensive (endocrine disruptors) ones as
shown in Table 3. Simple parameters such as
salinity, E. coli, turbidity, TSS, organic matter,
DOC and others, N- and P-related can give useful
information depending on the final use of re-
claimed water. They can give information about
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Table 4

Cost calculation and proposed measuring frequency of physicochemical and chemical quality parameters

Parameter Example/indicators Measuring  Costs Importance for
frequency chemical cat.
(Table 5)
Physico- pH, EC, turbidity, TSS, colour +++ Very low 1-4
chemical Sodium absorption ratio (SAR), UV 254 ++ 14
Organic sum  COD (TOC, DOC), BOD, DO, AOX +++ Low— 14
parameters ++ medium 1-4
Nutrients, Total-N, NH,"-N, Total-P, NO, +++ Low 1-4
minerals SO ,CN,F,ClI' ++ Low 14
Residual Cl, (if chlorination) +++ Low 1,2,4
chlorine Disinfection products/by-products (e.g., NDMA) + Very high 1,3
(Heavy) As, Cd, Cr(1I1,VI), Hg, Pb, B, Al, Ba, Be, Co, Cu, ++ Medium 1,2,3
metals Fe, Li, Mn, Mo, Ni, Se, Sn, Th, V, Zn + Medium 1,2
Organic micro- Surfactants ++ Medium 1,2
pollutants Mineral oil ++ Medium 1,2
Pesticides (e.g., Diuron; 2,4-D) + High 1-3
Complex-forming substances (e.g., EDTA) + High 1-3
Chloride solvents (if AOX > limit, e.g., TCE) + High 1,2
Aldehyde + Medium 1,2
Aromatic organic solvents (e.g., benzene) + High 1,2
PAHs (e.g., benzo(a)pyrene) + High 1,2
Phenols + Medium 1,2
Pharmaceuticals (e.g., carbamazepine, x-ray + Very high 1-3

contrast media, sulfamethoxazole), endocrine

disruptors (E-Screen)

Frequency: +++, permanently—weekly; ++, monthly— once per year; +, once per 1-5 years.
Costs per analysis: very high, >€200; high, €60-200; medium, €20—60; low, €6-20; very low, <€6.

the quality and success of the treatment process
and thereby indicate the elimination rate of other
difficult parameters such as nematode eggs or
organic pollutants. Most of them are already
included in existing guidelines for all final uses.

Depending on the origin of the wastewater and
the intended use, in addition, different, more
specific parameters are required. The high num-
ber of parameters may be reduced by risk
assessment approaches in order to identify the
most critical ones. Furthermore, to minimize
analytical costs, suitable indicator substances or
indicator effects should be identified and a
suitable monitoring strategy integrated in an

adequate HACCP concept must be developed
[12].

It is well accepted that the concentration of
heavy metals in wastewater effluent can be criti-
cal, especially in industrial regions. Their chemi-
cal analyses are sometimes difficult due to their
speciation. For some uses like crop irrigation the
determination of certain heavy metals such as the
carcenogenic Pb and Hg is advised at regular time
intervals.

In addition, an extensive list of organic micro-
pollutants has been discussed in recent years
since it is known that a significant number of
trace chemical contaminants persist in municipal
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Table 5

Microbial and chemical water quality categories for different final uses of reclaimed wastewater (adapted from CEDEX,

(21])

Microbial ~ Chemical
category category [12]

Specific final use

I 1
systems, car washing.

No category”

I 1 Bathing water.

Residential uses: private garden irrigation, toilet flushing, home air conditioning

Aquifer recharge by direct injection.

I 1 e Urban uses and facilities: irrigation of open access landscape areas (parks, golf
courses, sport fields, etc.). Street-cleaning, fire-fighting, ornamental impoundments

and decorative fountains.

* Irrigation of greenhouse crops.
e Irrigation of raw consumed food crops. Fruit trees sprinkler irrigated.

¢ Unrestricted irrigation.

v 1 e Irrigation of pasture for milking or meat animals.
* Irrigation of industrial crops for canning industry and crops not raw-consumed.
« Irrigation of fruit trees except by sprinkling.
« Irrigation of industrial crops, nurseries, fodder, cereals and oleaginous seeds.
2 Impoundments, water bodies and streams for recreational use in which the public’s
contact with the water is permitted (except bathing).

N W N —

VI

Irrigation of forested areas, landscape areas and restricted access areas. Forestry.
Aquaculture (plant or animal biomass).

Aquifer recharge by localized percolation through the soil.

Surface water quality, impoundments, water bodies and streams for recreational use in

which the public’s contact with the water is not permitted.

VII 4

Industrial cooling, except for the food industry.

*Direct aquifer recharge should be drinking-water quality; potable water should not be produced from reclaimed wastewater
without advanced tertiary treatment such as reverse osmosis or percolation through the soil (i.e., indirect aquifer recharge).

For microbial categories, see Table 6.

wastewater after conventional treatment pro-
cesses [13,14]. Some of these chemicals are
known or suspected of deleterious implications to
the environment, but only part of them is known
to be related with toxicity to humans. There is
evidence that endocrine-disrupting chemicals
such as the synthetic estrogen 17-a-ethinyl-
estradiol, are discharged via treated sewage
effluents and occur in the environment in con-
centrations that may detrimentally affect aquatic
organisms [15,16]. In addition, it is known that
several persistent organic pollutants including
some pesticides or polar pharmaceutics may also

enter groundwater by infiltration through the soil
passage, during processes such as bank filtration
[17] or even permeate through reverse osmosis
treatment.

Until now, only in some cases, organic micro-
pollutants are included in the recommendations
such as total and mineral oils, persistent sub-
stances, and pesticides. Especially for recharge of
groundwater for drinking water purposes and for
agricultural use, it is important to take these
pollutants into account. On the other hand, their
determination is very expensive and it is difficult
to find an indicator for such a huge number of
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Table 6
Cost calculation of microbiological analysis

Parameter Cost
Legionella High

E. coli and similar Very low
Enterococci (Salmonella) Low
Nematode eggs Medium
Taenia Medium
Giardia and Cryptosporidium High
Bacteriophage Low
Enterovirus High

Important for microbial category (Table 5)

I, -V
[-VII

[-VII

[-VII

\Y%

111, VI
I-111, VI
-1, VI-VII

Costs per analysis: Very high, > €200; high, €60-200; medium, €20-60; low, €6-20 €; very low, <€6.

substances with different properties and different
origin. Some typical compounds or indicator
substances are listed in Table 4. Since carbama-
zepine and x-ray contrast media are known to be
very persistent during wastewater treatment [ 18]
and also groundwater recharge [19], they could
be used as possible indicator substances. It is
proposed to measure all endocrine active sub-
stances as endocrine activity using a bioassay
such as E-Screen [20].

2.3. Microbial and chemical categories for
reclaimed wastewater reuse

There are different possible fields of appli-
cation for reclaimed wastewater reuse; therefore,
different water quality categories are needed. In
Table 5 use-depending water qualities concerning
the microbiological and chemical parameters are
presented. Seven microbial water qualities,
according to the Spanish recommended regulation
[21], and four chemical water qualities were
proposed [12]. In contrast to the microbial risks,
no explicit differences in chemical water qualities
are required by reclaimed wastewater irrigation of
crops that are consumed raw or cooked. Other
categories (e.g., microbial category V) include
several uses that need the same microbial quality
but different chemical requirements. The uses of

reclaimed wastewater are so different from each
other, except the varying irrigation categories,
that separate water distribution networks with
different water quality must be built. However,
to implement reclaimed wastewater reuse for
private use on a different scale, only one
additional pipeline should be installed. Therefore,
the water distributed by this pipeline should meet
the highest water quality that is required for
private uses (in this case: private garden irri-
gation). If it is not possible to install the required
distribution networks, the use with the highest
water quality demand fixes the water quality of
the pipeline.

The discussion arises whether reclaimed waste-
water should be used for direct aquifer recharge,
as proposed by the Spanish recommended regu-
lation [21] or not. For human health protection
and maximum chemical clarity preservation,
drinking water supplementation should only be
permitted after advanced tertiary treatment (mem-
brane processes, reverse osmosis) and other bar-
riers such as percolation through the soil.

2.4. Analytical costs

The calculated analytical costs concerning the
microbial parameters are presented in Table 6.
The determination of Legionella, Giardia, Cryp-
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Table 7

Overview of the compiled and estimated microbiological limits for reclaimed wastewater reuse I (bacteria)

Use Total bacteria Faecal coliforms®  Clostridium Legionella Enterococci Salmonella
(cfu/mL) (cfu/100 mL) perfringens (cfu/mL) (cfu/100 mL) (cfu/100 mL) (cfu/mL)

I <1,000-<10,000 Abs Abs—20 <100 Abs Abs—1,000

I <1,000 <20—<1,000 Abs-10 — <1,000 Abs-1,000

11 <10,000 Abs—<1,000 <1 <100 <20 Abs-1,000

v <10,000—<100,000  Abs—<10,000 <10 Abs <1,000 <1

Vv <100,000 Abs—<10,000 <100 — <10,000 <0.1

VI <10,000 <200-<10,000 <1 — <20 Abs—1,000

VI <10,000 Abs—<10,000 <10 Abs—<100 <1,000 <1

®or E. coli. cfu = colony forming units; Abs = absent.

Table 8

Overview of the compiled and estimated microbiological limits for reclaimed wastewater reuse II (not bacteria)

Use Enteroviruses Coliphages Cryptosporidium and ~ Nematode eggs 7. saginata T. solium
(pfu/L) (pfu/L) Giardia (cyst/50 mL)  (eggs/L) (egg/L) (egg/L)
I Abs—10 <1 <1 <1-10 — —
I Abs-10 <1 <1 <1 — —
11T <1-<100 <1,000 <10 <1 — —
v — — — <1 — —
AV _ — — <1 <1 <1
VI <100 <1,000 <10 <1 — —
VII <1-0.04 — — <1 — —

pfu = plaque forming units; Abs = absent.

tosporidium and enteroviruses are the most
expensive parameters. Otherwise, E.coli analysis
presents a very low price for quantification (less
than €6 per analysis).

Concerning the control frequency of the speci-
fied chemical parameters, the simple and
inexpensive parameters such as electrical con-
ductivity, turbidity and COD can be measured in
frequent time intervals, whereas the expensive
indicator compounds of micropollutants or heavy
metals need rare monitoring, e.g., once a year. In
addition, the analytical effort could depend on the
reclamation system. Large plants or even demon-
stration projects should perform a greater moni-

toring program including several micropollutants
than small reclamation facilities.

2.5. Proposed microbial and chemical limits for
reclaimed wastewater reuse

According to the recent existing guidelines
(e.g., Italy, Israel, Catalonia in Spain), the impor-
tant microbiological parameters with limits or
limit ranges are compiled in the Table 7 (bacteria)
and Table 8 (other microorganisms) relating to
the final use of reclaimed wastewater. In accord-
ance to recent guidelines [9-11] and industrial
principles [22], the following chemical limits for
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reclaimed wastewater reuse were set (Table 3).
Important values not mentioned in the guidelines
were estimated, including ecological effect con-
centrations described in the literature.

3. Risk assessment

The main objective of risk assessment is to
identify the risks and to evaluate scientific infor-
mation that is available to decide whether a
hazard exists and what the magnitude of that
hazard may be [23]. The estimates calculated by
the risk assessment method are used as a basis for
deciding on actions to eliminate, reduce or other-
wise manage the risk under consideration. In the
future, health risk management and assessment
tools have to be established for reclaimed water
quality standards. A full version of existing rules
and data on epidemics and microbiological
quality, and also toxicity registers, needs to be
performed in the near future, based on the
evidence obtained in this way. At the same time,
health risk data will be useful for reducing the
costs for reclamation and reuse, not using expen-
sive treatments where they are not needed and
using them where the risk is higher. There is then
a positive impact due to a reduction in sanitary
care derived from a reduced possibility of infec-
tions, work-time losses due to illnesses, and an
improved quality of life.

Risk assessment can provide a statement of
risk, but the risk manager still needs to decide
what constitutes an adequate level of protection.
Aside from quantifying the uncertainty impact in
determining the level of protection provided in
the final policy document, another way to use a
risk value in setting public policy is to balance
costs of additional regulation (treatment and
monitoring) with the risk of infecting or affecting
the human population, i.e., in a cost-benefit
analysis.

Rather than relying simply on the benefits of
averting a theoretical illness, a cost-benefit
analysis views societal costs of illness and lost

productivity as providing an economic gain.
Meeting the objective of minimizing exposure to
the risk of infection or toxicity may require a
delicate balancing act in which microbial risk
assessment (or the corresponding for toxicity) is
used to weigh the benefits of changing waste-
water reclamation policies. It is important to
recognize that risk assessment is just one tool that
aids the risk manager in establishing realistic
water quality objectives [24].

Regulators are attempting to regulate to lower
risk levels that are commensurate with lower
pathogen or chemical pollutant concentrations.
As one tries to increase removal or inactivation in
order to obtain lower pathogen concentrations or
fewer pollutant concentrations, the cost of treat-
ment increases exponentially. Ideally, the risk
manager must weigh social costs and benefits
against the cost of increased regulation [24].

4. Conclusions

Reclaimed wastewater can be reused for dif-
ferent applications. Use-depending water quality
categories were specified. For each category spe-
cific microbial and chemical limits are proposed
and the analytical costs are assessed. To reduce
the analytical effort, the parameters are gradu-
ated, the most important parameters being ana-
lyzed more frequently than less important
parameters.

For setting guideline limits for reclaimed
wastewater reuse, more microbial and chemical
risk assessment is required. The microbiological
parameters usually determined are insufficient or
improper to perform a complete risk analysis.
More data are needed for parasitic parameters and
viruses. The list of chemical parameters in exist-
ing guidelines is either incomplete or excessive;
therefore, it is necessary to find adequate indi-
cators. This can be performed by quantitative
chemical as well as quantitative microbial risk
assessment.
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