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Abstract
During a five-month summer period, samples of tertiary treated wastewater flowing in an extensive distribution system composed of storage tanks and pipes, were collected at two-week intervals from 21 different sampling points, including the exit
from the wastewater treatment plant (WWTP). The WWTP producing this effluent treated wastewater from one of the most
popular European tourist resorts on the north coast of the island of Crete, at the southernmost point of Greece. Crete is a semiarid region where 80 % of the freshwater resources are consumed by agriculture. More than 3 000 000 tourists visit the island
during the summer period and the average summer equivalent population treated by the plant exceeds50 000, falling to under
5 000 in the winter. The samples were analysed for chemical oxygen demand (COD), total suspended solids (TSS), electrical
conductivity (EC) and pH. The average COD and TSS in the WWTP exit were within the reuse limits for orchard irrigation,
being 80 mg/ℓ and 25 mg/ℓ respectively. Both recorded higher values in the other sampling points, but still as an average below
the above-mentioned limits. COD values along the distribution system presented a strong correlation with the WWTP’s effluent quality, affected mainly by the condition of the collector, whereas TSS presented a completely different behaviour. EC
and pH exceeded the optimum operation and reuse guidelines, mainly due to excessive septage in the WWTP. However, both
presented a stable and predictable behaviour in correlation to the effluent quality, in terms of both distance and time, similar
to that of COD. In terms of these parameters it is safe to suggest that, , achieving the required quality standards in the WWTP
exit , the wastewater quality should be considered adequate for reuse for irrigation.
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Introduction
With a growing human population and continued improvement
of quality of life, water resources are under stress both quantitatively and qualitatively. The world supply of freshwater is
limited and threatened by pollution from various human activities. Rising demands for water to supply agriculture, industry
and cities are leading to competition over the allocation of the
limited freshwater resources (Gleick, 2002).
In Greece, it is estimated that water consumption is increasing
by more than 3%/a.. The major water use in Greece is irrigated
agriculture, and the island of Crete consumes approximately 268
x 106 m3 annually (Angelakis et al., 1999; Tsanis and Naoum,
2003) for irrigation use only. The island also faces the major
challenge of adequate water resources, especially during the summer when over 3 000 000 tourists visit the Crete (GNTO, 2005).
Given these developments, a large number of arid and semiarid countries, including those in the Mediterranean region,
are considering or already applying extensive wastewater reuse
schemes, mainly for irrigation purposes (Shelef and Azon, 1996;
Nurizzo et al., 2001). The success and public acceptability of
this practice dictates the need for maintaining uncompromising, high-quality standards in any treated effluent and reclaimed
wastewater which is reused. This is particularly important for
the irrigation of food crops that are eaten raw, or public parks
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and sports fields (Tanaka et al., 1998; Armon et al., 2002).
Standards for wastewater reuse in many countries have been
influenced by the World Health Organisation (WHO) Health
Guidelines (WHO, 1989) and the United States Environmental
Protection Agency (USEPA/USAID) Guidelines (EPA, 1992).
The WHO Health Guidelines focus mainly on the presence of
pathogens, while the Environmental Protection Agency (EPA)
also includes physiochemical parameters such as organic load
(BOD5 or COD), TSS and residual chlorine concentration.
The problem with treated wastewater sampling, which will
eventually affect guideline establishment and monitoring, is
the exact placement of the sampling point at which the quality
standards must be achieved. Reuse licensing in Greece imposes
quality standards on the wastewater treatment plant (WWTP)
exit and not on the exact point of treated wastewater application. However, existing results have shown that the quality of
treated wastewater deteriorates as it flows through distribution
pipes, due to pathogen reactivation, pipe corrosion or external
contamination (Shuval et al., 1973; Lindenauer and Darby, 1994;
Higgins et al., 2002; Gehr et al., 2003).
In order to determine the most appropriate and reliable
sampling point it is important to consider all data, whether
produced in research laboratories and controlled environments
or in real-life applications. The aim of this paper is to monitor
such an actual application, in an extensive, operational tertiary treated wastewater distribution system, by correlating COD
and TSS concentrations, as well as EC and pH values, with the
effluent quality and downstream distance from the WWTP
exit. The objective was to determine whether or not it is realistic to regard the effluent discharge point of a plant as the point
where quality reuse standards should be imposed. The Port of
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Hersonissos is located 20 km west of Heraklion
(capital of the island) on the north coast. The 20
year mean annual precipitation in the surrounding
area is 792 mm and the mean temperature is 15.5oC.
During the summer period (April to September) the
mean total precipitation is less than 100 mm, and the
temperature reaches mean values of 19.6oC (Hellenic
National Meteorological Service – HNMS, 2005).

Materials and methods
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past 20 years into one of the most popular summer
destinations in Europe. The permanent winter population is not more than 5 000 inhabitants, dramatically increasing to over 70 000 during the summer.
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The municipal WWTP was built on the outskirts of
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Hersonissos, as the first part of a two-phase plant for
the whole area, and has been fully operational since
June 2001.
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Storage
Station
The WWTP serves the majority of this populaTank
Flow Switch
tion (approximately 50,000 person equivalent) by
receiving either septage or sewage. All the effluent is
H.Z.I.
reused in olive tree irrigation. This is in fact the first
Tank
W.W.T.P.
WWTP in Greece where 100% reuse of the effluent
Effluent
in crop irrigation (and fire protection) is designated
as the final discharge option. As such, all the treated
Collector
Collector
Collector
Collector
wastewater produced must be used for irrigation,
17
16
18
15
since any alternative solution (such as discharge into
the sea) is not permitted, due to the extensive tourThe distribution system from the treatment works to the irrigaism. Hersonissos is famous for its crystal-clean sea and beaches
tion outlets is usually managed and maintained by experienced per(and would like to remain so).
sonnel from the local Municipal Enterprise for Water Supply and
The treatment plant includes screening, grit removal,
Wastewater Services (MEWSWS), which is also responsible for
primary sedimentation, an activated sludge bioreactor, secondary
the WWTP. The final land-crop application of the effluent is controlsedimentation, sand filtration and chlorination. The received
led by each individual farmer, and requires no technical expertise
septage is also treated prior to its introduction to the main treating
since it mimics traditional/conventional irrigation practices. Health
line, through screening, grit removal and homogenisation.
and safety restrictions have been placed upon the farmers, who, howDisinfection is accomplished through chlorination using a
ever, do not participate in any relevant training schemes. In addition,
concentrated (14%) NaOCl, which is fed automatically based on
a reuse manual was compiled and published and is distributed by the
residual (closed loop) control. The system was adjusted to add 5 to
municipality to all parties to the scheme a few months before any
8 mg/ℓ of chlorine to the flowing wastewater. A typical plug-flow
effluent is applied to the land. Sampling took place at approxicontact basin is utilised to achieve the required contact time.
mately two-week intervals for a total of 5 months starting on 19
The final effluent distribution system is divided into two irriMay and finishing on 11 October 2003. This time period coingation zones: the low irrigation zone (LIZ) which extends 0 to
cides with the main irrigation period for olive trees (early May to
80 m above sea level, and the high irrigation zone (HIZ), 70
late September), as well as the peak of the tourist season, which
to 100 m above sea level. The first part of each zone contains
starts in mid-April and ends in late October. The aim of this
two storage tanks: the low zone irrigation tank (LZIT, with a
sampling schedule was
volume of 800 m3, 100 m above sea level) and the high zone irriga16to record possible correlations between
the WWTP inflow rate and effluent quality. Figure 2 presents
tion tank (HZIT, with a volume of 220 m3, 140 m above sea level).
the average daily inflow (in m3/d) fluctuation for each month
These two tanks are connected through a main distribution pipe to a
between January 2002 and October 2003.
storage tank at the exit (exit storage tank, EST) of the WWTP. ConA portable refrigerator was used, in which the samples were
nected to the EST (with a 300 m3 volume) there is a pumping station
placed for approximately 120 to 150 min during sampling and
with three pumps (250 kW overall power) supplying LZIT and HZIT
transportation. Plastic sterilised bottles of 0.5 ℓ volume were
through a main pipe. This main pipe is 3.2 km long, is made of PVC,
used. Samples were then immediately transported to the laborawith 16 atmospheres (atm) pressure capacity and a diameter of
tory and analysed for COD, TSS, E.C. and pH, using the methods
300 mm. It is covered with 0.5 to 0.8 m deep soil. The secondary
as described in Standard Methods (1995).
pipe network, connecting the HZIT and LZIT with the various collectors used for the supply of effluent to the fields, is 15 km long, also
Results and discussion
made of PVC, with 16 atm and a diameter varying between 125 and
200 mm. There are 45 irrigation outlets (locally known as collectors)
Electrical conductivity and pH values are not considered to
distributed along the pipe network together with 32 fire hydrants.
be primary parameters in the reuse guidelines. However, EC
Figure 1 presents a diagram of the wastewater distribution system
should have a more important role in the guidelines, since it
and the placement of the 18 outlets and the three tanks from which
will affect and eventually alter the salinity of the irrigated land.
samples were taken. In total 21 sampling points were monitored.
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Inﬂow ﬂow rate variation with
time
Figure 3 (top left)
Average E.C. values in all
sampling points (the bars represent standard deviation)
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Figure 4 (middle left)
Average E.C. value for each
sampling day in all 18 collectors and the WWTP exit (efﬂuent)
Figure 5 (bottom left)
Average pH values in all sampling points (the bars represent standard deviation)
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According to Mohammad and Mazahreh (2003), irrigating
land for long periods with secondary treated wastewater
(as in this case) results in a substantial increase in salinity.
Tchobanoglous and Burton (1996), suggested that effluent
with an average EC value of between 0.7 and 3.0 mS/cm
should have some restrictions on use. Application of such
saline effluent in an already brackish soil could accelerate its deterioration.
Figure 3 presents the average EC value for all 18 outlets, the two tanks and the exit of the WWTP. The effluent
mean EC of 2.28 mS/cm must be considered as a problem,
especially since it has a considerable effect on the values
recorded in the various sampling points, as suggested by
both Figs. 3 and 4. The increased EC in the effluent should
be regarded as a direct effect of the WWTP septage overload during the summer period, as supported by Gaki and
Banou (2004). The average value in all 18 outlets for each
sampling date is closely correlated to the effluent (Fig. 4).
This suggests that EC should be considered a stable quality parameter, with predictable changes related to both
time and distance from the WWTP, and not substantially
affected by any external contamination. In other words,
the value of EC at the WWTP exit should not be expected
to change substantially irrespective of the length of the
distribution network.
The WWTP had an operational pH effluent standard
ranging between 7.0 and 8.0 (Gaki and Banou, 2004). As
shown in Fig. 5 these limits were achieved at the WWTP
exit (as a mean), only to be exceeded in most other sampling points, again as mean values. As an alkaline pH in
treated wastewater should be expected to have some effect
on the soil, especially after a long application period, neutral pH values in the effluent are desired (Mohammad
and Mazahreh, 2003). The increase of the mean values
in most outlets, compared to those of the effluent, is
not substantial and can only be explained as a result of
continuous oxidation of organic matter further down the
WWTP’s exit. As with EC, pH values prove to be very
closely correlated with the effluent values as is shown in
Fig. 6, allowing pH to be considered as a stable and predictable quality parameter, based on the effluent values..
The reuse quality limits for the surface irrigation of
orchards (e.g. olive tree cultivation) suggested by the EPA
are 80 mg/ℓ of COD and 30 mg/ℓ of TSS. Similar operational limits of the WWTP are recorded in the relevant
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Average COD values in all sampling points (the bars represent standard deviation)
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Average COD value for each sampling day in all 18 collectors and the WWTP exit
(efﬂuent)
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environmental operation licence (80 mg/ℓ
COD and 25 mg/ℓ TSS). In three out of
the ten samplings, COD in the effluent
exceeded the limit set by the operational
and the EPA reuse guidelines (Figs. 7 and
8). This should be considered an acceptable result in any WWTP, since activated
sludge is a treatment system which can be
affected by a variety of parameters, such
as excessive septage reception. According
to Gaki and Banou (2004), the WWTP was
obliged to receive approximately 200%
more septage on a daily basis during the
summer than it was originally designed
for. The MEWSWS of Hersonissos considered ceasing to accept any septage during
the high season (July and August) in order
to improve the effluent. Nevertheless, the
fact that those excessive values occurred
during a period of lower inflow (May and
end of August, beginning of September),
indicates that those measurements may
have recorded a random and isolated incident and not the overall situation within
the WWTP.
Two additional conclusions can be
drawn from Figs. 7 and 8. First, COD values along a distribution pipeline seem to
be affected mainly by the effluent value.
Figure 8 in particular gives a rather close
correlation of the average COD value with
time to that of the effluent in all 18 collectors. This should be considered a reasonable and expected result. Corrosion
and external contamination contribute to
and increase (Fig. 7) the average value of
COD in comparison with the effluent in
almost all 18 collectors. Nonetheless, this
addition of acidically oxidised substances
is small in relation to those provided by
the effluent, resulting in the second conclusion. If there is no large and easily
identifiable external contamination along
a reuse distribution pipeline such as this,
then the COD variations should be considered predictable and short-range.
As far as TSS (Figs. 9 and 10) are
concerned, the effluent recorded values
of very good quality with an average of
5 mg/ℓ and on only one occasion above
30 mg/ℓ. In most cases, the TSS value was
almost zero. These good quality values
were also recorded at the other sampling
points, where the standard deviation was,
however, significant. A closer evaluation
of both figures indicates that the important characteristic of TSS is the fact that,
even though in general the values are
within the required limits, specific collectors present specific problems. For example, Collector 4 records the highest value
of 316 mg/ℓ in September, whereas the
collectors before and after (according to
Fig. 1) recorded values of 0.0 and 5.0 mg/ℓ
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Conclusions
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respectively. If this value were related to problems with
the WWTP, similar values should have been recorded in
both those collectors. That was not the case.
This strongly indicates that TSS is a parameter
easily affected by conditions at the sampling point. Corrosion and external contamination should be considered the
main reasons for such phenomena. Contrary to the COD,
the low TSS values of the effluent expose this parameter
far more to local circumstances and especially corrosion,
which was a frequent problem in the collectors. It may be
suggested that the vulnerability of TSS to change under
external circumstances makes such quality parameters
neither reliable nor predictable, as is the case with indicative micro-organisms (Gaki and Banou, 2004).
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Figure 9
Average TSS values in all sampling points (the bars represent standard
deviation)
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determine the correlations between these parameters and
the possible presence of pathogens of anthropogenic origin. As a result all suggestions presented here should be
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time gap between a remote location and the exit of the
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and imposing reuse quality guidelines?criteria at the exit
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of a WWTP. This concept is additionally supported by
Figure 10
the fact that all three parameters recorded values in the
Average TSS value for each sampling day in all 18 collectors and the
various outlets which were very closely correlated to the
WWTP exit (efﬂuent)
effluent value (see Figs. 4, 6 and 8) on the specific sampling day.
TSS is the only factor which differs substantially from the
points and risks of their own their own systems better. Secondly,
other three parameters. The values in the various outlets on difit presents an alternative monitoring practice, which can be
ferent sampling days were significantly higher compared to
applied in all similar systems and will provide far more accurate
the effluent values at the exit, whereas, as shown in Fig. 10,
results. Finally, through the results presented here it was shown
there was no correlation between the effluent mean value and
that if good, stable and effective wastewater treatment is achieved
the outlet’s mean value. This behaviour indicates the risk that
then wastewater reuse becomes increasingly safe. All problems
the required limits may have been achieved in the effluent and
with reuse are directly related to the level of treatment.
then completely overruled a few meters (10 or 100 m) down the
pipeline.
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