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ABSTRACT

This paper presents Cyprus Water Development Departments ‘(WDD)’ experience in
relation to quality issues from the integration of desalinated water into existing water infra-
structure. Desalination has been a part of a series of measures taken by Cyprus Government
in an attempt to mitigate the shortage of the islands’ intensely stressed water resources.
Since the late 90s, desalinated water of various qualities has been introduced into existing
water distribution systems as both finished and blend water. The desalinated waters’ qual-
ity acceptance criteria were predetermined in accordance to the end use, national and local
water quality standards and regulations, possible effects on distribution systems and the
disinfection process being applied. Once full-scale operations were implemented, WDD’s
quality monitoring programs were revised to better monitor the probable effects on drink-
ing water quality and distribution systems. The quality parameters were monitored before
and after integration as well as in selected endpoints of the distribution system. Most
adverse effects related to the effectiveness of the disinfection process and the waters’
palatability. They were designated during the integration of the blend in the distribution
system or during alternation between desalinated and treated surface water. In conclusion
there is need for more quality parameters to be added in the quality monitoring program in
order to enhance its effectiveness.
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1. Background

Cyprus is an island of the Eastern Mediterranean
sea; as such, it has an intense Mediterranean climate,
characterized by hot dry summers from mid-May to
mid-September and rainy winters from November to
mid-May. In the past centuries, the islands water
resources depended heavily on rainfall. During the
last three decades, the semi-arid conditions of the

island deteriorated, due to an increase of the annual
cumulative frequency of occurrence of low precipita-
tion and drought, thus, limiting the availability of sur-
face and ground water [1]. In addition, the
uncontrolled and unsupervised subtraction of ground
water until the early 60s caused a quantitative and
qualitative deterioration of the islands’ main water
aquifers [2].
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The initial measures taken by Cyprus Govern-
ment in an attempt to elevate some of the stress
faced by the aquifers included the construction of
numerous dams, part of Pafos Irrigation Project,
Vasilikos—Pentaschoinos Project, Chrysochou Irriga-
tion Project, Pitsilia Integrated Rural Development
Project and the Southern Conveyor Project [3]. All
these, inadvertently further increased the islands’
dependency on precipitation. Unfortunately, after
15 years of operation it was calculated that the actual
yields of the reservoir dams were approximately
30–35% lower than expected and groundwater yields
approximately 10–15% less, thus proving inadequate
to meet the steadily increasing water demand [2]. A
measure of the stressed faced by the islands water
resources is given by the water exploitation index,
which according to the European Environment
Agency, since 1993, exceeds 45% and is the highest
among the European countries [4].

In the late 90s the Cyprus Government, in order to
reduce the islands water recourses’ dependency on
precipitation, turned to desalination. The first desali-
nation plant constructed was the Dekelia Desalination
Plantin 1997, with an initial nominal capacity of
40,000 m3/d, followed closely by Larnaca Desalination
Plant with an initial nominal capacity of 52,000 m3/d.
Today, Cyprus has four desalination plants with a
total capacity ranging from approximately 200,000–
230,000 m3/d is expected to increase to 250,000 m3/d
once Larnaca Desalination Plants’ upgrade is
completed (Table 1).

The task of overseeing the introduction of desali-
nated technology in Cyprus water balance was
assigned to Cyprus Water Development Department
(WDD) as the primary authority in water issues. Desa-
linated water had to be integrated into the existing
water infrastructure, which, at the time, included three
surface water treatment plants, a considerable number
of boreholes and a complex system of potable water

transportation pipelines. In addition the pipelines
were of various age, condition and materials such as
black and blue color medium density polyethylene,
galvanized iron, asbestos cement, unplasticized poly-
vinylchloride, black low density polyethylene and
ductile iron [5]. As such, the matter of desalinated
waters’ quality was of primary importance.

2. Methodology

Desalinated waters’ required quality plays an
essential role in the choice of the applied technology
for the desalination process [8,9]. Moreover, according
to World Health Organization (WHO) (2006), desali-
nated water due to its inherently low mineral content
is considered to be aggressive towards existing infra-
structure and consumption suitability can only be
achieved after appropriate post-treatment [10]. In
addition, when desalinated water is integrated into an
existing pipeline, either directly or as a blend, it can
potentially disrupt the already established biofilms’
equilibrium in the inner walls of the pipelines [11],
negatively affecting the waters’ palatability and possi-
bly causing the release of harmful bacteria [12], metals
(i.e. iron, copper, aluminum) [13] and organic matter
[14]. Therefore, the waters’ quality parameters should
be predefined to safeguard the public’s health, mini-
mize its effects in the existing infrastructure and envi-
ronment, and provide plants’ engineers with the
necessary information for optimum design at a mutual
beneficial cost.

Cyprus WDD assigned the task of setting the desa-
linated waters’ quality criteria to an internal team of
experts. They contacted an extensive literature review
of the then available knowledge, giving emphasis on
peer reviewed scholarly articles and books as well as
reports, directives, rules and regulations and legisla-
tion from national and international organizations like
WHO, US Environmental Protection Agency and the

Table 1
Cyprus past and present desalination plants [6,7]

Α/Α
Desalination plants
location Type Construction/upgrade date

Nominal capacity
(m3/d)

1 Dekelia Permanent 04/1997/07/2008 40,000–60,000
2 Larnaca Permanent (undergoing

upgrade)
07/2001/2014 (expected
completion year)

52,000–62,000

3 Moni Mobile 12/2008 (operated for 5 years) 200,000
4 Garylli Mobile 01/2009 (operated for 5 years) 10,000
5 Pafos (Kouklia) Mobile 11/2010 (operated for 3 years) 30,000
6 Limassol (Episcopi) Permanent 07/2013 40–60,000
7 Vasilikou (AEC) Permanent 07/2013 60,000
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European Council (EEC). The review focused on pota-
ble water quality, desalination technology, disinfection
process and its byproducts and the potential effects on
drinking water infrastructure. The team also consulted
experts on the above issues both within and outside
the Department. In the end, a set of water quality
acceptance criteria were proposed based on the
following:

(1) Intended use.
(2) National and local water quality standards

and regulations.
(3) Applied disinfection process.
(4) Possible effects on distribution systems.

Desalinated waters’ acceptance criteria are reevalu-
ated and revised following a similar procedure, in
every upcoming desalination plant or existing desali-
nation plants’ impending upgrade in order to reflect
current needs, available knowledge and technology. In
every case, the water quality acceptance criteria are
made available to any interesting Party through the
contract documents. Table 2 displays a comparative
table of Larnaca Desalination Plants water quality
acceptance criteria in the first contract of 2001 and the
new contract of 2010.

After setting the desalinated waters’ quality accep-
tance criteria, a proper water quality-monitoring pro-
gram needs to be established for each plant. Water
quality monitoring comprises a key component of
water management [17,18]. Ward et al. defined it as
“any effort by government or private enterprise to
obtain an understanding of the physical, chemical and
biological characteristics of water via statistical
sampling” [17]. WDDs’ desalinated water-monitoring
program comprises two discernible components with
distinct purposes:

(1) Verifying that the produced water meets the
quality acceptance criteria.

(2) Documenting desalinated waters’ behavior
once it permeates the distribution system.

For the first part of the monitoring program, desa-
linated water samples are collected from the prede-
fined delivery point, every 2 h on a daily basis. At the
initial stages, a systematic re-sampling technique is
applied to the collected samples begging with the first
sample ever collected, followed by every other sample.
The purpose of this intense sampling schedule is to
determine which quality parameters display the great-
est variation throughout time. Once full-scale opera-
tion is established, the re-sampling technique converts
to stratified sampling. The samples are divided into

seven subgroups, one per each day, and then a sample
is randomly selected from each subgroup and ana-
lyzed according to the results of the initial stage.

The second part of the monitoring program begins
along with the revised first part, once full-scale opera-
tion is established. Besides the initial point of delivery,
it includes samples from selected endpoints in the
existing water infrastructure such as pipelines end-
points, pumping stations and delivery points at the
surface water treatment plants. The samples are col-
lected on a monthly basis, and analyzed to determine
the effect of desalinated water on the disinfection pro-
cess, existing water infrastructures’ metal corrosion
and palatability. An indicative monitoring program is
prostrated in Table 3.

3. Results and discussion

In the past two decades, desalinated water of vari-
ous qualities has been integrated into Cyprus existing
water infrastructure as a blend and as finished water
directly supplying consumers. Both the quality of the
water and the manner of integration depends on the
applied desalinated technology, the plants location
and water demand.

3.1. Integrating desalinated water as a blend

One of the most common ways WDD employs to
augment existing drinking water supplies is by blend-
ing desalinated water with surface water from the
water treatment plants. It is usually done in the sur-
face water treatment plants outlet reservoir, before
entering the potable water transportation pipelines.
Besides the obvious advantage of meeting the ever-
increasing water demand, blend water offers the
opportunity for higher-quality finished water that
meets the increased regulatory requirements [19].

For instance, as indicated in Fig. 1, blend water bet-
ter suits boron’s regulatory requirement of less than
1.0 mg/L [20]. The method of reverse osmosis, which is
employed by most of Cyprus desalination plants, under
traditional conditions can only retain boron compounds
up to 30–70% [21]. Seasonal variation of the feed-water,
water system demand and membrane age further
impede boron removal [19,21]. Although surface water
treatment does not remove boron compounds, boron
concentration in most of Cyprus’s surface water is well
below 1.0 mg/L, thus a blend typically results in lower
boron concentration. Although boron human toxicity in
the past few years has been greatly debated [22,23],
maintaining boron concentration below this level is still
important for human consumption, environment and
agriculture [24–26].
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Another important factor of drinking water quality
that can potentially benefit from prober blending is
chemical stability. It is generally acknowledged that
drinking water stability mostly depends on a series of
parameters such as the waters’ buffering capacity, its
propensity to precipitate CaCO3, total hardness or sol-
uble Ca2+ concentration and the dependant parameter
of pH [27].

The buffering capacity of water refers to its ability to
resist changes in pH when either an acid or base is
added to it. This is attributed to the dual presence of the
week carbonic acid and its conjugate base bicarbonate
ion, which readily form in water following equations:

CO2ðaqÞ þH2OðlÞ�H2CO3�HþðaqÞ þHCO3
�ðaqÞ

(1)

CO3
2�ðaqÞ þH2OðlÞ�HCO3

�ðaqÞ þOH�ðaqÞ (2)

where CO2: carbon dioxide, H2O: water, H2CO3:
carbonic acid, H+: hydrogen ion, HCO3

−: bicarbonate
ion, CO3

2−: carbonate ion, OH−: hydroxide ion.
Alkalinity is the total sum of the concentration of

carbonates, bicarbonates, carbonic acid, hydroxide and
hydrogen (Eq. (3)), thus it provides a measure for the
waters’ buffering capacity.

Table 2
Larnaca desalination plants water quality acceptance criteria in the initial contract of 2001 and subsequent contract of
2010 [15,16]

Α/Α Parameter

Limit

Initial contract (2001) Subsequent contract (2010)

1. Physicochemical parameters
1.1 Temperature ≤25˚C NA
1.2 Total dissolved solids (TDS) ≤500 mg/L ≤500 mg/L
1.3 pH 7.0–8.0 7.0–8.5
1.4 Total alkalinity ≥ 30 mg/L as HCO3

− ≥ 80 mg/L as CaCO3

1.5 Calcium (Ca2+) NA 30–50 mg/L
1.6 Total hardness as CaCO3 100–150 mg/L 80–130 mg/L
1.7 Dissolved oxygen ≥60% of saturation ≥60% of saturation
1.8 Free chlorine ≥0.2 mg/L 0.2–0.5 mg/L
1.9 Boron (B) ≤1.0 mg/L ≤0.5 mg/L
1.10 Nitrate (NO3−) ≤50 mg/L Law 87(I)/2001 (EEC Council Directive

No. 98/83)
1.11 Nitrite (NO2−) ≤0.1 mg/L Law 87(I)/2001 (EEC Council Directive

No. 98/83)
1.12 Ammonia (NH4+) ≤0.5 mg/L Law 87(I)/2001 (EEC Council Directive

No. 98/83)
1.13 Oxidisability ≤5 mg/L Law 87(I)/2001 (EEC Council Directive

No. 98/83)
1.14 Total organic carbon (C) ≤3 mg/L Law 87(I)/2001 (EEC Council Directive

No. 98/83)
1.15 Hydrocarbons ≤10 μg/L Law 87(I)/2001 (EEC Council Directive

No. 98/83)
1.16 Phenols ≤0.5 μg/L ≤0.5 μg/L
1.17 Oils, grease ≤10 μg/L ≤10 μg/L
1.18 Surface active substances ≤0.2 mg/L ≤0.2 mg/L
2. Water stability indices
2.1 Calcium carbonate precipitation

potential (CCPP)
NA 3–10 mg/L CaCO3

2.2 Langelier saturation index (LSI) Positive ≥0.2
3. Organoleptic parameters
3.1 Turbidity 0.2 NTU before the addition of

lime, if any
≤1 NTU

3.2 Colour ≤5 Hazen (Pt/Co) ≤5 Hazen (Pt/Co)
3.3 Odour and taste NIL NIL
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Alkalinity ¼ 2�½CO3
2�� þ ½HCO�

3 � þ ½OH�� � ½Hþ� (3)

An increase in alkalinity, as indicated in Fig. 2,
improves waters’ buffering capacity enabling it to

assimilate large pH changes and lower corrosion rates
[19,27]. In conjunction with higher pH levels, it pre-
vents iron corrosion [13,28]. Caution should be taken
to maintain the blends’ pH value above 8 because
increasing alkalinity with decreasing pH can lead to
copper release of pipe distribution systems [13,26].

The waters propensity to precipitate calcium car-
bonate (CaCO3), which as is commonly acknowledged,
provides a protective coating in the interior of the
pipe surfaces, directly relates to corrosion control [29].
Alkalinity, calcium concentration, pH, temperature
and Total dissolve solids (TDS) are some of the
parameters that influence CaCO3 precipitation. To
address corrosion effects WDD, like other organiza-
tions uses corrosion indices such as Langelier satura-
tion index (LSI) and Calcium carbonate precipitation
potential. Although indices do not address all the

Table 3
An indicative quality monitoring program

Α/Α Parameter

Monitoring program

First component Second component

1. Physicochemical parameters
1.1 Conductivity Daily Once a month
1.2 Total dissolved solids (TDS) Daily Once a month
1.3 pH Daily Once a month
1.4 Temperature Daily Once a month
1.5 Total Alkalinity Daily Once a month
1.6 Calcium (Ca2+) Daily Once a month
1.7 Potassium (K+) Once a week Once a month
1.8 Sodium (Na+) Once a week Once a month
1.9 Magnesium (Mg2+) Once a week Once a month
1.10 Total hardness as CaCO3 Once a week Once a month
1.11 Nitrate (NO3−) Once a week Once a month
1.12 Fluorides (F−) Once a week Once a month
1.13 Sulphates (SO4

2−) Once a week Once a month
1.14 Chlorides (Cl−) Twice a week Once a month
1.15 Iron (Fe) Once a month Once a month
1.16 Copper (Cu) Once a month Once a month
1.17 Aluminium (Al) Once a month Once a month
1.18 Free chlorine Daily Once a month
1.19 Total chlorine Daily Once a month
2. Water stability indices
2.1 Calcium carbonate precipitation potential (CCPP) Daily Once a month
2.2 Langelier saturation index (LSI) Daily Once a month
3. Organoleptic parameters
3.1 Turbidity Once a week Once a month
3.2 Colour Once a week Once a month
3.3 Odour and taste Daily Once a month
4. Microbiological parameters
4.1 Coliform bacteria Once a month Once a month
4.2 Escherichia coli (E. coli) Once a month Once a month
4.3 Enterococci Once a month Once a month
4.4 Colony count 22˚C Once a month Once a month

Fig. 1. Boron concentration levels in desalinated, treated
and blend water between May and November 2011.
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water quality issues concerning in decretation of blend
water into the distribution system, they provide valu-
able information on pipeline material behavior when
water of different quality is introduced [30]. For exam-
ple, blend water with LSI value greater than 0.5 indi-
cates a tendency to precipitate CaCO3, whereas LSI
values between −0.5 and 0.5 indicate a passive blend
(Fig. 3).

The effectiveness of the chosen index greatly
depends on the age and material of the pipeline
[26,28,30]. To address this issue WDD also monitors a
number of other parameters such as iron and copper
concentrations, chlorides and sulfates ions. It also
monitors the effectiveness of the applied disinfection
process through measurements of free and total chlo-
ride, coliforms, E. coli, total bacteria count at 22˚C and
enterococci.

3.2. Integrating desalinated water directly

As already mentioned the manner of integrating
desalinated water into the existing water infrastructure
depends on the plants location and water demand.
Whenever blending at a surface water treatment plant
is not practically possible, desalinated water is directly

fed into the existing drinking water pipelines. Pro-
vided that desalinated water meets the quality accep-
tance criteria, monitoring the parameters already
stated above, provides adequate quality control.

In the past couple of years WDD, taking advantage
of the unusual high rainfall that was noted [31],
switched most of the desalination plants into stand-by
mode, and shifted the production of drinking water to
Surface water treatment plants. In the summer time
though, due to an increase on water demand and a
lowering of the available surface water, desalinated
water is re-integrated directly into existing drinking
water pipelines. The process designated a number of
adverse effects, mostly centered in the first few days
of operation. They related to the waters palatability,
the effectiveness of the disinfection process and most
recently aluminium release from pipeline distribution
systems.

The waters’ palatability refers to the consumers’
perception of water odor, taste or mouth-feel sensa-
tion. In the first few days of alternating from desali-
nated water to surface treated water there is a noted
increase in the number of consumers’ complains. This
can be attributed to the change of the source water
[32]. Recent studies also revealed that the consumers’
assessment of flavor is mostly based on the waters’
salinity, with waters of lower TDS content like desali-
nated water, being preferable to those of higher TDS
content, like Cyprus surface treated water [33]. After a
while, the public becomes accustomed to the water
and complains discontinue.

In regards to the disinfection process, chlorination
is WDDs’ disinfection method of choice. Drinking
water regardless of origin is chlorinated at the produc-
tion point weather that is the desalination plant or
Surface water treatment plant as well as in selected
points of the pipeline distribution system. Re-integrat-
ing desalinated water into existing water pipeline sys-
tem after a period of supplying surface treated water
results in the disruption of the established biofilms’
equilibrium in the inner walls of the pipelines and
causes the randomly release of harmful bacteria such
as coliform bacteria and enterococcoi [12]. This phe-
nomenon is further supported by the lowering levels
of free chlorine compared to other periods of measure-
ment. An increase in chlorination of the affected sites
usually proves an effective remediate measure.

The shift towards Surface Water Treatment plants
in the past years led to the introduction of aluminium
(Al) in WDD’s intensive pipeline distribution system
monitoring program. Aluminium sulphate, which is
used as a coagulant in the surface waters’ treatment
process, usually raises Al concentrations in treated
water, which in consequence leads to hydrous Al

Fig. 2. Alkalinity concentration levels of desalinated and
blend water between May and November 2011. Blends’
pH value is also indicated.

Fig. 3. LSI levels in desalinated, treated surface and blend
water between May and November 2011.
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precipitate and Al hydrolysis products in the pipeline
walls [34]. Water with low alkalinity or calcium con-
tent, like desalinated, can cause Al leaching from
cement-mortar linings [35]. As Fig. 4 shows, this phe-
nomenon occurred recently when desalinated water
was re-integrated into the distribution system.

4. Conclusion

Cyprus experience has proven that desalination
can be a useful tool for augmenting the available
recourses of water stressed regions.

Predefining desalinated waters’ quality acceptance
criteria is of primary importance in order to safeguard
public’s health, minimize its effects in the existing
infrastructure and environment, and provide plants’
engineers with the necessary information for optimum
design at a beneficial cost for both the constructors
and the purveyors.

Effective water management requests the imple-
mentation of a proper monitoring program that veri-
fies the produced water quality and also document
sits behavior once it permeates the distribution
system. Such a program will provide purveyors with
needed information to promptly apply preventive or
corrective measures. It is also imperative to
periodically re-evaluate and revise the set quality
acceptance criteria and the water quality monitoring
program, so that they reflect the ever changing needs,
knowledge and technology.

Blending desalinated water with treated surface
water, if properly applied, can prove advantageous for
meeting the ever-increasing water demand and the
need for higher-quality finished water. On the other
hand, caution should be taken when alternating
between desalinated water and blend or treated surface
water due to the increase probability for adverse effects
being noted, especially in regards to palatability, disin-
fection process effectiveness and metal-release.
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