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Highlights 

 Desalination plants cause environmental pollution of local effects.  

 The plant is produces 30,000 m3/day of drinking water. 

 Physicochemical analysis of different samples from brine discharge channel site were studying. 

 Marine species are severely impacted by the brine disposal without proper treatment. 
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Desalination plants cause environmental pollution of local effects. Disposal of desalination ef-
fluents is considered as a serious environmental dilemma. The concentration of brine varies 
from 50 to 75 g/L and has a much higher density than seawater and consequently tends to fall 
on the seafloor near the brine outfall outlet (plume effect), therefore, creating a very salty layer 
that can have a negative impacts on the flora and the marine life and any related human activ-
ities. In this work, we present a case study on the environmental impacts of the effluents from 
the MSF seawater desalination plant into a coastal and marine ecosystem of Zliten-Libya. Sam-
ples were collected from the reject channel and therefore many parameters were measured 
such as PH, Temperature, Salinity, Conductivity and other parameters related to seawater and 
produced water have been investigated too. The results showed that the pH is slightly lower 
than the seawater; the values range from 6.1 to 7.8. The salinity of brine discharge was found 
57113 ppm compared with 35000 ppm for the seawater. The TDS of brine discharge registered 
56700mg/l in comparison with 32000 mg/l for seawater, Reject brines were around 10-14C 
higher than the ambient seawater temperature, which causes a negative impact on marine 
ecosystems.  
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1. Introduction 

Many arid and semi-arid regions in the world suffer from pota-
ble water shortages, which impose constraints on economic, social 
and human development. Today 40 percent of the world’s popula-
tion, most of who live in arid countries, suffer from water shortage. 
This ratio expected to rise to 60% by the year 2025, due to the pop-
ulation growth, increased economic activities, improvements in 
lifestyle and increased contamination of existing water supplies 
(Escwa, 1996). Furthermore, severe ecosystem damage might be 
caused if water abstraction rates exceed natural renewal rates, 
leading to depletion or desalinization of stocks and land desertifi-
cation. 

To avoid damage for ecosystems and aquifers and to meet the 
growing demand, water management regimes have to increasingly 
implements, non-typical technologies, and source waters too. The 
desalination process of seawater is the technology, which used for 
alleviating the problem of water scarcity in many coastal regions. 
The worldwide production capacity forms this technology around 
24.5 million m3/day (Sabine and Thomas, 2008).  

Even though the desalination plants offer a range of socio-eco-
nomic, human health, and environmental benefits by providing os-
tensibly unlimited, constant supply of high-quality drinking water 
without impairing natural freshwater ecosystems, concerns are 
raised due to potential negative impacts. These essentially at-
tributed to the concentrate and chemical discharges, which may 
impair coastal water quality and affect marine life. In addition, 
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there are pollutant emissions, which attributed to the energy de-
mand of the processes. In fact, the lack of information on the im-
pacts of marine discharge requires a comprehensive environmen-
tal evaluation of all major projects. A study concluded by Purnama 
et al. (2003) showed that discharging brine through a surface out-
fall adversely affects coastal waters and promotes saltwater intru-
sion. 

Biodiversity monitoring data collected from the Dhkelia re-
verse osmosis (RO) plant in Cyprus within an area 100–200 m 
away from the outfall revealed that littoral flora and fauna were af-
fected by the brine discharge (UNEP, 2003). On the contrary, a sur-
vey of the plankton community within the outfall bay of the Al-
Jubail desalination plant in Saudi Arabia did not show any signifi-
cant change in the distribution of phyto and zooplankton, which 
was attributed to the high dilution rates, attained using a 1.8 km 
long cascading channel (Abdul-Aziz et al., 2003). The disposal of 
sewage water without any treatment may lead to contamination of 
seawater (Algoul et al., 2016). In order to avert an unruly and un-
sustainable development of coastal areas, furthermore, desalina-
tion activity has to integrate into management plans, which regu-
late the use of water resources and desalination technology on a 
regional scale (Purnama et al., 2003). 

In summary, the potential environmental impacts of desalina-
tion plants should be evaluated properly, negative effects mitigated 
as far as possible, and the concerns that are remaining must be bal-
anced against the impacts of alternative water supply and water 
management options in order to protect a sustainable use of the 
technology. 
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The objective of this work is to evaluate the effectiveness of the 
brine or blowdown discharge, which generated from the desalina-
tion plant by taking a water distillation station in the coastal of 
Zliten Libya as a case study. For this purpose, the characteristics of 
brine discharge water, seawater intake and produced water were 
measured and the focuses were on the study of the temperature 
and salinity of brine discharge water.  

2. Material and Methods  

2.1. Study Area 

Zliten city is situated on the Mediterranean Sea 160 km (99 mi) 
east of the capital, Tripoli, and about 35 km (22 mi) east of the an-
cient Roman city of Leptis Magna. It is surrounded by the Mediter-
ranean from the north, BaniWalid from the south, Misrata from the 
east, and Khoms from the west with a population of approximately 
200,000. The map of the study area is presented in Fig. 1. 

 
Fig.1. Map of the study area 

2.2. Plant description 

The plant is situated at the coast of the Mediterranean Sea and 
produces 30,000 m3/day of drinking water, which makes it the 
main source of drinking water for the population. Despite the plant 
has been running since 1991, there is no investigation of any kind 
to examine or evaluation of the negative impacts on the environ-
ment. Multi-stage flash (MSF) technology, which used in the plant 
with guaranteed restoring of more than 98% of design capacity. 3 
lines à 10.000 m3/d, 3 evaporator lines–each line consisting of 
Evaporator (22 stages), Brine Heater, A aerator, Brine Recircula-
tion, and auxiliaries in the plant are 3 Boilers, Potabilisation Unit, 
Chlorination Unit, Seawater Intake, and Potable Water Supply. 

2.3. Collection of samples  

The water samples were taken on July 2017 between 8:30 am 
and 10:30 am in one-Liter bottles at selected sites: reject channel, 
collection tank (distilled water) and seawater intake. The brief de-
tails of sampling sites are presented in Table 1. Three samples were 
chosen randomly spaced and carried out by dipping each sample 
bottle at approximately 10-40 cm below the water surface by pro-
jecting the mouth of the container against the flow of the direction. 
Consequently, samples were transported to the laboratory suited 
in the city of Zliten. Temperature readings were taken on the site 
by using mercury in glass thermometer. Table 2 illustrate the aver-
age physical and chemical parameters of seawater intake, brine 
disposal and freshwater. 

Table 1 

Brief detail of sampling sites 

S. No Site code Description 
1 Site I Seawater intake 
2 Site II Brine discharge channel 
3 Site III produced water collection tank 

Table 2 

Average of physical and chemical parameters of (in-
take, brine discharge, produced water) 

Parameter Site I Site II Site III 
Temperature(ºC) 24 35 22 
pH 8.1 8.5 7.8 
EC µs/cm 57500 88000 608 
TDS (ppm) 39700 60720 37.4 

Salinity(ppm) 35000 57113 6.7 
Turbidity(NTU) 0.6 1.1 0.5 
Alkalinity 115 175 56.3 
T.H (ppm) 4530 6620 48.2 
Fe (ppm) 23.8 0.009 0.09 
K (ppm) 387 840 85 
Na (ppm) 10778 22400 50 
Ca (ppm) 421 1850 / 
Cu (ppm) 3.1 0.4 0.07 
CL (ppm) 19444 31729 22.6 

3. Results and Discussions 

The results of the physicochemical analysis of different samples 
from the brine discharge channel site were studying and compared 
with the intake sweater. In addition, samples collected from the 
collection tank as mentioned above, compared with the world 
health organization (WHO) standards, and got a good result. The 
physical and chemical characteristics of brine discharge water, in-
take seawater and distillate or produced water samples illustrated 
in Table 2. 

3.1. Temperature 

Thermal pollution is considered one of the most major impacts 
of brine discharge which can occur by increasing the temperature 
of seawater. Numerous studies have been carried out to determine 
how the distribution and natural balance of marine fauna and flora 
species respond to an alteration in temperature (Danoun, 2007). 

Multi-stage flash (MSF) plants and other types of thermal dis-
tillation tend to have the greatest impact on intake water tempera-
ture and can release brines 10 to15 ºC warmer than the sea or oce-
anic intake waters (Lattemann and Höpner, 2008). However, the 
extent of thermal impacts and distribution is influenced by the lo-
cation of the plant discharge. The temperature of intake seawater 
was between 15 and 24 C, while the temperature of disposal water 
recorded around 35 C, which is greater than the Mediterranean 
sea temperature. This difference in temperature is the main reason 
to make thermal pollution and therefore, has aside effects on ma-
rine life. To avert the impacts from high temperatures, the outfall 
should achieve maximum heat dissipation by using cooling towers 
for instance from the waste stream to the atmosphere before en-
tering the water body. Installing a diffuser system is considered as 
a good solution by mixing and dispersal of the discharge plume, as 
well as locating the discharge in a suitable site, which dissipates the 
heat load quickly. The ambient temperature for intake water re-
ported an average value of about 24C while the brine discharge 
temperature listed 35C. 

3.2. Salinity 

Changes to salinity can play an important role in the growth 
and size of aquatic life and marine species disturbance. Knowledge 
of the limits of tolerance of marine life to different salinity degrees 
is an essential aspect in assessing marine disturbance and popula-
tion. It can be seen from Table 2 that, the salinity of brine disposal 
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varies from about 57113 ppm to reach the actual seawater salinity 
35000 ppm in balance with the surrounding environment. The sa-
linity level of seawater from the brine disposal is a direct function 
of depth (ten meters depth for instance) (Wahab, 2007), as well as 
the distance from the desalination charge site. To get rid of the im-
pacts from high salinity, the desalination plant rejects stream could 
be pre-diluted with other waste streams where applicable, such as 
power plant cooling water. As regards the water from the collection 
tank, the salinity tabled 6.7 ppm, which is considered as permissi-
ble level according to the WHO standards. 

3.3. Total dissolved solids (TDS) 

The total dissolved solids (TDS) were the other pollutants of in-
terest. The average Mediterranean seawater TDS (ambient TDS) 
39,700 ppm, while the brine discharge from Zliten desalination 
plant has a concentration of TDS of 60720 ppm. The WHO stand-
ards recommended a minimum level of TDS in drinking water 100 
mg/l and the maximum value of do not exceed 1000 mg/l. Samples 
taken from the collection tank have TDS concentration of less than 
100 mg/l and registered 37.4 mg/l. 

3.4. Electrical conductivity 

The definition of electrical conductivity is a measure of the salt-
iness of the water and measured in micro Siemens per centimeter 
(µs/cm). However, typical seawater has a conductivity value of 
about 50,000 µs/cm and usually freshwater is between 0 and 1,500 
µs/cm. The levels of intake sweater and brine discharge water 
were found at 57500 µs/cm and 88000 µs/cm respectively. The 
produced water from Zliten desalination plant has an electrical 
conductivity value of around 608µs/cm that considered in accepta-
ble limits according to WHO standards.  

3.5. Turbidity 

Turbidity is a measure of water’s lack of clarity. Water with low 
turbidity is clear while water with high turbidity is cloudy. In fact, 
there are many factors, which contribute to the turbidity of water. 
An increasing in streamflow due to heavy rains or a decrease in 
stream-bank vegetation can speed up the process of soil erosion. 
Therefore adding suspended particles, such as clay and silt to the 
water. The turbidity of intake site documented 0.6 NTU while the 
brine discharge water registered almost doubled of intake water 
which 1.1 NTU ppm. The turbidity of the site there showed 5 NTU, 
which is the same value in WHO standards. 

3.6. Other aspects 

The other big impact of brine discharge is high total alkalinity, 
which increases the amount of calcium carbonate, calcium sulphate 
and other elements of the seawater. During the present study, the 
total alkalinity registered 115 mg/l and 175mg/l for intake sea-
water and brine discharge water respectively. The pH range of ma-
rine environments is also changing due to the brine discharge too 
but that is very negligible in comparison with the other impacts 
(Skinner, 2008). To get appropriate equality of water, the pre and 
post-treatment processes are required whereby many chemicals 
are added such as ant scaling and antifoaming agents, which are 
discharged with brine and affect the marine species around the 
outlet (Medeazza, 2005). 

4. Conclusion 

Desalination projects cause many negative effects on the envi-
ronment. The disposal of the brine discharge is one of the major 
environmental concerns associated with the desalination process. 
Some of the most significant impacts are those associated with sea-
water intake and brine disposal. This work focuses on brine dis-
posal impacts, describing the most important aspects related to 
brine behavior and environmental assessment, from Zliten sea-

water desalination plant (ZSWR). The major concern of these im-
pacts surrounds the outfall brine discharge because of its physical 
and chemical features. High salinity, high temperature and high to-
tal alkalinity of the discharge brine could have several positive and 
negative impacts on the surrounding environment. Thermal and 
saline pollution caused by desalination projects and these environ-
mental problems have localized effects. These might cause damage 
to marine life in the desalination intake or disposal vicinities. Ma-
rine species are severely impacted by the brine disposal without 
proper treatment. It is important to decrease this environmental 
damage by reducing desalination plant temperature differences in 
any proper way, by cooling for example. Other negative aspects of 
desalination needed to study such as high-energy usage and GHG 
emissions, which are much more significant relative to the impact 
of brine. Regarding regulations, the authorities should establish 
new legislation regulating brine discharges, which includes emis-
sion limit values and quality standards in the environment.  
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