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HIGHLIGHTS

* This is a first assessment in desalination
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tion project are reviewed.
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* This study aims to propose a future
research model in desalination project
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ABSTRACT

Understanding the role of a global seawater desalination plant project using potential ecological indicators is
important in assessing ecological risk and/or impact evaluations from observations at a molecular level. A marine
health assessment of ecological indicators (e.g., as an early-warning system) can provide information about an
area of ecosystem disturbance, the disappearance of symbiosis, organism mortality, instability of fertility and
breeding species, the emergence of single species, the bioaccumulation of test bed operation pollutants
discharged, and changes in the communities. Here, we provide a comprehensive review of ecosystem health
assessments using potential ecological indicators in a seawater desalination test bed. We review some empirical
analyses and compare desalination concentrate treatments, the impact of reverse osmosis and multistage flash,
chemicals used in the plant, the impact pathway, the brine outfall pipe, an operational assessment, salinity
tolerances, and the eco-toxicological effect of brine in a marine ecosystem. Based on literature research results
and data illustrating the degraded ecosystem and/or the original ecosystem, stress caused by a desalination
project on the marine ecosystem damage can provide information about the marine ecosystem disturbance,
the disappearance of symbiosis relationship, which may be as important as sustainable management using living
ecological indicators.
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1. Introduction

Understanding the ecological damage of desalination in the plant
environment is of great interest to comparative biologists and ecolo-
gists. It is becoming increasingly important, as the effects of single
port outfall or multiport diffuser sea outfall of brine discharge through
the biosphere are a marine eco-risk [1-7]. Ecological indicators of met-
abolic activity are key components of monitoring, evaluating, and bio-
logical assessment that are directly or indirectly linked to desalination
processes that are important for organism survival. The steady desalina-
tion process started contaminating the marine ecosystem and ecological
damage has been a risk, so impact assessments must be conducted.
Rombouts et al. [8] and Culhane et al. [9] investigated different biologi-
cal indicators and evaluated a coral reef ecosystem, ecosystem degrada-
tion, marine ecosystem health and conducted quality assessment. The
combination of ecological attributes should be used to manage conser-
vation in the future, and oligotrophic coastal ecosystem for routine
monitoring [10-13]. Chang [8,14] stated that a good ecological indicator
is characterized by ease of handling and identification, sensitivity to
small variations in environmental stress, independence of reference
states, applicability in extensive geographical areas and in the greatest
possible number of communities or ecological environments, its ability
to be quantified, its key role in the marine ecosystem, being presentin a
wide range of marine ecosystem, and existence in large and dominant
populations. It is not easy to fulfill all of these requirements, but good
ecological indicators will be the basis of desalination companies because
the marine ecosystem stress can be the basis for evaluation as well as
biochemistry, molecular biology, morphology, physiology, and genetic
research.

There is growing worldwide need for this study, with the increasing
water desalination plants exceeding $17 billion [15]. In this study, we
focus on potential ecological indicators, but they can clearly be integrat-
ed into the broader issues of desalination ecosystem damage and can be
used as important ecological indicators in future policy decisions.
Consequently, many studies investigated the monitoring bar, ecological
impact and/or risk assessment of seawater desalination plants, the effects
of alkalinity changes, entrainment, increased salinity, impingement,

temperature increase, and thermal pollution and become available
biocide, antiscaling additives, antiforming additives, coagulants, chemical
cleaning, other physical factors of marine ecosystem have is led to the de-
velopment of potential ecological indicators to biochemical metabolic
condition, heavy metal pollution, and biological stress [16-21]. Scientists
have also applied these potential eco-indicator species and/or ecotoxico-
logical effects to plant organism of seawater desalination plant procedure,
new eco-problems of desalting, and ecosystem quality assessment on ma-
rine community [9,22,23]. On the other hand, their potential impact on
desalination of harmful algae provides some general guidelines on how
early detection may help prevent or minimize the impact of HABs on a
facility's production capacity or its water quality [24]. Most life cycle
assessment studies did not quantify the aquatic eco-toxic potential of
seawater reverse osmosis (SWRO) desalination system due to integrated
coastal management, and complex brine discharge produced [19,21]. It
also provides a more comprehensive coverage, not only considering the
impact of organic chemical and metals, but also including the contribution
of inorganic chemical or boron contamination. Also, Lattemann and
El-Hab [25] evaluate the potential environmental impact of desalination
projects, adverse effects mitigated as fast as possible, changes in biological
species, due to human and ecosystem health consequences species
diversity [26-28].

As seawater desalination methods become more widespread, they
draw the attention of desalination ecologists and eco-engineers, who
should study eco-risk and/or impact assessments using environmental
engineering, ecological engineering, and civil engineering. Through
studies of the possibility of desalination process damage, it may be
possible in the future to use DNA, RNA, protein, and cell research as
potential ecological indicators. These potential ecological indicators
demand a systematic scientific literature examination related to risk
and/or impact assessment. In this context, the purpose of this study is
two-fold. First, we aim to provide/suggest effective management strate-
gies for future desalination projects and to present the possibility of
various kinds of potential ecological indicators from information obtain-
ed from laboratory experiments, field experiments, desalination project
reports, and government policy reports in each country. We explore,
through a literature review, the various desalination project approaches
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using living indicator species that provide information about ecosystem
disturbance, the disappearance of symbiosis, disposal options, impact/
risk effluents, chemicals used, eco-toxicological effects, experimental
tolerances of various ecosystem damages, changes in living groups,
and potential eco-monitoring.

2. Results and discussion

2.1. Comparative characteristics of various handling methods of
desalination

Desalination brine disposal “marine pollution” has increased
because changes in salt concentrations can be harmful and even lethal
to the marine ecosystem and can cause habitat damage. As shown in
Table 1 the treatment methods for seawater desalination concentrated
effluent include surface water discharge, sewer disposal, deep well
disposal, terrestrial application, evaporation ponds, evaporation
concentration, zero liquid discharge, mixing with cooling water
discharge, and mixing with sewage treatment effluent [29-31].
Table 1 shows the desalination treatment, discharge, and disposal
methods involved in membranes and chemicals. Management of con-
sumption is important to control economic costs; fresh water produc-
tion costs directly affect a plant, so the optimum method of treating
an effluent needs to be considered [31,32]. Desalination plants with
installed ocean surface water discharge are considered to be the most
economical. However, such emissions can cause contamination of the
marine environment, including high concentrations of salt. Sewer dis-
posal, deep well disposal, evaporation ponds, and evaporation concen-
tration are direct discharges that may be expected to cause secondary
pollution (Table 1). Further, for desalination concentrated effluents,
the reverse osmosis treatment method should be selected in terms of
managing costs, and technical, environmental, and other legal matters.
Usually, direct ocean discharge, mixed with an effluent discharge
plant, is released to the coast or through a pipe using a distributed
mechanism with water to drain away the emissions. Marine concentrat-
ed effluent from a desalination plant is classified according to the posi-
tion of the coastal exhaust and a single or multiport diffuser.

By appropriate construction of desalination plants, salt water dispos-
al, and countermeasure, it is known that the risk to marine ecosystems
can be reduced. Various seawater desalination plant effluent discharge
methods are known, as follows. Marine surface water discharge has
great advantage in that it can be processed; however, it interferes
with the ocean ecosystem, as affected by natural ocean circulations
[33]. On realistic alternative method provides marine ecosystem surface
water discharge and deep well disposal of effluent. Additionally, evapo-
ration pond methods can lead to soil and groundwater contamination,
and thus are only used when small capacities are discharged. The
discharge of the concentrated water pollution should be avoided to
minimize risks between the intake and drainage. Further, in the marine
environment design to reduce the risk of potential side effects, the
distance between the water intake and drainage should be more than
2 km. Bleninger and Jirka [30] reported an effluent diffusion model
regarding installation of a multi-port to the outlet to reduce marine
environment damage, such as that due to the brine, concentrated
chemicals, and seawater temperature. Zero liquid discharge at a large
commercial desalination plant is difficult, with the high salt concentra-
tion due to desalination. A high salt concentrated effluent can be intro-
duced into a distillation process, and concentrations of 180 g/L can be
dealt with. In addition, zero liquid discharge, reverse osmosis process,
and heat extracted from the distillation process of 600 m®/day com-
bined with 528 m>/day were recovered. Zero liquid discharge is a rela-
tively secure system for marine systems, eliminating the need for
added chemicals, and does not require terrestrial help or desalination
plant capacity. However, the deep well disposal method may cause a
risk of nearby terrestrial and marine ecosystem disturbances, as well
as potential groundwater pollution (Table 1). Mickley [34] reported

45% of plants in the U.S.A. used surface water discharge, 27% used sewer
disposal, and 13%, deep well disposal. However, in 25,000 m>/day capacity
desalination plants, more than 40% used surface water discharge and
deep well disposal are up to 40%.

Combinations of various methods are used to formally examine the
potential effects of marine ecosystems, a proposed government-policy,
surveillance-program, or next-desalination project plan. They had
begun in the 1590s when a steady desalination process started the
contamination of the marine ecosystem and the ecological damage
has been such a risk, so impact assessment must be appreciated. The
international ecologically damaging mechanism of marine ecosystem
and checking to determine its risk or impact on assessment are difficult
to prove for confirmation with other methods. Various damages on
marine ecosystems have been reported near desalination plants located
in shoreline area. The effects of these plants' operations, however, have
not been clearly evaluated due to the immediate dilution of the concen-
trated seawater effluents in huge ocean body and other factors. The
reason for this is that the initial stage of research uses the level of the
sample number to report the degree of contamination, and although
desalination process is obviously damaging the marine ecosystem,
simple numbers do not represent environment risk and impact assess-
ment that can be caused in the living organisms. Seawater desalination
assessment using various indicators can overcome these limitations and
can be expanded to the gene level. In many developed countries, the
government supervises the basic and applied research, continuously
monitoring the ecological indicators species and application on marine
ecosystem restoration. We present the various operation modes for
seawater desalination. The chemical emissions in the marine ecosystem
and pipeline around the concentrated pollution can be expected by
looking at the approximate number of ecological indicators species.
The seawater desalination poses environmental risk and/or the impact
assessment by ecological indicator species providing information
about the marine ecosystem disturbance, disappearance of symbiosis,
and change of living groups.

2.2. Eco-toxic and effluent characterization of chemical used in the
desalination plant

2.2.1. Antiscalants

Tables 2 and 3 show the antiscalants used for reverse osmosis of
desalination through scale formation within the facility to prevent
contamination via the generally used sulfuric acid, poly acrylic acid
(PAA), poly methacrylic acid (PMAA), poly maleic acid (PMA), sodium
hexametaphosphate (SHMP), polyphosphates, polymeric acid, aqua
feed AF-650 (mainly sulfate-based), permatreat-91 (mainly sulfate-
based), PTP-100 (mainly sulfate-based), flocon-100 (mainly sulfate-
based), and belgard-BRD [5,35-37]. Such antiscalant chemical is mainly
carbonate scale formation suppressing the function of holding a certain
pH [36,38]. Generally, 2 ppm is used as antiscalants included in exhaust
discharged even though the marine ecosystem risk is relatively low [38].
Lattermann and Hopner [18] reported polyphosphate used in the oper-
ation of desalination eutrophication problem areas, but this is the first
where the major producers of orthophosphate nutrients are easily
hydrolyzed. On the other hand, policarbonic acids and phosphonates
are stable substances that have low biodegradation rate in the long
run since they remain in the beach area. These substances in desalina-
tion plants are mixed to disperse the calcium and magnesium ions by
reducing scale formation in the marine environmental since the
divalent metal can affect natural processes. Thus, using antiscalants
using the desalination projects, which may play an important role as
ecological indicators of the marine ecosystem, should be monitored.
Antiscalants that may be affected include: bioaccumulation, ecotoxico-
logical effect and subsequent changes to the local ecology and biodiver-
sity. Ecological indicators selected anticipate the use of biological
accumulation and an unknown side-effect on chronic effects should
continue to be monitored (see Fig. 1).
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Comparison of general handling, advantages, and disadvantages of the desalination concentrate treatment system.
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Disposal
method

General handling

Advantages

Disadvantages

Surface water
discharge

Sewer disposal

Deep well disposal

Land application

Evaporation ponds

Evaporation
concentration

Zero liquid discharge

Mixing with the
cooling water
discharge

Mixing with the
sewage treatment
effluent

- Using distributed mechanism rivers,
marshes, ocean surface water
discharge, etc.,

- Existing sewer discharge is less
applicable if the amount of
concentrated

- Number concentration of 330-2600
m in depth how to handle injected
into underground aquifers

- Concentrated water treating the soil
dispersing

- Using the solar energy can be
concentrated by evaporating bulk is
reduced

- Thermal evaporator, crystallizer,
spray dryer using methods such as
sludge treatment or buried in a way
to make the solids

- Normally, the
evaporation-crystallization section
receives the reject from a reverse
0smosis section

- Cooling the concentrated mixing
with the water discharge

- Wastewater treatment using the
apparatus release

- Can handle large volumes

- By dilution and natural resolution

- In expensive emissions

- Natural processes promote degradation
- Water body promotes dilution

- Often least expensive option

- Possible dilution and blending with
power plant discharge

- Dilution throughout waste stream

- Using the existing sewer system

- Lower the BOD of the resulting effluent
- Dilutes the brine concentrate

- Uses existing infrastructure

- Possible beneficial treatment

- As the lack of impact on the marine
ecosystems

- Available in low volume plants

- Viable for inland plants with small
volumes of brine

- No marine impact

- Good option for smaller inland plants

- A source of water supply substitute for
the kind of resistance

- No marine impacts

- Alterative water source for irrigation of
tolerant species

- Do not have the technical management
- No marine impact expected

- Possible commercial salt exploitation

- Low technological and managing efforts
- A viable option for inland plants in highly
arid regions

- Can commerically exploit the concentrate

- Liquid waste treatment unnecessary
- Salt and minerals can be recovered

- Can produce zero liquid discharge

- Can exploit concentrate commerically

- Reduced impact on marine

- No liquid waste disposal

- Recovery of salt and minerals

- Achieves dilution of both effluents prior to
discharge

- Combined outfall reduces the cost and
environmental impacts of building two
outfalls

- Necessary to reduce salinity if disposing in
fresh water bodies

- Achieves dilution of brine effluent prior
to discharge

- Does not overload the operational
capacity of sewage treatment plant

- Necessary to reduce salinity if disposing
in fresh water bodies

- Marine ecosystem disturbances

- Limited effect on aquatic ecosystems ability to midnight and
hydraulic dilution

- Depends on natural circulation patterns and hydrographic
currents in the area

- Environmental impacts need to be monitored

- Good knowledge and monitoring of receiving waters required
- Limited natural assimilation capacities causing adverse impacts
on marine environment if exceeded

- Limited sewage treatment capacity

- Sewage water quality standards meet statutory

- Restricted capacity depending on sewage plant

- Must meet sewer quality standards

- Final disposal generally still to surface water

- Can inhibit bacterial growth

- Can hamper the use of the treated sewage for irrigation due to the
increase in TDS and salinity of the effluent

- Overload the existing capacity of the sewage treatment plant

- Marine ecosystem disturbances

- For underground injection has limitations in separate aquifers
- Danger of groundwater pollution

- Expensive cost and need a structurally isolated aquifer

- Increase the salinity of groundwater

- Only cost efficient for larger volumes

- Maximum capacity hard to assess

- Dependant on suitable, isolated aquifer structure

- Only for smaller discharge flows

- Risk soil and groundwater pollution

- Storage and distribution system required

- Species conversion of soil and groundwater ecosystems

- Possible adverse impact of chemical and pollutants on plants
- Storage and distribution system needed

- Only a small capacity when discharged

- Soil and groundwater contamination

- Storage and distribution system required

- Strongly restricted capacity and needs regular monitoring

- Large areas of land necessary and expensive option

- Only in dry climate with high evaporation

- Risk of soil and groundwater pollution

- Disposal of unusable salts needed

- Can increased salinity of groundwater and underlying soil

- Needs dry climates with high evaporation rates

- Requires large parcels of land with a level terrain

- Requires high-energy and high-cost

- Requires further treatment of sludge and solids

- Expensive and consumes high energy
- Production of dry solid waste

- Still not feasible on industrial scale

- Solid residuals

- Dependent on the presence of a nearby thermal power plant

- The brine could enhance the aggregation and sedimentation of
sewage particulates that can impact benthic organisms and
interfere with the passage of light in the reviving water body

Note: based on [3,31,32,169,177-181].

2.2.2. Antifoulants

Desalination system use of foulant control agents (antiscalant/
dispersants) is key to the successful long-term performance, and its per-
formance in system design should not be underestimated. Table 3 shows
the antifoulant agents that are commonly used as foulant control agents
and they are categorized as follows: polyphosphate, phosphonates,

proprietary, formulated blends and synthetic polymers (e.g., acrylic

acid, PAA, methacrylic acid, PMAA, and maleic acid, PMM) [39].
Polyphosphates have many advantages in terms of cost-effectiveness
and toxicity. However, the main disadvantage of polyphosphates is
that the phosphorus-oxygen (PO) bond in the orthophosphate is
subject to hydrolysis. An orthophosphate ion can react with calcium to
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Table 2

Environmental impact of reverse osmosis (RO) and multistage flash (MSF) effluents.

Effluent characteristic Concentrations Environmental impact
Salinity - RO (=70 mg/L) - Can be harmful; reduces vitality and biodiversity at higher
- MSF (<50 mg/L) - Values; harmless after good dilution
Temperature - MSF (+10-15 °C) - Can be harmful; can have local impact on biodiversity
Chlorine - MSF (=2 mg/L) - Very toxic for many organisms in the mixing zone, but rapidly degraded,
THM -RO - Carcinogenic effects; possible chronic effects, more persistent, dispersal with current, main
- MSF route of loss is thorough evaporation
Antiscalants - RO (=2 mg/L) - Poor or moderate degradability + high total loads = accumulation, chronic effects, unknown
- MSF (=~2 mg/L) side-effects
Coagulants - RO (1-30 mg/L) - Non-toxic; increased local turbidity = may disturb
- Photosynthesis; possible accumulation in sediments
Antiforaming - MSF (0.1 mg/L) - Non-toxic in concentration levels; good degradability
Copper - MSF (15-100 pg/L) - Low acute toxicity for most species; high danger of accumulation and long term effects;
bioaccumulation
Other metals -RO - Only traces metals; partly natural seawater components; no toxic or long term effects
(Fe, Cr, Ni, Mb) - MSF (except maybe for Ni in MSF)

RO cleaning solution - Low or high pH, disinfectants,

detergents, complexing agents

MSF cleaning solutions - Low pH, corrosion inhibitor

- Highly acidic or alkaline cleaning solutions that may cause toxicity without neutralization,
disinfectants highly toxic at very low concentrations, detergents moderate toxicity; complexing
agents very poorly degradable

- Highly acidic cleaning solutions that cause toxicity without neutralization low toxicity;

poor degradability

Note: based on [30].

form calcium phosphate scale, and after discharge, nutrients, it is a range, and heavy metal particles caused by diffusion effect have been
potential cause of eutrophication [39,40]. Polyphosphates and reverse reported in corrosion control. However, synthetic polymers also react
osmosis desalination processes are used in many industries with lower with the calcium ions to form calcium-polymer salt, which can be a

concentrations to avoid precipitation of calcium carbonate, and mainly,

problem in desalination treatment. Now, to prevent problems related

1-5 mg/L concentrations of sodium hexametaphosphate (SHMP). Vari- to this calcium, proprietary products (organic polyelectrolytes) are

ous other polyphosphates are used in the 2-10 mg/L concentration

Table 3
Comparison of chemicals used in the desalination plant.

under development [39]. Antifoulants in marine ecosystems should be

Reference Category Chemical used
Acronym Structure

[39] Antiscalants Sodium tripolyphosphate (STPP) NasP5019

[38] Sodium hexametaphosphate (SHMP) (NaP0s3)s
Amino tri (methylene phosphonic acid) (AMP) N(CH,PO3H3)3
1-Hydroxyethylidene-1,1-diphosphonic acid (HEDP) CH3C(POsH,)OH
Ethylenediaminaetetra (methylene phosphoric acid) (EDTMP) CH3C(POsH,),0H
Hexamethylenediaminetetra (methylene phosphonic acid) (HMTMP) (CH,PO3H,CH,),N(CH;)sN(CH,POsH;)»
Diethylenetriaminepenta (methylene phosphonic acid) (DETMP) N(CH;)PO3H;[(CH;),N(PO3H,) ],
2-Phosphonobutane 1,2,4-tricarboxylic acid (PBTC) CH,COOH(PO3H,)COOH(CH,),COOH
Poly (acrylic acid) (PAA) (CH,CHCOOH)n
Poly (methacrylic acid) (PMAA) (CH,C(CH3)COOH)n
Poly (maleic acid) (PMA) (CHCOOHCHCOOH)n

[36] Sulfuric acid H,S04
Sodium hexametaphosphate (SHMP) (NaPOs3)e
Aqua Feed AF-650 (mainly sulfate-based) CuSo4-based
Permatreat-191 (mainly sulfate-based) CuSo4-based
PTP-100 (mainly sulfate-based) CuSog-based
Flocon-100 (mainly sulfate-based) CaSog4-based
Belgard-BRO

[182] Antifoulants Polyphosphates (mainly phosphate-based) HPO4-based

(antoscalants/dispersants) Orthophosphates (mainly phosphate-based) HPO4-based

Synthetic polymers: Poly (acrylic acid) (PAA) (CH,CHCOOH)n
Synthetic polymers: Poly (methacrylic acid) (PMAA) (CH,C(CH3)COOH)n
Synthetic polymers: Poly (maleic acid) (PMA) (CHCOOHCHCOOH)n
Organic polyelectrolyte

[38] Coagulants Ferric chloride Fe,03

[37] Aluminum sulfate Al5(S04)3

[36] Biocides Chlorine Cl

[38] Sodium hypochlorite NaClo

[18] Calsium hypochlorite Ca(Clo),

[36] Cleaning chemicals Citric acid CeHgO7

[38] Oxalic acid C,H,04

[18] Sulfuric acid H,S04

[61] Sodium hydroxide NaOH
Sodium perborate NaBO3.nH,0

[38] Sodium hypochlorite NaClo

[183] Ethylenediaminetetraacetic acid (EDTA) CyoH16N20g

[14-185] Dodecyl sulfate Cy2H25504
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Desalination Plant in South Korea
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Fig. 1. Regional construction operation of desalination plants in the Republic of Korea.

subject to risk or impact assessments and should be monitored at all
times. Antifouling using ecological indicators can be selected to mini-
mize danger to marine life; those with the lowest acute toxicity and
least danger of accumulation (see Fig. 1).

2.2.3. Biocides

As shown in Table 3 the biocides are important in the process of
reverse 0osmosis; organic chemicals contained in the water react with
halogenated organic compound by-products to create compounds that
are harmful to organisms [23,38]. Chlorine residue and disinfection
by-products can cause environmental problems and there are concerns
caused by conventional preparation methods of sodium bisulfite [41],
monochloramine [42], copper sulfate [43], and ozone [41]. In many
applications, the use of chlorine is not allowed, so chlorine dioxide is
used in many areas of the Arabian Gulf as an alternative to chlorine
injection. Chlorine dioxide is a strong oxidant. Thus, its environmental
impact is lower than that of chlorine [44]. However, chlorine dioxide
and other biocides in surface water discharges can still influence biolog-
ical impact/risk [38]. Chlorine is highly biocidal, and its toxicity has been
confirmed in many toxicological studies. In the case of evaporation
processes, 10-20% concentration of 200-500 pg/L of the FRC level has
been reported [16]. After discharge, FRC level is reduced by 90%, at
which point 20-25 pg/L is the expected concentration [45]. The process
of evaporative discharge points to 30-100 pg/L as representing matches
[46]. Chlorine is toxic and a highly effective disinfectant, as confirmed
through many toxicology studies.

In an environmental risk assessment for hypochlorite in the EU, the
‘predicted no effect concentration’ (PNEC) based on free available chlo-
rine in the water was determined as 0.04 pg/L. It can affect the ecosys-
tem seriously in effluent at 200-500 pg/L concentration and at a point
discharge of 100 pg/L. The EU environmental risk assessment report
also suggested that the thermal stress and discharge of chlorine may

produce a synergistic effect. Various chemical reactions in seawater
were caused by organic substances, hypochlorite, hypobromite, and
the generation of by-product like trihalomethanes (THMs) and
haloacetic acid [47]. In addition, near an evaporative process plant,
levels of 9.5 pg/L and 83 pg/L of THMs have been reported [47]. The EU
risk assessment reported that regarding the toxicity of total THMs and
chloroform, the PNEC in freshwater was 146 pg/L. Desalination concen-
trates by-product of chlorine residues in the aquatic ecosystem and can
cause serious ecological toxicity. However, organisms react to acid
concentrations and THMs, which can act as carcinogens in the marine
ecosystem. Professional exposure to PT18 biocides may occur in both
adults and children (inhalation, skin contact) and infants (inhalation,
fumigation). This issue has been raised again regarding biocides. Further
studies evaluating these bio-indicators should be conducted to confirm
effective methods of assessing biocides (see Fig. 1).

2.2.4. Boron

Boron (B) has been and will continue to be an important plant
project hazard for desalination to discharge. For a long time, boron has
been known to cause important physiological response in drinking
water and marine ecosystem damage, so it is possible for boron biology
to contribute to low pH condition not only in terms of operational prob-
lems but also in terms of being removed in desalination. Chemically
uncombined boron, which is classed as a metalloid, is found in small
amounts in meteoroids, but it is not found naturally on earth. Several
desalination studies of boron removal have been reported over the
effect of membrane fouling [48], ultrafiltration-reverse osmosis
(UF-RO) processes in pilot-scale tests [49], polyvinylidene fluoride
(PVDF) flat-sheet membranes [50], reverse osmosis (RO) system [51],
complexes with polysol [52], tumor-suppressive effect [53], human
brain tumors [54], and using constructed wetlands [55]. Frequently,
the high boron concentration in the injection seawater for a desalination



422 J.-S. Chang / Desalination 365 (2015) 416-433

process can exceed the standards for drinking water. Studies on boron,
its mechanism, and heath effects show that 112 mg/kg body weight is
an acute poisoning hazard; it is a main cause of gastrointestinal tract ab-
normalities [56,57]. Animal experiment have revealed the risk and/or
impact and/or toxicity results from food boron intake that exceeds the
standards set by law. According to a U.S. Environmental Protection
Agency [58] report, similar effects were shown for rats after oral exam-
ination, and boron level in mice exceeded 4000 mg/kg [59] and a blood
boron level of ~2020 ng/g affected normal development [60]. For
this reason, seawater desalination projects need to deal with boron
contamination of the marine ecosystem.

A seawater reverse osmosis desalination plant is characterized by
treatment of dissolved ionic materials through exclusion. Due to the
characteristics of reverse osmosis, the exclusion ratio of divalent ion
would be higher than that of univalent ion; thus, water generated by
desalination would be expected to have a different composition from
that of surface or ground water. Also, the membranes used in reverse
osmosis would have lower efficiency in removing dissolved gases such
as CO,, so this would lower the pH of the water. In particular, the con-
centration of boron in processed water would likely exceed the water
quality standard if the original sea water contains a high concentration
of boron. If the concentration of boron in discharged water exceeds the
water quality standard of drinking water, then symptoms such as gastric
disorder, anorexia, vomiting, nausea, and astigmatism may occur.

However, carcinogenicity studies have been reported to be negative.
The standards for boron in the world drinking water are Korea 0.3 mg/L,
World Health Organization (WHO) 0.3 mg/L, Japan 0.2 mg/L, England
1.0 mg/L, Australia 3.0 mg/L, Canada 5.0 mg/L, and Germany is
1.0 mg/L. Currently, many researchers who are interested in desalina-
tion projects have concentrated on treatment with risk assessment
related to unauthorized discharges. In desalination, using boron can be
an important early warning ecological indicator for the assessment of
contaminated marine ecosystem due to the propensity to accumulate
pollutants. These findings are contained in the water of the various
materials for the desalination plant orders, and operational risk and/or
impact in the future is a problem since they have enough potential.
Fig. 1 shows that the boron contamination from desalination projects
can be monitored using ecological indicator species, and in this moni-
toring, the damages can be estimated in terms of the levels of DNA,
RNA, proteins, and cells [3].

2.2.5. Cleaning chemicals

The desalination reverse osmosis membrane is cleaned regularly to
maintain the necessary efficiency [36]. Cleaning chemicals used include
sodium perborate and citric acid [61], sodium hypochlorite and oxalic
acid [62], ethylenediamine tetra acetic acid, sulfuric acid [63] and sodi-
um hydroxide [183]. These cleaning chemicals need to be changed
depending on the type [64]. These cleaning chemicals will be released
in the wash one to several times per year; in addition, marine organisms
can potentially be damaged by extremely high or low pH without
neutralization [18,37]. The washing procedure varies depending on
the type of fouling. In the case of a reverse osmosis process plant, to
remove biofilm contamination, an alkaline solution (pH 11-12) is
used, while to remove scale, acid (pH 2-3) is used to oxidize the
dissolved metal and acid solution. To increase the cleaning efficiency
of such solutions, additional compounds are used as detergents (e.g.
dodecylsulfate, dodecybenzene sulfonate) or oxidizing agents (e.g.
sodium perborate, sodium hypochlorite) (Table 3). These cleaning
chemical agents even when used in accordance with the intended ef-
fects, can adversely affect the marine ecosystem (Table 2). Desalination
projects should continue to monitor the marine ecosystem, and monitor
for cleaning chemicals contained in effluent. Cleaning chemicals intro-
duced into the discharge would be expected to be contaminate the
marine ecosystem. Cleaning chemicals in the marine ecosystem and
plants around a concentrated pollution source can be assessed by
looking at the approximate numbers of ecological indicators species

(see Fig. 1). These potential ecological indicators are used primarily to
assess to condition of the desalination plant: as an early-warning
system.

2.2.6. Coagulants

The coagulants through the backwash can be easily removed so that
it turns into large particles; the suspended particulate matter will coag-
ulate and precipitate [18,37]. Desalination concentrated waste will be
created during the backwash; products include ferric chloride, alumi-
num sulfate, and polyacrylamide [36,37]. Ferric chloride is a red-
brown substance in the effluent discharged during backwash; if it is
not removed effectively, it can lead to marine pollution [18]. However,
the coagulant is injected in the seawater desalination plants; ferric
chloride at 1-30 mg/L or polyacrylamide at 1-4 mg/L levels, showed
no toxicity due to increased turbidity. According to a report by
Lattermann and Hopner [18], if the iron salt is used, the occurrence of
red high turbidity due to the concentrated water penetration or light
is reduced, and fixative discharge area may be buried in undersea
creatures (Tables 2, 3). The use of desalination coagulants for drinking
water clarification has importance in marine ecosystems and plants.

2.2.7. Heavy metal

For successful treatment in a desalination plant, it is essential to
secure materials with excellent resistance to the aggressively corrosive
saltwater [38,65]. Stainless steel use has advantages because of its
exceptional durability and minimum maintenance costs. Moreover,
the use of stainless steel in a seawater desalination plant, will reduce
concentrations of other materials as follows: lower levels of copper,
iron, chromium, lead, nickel, molybdenum, and zinc, as heavy metals
[38,65]. Generally, there are no heavy metals detected in natural fresh
water [36]. However, heavy metals may be detected in the pre-
processing step after a concentration step. Desalination discharges can
include chemicals used at tens to thousands of kg per day into coastal
water. Hopner and Lattermann [38] reported that in 21 desalination
plants assessed, the daily chemical discharge amounts into the marine
ecosystem were 2708 kg chlorine, 36 kg copper, and 9478 kg
antiscalants, when their effluent concentrations were 0.25 ppm,
0.015 ppm, and 2 ppm, respectively (Table 4). Also, Saeed et al. [47]
detected high concentration of hydrocarbons near the outlet of a desa-
lination plant in Kuwait. In particular, the Key West, FL, USA, the
5-10-fold higher concentrations of copper were detected around a sea-
water desalination plant and the anticipated amount of discharge was
45 kg/day [66]. Heavy metals were detected in Saudi Arabia at a desali-
nation plant: high concentrations of Cd, Cu, Hg, Ni, P, and Zn. The copper
concentration was expected to be 15-100 pg/L. However, the presence
of copper necessarily affects the environment. Reported natural coastal
copper concentrations are in the range of 0.1-100 pg/L [67]. In addition,
Bou-Hamdashad et al. [68], reported copper concentrations in the
Arabian Gulf region: <1 pg (Qatar) to 25 pg/L (Kuwait). The copper con-
centration criteria of the USEPA and European criteria for short-time
exposure are up to 4.8 pg/L and for long-term exposure, to 3.1 ug/L
[69]. Heavy metal accumulation, especially mercury, by commercially
important fish and shrimp species should be evaluated for potential
human health impacts [70]. These observations suggest that the plant
effluent increases heavy metal concentrations in the sediment from a
desalination plant effluent outfall over a 6 x 6 km? area. Because
heavy metals produced by desalination projects endanger marine
biota, proper selection of organism groups from various parts of the
ecosystem can have vital importance in the biological impact and/or
risk assessment. Potential ecological indicators of heavy metal assess-
ments should not to be used as the only evidence in a desalination
plant region, and the contamination risk assessment with biota and
toxicity evaluations should be integrated. The assessment of heavy
metal contamination by living ecological indicators species can provide
valuable information regarding marine ecosystem disturbance, as well
as the disappearance of relationships.
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Ecological and toxicological effects of desalinating brine in a marine ecosystem.
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Reference Location

Matrix/species/community Summary of findings

Available on the potential impact of biological and damage "

Biological monitoring and Contaminant monitoring *

[101]

[38]

[124]

[16]

[66]

[186]

[70]

[168]

[187]

[116]

[170]

[82]

Red Sea,
Egypt

Red Sea
(21 plants),
Egypt Qatar

Red Sea water and Plant
reject water

Discharge

Desalted water

Arabian Gulf Brine water

Key West,
Florida

McMurdo,
Antarctica

Ras Tanajib,
Saudi Arabia

Jersey,
England

USA
(28 plants)

Southern
California
Bight (USA)

Gijang-Gun,
Republic of
Korea

Sado
estuary,
Portugal

Seawater

Sediments

Sediments

Epibiota

Discharge

Coastal surface

Discharge

Salinity biological testing

- pH decreased from 8.3 4 0.3 to 5.8 + 0.3

- Total alkalinity decreased from 120 to 65

- Temperature increase from 23.0 °C to 27.0 °C +

- Chloride increased from 24,000 ppm to 32,000 ppm
- Free carbon dioxide appear Nil to 8

— Total hardness increased from 10,000 to 27,000

- TDS increased from 42,300 to 60,000

- Partial alkalinity disappeared 20 to Nil

- Amounts to 2.7 ton of Cl
- Amounts to 36 kg of Cu
- Amounts to 9478 kg of anti-foulants

- Amounts at outlet 3.05 ton per day of Cl
- Halogenated (chlorinated and brominated)

- Temperature increase to 40°C

- Amounts to 1350 ppm of Ca and 29,000 ppm of Cl

- Amounts to 52,000 ppm of TDS

- Emission of NOy, SO,, and CO,

- Construction and operation of the desalination plants
would result in an increase in noise levels surrounding
the location

- Produce chlorite effluents [26]

- Estimate that up to 45 kg of Cu the plant for each day
of normal operation

- Around 10 vol the concentration of Cu near the
desalination plant

- Max level increase to 3700 ppm of Cu

- Max level increase to 3,00 ppm of Pb

- Plant outlets in the area within 100-250 m
concentration increased Cu, Hg, Ni, Cd, Zn, and P

- Accumulates high concentrations of Cu
- Copper increased from 3.51 to 32.20 mg kg~ ' dry
sediment

- 28 plants, up to 60% of samples exceeded water
quality

criteria for Cu. However, current does not exceed a
legal standard.

- Risk of occurrence of harmful algae in coastal waters
- Marine ecosystem effects

- Intake or/and effluent excessive salinity at the intake
(effluent) increases to 800 ppm in summer.

- Four-week reduction in the life-span, lower life
expectancy, shorter generation time, faster individual
growth, anticipation of age at maturity and higher
population growth rate.

- Most of the coral has disappeared from the coastal areas

- Many planktonic organisms have disappeared from the area
around the plant

- Populations of many fish species have declined and even
disappeared

- Marine forms from other areas have not been able to
become established in the Hurgada area

- Marine sediment stress from the anthropogenic activities in
Red Sea, Egypt. [188].

- Vulnerable marine ecosystems and risk of damage to
ecosystems

- Deterioration (not good) for human health; air and noise
pollution, and biotic environments [189].

- depicts toxic chlorine concentrations for a range of species
by means of the LCsq indicators [31].

- MSF effluents and in the mixing zone are acutely toxic for
many of the examined marine organisms.

- Chlorine toxicity levels for a range 440 pg/L: LCso Bluegill (96 h).
- Chlorine toxicity levels for a range 208 pg/L: LCso Coho salmon
(1 h) [190].

- Seawater desalination plants around the surrounding
ecosystem of damage

- Potential damage is very dangerous for ecosystem of
desalination plant surrounding areas

- Heavy metals contamination in coastal and marine
environments is becoming an increasingly serious threat to
both the naturally stressed marine ecosystems and humans
that rely on marine resources for food, industry and
recreation [20].

- Chlorites have human and ecosystem health implications [26].
- Biological effects of reef scallpos found on the rock piles around
an inspection valve [30].

- Echinoderms showed the greatest sensitivity and died
within days of exposure to as little as 3% brine in seawater.

- Whereby echinoderms ascidians, gorgonian corals and
stone crabes were transplanted [88].

- Bioindicator organisms for the biomonitoring of Cu and Pb
in the environment and the related toxicity mechanisms and
ecological effects of heavy metal pollution [191].

- Benthic macroalgae as biological indicators of heavy metal
pollution in marine environments thus can be used as a very
good biomonitor [192].

- Clams and shellfish accumulate high concentrations of Cu in
the greater ecosystem impacts.

- Biomonitoring studies have found accumulation of metals in
macroalgae, mussels and benthic sediments [70].

- Copper levels for a range 2900 pg/L: LCso Rangia cuneata (96 h)
- Copper toxicity levels for a range 222 ng/L: LCso Crassostrea
gigas (96 h)

- Copper toxicity levels for a range 13 pg/L: LCsq Nitaschia
closterium (96 h)

- Copper toxicity levels for a range 1.4 pg/L: LCsp Daphnia magna
(21 days) [31,38].

- Microalgae, domoic acid (DA), and amnesic shellfish
poisoning [193].

- Human effects, marine mammal mortalities, and bird
mortalities [194,195].

- Larger, mobile animals such as adult fish are likely to be able
to avoid the plume in the immediate vicinity of the discharge,
but smaller invertebrates (and some species of fish) living in
or near reefs and at the bottom sediments would be unable to
escape its influence [4].

- Effect of temperature and salinity on life history of the
marine Amphipod Gammarus locusta.

2 Reported in prior: Biological monitoring studies are limited to studies incorporating multiple reference locations.

b Ppredictable study: Damage the operation of desalination are marine exosystems using available on the potential impact of biological and chemicals for general ecological damage.

2.2.8. Salt concentrates
In the construction of a desalination plant or pilot testing, the effects
on the marine ecosystem, the discharge of salt concentrates and

physical and chemical additives have been investigated for effects -

positive or negative - in animals and plant in Table 1 [3,30,71-73].
Salt concentrates at an appropriate level with appropriate dilution, are
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an eco-friendly non-toxic discharge, with no long-term effects on
marine ecosystems. The discharge of salt concentrates over 40 psu
salinity is limited to around drains into the original seawater. The effects
of the discharge of salt concentrates in the outfall pipelines area and the
ecosystems of fish, marine farm, and fishery have been reported as
ecological indicators for ecosystem monitoring [30,71-77]. In sea
grasses, Thalassia testudinum, optimal growth was examined at the
level of 30-40 ppt salt concentrates; however, at 50 ppt, the survival
rate decreased, and at 70 ppt, 100% mortality resulted [78,79]. In the
Australian sea grass, Zostera muelleri, at low salt concentrate levels
there was a decreased rate of photosynthesis. Data indicate that live
Sargassum filipendula and Sargassum pteropleuron can tolerate tempera-
ture and salt concentrates in the ranges seen in desalination plant areas,
and sedimentation resulting from disruption of the tidal flow [80].

Salt concentrates can be discharged from desalination plants into the
marine environment and cab affect species distribution; the damage can
show a decisive effect on the growth of macrobenthic communities [81].
Neuparath et al. [82], reported changes in the salt concentration
(35-70 ppt range), and the following changes were observed in the
marine ecosystem: species development, degradation of reproductive
performance, survival challenges of marine biological larvae, and indi-
vidual density symptoms of marine ecosystems. This was caused by
the construction of a desalination plant, changing the seawater salinity.
Plankton organisms are most sensitive to salt concentrations affected by
discharges [83]. The effects of changes in salinity depend on the species
observed [84]. The size of the fish species that influences the concentra-
tion of the salt is increased to 50 ppt [84]. The sea grass Posidonia
oceanica (L.) and T. testudinum were negatively influenced by increased
salinity in the Mediterranean [78,79,85]. It is known that P. oceanica is
one of the most sensitive sea grasses to salinity increments; it is more
tolerant to salinity reductions (25.0-36.4 psu), perhaps due to the ter-
restrial origin of the sea grass. Posidonia sea grass species are known
to be very sensitive to salinity, with 38 ppt salinity causing growth re-
duction, 45 ppt causing mortality, and 50 ppt causing 100% mortality
[86]. These results suggest that the impact of the marine ecosystem
salt concentrations can be based on research results and should be man-
aged systematically. Salt concentrations in terms of impact/risk and/or
the footprint of the desalination plant in the surrounding ecosystem
results have practical implications for government policy and manage-
ment strategies for the sustainability of much biological damage in the
local ecosystem [3,87]. Also, although the salinity water have impacts
to marine ecosystem, there is another reason such as COD pollution.
At present, the discharge of salt concentrates should be monitored con-
tinuously [3]. Thus, to assess damage to ecosystems by salt concentrate
discharges, future research is needed to understand the role of ecologi-
cal indicator communities in these marine ecosystems.

2.2.9. Tempersture rise, heating effluent, stress, and noise

Table 4 shows that the desalination projects can be accompanied by
discharges affecting the marine ecosystem caused by temperature rise,
heated effluent, stress, and noise [77]. In addition, a plant operating at
high temperatures also increases the temperature of the salt concen-
trates. Generally, thermal pollution occurs because of the desalination
of high salt and higher alkalinity with two-fold increases versus that
in the seawater. Desalination plant outfall areas can tolerate the temper-
ature rises, where sea grasses have been investigated [77]. Zoetera
marina species with increasing temperature had high resistivity. Sea
grass was able to tolerate 30 °C and also 42 °C significantly. In addition,
Australian sea grass shows an increased rate of photosynthesis up to
30 °C, and then sharply decreased to 42 °C. Thus, such salinity, seawater
temperature, and alkalinity changes can induce effects in marine
ecosystems [61]. Gijang-Gun at a desalination plant capacity of
45 tons/day does not have a lot of effect on the level of geography; the
outlet is not far from where the background levels are likely to be recov-
ered in Fig. 1 [3,88]. However, continuous monitoring of concentrated
discharges must be managed and observed in marine ecosystems.

Desalination plants installed worldwide and at Gijang-Gun can dis-
charge heavy metals, in the case of corrosion, directly to the shoreline
due to the potential long-term factors, which may be contaminated. In
addition, heavy metals released into seawater can be adsorbed on
suspended matter and accumulate in marine sediments so continuous
monitoring is needed. Buros [89] reported that the discharge of salt con-
centrate and the temperature rise of seawater caused changes in the
distribution of marine species in the ecosystem. These results show
that the temperature rise of the seawater and the marine species have
a direct relationship. Thus, the temperature of seawater in marine
ecosystems, sea grasses, and animals are important factors that should
be monitored continuously. A desalination plant, due to physical and
chemical factor (temperature rise, heating effluent, stress, and generat-
ing noise), can affect the surrounding ecosystem and biological habitat
movement. Long-term health assessments can include ecological indi-
cators species in impact and/or risk assessments [17]. As such for a vari-
ety of assessments and pollution caused, can be compared with future
desalination policies by the government. In many developed countries
with desalination processes, the governments supervise basic and
applied research, continuous monitoring of ecological indicators, and
application in marine ecosystem restoration.

2.3. Potential ecological indicators of desalination to field ecosystem

2.3.1. Amphipod, bivalve, and copedod

Potential ecological indicators of desalination to marine ecosystem
investigation were conducted to describe biological damage to amphi-
pod, bivalve, copepod, infauna, or the number of organisms which can
be used for future report [90-93]. Previous studies have shown that
the amphipod species Ampelisca brevicornis survival is a sensitive organ-
ism to assess the toxicity of contaminated sediment [94-96]. This study
demonstrates that the sediments pollutant by fish farm effluents may
lead to an alteration of the biodiversity of the exposed organisms, and
bivalves do not represent an appropriate tool for reducing the environ-
mental impact of fin fish aquaculture in open water [97]. These results
were reported in desalination research and physiological status of
Gammarus fossarum (Crustacea; Amphipoda) exposed to secondary
treatment wastewater [98]. Neuparth et al. [82] also suggest that a
multiple-response approach, including the effects of temperature and
salinity on life history of the marine Amphipod Gammarus locusta.,
should be applied in chronic ecotoxicological tests. Also, very high arse-
nic concentration of up to 156 pg g~ ' from Gulf of Oman and copper
bioaccumulation from Limski Kanal of North Adriatic Sea was reported
in bivalve species from the region, despite anthropogenic contamina-
tion [92]. Desalination plant project which can be used in the potential
ecological indicators may serve as a basis for implementation of
life-table analysis in long-term tests with amphipod (Allorchestes
compressa), bivalve (Mytilus eduli), and copepod (Gladioferens
imparipes, Mysidopsis (mysid shrimp)) marine ecosystem to assess
truly population-level responses to toxicants [3,99]. Likewise, certain
species of the amphipod, bivalve, and copepod group are considered
capable of accumulating toxic substances, as well as species of the poly-
chaetes group like Nereis diversicolor, Neanthes arenaceodentata, Glycera
alba, Tharyx marioni, Nephtys hombergii. On the other hand, Echino-
derms are osmoconformer organisms and are expected to be very
sensitive to brine discharges, and this species in desalination projects
can be used as ecological indicators [100]. Marine ecosystem due to
the impact and/or risk of desalination projects has been reported such
as Amphipoda, Bivalve, and Copepod, and previously reported results
closely make use of genetics.

2.3.2. Coral reef

The desalination plant outlet point at a reef is an issue and will most
affect survival in the reef bottom sediment-dwelling organisms.
Mabrook [101] and Heimeier et al. [102], reported the changed chemical
parameters resulting from the environmental impact of waste brine
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disposal from a desalination plant as follows: most of the coral has dis-
appeared, many planktonic organisms have disappeared, and many fish
species have declined and even disappeared from the coastal areas. This
result in the pH factor of the marine ecosystem is already a topic of
much research on the impact of small changes in the biota, which is
known to be a major influence. In Egypt, in the case of the Red Sea,
the pH was reduced from 8.3 4 0.3 to 5.8 4 0.3 [101]. Also, ecological
indicator studies of the diversity and distribution of marine plankton
larvae have used DNA barcoding and depend on molecular methods in
assessing future desalination effects [102]. Specifically, the main chang-
es in the marine ecosystem can be summarized as follows: loss of coral,
death of the plant organisms suspended in the surrounding area, a
reduction in the populations and species extinctions, and formation of
similar coastal ecosystems is impossible. Such results have been report-
ed in Hurghada city [3], the Arabian Gulf [103-107], Hawaii [107,108],
Florida [108,109], the Rea Sea [110], and Cape city [111]. In the Gulf of
Panama, it was reported that the biological safety of the coral Pocillopora
damicornis depended on seawater temperature; when it increased from
30 to 32 °C, 5 weeks after, 32 were dead. Salt concentrates in effluent
can be discharged from the desalination plant at about 61 ppt (very
high). Table 5 shows that the proliferation was reduced to 2% within
50 m. Salinity tolerances of corals ecosystems showed the following:
Montipora verrucosa (exposure day; 20), Porites compressa (exposure
day; 20), Stylophora pistillate (exposure day; 20), and Pocillopora
damicomis (exposure day; 20), completely died M. verrucosa 45 ppt/
100% response, P. compressa 49 ppt / 50% response, S. pistillate 49 ppt/
100% response, P. damicomis 45 ppt/100% response [107,108]. These
results demonstrate that reduced salinity is detrimental to the coral
reef ecosystem, and if salinity is lowered by natural or desalination
plant projects, then pale, bleached coral results, followed by death [12,
112,113]. Some coral reefs have also been assessed in desalination in
various works focusing on the effects of toxic pollution of the marine
environment, due to their bioaccumulation capability and existing rela-
tionship among pathologies suffered by any benthic coral reef, fish, or
various organisms and the presence of polluting substances. A desalina-
tion discharge causing visual damage to a coral reef is easy to use as an
ecological indicator. After research, coral reef ecosystems and genetic
research should be prepared based on academic ecological indicators.
Accordingly, physical-chemical problems due to desalination projects
must be solved by monitoring the coral reef ecosystem response to
potential ecological indicators. (See Table 6.)

2.3.3. Conservation and endangered species

Conservation of commercially valuable species and endangered spe-
cies plays an important role in the ocean ecosystems in changes in the
food chain [4,77]. Reverse osmosis plant discharge effects have been
was investigated in terms of the impact on the marine mammals; plants
have great impacts with shoreline construction [77]. However, GHD [4]
reported sea turtle migration path use was surveyed and a desalination
plant did not interfere with the turtles' route. In addition, a desalination
plant on the gold coast Australia was subjected to an ecological risk
assessment, with plant construction designed so that marine mammals

Table 5
Experimental salinity tolerances and ecosystem damage to a variety of corals.

were less likely to be affected. Endangered and protected species habi-
tats are often overlooked, and this is a reason that desalination projects
in marine ecosystems may cause various damage. Conservation and en-
dangered species legislation at the national and regional level reduces
the possibility of clearing a desalination plant with a problem, while
they should strengthen the purity of marine ecosystem. Also, an infor-
mation and forecast system must be configured to compile and validate
the management, as well as to activate the ecological indicator protocols
required for desalination ecosystem assessments. It is difficult to draw
conclusions about the prior negative research on desalination projects
and endangered and protected species, and ecological indicators should
continue to be used for monitoring.

2.34. Algae, plankton, and microbial ecosystem

Marine red algae have a range of tolerances to salt concentrates of
40 ppt [80] regardless of photosynthesis. Pankratz [114,115] reported
the presence of harmful assessment in coastal waters that might be
used in desalination plant assessments: algal blooms can cause signifi-
cant operational issues that result in increased chemical consumption
and increased membrane fouling rates [116]. Regarding desalination
vegetation, this is a series of genera that appears universally when pol-
lution situations occur. Among them are the green algae Chaetomorpha,
Cladophora, Enteromorpha, and Ulva, the red algae Corallina, Gracilaria,
and Porphyra, and influenced mainly by desalination Acidovorax and
Ulothrix. Other authors, such as Heng et al. [117], have examined per-
manganate and chlorine fouling, Wilson et al. [80], were concerned
with environmental tolerances of free-living coral lines, Latorre [86]
assessed the environmental impact of brine disposal, Seubert et al.
[118], reported on algal toxins and desalination operations and saxitox-
in, Tuzen et al. [119], studied the biosorption of As (III), Seubert et al.
[118], assessed algal toxins in field monitoring of brevetoxin and
okadaic acid as potential ecological indicators for the presence of
heavy metal or ecological damage caused by desalination discharges.
Seubert et al. [118], investigated the potential impact of algal toxic and
field monitoring of domoic acid, saxitoxin, brevetoxin, okadaic acid by
challenging a bench scale RO unit with high concentrations of DA, STX,
and PbTx. Even non-toxic algae concentrations can deplete water of ox-
ygen and irritate fish gills, and otherwise affect marine ecosystems, ac-
cumulate quickly, and pose a threat to humans. They can also affect fish,
mammals, birds, and some commercial species [24]. Harmful algal
blooms (HABs) monitoring is the most effective shellfish monitoring
and detection system. On the other hand, salination project ecosystems
are significantly affected by contributions from phytoplankton,
zooplankton, and fish in the energy and discharge outfall areas.

Plankton structural responses in desalination ecosystems to chemi-
cal stresses were noticeable in terms of an increase in phytoplankton
cell size and phytoplankton and microzooplankton, species diversity,
and in the ration (Table 6). The level of plankton organisms in marine
ecosystems is the most sensitive to high salt concentrations, but in
some species of marine life it also has a positive impact. However, desa-
lination plant marine organisms before and after construction work can
tolerate temperature, salinity, alkalinity, as clearly demonstrated by the

Reference Location Family Species Day exposure Salinity exposure (ppt)/response (%)
Normal Pale Bleached Mortality Died
[108] Hawaii Acroporidae Montipora verrucosa 20 40/50 40/50 45/100
[109] Florida Poritidae Porites porites 3 37/100 40/50 40/100
[108] Hawaii Poritidae Porites compressa 20 40/70 40/30, 45/100
[108] Gulf Poritidae Porites compressa 20 45/100 49/40 49/40 49/50, 51/100
[109] Hawaii Poritidae Porites compressa 3 37/100 40/50 45/100
[108] Gulf Pocilloporidae Stylophora pistillate 20 43/100 49/100
[108] Hawaii Pocilloporidae Pocillopora damicomis 20 40/10 40/10 40/80 45/100
[110] Florida Favidae Montastrea annularis 1.5 40/100
[111] Rea Sea Pocilloporidae Stylophora pistillate 21 40/100
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Table 6
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Impact pathway and assessment for operating the reference project desalination plant in a marine environment.

Impact pathway

Impact assessment

- Potential impacts from the discharge of saline concentrate and other
diluted chemical wastes

- Potential impacts on water quality from the above-mentioned discharges

- Entrainment, entrapment and impingement of adult marine organism
and marine vertebrates

- Entrainment, entrapment and impingement of eggs, larvae and other
plankton.

- The use of an exclusion zone for marine recreational and commercial
activities (located above the marine structures during operation).

- Salt is the primary stressor in the Reference Project discharge.

- Rapid initial dilution of the discharge should result in no acute toxicity at the point of discharge.
- Chronic toxicity as a result of exposure to slightly elevated salt concentrations not likely but
there is a potential for a community shift in some benthic species within a mixing zone.

- No impacts on water quality are expected outside of a declared mixing zone.

- Within the mixing zone, it is expected that water quality will not be compromised.

- This is evident by the low dilution requirements for most constituents (for most, no dilution is
required, and other < 10 fold) in the discharge in relation to trigger levels.

- Small number of adult marine biota may be removed by the inlet the impact will be minor at the
population level.

- A small portion (maximum 1.8%) of eggs, larvae and plankton may be entrained from a given
area, but this is unlikely to have an impact at the population level.

- As the inlet and outlet will be located away from the shore, exclusion ones around these
structures are unlikely to impact most recreation which is based closer to inshore and as such no

further assessment is required

Note: based on [195].

level of the materials. Plankton indicates that a healthy ecosystem can
be characterized by the following: small cell size phytoplankton, large
body size in zooplankton, high or low zooplankton and macro zooplank-
ton biomass levels, and a high zooplankton is showed in Fig. 2 [120].
Fig. 2 shows the relative to desalination-contaminated ecosystems, a
healthy and/or Gulf coastal waters ecosystem will have a higher zoo-
plankton biomass, low phytoplankton biomass, height zooplankton/
phytoplankton ratio, and chlorophyll plankton and sustainability of
ecosystem [120,121]. With regard to the potential ecological indicators,
the conceptual diagram of the model considers the original ecosystem,
such as before the operation of desalination plants in terms of ecosys-
tem structure, function, stress, and mortality. Abdul Azis et al. [121],
studied the ecological relationship that the phytoplankton and the
zooplankton of region possesses with respect to intake and discharge.
Plankton ecosystems should be used as ecological indicators for marine

ecosystem damage due to desalination projects in management and
monitoring.

Microbial communities play important roles in biogeochemical
cycles and heavy metal redox biotransformation in adjacent coastal
areas, sediments, and/or diverse processes in the outfall area ecosystem
[3,10,121-123]. Bacteria production affects the surveys differently, and
the effect of the discharges on water quality and microbial community
were identified, potentially affecting microbial life in the marine envi-
ronment [124]. Increased salinity and temperature together affect
water quality and the microbial community at the disposal site. More-
over, sediments have several roles; they act as sinks of outfall detritus
material through mineralization, sea grasses, and benthic respiration.
The microbial community can evaluate the TDC, ATP, and AOC in
biofilters and the diagnosis of membrane biofouling [125-128]. A
dynamic shift in the bacterial community was observed at the top part
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of a microbial biofilter [123] and microbial assemblages [129] effluents
from desalination technologies, which may influence natural bacterial
due to changes in salinity, pH, and various by-products. Changes in ma-
rine life can be expected in the damaged marine ecosystem with algae,
plankton, and microbial ecosystems. The ecological damage changing
these species, managing acids or marine resources, underwater, and
marine organisms, are described in this review of potential ecological
indicators, and they can be assessed at the genetic level.

2.3.5. Impingement and entrainment

Desalination discharges affect the productivity of fish and induce
various changes, including habitat appearance and destruction, place
interference, impingement, entrainment, and the amount of nutrients.
Rate of inflow quantity of a desalination plant during construction
affected impingement and entrainment [4]. However, when inlet flow
rates are low, and a screen of appropriate mesh size has been installed,
the fish community is not affected by impingement and entrainment
[18]. Lattemann and Hopner [ 18] reported impingement to be collisions
with the plant screen and entrainment research in the construction of
various desalination plants. Dawoud and Al Mulla [16] studies showed
more specific effects of desalination plants such as impingement and
entrainment of marine organisms due to the intake pipeline type. Desa-
lination plants can be harmful to the marine ecosystem by impingement
and entrainment intake, which cause injury or death of organisms. In an
injecting desalination plant, the amount of screen impingement and
entrainment of marine organisms to be removed from the seawater
was heavily dependent on the screen design used. These results suggest
that specific information is required to minimize the mortality of marine
organism by screen design. Desalination inlet and outlets were observed
in various marine ecosystems and were included in the value of
protected species and aquatic species. These results influence the
degree of impingement and entrainment in operation: factors include
intake, outlet, discharge characteristics, discharge point, salinity, and
water quality standards in each country. However, damage should be
monitored continuously. Impingement and entrainment assessment
studies of desalination plants should be a new research field for ecolog-
ical indicators.

2.3.6. Climate change

Climate change and desalination project impact/risk and/or ecologi-
cal indicators are growing concerns for communities, policy-makers,
outfall ecosystems, discharges, sea grass, marine organisms, and plant
managers around the world [130-132]. These elements are problems
with desalination projects: climate change issues may have a close rela-
tionship with cleaning chemical, noise, temperature rise, heating efflu-
ent, stress, and salt concentrations. At the same time, climate change
will be contributing effects on marine ecosystems and causing many
problems, including changes of species. McEvoy and Wildr [133] report-
ed the potential negative impact and/or effect of desalination and
climate change on the long-term salt balance, large-scale, less path-
dependent, incorporating social learning and climate change adaptation
interventions [134]. Large-scale marine ecosystem and active desalina-
tion environmental research efforts are in progress on ecological quali-
ty. The Global Change Research Program provides a common basis for
evaluating research in diverse and desalination based projections of
local climate change effects in 2030 and 2070 [134]. Nunes-Vaz
[134,135] paper has identified an endangered species integration time
of ~6 months for the response of salinity to environmental forcing and
spatial-temporal dynamics of biotic and abiotic features of temperate
ecosystems as revealed by a combination of ecological indicators [136,
137]. Table 5 shows that the climate change and damage to marine
ecosystems are more severe problems that are expected to affect
desalination operations and the ecosystem [138].

Ecological indicators show the most significant impacts of climate
change: coral reef effects apart from coral bleaching, and the effects of
ocean acidification resulting from desalination operations. Salinity

impacts of climate change can estimated. It is estimated that 884 million
people do not have access to clean drinking water around the world
[131]. Desalination causing rising water salinity is a further potential
challenge with climate change and other public health problems
among large sectors of the global population. The use of ecological indi-
cators in desalination management is growing, especially in response to
climate change and plant projects and/or marine ecosystem impacts on
communities and their surrounding environments [131]. Ecological in-
dicator managers also want to understand more about how to manage
marine ecosystem resilience in the face of climate change and desalina-
tion use changes. Markus et al. [139] reported multi-model ensemble
simulations using three coupled physical-biogeochemical fluxes that
were performed to calculate the combined impact of climate change
on ecological quality indicators and combined projected into the future.
The Intergovernmental Panel on Climate Change (IPCC) was expected to
limit greenhouse gas emissions according to the CO, concentration in
the atmosphere between 2040 and 2050 to a level of two times the
natural concentration of 550 ppm. England's MarClim project on climate
change biodiversity used ecological indicators and the main intertidal
species. Also, rapid climate change indicated by ecological indicator
richness will provide information about population structure, as
well as the distribution and range of environmental changes. Thus, de-
salination project selection and management is important to ecological
indicators, climate change, ecosystem change, and effective counter-
measures. Climate change has the potential to impact the marine
ecosystem, habitats for biological diversity, and desalination plant man-
agement operation decisions. A management challenge is future
research and understanding the potential impact/risk and/or ecological
indicators of climate change on desalination management and adapting
to those changes as required.

3. Research needs in ecological indicators of potential biochemical
relationships

Research findings in ecological indicators to push the known bound-
aries of biochemical ecosystem into seemingly impossible depths,
temperature rise, salt concentrations, heating, effluent, habitat escape,
noise, stress, and physiological changes in these environments will
influence desalination projects significantly and form the basis of signif-
icant biogeochemical phenomena.

Whether in marine ecosystem organisms or not, the biochemistry
attributes that allow growth under these discharge conditions are fun-
damentally intriguing. Biomarkers can be confirmed through genetic
potential ecological indicator, such as breeding, abnormal behavior,
habitat avoidance due to hormonal change and desalination project
fish genetic characteristics [140]. Furthermore, as suggested, many of
these findings have important biochemistry indicators for broader sci-
entific thought about the desalination plant ecology and evolutionary
changes of ecological indicators strategies. Danlhoff [ 1] investigates the
effects of temperature, food availability, metabolic activity (enzymes,
DNA/RNA/Protein), marine physiological ecology, heat stress (heat
shock protein, or Hsps) damage due to climate change, or other physical
factors on the physiological of marine ecosystem. Risk and/or impact
assessing the physiological condition of ecological damage to important
marine organism is understanding the desalination ecosystem and using
biochemical indicators for ecological indicators from marine ecosystem
studies. Ecological indicators are used for marine habitats from fronds
to fish, and benthic ecosystems, with case studies from temperate
change [141]. Biochemical research is needed in ecological problems of
other enzyme indicators that are used in marine ecosystem studies,
including DNA/RNA/Protein, and Hsp expression, and those studies
focus on the balance of desalination plant project and discharge.

Along these lines, molecular analyses should go beyond gene
expression and reach an understanding of monitoring of desalination
plant cues; they should identify potential physiological phenomena.
Biochemistry, genomics, proteomics, and physical, chemical, biological,
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biomarker, and bioindicators in risk and impact assessment studies will
become more prominent in desalination plant studies facilitated by
past, present, and future methods using ecological indicators (graphical
abstract). Gong et al. [142], reported that a stress-responsive gene
Fortunella crassifolia FcSISP was encoded as a putative protein of 47
amino acids; it is induced appreciably by salt, leading to enhanced toler-
ance. In this study, extra work was required to investigate whether
overexpression of Fortunellla crassifolia FcSISP could affect heavy metal
accumulation in transgenic lines to understand the role of salt stress
resistance [142]. Marine ecosystems show important physiological
responses of the sea urchin Paracentrotus lividus fed with the sea grass
P. oceanica and the alien algae Caulerpa racemosa and Lophoxladia
lallemandii, in addition to tropical freshwater on a global scale in
cyanobacterial harmful algal blooms (cyanoHABs) where secondary
metabolite gene expression appeared to be dangerous for drinking
and recreation [143,144]. These results suggest that biochemical studies
of sea grass ecosystem damage by a desalination project as a result of
ecological indicators can be used in same way as a coral reef ecosystem
in the future. To investigate the influence of sewage on the differential
gene expression of Pacific oysters, Crassostrea gigas, suppression sub-
tractive hybridization method was used [145]. This research examined
a desalination indicator gene; also, the genes identified were associated
with different metabolic functions, like biotransformation, membrane
transport, and aerobic metabolism. Suppression subtractive hybridiza-
tion suggests the applicability of these genes as potential ecological
indicators and/or biomarkers, which is being investigated through
field experiments and may be useful for desalination plants. Various
biochemicals have been reported [146] to accumulate in higher plants
under salinity stress, and amino acids including alanine, arginine,
glycine, leucine, serine, and valine which may be indicators of salt toler-
ance [147]. This use of biochemistry information in salt tolerance needs
to be applied with future genetic approaches with molecular, biochem-
ical, and physiological results. Fluoroquinolone resistance qurB, qurs,
and qurD genes were detected in sediment, water, soil, and fecal flora
in an environment polluted by discharges, as was a response relation-
ship [148]. Also, the gnrD gene is important to study as an ecological
indicator in the desalination discharge in both well water and fecal
sample indicators in future.

Climate change thus provides an opportunity for the study of the
genetic basis of adaptation in a desalination project ecosystem. The
goal of Franks and Hoddiman's [149] research was to investigate the
genetics of climate change adaptation to understand the process of evo-
lution in a natural population [150]. Genetic variation can be expected
due to potential ecological indicators, such as temperature change
expected from climate change and biochemistry damage in fish. Thus,
climate change should take into consideration the safety of the marine
ecosystem for desalination projects. Although recent research has in-
creased the understanding of links between biochemistry traits and/or
molecular biology responses to ecosystem change, marine ecosystem
damage relationship must be monitored continuously and genetically
due to climate change and desalination projects. According to the
2007 ICPP report, as a result of global warming, the temperature is
expected to increase by 6.4 °C within 100 years with a rise in sea level,
and the destruction of the marine ecosystem food chain is expected.
This phenomenon, based on the habitat of living coral ecosystems,
must be the first to leave zooxanthella coral habitats, and coral
bleaching phenomena in up to 90% of coral reefs. In addition, a variety
of marine habitats and coral ecosystems are usually destroyed. Thus,
based on the marine ecosystem, the coral ecosystem's importance can
be used as an ecological indicator for seawater desalination projects.

Genomic insights into marine microalgae with genetic manipulation
and regulatory processes will allow direct monitoring of the state of the
marine ecosystem [151]. This can be coupled with sensors and ecologi-
cal indicators, and this biochemistry information may help respond
to increased desalination project impacts. Also, metagenomics and
metatranscriptomics can help with ecological indicators, monitoring,

biomarkers, and bio-indicators, to assess discharge ecosystem changes
in the face of increasing marine impact and/or risk assessments. Molec-
ular biology techniques can be used in the marine ecosystem for the
rapid, specific, and sensitive detection of target gene damage informa-
tion and monitoring of microalgae in the marine environment. Polymer-
ase chain reaction and other molecular based techniques can be
important tools for assessing the ecological indicators that are to be de-
termined for management. Torres et al. [152], reported that biochemical
biomarkers in algae show effects of marine pollutants in terms of cellu-
lar damage and potential biochemical mechanisms that algae use. Algae
may damage filters, cause clogging problems, and disorders in coagula-
tion sedimentation, resulting in a stench and visual effects [153,154].
Algae breeding caused by long-term high temperature exposure occurs
due to desalination projects and microcystins are not removed, but
ozone and other strong oxidizing agents can be removed. If discharges
do not have controls in desalination projects, microcystins and
anatoxin-a toxicity problems may clearly occur. Algae may be useful
as potentially important ecological indicators such as indicators of bio-
chemical systems involved in detoxification of chemical compounds in
the marine ecosystem. Cuif et al. [155], reported biochemical markers
of zooxanthellate (13 sp. or 11 sp. non-zooxanthellate) that show sym-
biosis in the mineralizing matrices of living corals; with their metabo-
lism, it is possible to discriminate between symbiotic and non-
symbiotic amino acids and monosaccharides. In addition, the possible
biochemical effects of marine ecosystems, such as bleaching, and the
biochemical composition of coral tissue show reductions in proteins,
lipids, amino acids, and carotenoid concentrations [165,166] and eco-
logical phenomena in coral reefs (Table 5). Some reef corals do not
bleach, resisting stress; this resilience implies that the coral of the Gulf
and their algae symbionts have been capable of acclimatization and ge-
netic plasticity [77,156,157]. Coral bleaching has been documented, as
has mortality in response to a variety of environmental or desalination
projects and stress conditions [156,158]. Degraded reefs due to desali-
nation projects may recede due to climate change or discharges. Thus,
it is important that data be gathered for future coral reef conservation
and understanding the dispersal potential of coral and other coral reef
organisms' resilience for restoration projects [77,159-162]. These re-
sults may show the potential genetic or physiological damage and it is
necessary to continue research on this. Coral damage due to desalina-
tion effluents include damage to the food chain, loss of coral ecosystems,
floating organism death, bacterial disappearance, fish population
changes, and reduced causes of apoptosis. As such, these coral biochem-
istry changes and/or genetic restoration data can be estimated from the
effects of desalination projects. Biochemistry, phylogenetics, and popu-
lation genetics are useful as ecological indicators of coral reefs ecosys-
tem desalination discharges and for guiding restoration for coral reef
conservation for the future plant projects [159]. These research efforts
suggest that corals may be able to alter their biochemistry and/or gene
damage in response to changes in the desalination ecosystem by marine
chemistry. Expanded studies of reproductive processes, coral ecosystem
symbiosis, molecular genetics, biochemistry, connectivity, eco-model-
ing, calcification, physiological replication, and/or repair may help eco-
logical indicator researchers to better understand how coral reef
ecosystems function and the variety of stressors and early-warning in-
dicators of desalination project discharges.

4. Desalination: future model of potential ecological indicators

Seawater desalination poses environmental risks and impact assess-
ments including ecological indicator species can provide information
about marine ecosystem disturbances, the disappearance of symbiosis,
and changes in living group. The living group of ecological indicators in-
dicate risk or impact assessment checks in determining the status of the
health damage in marine ecosystems. In addition, ecological indicators
can explain the phenomena of physical degradation, damage, response,
function, stress, and mortality, as outlined in Fig. 2 following the
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graphical abstract. Recent research has demonstrated the accuracy of
genetics-based methods as ecological indicator tools, such as PCR,
qPCR, AFLP, RFLP, T-RFLP, VNTR, LOH, SSCP, mitochondrial, chromo-
some, and various gene technologies, which have been used to assess
desalination-related marine ecosystems. The activity and induction of
genetic/physiological conditions may induce healthy cells in the ecosys-
tems and hormones in the desalination discharge may enhance the var-
ious damaging effects of the desalination plant. The ecological indicators
used in desalination plant studies were chosen due to the possibility of
genetic damage and the possibility of physiological phenomena, be-
cause altered gene expression plays a key role in physiological response
pathways (graphical abstract). By the 1990s, Castellini and Margaret
Castellini [163] examined models of the interplay between the hor-
mones and biochemistry in marine mammals.

Local contents of chlorites in the sediments have been reported to
accumulate up to 6% by desalination effluents. However, because chlo-
rites have health implication for humans and the marine ecosystem,
this research has shown the need for potential ecological indicators
[26,141]. Also, Barrett et al. [150], suggested that cold tolerance was
due to the changes in desalination projects; that marine sticklebacks
carry sufficient genetic variation to adapt to seawater temperature
changes [164]. Multiple biomarkers of pollution effects in caged mussels
resulted in useful parameters in the assessment including neurotoxicity
(AchE), biotransformation of glutathione S-transferase (GST), metal
exposure (Mts), and protein synthesis (RNA:DNA ratio) in the effects
of environmental pollution (1). Genetic monitoring should continue
these results in desalination projects. Changes in marine life can be ex-
pected in the damaged marine ecosystem: changes in fish, coral reefs,
shellfish, sea urchin species, algae, and seaweed. Seawater desalination
assessment using various indicators can overcome these limitations and
can be expanded to the gene level.

Lirman et al. [165], reported that low-stress environment conditions
in coral reef communities can be determined based on data from
>50,000 colonies from 11 coral species, with <5% prevalence of mortal-
ity. This use of ecological indicators can provide early-warning manage-
ment because similar desalination discharge conditions can be assessed
in terms of the status of coral reef population as a matter of ongoing
management, an important step towards ecosystem-based fishery as-
sessment [166]. Table 5 shows the advantage of these coral ecosystems
is using ecological indicators, so it can be managed from a desalination
project [12,156]. Thus, coral ecosystem health assessment desalination
can be used as ecological indicators. Forms a symbiotic relationship
between zooxanthellae-algae and coral ecosystem, It absorbs CO, and
photosynthesis, the group most sensitive to marine desalination
projects. Therefore, the coral ecosystems from destructive desalination
projects around the food chain damage specific objects like starfish spe-
cies proliferation, create the phenomenon of avoidance of marine habi-
tats, and biological-genetic-biochemical-morphology development
should be made based on the coral ecosystem indicators species for
using ecological indicators. Many desalination plants are disinfected
by periodic treatment with sodium metabisulphite, sodium perborate,
sodium hydrochloride, and use various chemicals that have potentially
toxic effects on marine ecosystem, even though no empirical study or
experimental evidence for this is yet available [167]. Also, Portille et al.
[167], evaluated the abiotic and biotic effects of sodium metabisulphite
pulses discharged from desalination plant, physico-chemical variables
hypersaline, pH, and DOsat on what might be a potential cause of
Cymodocea nodosa and other sea grass characteristics of benthic com-
munity. Various damages on marine ecosystems have been reported
near desalination plants located in the shoreline area. Effects of these
plants’ operations, however, have not been exactly evaluated due to im-
mediate dilution of the concentrated seawater effluents in huge ocean
body and other factors as well. Environment-friendly desalination tech-
nology is being introduced, such as electrosorption. Electrosorption is
defined as potential-induced adsorption of ions onto the surface of
charged electrode. When an electrical potential was applied to the

electrode, charged ions migrated to the electrode and are held in the
electric double layer. This process is environmentally attractive because
it requires no chemicals for regeneration [169]. The reason for this is
that in the initial stage of research will use the level of sample number
to report the degrees of contamination, and although desalination
process is obviously damaging the marine ecosystem, simple numbers
do not represent environment risk and impact assessment that can be
caused in the living organisms.

Molecular indicators provide the earliest possible evidence of
marine ecosystem and sea grass mortality and the development of eco-
logical indicators for desalination project damage to a variety of stress
responses is important. Sea grasses illustrate the importance of poten-
tial applications, including the onset of stress, and changes in molecular
biology, morphology, physiology, biochemistry, as an effective early
warning of mortality due to effects of desalination projects. Worldwide,
there are reported contributions from desalination plant discharge to
toxic pollutants. In California, a coastal desalination plant reported the
discharge of 45 kg/day of copper in effluent and threat is a 10 vol accu-
mulation increase from 3.51 to 32.20 mg/kg/day in Table 4 [88,168]. It is
reported that these concentrations in the marine ecosystem cause
physiological-genetic damage mortality and/or morphology change.
Woo et al. [170], reported the Test Bed for a desalination plant located
in Gijang-Gun, South Korea (Table 1) having a capacity of 4546 tons/
day. On the other hand, desalination plant Test Bed investigated the
damage for 3 years due to construction work, and fishing on the damage
between suspended solid (SS) problem of terrestrial ecosystems
and construction noise vibration of terrestrial ecosystem and marine
ecosystem [3]. Among Asian countries, the Republic of Korea has report-
ed a small capacity (Sodo; 10 tons/day to Geomundo; 700 tons/day) re-
gional construction operation of desalination plants (see Fig. 1). More
than 70 small plants are mainly located on the coast, and also for the
purpose of industrial water is over 134,540 m>/day operation. The
production of fresh water and a scale of 250,000 tons of these desalina-
tion plants since 2008 is associated with a number of countries with hy-
drological marine emissions, and requires global interest and
management. The capacity can threaten the ocean and/or ecosystem
of this construction.

Seawater desalination construction companies worldwide should
target global marine ecosystem monitoring and management. The
items that are not in accordance with the regional desalination project
must be measured. However, the need to manage marine ecosystems
is also changing due to climate change. Thus, global climate change
should be monitored and needs teratogenic, carcinogenesis, suppressor
gene, oncogene, and hormonal changes, based on food chain changes in
the ocean ecosystem targeting coral ecosystems, algae ecosystems, sea
grasses, and desalination outfall and discharges. To build a desalination
company, government officials from around the world must respond
responsibly to monitor and manage the marine ecosystem. In order to
avoid ecological risks induced by the current desalination technology,
the followings should be kept such as no system error in operation, no
operational method without any international standard, and compre-
hensive management of the effluent by government. The ecological
risks that could be caused by the desalination technology can be allevi-
ated by considering ecological standpoint rather than desalination plant
operation. Desalination management and monitoring using ecological
indicators is a powerful weapon that will be a topic for academic
study, research, and policy tools. Global seawater desalination plant
projects depend on intact marine ecosystems, which provide a good
habitat environment, and marine environmental protection is also in
the inherent interest of the industry. Ecological indicator monitoring
of contamination from desalination projects is important in the seawa-
ter ecosystem. Moreover, we performed a series of studies to assess the
utility of incorporating a molecular genetic diversity indicator into eco-
logical indicator assessments and monitoring efforts. Molecular genetics
measures of desalination discharge will ultimately provide highly useful
ecological indicators.
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5. Conclusion and future directions

The aim of the use of ecological indicators is to increase our under-
standing of the mechanisms of discharge to identify ecosystem struc-
tures and functions as well as the relationship of stress responses and
mortality of marine organism pathways that underlie important de-
graded ecosystem responses and original ecosystem interactions. It is
also to determine the risk/impact assessment pathways and exhibit
functional variation in desalination plant projects in Fig. 2 [3,61,171].
Ecological indicator studies can be used in terrestrial and marine ecosys-
tems to assess habitat change, destroyed food chains, and species ranges
are changing substantially as a result of widespread appeal to desalina-
tion scientists. The marine ecosystem is constantly threatened and will
eventually be destroyed. Thus, it is necessary to continue to manage
and monitor the use of ecological indicators. This is possible through
the use of mutations and diseases, tumor suppressor gene, oncogenes,
hormonal changes, and physiological responses in the Graphical ab-
stract [172,173].

However from a more desalination project scientific point view, the
characteristics defining a potential ecological indicator are:

1. Must be easy to handle and identify.

2. Must play a key role in the marine ecosystem.

3. Must be efficient and/or discharge-sensitive to small variations of
marine ecosystem.

4, Must be present in a wide range of marine ecosystems.

5. Must be sensitive to a variety of stresses caused by desalination plant
operations.

6. Must be testable under natural conditions or simulated laboratory
conditions.

7. Must be efficient, non-laborious methods for extraction of organisms

from marine environment and population assessment.
. Gene database must be managed by means of ecological indicators.
9. Must require strong policy from other countries.

o]

The information gathered from studying these ecological indicators
can be used to forecast future changes in the marine ecosystem. It will
focus on the aspects of the marine ecosystem which are believed to be
important for risk and/or impact assessment and biomarkers and/or
biomonitors (see Fig. 2). A marine ecosystem, therefore, has four
major attributes: structure, function, response, and mortality, each of
which is made up of different elements. Continuous management of
ecological indicators should include monitoring between risk/impact
assessment and biomonitors/biomarkers. Fig. 2 shows the function of
the marine ecosystem and degradation is to see the early biological
damage around the plant, it can be confirmed using the following:
reefs, phytoplankton, sea grasses, fisheries, algae, and marine aquacul-
ture [152,173]. This study and determining the structure of the original
ecosystem allows management through ecological indicators, such as
benthic community, biodiversity, and emergent species. Also, the ma-
rine ecosystem may be degraded from chemical effluents around the
plant, such as antiscalant, antifoulant, coagulant, biocides, cleaning
chemical, heavy metal, trihalomethane, and boron. Physiological stress
responses can be evaluated in the original ecosystem including toxicant
stress, changes in salinity and alkalinity, thermal pollution, and repeated
noise. The management of the stress response can be estimated by
assessing damage in molecular biology assays, such as gene expression,
potential mutations, potential oncogenes, and suppressor gene expres-
sion [174]. Furthermore, recent studies have demonstrated the efficien-
cy of molecular techniques in enhancing environmental health
indicators, detecting the genetic diversity in biomonitoring [175-177].
There are a number of reasons to believe that monitoring in risk/impact/
biomarkers/biomonitors assessment will ultimately provide useful
ecological indicators [3,152,170,171,174,177]. In the 21st century, our
drinking water solutions should be placed within a reasonable solution
by understanding the relationship between desalination and marine
ecosystems.

Understanding ecological indicators can be suitable for monitoring
the overall management of desalination projects. Thus, a positive ap-
proach to ecological indicators will provide healthy marine ecosystem
benefits in the future. This research suggests that there is a need for
clearly limited and clearly reported data in accordance with the
construction of a desalination plant; marine ecosystems could prove
positive or negative data. When the effluent is discharged directly into
the sea or released after treatment step (s), it is necessary to strengthen
the institutional and legal regulations regarding how the risks may
affect the ecosystem affected by the effluent. Ecological indicator studies
of desalination projects need to include ecotoxicity and monitoring
gross indicators of marine organism as well as gene level work. In the
initial stages of desalination projects, the degree of contamination was
reported using the level of s simple number, but a simple number may
not represent the risk/impact itself that can be caused in living marine
organisms. Thus, using ecological indicators for marine ecosystem
assessments can overcome these disadvantages and gross changes in
the index; it can also widen the evaluation by detecting changes even
at the gene level. At the national level, the government must supervise
research on ecological indicators for monitoring, and managing and
evaluating their application to the marine ecosystem. Ocean ecosystem
pollution data from desalination project risk/impact assessments that
can be appropriate for the development of ecological indicators and
database of sustainable monitoring techniques. Drinking water
resources of 7 billion people around the world need to be secure; how-
ever, desalination plant technology should not ignore ecological rule. In
addition, solution to genuine concerns about drinking water security of
each country should not destroy the ecosystem. Conservation and
maintenance for ecological balance need to be honored.
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