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a salinity of 65 ppt; and (3) cultivation in seawater adjusted to the same salinity level

as the desalination effluent. Initially, the concentrations of heavy metals including Ni,
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L Pb, Cr, Zn, Cu, Cd, and Fe were measured in both seawater and desalination effluent
Desalination plant,
effluent, samples. During the experiment, microalgal cell density was monitored, and the
microalgae, removal efficiency of heavy metals was determined at the end of the cultivation period.

heavy metals,

Dunaliella salina. Analysis of variance (ANOVA) demonstrated significant differences among treatments

in algal cell density (p < 0.05). The highest cell density was observed in treatment 1
(52.8 x 10¢° cells mL "), whereas the lowest density occurred in treatment 3 (0.44 x 10°
cells mL™"). The percentages of heavy metal removal by D. salina in treatments 1, 2,
and 3, respectively, were as follows: Fe (77.21%, 80.59%, 77.54%), Zn (42.76%,
46.43%, 55.28%), Cu (35.35%, 48.79%, 41.18%), Ni (45.18%, 26.31%, 41.55%), Pb
(76.83%, 74.66%, 75.75%), Cr (42.92%, 37.49%, 35.50%), and Cd (26.55%, 24.34%,
29.19%). Except for Pb, significant differences were observed between treatments 1
and 2 as well as between treatments 2 and 3 (p < 0.05). The relatively high removal
efficiency observed in treatment 2 may be associated with the uptake and utilization of
heavy metals by the microalgae as micronutrients required for growth and metabolism.
Overall, the findings indicate that D. salina effectively reduced heavy metal
concentrations in desalination effluents through biological absorption and accumulation
processes. Considering that heavy metal concentrations were reduced to levels closer
to environmental standards following microalgal cultivation, the use of D. salina may
represent a promising and environmentally sustainable strategy for mitigating heavy
metal pollution and improving the ecological quality of desalination plant wastewater

before discharge into marine environments.
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EXTENDED ABSTRACT

Introduction

Freshwater is an essential natural resource that supports human societies, agriculture, industry,
and aquatic ecosystems. Over recent decades, rapid population growth, industrialization, and
increasing water demand have intensified pressure on conventional freshwater resources (Jones
et al., 2019; Panagopoulos et al., 2019). Consequently, many countries have increasingly relied
on seawater desalination as an effective and sustainable approach for freshwater production. In
the Persian Gulf region, desalination of seawater represents one of the primary sources of
potable water. However, desalination processes generate large volumes of hypersaline effluents
containing various pollutants that are discharged into marine environments.

Among these pollutants, heavy metals are of particular environmental concern because of their
persistence, bioaccumulation potential, and toxic effects on aquatic organisms and ecosystems.
Therefore, the development of environmentally sustainable approaches for reducing pollution
from desalination effluents has become increasingly important. In recent years, biological
treatment methods using salinity-tolerant aquatic organisms, including microalgae, macroalgae,
and certain zooplankton species, have received considerable attention for their capacity to
absorb and remove pollutants from aquatic systems (Sohrabipour, 2014).

The microalga Dunaliella salina is recognized as a highly salinity-tolerant species with the
potential to absorb and accumulate heavy metals from aquatic environments. Considering the
rapid expansion of desalination plants in Iran, particularly in Hormozgan Province, the present
study aimed to evaluate the feasibility of using D. salina as a biological agent for reducing
heavy metal concentrations in desalination plant effluents.

Materials and Methods

In this study, physicochemical parameters including salinity, temperature, and pH were
measured at the desalination plant site. Effluent samples were then transferred to the Persian
Gulf and Oman Sea Ecological Research Institute for heavy metal analysis. The experiment
was conducted over a 14-day period using three treatments with three replicates each: (1)
cultivation of D. salina in seawater (treatment 1), (2) cultivation in desalination plant effluent
(treatment 2), and (3) cultivation in seawater adjusted to the same salinity as the desalination
effluent (treatment 3). The microalgae were cultured in filtered and sterilized seawater or
effluent supplemented with modified Johnson medium (Borowitzka, 2005) under standard
laboratory conditions (Vijayaraghan ef al., 2005).

Cell density and growth trends of D. salina were monitored every two days and recorded as
cells mL™' (Hasle et al., 1996). At the beginning and end of the experiment, heavy metal
concentrations in the culture medium were measured. To determine heavy metal removal
efficiency, water samples were centrifuged at 3000 rpm to separate algal biomass from the
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liquid phase and then filtered through 0.45 um filter paper to ensure complete removal of cells.
Concentrations of Cd, Pb, Ni, Cr, Zn, Cu, and Fe were analyzed using ICP-AES (Hassan and
Basahi, 2013; Al-Dhaibani et al, 2013), and heavy metal removal percentages were
subsequently calculated (Lawal et al., 2020).

Results

The results demonstrated significant differences in the growth performance of D. salina among
treatments (p < 0.05). Treatment 1 exhibited the highest final cell density (52.8 + 26.59 x 10¢
cells mL™"), whereas treatment 3 showed the lowest final density (0.44 + 1.13 x 10¢ cells mL™).
The growth trend in treatment 1 remained positive throughout the experimental period and
differed significantly from the other treatments (p < 0.05). Analysis of heavy metal removal
efficiency showed that treatment 2 exhibited the highest removal percentages for certain metals,
particularly iron (80.45 + 0.27%) and copper (48.86 £ 0.15%), which differed significantly from
the other treatments (p < 0.05). In contrast, treatment 1 demonstrated the highest removal
percentages for lead (76.99 + 0.44%), chromium (42.95 + 0.06%), and nickel (45.12 + 0.22%)),
despite the higher initial concentrations of these metals in treatment 2. Furthermore, treatment
3 exhibited the highest removal efficiency for cadmium (29.23 + 0.21%) and zinc (55.63 +
0.19%), showing significant differences compared with the other treatments. Overall, the results
confirmed that cultivation of D. salina reduced heavy metal concentrations in desalination
effluents under different salinity conditions.

Conclusion

The present study evaluated the feasibility of reducing heavy metal pollution in desalination
plant effluents using a biological treatment method based on cultivation of D. salina.
Physicochemical analyses indicated that the temperature and pH of the effluent were within
suitable ranges for aquaculture conditions in Hormozgan Province, although the elevated
salinity limited its suitability for many aquatic species. The growth performance of D. salina
demonstrated that this microalga was capable of surviving and proliferating under desalination
effluent conditions. Moreover, the significant reduction in heavy metal concentrations
following cultivation confirmed the ability of the microalga to absorb and remove pollutants
from the culture medium.

Therefore, D. salina can be considered a promising bioremediation and biofiltration organism
for reducing heavy metal pollution in desalination plant effluents. The application of this
biological approach may contribute to improving the environmental sustainability of
desalination activities and reducing the ecological impacts of effluent discharge into marine
ecosystems.
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