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Abstract

As saline industrial wastewater production increases and freshwater resources decline, it is
crucial to develop sustainable and cost-effective treatment methods. This study investigated the
growth, pigment production, and desalination capacity of the halophilic microalgae Dunaliella
salina in brackish wastewater from a power plant (BWW) and modified Johnson medium (MJM)
with varying NaCl concentrations (0.5-2.5 M). Synthetic media with controlled salinities were
selected for accurate comparison with real wastewater and to evaluate the effect of salinity on
growth and metabolite production. The maximum biomass recorded in MIM#0.5 and BWW was
2.14+0.28 g/L and 1.82+0.23 g/L, respectively, and decreased with increasing salinity, reaching
1.68 = 0.14 g/L in MJM#2.5, indicating the negative impact of high osmotic pressure on cell
division and nutrient uptake. Chlorophyll production followed a similar trend, with the highest
total chlorophyll (16.9+1.7 mg/L) observed in MJM#0.5. With increasing salinity to moderate
levels (MJM#2), ionic stress was induced, leading to enhanced carotenoid and p-carotene
production (41.4+4.3 and 37.2+1.2 mg/L, respectively). In BWW, due to nitrogen and phosphate
limitation as well as moderate ionic stress, significant accumulation of carotenoids and S-carotene
was observed, with values of 30.2+1.8 and 27.9+6.1 mg/L, respectively. Salinity reduction in
BWW was substantial, with EC and TDS decreasing by 23.2+2.5% and 52.5+7.5%, respectively.
Major ions were effectively removed, including phosphate (90.4 £+ 18.8%), total nitrogen (69.5 +
5.8%), and sulfate (71.7 = 7.8%). These results demonstrate that D. salina can simultaneously
produce valuable metabolites and sustainably treat saline wastewater.
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Table 1. Components of the Modified Johnson’s Medium (MJM)

Chemical components Amounts (per L)
MgCl,.6H20 15¢
KNO; 1g
MgS0.4.7H,0 05¢
KCI 0.2g
CaCl,.2H,0 0.2 g
NaHCO; 0.043 ¢
KH2PO, 0.035¢g
Fe-solution 10 mL
Trace-element solution 10 mL
NaCl As needed to adjust the desired salinity
Fe-Solution (1 L)

FeCls.6H,0 244 mg
Na,EDTA 189 mg
Trace-element Solution (1 L)

H3BO3 61 mg
(NH4)5MO7(02).4H20 38 mg
CuS04.5H,0 6 mg
CoCl,.6H,0 5.1mg
ZnCl; 4.1 mg
MnCl,.4H,0 4.1 mg
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Table 2. Composition and physicochemical properties of the brackish wastewater from the power plant

Chemical components Amounts (per L)
Sulfate (SO4%) 4600 mg
Nitrate (NO3’) 71.5mg
Nitrite (NO) 3.9mg
Ammonium Nitrogen (NH4*-N) 8.5mg
Phosphate (PO4*) 5mg
Carbonate (CO3%) 0
Bicarbonate (HCO3) 564.2 mg
Chloride (CI") 826.8 mg
Calcium (Ca?*) 578 mg
Magnesium (Mg?*) 138 mg
Sodium (Na*) 1800 mg
Potassium (K*) 4.65 mg

Iron (Fe*) 3.6 mg
Other characteristics Amounts
Electrical conductivity (EC) 11.08 mS/cm
Salinity 6.2%

pH 2.95
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Figure 1. Growth curve of Dunaliella salina microalgae in MJM with different concentrations of NaCl and
brackish wastewater
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Figure 2. Chlorophyll production of Dunaliella salina microalgae in MJM with different concentrations of
NaCl and brackish wastewater
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Figure 3. Total carotenoid production of Dunaliella salina microalgae in MJM with different concentrations of
NaCl and brackish wastewater
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Figure 4. f-carotene production of Dunaliella salina microalgae in MJM with different concentrations of NaCl
and brackish wastewater
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Table 3. Variations in EC and TDS in different treatments

Treatment Initial EC Final EC EC reduction Initial TDS  Final TDS  TDS reduction
(mS/cm) (mS/cm) (%) (g/L) (g/L) (%)

MJM#0.5 51.3 36.9+1.2 28 +£3.1 32.8 142+09 56.7+£2.5
MJM#1 100 66.6 £ 2.5 334+3.7 62 248+ 1.8 60+1.7
MJM#1.5 148.8 106.2+3.5 28.6 £4.5 91.3 402+1.5 559+2.7
MJIM#2 197.5 154.4+34 21.8+29 120.5 702+ 1.2 41.7+3.2
MJIM#2.5 246.2 204.59 £5.7 16.9+3.5 149.7 109 +£2.7 27.1+2.6
BWW 11 8.4+0.9 23.3+£25 8.2 38+04 52.5+£5.7
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Table 4. Comparative overview of studies on Dunaliella salina cultivation in saline industrial wastewaters

Biomass Pigment

Wastewater type Research focus . .
concentration  concentration

Key findings Reference

EC reduced 35% via

Aquaculture Biodesalination and i i biosorption and 3]
saline wastewater nutrient removal bioaccumulation
mechanisms.
Growth and Maximum cell Nitrate removal
Food industry nitrate/phosphate . 5 (84.8%), phosphate
- . density ~6.2x10° - . [8]
saline wastewater removal in lab and removal (80.5%) in
: cells/mL
pilot scale real wastewater
Optimal salinity (30
Effect of salinity on g/L) achieved the best
High-salinity growth, pigment 288 g/l i combination of growth, [17]
pickle wastewater production and 00 pollutant removal, and
pollutant removal high-value compound
accumulation.
: Chlorophyll -
Shrimp Pollutant removal, Max!mum cell 5.3-7 pg/mL, S_lgnlflcant removal of
. . density nitrogen and COD,
aquaculture biomass and pigments 5 total . S [30]
. ~13.06x10 . production of lipid-rich
wastewater production carotenoids 4.1- .
cells/mL biomass
5.7 ug/mL
Anaerobically Dunaliella can grow
d_|gested poultry Biomass and j- _ 678 mg/L p-carotene 4.02 and produce f-carotene [31]
litter wastewater carotene production mg/L in dicested PLW
(PLW) g
Chlorophyll 12 Real wastewater
. + 1.5 mg/L, caused moderate stress,
Brackish Srrc?c;/\t:tcrl}c?r:gamgnt total reducing EC by
. s carotenoids 23.2+2.5% and TDS .
wastewater from blodesalmatl_on 1.82+£0.23¢g/L 302+18 by 52.5+7.5%, and This study
powerplant compared with / hanci .
synthetic saline media mo/L, /- enhancing pigment
carotene 27.9 £ accumulation and ion
1.6 mg/L removal.
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Table 4. Initial and final ion concentrations in brackish wastewater and their corresponding percentage

reductions
Ion (mg/L) Initial concentration (mg/L) Final concentration (mg/L) Reduction (%)
PO 5 0.48 £0.1 90.4 +18.8
Total nitrogen 80 2437+3 69.5+ 8.5
SO4* 4600 1300 + 159 71.7+£8.7
Cr 826.8 555.5+93 328+54
Na* 1800 738 + 74 59+59
Ca> 578 397+ 58 31.3+4.5
Mg2+ 138 57 +7 57.7+7.2
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