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Abstract 
 
An estimated 40% to 70% of the total water in desalination technologies is released as brine. In addition to high salinity 
concentrations, these liquid wastes contain different chemical components depending on the type and method of treatment. 
This brine causes a change in the marine environment due to its high ability to change the salinity, alkalinity and 
temperature of sea water, which affects the growth and size of aquatic life and disturbs marine diversity. There are several 
common methods for disposing of brine. These methods include sewer drainage, evaporation ponds, surface water drainage, 
deep well injection, and sprinkler irrigation. 
Evaporation and discharge methods into seawater are among the least expensive methods and are appropriate if appropriate 
conditions are available, such as a hot climate and spacious lands. The most efficient but most expensive method is zero 
liquid discharge. Whatever the method used, the main factor, in addition to the cost, is to reduce the environmental impact 
so that the discharge of brine waste does not cause a change in the marine environment or groundwater. 
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1. Introduction 

With the continued scarcity of water resources suitable for human consumption, the option of desalinating sea water or 
groundwater has become a good option for many countries in the world that suffer from a shortage of fresh water [1,2]. The 
prevailing technology in the water desalination system is reverse osmosis technology because of its low cost compared to 
thermal desalination, but one of the most important negatives that is taken on this technology is the discharge of large 
quantities of brine, which has a negative impact, especially in closed places with limited options [1,3]. 
In the reverse osmosis technique, in addition to the desalinated water, large quantities of brine are thrown, which is 
estimated at 40-70% of the total raw water entering the plant [4, 5]. The amount of brine released depends on the quality of 
the raw water, as well as the effectiveness of the equipment used. If the brine solution is not disposed of properly, it has 
undesirable effects on the soil and the movement of salinity into waterways and underground stores [6]. Therefore, the 
main challenge for using reverse osmosis technology lies in how to dispose of the salt water or find a way to recover it to 
avoid unwanted effects on the environment [7]. 
The behavior of salt water lies in two main issues: cost and environmental protection. Cost is the key element in selecting a 
treatment technology, with the cost value ranging from 5% to 33% of the total desalination cost, which mostly depends on 
the quality of raw water and the quantity and characteristics of brine disposal [7]. This study includes a review of the 
common methods for the disposal of brine. 

2. Brine characteristics 

The brine solution is the liquid waste leaving the water desalination plant as waste containing high concentrations of salts 
in addition to dissolved minerals [8]. 
The chemical composition and properties of the solution depend on the quality of the water fed to the desalination plant, the 
quality of the desalinated water required and the type of processes used to produce the desalinated water. Therefore, the 
difference in chemical composition and concentrations must be taken into account when choosing the treatment method for 
the brine [9, 10]. 
In general, the brine contains the following ingredients [11, 8, 3]: 
1. High concentrations of salts, during pretreatment stage. 
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2. High alkalinity Due to the calcium sulfate and calcium carbonate compounds, the alkalinity of the brine is twice that 

of the treated raw water. 
3. There are toxic metals in different proportions as a result of the materials added to the filters during the desalination 

process. 
4. The temperature of the brine is somewhat high as a result of the high temperature of the processes during processing. 

 
Khordagui [12] studied the chemical properties of brine in some RO stations in Gulf countries, and the results were as 
shown in Table 1. 
 

Table 1: Characteristics of brine water from desalination plants in Gulf region [12]. 
Parameters Qidfa II Fujairah 

seawater 
Abu-fintas Doha/Qater 

seawater 
Qidfa 1 Fujairah 

seawater 
BWRO Um  

Quwain BWRO Ajman 

Temperature. °C 29.1 40-44 32.2 32.4 30.6 
TDS, ppm 57,935 52.000 54,795 8,276 10,114 

Electrical conductivity 79.6 NR 77.0 11.33 16.49 
pH 7.99 8.2 6.97 6.7 7.46 

Mg, ppm 2,096 7600-7700 2,025 282 413 
Ca, ppm 631 1300-1400 631 173 312 

HCOj. ppm 149.5 3900 159 570 561 
Total hardness, ppm 207 NR 198 32 NR 

Na, ppm 18,293 NR 17,294 2,315 2,756 
SO4, ppm 4,800 3900 4,200 2,175 1.500 

Free Cl, ppm NR Trace NR 0.01 NR 
Cl, ppm 31,905 29,000 30,487 2,762 4,572 

SiO2, ppm 17.6 NR 1.02 145 23.7 
*NR, not reported.      

 

3. Effect of brine disposal on the marine environment 

Even with the use of approved methods for discharging brine, its disposal has a negative impact, especially on the marine 
environment. If appropriate methods of disposal are not applied, one plant is sufficient to leave a negative impact on the 
environment [13]. 
The brine has the ability to change the average temperature of sea water, in addition to its high salinity and alkalinity, and 
its density is estimated to be 1.6-2.1 times that of sea water. All of this can lead to disturbance of marine diversity [14,15]. 
In particular, one of the most important effects of discharge brine into seawater is the so-called (lethal osmotic shock) due 
to dehydration that affects fish as well as marine organisms [16, 17]. Another effect is called a decrease in turgor pressure, 
which leads to the long-term extinction of many marine species [18]. 

4. Brine removal technology 

4.1. Coastal seawater brine disposal 

Most desalination plants are located directly on the coast, so the brine discharge is directly ocean outfall. More than 90% of 
desalination plants dispose of brine in this way. The purpose of downstream discharge is to dilute the brine by mixing 
naturally under the tidal phenomenon, first artificially through diffusers for the purpose of mixing the brine with seawater. 
The disadvantage of this method is that sometimes the mixing capacity in watery areas is insufficient for wildlife stability 
[19, 20].  

4.2. Inland brine disposal 

When the desalination plants are far from the coast and established inside the lands, these stations resort to different 
methods for the purpose of disposing of their brine solution. The most common methods are evaporation pond, drainage to 
deep wells, sprinkler irrigation for salt-tolerant plants, drainage to surface water and the zero liquid discharge technique 
[21]. For desalination, plants located offshore, the desalination options are as follows: 

4.2.1. Evaporation ponds   

Evaporation pond technology is used successfully for brine desalination, especially in countries with hot and dry weather, 
and therefore higher evaporation rates. Evaporation ponds are built on low cost land because they require large areas [22]. 
It has been observed that small ponds are used in desalination plants in the United States. Whereas in Saudi Arabia, vast 
lands were used as brine evaporation ponds, which ranged in size from 13.6 to 43.3 hectare [23, 24]. Brine evaporation 
ponds are modeled after that of septic ponds, with solid salt waste accumulating at the bottom of the pond while the large 
surface of the pond allows water to evaporate. The salts are periodically disposed of in a suitable landfill. 
The following points should be considered when choosing a fumigation technique for brine removal [25, 26, 19]: 
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1. This technique is suitable for small plants that release water in moderate amounts, and in areas with low cost land. 
2. It depends directly on sunlight to complete the evaporation process. 
3. Evaporation rates decrease as bottom salt concentrations increase, which requires cleaning at certain intervals. 
4. Evaporation ponds are preferably lined, otherwise the brine will seep into the ground water. 

4.2.2. Deep well injection   

In this technique, the brine produced as waste from the desalination plant is injected into deep layers of groundwater 
through deep boreholes that penetrate the soil layers. This method is commonly used to dispose of toxic and hazardous 
industrial and municipal waste. This is the best way to get rid of heavy metals because it prevents their sedimentation 
before disposal. [27,28]. The most important points to consider before injection are [28]: 
1. Ensure that waste is not spilled to other locations. 
2. The capacity of the aquifer is compatible with the operational life of the desalination plant. 
3. Underground hydraulic isolation is provided from all porous media surrounding the site. 
4. Geological assessment of the site and determination of depth before drilling wells. 

One of the disadvantages of this method is that it may contribute to groundwater pollution in the absence of a good 
underground reservoir, as well as soil pollution. Nanayakkara et al. (2020) [29] studied the environmental impacts of using 
deep well technology to drain brine from low-pressure reverse osmosis processes in the Northern Province of Sri Lanka. 
Where the results showed high soil acidity as well as low potassium compared to the neighboring unpolluted soil, and this 
indicates the exchange of hydrogen and potassium ions originally present in the soil with calcium and magnesium ions 
present in the brine. 

4.2.3. Spray irrigation    

Irrigation of salt-tolerant plants is a limited and modern technique for brine removal. Where there are plants that are less 
sensitive to salinity, such as ornamental plants and the mangrove plant, which is grown on the banks of rivers and lakes and 
is considered a good resistance to salinity [19].  
The most important obstacles associated with irrigation with brine are [10, 30, 31]: 
1. The natural seasonality of the plant, as the plants may grow for one season only. 
2. This technology is applied to small stations only because its efficiency is low. 
3. Another alternative technique should be available while using brine irrigation when there is no need for irrigation as 

mentioned above. 
4. The capacity and efficiency of this technique is determined by the climate and irrigation demand, in addition to the 

plant's tolerance of high salinity concentrations. 
5. There may be a negative impact on groundwater under the irrigation areas. 
6. There is a risk of contamination of the soil with heavy metals or nitrates that may be part of the brine components. 

4.2.4. Zero liquid discharge (ZLD)    

This technology was developed by the University of South Carolina [32]. This technology desalinates water without 
discharging an aqueous solution as desalination waste, i.e. zero liquid discharge (ZLD). This process focuses on producing 
fresh water and useful salts such as crystalline sodium chloride salt (NaCl). This technology depends in all its steps on 
electrolysis. In general, zero liquid systems consist of concentration stages and evaporation stages, where the liquid 
evaporates completely and crystals and salts precipitate [33]. The first essential step is to recover the sodium chloride salt 
and discard a waste solution containing magnesium hydroxide (MgO2) and bromine (Br2). The next step is to crystallize 
sodium chloride into a salt that can be used industrially, and treat the waste by evaporation and drying [34]. 

One of the main disadvantages of this method is that it is not economical and very expensive, and the reason for this is 
due to the high energy requirements for the purpose of operating the equipment. In addition, the purchase of machinery and 
equipment for this technology is very expensive compared to investment. Therefore, the ZLD technique is impractical if an 
alternative is available for draining the brine [20, 35] Discharging liquid waste, brine, into bodies of water (ocean, lake, 
river, etc.) is one of the most common systems for disposing of the brine resulting from the water desalination process due 
to its low cost compared to other systems [31]. However, this method has a number of limitations, including that the 
volume of drained water must be less than the volume of surface water so as not to negatively affect the marine 
environment. Also, when the desalination plant is far from the coast, establishing a drainage pipe is very expensive in terms 
of construction, maintenance and operation [10]. 
Table 2 represents a cost comparison between brine disposal methods. It is clear that the lowest cost is the direct discharge 
method, provided that it does not cause harm to the marine environment [36]. 
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Table 2: Summary of comparison between brine removal methods [36] 

Method Principle Environmental challenges Cost (US $/m3
brine 

rejected) 

Evaporation pond The salt water is collected in ponds and the brine is then 
evaporated. The resulting salts are then collected. 

Groundwater pollution and soil 
salinization 3.28-10.04 

Sewer discharge The salty waste generated by desalination plants is discharged 
into the sewage system 

Inhibition of bacterial growth in the waste 
water treatment plant 0.32-0.66 

Surface water 
discharge The brine is released into the surface water Marine environment pollution 0.05-0.30 

Land application Using salt water to irrigate herbs and crops that tolerate high 
salinity Soil salinization 0.74-1.95 

Deep-well 
injection Brine is injected into porous subsurface rock formations Groundwater pollution and soil 

salinization 0.54-2.65 

5. Conclusion  

Desalination of seawater or groundwater represents a good option for many countries in the world that suffer from a 
shortage of fresh water. The prevailing technology in the water desalination system is reverse osmosis due to its low cost 
compared to thermal desalination, but one of the most important drawbacks that criticizes this technology is the discharge 
of large quantities of salt water, which has a negative impact. Especially in closed spaces with limited options. Brine 
treatment lies in two main points: cost and environmental protection. The characteristics and composition of the brine 
solution must be known to choose the appropriate treatment method, as the chemical composition depends on the quality of 
the water that feeds the desalination plant, the quality of the desalinated water required, and the type of processes used to 
produce desalinated water. There are several common methods for disposing of brine. These methods include sewer 
drainage, evaporation ponds, surface water drainage, deep well injection, and sprinkler irrigation. In countries with hot 
climates and high evaporation rates, evaporation ponds can be used provided low-cost land is available. One of the methods 
used is injecting brine into deep layers under groundwater, which is called well injection. In this method, it is taken into 
account that the concentrated brine solution does not leak into other areas, and the water-bearing layer must be isolated 
hydraulically from other media. The method that is least harmful to the environment is irrigation with concentrated saline 
solutions for plants that tolerate high salinity and are less sensitive to salinity. The ZLDR technique is the most efficient of 
the methods, but the most expensive, as it includes concentration stages (membrane techniques) and evaporation and 
crystallization stages (thermal techniques). This technology may have an indirect impact on the environment due to its high 
energy consumption. The last and least expensive method is direct discharge into bodies of water, sea or ocean, when 
establishing desalination plants near the coast. However, it may cause harm to the marine environment when large amounts 
of liquid brine are released. 
Even with the use of approved methods for draining salt water, its disposal has a negative impact, especially on the marine 
environment. If appropriate disposal methods are not applied, one factory is enough to leave a negative impact on the 
environment. 

References  

[1] Brackish Groundwater: A Viable Community Water Supply Option? Australian Government, National Water Commission, NSW 
Public Works, Canberra, 2011.  

[2]  R. Bond, S. Veerapaneni, Zero Liquid Discharge for Inland Desalination, AWWA Research Foundation, USA, 2007.  
[3]  P.V. Brady, R.J. Kottenstette, T.M. Mayer, M.M. Hightower, Inland desalination: challenges and research needs, J. Contemp. 

Water Res. Educ., 132 (2005) 46–51.  
[4]  J.A. Bush, J. Vanneste, T.Y. Cath, Membrane distillation for concentration of hypersaline brines from the Great Salt Lake: Effects 

of scaling and fouling on performance, efficiency, and salt rejection, Sep. Purif. Technol., 170 (2016) 78–91. 
[5]  N.K. Khanzadaa, K.S. Jamal, P.A. Daviesb, Performance evaluation of reverse osmosis (RO) pre-treatment technologies for in-

land brackish water treatment, Desalination, 406 (2017) 44–50. 
[6]  E.S.R. Moura, C.R. Cosme, N.S. Dias, J.C. Portela, A.C.M.S. Souza, Yield and forage quality of saltbush irrigated with reject 

brine from desalination plant by reverse osmosis, Rev. Caatinga, 29 (2016) 1–10. 
[7] A.M. Oliveira, N.S. Dias, J.J.R. Freitas, D.R.M. Martins, L.N. Rabelo, Physical-chemical assessment of the waters from 

dessalinization process of salobros and salinos wells in rural communities of the west potiguar, Águas Subt., 31 (2017) 58–73. 
[8]  D., Rashad, Jones I., S., Mulhearn, P. “Desalination Plants: Potential impacts of brine discharge on marine life”.The Ocean 

Technology Group.,2007, University of Sydney ,Australia  
[9]  Pérez-González, A., Urtiaga, A. M., Ibáñez, R. & Ortiz, I. 2012 “State of the art and review on the treatment technologies of water 

reverse osmosis concentrates”. Water Res. 46, 267–283. https://doi.org/10.1016/J.WATRES.2011.10.046. 
[10]  Sahu, P., “A comprehensive review of saline effluent disposal and treatment: conventional practices, emerging technologies, and 

future potential”. Water Reuse | 11.1 | 2021, doi: 10.2166/wrd.2020.065 
[11] Jenkins, S., Paduan, J., Roberts, P., Schlenk, D. and Weis, J. “Management of Brine Discharges to Coastal Waters”. California 

Water Resources Control Board. Southern California Coastal Water Research Project March 2012. 
[12]  Khordagui, H. “Environmental aspects of brine reject from desalination industry in the ESCWA region”, ESCWA, Beirut, 

Lebanon, 1997.  
[13] Panagopoulos, A. and Haralambous, K.,J.“Review:Environmental impacts of desalination and brine treatment - Challenges and 

mitigation measures” .Marine Pollution Bulletin 161 (2020) 111773. 



Muthanna Journal of Engineering and Technology 85 

 
[14]  Zacharias, M., Ardron, J., 2019. Marine Policy: An Introduction to Governance and International Law of the Oceans. s.l.. 

Routledge 
[15] Panagopoulos, A., Haralambous, K.-J., Loizidou, M., 2019. Desalination brine disposal methods and treatment technologies—a 

review. Sci. Total Environ. 693, 25 November. 
[16] Abushaban, A., 2019. Assessing Bacterial Growth Potential in Seawater Reverse Osmosis Pretreatment: Method Development and 

Applications. s.l.. CRC Press. 
[17]  Levitt, J., 2015. Water, Radiation, Salt, and Other Stresses. s.l.. Elsevier. 
[18]  Belkin, N., et al., 2017. The effect of coagulants and antiscalants discharged with seawater desalination brines on coastal microbial 

communities: a laboratory and in situ study from the southeastern Mediterranean. Water Res. 110, 321–331. 
[19]  Cotruvo, J., Fawell, J., Cunliffe, D., Voutchkov, N., Payment, P., and Lattemann, S., 2010. “Desalination Technology: Health and 

Environmental Impacts” [online]. Boca Raton, FL: Taylor & Francis Group, LLC. Available from: 
http://197.14.51.10:81/pmb/CHIMIE/Traitement/Desalination Technology Health and Environmental Impacts.pdf. 

[20] M., Douglas, 2016 . “Sustainable Options for Desalination: A look into Renewable Energies and Brine Disposal” Master Degree, 
Loughborough University Water, Engineering and Development Centre School of Civil and Building Engineering 

[21] Ziolkowska, J., Reyes, R., 2016. Prospects for desalination in the United States experiences from California, Florida, and Texas. In: 
Competition for Water Resources. Experiences and Management Approaches in the US and Europe. Elsevier, p. 478 s.l. 

[22]  Ahmed,M., Shayyab, W.,H., Hoey, D., and  Al-Handaly, j., “Brine disposal from reverse osmosis desalination plants in Oman and 
the United Arab Emirates”. Desalination 133 (2001) 135-147. 

[23] Truesdall, J., Mickley, M. and Hamilton,R., 1995,“Survey of membrane drinking water plant disposal methods”.Desalination, 102 , 
93. 

[24]  Alaabdula'aly, A.,I., and AI-Saati, A.J. 1995.“Use of evaporation ponds for brine disposal in desalination plants”. Proc., 
International Desalination Association Conference”, Abu Dhabi, 7 , 21. 

[25]  Ahmed M, Shayya WH, Hoey D, Al-Handaly J.2002 “Brine disposal from inland desalination plants”. Water 
International.;27:194-201. DOI: 10.1080/02508060208686992. 

[26]  Rodriguez FA, Santiago DE, Franquiz Suarez N, Ortega Méndez JA, Veza JM.2012, “Comparison of evaporation rates for 
seawater and brine from reverse osmosis in traditional salt works: Empirical correlations”. Water Supply. 12:234-240. DOI: 
10.2166/ws.2012.133 

[27] Pramanik BK, Shu L, Jegatheesan V. 2017 “A review of the management and treatment of brine solutions”. Environmental 
Science: Water Research& Technology.3:625-658. DOI: 10.1039/C6EW00339G 

[28] Saripalli K, Sharma M, Bryant S. “Modeling injection well performance during deep-well injection of liquid wastes”2000. Journal 
of Hydrology. 227:41-55. DOI: 10.1016/ S0022-1694(99)00164-X 

[29]  Nanayakkara, N., Arambepola, I., G.,   Aluthwatte, M.,   Rajasinghe, C. and  Herath, G.,2020. “Would open disposal of 
concentrate from low pressure membrane based plants treating fresh or slightly saline groundwater make negative environmental 
impacts?” Groundwater. Sustain. Dev. 11, 100414. 

[30] Ahmed, M., Hoey, D., Shayya, W. and Goosen, M., ,  2004 “Brine Disposal From Inland Desalination Plants: Current Status, 
Problems, and Opportunities Chapter 4 of Environmental Sciences and Environmental Computing. Vol. II (P. Zannetti, Editor). 
Published by The EnviroComp Institute (http://www.envirocomp.org)  

[31]  Afrasiabi, N. and  Shahbazali, E. 2011 RO “brine treatment and disposal methods”. Desalin. Water Treat. 35, 39–53. https:// 
doi.org/10.5004/dwt.2011.3128. 

[32] T.A. Davis, S. Rayman, 2006.“Zero discharge seawater desalination: integrating the production of freshwater, salt, magnesium, and 
bromine, USBR Desalin. Water Purif”. Res. Dev. Progr. Rep.,  

[33] Kress, N., 2019. “Marine Impacts of Seawater Desalination”. Science, Management, and Policy. Elsevier 
[34] Ahdab, Y.D., Lienhard, J.H., 2021. “Desalination of brackish groundwater to improve water quality and water supply”. In: Global 

Groundwater. Elsevier, pp. 559–575. 
[35] Fernandez-Lopez, C., Viedma, A., Herrero, R., And Kaiser, A.S., 2009. “Seawater integrated desalination plant without brine 

discharge and powered by renewable energy systems”. Desalination [online]. 235 (1-3), pp. 179–198. Available 
fromhttp://www.sciencedirect.com/science/article/pii/S001191640800595X. 

[36]  Panagopoulos, A., Haralambous, K.-J. & Loizidou, M. 2019 “Desalination brine disposal methods and treatmenttechnologies – a 
review”. Sci. Total Environ. 693, 133545. https://doi.org/10.1016/J.SCITOTENV.2019.07.351 
 


	Brine removal technology methods, review paper
	DOI:10.52113/3/eng/mjet/2024-12-01/81-85
	Abstract
	1. Introduction
	2. Brine characteristics
	3. Effect of brine disposal on the marine environment
	4. Brine removal technology
	4.1. Coastal seawater brine disposal
	4.2. Inland brine disposal

	5. Conclusion

