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Abstract 
This study presents a significant contribution to the field of water quality as-
sessment and sustainable water management practices. By evaluating the le-
vels of total dissolved solids (TDS) in seawater intakes within Al-Khobar de-
salination production system, the study addresses a crucial aspect of water 
treatment and environmental impact assessment. The findings provide valua-
ble insights into the variations and trends of TDS levels across different phas-
es of the system, highlighting the importance of monitoring and management 
strategies. The study provided both gravimetric total dissolved solids (TDS) 
and electrical conductivity (EC) measurements to analyze TDS calculation 
factor and evaluate measurement accuracy. Results revealed significant varia-
tions in TDS levels across the sampling locations, with phase-2 exhibiting 
higher levels and greater fluctuations. Phase-3 displayed similar trends but 
with lower TDS levels, while phase-4 showed slightly different behavior with 
higher average TDS levels. EC measurements demonstrated a strong correla-
tion with TDS, providing a reliable estimation. However, additional methods 
such as gravimetric analysis should be employed to confirm TDS measure-
ments. The findings contribute to understanding water quality in the Al-Khobar 
desalination system, aiding in monitoring, management, and decision-making 
processes for water treatment and environmental impact assessment. The 
study enhances the credibility of water quality assessments and supports sus-
tainable water management practices. 
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1. Introduction 

Water is an essential and fundamental resource that is indispensable for the ex-
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istence of all forms of life. The quality of water plays a critical role in safeguard-
ing human health and preserving the environment. However, with the growing 
global demand for water, the availability of fresh water has become increasingly 
scarce in many regions. In order to overcome the water scarcity in areas with the 
less natural fresh water availability, desalination becomes a reliable and effective 
tool for providing a sufficient fresh water source [1]. The quality of the water 
used for desalination is an important factor in determining the process efficiency 
and product quality [2]. Water with high levels of impurities, such as suspended 
and dissolved solids, and organic matter can lead to fouling and scaling issues 
within the desalination system. These fouling and scaling phenomena can reduce 
the process efficiency, increase energy consumption, and potentially damage 
equipment, resulting in higher operational costs and decreased product quality 
[3]. 

In particular, the concentration of total dissolved solids (TDS) in seawater 
plays a vital role in desalination plants, particularly those utilizing Reverse Os-
mosis (RO) technology [4]. This advanced process involves forcing feedwater 
through a semi-permeable membrane to eliminate TDS. The performance of the 
desalination plant is significantly impacted by the TDS concentration in the 
feedwater [5]. Higher TDS levels pose challenges in removing salts and other sub-
stances, requiring more energy to pressurize the water flux through the mem-
branes [6]. Therefore, it is crucial to comprehensively understand, continuously 
monitor, and effectively control the TDS levels of the feed water source to ensure 
the efficiency and effectiveness of water production.  

In daily operation, the TDS level is typically reported using the electric con-
ductivity (EC) ratio method [7]. The EC measure is the ability of water to con-
duct electrical charges, which comes from dissolved ions such as salts. It serves 
as an indicator of ion concentration in the solution. The more ions present in a 
water sample, the higher the EC results [8]. It is expressed in units of Micro Sie-
mens per meter (µS/m). Total dissolved solids (TDS) combines all dissolved sol-
ids in the water, including the majority of salt ions and organic matter. TDS can 
be measured accurately using the gravimetric method [9] [10], which involves 
evaporating a measured volume of water and weighing the residue to determine 
the TDS level. However, this method is time-consuming and impractical for 
daily field operating and monitoring. As a result, the TDS level is typically cal-
culated using an empirical factor derived from the relationship between the EC 
and TDS as mentioned in Rusydi review on 2018. 

To further emphasizes the necessity of this research. It is significantly impor-
tance to focus on total dissolved solids (TDS) in the Arabian Gulf seawater. For 
addressing the concern of the gradual increase in TDS levels in Arabia Gulf over 
time, which has not been overlooked by previous studies. The reliance on the 
electrical conductivity (EC) factor for TDS measurement may not accurately 
capture the changes in seawater properties affecting TDS. Particularly for the 
operation of Reverse Osmosis (RO) plants, understanding and monitoring TDS 
levels accurately becomes critical. 
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In Khobar desalination production systems, there are three seawater intake 
areas: phase-2 (AK2/RO2), phase-3 (AK3), and phase-4 (RO1). The seawater 
TDS samples value observed to experience a gradually increase. The important 
of the change has become more essential and highlighted with the start of 
phase-4 (RO1) plant operation, which is the first RO plant in Al-Khobar plants. 
Knowing that seawater TDS can be change with time due to climatic and envi-
ronmental aquatic conditions [11]. Thus, a recent studying of the TDS level in 
seawater is important for optimizing the design and operation of RO plants. By 
understanding the TDS level in seawater, it is possible to determine the required 
appropriate to reduce the TDS level and protect the membranes from fouling 
and scaling. Which reflects on optimize the operation, reduce maintenance 
costs, and ensure the production quality. 

This paper present recent measurements of total dissolved solids (TDS) uti-
lizing both the gravimetric method and electrical conductivity (EC) in seawater 
intakes for the Khobar desalination production system intakes; phase-2 (AK2), 
phase-3 (AK3), and phase-4 (RO1). The collected data is plotted to analyze and 
observe any trend changes across different locations. Additionally, the paper in-
cludes the calculation of the TDS factor, which is used to evaluate and verify the 
accuracy of the measurement method. By employing both techniques and as-
sessing the TDS factor, the study aims to provide a comprehensive and reliable 
understanding of TDS levels in the Al-Khobar desalination production system, 
contributing to improved monitoring and management practices. 

2. Methodology 

The study analysis conducted by a group sample from Al-Khobar production 
system water quality section. The study focused on three sampling locations: 
AK2, AK3, and RO1 intakes sampling points. To ensure accurate and represent-
ative samples, continuous flow was maintained at all sample points to prevent 
contamination. Separate labeled bottles were used for each location, and quali-
fied samplers collected the samples using the grab method. The collected sam-
ples were immediately transported to the main Khobar General Laboratory to 
minimize any physical changes. 

Conductivity measurements were performed on the received samples using a 
calibrated WTW (Cond 7110) instrument. Standard solutions (1413 µS/cm and 
12.88 mS/cm) were used to calibrate the instrument and ensure accuracy. To 
account for instrument precision, duplicate measurements of the samples were 
taken and averaged. 

Before conducting TDS analysis, the samples were filtered using Ashless filter 
paper (110 mm, Ref. 300010) to remove suspended solids. A known volume (10 
ml) of the filtered sample was transferred into a pre-weighed dish. The dish was 
then heated in an oven at 85˚C for 24 hours until complete dryness. Subse-
quently, the samples were heated for an additional hour at 180˚C to remove or-
ganics. After cooling in a desiccator, the samples were weighed to determine the 
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weight of the residue. The TDS concentration was calculated by dividing the 
weight of the residue by the sample volume and expressed in parts per million 
(ppm). 

To minimize personal selective errors, all laboratory analyses were performed 
by the same lab analyst. Additionally, the same instruments and apparatus were 
used for all samples to minimize errors caused by variations in lab equipment. 
The EC measurements were based on ASTM D1125-14, and the TDS analysis 
was conducted using the evaporation (gravimetric) method referenced in ASTM 
D5907-18 or ABHA 2540. The correlation between TDS and EC calculations was 
referenced from APHA 1030-E. 

To further validate the study data, a portion of the randomly selected samples 
was sent to the Institute for Research, Water Technology Innovation Institute & 
Research Advancement (WTIIRA) for analysis, allowing for a comparison of 
results between the Al-Khobar study lab and WTIIRA, thereby enhancing the 
credibility of the study’s findings. 

3. Data 

The study collected seawater samples from routine sample points at the SWCC 
Al-Khobar plant’s intake for the AK2, AK3, and RO1 locations. Sampling was 
scheduled on a weekly basis, following the plant’s operational status, with no 
emergency situations or shutdowns. Sample collection was suspended during 
vacation periods. All samples were taken in the morning between 9 to 10 AM for 
consistency across locations. TDS levels were measured using the gravimetric 
method, while EC measurements were conducted using the WTW (Cond 7110) 
lab conductivity meter. The TDS factor, or ratio, was calculated by dividing TDS 
(ppm) by EC (µS/cm). 

The measurement results are presented in Table 1, which includes the aver-
age, standard deviation, maximum value, minimum value, and range for each 
measurement. To validate the main data, measurements were also conducted by 
the WTIIRA, and the corresponding data is listed in Table 2. The comparison 
between the Khobar lab and WTIIRA lab results is provided in Table 3. The 
evaluation aimed to ensure the validity of all data, minimize bias, and ensure re-
liable results. 

One notable observation was that the measured TDS level at the RO1 site on 
July 5th, 2021, was below the seawater TDS level. Considering the EC value at 
this point, it indicated an invalid relationship between TDS and EC results, sug-
gesting a potential error in the test performed by the analyst. Consequently, this 
particular data point was excluded from the analysis to ensure the accuracy of 
the remaining data in representing the seawater’s TDS levels. The EC and TDS 
values for each site were plotted to assess the strength of the relationship and 
detect any data disruptions throughout the study period. 

4. Result and Discussion 

The present study aimed to investigate the levels of total dissolved solids (TDS) 
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in the seawater intake of three locations within the SWCC Al-Khobar produc-
tion system and analyze any potential differences among them. In this section, 
we present the results obtained from the TDS measurements conducted at each 
site. Descriptive statistics such as the mean, standard deviation, and range of the 
data are provided for each location. Furthermore, the data is visualized through 
various charts to facilitate a clear understanding and comparison between the 
three sites.  

 
Table 1. TDS and EC measurements in SWCC Al-Khobar laboratory. 

Date 
Phase-2 (AK2) Phase-3 (AK3) Phase-4 (RO1) 

EC 
(µS/cm) 

TDS 
(ppm) 

TDS 
factor 

EC 
(µS/cm) 

TDS 
(ppm) 

TDS 
factor 

EC 
(µS/cm) 

TDS 
(ppm) 

TDS 
factor 

29.12.2020 64,000 50,000 0.781 64,300 50,000 0.778 65,600 51,000 0.777 

18.01.2021 69,730 55,000 0.789 70,610 55,000 0.779 73,410 58,000 0.790 

20.01.2021 69,540 55,000 0.791 70,850 54,000 0.762 73,300 59,000 0.805 

25.01.2021 75,690 57,000 0.753 75,640 59,000 0.780 75,460 56,000 0.742 

27.01.2021 75,460 57,000 0.755 75,710 57,000 0.753 75,780 58,000 0.765 

03.02.2021 72,100 58,000 0.804 72,400 57,000 0.787 73,500 58,000 0.789 

05.02.2021 72,000 56,000 0.778 72,500 58,000 0.800 73,500 58,000 0.789 

09.02.2021 73,700 60,000 0.814 73,700 57,000 0.773 73,590 56,000 0.761 

16.02.2021 68,000 55,000 0.809 68,800 55,000 0.799 70,900 55,000 0.776 

01.03.2021 71,700 55,000 0.767 71,500 55,000 0.769 71,700 55,000 0.767 

16.03.2021 74,200 55,000 0.741 74,500 56,000 0.752 74,600 56,000 0.751 

03.04.2021 76,000 55,000 0.724 76,800 57,000 0.742 77,100 58,000 0.752 

06.04.2021 78,100 60,000 0.768 78,100 58,000 0.743 78,200 61,000 0.780 

05.07.2021 70,300 56,150 0.799 69,800 55,890 0.801 72,100 34,110* 0.473 

12.07.2021 69,920 52,650 0.753 70,220 53,000 0.755 71,490 54,620 0.764 

29.07.2021 71,500 57,050 0.798 72,000 57,380 0.797 72,900 58,810 0.807 

03.08.2021 70,800 59,710 0.843 70,700 55,050 0.779 70,900 55,690 0.785 

10.08.2021 67,200 53,630 0.798 67,600 53,780 0.796 68,300 54,590 0.799 

16.08.2021 71,500 57,410 0.803 71,400 57,030 0.799 71,500 57,300 0.801 

23.08.2021 68,300 54,440 0.797 68,800 54,990 0.799 69,200 55,470 0.802 

25.08.2021 68,100 54,400 0.799 68,200 54,040 0.792 69,200 55,320 0.799 

06.09.2021 68,600 54,160 0.790 69,300 54,420 0.785 68,700 54,170 0.789 

14.09.2021 71,600 56,710 0.792 71,500 56,400 0.789 73,100 58,200 0.796 

20.09.2021 68,400 52,390 0.766 68,000 52,530 0.773 69,400 53,560 0.772 

30.09.2021 73,500 58,340 0.794 74,200 58,320 0.786 74,100 58,460 0.789 

06.10.2021 67,000 52,300 0.781 67,600 52,390 0.775 67,900 52,640 0.775 

12.10.2021 73,400 58,140 0.792 73,900 58,230 0.788 71,800 56,020 0.780 

18.10.2021 70,200 55,800 0.795 72,200 57,460 0.796 72,100 56,800 0.788 

25.10.2021 72,400 58,030 0.802 72,700 58,080 0.799 73,100 57,960 0.793 
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Continued 

14.12.2021 72,700 58,690 0.807 72,900 58,800 0.807 71,900 57,940 0.806 

21.12.2021 69,700 54,370 0.780 70,100 55,030 0.785 70,100 54,880 0.783 

27.12.2021 72,000 57,550 0.799 72,200 57,560 0.797 72,500 57,430 0.792 

04.01.2022 68,000 53,110 0.781 68,400 53,170 0.777 68,800 53,660 0.780 

18.01.2022 68,200 53,090 0.778 69,200 53,860 0.778 70,400 55,580 0.789 

25.01.2022 73,600 59,770 0.812 73,800 59,920 0.812 73,900 60,060 0.813 

01.02.2022 72,200 57,830 0.801 72,000 57,980 0.805 71,100 56,480 0.794 

07.02.2022 71,700 57,260 0.799 71,700 57,250 0.798 71,900 57,460 0.799 

15.02.2022 72,600 57,560 0.793 72,400 57,560 0.795 73,300 58,320 0.796 

20.02.2022 70,300 54,540 0.776 70,500 54,220 0.769 70,600 54,100 0.766 

28.02.2022 69,000 53,800 0.780 69,600 53,930 0.775 71,400 55,550 0.778 

02.01.2023 - - - 75,800 59,310 0.782 75,000 58,420 0.779 

Average 71,074 55,922 0.787 71,515 55,990 0.783 72,018 56,417 0.784 

St. Dev. 1985 2350 0.016 2782 2190 0.017 1827 2052 0.016 

Minimum 67,000 50,000 0.753 67,600 50,000 0.742 67,900 51,000 0.742 

Maximum 73,600 60,000 0.843 75,800 59,920 0.812 75,000 61,000 0.813 

Range 6600 10,000 0.090 8200 9920 0.070 7100 10,000 0.071 

 
Table 2. TDS and EC measurements by Water Technology Innovation Institute & Re-
search Advancement (WTIIRA). 

Date 
Phase-2 (AK2) Phase-3 (AK3) Phase-4 (RO1) 

EC 
(µS/cm) 

TDS 
(ppm) 

TDS 
factor 

EC 
(µS/cm) 

TDS 
(ppm) 

TDS 
factor 

EC 
(µS/cm) 

TDS 
(ppm) 

TDS 
factor 

21.12.2021 67,370 53,040 0.787 67,590 53,200 0.787 67,370 53,580 0.795 

27.12.2021 70,190 56,460 0.804 70,410 56,440 0.802 70,620 56,680 0.803 

18.01.2022 67,940 52,100 0.767 68,060 52,860 0.777 70,250 54,860 0.781 

07.02.2022 73,200 58,860 0.804 73,360 58,120 0.792 73,320 58,280 0.795 

15.02.2022 74,330 58,760 0.791 74,640 58,580 0.785 74,580 59,200 0.794 

Average 70,606 55,844 0.791 70,812 55,840 0.789 71,228 56,520 0.794 

 
Table 3. Comparing between Khobar and WTIIRA lab results. 

Date 
Phase-2 (AK2) Phase-3 (AK3) Phase-4 (RO1) 

TDS  
(%error) 

TDS factor 
(%error) 

TDS  
(%error) 

TDS factor 
(%error) 

TDS 
(%error) 

TDS factor 
(%error) 

21.12.2021 2.48% 0.92% 3.38% 0.26% 2.40% 1.57% 

27.12.2021 1.91% 0.63% 1.96% 0.55% 1.31% 1.31% 

18.01.2022 1.88% 1.50% 1.87% 0.21% 1.30% 1.09% 

07.02.2022 2.76% 0.69% 1.51% 0.78% 1.42% 0.54% 

15.02.2022 2.06% 0.29% 1.76% 1.29% 1.50% 0.23% 

Average 2.22% 0.81% 2.10% 0.62% 1.59% 0.95% 
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The discussion encompasses an analysis of the potential sources of TDS in 
each site and how these sources may have influenced the observed TDS levels. 
By identifying the contributing factors, we can gain insights into the water qual-
ity of the three sites and understand the factors influencing TDS levels. 

Firstly, the Khobar phase-2 (AK2) seawater plant’s intake is currently the old-
est operational intake within the Al-Khobar production system, starting its pro-
duction phase in 1983. Table 1 shows that the mean TDS value at the AK2 site 
was 55,922 ppm, with a standard deviation of 2350 ppm. The maximum TDS 
value was observed in the first week of February and April, reaching 60,000 ppm, 
while the lowest value of 50,000 ppm was recorded in mid-December. These re-
sults indicate significant variations in TDS levels throughout the year. Figure 1 
also demonstrates the high fluctuation in TDS values at the AK2 seawater intake. 
One possible explanation for this instability is that the AK2 intake pipes are lo-
cated close to the shore, making them susceptible to external activities or efflu-
ent discharge from nearby plants. Additionally, the average seawater TDS calcu-
lation factor for AK2 was found to be 0.787, the highest factor compared to the 
other locations. The data disruption shown in Figure 2 indicates a high degree 
of variability, likely influenced by the natural conditions of the site and its 
proximity to the coast. 

Secondly, the data from phase-3 intake shows relatively lower seawater TDS 
levels compared to the other intakes, with an average of 55,862 ppm. The maxi-
mum TDS value recorded was 59,920 ppm on January 25th, which coincides 
with the maximum sample value at AK2. Similarly, the minimum TDS value was 
observed around the same time as AK2, during the first week of October (Table 
1). Figure 1 supports the notion that the TDS trends of AK2 and AK3 are simi-
lar due to their close proximity. However, AK2’s trend exhibits more fluctua-
tions, which further supports the influence of natural events and other circums-
tances near the shoreline. The relationship between EC and TDS in AK3 is 
stronger compared to the other locations, as depicted in Figure 3, which shows a 
more linear relationship with a slope of 0.7827. 

Thirdly, the RO1 intake is approximately 2 kilometers east of the phase, refer 
to Figure 4, which is a longer distance compared to the other Khobar intakes. 
This distance is reflected in the RO1 data, resulting in slightly different behavior 
compared to AK2 and AK3. The average TDS level at RO1 was 56,417 ppm, the 
highest among the sampled points. The highest TDS value of 61,000 ppm was 
observed in April, while the lowest concentration of 51,000 ppm was recorded at 
the end of December. The standard deviation of TDS was calculated to be 2052 
ppm. The high seawater TDS level in RO1 can be attributed to location’s geome-
try falls within a narrow strait, making it more susceptible to the influence of 
seawater currents and disturbances caused by infrastructure activities and or-
ganic sources. Figure 5 illustrates that the pattern reflection change of RO1 TDS 
occurs earlier than AK2 and AK3, indicating that seawater currents have a 
greater effect on RO1 before reaching AK2 and AK3. The relationship between 
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EC and TDS in RO1 shows a weaker regression strength compared to AK3. 
However, the data disruption along the linear trendline is closer compared to 
AK2, providing further support for the influence of seawater currents on RO1. 

 

 
Figure 1. Total dissolved solids (TDS) for Al-Khobar production system intakes. 

 

 
Figure 2. AK2 TDS factor measurements. 

 

 
Figure 3. Total dissolved solids (TDS) for Al-Khobar production system intakes. 
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Figure 4. Al-Khobar approximate in-
takes location [12]. 

 

 
Figure 5. Total dissolved solids (TDS) for Al-Khobar production system intakes. 
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Figure 6. Total dissolved solids (TDS) for Al-Khobar production system intakes. 

 
Regarding TDS-to-EC Ratio, electric conductivity is influenced by the type 

and concentration of ions present in the solution. On the other hand, TDS levels 
encompass not only ions but also other dissolved solids, including organic com-
pounds, minerals, and other substances that are not electrically charged. There-
fore, a solution with a high TDS may not necessarily exhibit high electrical con-
ductivity if the majority of dissolved substances are non-ionic, and vice versa. 

To establish the liner relationship between electrical conductivity (EC) and 
total dissolved solids (TDS), the measured EC data was plotted against TDS le-
vels over time for all Al-Khobar intake locations, as shown in Figure 2, Figure 3, 
Figure 6. These graphs provide strong visual evidence of the relationship be-
tween conductivity and TDS. Consequently, EC is widely considered a reliable 
means of estimating calculated TDS. The average factor for all Al-Khobar in-
takes is 0.79, so TDS (ppm) = 0.79 × Conductivity measurement (µS/cm). 

From Figure 5, the overall shape of the EC and TDS trends displays a similar 
pattern. It is observed that the EC patterns show less reaction to high spikes in 
TDS levels, such as those observed at the beginning of April. This can be ex-
plained by the fact that the increase in TDS during that season is primarily due 
to high concentrations of organic compounds, which are not accurately reflected 
in EC measurements. 

It is important to recognize the limitations of using EC as a proxy for TDS, 
particularly has limitations due to interference from other ions, temperature de-
pendency, inability to detect non-conductive substances, calibration issues, and 
variability in sample composition. While EC provides a valuable estimation of 
TDS, additional analysis and consideration of other factors are necessary to fully 
understand the composition and sources of TDS in seawater intakes. It is rec-
ommended to use EC as a screening tool and confirm TDS measurements using 
other methods, such as gravimetric analysis, to ensure accuracy. 

5. Conclusions 

In conclusion, this study aimed to assess the levels of total dissolved solids (TDS) 
in seawater intakes at three locations within the Khobar desalination production 
system, AK2 (RO2), AK3, and RO1. The study employed both the gravimetric 
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method and electrical conductivity (EC) measurements to analyze TDS levels 
and evaluate the accuracy of the measurement techniques. The TDS factor, cal-
culated by dividing TDS by EC, was used to establish the relationship between 
the two measurements. 

The results of the study showed significant variations in TDS levels across the 
three sampling locations throughout the year. AK2, being the oldest operational 
intake, exhibited higher TDS levels compared to the other sites, with notable 
fluctuations. The proximity of AK2 to the shore and potential external activities 
or effluent discharge from nearby plants could contribute to the observed insta-
bility. AK3, located close to AK2, displayed similar TDS trends but with rela-
tively lower levels. The RO1 intake, situated at a greater distance, showed slightly 
different behavior, with higher average TDS levels, possibly influenced by sea-
water currents and disturbances from infrastructure activities. 

The analysis demonstrated a strong correlation between EC and TDS mea-
surements, with EC serving as a reliable estimation of TDS levels. However, it is 
important to note that EC may not accurately reflect non-ionic dissolved sub-
stances and organic compounds, which can contribute to high TDS levels. 
Therefore, additional methods, such as gravimetric analysis, should be employed 
to confirm TDS measurements and ensure accuracy. 

The findings of this study provide valuable insights into the water quality of 
the Al-Khobar desalination production system. The information can be utilized to 
improve monitoring and management practices, guide decision-making processes 
related to water treatment strategies, and assess environmental impacts. By un-
derstanding the sources and variations of TDS levels, appropriate measures can 
be implemented to maintain optimal water quality and ensure the efficient oper-
ation of the desalination production system.  
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