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ABSTRACT

Using membrane processes, especially reverse osmosis (RO), to concentrate geothermal waters can
provide to obtain good quality new products, such as useful concentrates and permeates possible
to use as drinking waters. Natural water, which possesses curative parameters, can be concentrated
using membrane processes to produce curative solutions or crystalline salts used for healing baths or
inhalations. Concentrates can also be a valuable resource for production metals, chemicals, and also
magnesium, calcium, potassium and sodium salts or other products for cosmetology industry. The
aim of this work was to present the results of the research oriented towards examine the influence of
recovery value of geothermal water on the quality of concentrate obtained by means of RO process.
The survey was carried out on the example of two geothermal waters extracted from wells located in
Poland area, which exhibit elevated concentrations of major ions, silica and other components signifi-
cant for therapeutic industry. RO processes conducted in laboratory scale have allowed for a detailed
recognition of the influence of the concentrate volume minimization, in adopted process parameters
of permeate recovery (50% and 75%), on theirs composition. The research indicate that minimization
of concentrates volume caused significant elevation of content of the desired (in some cases also unde-
sired) components, and consequently this concentrates can be a potential source of mineral solutions

applied in different industries, among others balneology or cosmetics industry.
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1. Introduction

Reverse osmosis (RO), as one of membrane processes,
is well-known technology increasingly applied for provid-
ing fresh drinking water around the world and in tertiary
wastewater treatment, due to high efficiency, low energy
consumptions and other improvements in energy recovery
systems made over past years [1-4]. Moreover, RO technol-
ogy is becoming a useful method of desalination geothermal
waters which often contain elevated concentrations of spe-
cific macro and microelements potentially valuable for reuse.
Using membrane processes, especially RO, to concentrate

* Corresponding author.

geothermal waters can provide good quality new products,
such as permeates having the possibility to be used as drink-
ing waters and also valuable concentrates [5-9]. Optimal
selection of process parameters and recovery values of
permeates and concentrates will directly influence on their
composition and possible comprehensive further reuse. The
technology is struggling with a number of challenges conse-
quent on the ever-increasing efficiency demand in parallel
with environmental-friendly management of the produced
concentrates, also called as retentates or brines [10-12]. RO
concentrates are conventionally treated as waste and are
disposed of by several means, to surface waters, sewers,
via deep injection, disposal in evaporation ponds and land
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application of concentrate [12-14]. Concentrate management
remains as one of main problems and limitations of this tech-
nology considering restricted or expensive available options
of its disposal [15]. Untreated or improperly managed con-
centrate can result in negative environmental effects, due to
high salinity, and in some cases also emerging contaminants
contained in it [16-18]. However recently, RO retentates are
also considered as a valuable resource for production min-
eral salts [15,19] or solutions, metals [20], precious chemicals
[21] and other products for cosmetology, balneology and
other industries [22]. Nearly all of the dissolved solids in the
geothermal water (mainly NaCl) are retained in the concen-
trate. Retentate utilization and management is getting more
and more attention in desalination process. In principle,
concentrate utilization is redirected to recovering valuable
components or further reuse [23]. NaCl is one of the most
important material widely used in industry, among others
in soda and chlor-alkali industry [24]. Consequently, despite
of ecology and economy matter [25], reuse of salts retained
in concentrates is a perspective to be resolved [24,26]. The
suitable hydro-geochemical composition of recovery geo-
thermal water concentrates will strictly determine applica-
ble management and reuse. The use of antiscalants in the
desalination processes will have a significant impact on the
way the concentrates are managed and reused [23,27,28].
Additionally, curative properties of natural geothermal
water can be concentrated by the use of membrane processes
to produce curative solution or crystalline salt used for ther-
apeutic treatments [29] and in cosmetic industry. The pos-
itive impact of the water on health aspects and well-being
was observed centuries ago. The high content of dissolved
elements and chemical compounds in geothermal waters
positively affects the condition of the skin and alleviates the
symptoms of dermatological diseases. Leading producers of
cosmetics that are created on the basis of geothermal waters
ensure that these products have soothing, softening and
calming effect on the skin, strengthen the natural protective
functions of the skin and help it fight the signs of aging. The
most recognizable concerns producing cosmetics based on
geothermal waters are Avene, La Roche Posay, Vichy and
Blue Lagoon [30-32].

The work presents the results of the assay oriented
towards the examination of the influence of recovery value
of geothermal water on the quality of concentrate obtained
by means of RO process. The survey was carried out on the
example of geothermal waters extracted from wells located
in Poland area. These waters exhibit elevated concentra-
tions of magnesium, potassium, sodium, sulphates, silica
and other components significant for therapeutic industry.
RO processes conducted in laboratory scale have allowed
for a detailed recognition of the influence of the concen-
trate volume minimization, in adopted process parameters
of desalination, on their composition. The research was
established for 50% and 75% permeate recovery.

2. Methodology and materials
2.1. Geothermal waters characteristic

Two geothermal waters (GT) obtained from wells located
in the Poland area were used for tests and thus analyzed for

selected physico-chemical parameters. The first geothermal
water (GT-1) characterized with high total dissolved solids
(TDS) (2.4 g L), silica concentration (80 mg SiO, L), and
also elevated content of calcium (194 mg L), magnesium
(41mgL™), sulphates (854 mg SO, L), chlorides (488 mg CIL™),
sodium (489 mg Na L™) and other micro and macronutrients.
GT-1 was established as SO,~Cl-Na-Ca hydrogeochemical
type, according to the Szczukariew-Priklonski classifica-
tion. The second geothermal water (GT-2) had visibly higher
concentration of TDS (6 g L™), however had lower content
of silica (35 mg SiO, L), calcium (125 mg L), magnesium
(21 mg L), sulphates (83 mg SO, L™, almost 11 times lower
than GT-1), chlorides (3.5 g Cl L, almost 7 times higher
than GT-1), sodium (2.2 g Na L7, almost 5 times higher than
GT-1) and possessed Cl-Na hydro-geochemical type. In all
conducted tests, the temperature of both GT-1 and GT-2 was
22°C. The electrical conductivity (EC), pH and temperature
value of raw geothermal waters and concentrates were deter-
mined directly after RO processes in the laboratory using the
electrometric method. The temperature was kept constant
at a value of 22°C in order to carry out tests at a tempera-
ture similar to that geothermal water possesses after cascade
use. The detailed physico-chemical characteristics of raw
geothermal waters and concentrates were established, using
inductively coupled plasma mass spectrometry (ICP-MS),
inductively coupled plasma optical emission spectrometry
(ICP-OES) and titration method (for chloride ions, in accor-
dance with accredited testing procedures), in the accredited
laboratory in accordance with international standards.

2.2. Apparatus

The tests were conducted in the laboratory scale with the
use of one-step desalination RO system using the stirred cell
device, in the high-pressure version operated in the dead-end
mode utilizing a particular membrane and two geothermal
waters (GT-1 and GT-2). The raw GT-1 and GT-2 were placed
in the stirred cell under the established pressure. RO process
divided the inflow from cell stream into two separate ones:
(1) a permeate — a part of the feed water, which permeated
through the membrane surface, flew out through permeate
outlet and was collected in a vessel, and (2) a concentrate
— a part of the feed water, which did not pass through the
membrane, which retained in cell and contained rejected
dissolved compounds. More detailed description of the
apparatus and methodology can be found in the previous
authors works [33,34].

Both processes, with GT-1 and GT-2, were conducted until
50% and 75% recovery of feed water (50% of permeate and
50% of concentrate and also 75% of permeate and 25% of con-
centrate in relation to raw water volume) was obtained. The
RO process was carried out at the transmembrane pressure of
15 bar. Due to the specified further use of obtained permeates
and concentrates, the tests proceeded without addition of any
chemicals. During all tests, temperature of feed waters was
maintained stable and amounted 22°C. The temperature was
stabilized at a given level by applying a heat exchanger. The
accuracy of temperature measurement was 0.5°C and oscil-
lated in the scope of measurement error. RO processes were
carried out to obtain specified value of recovery of permeate
with measurement of the time required to gain each additional
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5 mL of permeate. The accuracy of the volume measurement
was 0.5 mL. A schematic diagram of the RO system applied in
dead-end mode is presented in Fig. 1.

The DOW FILMTEC™ RO membrane, commercially
marked as ROBW30HR-440i DOW FILMTEC™, was cho-
sen for the tests. The membrane characteristic is shown in
Table 1. The membrane was conditioned right before tests by
filtration (RO process) of deionized water.

2.3. Analysis method

To analyze the quality of raw waters and concentrates
obtained after RO processes, especially the difference
between them, a detailed characteristics of the content of
inorganic components were specified and retention coeffi-
cients R(%) were calculated based on the following formula:
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Fig. 1. Scheme of apparatus applied in both reverse osmosis
processes (1, safety valve; 2, top cover; 3, pressure cylinder; 4,
magnetic stirrer; 5, membrane; 6, perforated plate; 7, lower cover;
8, gasket; 9, gas supply and 10, permeate discharge).

where R - retention coefficient (%); C, — concentration of
particular parameter in concentrate (mg L™); C —concentration
of particular parameter in raw water (mg L7).

3. Results and discussion
3.1. Results of geothermal waters concentration

The detailed chemical and physical parameters of raw
geothermal waters and concentrates after both RO processes
with 50% and 75% recovery are shown in Table 2. In ref-
erence to the results of the research, it can be noticed that
values of most of the selected parameters, including major
cations (calcium, magnesium, potassium and sodium), major
anions (bicarbonates, chlorides and sulphates) and other,
inter alia silica which is one of the pharmaco-dynamic factors
[36], have increased in varying amounts. The specific physi-
co-chemical composition of feed geothermal water, applied
treatment technology and process parameters determine the
possible reuse of gained concentrates. Raw geothermal water,
marked as GT-1, is characterized with elevated concentration
of major anions, cations and silica — its value exceeded 70 mg
H,SiO, L™ [36]. The TDS of raw GT-2 water was three times
higher than for GT-1, similar tendency was observed in RO
concentrates after the process with 50% of recovery, however
after the process with 75% recovery this difference decreases
to 2.5 times. Moreover, pH value of raw GT-1 was 6.80 and
increase in the GT-1 RO concentrate up to 6.86 for the process
with 50% recovery and up to 7.33 for 75% recovery. For GT-2,

Table 1
Characteristic of selected membrane [35]

Parameter BW30HR-440i

Material Polyamide thin-film composite
Maximum operating

temperature (°C) 45

pH operating range 2-11 (continuous operation)
Maximum operating

pressure (MPa) 41

Minimum salt rejection 99.40%

Stabilized salt rejection 99.70%

Stabilized NO- rejection 98.50%

Stabilized SiO, rejection 99.90%

Stabilized boron rejection 83.00%

Application Designed to purify water with
high-performance and
productivity; high rejection
brackish water RO element
combining the highest
active membrane area
available in the industry
today; membrane sheet
sustains maximum rejection
over the working time of the
RO element of critical sol-
utes, including silica, boron,
ammonium and nitrate
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Table 2
Physico-chemical parameters of raw waters and RO streams
Parameter GT-1 GT-2
Raw water GT-1 GT-150%/50%* GT-175%/25%° Raw water GT-2 GT-2 50%/50%" GT-275%/25%"
RO concentrate RO concentrate RO concentrate RO concentrate
Mineralization (mg L) 2,587.70 4,285.40 6,423.00 6,251.20 10,819.10 15,498.10
TDS (mg L) 2,416.10 3,989.50 6,016.00 6,086.00 10,539.30 15,169.60
H-G type© S0,-Cl-Na-Ca SO, Cl-Na-Ca SO,-Cl-Na-Ca Cl-Na Cl-Na Cl-Na
EC? (mS cm™) 3.35 5.33 7.38 10.74 224 22.5
pH 6.80 6.86 7.33 6.97 7.32 7.44
Na* (mg L™) 488.68 831.38 1,248.28 2,132.31 3,702.02 5,627.00
K" (mg L™) 47.64 81.05 125.11 19.88 37.37 47.44
Ca? (mg L7) 194.10 347.93 479.60 125.61 209.63 286.50
Mg* (mg L7) 41.58 72.41 102.20 22.60 39.02 47.85
Cl (mg L) 487.90 843.40 1,367.00 3,485.00 6,044.00 8,568.00
SO (mg L™) 854.71 1,319.94 2,009.01 83.12 143.42 165.68
HCO; (mgL™) 343.30 591.80 814.10 330.40 559.60 657.00
H_SiO, (mg L™) 79.43 132.62 188.94 37.49 48.81 59.74
I (mg L) 0.10 0.26 0.16 0.31 0.28 0.07
Li** (mg L) 1.14 2.01 3.08 0.18 0.29 0.37
Fe* (mg L) 0.23 0.03 0.24 1.64 1.97 0.64
Sr* (mg L) 6.24 10.87 15.12 5.04 8.59 11.43
Mn? (mg L) 0.005 0.008 0.007 0.042 0.071 0.082
Ba* (mg L) 0.044 0.084 0.093 0.099 0.146 0.163
As* (mg L) 0.002 0.020 0.011 0.014 0.019 0.011
Sb* (mg L) 0.0004 0.0011 0.0007 0.0002 0.0004 0.0002
Cr** (mg L) 0.019 0.029 0.019 0.039 0.053 0.041

*50% permeate and 50% concentrate.
*75% permeate and 25% concentrate.

‘Hydro-geochemical (H-G) type according to the Szczukariew-Priklonski classification.

“Electrical conductivity.

this value increases from 6.97 to 7.32 and 7.44, respectively.
The composition of gained concentrates determines possible
reuse. To analyze the changes in selected physico-chemical
parameters and consequently the quality of gained concen-
trates, detailed characteristics of the content of the inorganic
components were identified and based on that the retention
coefficients were calculated. Table 3 presents the calculated
values of retention coefficients for both GT-1 and GT-2 RO
concentrates.

The results of the experiments indicated that after the
tests with 50% permeate recovery for both waters was
observed quite high retention of major ions, metasilicic acid
and lithium. The average value of the retention coefficients
for mentioned ions oscillates around 70% for both waters.
The exceptions were identified for sulphates, iron, antimony,
chromium and iodide ions, for which low values of reten-
tion coefficients were calculated, even negative ones. In the
case of iron, the decrease of its content was caused by that
iron colloids precipitated from the retentate and settle on
the membrane surface, so it is necessary to implement iron
removal before applying the membrane process. Regarding
iodides, it should be noted that the content in the raw water
was very low, and as a result of concentration cannot be
excluded that some of the iodides vanished, what caused

the identified decrease. Moreover, due to the low content
of iodides (close to the limit of quantification) and the high
concentration of dissolved solids (over 1,000 mg L) the
uncertainty of measurements increases and the precision of
determination of these element decreases [37]. For GT-1, the
water concentrate retention coefficients of iodide and barium
ions were amounted about 165% and 92%, respectively. For
GT-2 concentrate, for more than half of selected parameters
the retention rates were slightly lower than for GT-1 and var-
ies up to 88%, only few of them exceeded 70%. To elevate
concentrations of desired ions in retentates, for further tests
higher value of permeate recovery (75%) was applied. It was
provided to increase process efficiency, potential reuse of
permeates as drinking or industrial water, and also to expand
possible concentrates reuse in different industries, among
others balneology or cosmetology. The results presented in
Tables 2 and 3 indicated that, for 75% permeate recovery,
concentration of most parameters in both concentrates sig-
nificantly increased compared with the processes with 50%
permeate recovery. The most visible changes were observed
for major mono- and divalent ions. Monovalent major cat-
ions retention coefficients in GT-1 concentrate increased
more than two times (up to about 160%), whereas this val-
ues raised in GT-2 retentate more than two times only for K*.



254

Table 3
Retention coefficients established for GT-1 and GT-2 concentrates
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Parameter GT-1

GT-2

Retention coefficient
for GT-1 concentrate
(permeate recovery 50%)

Retention coefficient
for GT-1 concentrate
(permeate recovery 75%)

Retention coefficient Retention coefficient

for GT-2 concentrate for GT-2 concentrate

(permeate recovery 50%)  (permeate recovery 75%)

R(%) R(%) R(%) R(%)

Mineralization 66 148 73 148
Na* 70 155 74 164
K* 70 163 88 139
Ca?> 79 147 67 128
Mg?* 74 146 73 112
Cl- 73 180 73 146
SO 54 135 73 99
HCO; 72 137 69 99
H,SiO, 67 138 69 107
I- 165 61 -8 -78
Li* 76 171 64 109
Fe? -85 5 20 -61
Sr2 74 142 70 126
Mn? 64 33 70 96
Ba* 92 114 48 65
As* 727 348 35 =21
Sb3 146 52 76 -5
Cr¥ 55 5 35 6

For divalent cations, among others Mg?* and Ca*, retention
coefficients were amounted around 145% for GT-1 and 118%
for GT-2. Elevation of concentrate compaction caused signifi-
cant increase of SOZ” in GT-1 concentrate (from 54% to 135%);
however, in GT-2 this value changed only from 73% to 99%.
Rising the permeate recovery value caused in lower retention
of I (more than 2 times up to 61%), Mn*" (about 2 times up
to 33%) in GT-1 concentrate and visible decrease of I~ (almost
10 times), Fe** (about 4 times) in GT-2 retentate. The results
indicated that for higher permeate recovery retention coef-
ficients of most selected parameters in concentrates signifi-
cantly increased, even doubled its value or more, especially
this tendency was observed for major ions. The results of the
experiments indicated that for GT-1 the maximum rejection
of salts (97%), boron (72%) and SiO, (97%) were established
for the process with 75% permeate recovery (which corre-
sponds with retention coefficients in concentrates) and these
values are close to maximum rejection values presented by
manufacturer for given membrane (Table 1). Similar ten-
dency was observed for GT-2 water (except boron), for which
maximum rejection values of salts, boron and SiO, amounted
94%, 36% and 95%, respectively.

In order to assess possible concentrates reuse for thera-
peutic treatments, ca. the concentration of metasilicic acid
was evaluated. The high retention of this compound was
identified in GT-1 and GT-2 concentrates, for 50% of recov-
ery, respectively, 67% and 69%. For higher concentrate
compaction, the permeate recovery level has been elevated
from 50% to 75% which consequently resulted in an increase
in the value of the coefficient up to 138% for GT-1 and to

107% for GT-2. Moreover, based on Table 2 can be noticed
that concentration of metasilicic acid for GT-1 increased from
79.43 to 132.62 and 188.94 mg L' for, respectively, 50% and
75% permeate recovery. Whereas, for GT-2 retentate concen-
tration of this ion also slightly increased from 37.49 to 48.81
and 59.74 mg L. The elevation of permeate recovery rate
allowed for greater recovery of desired ions from raw geo-
thermal waters. Specific ions, inter alia, metasilicic acid can
determine the medicinal property of brine, including useful-
ness in therapeutic treatment. No additional chemicals were
applied, water was only concentrated and the composition
has not been changed through chemical processes, so RO
concentrates can be considered as natural water and poten-
tially classified as therapeutic water. According to classifi-
cation of therapeutic groundwaters (created based on their
pharmaco-dynamic factors) [36] both raw GT-1 water and
GT-1 concentrates can be potentially classified as therapeutic
waters because the content of metasilicic acid significantly
exceeded 70 mg L (threshold value for therapeutic waters),
however for GT-2 water and its concentrates concentration
of this parameter did not exceeded 70 mg L~ (even after
substantial minimization of concentrate volume). The con-
centrate volume minimization allowed for greater recov-
ery of major ions, metasilicic acid, lithium, strontium and
manganese from desalinated water. Moreover, based on
the results presented in Tables 2 and 3 it can be concluded
that both raw waters and RO concentrates (especially GT-2
concentrates) can be regarded as a valuable resource for
production of mineral solution, because of high content of
sodium ions and chlorides. Gained RO retentates can also
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potentially be a source of other products for industry, espe-
cially cosmetology and balneology. After application of RO
process with 75% permeate recovery, almost all of the dis-
solved solids from the feed water remained in the gained
concentrates. Moreover, for the GT-2 water, visibly higher
mineralization and content of major ions are observed in gen-
erated concentrates. The issues regarding the possibility of
comprehensive further reuse, obtaining mineral substances,
ions, salt, metals and managing of concentrates, including
RO streams, are the subject of many studies. Rioyo et al. [15]
showed that the integration of an intermediate ‘high-pH
precipitation treatment’ between subsequent RO stages can
increase the salt recovery and minimize the volume of con-
centrate. It is accomplished by treated RO concentrate with
different alkaline reagents, resulting in significant removal of
scale-forming precursors (e.g., magnesium, calcium, stron-
tium and barium), by softening RO concentrate with lime
and soda ash, by pH re-adjustment, and by antiscalant addi-
tion. As a consequence, permeate recovery can be increased
up to 97% [15]. Joo and Tansel [16] indicate that RO concen-
trates usually are problematic to utilization. Using hybrid
processes or integrated different membrane processes can be
an effective method to enhancing overall recovery rate, even
moving towards near-zero discharge [16]. Jeppesen et al. [20]
also emphasize that removal of some elements can have ben-
eficial effect on the environment (e.g., phosphorus), whereas
extraction of sodium chloride or rubidium can be econom-
ically viable and can increase profitability of process. Also
indicate that adoption of zero-liquid discharge desalination
systems can reduce environmental effects associated with
RO concentrate management and allow extraction of mineral
by-products from concentrate [20]. Tang et al. [21] proposed
a hybrid process (three-step NF-NF-DiaNF) to selectively
separating divalent ions from raw water in cost-effective
fashion for further reuse of gained products and for con-
centrate volume minimization [21]. Kim [26] has reviewed
different techniques for salt recovery for concentrate and
indicated that suitable technique selection for salt recovery
requires taking into account several parameters, such as geo-
logical, hydrogeological, climatic and economic [26]. Naidu
et al. [38] investigated wastewater RO concentrate treatment
methods for potential water reuse. They tested membrane
distillation as a treatment option for wastewater RO concen-
trates for water production, selective ion precipitation and
as consequence promising zero-liquid discharge technique.
They gained similar results for ion rejection and permeate
flux decline.

Apart from the larger recovery of the particular compo-
nents gained by increasing the value of permeate recovery
rate (up to 75%), an important factor affecting the efficiency
of the desalination process (e.g., RO) is the flow rate of the
permeate in time. The processes desalinating GT-1 water pro-
ceeded with slightly decrease in the permeate flux in time
(Fig. 2). For the process with 50% of permeate recovery this
value decreases from 82% to 73% in the final phase of the test,
whereas for 75% permeate recovery this value changes from
59% to 43%. The process with the use of GT-2 water and with
50% recovery of feed water proceeded with a significantly
lower efficiency of permeate flux than for the GT-1 water
(Fig. 3). Similar tendency was observed for the process with
75% of permeate recovery, where permeate flux decreased
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Fig. 2. Changes of permeate flux during RO processes of first
geothermal water (GT-1) with 50% and 75% permeate recovery.
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Fig. 3. Changes of permeate flux during RO processes of first
geothermal water (GT-2) with 50% and 75% permeate recovery.

from 48% to 18% in the final phase. Despite such a signifi-
cant increase in retention coefficients for most of considered
ions in concentrates obtained from the processes with 75%
permeate recovery, the efficiency of the process will strictly
depend on the occurring decrease in permeate flux efficiency
over time caused by scaling phenomenon. Figs. 2 and 3 show
the change in relative permeate flux J/J, (J - volumetric flux of
permeate, ], — volumetric flux of deionized water) with time
during processes.

Additionally, the quantity of undesirable and toxic
components, among other heavy metals such as chromium
and lead, in desalination concentrates may exceed highest
acceptable concentrations or discharge limits and thus it can
restrain possible management or reuse of retentates, because
of its disadvantageous influence on the environment and
non-compliance with legal requirements.

3.2. Concentrates as useful products in therapeutic treatments

The assessment of the possibility of reuse of the gained
concentrates, which is based on experimental data can
potentially be regarded as useful products in therapeutic
treatments (e.g., in health baths), in the case of Poland area
requires the assessment in order to meet the requirements
of the Regulation of the Minister of Health [39]. The high-
est acceptable amounts of undesirable and toxic components
in therapeutic waters, in reference to their concentrations in
tested raw waters, GT-1 and GT-2 concentrates are shown
in Table 4. Based on gained experimental data, a particular-
ized comparison of the admissible concentration of unde-
sired components in relation to the therapeutic waters, used
for example as drinking water, inhalation and external use
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Table 4

Concentration of undesirable constituents in obtained concentrates, according to regulation of Minister of Health (MH) [39]

GT-=2

GT-1

Highest acceptable concentrations of
undesirable components according to

Parameter

regulation of Minister of Health

GT-2 RO Concentrate
(permeate recovery
75%) (mg L)

0.004

0.0001

0.0001

0.0003

0.005

0.041

1.39

GT-2raw  GT-2 RO concentrate

GT-1 RO concentrate
(permeate recovery
75%) (mg L™)

0.003

0.0001

0.0001

0.0003

0.008

0.019

GT-1raw  GT-1 RO concentrate

External use
(mgL™)

Inhalations

(mg L)

Drinking

(permeate recovery
50%) (mg L)

0.003

water

(permeate recovery
50%) (mg L)

0.005

water

treatments
(mgL™)
0.03

0.01
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(mg L)
0.002

(mg L)
0.001

0.03
0.01

Ni

0.0001
0.0001
0.0003
0.005
0.053
0.58

0.0001
0.0001
0.0003
0.005
0.039
0.35

0.0001
0.0001
0.0003
0.009
0.029

0.0001
0.0001
0.0003
0.008
0.019
9.76

Pb

0.001 0.001

Hg

0.003
0.1

0.003
0.1

Cd

Al

0.01

0.01
5.00
0.05
0.01
1.0

Cr

16.74
0.011

12.14
0.020

30.00
0.1

0.011

0.019

0.014

0.002

As

0.0002
0.163

0.0002 0.0004
0.146

0.099

0.0007
0.093

0.0011
0.084

0.0004
0.044

0.01
10.0

Sb
Ba

water showed that, in GT-1 raw waters and both concen-
trates, content of boron exceeded permissible value to use
them for drinking water therapy and inhalations. Moreover,
in both GT-1 and GT-2, raw waters and their concentrates
content of chromium also exceeded permissible content and
they could not be used in drinking water therapy and inha-
lations. The permissible concentration of chromium indica-
tor is 0.01 mg L7, while content of chromium in GT-1 RO
concentrate after the process with 50% permeate recovery
exceeded permissible value about three times, while after the
process with 75% recovery only two times (as in the case of
raw GT-1 water). For boron, similar tendency was observed,
its value exceeded acceptable amount two times in raw water
and in GT-1 concentrate (50% permeate recovery), whereas
for second GT-1 concentrate exceeded more than three times.
The results of the tests conducted with GT-2 revealed that
because of chromium content in raw GT-2 water and its con-
centrates, which exceeded four times established standard
in GT-2 raw water and concentrate (after the process with
75% recovery) and five times in second concentrate, cannot
be used in drinking water treatments and inhalations. The
results indicated that all concentrates could potentially be
used in external treatment therapy or they could be a source
of a number of valuable substances, among others therapeu-
tic salts and also as a source product for cosmetics produc-
tion and balneology industry. Minimizing the volume of the
obtained concentrates did not limit the possibility of their
use, both for GT-1 and GT-2 water, in accordance with the
regulations of the Minister of Health.

4. Summary and conclusions

The aim of this work was to present the results of the
assay oriented towards the examination of the influence of
minimization of the geothermal water concentrate, obtained
by means of RO process, on their quality and possibilities of
further multi-variant reuse. The tests were conducted based
on two geothermal waters extracted from wells located in
Poland area. Naturally they exhibit elevated concentrations
of main ions and other components, which can be valuable
for therapeutic industry. RO processes conducted in labora-
tory scale have allowed for a detailed recognition of the influ-
ence of the concentrate volume minimization, in adopted
process parameters of desalination, on theirs composition.
The presented results indicated that minimization of con-
centrate volume can be a promising solution for treatment
of cooled, previously used for heating geothermal waters in
order to gain products useful for different branch of indus-
try. The study results revealed that concentrates gained from
RO tests with 75% recovery of permeate are characterized
with significantly higher value of TDS than for the tests with
50% permeate recovery. Generally, the assay has shown that
growth in permeate recovery from 50% to 75% influences on
the value of retention coefficients of specific physico-chemical
parameters. The process with 75% permeate recovery allowed
to gain additionally higher concentrated product, for most of
the parameters, values of retention coefficients have been at
least doubled.

The processes of desalinating GT-1 and GT-2 geother-
mal waters with 75% permeate recovery proceeded with
slightly significant decrease in permeate flux with time
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compared with processes with 50% of permeate recovery.
For GT-1 numbers varies from 82% to 73% for 50% recovery
and from 59% to 43% for 75% permeate recovery, whereas
for GT-2 smaller differences were observed. The permeate
flux changes between 45% and 25% for the process with 50%
recovery and from 48% to 18% for 75% permeate recovery.
Additionally, the assessment of the possibility of using
the concentrates as therapeutic products in Poland area
was made on the basis of applicable legal regulations. The
results of the research showed that in GT-1 and GT-2 con-
centrates, regardless of the level of permeate recovery, con-
tent of chromium and boron (only for GT-1 concentrates)
exceeded permissible level for drinking therapeutic treat-
ment and inhalations. Generally, the research showed that all
concentrates can be used for external treatments, for exam-
ple, balneological treatments, sanitary bath and recreational
pools. However, due to the visibly higher value of retention
coefficients of selected parameters, concentrates after process
with 75% are potentially more valuable source of different
minerals, because of significantly higher content of major
ions, silica and other dissolved solids. Elevated concentration
of metasilicic acid (more than 70 mg L™) in GT-1 concentrates
creates opportunities to use them also in the balneology and
cosmetology industry. The research indicates that minimiza-
tion of concentrates volume caused significant elevation of
content of the desired (in some cases also undesired) compo-
nents, and consequently these concentrates can be a potential
source of mineral solutions applied in different industries.
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