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where appropriate, by certain effects; (b) by its original purity, 
both characteristics having been preserved intact because of 
the underground origin of such water, which has been protected 
from all risk of pollution.” (Directive 2009). In hydrogeology, 
the currently generally accepted classifi cation factor for water 
is also its mineralisation. On this basis groundwater is divided 
into three groups (Nawrocki 2010): 

–  mineral waters, in which total mineralisation is more 
than 1000 mg/L, 

–  acratopegae with mineralisation within the limits 
500–1000 mg/L, 

–  natural and fresh waters, containing less than 500 mg of 
mineral salts per litre. 

Natural groundwater with desirable biological-chemical 
properties which is extracted and brought to the surface 
via an underground borehole must be protected against 
pollution. In Poland, water which is intended for drinking 
and sold in packaging as natural water should comply with 
the requirements of the regulation of the Minister of Health 
of 31 March 2011 (Regulation 2011). In accordance with 
that regulation, natural waters are classifi ed into water, 
mineral waters, spring waters and table waters. Often there 
is a need to improve the taste of mineral water before 
bottling by reducing the sulphate ion content. It has been 
discovered that the use of nanofi ltration (NF) is a suitable 
method for doing this. Nanofi ltration is considered to be 
a most promising technique for the production of high 
quality water and many examples of its use exist, especially 
in the drinking water industry. However, papers on mineral 
water modifi cation using NF process are still not available. 
Therefore, the application of NF to mineral water treatment 
can be recognized as a new aspect and worth of investigation. 
Impurities that are removed include dissolved solids such 
as inorganic ions, organic carbon, and different kinds of 
organic compounds. NF techniques are mostly used to soften 
and remove organic compounds from surface and brackish 
water. NF membranes are characterised by a high retention of 
bivalent ions, while the retention of monovalent ions is limited. 
They are usually polyamide-based, thin-fi lm composite 
structures, relatively close in chemical structure to reverse 
osmosis (RO) membranes. Their pore size is 0.5–1.5 nm, 
ranging between that of ultrafi ltration and RO membranes 
(Burn et al. 2015). Rejection from NF membranes may be 
attributed to a combination of steric, Donnan, dielectric and 
transport effects. The transport of neutral solutes is via the 
steric mechanism (size based exclusion) and has been well 

established through numerous studies of NF membranes 
(Burn et al. 2015). The classical Donnan effect describes 
the equilibria and membrane potential interactions between 
a charged species and the interface of the charged membrane 
(Burn et al. 2015). The membrane charge originates from the 
dissociation of ionisable groups at the membrane surface and 
from within the membrane pore structure (Ernst et al. 2000). 
These groups may be acidic or basic in nature or indeed 
a combination of both depending on the specifi c materials 
used during the fabrication process. The dissociation of 
these surface groups is strongly infl uenced by the pH of 
the contacting solution and when the membrane surface 
chemistry is amphoteric in nature, the membrane may exhibit 
an isoelectric point at a specifi c pH (Burn et al. 2015). In 
addition to the ionisable surface groups, NF membranes 
have a weak ion-exchange capacity and in some cases ions 
from the contacting solution may adsorb onto the membrane 
surface causing a slight modifi cation to the membrane charge 
(Schaep and Vandecasteele 2001).

The aim of the study was to modify the physicochemical 
properties of mineral waters intended for bottling. The research 
work proceeded in the direction of determining the possibility 
of reducing the sulphate ion content in mineral waters to the 
extent necessary to improve them in terms of water taste. 
The assumption is that the nanofi ltration process (NF) can be 
used to reduce the salt content and obtain a product, and that 
this process could contribute to an reduction in water TDS, 
including, fi rst of all, the bivalent ions: Ca2+, Mg2+, Ba2+, Sr2+, 
Mn2+ and SO4

2- (by approximately 80%). An important step 
in the proposal to identify processes to modify the water’s 
organoleptic properties is the removal of hydrogen sulphide, 
because this has an infl uence on creating an unacceptable smell 
in the water. It was assumed that the procedure used would 
produce mineral water with reduced content of H2S and SO4

2- 
ions. The aim of this procedure was to obtain water with greatly 
altered taste values. A diagram of the proposed procedure is 
shown in Fig. 1.

The presented procedure is the proposition for industrial 
applications. The important fi rst step to modify the water’s 
organoleptic properties is the removal of hydrogen sulphide, 
because this has an infl uence on creating an unacceptable 
smell in the water. Next elements of water treatment procedure 
include: water pre-treatment in Ultra/Microfi ltration, next 
– Nanofi ltration as the main process, and fi nal process as the 
mixing of permeates after UF/MF and NF processes, to obtain 
adequate to the needs water composition.
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Fig. 1. Proposed scheme for the treatment of the mineral water analysed
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Studies of the membrane surface 
and the composition of the membrane deposits
Based on the morphological assessment of deposits in the SEM 
image and the chemical composition of the deposits crystallised 
on the NF-270 membrane, the presence of gypsum (CaSO4 
2H2O) crystals was detected. In fact, multiple aggregations of 
the minerals are visible on microscopic images of the NF-270 
membrane in place of a background of the membrane itself 
(Fig. 5a). In some micro-areas, these aggregations have the 
form of a solid layer (Fig. 6b). There are no elements other 
than those characteristic of gypsum (Ca, S and O) in spectra 
showing the chemical composition (Fig. 5b). In fact, during 
the test procedures antiscalant was not used to prevent gypsum 
precipitation and probably it could be needed when the water 
treatment process would be realised in long-term operations.

Deposits of a different character were found on the 
NF-DK membrane. Orange-brown compounds are present 
here. In microscopic images, aggregations of iron and 
aluminium oxide/hydroxide grains can be observed on the 
membrane surface (Figs. 6a–c). These aggregations build up 
on the membrane surface (Fig. 6). Photomicrographs of the 
crystallised compounds show their very fi ne grain sizes and 
irregular shapes. An elevated sulphur content was found in 
some micro-areas (Fig. 6b), which is most probably related to 

the crystallisation of iron and aluminium sulphates. No gypsum 
deposits were found, however.

The analysis of retention levels of calcium and sulphate 
ions (Tables 3 and 4) demonstrated that slightly better results 
were obtained using the NF-270 membrane. However, in 
this case the intensive concentration polarisation process 
could have affected the precipitation of gypsum crystals 
on the membrane surface. The character of the resulting 
secondary minerals could also have been affected by factors 
resulting from membrane characteristics (Table 1) and the 
mass transport mechanism. The differences are in the case 
of membrane materials, polyamide (NF-DK) and polyamide 
thin-fi lm composite (NF-270), and also with respect to 
molecular weight cut-off. When the study results are viewed 
in the context of permeate fl ow changes over time (as shown 
in Figs. 3 and 4), it can be unequivocally stated that the 
NF-270 membrane exhibits better performance at all stages 
of the experiment (at pressures of 0.8, 1.0 and 1.2 MPa), but 
this performance tends to decrease over time. Nanofi ltration 
using the NF-DK membrane was ca. 30% less effi cient, but 
the process was more stable. This fact was also refl ected 
in the characteristics seen in the microscope images of the 
membranes with the result of crystal precipitation on the 
membrane NF-270.

 

Fig. 5. SEM-EDS images of the NF-270 membrane surface in membrane autopsy, revealing the formation of gypsum scale






