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bstract

This research is dedicated to determine the rejection ratios of disinfection by-products (DBPs) precursors including resorcinol, phloroglucinol,
-hydroxybenzoic acid, and tannic acid solution in the presence of calcium by nanofiltration with NF70 membrane. The rejections of these model
ompounds also were studied at various compositions of a feed solution by changing pH and concentrations of model compounds. It was found that
he model compound rejection and membrane permeability increase with pH due to the conformational transformation of ionizable molecules and

lectric interaction between the model compounds and NF70 membrane. The interactions of model compounds with calcium have no significant
ffect on model compounds retentions. Because of the complexation of calcium with model compounds, calcium rejection rises with the presence
f model compounds and with an increase of pH.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Chlorine disinfection is a widely used process for elimi-
ating pathogenic microorganisms from drinking water to pre-
ent water-born diseases. It has been demonstrated that natural
rganic matter (NOM) in raw water may react with chlorine to
orm disinfection by-products (DBPs) which are carcinogenic
r mutagenic. Owen et al. [1] indicates that a large portion of
BPs was formed from the non-humic fraction of NOM, which

s generally more hydrophilic than humic substances and not
asily removed by a traditional coagulation process. A previ-
us study indicated that resorcinol structures in aquatic humic
aterials are the major THM precursor in colored waters [2].
t pH 8.0, the chlorine reacts with resorcinol and phlorogluci-
ol, to achieve the maximum level of chloroform. The results
rom Chaidou et al. [3] reveal that the amount of chloro-
orm is affected by the position of chloro or hydroxyl atoms

n the phenolic compounds, not the number of these atoms.
owever, other studies suggested that aliphatic carboxylic

cids, hydroxybenzoic acids, phenols and pyrrole derivatives

∗ Corresponding author. Tel.: +886 2 23622510; fax: +886 2 23661642.
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e reactive substrates of organic precursors for THM formation
4,5].

In accordance with the Stage 1 Disinfectants/DBP Rule estab-
ished by the US Environmental Protection Agency (USEPA) for
egulating DBPs [6], the maximum contaminant level of total
HMs is limited at 80 �g/L. Other more stringent THMs lim-

tation is found in Germany at 10 �g/L. The European Union
imits chloroform at 30 �g/L. To regulate the formation of DBPs,
he USEPA Information Collection Rule requires that public
ater systems conduct treatment studies with membrane sep-

ration processes (specifically nanofiltration (NF) or reverse
smosis (RO)) or adsorption processes (granular activated car-
on (GAC)) for surface source water with an annual average
otal organic carbon (TOC) concentration greater than 4.0 mg/L
roviding service to more than 100,000 customers, or for ground
ource water with an annual average TOC concentration greater
han 2.0 mg/L providing service to more than 50,000 customers
7].

Amy et al. [8] indicated that the majority of the THM
recursors are present in apparent molecular weight (AMW)

ractions less than l kDa. Jacangelo et al. [9] and Lin et al.
10] reported that because of the high membrane-molecular-
eight-cutoff (MWCO) of the ultrafiltration (UF) system, only
portion of THM with higher molecular weight (MW) frac-
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experiment, a new membrane was used, rinsed with Milli-Q
water, and compacted by filtering Milli-Q water overnight before
starting a filtration test. Recovery was fixed at 6.3%, and filtra-
tion of the feed water containing a model compound was carried

Table 1
Characteristics of the NF70 membrane

Parameter Characteristics

Manufacture Dow-FilmTec
MWCO (Da)a 250
Materials 0.2 �m cross-linked aromatic

polyamide + 0.46 �m polysulfone
Y.-L. Lin et al. / Journal of Hazar

ions can be removed, resulting in a high permeate THM
ield (�g THMs/mg C). NF with a relatively lower MWCO of
00–800 Da was effective in controlling the formation of DBPs
11].

Previous researchers have shown that NF membrane tech-
ology provides very high rejection of NOM in drinking water
reatment [12]. NF may now compete with other NOM treatment
echnologies such as conventional clarification and GAC adsorp-
ion because of simplicity in operation, development of higher
ux membrane with lower fouling potentials, and a trend towards

ower membrane costs [13]. Some researchers have reported that
he membrane process is more cost effective than conventional
reatment processes for small systems with treatment capacities
f less than 20,000 m3/d, or 5 mgd [8,13].

Most organic matters responsible for the formation of major
BP precursors in Taiwan source water are small to medium

ompounds, with a molecular weight of near or less than 1 KDa
14–16]. Only limited research has been done on DBP pre-
ursors with different functional groups of small molecular
romatic compounds and their treatability, especially by nanofil-
ration. Although there were researches conducted in the past to
nvestigate the organic micropollutants in source water, such as
ndocrine disrupting compounds, pharmaceutically active com-
ounds, pesticides, etc., the knowledge of rejection mechanisms
f these compounds is still very limited. For example, Drewes
t al. [17], indicated that low MW organic compounds with
Ws larger than the MWCOs of two tested membranes (200

nd 100 Da, respectively) were detected in the RO permeates.
owever, Najm and Trussel [18] reported that partial rejec-

ion of DBPs (THMs, HAAs, and N-nitrosodi-methylamine)
ith MW below the MWCO of tested membranes. Meanwhile,

here are hardness problems in some areas in Taiwan, which
annot be ameliorated by conventional treatment processes.
ardness in source water may introduce calcium which may

nterfere with the removals of DBPs. The fate of NOM in
ource water may be affected by the following physical chem-
cal processes: binding, transport, and deposition of organic
nd inorganic pollutants [19]. A thorough understanding of
he rejection mechanisms of DBP precursors and performance
f NF membrane is necessary to determine the proper type
f membrane to be used for the removals of DBPs and the
rediction of rejection. Further understanding of the charac-
eristics of DBPs organic precursors with different functional
roups also is helpful in determining their treatability by NF
embranes.
The objectives of this research are to determine the rejection

atios of four model compounds, i.e., resorcinol, phlorogluci-
ol, 3-hydroxybenzoic acid (chosen to represent small molecular
BP precursors with different functional groups and very high
HMFP in surface water) and tannic acid (chosen to represent
edium molecular DBP precursors), as well as to investigate

he simultaneous removals of calcium and the model com-
ounds by nanofiltration. The experiments were carried out

ith various pH values, solute concentrations, and the exis-

ence of calcium. Effects of solute type on filtration and the
ejection mechanisms of the above target compounds also are
tudied.

S
C
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. Materials and methods

.1. Membrane and model compounds

Three model compounds, i.e., phloroglucinol (1,3,5-
rihroxybenzene), resorcinol (1,3-dihydroxybenzene) and 3-
ydroxybenzoic acid, with different functional groups of ben-
ene i.e., carboxylic and phenolic groups, were selected to
epresent small molecular NOM. Tannic acid composing of sig-
ificant amounts of saccharide and aromatic acid compounds
n surface waters was chosen as the fourth model compound
n this study to represents a relatively hydrophilic organic with

edium molecular weight [20–23]. All model compounds were
urchased from Riedel-de Haën. The water samples were pre-
ared using organic-free and de-ionized water (Milli-Q SP). The
OC concentrations for the model compounds were prepared

t 2.0, 5.0 and 8.0 mg/L. The pH levels of the solutions were
djusted within the range between 3 and 10 by the additions of
.1 M hydrochloric acid and sodium hydroxide. Calcium chlo-
ide used as a hardness additive was purchased from Aldrich.

The commercial NF70 membrane produced by Dow-FilmTec
as used in this study. Table 1 summarizes the characteristics
f NF70 membrane.

.2. Filtration tests

A self-designed, cross-flow mode filtration apparatus with a
at-sheet membrane cell was used for the filtration tests. The
xperimental apparatus were made of stainless steel to avoid
ndesirable adsorption of the tested compounds. The effective
embrane area was 46.2 cm2. Fig. 1 is a schematic diagram of

he filtration module used in this study. All experiments were
arried out at a constant temperature (25 ± 1 ◦C) and pressure
0.48 MPa) in a recycle mode, which means that both permeate
nd concentrate were recycled back into the reservoir. The back-
round permeate flux of the membrane was determined initially
y measuring the flux of de-ionized water. The average permeate
ux for NF70 was found to be 2.5 mL/min (9.02 m3/m2 s). Con-

rol experiments also were carried out to determine the degree of
dsorption of target compounds onto the apparatus. The result
hows that adsorption onto the apparatus is negligible. In each
alt rejection (%)b 98
harge (neutral pH) Negative

a Estimated in this study and Van der Bruggen et al. (1999).
b Filtration of 2000 ppm CaSO4 at 0.48 Ma in this study.
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Fig. 1. Schematic diagram of cross-flow nanofiltration experiment setup.

ut for 24 h to avoid over-estimation of rejection [24]. Con-
entrations of the model compounds in the feed, permeate, and
oncentrate were determined by measuring the DOC.

.3. Analytical methods

THMs were analyzed after the chlorination experiment. Chlo-
ination was performed with 0.05 M phosphate buffer (pH 7.0)
nd sodium hypochlorite at 25 ◦C. The chlorine residual was
aintained at 3–5 mg/L after 7 days contact time, and the reac-

ion was quenched after 168 h with a sodium thiosulphate solu-
ion. DOC, pH, and THMs were measured for the water samples,
ollowed by the QA/QC programs included in the Standard

ethods [25]. THMs were extracted with n-pentane, and the
xtract was then analyzed by GC/ECD (HP 5890-II, USA) with
fused silica capillary column (Restek Mtx-5, 30 m × 0.28 mm
D, and 1.0 �m film thickness). Water samples for DOC and
V254 analyses were filtered through a pre-washed 0.45 �m fil-

er and then determined by a TOC instrument (O. I. Analytical
odel 1010, Texas) and UV spectrophotometer (Cintra 20, GBC

f
r
r
a

able 2
hysical/chemical properties of model compounds (Weast, R.C., 1988; this research)

odel compound Resorcinol

olecular formula C6H6O2

olecular weight 110.11
issociation constant (pKa) pK1 9.30

pK2 11.06

olubility in water Soluble

tructural formula

stimation of diffusion coefficient (10−6 cm2/s) 9.942
UVA254 (L/mg m) 0.47
HM/DOC (�g/mg) 377
Materials B137 (2006) 324–331

pecific Equipment Pty Ltd., Australia). The concentration of
alcium was measured with an atomic absorption spectropho-
ometer (AAnalyst 800, PerkinElmer instruments, Germany).
uplicate analyses on each sample were performed in accor-
ance with the QA/QC requirement, and the average of these
wo values was reported. If the difference between the two val-
es was greater than 15%, a third analysis was performed, and
he average of all three values was reported.

. Results and discussion

.1. Effect of solute type on permeate flux at neutral (pH 7)
ondition

Table 2 shows the structures and physical/chemical proper-
ies of model compounds. Experiments were conducted with
our organic compounds in an aqueous solution at the same
ransmembrane pressure (0.48 MPa) and cross-flow velocity
0.30 m/s). The normalized permeate flux for different model
ompounds as a function of time are shown in Fig. 2(a). The
ormalized permeate flux (NPF) is calculated by the following
quation:

PF (%) = PFf

PFi
× 100 (1)

here PFf is the pure water flux with the target compounds after
he membrane filtration test, and PFi is the pure water flux across
new membrane (m3/(m2 h)).

As shown in Fig. 2(a), the fluxes decline rapidly in the pres-
nce of model compounds, especially for those compounds with
arger MW. The system reaches 90% of the initial capacity
fter 20, 6.5 and 1.8 h of the experiment for phloroglucinol, 3-
ydroxybenzoic acid and tannic acid, respectively. As expected,
he quality of permeate flux is the best for tannic acid (Fig. 2(b)).
he concentration of DOC in the permeate increased with time
or resorcinol and phloroglucinol, and the rejection ratios for
esorcinol and phloroglucinol were measured at 79 and 80%,
espectively. The trend of THMFP is similar to that of DOC, i.e.,
bout 98% of THMFP exerted by tannic acid could be removed,

Phloroglucinol 3-Hydroxybenzoic acid Tannic acid

C6H6O3 C7H6O3 C7H6O3

126.11 138.12 1701.24
pK1 8.0 pK1 4.06 –
pK2 9.2 pK2 9.92
pK3 14
Slightly soluble Slightly soluble Soluble

–

9.638 8.859 –
0.67 0.73 11.8
330 70 57
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est (89–94%). This is likely due to its larger molecular size as
compared to the pore radius of NF70 membrane. More ionizable
functional groups in the chemical structure of tannic acid also
may result in the highest rejection ratio. For the other three small
Fig. 2. Permeate quality and flux of model compounds (pH 7, conce

hereas only 82% for resorcinol and phloroglucinol after 24 h
f the experiment (Fig. 2(c)). High THM yields in the permeates
or the three small model compounds were observed, although
he DOC concentration in the permeate was less then 1.0 mg/L
Fig. 2(b) and (d)). According to our previous research [26],
here is a strong correlation between THMFP and HAAFP for
ach model compound. Since this research is focused on model
ompounds not NOMs (natural organic matter), it is represen-
ative to present the result of THMFP without HAAFP.

This observation suggests that the NF70 membrane is effec-
ive in the removal of DOC for molecules with a broad range of

olecular mass. Further treatment processes may be necessary
o reduce the levels of small compounds with high THM yields.

Fig. 3 shows the influence of feed concentration on the rejec-
ions of model compounds in the absence of calcium at pH 7.0.
ejections of model compounds were calculated by comparing

he concentration of the component in the permeate with the
verage value of that inside the reservoir (average concentration
etween the concentrate and the feed) as follows:

(
Cp

)

(%) = 1 −

Cf
× 100 (2)

here R is the rejection ratio (%), Cp the concentration in perme-
te, and Cf is the average concentration of feed and concentrate.

F
a

on = 5.0 mg/L): (a) flux, (b) DOC, (c) THMFP and (d) THM yield.

Fig. 3 shows that the rejection ratio of tannic acid is the high-
ig. 3. Influence of feed concentration on rejection of model compounds in the
bsence of calcium. Initial pH 7.
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odel compounds, 3-hydrobenzoic acid has a slightly higher
ejection (about 83–86%) than those of phloroglucinol and resor-
inol (having similar rejection about 80%). The slightly higher
ejection ratio of 3-hydrobenzonic acid (pK1 = 4.06) is likely
ue to the electrostatic repulsive interaction between the NF70
embrane (negative charge at neutral pH) and the hydrolyzed

arboxyl group of 3-hydrobenzonic acid [27]. The rejection
atios of phloroglucinol and resorcinol were lower than that of
-hydrobenzoic acid although the MWs for all of them are very
imilar. Phloroglucinol and resorcinol with pKa values higher
han 7 were not hydrolyzed at pH 7; they possessed no electri-
al charges and could only be rejected by the sieve action of
he NF70 membrane. It was also observed that the trend of the
ejection curve with concentration for tannic acid is similar to
hat of 3-hydrozenzoic acid. As shown in Fig. 3, the rejection
atio increases to the peak when the compound concentration
eaches 5 mg/L, and then decreases slightly as the compound
oncentration continues to rise. For phloroglucinol and resorci-
ol, the rejection ratio increases as the compound concentration
ncreases.

.2. Effect of pH on compound rejection and permeate flux

As shown in Fig. 4 and mentioned previously, the rejec-
ions of all four model compounds increase with an increase
f pH. The same phenomenon also was observed by Alpa-
ova et al. [28] that the rejection ratios of humic substances
t high pH were noticeably higher than those of low pH. The
ncrease of rejection ratio at high pH could be due to the poly-
lectrolyte character of model compounds and the negatively
harged characteristic of NF70 membrane. Similar observation
lso was reported by other researchers [29–31]. The negative
urface charge of the membrane and negative charge density of

odel compounds increased with increasing pH values. For tan-

ic acid with medium MW, at pH values lower than its ionization
onstant, the molecule is neutral and may form a compact and
oiled conformation because of the suppression of dissociation

ig. 4. Influence of the solution pH on rejection of model compounds in the
bsence of calcium. Initial concentration: 5 mg/L.

p
p
l
a
p

F
i

Materials B137 (2006) 324–331

f ionogenic groups. Kabsch-Korbutowicz et al. [19] conducted
similar investigation for the humic and fulvic acids and found

he same result as this study. The suppression effect leads to a
estriction of electrostatic intra-chain repulsion and thus a reduc-
ion in the tannic acid molecular size under acidic conditions.
herefore, “sieve effect” became the dominant rejection mecha-
ism at pH values lower than the ionization constant. However, at
H values higher than the ionization constant of tannic acid, the
olecule unfolds because of the ionization of ionogenic groups

eading to electrostatic repulsion between macromolecule seg-
ents. The tannic acid molecule now is negatively charged with

arger molecular size so that it can be rejected more effectively
ot only by the “sieve effect” but also the “charge effect” of the
F70 membrane. As a result of these effects, the rejection ratio
f tannic acid increased to 98.5%.

For the other model compounds, since the observed pH val-
es are lower than the ionization constant of each compound,
he mechanism for compound rejection is the sieve effect only.
or 3-hydrobenzoic acid, it has a slightly higher compound
ejection compared to phloroglucinol and resorcinol. At pH val-
es higher than its pK1 and pK2 values of the 3-hydrobenzoic
cid, there is an increase in compound rejection because of the
ydrolysis of carboxyl and phenolic groups leading to an elec-
rostatic repulsive interaction with the NF70 membrane [27].
s shown in Fig. 4, the trend of compound rejection versus pH

or 3-hydrobenzoic acid is very similar to that of resorcinol. At
H > 9.2, two phenolic functional groups of the phloroglucinol
re dissociated. In this case, the charge density and molecular
ize of phloroglucinol are similar to those of 3-hydrobenzoic
cid so that the rejection ratios of the two are similar (about
2%).

Fig. 5 shows that the transmembrane flux increases with pH
uring nanofiltration of the solutions containing the model com-
ounds. The decrease of membrane fouling with the increase of
H could be caused by several factors. As mentioned above, at

ow pH value, model compounds are neutrally charged, coiled
nd compacted so that the adsorbed or deposited model com-
ounds on the membrane surface form boundary layers with

ig. 5. Influence of the solution pH on the permeate flux for model compounds
n the absence of calcium. Initial concentration: 5 mg/L.
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igher hydraulic resistance resulting in reduction of permeate
ux [28]. Under this circumstance, model compounds become

ess soluble and have a tendency to be adsorbed on hydropho-
ic materials. NF70 membrane used in this research is a strong
ydrophobic membrane made of polyamide materials, and the
nteraction between model compounds and the NF70 mem-
rane may cause a greater decrease in permeability [19]. This
ydrophobic influence on tannic acid with medium MW is
tronger than that of the other three small MW model com-
ounds. When the pH value is higher than 7.0, the dissociation of
arboxyl and phenolic functional groups on model compounds
ncreases so that the negative charge density on model com-
ounds rises; meanwhile, the negative charge density on NF70
embrane also increases. Mallubhotla et al. [32] found that phe-

omena of membrane swelling and charge effects are caused
y the pH variation during membrane filtration. Dissociation
f the functional groups on the membrane and the model com-
ounds enhances the electrostatic repulsion between NF70 and
odel compounds so that the membrane fouling potential is

educed.

.3. Effect of calcium on compound rejection and permeate
ux

Rejections of all four model compounds increase with an
ncrease in pH with or without the presence of calcium ions
Figs. 4 and 6). However, the rejection ratio for each model com-
ound in the presence of calcium ions was slightly lower (Fig. 6)
han that in the absence of calcium ions (Fig. 4) at any pH val-
es. There are several reasons for this phenomenon. First, when
alcium ions were added into the solution, the ionic strength in
he bulk solution increased and thus influenced the configuration
f the model compounds by a contraction of the double-electric

ayers on model compounds and the membrane surface. Bonner
nd O’Melia [33] also indicated that humic substances tend to
hrink in a solution of high ionic strength, resulting in a reduc-
ion of rejection ratio (1991). Secondly, the calcium may form

ig. 6. Influence of the solution pH and the presence of calcium on rejection of
odel compounds. Initial concentration: model compounds, 5 mg/L; calcium,

50 mg/L (as CaCO3).

m
f
s

F
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omplex compounds with model compounds, which reduces the
harge repulsion effect between NF70 membrane and model
ompounds causing the rejection ratio to decrease.

The model compound rejection in the presence of calcium
ons at high pH also was higher than that at low pH values
Fig. 6). As previously mentioned, the rise of pH from 3 to
0 in the solution increases the negative surface charges of
he model compounds and the NF70 membrane and causes
he electrostatic repulsion between each other. However, the
ncrease of negative charge densities could be partially neutral-
zed by the presence of these free positively charged calcium ions
hich did not form complexes with model compounds. Subse-
uently, the electrostatic repulsion between the membrane and
he model compounds is reduced, and the “sieve effect” becomes
dominant rejection mechanism in the separation of model com-
ounds. Because of those factors, the rejection ratios of model
ompounds were slightly lower in the presence of calcium ions.

As shown in Fig. 6, the trend of model compound rejections
n the presence of calcium ions also is pH dependent, which
mplies that the interactions of model compounds with calcium
o not have a significant effect on model compound retentions.
t can be concluded that the effect of pH on solute rejections has
greater influence than that of calcium ions. Apparently, the
F70 membrane can separate the selected model compounds

uccessfully in a broad range of pH in the presence or absence
f calcium.

As shown in Fig. 7, the rejection ratio of calcium increases
lightly with an increase of pH, but increases significantly in
he presence of model compounds. Since metals in strong acid

edium are present as free ions, with molecular sizes smaller
han the pore size of nanofiltration membranes, they can pass
hrough the membrane freely according to the mechanism of
sieve effect”. However, the rejection ratio of calcium by NF70

embrane is still as high as 77–84% (Fig. 7). The reason

or this calcium rejection may be caused by the formation of
oluble hydroxo/aqua/complex and hydroxides of calcium and

ig. 7. Influence of the solution pH and the presence of model compounds on
ejection of calcium. Initial concentration: model compounds, 5 mg/L; calcium,
50 mg/L (as CaCO3).
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Fig. 8. Influence of the solution pH on the permeate flux for filtration of model
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[6] USEPA, National primary drinking water regulations: disinfectants and
ompounds in the presence of calcium. Initial concentration: model compounds,
mg/L; calcium, 250 mg/L (as CaCO3).

ts precipitation on the membrane surface at high pH values
28]. While at low pH values, “Donnan effect” is the cause
f this calcium rejection [34]. The rejection of calcium ions
ncreased significantly in the presence of model compounds.
his increase is caused by the interactions and complexations
etween model compounds and calcium ions. At low pH values,
he major functional groups of model compounds responsible for

etal binding (mainly carboxyl and carbonyl) are undissociated,
hich inhibits the reactions between model compounds and cal-

ium ions. At the same time, proton competition may happen in
his condition and reduce the quantities of bonded calcium ion
28]. As the pH level increases, the dissociation of functional
roups on model compounds causes complexation reaction with
alcium ions so that the rejection of calcium ions increases
ignificantly in the presence of model compounds (about 20%
ncrease). As pH increases, the negative charge density of model
ompounds and NF70 membrane increases, respectively, and
herefore enhances the electric repulsive force with between
F70 membrane and model compounds. At higher pH values,
ydroxo/aqua/complexes of calcium also may be formed. The
omplexation between model compounds and calcium occurs
ainly due to inter-ligand exchange and substitution by car-

oxyl groups [35]. Therefore, the removal of calcium improves
n the presence of model compounds and the increase of pH at
he same time by increasing the quantity of calcium involved
n the formation of complexes with model compounds that are
ejected by membrane.

Fig. 8 shows that the transmembrane flux increases with
H in the presence of model compounds containing calcium
ons during the nanofiltration process. This influence for tan-
ic acid is more significant than that for the other three model
ompounds. As mentioned above, at low pH value, model com-
ounds are coiled and compacted. In the presence of calcium ion,

he functional groups undergo further shrinkage so that model
ompounds and their complex with calcium ions may easily set-
le on the membrane surface and possibly clog the membrane
Materials B137 (2006) 324–331

ores. This process leads to the formation of higher hydraulic
esistance layer and thereby reduces the permeate flux.

At higher pH values, although the presence of calcium ion
n the solution causes shrinkage of tannic acid, the dissocia-
ion of functional groups are stronger and can be developed in
he spatial structure of tannic acid. In this case, the electrostatic
nteraction between NF70 and tannic acid are intensified and the
oose structure of tannic acid still lead to a better permeability
t high pH values in the presence of calcium. For the other three
mall organic model compounds, the effect of calcium ion on
ermeate flux is insignificant because of the small molecule size
nd less functional groups so that the “shrinkage effect” caused
y calcium ions is less obvious. The trend of permeate flux for
esorcinol, phloroglucinol and 3-hydrobenzoic acid in the pres-
nce of calcium ions at different pH values are very similar to
hat in the absence of calcium ions.

. Conclusions

From this study, it was concluded that the NF70 membrane
s effective in rejection of the chosen model compounds with

wide range of molecular mass. The optimum concentration
ange of compound rejection can be determined by pretests of
he feed water. Although these three small model compounds
resorcinol, phloroglucinol and 3-hydrobenzoic acid) used in
his study are very similar in MW, the compound rejection of
-hrdrobenzoic acid is the highest because of the electrostatic
epulsive interaction between NF70 membrane and its ionized
unctional groups. Model compounds rejection and membrane
ermeability increase with pH in the solution due to confor-
ational transformation of ionizable molecules and electric

nteraction between NF70 membrane and model compounds.
he interactions of model compounds with calcium do not sig-
ificantly affect the model compounds retention. The calcium
ejection rises with the presence of model compounds as well as
n increase of pH due to formation of complex between calcium
nd model compounds.
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