
7

Acta Universitatis Carolinae 
Environmentalica 1–2 (2009):   7–16

The Removability of the NOM Fractions 
Using Hydrolysing Destabilisation Reagents

LENKA PIVOKONSKá1, MARTIN PIVOKONSKý1, 
LIBUšE BENEšOVá2, JITKA BAüMELTOVá1

1Institute of Hydrodynamics AS CR, Pod Patankou 5, 
Cz-166 12 Prague 6, Czech Republic (e-mail: pivokonska@ih.cas.cz)

2Institute for Environmental Studies, Faculty of Science, Charles University in Prague, Benátská 2, 
Cz-128 01 Prague 2, Czech Republic 

Abstract: This study deals with the comparison of the efficiency of two destabilising reagents – aluminium 
and ferric sulphates – in water treatment, specifically in removal of natural organic matter (NOM). Standard jar 
testing was applied to three types of water, two of natural and one of synthetic origin (tap water with added leach 
of peat). The NOM samples were fractionated by standard resin adsorption technique into four components: very 
hydrophobic acids, slightly hydrophobic acids, hydrophilic charged, and hydrophilic neutral. The results showed 
that the NOM removal efficiency depends on the NOM character and using destabilising reagents and reaction 
conditions. In comparison with aluminium sulphate, the ferric one proved to be more efficient in all tested cases. 
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INTRODUCTION

Natural organic matter (NOM) can be found as a common natural component of surface 
water sources. NOM in natural water consists mainly of humic substances such as humic 
and fulvic acids. The non-humic fraction of NOM consists of hydrophilic acids, proteins, 
amino acids, and polysaccharides [1]. NOM is removed from drinking water for a number 
of reasons, as e.g. the fact that NOM can react with disinfectants to form potentially harmful 
by-products. NOM can be removed from drinking water by various techniques, the most 
applied one is still chemical treatment based on the destabilisation and subsequent aggrega-
tion of particles [2].

The effectiveness of NOM removal through destabilisation/aggregation process is va-
riable, depending on the physical and chemical characteristics of the water (nature and 
properties of NOM particles, ionic strength and temperature) and the operating conditions 
(type and dosage of coagulant, the reaction pH, and agitation intensity). A pH control is 
one of the most important factors determining NOM removal [3–6]. Chemical coagulation 
preferentially removes hydrophobic NOM fractions over hydrophilic NOM ones as well as 
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high molecular organic matters are removed more effectively than low molecular organic 
molecules, that are only partially removed in this process. One reason for this resistance 
is that fulvic acids have high charge densities, attributed to their low equivalent weight 
(a direct result of their high carboxylic and phenolic acidity and low molecular weight) [7]. 

The removal of NOM from drinking water is effectively achieved by chemical treatment, 
usually performed with ferric or aluminium salts. Although they are governed by the same 
fundamental factors and mechanisms, their performance differs. The aluminium sulphate is 
extremely versatile reagent in drinking water treatment, due to its excellent destabilisation 
performance and cost-effectiveness [8]. The ferric sulphate is also acceptable destabilisation 
chemical though not to widely used as alum because any residual iron in the water tends 
to precipitate throughout the system, and may negatively impact the taste and colour of the 
drinking water [9]. Different reactions may occur when (Al3+/Fe3+) destabilisation chemical 
is added into the raw water to be treated. Destabilisation reagents hydrolyse to form soluble 
monomeric and polymeric species and solid precipitates that can interact with impurities 
such as dissolved natural organic matter and remove them, either by charge neutralisation 
to give insoluble forms, or by adsorption on precipitated metal hydroxide [10, 11]. Usually, 
NOM removal is accomplished by several of these mechanisms at the same time. 

For better understanding which of the types of organic compounds occuring in water 
before, during and after the treatment processes, a number of characterisation techniques 
have been developed worldwide. One of them is fractionation technique with the help of 
various kinds of resins [12–14]. NOM fractionation provides a lot of essential information 
regarding the structural characteristic of NOM and classifies dissolved organic matter based 
on their polarity and acidobasic properties [15]. The resin adsorption method is used for 
the isolation of four NOM fractions: very hydrophobic acids (VHA) – humic substances, 
mainly humic acids; slightly hydrophobic acids (SHA) – humic substances, mainly fulvic 
acids; hydrophilic charged (CHA) – non-humic base (proteinaceous materials) and acid (an 
organic compound of the hydroxyl acid group) substances; hydrophilic neutral (NEU) – 
uncharged matters, mainly polysaccharides [13, 14].

The main objective of this study is to determine the suitability of aluminium and ferric 
destabilisation reagents in the individual NOM fractions removal by the destabilisation/
aggregation process. The influence of reaction pH on the effectiveness of organic substan-
ces removal and amount of residual aluminium or iron has been determined. A study is 
conducted to evaluate the removal efficiency of individual NOM fractions during treatment 
of three types of water, two of natural and one of synthetic origin.

MATERIALS AND METHODS

Water
Synthetic water was prepared from tap water with added leach of peat (Fluval peat fiber, 

Hagen, Germany). The dissolved organic carbon concentration attained 6.24 mg .  l–1. Other 
relevant water quality parameters are shown in Tab. 1. The studied raw water of natural 
origin was taken from the Flaje (northern part of the Czech Republic) and Vrchlice (middle 
part of the Czech Republic) reservoirs. Both sources are supposed to contain an increased 
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concentration of NOM of various origins. The water from the Flaje reservoir is characte-
rised with a high concentration of organic matter of humic character (DOC = 6.68 mg . l–1) 
and low alkalinity (KNK4.5 = 0.20 mmol . l–1). The water from the Vrchlice reservoir con-
tains mainly algal organic matter (DOC = 8.19 mg . l–1). Other raw water quality parameters 
of both raw waters are shown in Tab. 1.

Jar tests
The jar tests were applied for optimisation of the reaction conditions (dosage of desta-

bilisation reagent, reaction pH value) of particle aggregation during treatment of all types 
of surface water. The methodology of the jar test is described in Polasek and Mutl [4]. 
The LMK 8 (IH, AS CR, Czech Republic) eight station paddle type stirrer housing standard 
the 2-litre beakers fitted with variable speed equipped with the infinite speed controller and 
revolution counter was used for the jar tests. The aluminium and ferric sulphate were used as 
destabilising reagents. Reaction pH was adjusted using lime water (Ca(OH)2) during the jar 
tests. The jar test procedure consisted of 1 minute of homogenisation agitation (G = 300 . s–1), 
15 minutes of low aggregation agitation (G = 80 . s–1), 60 minutes of settling and centrifuga-
tion (3000 rpm, t = 15 minutes).

Aggregation efficiency was evaluated by the degree of aggregation (α) and by the test of 
aggregation. The degree of aggregation α reflects the progress of destabilisation of particles 
achieved by the system, i.e. aggregation of particles in the relation to the nonseparable 
particles contained in water, or at any point of the process taken as the basis for comparison 
[3]. It is calculated according to the relationship
                                                                  CFRW – CEF                                                          a = –––––––––– (1)
                                                                      CFRW

where CFRW is the quality of the nonseparable portion of monitored parameter measured in 
the fugate of raw water, CEF represents the quality of the nonseparable portion of particles 
of monitored parameter remaining in the fugate of a sample taken at the testing point.

The test of aggregation enables a separation of the formed aggegates into the four basic 
categories – macroparticles (MA), microparticles (MI), primary particles (PR), and nonag-
gregated particles (NA). The particle distribution is evaluated by the test of aggregation 
based on sedimentometric analysis [3, 4]. The technologically significant categories of 
particles are determined according to the following relationship.

            C0 – C5                  C5 – C60                   C60 – C60F            C60FMA = ––––––– MI = ––––––– PR = –––––––– NA = –––– (2–5)
                C0                         C0                            C0                     C0

fulfilling
                                                     MA + MI + PR + NA = 1 (6)

Here C0, C5, and C60 are the concentrations of the monitored parameter measured in the 
samples taken at the beginning, after 5, and 60 minutes of sedimentation, respectively. C60F is 
a concentration of the monitored parameter measured in the fugate of the sample taken after 
60 minutes of sedimentation. The analytical processing of the samples and evaluation of the 
results obtained were described in the previous works [3, 4, 16]. 



10

Analytical method
The efficiency of the water purification process was ascertained by a direct comparison 

of water quality indicators: content of metal component of destabilising reagent Fe and 
Al, chemical oxygen demand CODMn, pH value and ACN4.5. The detailed methodology of 
chemical analyses is described in [4].

Organic carbon was analysed using a Shimadzu TOC-VCPH analyzer. Dissolved organic 
carbon was calculated as a difference between total and inorganic carbons measured in the 
samples filtered through a 0.22 μm membrane filter (Millipore, USA). All measurements 
were conducted in triplicate and the errors were less than 2%. 

Ultraviolet absorbance at 254 nm (UV254) (UV-VIS spectrophotometer 8453, Agilent 
Technologies, USA) was measured to provide information about the content of humic ma-
terial. Specific UV absorbance (SUVA) was calculated as a ratio of the UV254 to DOC. This 
rate provides an estimate of abundance of the UV absorbing species, and reflects the cha-
racteristics of the composite organic molecules in a solution, independently of the organic 
substance concentration. The waters with elevated SUVA values exhibit higher hydropho-
bic/hydrophilic ratios than the ones with low SUVA value, this results in greater DOC 
removal due to chemical coagulation. High SUVA waters (> 4) are generally enriched in 
hydrophobic NOM, such as humic substances [15].

The NOM fractionation was used for the diversification of the NOM types in raw and tre-
ated water. The NOM samples were fractionated by standard resin adsorption technique into 
VHA, SHA, CHA and NEU components [13, 14]. These fractions were isolated using Su-
pelite DAX-8, Amberlite XAD-4 and Amberlite IRA-958 resins. DOC concentrations of the 
individual NOM fractions (DOCVHA, DOCSHA, DOCCHA, and DOCNEU) were carried out and 
evaluated in accordance with the methodology described in [2], see Fig. 1 and rels. (7–10).

Fig. 1: Procedure of NOM fractination
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DOCVHA = DOC1 – DOC2 (7)
DOCSHA = DOC2 – DOC3 (8)
DOCCHA = DOC3 – DOC4   (9)
DOCNEU = DOC4             (10)

RESULTS AND DISCUSSION

The quality of synthetic and raw waters from the reservoirs Flaje and Vrchlice is presented 
in Tab. 1. There is an increased amount of natural organic matter in all water samples. 
Total DOC concentrations in the synthetic water attained 6.24 mg . l–1, in the raw water 
8.19 mg . l–1 (the Vrchlice reservoir), and 6.68 mg . l–1 (the Flaje reservoir). 

From the fractionation results it is evident that the synthetic water contains 85% of hy-
drophobic humic NOM and 15% of hydrophilic charged and neutral NOM. The raw water 
from the Flaje reservoir is also polluted mainly by hydrophobic organic matter of humic 
character producing colour in water (73% of total NOM concentration). The raw water from 
the Vrchlice reservoir contained mainly hydrophilic organic matter (51% of NOM). 

Figs. 2–4 show an effect of destabilising reagent dosage and reaction pH on the treat-
ability of all types of water. Fig. 2 compares the aggregation efficiencies of organic matter 
and Al /Fe during the treatment of synthetic water with aluminium and ferric sulphate. 
Maximum aggregation efficiencies (αDOC = 0.70 and αAl = 0.95) are attained of the dosa-
ges 0.030 mmol . l–1 aluminium sulphate and 0.140 mmol . l–1 Ca(OH)2. These maximum 
efficiencies corresponded to the pH value 5.91.

Slightly higher DOC aggregation efficiency (αDOC = 0.73) is observed when the ferric 
sulphate is used as a destabilisation reagent. On the contrary the maximum efficiency of 
Fe aggregation is slightly lower (αFe = 0.94). The optimum doses attained are as follows: 
0.036 mmol . l–1 Fe2(SO4)3 . 9H2O and 0.116 mmol . l–1 Ca(OH)2 for these synthetic water. 
The optimal pH value ranges around the value 5.21.

Tab. 1: Raw water quality
Parameter Synthetic water Flaje reservoir Vrchlice reservoir

CODMa                            [mg . 1–1] 8.63 6.05 6.18
TOC                    [mg . 1–1] 6.42 6.96 8.83
DOC                   [mg . 1–1] 6.24 6.68 8.19
DOCVHA                          [mg . 1–1] 4.83 3.61 2.79
DOCSHA                          [mg . 1–1] 0.52 1.28 1.25
DOCCHA                          [mg . 1–1] 0.16 0.06 1.16
DOCNEU                         [mg . 1–1] 0.73 1.73 2.99
UV254                                [–1] 0.19 0.20 0.12
SUVA                  [m–1 . mg . 1–1] 3.12 3.04 1.52
Al                        [mg . 1–1] < 2.02 0.10 0.04
Fe                       [mg . 1–1] < 2.02 0.02 0.03
pH                       [–] 5.92 6.61 7.72
ACN4,5                             [nmol . 1–1] 0.12 0.20 1.80
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The results of the jar tests with raw water from the Flaje reservoir are presented in Fig. 3. 
The aggregation efficiency of organic matter is αDOC = 0.58 (with aluminium sulphate) 
and αDOC = 0.63 (with ferric sulphate). In a contrast to DOC aggregation, Al aggregation 
efficiency is slightly higher with the using of aluminium sulphate (αAl = 0.96) than Fe ag-
gregation efficiency (αFe = 0.95) with the using of ferric sulphate. The optimum dose of 
aluminium sulphate is 0.023 mmol . l–1 and of ferric sulphate is 0.027 mmol . l–1. The dose 
of alkalisation reagent is the same (0.062 mmol . l–1 Ca(OH)2). The optimal reaction pH is 
5.98 for the alum treatment and 5.12 for the ferric sulphate treatment.

The results of treatment of raw water from the Vrchlice reservoir (Fig. 4) show that the 
maximal aggregation efficiencies (αDOC = 0.49 and αAl = 0.94) are achieved with the dosage 
0.068 mmol . l–1 of Al2(SO4)3 . 18H2O (reaction pH = 5.94), and (αDOC = 0.44 and αAl = 0.95) 
with the dosage 0.10 mmol . l–1 of Fe2(SO4)3 . 9H2O (reaction pH = 5.19). Alkalisation is un-
needed during the both jar tests. 

Fig. 3: Dependence of aDOC and aAl/Fe on destabilization reagents dosage (the Flaje reservoir)
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Fig. 2: Dependence of aDOC and aAl/Fe on destabilization reagents dosage (synthetic water)
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In comparison with aluminium sulphate, the ferric sulphate as a destabilisation reagent 
proved to be more efficient for NOM aggregation (except the water from the Vrchlice reser-
voir). The residual concentration of iron in water treated by ferric sulphate is slightly higher 
than residual concentration of aluminium in alum treated water (except the water from the 
Vrchlice reservoir). The optimal doses of destabilisation reagents are for all treated water 
samples lower for aluminium sulphate than for ferric sulphate.

Fig. 5: Size distribution of formed aggegates (optimal doses of reagents)

Fig. 5 presents a size distribution of the aggregates formed during treatment of all water 
samples with the using of optimal doses of reagents. In these cases the minimal portions 
of nonaggregated particles are attained (pNA = 0.02–0.14) and the formation of aggregates 
larger than micro-aggregates is reduced (pMA = 0.13–0.18). A predominant portion of the 
aggregates formed is constituted by the primary- and micro-aggregates (pPR+MI = 0.69–0.85), 
which are favourable for the one-step separation by filtration [3, 4]. The size distribution 
of the aggregates formed with the using of aluminium sulphate is similar to ferric sulphate 
treated water samples. 

Fig. 4: Dependence of aDOC and aAl/Fe on destabilization reagents dosage (the Vrchlice reservoir)
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Tab. 2 relates to the aggregation efficiency of the NOM fractions during the treatment of 
all types of raw water, with the using of optimal doses of destabilising reagents. Four NOM 
fractions are determined to demonstrate the influence of the type of destabilisation reagent 
on their aggregation efficiencies. 

During the treatment of synthetic water, the main difference in aggregation efficien-
cy of both destabilisation reagents is concerned NEU fraction. This fraction is aggre-
gated more efficiently with ferric sulphate (αNEU = 0.27) than with aluminium sulphate 
(αNEU = 0.13). The aggregation efficiencies of the other fractions attained αVHA = 0.82–0.83, 
αSHA = 0.39–0.42, and αCHA = 0.69–0.77.

Tab. 2: Efficiency of the NOM fractions aggregation

Destabilizing reagent Al2(SO4)3, 18H2O
aVHA aSHA aCHA aNEU

Synthetic water 0.82 0.39 0.69 0.13
Flaje reservoir 0.88 0.34 0.86 0.12
Vrchlice reservoir 0.59 0.38 0.90 0.30

Destabilizing reagent Fe2(SO4)3, 9H2O
aVHA aSHA aCHA aNEU

Synthetic water 0.83 0.42 0.77 0.27
Flaje reservoir 0.89 0.37 0.85 0.27
Vrchlice reservoir 0.62 0.35 0.82 0.32

The highest DOC aggregation efficiencies during the treatment of raw water from the 
Flaje reservoir are attained for VHA (αVHA = 0.88–0.89) and CHA (αCHA = 0.85–0.86) frac-
tions. The aggregation efficiency of SHA attains αSHA = 0.34–0.37. The NEU fraction is 
difficult to remove using aluminium sulphate, the maximal aggregation efficiency is only 
αNEU = 0.12, while this fraction is better aggregated with ferric sulphate (αNEU = 0.27).

The aggregation of all fractions from the Vrchlice water is less efficient in comparison 
with both previous mentioned water samples (see Tab. 2). The NEU fraction represents the 
most problematic fraction. The highest aggregation efficiency is αNEU = 0.30 with the using 
of aluminium sulphate and αNEU = 0.32 in using ferric sulphate. The aggregation efficien-
cies of the other fractions attain αVHA = 0.59–0.62, αSHA = 0.35–0.38, and αCHA = 0.82–0.90. 

A comparison of the concentrations of all DOC fractions (determined in all types of raw 
and treated water) is given in Fig. 6. The results of DOC fractionation show that the raw 
synthetic water consisted of 77% of VHA, 8% of SHA, 16% of CHA, and 12% of NEU 
fractions. The results of optimally treated synthetic water using aluminium and ferric de-
stabilisation reagents are similar. The major portion is formed by VHA (47–48%) and NEU 
fractions (32–33%). 

The raw water from the Flaje reservoir consisted of 54% of VHA, 19% of SHA, 1% of 
CHA, and 26% of NEU fractions. The main NOM fractions detected in optimal treated 
water with aluminium sulphate as well as with ferric sulphate are the NEU and SHA frac-
tions, which formed 51–54% and 30–32% of the total DOC concentration, respectively. 
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CONCLUSION

The aggregation efficiency of NOM during the treatment with both destabilisation rea-
gents (aluminium and ferric sulphates) is strongly affected by the NOM character and the 
operating conditions (pH value, dose of reagents etc.). In the determination of the destabi-
lisation reagents performance not only the aggregation efficiencies of the NOM should be 
taken into account, but also the amount of the residual Al/Fe in the water treated. Residual 
concentrations of iron in the water treated by ferric sulphate are lower than residual con-
centrations of aluminium in the water treated by aluminium sulphate.

The NOM fractions in all tested water are slightly different and exhibit the different 
degrees of treatability. The optimised doses of reagents and pH reaction value especially 
influence aggregation of the charged fraction. The CHA fraction is the easiest removable 
one, high aggregation efficiencies (αCHA = 0.69–0.90) are observed for all types of raw water 
treated and for both destabilisation reagents. 

A good aggregation of the VHA fraction (αVHA = 0.59–0.89) is observed for both tested 
destabilisation reagents for all waters as well (the lowest efficiency values are for the water 
from the Vrchlice reservoir). 

The aggregation efficiencies of the SHA fraction range from αSHA = 0.34 to 0.42 during 
treatment of all types of raw water. The efficiencies of both destabilisation reagents are also 
comparable. 

The aggregation efficiency of NEU fraction is very low with both aluminium and ferric 
sulphate. NEU fraction is still present in water after the destabilisation /aggregation process 
with either of the destabilisation reagents. The aggregation efficiency of NEU fraction is 

Fig. 6: Comparison of DOC conzentrations of raw and treated water

In the raw water from the Vrchlice reservoir, the portion of VHA fraction is 24%, SHA 
fraction 15%, CHA fraction 14%, and NEU fraction 37%. Predominant fraction is NEU 
fraction (representing almost 60% of the total NOM). In treated water (with both desta-
bilisation reagents) there predominate the NEU (49–51%) and VHA (26–28%) fractions. 
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αNEU = 0.12 to 0.30 for alum treated water samples and αNEU = 0.27 to 0.32 for the samples 
treated with ferric sulphate. Differences in destabilisation reagents performances are clearly 
evident during the treatment of water with the dominance of humic matter. 
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