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a b s t r a c t
The efficient removal of natural organic matter reduces the potential for by-products that are formed 
during the process of disinfection. Among the various organic derivatives, the following are listed: 
halogenoacetonitriles, halogenonitromethanes, halogenoketones and most commonly trihalogeno-
methanes. The aim of the study was to determine the effect of coagulation process on the change of 
selected 12 chlorine disinfection by-products (DBPs) formation potential. The coagulation process 
was carried out with aluminium(VI) sulphate and four pre-hydrolyzed aluminium salts. Among 
the halogenoacetonitriles (HAN), the following compounds were analyzed: trichloroacetonitrile 
(TCAN), dichloroacetonitrile (DCAN), bromochloroacetonitrile (BCAN) and dibromoacetonitrile 
(DBAN). The trichloronitromethane, otherwise known as chloropicrin (CP) and halogenoketones 
(HK): 1,1-dichloropropanone (1,1-DCP) and 1,1,1-trichloropropanone (1,1,1-TCP) were also ana-
lyzed. Among trihalogenomethanes (THM) trichloromethane (TCM), bromodichloromethane 
(BDCM), dibromochloromethane (DBCM), tribromomethane (TBM) were analyzed. Furthermore, 
one compound of trichloroacetaldehyde (chloral hydrate [CH]) was identified, too. Quantitative 
and qualitative analysis was carried out using gas chromatograph–mass spectrometry (GC-MS). 
The results of the chlorine potential test indicate that the coagulation efficiency depended on the 
type of coagulant. The most effective coagulant was one of pre-hydrolyzed salt (FLOKOR 1ASW/B). 
Addition of FLOKOR 1ASW/B resulted in reduced DBPs formation potential of 60%–82% compared 
with the raw water.
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1. Introduction

Numerous studies about formation of disinfection by- 
products (DBPs) processes have been found from 1970s. 
So far, over 700 compounds of various structure and prop-
erties have been identified [1]. The formation of by-products 
takes place due to the fact that chemical disinfectants that are 
applied in order to destroy pathogen organisms have strong 
oxidative properties whereas, in the surface and ground 
waters the natural organic and inorganic compounds are 
present. The organic substances classified as natural organic 
matter (NOM) such as: humic acids (HA) or fulvic acids (FA) 

are regarded as main precursors in the formation of DBPs 
[1,2]. Disinfection process can result in the fates of both 
organic and inorganic compounds. Inorganic compounds 
do not have significant negative impact on the water quality, 
whereas the organic derivatives have toxic properties and 
type of disinfectant has influence on the quantity and quality 
of reaction products [3]. As a result of chlorine reaction with 
compounds of natural organic substances not only chlorine 
derivatives are formed but also bromine- and chlorine-bro-
mine-organic compounds. Depending on the amount of 
atoms that are attached to NOM di- and tri-halogen deriv-
atives chemical compounds are formed [4,5]. Considering 
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the amounts of chlorine DBPs in the water, they are listed 
as follows: THM, halogenoacetic acids (HAA) and halogen 
acetaldehydes (CH). It has also been proved the presence of 
halogenoketones (HK) bindings. The compounds contain-
ing nitrogen in the particle create the special group among 
DBPs, these are: halogenoacetonitriles (HAN), haloge-
noacetamides as well as halogenonitromethanes (HNM). 
In the water, the following compounds are commonly deter-
mined: chloromethane (TCM), tribromomethane (TBM) as 
well as two compounds containing chlorine and bromine: 
bromodichloromethane (BDCM) and dibromochlorometh-
ane (DBCM). Among halogenoacetonitriles two chlorine 
derivatives such as: trichloroacetonitrile (TCAN), dichloro-
acetonitrile (DCAN) as well as dibromoacetonitrile (DBAN) 
and bromochloroacetonitrile (BCAN) are mostly determined. 
Chloropicrin belongs to the nitrogen compounds and nitro-
gen in the particle occurs on fifths oxidation level (nitrites 
group –NO2

–). Among halogenoketones (HK), 1,1-dichloro-
propane (1,1-DCP) as well as 1,1,1-trichloropropane (1,1,1-
TCP) is usually determined. Some of the DBPs have strong 
toxic effect on indicators and they are probably carcinogenic 
to humans. IARC makes classification according to toxico-
logical investigations [5–9]. The presence of DBPs should be 
currently monitored due to their carcinogenic, teratogenic 
and mutagenic properties. It should also be pointed out that 
not all compounds mentioned above are listed in the regula-
tions regarding drinking water. In the regulation of Health 
Ministry in Poland only trihalomethanes are included. The 
permissible total concentration of four DBPs should not 
exceed the value of 100 μg/L The permissible concentration 
of trichloromethane (TCM) in drinking water should not 
exceed the value of 30 μg/L, whereas bromodichlorometh-
ane (BDCM) – 15 μg/L, respectively. The mentioned regu-
lations are comparable with European Union regulation 
included in the Directive 98/83/EC of the Council that pro-
vided the quality standards of water intended for human 
consumption [10,11].

At present, the most important problem in the treatment 
of potable water is to protect from the formation of oxida-
tion by-products (OBPs) as well as DBPs. Thus, in water 
treatment plants (WTPs) two treatment methods are mainly 
applied. In the one method, the removal of NOM from the 
raw waters using physical or chemical processes in the pri-
mary step of treatment is applied. In such a way, the pre-
cursors of oxidation and DBPs are removed. The ozonation 
preceded by the biological filtration is regarded as the most 
efficient system allowing to remove NOM. As a result of 
decomposition, the organic substances, easily biodegrad-
able compounds are formed. However, the efficiency of 
ozone preceded by the biological filtration in the removal 
of NOM is not stable and varies from 10% to 75%. Thus, the 
primary ozonation is preferred in order to remove of NOM. 
That allows the removal of precursors that form OBPs as 
well as DBPs. However, the information of the OBPs is not 
completed. The following by-products: acetic and oxalic 
acids as well as keto-acids have been identified, so far [2,12]. 
In the further unit processes applied in the conventional 
WTPs, the partial removal of NOM has been achieved [13]. 
In most circumstances, only the final disinfection process is 
controlled, whereas others have been omitted. Properly 
conducted coagulation ensures effective elimination of 

water turbidity as well as the colour. Additionally, organic 
micropollutants, including carcinogenic compounds (poly-
cyclic aromatic hydrocarbons), are removed [14,15]. So 
far, aluminium(VI)sulphate has been the most frequently 
applied coagulant in water treatment. However, it is 
replaced by a pre-hydrolyzed coagulant currently [16–20]. 
The reason for changing the coagulant is to optimize the 
process of coagulation and to minimize adverse effects of 
the process. In accordance with the literature data [17,21–24] 
confirmed by authors’ study [17,18,24], these reagents are 
more effective in the removal of substances affecting the 
turbidity of the water and organic impurities. Moreover, 
they are more resistant to changes of temperature and pH 
[6]. Pre-hydrolyzed coagulants are classified as polyal-
uminium chlorides and sulphates. In addition, the pres-
ence of many hydrolyzed aluminium hydroxy complexes 
and polymer “Al13” [Al13O4(OH)24]7+ in the polyaluminium 
chloride solutions, was observed. The mentioned polymer 
is regarded as the most facilitating stable and effective. 
Among aluminium polymers, polyaluminium chlorides rep-
resented by the general formula: Aln(OH)mCl3n–m are primar-
ily used [17,25,26]. These reagents increased the basicity in 
the range of 15%–85%. Although there are numerous inves-
tigations into removal of NOM from water, the studies of 
determination of potential changes for DBPs formation in 
the coagulation process have not been carried out so far.

The aim of the study was to determine the effectiveness of 
selected aluminium coagulants: aluminium(VI)sulphate and 
five pre-hydrolyzed coagulants of potential changes for selected 
DBPs (halogenoacetonitriles, trihalomethanes, haloketones, 
halogenonitromethanes and haloacetaldehydes) formation.

2. Materials and methods

2.1. Materials

Water samples intended to coagulation process were col-
lected once during a day from a selected WTP in the south-
ern part of Poland. Instantaneous samples were taken during 
spring season. Analyzed samples were treated as grab 
samples. Water samples for analysis were collected after 
pre-ozonation before coagulation process. Samples were 
stored at the temperature of 4°C. In the studied WTP, there 
are two production lines running simultaneously. Water for 
treatment is collected from two independent water supply 
sources. Raw water entering the first line originates from 
one surface water intake (dam reservoir). In the second line, 
water is taken from two independent surface sources. Water 
samples for analysis were collected after pre- ozonation in 
the first treatment line. The technological scheme of WTP 
was presented in the paper published previously [14]. The 
following three coagulants were applied in the studies:

• Aluminium(VI)sulphate Al2(SO4)3×14H2O – ALK, (solid),

IT is the specification of reagents of pre-hydrolyzed coagu-
lants such as:

• polyaluminium chloride – PAX XL19H
• di-aluminium chloride pentahydroxide – FLOKOR 1.2 A
• di-aluminium chloride hydroxide sulphate – FLOKOR 

1ASW/B
• di-aluminium chloride hydroxide sulphate – FLOKOR 105V
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2.2. Experimental procedure

The coagulation process was carried out using alumin-
ium(VI)sulphate as well as the following aluminium pre-  
hydrolyzed salts : PAX XL19H; FLOKOR 1,2A; FLOKO-
R1ASW/B and FLOKOR 105V made. The coagulation process 
with the use of aluminium(VI)sulphate is conducted under 
technical conditions, at present. In Table 1, the characteristics 
of coagulants are included.

All coagulation experiments were carried out at ambi-
ent temperature, without pH correction (results of the for-
mer studies have shown that the correction of pH to 5.50 
and 7.50 does not improve the efficiency of the process). 
The coagulation process was carried out in laboratory coag-
ulator set in glass reactors. The capacity of reactor was equal 
to 2 L; the volume of samples was equal to 1 L. Coagulant 
(1%) at the optimal dose was added to the water samples. 
The optimal doses of the coagulants and the optimum pro-
cess parameters were determined in the previous studies 
[17]. The optimum doses of used coagulants amounted for:

• aluminium(VI)sulphate – 1.8 mg Al3+/L,
• pre-hydrolyzed aluminium coagulants – 1.2 mg Al3+/L.

Appropriate doses of coagulants were added to beaker 
and were shaken rapidly with a mechanical stirrer for 3 min 
(200 rpm) followed by slow shake for 10 min (30 rpm). 
Afterwards, the samples were subjected to sedimentation 
for 60 min. Water samples before and after coagulation pro-
cess were tested for the potential of by-products formation. 
The experiment was carried out according to the method 
including chlorine treatment. The chlorine concentration was 
in the range of 3–5 mg/L; samples were incubated under the 
temperature of 25°C for 24 h; pH was adjusted to the value of 
7. Afterwards, samples were dechlorinated and the selected 
DBPs were determined. The incubation time was shorter 
than that under standard investigations in order to simu-
late real conditions of water retention time in the purifica-
tion line. Quality of the water was estimated by determining 
pH, alkalinity, true colour, turbidity and aluminium content. 
The concentration of organic compounds in the water was 
determined by: total organic carbon (TOC), dissolved organic 
carbon (DOC) and ultraviolet UV absorption (254 nm), 
respectively.

2.3. Analytical methods

Quantification and qualification analysis of DBPs was 
carried out using gas chromatograph with mass spectrometry. 
12 compounds were determined. Among halogenoacetoni-
triles (HAN): trichloroacetonitrile (TCAN), dichloroaceto-
nitrile (DCAN), bromochloroacetonitrile (BCAN) and 
dibro moacetonitrile (DBAN) were analyzed. Among halog-
enonitromethanes (THM) group – trichloronitromethane 
and chloropicrin (CP) were analyzed. Among trihalometh-
anes: trichloromethane (TCM), tribromomethane (TBM) and 
two compounds content chloride and bromide: bromodi-
chloromethane (BDCM) and dibromochloromethane (DBCM) 
were identified. 1,1-dichloropropanone (1,1-DCP) as well 
as 1,1,1-trichloropropanone (1,1,1-TCP) among halogenoke-
tones (HK) group were chosen. The halogen acetaldehyde 
(chloral hydrate (CH)) was determined, too. Helium was a 
carrier gas; the separation of selected compounds was carried 
out on capillary column RxiTM – 5 ms (Restek). The parame-
ters of column were as follows: thickness of the film 0.5 μm, 
the external diameter of the column 0.25 mm and the column 
length – 30 m. The analyzed compounds were extracted from 
the water using methyl tert-butyl ether (MTBE). The tem-
perature program of chromatographic analysis was as fol-
lows: 25°C for 9.5 min, then heating to 200°C, temperature 
rate was equal to 40°C/min. The detection limit for analyzed 
compounds was 0.01 μg/L.

pH was measured by potentiometric method. A titri-
metric method was used to determine the total alkalinity 
of water samples. True colour was indicated in accordance 
with ISO 7887 – Method C, using a spectrophotometer 
M501 Camspec LTD. Quartz cuvette with path length of 
light 50 mm was used. It was determined after filtration of 
the water sample through a membrane filter of pore size 
0.45 μm. Colour of the sample was calculated using the 
following equation:

C
A
a d

=
×
410 [ ]mg/L  (1)

C – true colour of the sample, A410 – absorbance of the 
sample at λ = 410 nm, a – specific absorption coefficient of 
the calibration solution of potassium hexachloroplatinate 

Table 1
Characteristics of tested coagulants

Parameter Coagulants

Aluminium(VI) sulphate ALK PAX XL19H FLOKOR 1.2A FLOKOR 1ASW/B FLOKOR 105 V

pH 3.4 3.5 4.2 3.9 3.5
[Al], wt.%* 9.1 12.5 11.0 8.0 6.5
[Al2O3], wt.% 17.20 23.60 20.79 15.12 12.28
[Cl–], wt.% 0.0 8.5 7.0 5.2 4.5
[SO4

2–], wt.% 0.0 0.0 0.0 0.8 2.8
Basicity, % 0.0 85.0 80.0 70.0 70.0
Density (20°C), g/mL 1.58 1.34 1.28 1.20 1.10
[Al]/[Cl] 0 1.47 1.57 1.54 1.44

*wt. – mass fraction in percentage.
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and cobalt chloride mm–1 (mg Pt/L)–1, d – optical path length 
(mm) [27].

Turbidity was designated using turbidity meter (Turbidity 
Lovibond company – nephelometric method). Determination 
of UV254 absorbance was performed in accordance with the 
method given by US EPA [28] using a spectrophoto meter 
Camspec M501 LTD. Quartz cuvette with path length of light 
10 mm was used. The sample was filtered through a mem-
brane before DOC analysis. DOC and TOC concentration 
was analyzed using a carbon analyzer TN/TC model multi 
NC produced by Analytik Jena (Germany). DOC and UV254 
were used in the calculation of the specific UV absorbance 
(SUVA) (Eq. (2)).

SUVA
UV
DOC

m /gC mnm
m

=  
254
1

3  (2)

SUVA – specific UV absorbance at 254 nm, UV – absorbance 
at 254 nm (m–1), DOC – dissolved organic carbon (g/m3) [28].

The determination of DBPs and indicators of water 
quality was carried out in triplicates. Statistical method 
including standard deviation was adopted. The significance 
of changes in DBPs concentration in water was calculated 
using Excel program and t-student test. The confidence 
level of 0.95 was adopted. The number determining degree 
of freedom was 2, The theoretical value of coefficient td of 
t-student test was equal to 4.303.

3. Results and discussion

3.1. Water quality parameters before and after coagulation

Selected indicators of water quality before and after 
coagulation are included in Table 2. The application of 
pre- hydrolyzed coagulants was much more efficient in the 
removal of organic compounds compared with the coagu-
lant added to the water in the water treatment. The concen-
tration of organic compounds in the water after coagulation 
process was the lowest after adding Flokor 105 V. By using 
the aforementioned coagulant, the efficiency of removal of 
organic compounds expressed by TOC ranged 23%. After 
coagulation using FLOKOR 105 V, the highest decrease of 

DOC concentration (17%) was obtained. Addition of the 
remaining coagulants resulted in the removal of organic 
substances, expressed as DOC, in the range of 6%–15%.

The highest efficiency in the removal of organic impu-
rities, expressed as UV254 absorbance indicator (filtered 
samples), was obtained by applying FLOKOR 1ASW/B 
(51%). The lowest value of SUVA appeared for FLOKOR 
1ASW/B when the optimal dose was added to the samples. 
The results obtained for ALK, FLOKOR 1.2A and FLOKOR 
1ASW/B were confirmed in the literature. Hassan et al. [29] 
demonstrate that the removal of DOC in the coagulation pro-
cess does not exceed 25% if the SUVA value was less than 
or equal to 2.0 m3/g Cm. The use of pre-hydrolyzed coagu-
lants resulted in the decrease of alkalinity. These results were 
similar to those obtained in the former studies of authors 
during winter season [14,18] as well as other researchers [30]. 
In all conducted studies, the same results were obtained in 
the removal of pollutants affecting the colour (a reduction of 
80.0%). The highest efficiency in the removal of compounds 
that affects the turbidity was found for FLOKOR 1ASW/B 
(67.2%). Additionally, during autumn season that coagulant 
has been proven to be effective in the removal of turbidity. 
The least effective was PAX XL10H (reduction of 53%). The 
lowest concentration of residual aluminium in the water sam-
ples was achieved after the coagulation process using Flokor 
1ASW/B. The concentration was about 10.8% and 23.4% lower 
than in the case of adding ALK and FLOKOR 1.2 A, respec-
tively. However, in all added coagulants, concentration of 
aluminium after coagulation process increased significantly 
(statistically) compared with the raw water. Aluminium was 
determined in non-filtered samples. Concentration after fil-
tration was much lower. Analysis of the results leads to the 
conclusion that the highest efficiency of the coagulation pro-
cess appears during autumn season using FLOKOR 1ASW/B.

3.2. Changes of DBPs formation potential during 
coagulation process

In raw water intended for treatment, the potential of form-
ing selected 12 chlorine products was equal to 492.1 μg/L. 
After coagulation process, the decrease of  amount of poten-
tial of by-products formation occurred. 

Table 2
Water quality parameters before and after coagulation

Indicator Raw water Quality of water after coagulation process with coagulants 

Al2(SO4)3 

ALK
PAX XL19H Flokor 1.2A Flokor 

1ASW/B
Flokor 105V

pH 6.4 ± 0.1 7.1 ± 0.1 7.2 ± 0.1 7.2 ± 0.1 7.3 ± 0.1 7.2 ± 0.1
Alkalinity, mval/L 1.8 ± 0.1 1.4 ± 0.1 1.6 ± 0.1 1.5 ± 0.1 1.6 ± 0.1 1.5 ± 0.1
True colour, mg Pt/L 5.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1
Turbidity, NTU 5.9 ± 0.1 2.4 ± 0.1 2.77 ± 0.1 2.6 ± 0.1 1.9 ± 0.1 2.1 ± 0.1
*Absorbance UV251m

4nm, m–1 0.088 ± 0.002 0.048 ± 0.002 0.052 ± 0.002 0.050 ± 0.005 0.043 ± 0.002 0.046 ± 0.002
Dissolved organic carbon (DOC), mgC/L 5.84 ± 0.03 4.41 ± 0.02 4.29 ± 0.02 4.62 ± 0.01 4.19 ± 0.02 4.09 ± 0.01
Total organic carbon (TOC), mgC/L 6.92 ± 0.03 5.47 ± 0.03 5.49 ± 0.02 5.47 ± 0.02 5.46 ± 0.03 5.32 ± 0.02
SUVA, m3/gC m 1.51 ± 0.02 1.06 ± 0.02 1.13 ± 0.02 1.19 ± 0.02 1.00 ± 0.02 1.25 ± 0.02
Aluminium, mg Al/L 0.083 ± 0.001 0.379 ± 0.002 0.477 ± 0.002 0.441 ± 0.002 0.338 ± 0.002 0.431 ± 0.002
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3.2.1. Changes in the halogenoacetonitriles (HAN) for 
potential formation

The results of the method describing the potential of 
nitrogen derivatives formation indicated that the coagu-
lation efficiency depended on the coagulant type. Flokor 
1ASW/B was the most efficient coagulant in the decreasing 
potential of DBPs. After adding Flokor 1ASW/B, the value 
for DBPs formation decreased of 79% compared with the 

raw water. After adding aluminium(VI)sulphate, that is 
commonly used in practice, 54% decrease of potential for 
DBPs formation was achieved. The decrease of potential 
for DBPs formation was in the range of 42%–66% compared 
with the potential in raw water for the remaining coagulants. 
The potential of formation of halogenoacetonitriles in raw 
water amounted to the value of 17.1 μg/L. In Fig. 1 changes 
in the potential of halogenoacetonitriles are given. The most 
sufficient coagulant was FLOKOR 1ASW/B, the potential 
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Fig. 1. Changes in the trichloroacetonitrile (TCAN), dichloroacetonitrile (DCAN), bromochloroacetonitrile (BCAN) and dibromoace-
tonitrile (DBAN) for potential formation.
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of forming halogenoacetonitriles was lower of 63%. The 
efficiency of the remaining salts resulted in the decrease of 
potential of organic halogenoacetonitriles by-products for-
mation in the range of 37%–58%. The decrease of potential of 
halogenoacetonitriles ranged 37% while aluminium sulphate 
was applied in order to simulate the real conditions.

3.2.2. Changes in the trihalogenomethanes (THM) for 
potential formation

In Fig. 2 changes in the potential of trihalogenomethanes 
are presented. The value of potential of trihalogenometh-
anes in raw water was equal to 289.3 μg/L. Flokor 1ASW/B 
appeared to be the most sufficient coagulant in the removal 

of trihalogenomethanes. The decrease of potential value of 
formation of THM was lower in the water of 82% than in 
the water before the coagulation process. Aluminium(VI)
sulphate, used so far, decreased potential value for THM for-
mation of only 56%.

3.2.3. Changes in the chloropicrin (CP) for potential formation

In Fig. 3 changes in the potential of chloropicrin forma-
tion are presented. Potential of chloropicrin formation was 
equal to 3.52 μg/L in raw water. The highest decrease (72%) 
was obtained during coagulation by adding Flokor 1.2A. The 
efficiency of the remaining salts in the decrease of potential 
of forming the nitro organic derivatives was in the range of 
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1.0 

0.8

0.6 

0.4 

0.2

Fig. 2. Changes in the trichloromethane (TCM), tribromomethane (TBM), bromodichloromethane (BDCM) and dibromochloromethane 
(DBCM) for potential formation.
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45%–70%. While coagulation was carried out by alumini-
um(VI)sulphate simulating the real conditions applied in 
practice, 69% decrease of potential of chloropicrin formation 
was achieved.

3.2.4. Changes in the halogen acetaldehydes (CH) for 
potential formation

In Fig. 4 changes in the potential of chloral hydrate 
(halogen acetaldehydes group) are given. The potential for 
formation of selected compound belonging to the afore-
mentioned group was equal to 136.6 μg/L in the raw water. 
The potential decreased (75%) most efficiently by adding 
Flokor 1.2 A. The efficiency of the remaining salts in the 
reduction of potential for the nitro organic derivative forma-
tion was in the range of 41%–61%. 44% decrease of potential 
for chloropicrin formation occurred, carrying coagulation 
process by aluminium(VI) sulphate simulating the real con-
ditions applied in practice.

3.2.5. Changes in the halogenoketones (HK) for potential 
formation 

In Fig. 5 changes in the potential of halogenoketones 
(1,1-dichloropropanone (1,1-DCP), 1,1,1-trichloropropanone 
 (1,1,1-TCP)) are presented. The potential of formation of 
the aforementioned compounds was equal to 136.6 μg/L in 
raw water. In the water after coagulation, the potential of 
forming determined halogenoketones was equal to 6.3 μg/L. 
The obtained decrease of potential value of aforementioned 

compounds formation was lower of 86%, whereas during 
coagulation process with aluminium(VI)sulphate (used so 
far in water treatment plant), the decrease of value of this 
parameter does not exceed 70%.

4. Conclusion

Analysis of the water quality indicators showed that the 
highest efficiency of the coagulation process was achieved 
using FLOKOR 105 V coagulant. The application of FLOKOR 
105V resulted in the lowest concentration of alkalinity, tur-
bidity, the lowest content of organic compounds expressed 
in indicator UV254 absorbance, DOC and TOC, respectively.

FLOKOR 1ASW/B appeared to be the most efficient 
coagulant in the reducing potential for selected disinfection 
organic by-products formation from the water during the 
spring season. In Table 3 the percentage of reducing potential 
for selected DBPs formation is given.

Statistically, FLOKOR 1ASW/B appeared to be the most 
effective in the decrease of potential of trihalomethanes 
(82%) and halogenoketones (81%) formation. The presence 
of selected organic by-products of disinfection may also be 
related to the structure and properties of the resulting flocs 
after coagulation using this coagulant. The highest efficiency 
in decrease of tribromomethane (95%) and 1,1,1-tribromo-
propanone (90%) was found when FLOKOR 1ASW/B was 
applied. This phenomenon might be related to the high 
molecular weight, that indicates a strong capacity to adsorb 
the aforementioned hydrocarbons to the surface of the flocks 
and their molecular structure. Changes in concentration of 

Fig. 3. Changes in the chloropicrin (CP) for potential formation.

Fig. 4. Changes in the chloral hydrate CH for potential formation.
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analyzed compounds may result in the physicochemical 
transformations of these compounds in the water, mainly 
sorption onto solid particles. Comparison of the obtained 
results with the literature data is difficult because studies 
on the NOM removal from water have been carried out in 
the process of coagulation or oxidation and membrane pro-
cesses [13,16,26–31]. Most literary sources aim conditions of 
forming trihalomethanes or halogenoacetic acids in primary 
oxidation and photo-oxidation processes with respect to 
DBPs [4,12,32]. The effectiveness of these compounds were 
different and depended on NOM characteristics, techno-
logical parameters of oxidation process and did not exceed 
50% [31,32]. However, the impact of coagulation process 
using various coagulants (simultaneously) on the potential 
of forming other DBPs (seven group of compounds) has not 

been described so far. In the available studies, five formula-
tions have been investigated, among these only one replaced 
the aluminium(VI) sulphate. That will allow to reduce the 
potential for DBPs formation. Additionally, the higher effi-
ciency in the removal of NOM, compared with the basic 
coagulant, will be achieved.

The studies conducted on the effectiveness of non- 
hydrolyzed aluminium(VI)sulphate and pre-hydrolyzed alu-
minium coagulants: PAX XL19H; FLOKOR 1,2A; FLOKOR 
1ASW/B and FLOKOR 105V allowed to state that during 
coagulation process the DBPs formation potential may be 
effectively reduced. The efficiency of coagulants primarily 
hydrolyzed with respect to some compounds in the decrease 
of formation of potential was similar. However, statisti-
cally the highest efficiency in reducing the DBPs formation 

Fig. 5. Changes in the 1,1dichloropropanon (1,1-DCP) and 1,1,1-trichloropropanone (1,1,1-TCP) for potential formation.

Table 3
Percentage of reducing potential for selected DBPs formation

Group of compounds By-products Al2(SO4)3 ALK PAX XL19H Flokor 1.2A Flokor 1ASW/B Flokor 105V

Halogenoacetonitriles

TCAN 11 ± 2 – 33 ± 2 22 ± 1 –
DCAN 28 ± 1 14 ± 1 37 ± 2 56 ± 3 47 ± 2
BCAN 47 ± 3 34 ± 2 33 ± 2 77 ± 3 72 ± 3
DBAN 64 ± 3 52 ± 3 80 ± 3 84 ± 2 95 ± 4

Trihalomethanes

TCM 55 ± 2 39 ± 2 53 ± 4 81 ± 2 65 ± 3
BDCM 85 ± 4 72 ± 4 69 ± 3 88 ± 4 88 ± 2
DBCM 67 ± 3 33 ± 2 47 ± 2 63 ± 4 57 ± 1
TBM 80 ± 4 77 ± 4 90 ± 4 95 ± 3 92 ± 3

Halogenonitromethanes CP 69 ± 4 45 ± 3 72 ± 4 70 ± 4 61 ± 4
Haloacetaldehydes CH 44 ± 3 41 ± 2 61 ± 3 75 ± 3 60 ± 3

Halogenoketones
1.1 DCP 51 ± 2 50 ± 4 44 ± 4 71 ± 4 59 ± 2
1.1.1 TCP 89 ± 3 72 ± 3 78 ± 2 90 ± 2 88 ± 2
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potential was obtained by adding FLOKOR 1 ASW/B in 
most cases. The aforementioned coagulant contains sulphate 
ions, the  percentage of aluminium oxide is about 15% and 
pH value does not exceed 4 (Table 1). It is successfully used 
in other WTP for removal of turbidity and true colour. The 
results of this research have confirmed it is effective for decrease 
of DBPs formation potential. Decrease in the sum of selected 
DBPs formation potential was in the range of 60%–82%. 
The most efficient removal of individual compounds was 
obtained after adding pre-hydrolyzed aluminium coagulants 
(using lower coagulant dose than in case of ALK). In this 
case, the reducing potential for formation of DBPs was for:

• halogenoacetonitriles: 14%–95%,
• trihalomethanes: 33%–95%,
• halogenonitromethanes such as chloropicrin: 45%–72%,
• halogenoketones: 50%–90% 
• halogenacetaldehyde such as chloral hydrate: 41%–75%.

Taking into considerations the reduction the by-products 
formation potential (contain chlorine), the most favorable 
would be to replace the coagulant – aluminium(VI) sulphate 
to Flokor 1ASW/B.
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