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ABSTRACT

The article presents the results of experiments on the potential of model solutions of urea,
creatinine, glycine, histidine, and arginine to form several organic chlorination by-products.
These precursors are the main organic-nitrogen compounds, whose sources in swimming
pool water are sweat and urine of bathers. In the article, the formation potential of the fol-
lowing by-products has been presented and discussed: trichloromethane; monochloroacetic
acid; dichloroacetic acid; trichloroacetic acid; trichloroacetonitrile; dichloroacetonitrile;
1,1-dichloropropanone; 1,1,1-trichloropropanone; chloral hydrate; and chloropicrin. The test
on by-products formation potential was applied to conduct the experiments, and 24-h
incubation time was applied for the swimming pool water samples, disinfected in three
variants of treatment: (1) chlorination alone; (2) chlorination and Ultraviolet (UV) irradiation
(cumulative dose 23.5 kJ/m?); and (3) chlorination and UV irradiation (cumulative dose
47 kJ/m?). The low-pressure UV lamp by Heraeus was used to irradiate the samples. The
results of experiments have been discussed and analyzed to study the influence of UV
radiation on the reactivity of individual model precursors and their potential to form
halogenated organic chlorination by-products.
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1. Introduction

Ultraviolet (UV) disinfection is being increasingly
used in water treatment. This process is highly effec-
tive at inactivating waterborne pathogens which are
resistant to chlorine, such as Cryptosporidium [1]. UV
irradiation in swimming pool water treatment is also
used to reduce chloramine compounds concentration

*Corresponding author.

[2—4]. UV treatment has to be used in a sequence with
chemical disinfectants to eliminate the secondary
water contamination. In Poland, chlorine is a primary
disinfectant to prevent microbial regrowth in
swimming pool water [5]. However, using chlorine
compounds is integrally connected with their reactiv-
ity and forming halogenated disinfection by-products
(DBPs). The main organic DBPs identified in
swimming pool water are trihalomethanes (THMs),
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haloacetic acids (HAAs), haloacetonitriles (HANSs),
haloketones (HKs), haloaldehydes (including chloral
hydrate (CH)), halonitromethanes (HNMs) (including
chloropicrin (CP)) [6-9]. These compounds are of
scientific interest, due to the health effects they may
have on human beings [10-16].

In swimming pools, the majority of DBPs forma-
tion is attributable to particles consisting mainly of
hair and skin cells, dirt, cosmetics, soap residues, and
organic-nitrogen (organic-N) precursors which are
introduced into swimming pool water by bathers with
human body fluids [2,17-22]. Among organic-N pre-
cursors, which are carried to swimming pool water
with sweat and urine, urea is the main contaminant
[17]. The others, such as: creatinine, arginine, histidine,
and glycine occur in lower concentrations [23,2,18,19],
Most organic-N precursors are carried to pool water
with urine—one bather releases on average 25-30 mL
of urine into swimming pools [18]. Typical composi-
tion of organic-N precursors in human urine and
sweat is presented in Table 1.

In the case of drinking water treatment, UV
irradiation alone at doses commonly used for disinfec-
tion does not appear to generate halogenated DBPs
[24,1]; however, UV irradiation combined with chlo-
rination can promote formation of several chlorinated
DBPs (THMs, CH, HNMs) and can also increase the
rate of free chlorine consumption [1,25-27].

In swimming pool water treatment, UV light
sequenced with chlorination can lead an increase in
the concentration of THMSs (particularly trichloro-
methane (TCM)), CH, dichloroacetonitrile (DCAN),
1,1,1-trichloropropanone (1,1,1-TCP), and CP [3,28].

The influence of individual organic-N precursors
on DBPs formation has been studied and described
only in a few publications [2,19]. As Weng et al. [2]
reported, chlorocreatinine was more sensitive to UV
irradiation (254 nm) than creatinine. UV irradiation of
chlorocreatinine leads to opening of the ring structure
and such formed intermediates are more susceptible
to the reaction with free chlorine and DBPs formation.
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In Weng’'s study, inorganic chloramines (NH)Cl],
NHCI,, NCl;), organic chloramine (CH3NCl;) and a
cyanogen chloride (CNCI) were examined. In other
studies [19], it was reported that DCAN formation
from L-histidine and r-arginine, CNCI from L-histidine,
L-arginine and glycine were promoted by monochro-
matic UV light provided that chlorine was presented
in solution.

As the above literature review has shown, our
knowledge of the influence of UV-chlorine sequences
on organic halogenated DBPs formation potential from
organic-N precursors is very limited.

In this paper, the influence of UV-chlorine sequence
disinfection on organic DBPs formation potential is
examined. The experiments were conducted for the
following organic-N precursors: urea, creatinine, glycine,
histidine, and arginine, which are introduced into swim-
ming pool water by bathers with human body fluids.
Their potential to form: TCM, monochloroacetic acid
(MCAA), dichloroacetic acid (DCAA), trichloroacetic
acid (TCAA), trichloroacetonitrile (TCA), DCAN, 1,1-
dichloropropanone (1,1-DCP), 1,1,1-trichloropropanone
(1,1,1-TCP), CH, and CP were analyzed.

2. Materials and methods
2.1. Preparation of organic-N precursors solutions

A stock solution of urea (POCh) and creatinine,
glycine, histidine, and arginine (ACROS) was pre-
pared by dissolving these compounds in ultra-pure
water from the Micro Pure Water Purification System
(Thermo), to which phosphate buffer was added. The
concentration of all solutions (1.8 x 10~ mol/L) was
adopted from the work of Weng et al. [19].

2.2. UV/chlorination experiment

The procedure of identifying the DBPs formation
potentials of individual organic-N precursors in
swimming pool water disinfected with UV-chlorine

Table 1
Organic-N precursors in human body fluids [18,19]
Sweat Urine
Compound WHO [18], (mg/L) Weng et al. [19], (mg/L) WHO [18], (mg/L) Weng et al. [19], (mg/L)
Urea 680 1,177.2 10,240 16,697.7
Creatinine 7 1.2 640 1,210.4
Glycine N.AS N.A? N.AA 129.1
Histidine N.A? N.A? N.A? 119.0
Arginine N.A® N.A? N.A? 29

AData not available.
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sequence was adopted from the work of Cimetiere
and Laat [3]. In the method, proposed by these
authors, water is irradiated with cumulative UV doses
(23.5-47.0 k] /m?). Both before and after each irradia-
tion, free chlorine concentration was adjusted to
3 mg/L. In the experiment, monochromatic UV lamp
TNN 15/32 by Heraeus was used. The procedure has
been adapted to a photoreactor, in which experiments
were conducted (the details are presented in Fig. 1).

For each individual organic-N precursor, 3 samples
were taken: (1) Cl,—water only chlorinated; (2)
Cl, + UVl—water chlorinated and treated with UV
dose 23.5 kJ/m? and chlorinated again; (3) Cl, + UV2
—water chlorinated, treated with UV dose 23.5 kJ/ m>,
chlorinated, treated with UV dose 23.5 kJ/ m? (cumula-
tive UV dose 47.0kJ/m?), and chlorinated. On all
stages of the experiment, the free chlorine concentra-
tion was adjusted to 3.0+0.2mg/L, using sodium
hypochlorite. The free chlorine concentration was
determined using the DPD (N,N-diethylphenylendi-
amine) method (according to the Polish Standard
PN-ISO 7393-2). The free chlorine concentration was
measured using the Aurius 2021 UV-vis spectropho-
tometer (Cecil Instruments). The detection limit of the
method was 0.03 mg/L.

2 L WATER SAMPLE
Free chlorine adjusted to 3 mg/L

250 mL 700 mL

N A 4

700 mL

UV TREATMENT
UV dose: 23.5 kJ/m’ (UV1)

Free chlorine adjusted to 3 mg/L.

—

250 mL

v

UV TREATMENT
UV dose: 23.5 kJ/m’
Cumulative UV dose: 47 kJ/m* (UV2)

Free chlorine adjusted to 3 mg/L

Ch)| , (CL+UV1) (CL+UV2) |, 250 mL

T
e

INCUBATION 24 h, 25°C

A 4
DBPs ANALYSIS

Fig. 1. Experimental procedures scheme.
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After each stage of the experiment, water samples
were put into dark-glass bottles of volume 250 mL,
with the silicon sealing covered with PTFE. The bottles
were completely filled to avoid air bubbles. The chlori-
nated water samples were incubated at 25+2°C. After
24 h, these samples were dechlorinated and DBPs
were analyzed.

2.3. DBPs analysis

After 24-h incubation time, the concentration of
TCM; MCAA; DCAA; TCAA; TCAN; DCAN; 1,1-
DCP; 1,1,1-TCP; CH; and CP was analyzed in all sam-
ples. Prior to the analysis of HAAs, the samples were
dechlorinated with sodium sulfite, while prior to the
analysis of the rest of volatile DBPs, the samples were
dechlorinated with ascorbic acids.

The DBPs concentrations were analyzed using a
gas chromatograph with a Trace Ultra DSQII GC-MS
mass spectrometer (Thermo Scientific). Helium was
used as a carrier gas. The Rxi"™-5 ms capillary column
(Restek) was used (film thickness 0.5 um, column
length 30 m, column diameter 0.25 mm). The TCM,
HANs, HKs, CH, and CP were extracted using the
liquid-liquid extraction method with methyl tert-butyl
ether. The HAAs concentrations were analyzed using
an acidic methanol esterification method. Details of
the analytical procedure of these individual
compounds were presented in the article [29].

3. Results and discussion

The concentrations of individual DBPs in each of
organic-N solutions have been presented in Table 2.
Fig. 2 presents the DBPs formation potential of indi-
vidual organic-N precursors for TCM (Fig. 2(A)); for
sum of TCAN and DCAN (Fig. 2(B)); for the sum of
1,1-DCP and 1,1,1-TCP (Fig. 2(C)); for CH (Fig. 2(D));
for CP (Fig. 2(E)); and for the sum of MCAA, DCAA,
and TCAA (Fig. 2(F)).

3.1. Trichloromethane

As it can be observed in Fig. 2(A), TCM only in
chlorinated samples (Cl;) was formed in a low amount
by all organic-N precursors. In this case, TCM concen-
tration was 0.97 pg/L for urea, 2.41 pg/L for creatinine
and 242 pg/L for glycine. In the samples irradiated
with the UV dose of 235kJ/m* (Cl, + UV1), an
increase in TCM concentration was observed for urea
(to the level of 2.17 pg/L, thus the concentration
increased by123%), glycine (to 2.82 pg/L, 16%) and
histidine (to 7.26 ug/L, 243%). In the solution of
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Table 2
DBPs concentration in solution of urea, creatinine, glycine, histidine, and arginine treated with chlorine and/or UV
radiation

DBPs concentration in organic-N precursor solution, (ug/L)
Compound Urea Creatinine Glycine Histidine Arginine
Cl,
TCM 0.97 241 2.42 2.12 1.64
TCAN 0.05 0.01 0.02 0.21 0.07
DCAN 0.26 0.36 0.70 36.07 0.42
1,1-DCP 0.89 1.53 1.15 2.09 0.59
1,1,1-TCP 0.68 0.80 0.81 0.25 0.70
CH 0.38 0.90 2.70 22.47 1.20
CP 0.19 0.25 0.18 0.14 0.17
MCAA 0.39 0.50 3.24 2.78 1.03
DCAA 1.59 2.09 1.64 11.45 2.25
TCAA 247 2.39 241 5.84 3.67
C12 + UV1
TCM 2.17 1.31 2.82 7.26 1.59
TCAN 0.02 0.01 0.01 0.27 0.06
DCAN 0.32 0.26 0.84 45.19 2.69
1,1-DCP 1.41 1.03 1.07 0.77 1.13
1,1,1-TCP 0.74 0.11 0.68 0.30 1.19
CH 1.27 1.11 1.51 94.67 13.87
cpP 0.42 27.96 4.49 1.39 0.34
MCAA 0.82 0.74 1.68 3.59 1.83
DCAA 1.84 391 3.11 30.38 8.83
TCAA 291 4.75 4.67 16.95 5.60
Cl, + UV2
TCM 10.22 3.64 2.34 8.24 2.06
TCAN 0.02 0.06 0.03 0.14 0.03
DCAN 0.44 0.20 0.48 42.32 7.33
1,1-DCP 1.47 0.76 0.43 0.44 2.32
1,1,1-TCP 0.83 0.42 1.10 0.52 1.55
CH 1.94 2.35 2.19 101.47 24.88
CP 0.85 41.45 1.49 0.68 0.50
MCAA 1.17 0.97 1.35 10.30 1.18
DCAA 6.62 3.77 4.76 35.81 13.99
TCAA 6.49 3.97 5.31 20.10 6.06

arginine, a minor decrease in the concentration of
TCM was observed (to 1.59 pg/L, —3%), as well as of
creatinine (to 2.41 pg/L, —45%). In the samples irri-
tated with the cumulative UV dose 47KkJ/ m?
(Cl, + UV2) for all organic-N precursors (except gly-
cine), an increase in TCM concentration was noticed.
For urea, the concentration of TCM increased more
than 10 times when compared to the solution, which
was only chlorinated (to 10.22 ug/L, 950%), as well as
for creatinine (to 3.64 pg/L, 51%), histidine (to
8.24 ug/L, 289%), and arginine (to 2.06 pg/L, 26%).
While for glycine, a minor decrease in TCM concentra-
tion was observed (to 2.34 pg/L, —3%). In other
experiments, conducted on water with the higher con-
centration of urine and free residual chlorine, the

more intensive formation of TCM was reported [7]. In
the experiments presented in this article, the signifi-
cant influence of urine compounds on TCM formation
was not observed. However, in the conditions of real
swimming pool, the higher concentration of urine is
usually correlated with the presence of other contami-
nants carried with bathers such as particles consisting
hair and skin cells, which could also play some role in
TCM formation precursors [21]. The presented results
proved that UV radiation had a significant influence
on the formation of TCM from the substances carried
with human body fluids to swimming pool water.
Among the organic-N precursors, the highest
importance in TCM formation in water treated with
UV-chlorine sequence has urea (which has a high
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Fig. 2. DBPs formation potential of organic-N precursors: (A) TCM, (B) haloacetonitriles, (C) HKs, (D) CH, (E) CP, and
(F) HAAs (graphs B, D, and E are presented in a logarithmic scale).

share in human urine) and histidine (low share in
human urine) [18,19] (see Table 1).

3.2. Haloacetonitriles

Some other researchers reported the more intensive
formation of DCAN in swimming pool water caused
by the presence of hair, lotion, saliva, skin, and urine,

which are carried to water by bathers [7,30]. There are
also some reports on the significant increase in DCAN
concentration in swimming pool water as an effect of
UV irradiation [3]. The experiments conducted by
Weng et al. [19] showed that UV irradiation (254 nm)
promoted DCAN formation from histidine and
arginine, as long as free chlorine was present in the
solution. The experiments described in this article also
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showed the high potential of histidine and arginine to
form compounds from HANs group (Fig. 2(B)). TCAN
was formed in a very low quantity (<0.1 pg/L), and
UV radiation had no significant influence on this
process. Only in the case of histidine slightly higher
concentration of TCAN was observed—it was 0.21,
0.27 and 0.14 pug/L for water, respectively, only chlori-
nated, irradiated in a variant Cl, + UV1 and Cl, + UV2.
But even in this case TCAN concentration was low.
DCAN concentration for urea, creatinine and glycine
was also low—ranged from 0.20 pg/L for creatinine
solution irradiated in Cl, + UV2 variant to 0.84 pg/L
for glycine solution irradiated in Cl, + UV1 variant.
For arginine solution, a significant influence of UV
radiation on DCAN formation was observed. DCAN
concentration after 24-h incubation was 0.42, 2.69
(increased by 540%) and 7.33 pug/L (1,645%) in the
samples, respectively: only chlorinated, irradiated in
Cl, + UV1 and Cl, + UV2 variants. Histidine showed
the highest potential to form DCAN. In the case of this
organic-N precursor, a strong influence of UV
radiation on DCAN formation was also observed.
DCAN concentration in only chlorinated sample was
36.07 ug/L, while after irradiation with a dose UV1
and UV2, DCAN concentration increased, respectively,
to 45.19 pg/L (25%) and 42.32 ug/L (17%). During the
experiments, the additional chlorination was con-
ducted to adjust the free chlorine concentration to
3 mg/L, after each irradiation of the organic-N precur-
sors solution. After the irradiation of water, in which
the free chlorine concentration was 3 mg/L, with UV
dose of UV 235 k]/mz, due to dechlorination free
chlorine concentration decreased to the level of about
1.5 mg/L. Thus, this higher dose of chlorine in treated
with UV samples is a possible reason why the concen-
tration of DCAN (and some other tested DBPS)
increased after UV irradiation. However, some
research reports (e.g. Weng et al. [19]) show that UV
irradiation of organic-N precursors: creatinine, glycine,
histidine and arginine increases the chlorine consump-
tion in water. Histidine constitutes a very low percent-
age among the urine components, therefore—during
the presented experiments—it was impossible to
observe high concentration of DCAN nor the strong
influence of UV radiation on its formation, despite
such a high potential of this substance to form DCAN
in swimming pool water.

3.3. Haloketones

The formation of compounds from HKs group (1,1-
DCP and 1,1,1-TCP) in chlorinated water ranged from
1.29 ug/L for arginine to 2.33 ng/L and 2.35 png/L for
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creatinine and histidine. The influence of UV radiation
on HKs concentration was observed in urea and
arginine solutions. This effect was stronger for arginine
—HKSs concentration increase was 1.03 ug/L (80%) for
Cl, + UV1 variant and 2.58 pug/L (201%) for Cl, + UV2,
while for urea, it was 0.58 (37%) and 0.73 pg/L (46%),
respectively. The irradiation of creatinine, glycine, and
histidine solutions resulted in the decrease in HKs
concentration—for creatinine, it was 1.19 pg/L (=51%)
in Cl,+UV1l variant and 1.15pg/L (-49%) in
Cl, + UV2, for glycine—respectively, 0.21 pg/L (-11%)
and 042 pg/L (-22%), and for histidine 1.28 pg/L
(=55%) and 1.38 ug/L (=59%). The compounds from
this group are relatively rarely examined and studied
by other authors. Cimetiere and De Laat [3] in their
laboratory experiments on swimming pool water
proved that UV treatment significantly increased the
concentration of 1,1,1-TCP; however, this effect was
not observed for 1,1-DCP.

3.4. Chloral hydrate

CH is one of the most abundant DBPs in swim-
ming pool water, and UV treatment can increase its
formation [3]. The conducted experiments proved
that urea, creatinine, glycine, and arginine had no
significant influence on CH formation in swimming
pool water, which was only chlorinated (concentra-
tion from 0.38 ug/L for urea to 2.70 pg/L for gly-
cine), and CH concentration in chlorinated histidine
solution reached the level of 22.47 pg/L (Fig. 2(D)).
For urea, creatinine, and glycine, no significant influ-
ence of UV radiation on CH formation was
observed, while in the case of histidine and arginine,
the higher dose of UV caused the formation of CH
in higher quantity. Especially, the high increase in
CH concentration was observed for histidine—it was
7220 pg/L (321%) in Cl, +UV1 variant and
79.00 pg/L (352%) in Cl, + UV2. CH concentration
reached the value of 94.67 ng/L for Cl, + UV1 vari-
ant and 101.47 pg/L for Cl, + UV2. For arginine, a
very strong influence of UV radiation on CH forma-
tion was observed—in Cl, + UV1 variant CH concen-
tration raised from 1.20 to 13.87 ug/L (1,058%), in
Cl, + UV2 it reached the wvalue of 24.88pg/L
(1,975%). Similar to the case of DCAN, an increase
in CH concentration in the samples irradiated with
UV may be caused by the higher dose of chlorine.
Similar to DCAN, such a high potential of histidine
and arginine to form CH will not significantly influ-
ence CH concentration in real swimming pools due
to the low share of these precursors in human body
fluids.
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3.5. Chloropicrin

So far, CP precursors have not been identified in
swimming pool water by any authors. In the research
of Cimetiere and De Laat [3], conducted on the sam-
ples of water taken from swimming pools and irradi-
ated with UV in laboratory conditions, it was proved
that UV-chlorine sequence increased CP concentration.
In the experiments described in this article, the CP
concentration in the samples only chlorinated was low
—from 0.14 pg/L in histidine solution to 0.25 pg/L in
creatinine one. Irradiation of samples with UV1 dose
caused an increase in CP concentration in all analyzed
samples of organic-N precursors. The highest increase
of CP concentration was observed for creatinine (to
the level of 27.96 pg/L, thus it increased by 11,080%).
The relatively high increase was also observed for gly-
cine (from 0.18 to 4.49 pg/L, 2,374%) and for histidine
(from 0.14 to 1.39 pg/L, 920%). The second irradiation
caused an increase in CP concentration in the urea
sample—from 042 pg/L (Cl, + UV1) to 0.85pug/L
(Cl, + UV2) (increased by 227%)—and in the arginine
one—from 0.34 to 0.50 pg/L, respectively, (96%). How-
ever, the highest increase was observed in creatinine
solution, in which CP concentration increased to the
level of 41.45ug/L (Cl,+ UV2), which is 16,476%
higher than in the sample only chlorinated. In other
samples after the second irradiation, a decrease in CP
concentration was observed—it was 3.00 pg/L for
glycine and 0.71 pg/L for histidine. Therefore, the
strong influence of UV radiation on CP formation
from creatinine was proved in these experiments.
Creatinine is present in human body fluids in the
relatively high concentration; therefore, UV irradiation
of swimming pool water can be a cause of an increase
in CP concentration. In the experiments by Weng'a
et al. [2], chlorocreatine was shown to be more sensi-
tive to UV irradiation than creatinine, and formed
intermediates (with N-CI bonds) which are more sus-
ceptible to free chlorine impact and to the formation
of DBPs (such as chloramines and cyanogen chloride).
Perhaps the same mechanism caused that during the
disinfection of creatinine solution in the sequence
chlorine-UV-chlorine more CP was formed.

3.6. Haloacetic acids

In swimming pool water, HAAs are the most
numerous fraction among all DBPs and are proved to
be formed from human body fluids [7,20]. In the
experiments conducted on the samples of swimming
pool water and treated with UV in lab-scale study, the
influence of UV irradiation on HAAs formation was
not proved [3]. The concentration of individual HAAs
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obtained in the experiments described in this article is
presented in Table 2 and their sum—in Fig. 2(F). The
influence of UV irradiation on HAAs concentration
was observed in each organic-N precursor solution.
The highest HAAs" formation potential was observed
for histidine—in that case HAAs’ concentration was
20.07 ug/L only in the chlorinated sample, and it rose
to 50.92 ug/L (154%) after Cl, + UV1 treatment, and to
66.20 ug/L (230%) after Cl, + UV2. The relatively high
potential to form HAAs was also observed for argi-
nine—the concentration of the sum of MCAA, DCAA,
and TCAA was 6.95 ng/L, 16.26 pg/L (an increase by
134%), and 21.22 pug/L (205%) in the samples, respec-
tively, only chlorinated, treated in Cl, + UV1 variant
and Cl, + UV2. The lowest HAAs formation potential
was observed for creatinine. HAAs concentration was
498 ng/L  for chlorination alone, it increased by
4.42 pg/L (89%) to the level of 9.40 pg/L after irradia-
tion with a lower UV dose, and as a result of the sec-
ond irradiation, it decreased to 8.71 pg/L (75% higher
than in the chlorinated sample). The dynamics of
by-products formation driven by the sequence of
UV irradiation and chlorination has not been fully
studied. Thus, it is difficult to define the reason of
HAAs a decrease in creatinine solution after the
second Cl, + UV2 treatment. However, one of possible
explanations is the fact that other by-products, espe-
cially TCM and CP, were formed more intensively.

4. Conclusions

The results of experiments on the influence of UV
irradiation on the formation of DBPs from organic-
nitrogen precursors allowed one to draw the following
conclusions:

e TCM was formed by all analyzed precursors;
however, a significant influence of UV radiation
on trichlorometane formation was observed for
urea and histidine;

* a significant influence of histidine on the forma-
tion of haloacetonitriles (especially DCAN) was
observed, as well as the influence of UV radia-
tion on the formation of haloacetonitriles from
histidine and arginine;

* the compounds from the group of HKs were
formed by all organic-nitrogen precursors, and
the UV irradiation of the samples with urea and
arginine caused an increase in the concentration
of HKs and a decrease in the samples of
creatinine, glycine, and histidine;

* histidine showed the highest potential to form
CH, and for histidine and arginine, a significant
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influence of UV radiation on the concentration
of CH in solution was observed;

e the highest potential to form CP was observed
for creatinine, and for this precursor, a strong
influence of UV radiation on CP concentration
was also proved;

¢ HAAs were formed by all organic-nitrogen pre-
cursors, and for all of them, some influence of
UV radiation on the concentration of HAAs was
observed; however, histidine showed the highest
potential to form these compounds.

The conducted research experiments proved that
UV-chlorination sequence could increase the potential
of organic-nitrogen precursors to form some water
chlorination by-products. UV radiation is commonly
treated as a safe disinfection method; however, in
the case of swimming pool water, to which some
quantity of organic-nitrogen compounds can be intro-
duced by bathers with sweat and urine, the applica-
tion of UV-chlorine sequence should be carefully
controlled.
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