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ABSTRACT

The article presents the results of the research on the influence of medium pressure UV lamp on
the concentration of disinfection by-products (DBPs) in hot tub water. The lamp was installed in
the water treatment system of the hot tub, located in the AGH swimming pool. The studies were
conducted for 2 weeks. In the first week the lamp was switched off and water was treated by coag-
ulation and pressure filtration on anthracite-sand filters after that disinfected with sodium hypo-
chlorite. In the second week, treated water was additionally radiated by a medium pressure UV
lamp, in an average dose of 205 mJ/cm? The water samples were taken every day from Monday
to Friday. In these samples the concentration of the following parameters was measured: inorgan-
ics chloramines and halogenated organic DBPs [trihalomethanes (THM), haloacetic acids (HAA),
and chloral hydrate (CH)]. The research results showed that the application of medium pressure
UV lamp efficiently decreases the concentration of chloramines, however, in regards to organic
DBPs it may cause a significant increase in the concentration of CH. The concentration of THM and

HAA increased statistically insignificantly.
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1. Introduction

Swimming water is treated in a closed cycle, in which
usually organic matter is removed with rapid filtration on
one- or multilayer pressure filters (after dosing coagulants)
and then water is chlorinated. However such a system is
sometimes incapable to guarantee the proper quality of
water. For this reason, the low or medium pressure UV lamps
are more and more often employed in swimming water
treatment, prior chemical disinfection. The main reason for
applying these lamps is to support the disinfection process
[1-4] and to decrease the concentration of combined chlorine
in swimming pool water [5-8]. Both low and medium pres-
sure UV lamps can decrease the concentration of combined
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chlorine by 50%-70% [8-10]. Generally inorganic chlora-
mines (mono-, di- and trichloramine) may be degraded by
UV radiation, however, the rate of this process depends on
the UV wavelength. Afifi and Blatchley III [11] reported that
the application of medium pressure UV lamp (dose 60 m]/
cm?) in swimming water treatment technology caused a
decrease in the concentration of mono- and dichloramine
about 1.5 times. In the case of a low-pressure lamp, these
authors also observed the decrease in the concentration
of these substances, but significantly lower. The concentra-
tion of trichloramine in the experiments by these authors
was lower while a medium-pressure lamp was applied in
comparison to low pressure one, however higher than in
water only chlorinated. The research by Soltermann et al.
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[10] on model solutions showed that the rate of photodeg-
radation of chloramine is higher with a higher number of
N-CI bonds, while irradiated with medium pressure UV
lamp. In a case of the low-pressure UV lamp, the rates of
removal of the mono- and dichloramine were similarly
high. Inorganic chloramines are the primary by-product of
pool water disinfection and can negatively affect the health
of swimming pool users. In the case of mono- and dichlo-
ramine, such negative effects were not observed, but they
can be precursors of nitrosamine, which is very harmful to
health [12]. Trichloramine is more volatile than other inor-
ganic chloramines and is easily transferred to pool air, thus
inhalation is the dominant way of exposure to this com-
pound [12-14]. Trichloramine is characterized by an irritat-
ing, strong odor and even brief exposure causes coughing
or irritation of the skin, eyes, or respiratory tract, probably
also asthma. This compound may also cause changes in
biomarkers in the lungs, however, available toxicological
data on trichloramine are limited [12,13,15]. Chloramines
as inorganic compounds are difficult to remove in conventional
pool water treatment processes, thus the use of UV lamps
to reduce their concentration in pool water is so crucial.

In real facilities, water cycles in closed loops, thus water
after irradiation is chlorinated, and water after chlorination
is radiated. The constant process of by-products formation
occurs, as well as their photodegradation. UV irradiation of
chlorinated water causes the occurrence of an advanced oxi-
dation process, which may influence the quantity and qual-
ity of organic matter, as well as inorganic substances [2,16].
Due to the reports by Soltermann et al. [10] the secondary
processes, which are probably connected with the formation
of hydroxyl radicals, play a crucial role in the degradation
of trichloramine. The combination of UV and chlorine, as
an advanced oxidation process, differently influences on
organic matter in water than UV irradiation applied alone.

Water disinfection with UV, followed by chlorination,
may cause also important changes in the concentration of
halogenated organic water disinfection products [17,18]. UV
radiation may also change a structure of natural organic mat-
ter, causing the increase in the concentration of molecules
with low molecular weight, biodegradability, and a ratio of
the hydrophilic fraction to hydrophobic one. The molecules
of organic matter with high molecular weight, after UV
irradiation of water, become more aliphatic, more carboxylic
and carbonyl groups are generated. In water radiated with
UV several compounds were identified, such as low-mole-
cule carboxylic acids, acetic acids, keto acids, and aldehydes
[4,17,19]. UV causes preferential degradation of organic mat-
ter in water and an increase of concentration chromophore
compounds of low molecular weight [19]. Free radicals,
formed as a result of advanced oxidation processes, react
very rapidly with several chemical compounds, especially
with aromatic ones [20], for this reason the concentration
of aromatic compounds decreases in these processes, and
some part of organic matter can be mineralized [21,22].

The experiments on the influence of UV radiation on the
concentration of disinfection by-products (DBPs) in swim-
ming water, conducted on the real facilities, are presented
in only a few publications. Cassan et al. [9] in the research
realized in the indoor swimming pool, in two-week series,
found out that a medium pressure UV lamp applied in a

combination with chlorination caused the increase in the
concentration of trichloromethane (TCM) and bromodi-
chloromethane (BDCM), and the decrease of dibromochloro-
methane (DBCM) and tribromomethane (TBM). Kristensen
et al. [8] in the research with low and medium pressure
UV lamps did not observe an influence of UV on the con-
centration of trihalomethanes (THM). While Beyer et al. [23]
in the research with a medium pressure UV lamp, observed
the increase of the concentration of the sum of THM from
32-44 ug/L to 21 pg/L, after four-week treatment with UV
technology. Afifi and Blatchley III [11] were conducting a
three-year research project, in which during the first year
water was only chlorinated, in the second one — additionally
irradiated with a low-pressure UV lamp, and in the third
one the chlorination was combined with low-pressure UV
lamp. Their results showed that medium pressure UV lamp
causes the decrease of concentration of several chlorination
by-products in comparison with low-pressure UV lamp and
chlorination alone. Exposure to even trace amounts of toxic
micro-contaminants in pool water can affect the health of
users. Kramer at al. [24] conducted the studies on concen-
trated pool water samples, using the UMU test on bacteria
Salmonella typhimurium, and they received particularly high
cytotoxic and genotoxic results for haloacetonitriles (HAN)
and chloropicrin. Among the analyzed DBPs from the group
of THM and haloacetic acids (HAA), genotoxic effects were
observed for brominated THM, dibromo-, bromochloro- and
dichloroacetic. In the case of chloral hydrate (CH), genotoxic
and cytotoxic effects were observed only at very high concen-
trations, not occurred in real pool water (185 mg/L). In other
studies Hansen et al. [14] conducted on a model pool water
solution, genotoxicity, and cytotoxicity studies on Chinese
hamster ovary cells showed that the most toxic effects were
observed for HAN, lower for HAA, whereas for THM this
kind of effect was not noticed. The addition of bromide ions
caused a drastic increase in the cytotoxicity of the tested
samples. Similar trends have been observed for genotoxicity.

There are no reports or articles regarding the applica-
tion of medium pressure UV lamps in the water treatment
technology of hot tub, which is a relatively difficult facility
(high chlorine concentration, high temperature). For this
reason, our goal in this article is to study the influence of
medium pressure UV lamp on the quality of water in the hot
tub, functioning in the AGH swimming pool. The analyzed
dose of UV radiation was relatively high - it was approxi-
mately 205 mJ/cm?® The experiments were conducted in two
one-week series — in the first week the lamp was switched
off, in the second one - switched on. The following param-
eters were analyzed in water: organic DBPs from the group
of THM, HAA, and CH, as well as inorganic chloramines
(mono-, di- and trichloramine). The utilitarian goal of this
research is to evaluate if it is rational to use medium pressure
UV lamps to treat water in the hot tub.

2. Materials and methods

The research was conducted on the real facility — the hot
tub with hydromassage, installed on the AGH swimming
pool facility, which is a complex of indoor swimming pools
(Krakow, Poland). The basic technical parameters of the
studied tub are given in Table 1.
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Table 1
The technical parameters of study object —hot tub
Parameter Value
Dimensions 3.82m x 2.5 m; depth 0.9 m
Water cycle flow rate 46 m3/h
Active volume of expansion tank 10 m®
Coagulant dose” 0.5-1.0 ml/m?

Filtration

Number of filters

Filtration rate

Water temperature

UV lamp

UV dose

Free chlorine concentration, mg/L

multilayer pressure filter

1 (dimension 1.4 m)

30 m/h

32°C

Medium pressure UV lamp by BestUV
205 mJ/cm? (201-209 m]J/cm?)

0.7-1.0

*polyaluminum chloride, the concentration of AI** 1.2%

To test the influence of the medium-pressure UV lamp
on the quality of pool water, a two-week experience was carried
out. In the first week, after water was replaced in the tub
and in its technological system, the series of samples were
taken while the UV lamp was switched off. Thus water was
treated in a classic system, included coagulation with poly-
aluminium chloride, filtration on a multilayer rapid filter,
disinfection with sodium hypochlorite. In the second week,
water was replaced again. The UV lamp was switched on,
and it was installed after rapid filtration and prior chemical
disinfection. The AL1.1500 lamp by BestUV was used. It is
a flow medium pressure lamp with one 1,500 W filament.
The dose of UV radiation was controlled by the lamp power
and water flow rate. The UV dose during the experiments
was measured using the UV lamp built-in sensor and dis-
played on the control panel. A relatively high UV radia-
tion dose (205 mJ/cm?) was used. The decision to conduct
the experiments in one-week series was caused by the fact
that water in the hot tub is exchanged at least once a week.

The water samples were taken from Monday to Friday, in
both research week. Every day, 2 samples were taken to run
double measurements of each analyzed parameter. In those
samples, besides basic water quality parameters (nitrogen
compounds, indicators of quantity and quality of organic
matter), the following parameters were determined: free and
combined chlorine, selected organic chloramines, haloge-
nated organic DBPs (THM, TCM, BDCM, DBCM, TBM, CH,
HAA, dichloroacetic acid (DCAA) and trichloroacetic acid
(TCAA)). The water samples were also tested microbiolog-
ically; the total number of microorganisms was determined
at 22°C (psychrophiles) and 36°C (mesophiles); R2A culture
medium was used. Incubation time was 7 and 5 d, respec-
tively for 22°C and 36°C. Prior to analysis the temperature
of tested samples was adjusted to 25°C.

Halogenated organic by-products were analyzed with
Trace Ultra DSQII GC-MS by Thermo Scientific (USA). The
helium was used as a carrier gas. Separation of the com-
pounds was done on a Rxi™-5ms capillary column by
Restek (USA) (film thickness 0.5 um, column length 30 m,
column diameter 0.25 mm). THM and CH were extracted
with methyl tert-butyl ether (MTBE) by liquid-liquid

method with the addition of sodium sulfate. HAA from
the water was extracted with acid-liquid extraction with
MTBE, then their acid esterification was conducted, using
a solution of sulfuric acid in methanol (10%) at 50°C for 1 h.
For THM and CH analysis on gas chromatography—mass
spectrometry the chromatography column was heated up
from 35°C (9.5 min) to 200°C (0 min) with a temperature
rate of 40°C/min. For HAA analysis the chromatography
column was heated up from 40°C (0 min) to 100°C (5 min)
with a temperature rate of 40°C/min, and afterward to
200°C (0 min) with a rate of 8°C/min. The detection limit for
all these compounds was 0.05 pg/L.

The concentration of free and combined chlorine was
determined with a colorimetric method with N,N-diethyl-
p-phenylenediamine (DPD). The concentration of mono-, di-
and trichloramine was measured accordingly to the DPD/KI
method [25]. Chlorine and chloramine concentrations were
measured with Aurius 2021 UV-VIS spectrophotometer by
Cecil Instruments (UK). The detection limit of this method
was 0.03 mg/L. Dissolved organic carbon (DOC) was deter-
mined by the oxidation of organic matter in the liquid phase.
The detection limit of this method was 0.3 mg/L. Specific
ultraviolet absorbance (SUVA) was determined as the ratio
of absorbance at 254 nm (measured with Aurius 2021
UV-VIS) and DOC. The concentration of total nitrogen (TN),
ammonium nitrogen (N-NH,), nitrite nitrogen (N-NO,),
and nitrate-nitrogen (N-NO,) was determined photomet-
rically with Nanocolor tests and Nanocolor UV-Vis spec-
trophotometer by Macherey-Nagel (Germany). Detection
limits for nitrogen compounds were TN — 0.1 mg/L; N-NH,
- 0.01 mg/L; N-NO, - 0.002 mg/L; N-NO, - 0.02 mg/L.
The concentration of organic nitrogen was calculated as the
difference between total and inorganic nitrogen. Conductivity
and pH were determined with electrometric methods.

We studied if the medium pressure UV lamp, employed
in the pool water treatment system, caused the changes
in concentration of each analyzed DBPs on a statistically
significant level (p < 0.05). The statistical analyses were
performed with R Studio (Ver. 1.0.143). Shapiro-Wilk nor-
mality test and homogeneity of variance (Levene-type
test by lawstat package) were done prior to the main
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statistical analysis. In the cases of normal and homogeneous
variance — analysis of variance with the post-hoc Tukey’s
HSD test was used. In all other cases, the Dunn test (from
dunn.test package) was used.

3. Results and discussion
3.1. Basic and microbiological parameters

Table 2 presents the basic and microbiological parame-
ters of swimming pool water taken from the studied hot tub,
in options with the medium pressure UV lamp switched
off and on.

Comparing the parameters of tub water quality in these
two variants, the importance of the organic matter nitrifica-
tion should be noticed. The concentration of organic nitro-
gen in the first experimental week was 0.55 mg/L, while in
the second one - 0.84 mg/L. The concentration of organic
carbon was similar in the first and second weeks (3.20 and
3.10 mg/L respectively). However, the SUVA parameter was
lower in the CL/UV variant, indicating a reduction of high
molecular weight compounds and aromatic ones by UV
radiation. The average concentration of combined chlorine
was 0.43 mg/L in the first week (UV lamp off) and 0.22 mg/L
in the second one (UV on). Polish Legal Regulations [26]
regarding chlorine concentration (max. 0.3 mg/L) were met
only when the UV lamp was used. UV radiation causes the
formation of an advanced oxidation process (CL/UV) hence
the increase in nitrate-nitrogen concentration when the lamp
was switched on. In only chlorinated water the nitrate—nitro-
gen concentration was 2.90 mg/L, but in water additionally
radiated with UV lamp it was 3.48 mg/L; which corresponds
to nitrate concentration of 10.77 and 12.92 mg/L, respec-
tively. In Polish legislation [26], the difference between water
concentrations in the basin and filling water cannot exceed
20 mg/L, thus the use of UV lamps did not raise nitrates to
such a level that water quality standards were exceeded.

Table 2
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The average number of mesophilic bacteria was 41 cfu/
mL in the variant with the medium-pressure UV lamp
switched off and 6 cfu/mL with it switched on. While the
average number of psychrophilic bacteria was respectively
127 cfu/mL and only 10 cfu/mL. Although UV light can
degrade organic matter to smaller particles and increase
the content of biodegradable organic carbon [4,17,19], UV
radiation improves the microbial stability of water. The
increased content of bacteria in the case of chlorination
alone indicates that even in swimming pools equipped with
water-air aerosol devices (including a hydromassage bath),
elevated the concentration of free chlorine (0.7-1.0 mg/L)
may be insufficient. Although the R2A medium was used
for microbiological analysis, which results in significantly
higher results of the number of microorganisms compared
to a standard medium, it can be observed that after using
the UV lamp the number of psychrophiles dropped to
below the limit (100 cfu/mL) [26]. This shows that the use
of a UV lamp can support the disinfectant effect of chlorine.

3.2. Chloramines

Fig. la presents how the concentration of combined
chlorine changed along with the time of the experiment
(a number of days since water exchange), while Fig. 1b
is the share of individual inorganic chloramines in the
analyzed variants of the technological system.

In a variant with the UV lamp switched off, the con-
centration of combined chlorine was increasing along with
time — from 0.25 mg/L on the first day of the experiment to
0.54 mg/L on the last one. When the UV lamp was switched
on, the concentration of combined chlorine was in a range
between 0.19 and 0.25 mg/L, and its accumulation in time
was not observed. Except for the first day, the statistically
significant differences between the variants with the UV
lamp on and off were observed for the concentration

Quality of swimming pool with medium pressure UV lamp switched off (Cl,) and on (UV/CL,)

Water quality Unit ql, uv/d],

parameter Mean Minimum Maximum Mean Minimum Maximum
N-NH, mg/L 0.03 <0.02 0.03 <0.02 <0.02 <0.02
N-NO, mg/L <0.002 <0.002 <0.002 0.004 <0.002 0.01
N-NO, mg/L 2.90 2.50 3.90 3.48 2.40 4.20
TN mg/L 3.48 3.20 4.10 4.34 3.10 4.80
Organic N mg/L 0.55 0.17 0.97 0.84 0.48 1.08
DOC mg/L 3.20 1.40 5.51 3.10 2.74 3.53
SUVA m™ L/mg 1.27 0.72 2.25 0.77 0.33 1.46
pH - 7.19 7.14 7.23 7.22 7.18 7.30
Free chlorine mg/L 1.28 0.78 2.01 1.32 0.58 1.84
Combined chlorine mg/L 0.43 0.25 0.54 0.22 0.19 0.25
THM ug/L 20.34 6.09 33.09 23.06 8.05 36.42
CH ug/L 26.91 7.25 44.15 112.85 92.88 140.17
HAA ug/L 49.37 38.71 59.73 60.73 40.01 78.49
Mesophiles cfu/mL 41 15 94 6 2 16
Psychrophiles cfu/mL 127 36 248 10 5 20
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of combined chlorine. The difference in the concentration
of combined chlorine between the results obtained in the
first week of the experiment and the second one in which
the lamp was switched on was statistically significant
(p =0.0001). The medium pressure lamp, installed in the hot
tub water treatment system, proved to effectively remove
all inorganic chloramines, but only in a case of mono- and
dichloramine, these effects were statistically significant.
The concentration of NHCI, decreased by 55% - from
0.29 mg/L in the first week to 0.13 mg/L in the second week,
when the lamp was switched on. The average concentration
of NH,Cl in the variant with the UV lamp switched on was
0.06 mg/L and was 34% lower than one obtained for the first
week (0.09 mg/L). These effects were statistically significant
(p = 0.0094 and 0.0001 for mono- and dichloramine respec-
tively). The studies have also shown the effective removal
of trichloramine — up to 44% of NCI, was removed; from
the concentration of 0.06 mg/L in the variant with UV lamp
switched off to 0.03 mg/L with it switched on, however, this
effect was not statistically significant (p = 0.0888). As far as
UV trichloramine removal is concerned, the results of other
authors are inconclusive. Soltermann et al. [10] showed
that water, which was treated with a medium pressure UV
lamp, before it flows to a swimming pool, has a significantly
lower concentration of trichloramine than without a lamp.
However in swimming pool water, such differences were
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not observed. It may indicate that UV radiation effectively
photodecays trichloramine, on the other hand it increases
the reactivity of organic matter, through its degradation,
which causes more intensive the trichloramine formation
in chlorinated water. In the research by Afifi and Blatchley
III [11] water, irradiated with a medium pressure UV lamp,
contained more trichloramine than chlorinated water, but
less than water irradiated with low-pressure UV lamp. In
our study, presented in this article, lower concentrations
of trichloramine in water treated with medium pressure
UV lamp were compared to untreated water, but UV dose
(205 mJ/cm?) was almost 3.5 times higher than one used
by Afifi and Blatchley III [11] (60 m]J/cm?) in the research
mentioned above. Thus an application of UV in large
doses can effectively reduce trichloramine, even in such a
difficult object as a hot tub with hydromassage.

3.3. Halogenated organic DBPs

Fig. 2a presents the total concentration of by-products
in the subsequent days of observation in both water treat-
ment options, while Fig. 2b is the average concentrations
of the individual DBPs in the first week of the experi-
ment, in which water was only chlorinated, and in the sec-
ond one, in which water was irradiated with UV, prior its
disinfection with the sodium hypochlorite.

ocl2
ouv/Cl2

o

n

[an]
1

=

.

o
L

0.30 A

0.20 ~

Combined chlorine, mg/L

e

_

o
1

0.00

=
—

0.40

3 4 5

operating time, day

0-33 oclz muvic
0.30
0.25
0.20
0.15

0.10

Chloramines, mg/L as Cl,

——
HH

0.05

—

—

0.00
NH2C1

NHCI2 NCI3

Fig. 1. Concentration of (a) combined chlorine and (b) chloramines in water samples with medium pressure UV lamp switched off

(Cl,) and on (UV/CL,).
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Fig. 2. Halogenated organic by-products in the water samples taken from the hot tub with medium pressure UV lamp switched
off (Cl,) and on (UV/CL,), (a) DBPs concentration in a function of time and (b) average concentrations of individual DBPs.

The accumulation of combined chlorine along with time
can be observed in a variant without a UV lamp. However
in a case of organic by-products, it was impossible to
observe the clear trends of their accumulation or degrada-
tion. The average concentration of DBPs in an option with
UV varied from 76.69 ug/L on the fourth day of the experi-
ment to 126.58 ug/L on the second day. When the UV lamp
was switched on, the lowest concentration of DBPs was
observed on the third day (178.05 ug/L), while the highest
on the second one (216.29 pg/L). Statistical analysis showed
that the sum of DBPs in the first and second week of the
experiment differed significantly (p = 0.0001). Fig. 2b shows
the average concentration of halogenated by-products
(THM, HAA, and CH) from the entire observation period,
for both hot tub water treatment options. Medium pressure
UV lamp had no significant effect on THM concentration
in pool water (p = 0.3251). In the first week of observation,
THM concentration was 20.34 pg/L, whereas, in the second
week, when the medium pressure UV lamp was switched
on, it was 13% higher (23.06 pg/L). In the case of HAA
compounds, a slight increase in their concentration was
observed, while they were UV irradiated. However, simi-
larly, as for THM, this was not a statistically significant dif-
ference (p = 0.2984). The average concentration of HAA was
49.37 pg/L in an option with the UV lamp switched off and
60.73 pg/L with it switched on (23% increase). Considering

CH in these two treated water variants, the irradiation
with UV lamp resulted in a large, statistically significant
increase (by 319%) of its concentration (p = 0.0001). In the
first week of the experiment, with the UV lamp switched off,
the average CH concentration was 26.91 ug/L, whereas, in
the second week, when the medium pressure UV lamp was
switched on, the average concentration was 112.85 pg/L.

It is hypothesized that UV radiation only accelerates
the formation of the by-product in pool water and that, at a
sufficiently long reaction time, their content will be as much
as without UV [27]. On the other hand, during UV irradi-
ation the photodegradation of the formed DBPs (including
CH) occurs, decreasing their concentration [7]. The increase
of CH concentration, observed in our studies, indicates
that the precursors, formed as a result of UV degradation
of organic matter into smaller molecules, very actively
form CH; processes of its decay played a minor role.

Fig. 3 presents the average concentrations of individ-
ual compounds in the THM and HAA groups for both
water treatment options. The logarithmic scale was used,
because of the large differences in presented concentrations.

Our studies showed an increase of TCM concentration
(15%), a decrease of BDCM concentration (7%), and an
increase of BDCM concentration (47%), as a result of UV
irradiation. However the differences between the concen-
trations of these compounds in the first and second weeks
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Fig. 3. Distribution of individual compounds in the groups of disinfection by-products (a) trihalomethanes and (b) haloacetic acids.

of the experiment were not statistically significant (p = 0.534
for TCM, 0.3812 for BDCM, 0.0562 for DBCM). In the case of
TBM, a statistically significant increase in its concentration
(169%, p = 0.0063) in water irradiated with a medium pres-
sure UV lamp was observed. Despite the observed increase
in THM concentration, the water quality standards were
not exceeded, which according to Polish law are 100 mg/L
for the sum of THM and 30 mg/L for TCM [26]. During
the advanced oxidation process (UV/CL,) free radicals HO*
and CI* are formed [2,28]. Cassan et al. [9] consider that the
increase of TCM concentration may be caused by the reac-
tion of free chlorine radicals and organic matter, introduced
with bathers, by breaking the C-H bond in organic com-
pounds. TCM formation is very fast because the reaction rate
of free radicals is very high [20].

Regarding the effect of UV radiation on the formation
of brominated derivatives of THM, Spiliotopoulou et al.
[27] consider that the UV radiation, emitted by the medium
pressure lamp, breaks the bonds between the larger organic
compounds and the bromine, thus bromides are released
into a solution. It can be explained by the fact that carbon—
bromine bond (280 kJ/M) is weaker than carbon-chlorine
one (397 kJ/M) [29], so the possibility that UV radiation
breaks C-Br bond are greater than for C-Cl one. If chlorine
is added after UV irradiation, bromides are oxidized to the
hypobromous acid, which is a very strong oxidant. HOBr
reacts again with organic matter in water, competing with
chlorine, and generate DBPs in a form of bromo- and bromo/
chloro-derivatives. The reaction rate of hypobromous acid

with organic compounds is up to three times greater than
for chlorine, therefore the bromine is transferred from the
larger organic molecules to smaller ones [27,30]. The results
of this study confirm this theory and the fact that high doses
of UV radiation, emitted by the medium-pressure lamps, can
increase the concentration of brominated THM.

The influence of UV radiation on the HAA potential for-
mation was only studied in laboratory tests by Cimetiere
and De Laat [6]. These authors irradiated a water sam-
ple with the low-pressure lamp and did not observe the
unequivocal influence of UV radiation on the dynam-
ics of HAA formation. However they observed the slight
increase of YHAA, caused by UV radiation. The influence
of UV radiation on HAA formation, as in the case of THM,
is the result of free radicals” influence on organic matter,
especially increasing its potential to form HAA and most
likely photodegradation of compounds from this group.
Our studies conducted on a hot tub with the medium
pressure UV lamp showed an increase in HAA concentra-
tion, both for DCAA (5%) and TCAA (34%). However, the
results, obtained for the variants with UV lamp switched
off and did not differ statistically significantly (p = 0.5000
for DCAA was, p = 0.2984 for TCAA).

4. Conclusions

The presented studies have shown that the application
of medium pressure UV lamps in the hot tub water treat-
ment system can bring many benefits. UV lamp effectively
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decreases the concentration of chloramines. Due to the UV
disinfecting effect, the microorganisms constantly introduced
into the pool water by humans are effectively removed. On
the other hand, the constant UV irradiation of chlorinated
water, which is the advanced oxidation process, forms the
free radicals. They can degrade organic matter to the parti-
cles of smaller size, which becomes a precursor of the for-
mation of the by-product, including THM, HAA, and CH.
As our studies, carried out on hot tub, have shown the high
doses of UV radiation, emitted by the medium pressure lamp
(205 mJ/ecm?), can significantly increase the concentration of
CH (even about 300%).
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