Pol. J. Environ. Stud. Vol. 31, No. 3 (2022), 2049-2058
DOLI: 10.15244/pjoes/143255 ONLINE PUBLICATION DATE: 2022-02-14

Original Research

Potential of Water Vending Machine
to Remove Trihalomethanes and Heavy Metals
During High and Low Water Seasons
in Petropavlovsk

Audrius Dédelé!, Nazim 1. Nikiforov'*, Aida N. Madieva’, Auksé Miskinyté!

'Department of Environmental Sciences, Faculty of Natural Sciences, Vytautas Magnus University,
Universiteto Street 10, 53361 Akademija, Lithuania
“Department of Physiology, Faculty of Biology and Geography, Buketov University, 100028, Karaganda, Kazakhstan

Received: 19 July 2021
Accepted: 21 October 2021

Abstract

The potential of water vending machine to remove chloroform (CHCI,), bromoform (CHBr,),
bromodichloromethane (CHBrCl,), lead (Pb*), and chromium (Cr®") during high and low water seasons
was investigated in Petropavlovsk, Kazakhstan. The water samples were collected from the water
supply network during the high and low water seasons and were analyzed for CHCl,, CHBr,, CHBrCl,,
Pb*, and Cr". The retention coefficients of CHCI, by the water vending machine were 54.3% and 67.4%
during the high and low water seasons, respectively. Pb*" concentrations decreased by 88.9% and 84.5%
during the high and low water seasons, respectively. The concentrations of CHCI,Br were increased
by 26.7% during the high water season, while during the low water season, this pollutant was removed
completely. CHBr, was completely removed during both seasons, while Crf* was removed during
the low water season. Statistically significant differences were found in the concentrations of chloroform
and lead between the classically and advanced purified water during the high and low water seasons
(p<0.05). Meanwhile, statistically significant differences in the concentrations of bromoform between
the classically and advanced purified water were only found during the low water season (p<0.05).

Keywords: drinking water, trihalomethanes, heavy metals, water vending machine

Introduction of payment by other means, dispenses unit servings of

water in bulk into a container, without the necessity

Water vending machine is any self-service device of refilling the machine between each operation
that upon insertion of money or tokens or upon receipt [1, 2]. Water vending machines are installed in order

to improve the quality of drinking water in terms of
organic, inorganic and bacteria content [2, 3]. There has
been an exponential increase in the public availability
of WVMs in urban areas, driven by modern working
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and public infrastructures, lifestyle changes, and water
drinking habits. Sales of WVMs are also influenced
by local conditions such as ease of access to clean
drinking water, convenience of the location, human-
friendly services, low setup cost, and labor [4, 5].
WVMs vary in technical characteristics, the number
of stages of water purification, and it can also be
centralized, taking water from a central water supply
system [6, 7], or decentralized, for example, taking
water from groundwater [7]. The most primitive water
vending machines are those that include only one stage
of treatment — mechanical filtration. Such installations
are aimed at improving the basic parameters of water
such as taste, odor and turbidity [6]. Other machines
may include a larger number of purification stages,
among which different-pore-size mechanical filters,
activated carbon filters, reverse osmosis filters, calcite-
mineralization, ultraviolet disinfection, ozonation
and other stages [7-10]. Depending on particular
pollutants in raw water, certain stages of purification
are employed. For example, activated carbon and
reverse osmosis filters are effective in reducing
the concentrations of organic compounds and heavy
metals [11, 12] while ultraviolet disinfection and
ozonation promote the prevention of bacteriological
contamination [13-15].

Water vending machines have recently been
an object for many water quality investigations.
There are some studies that revealed that the use of
WVM can negatively affect the microbial quality of
water [16, 17]. On another hand, there are findings that
stated about complying of the vended water quality
with national and international regulations in the most
of physical, chemical and biological parameters (such
as pH, total dissolved solutions, turbidity, total organic
carbon, coliforms, heavy metals) [18, 19]. Only an
exception was in the EI-Naggar’s studies which
showed that the vended water can content chromium
concentrations higher than those in the WHO and US
EPA guidelines [19].

However, there is a window for research about to
what extent certain unregulated and regulated pollutants
of drinking water, such as trihalomethanes (THMs)
and heavy metals (HMs), are removed by the water
vending machine in the high and low water seasons.
To our knowledge, no studies have been conducted for
examining the seasonal removal potential of the water
vending machine in terms of chloroform (CHCL,),
bromoform (CHBr,), bromodichloromethane (CHBrCl,),
lead (Pb*"), and chromium (Cr®).

The trihalomethanes are formed in water
chlorination processes by reacting of free chlorine with
naturally occurring organic matters such as fulvic and
humic acids [20-22]. The level of chromium observed
in the corrosion scales has exceeded the level observed
in earth crust [23]. Under oxidative conditions
in drinking water, as well as in scenarios involving rapid
changes in source water and related water chemistry,
the deposited chromium can be released back into

drinking water, resulting in an elevated concentration of
Crf* level at the tap [24], in turn, lead appeared from
corrosive water effects on household plumbing systems
containing lead in pipes [25]. All those preconditions
occurred in the study area: drinking water supply
enterprise (DWSE) uses chlorine (CI') as a disinfectant;
and the majority of the water distribution network
consists of outage corrosive metal pipelines, 70%
the water distribution network is worn out [26].

Over the last decade, Petropavlovsk entrepreneurs
have ubiquitously installed the WVM in the city
in order to improve the quality of water supplied
from the DWSE in term of physicochemical and
bacteriological pollutions since it has recently decreased
[27]. The devices are installed by within walking
distance at residential buildings, pharmacies, stores
and other public buildings, residents come with their
containers and buy water from the devices. Thus,
the population has access to the two commercial types
of drinking water (classically and advanced purified).
The latter option is a more expensive one. However,
the consumers may incur additional costs and have
the same or even higher exposure to pollutants from
the advanced treated water as the findings of studies
showed in Malaysia, for example [16]. THMs are
of concern due to possible cancer risks and other
sub-chronic/chronic health effects on humans [28,
29, 30]. Pb* is a cumulative general poison with
infants, children up to 6 years of age, fetuses and
pregnant women being the most susceptible to adverse
health effects [31]. There is evidence that exposure
to chromium in its Cr® oxidation state is associated
with lung cancer, nasal irritation, nasal ulcers,
hypersensitivity reactions, and contact dermatitis when
individuals are exposed via dermal and inhalation
routes [32] or through drinking water [33]. To control
trihalomethanes and heavy metals in drinking water,
international and local organizations, such as the
World Health Organization and the United States
Environmental Protection Agency, set safe limits for
the pollutants, while the International Agency for
Research on Cancer determined a cancer risk (Table 1)
[25, 34, 35].

The principle aim of this study was to investigate
the potential of the water vending machine for CHCIL,,
CHBr,, CHCLBr, Pb*, and Cr* removal during
the high and low water seasons. We hypothesized that
the water vending machine may reduce the pollutant
concentrations in both the high and low water seasons.

Materials and Methods
Study Area

Petropavlovsk (54°53'N  69°10'E) is a city in
the North Kazakhstan Region. It has an urban area of
224.9 km? and a population of 219.2 thousand people.
The total household water demand is approximately
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Table 1. THMs and HMs guideline values (ng/L) and cancer risk
classification [12, 20, 21].

Agent WHO EPA IARC
CHCl, 300 80 2B*
CHBr, 100 80 3°
CHCI,Br 60 80 2B
Pb* 10 15 2A°
Cr®* 50 100 14

Note: 2B*= possibly carcinogenic to humans;

3% = not classifiable as to its carcinogenicity to humans;
2A° = probably carcinogenic to humans; 1¢ = carcinogenic
to humans.

31,400 m*d, which is supplied only by the Petropavlovsk
drinking water supply enterprise. The daily water
production of the enterprise is 480,000 m?day for
household and industrial needs. Water sampling was
carried out from the enterprise’s supply network.

DWSE Purification Process

Basically, the purification process at the company
consists of several stages: mechanical cleaning with
rotating nets, coagulation, flocculation, sedimentation,
preliminary chlorination, zeolite filtration, and final
chlorination.

Mechanical treatment is a rough cleaning with
rotating nets with cells of 5 x 5 mm, it is performed
when taking raw water from the river. Coagulation is
performed with aluminum sulfate (Al(SO,),) in order
to promote adhesion of solids, then flocculation is
implemented with polyacrylamide (PAM) to make
flocs to settle the substances down in sedimentation
stage. Preliminary chlorination is carried out after
the rough cleaning. The final chlorination is
performed at the end of the water purification process.
Pretreatment of the disinfectant is performed as
chlorine is supplied in metallic containers and may
have wundesirable pollutants. The pretreatment is
implemented in an intermediate tank (sump) where
the state of the chlorine varies from liquid to
gaseous, and the undesirable pollutants are removed.
Next, chlorine goes from the intermediate tank to
a chlorinator LONII 100. Finally, the chlorinated
solution is introduced into raw water. The concentration
of chlorine in the finished water is fixed at
0.3-0.5 mg/L. Zeolite filtration occurs between
the chlorination phases. Zeolite filters have an area
of 30.2 m? and a thickness of 2.4-2.8 m. Zeolite fraction
is between 0.8 and 1.2 mm. In total, raw water flows
through 6-7 zeolite filters, depending on the pump
station. The flushing of the filter is provided by water-
air. The filter shall be stopped for flushing if the quality
of the water deteriorates at least once a day.

WVM Purification Process

The beginning stage of the purification process
is a 5-ug polypropylene sediment filtration cartridge
(SF,). The next step is a granular activated carbon
cartridge (GACl), and the third stage is a 1 pg
polypropylene sediment filtration cartridge (SF)).
Following that, the reverse osmosis membrane stage
with a membrane pore size of 0.001 pg begins, and it
proceeds under pressure in the range of 0.4-0.6 MPa.
Next, the post-granular activated carbon cartridge
(GAC2) and calcite-mineralization cartridge (CM)
are used, followed by an ultraviolet lamp with the
wavelength of 260 nm (UV, ). The last stage of
the vending machine purification 1is ozonation.
It is performed via 10 seconds of O, exposure with
a dosage of 0.5 mg/L. It should be noted that the ozone
treatment is performed on an empty vessel which is
then filled with water. The scheme of vending machine
and its purification process are presented in Fig. 1
and Fig. 2.

Normally, SFs and GACI cartridges are replaced
approximately every 2 months or less. GAC2 and CM
cartridges are replaced about every 6 months, while
the membrane serves for 1 year. The UV lamp is
replaced after 1.5 years of exploitation. The ozonator
serves around 6 years until the next replacement.
The machine water flow speed is around 7.5 s/L, and the
production capacity of drinking water is 2-4.2 L/min.
The volume of the machine tank ranges from 200
to 500 L.
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Fig. 1. The water vending machine scheme.

Legend: 1 — company labeling; 2 — operational screen;
3 — functional buttons (green — start, red — stop, blue — ozone);
4 — vessel volume options; 5 — bill acceptor; 6 — coin acceptor;
7 — vessel stand; 8 — vessel; 9 — tap.
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Raw water from central
water distribution network

s 4

Fig. 2. The water vending machine purification process.

Legend: 1 — 5-ug polypropylene sediment filtration cartridge; 2 — granular activated carbon cartridge; 3 — 1-pg polypropylene sediment
filtration cartridge; 4 — reverse osmosis membrane stage; 5 — granular activated carbon cartridge; 6 — calcite-mineralization cartridge;

7 — ultraviolet lamp; 8 — ozonation.

Water Sampling

Two types of drinking water were defined:
classically purified drinking water (CPDW), which was
treated only by the supply enterprise, and advanced
purified drinking water (APDW), when first, samples
were purified by the supply enterprise, and then
additionally treated by the vending machine. Water
samples of CPDW and APDW were collected from the
water distribution supply network in the mornings in
May (high water) and September (low water) of 2020.
The samples were taken around 5, 10, 15, 20, and
25 kilometers away from the plant of the enterprise.
In total, 20 samples were collected from 5 sites in the
study area.

CHCIl,, CHBr,, and CHBrCI, samples were put
in dark glass vials of 1 L, being pre-sterilized with
distilled water. Generally, THMs water sampling
was implemented based on several previous
studies [36-38] with minor changes, while HMs
sampling instruction was obtained in “Sanitary and
Epidemiological Requirements, 2015” released by
the Ministry of National Economy [39]. According to
the requirements, Pb** and Cr®" samples were taken
in polymer vials of 2 L, pre-washed with nitric acid,
distilled water, and by analyzed water itself. When
the samples were being taken, faucets were turned on
and allowed to run for about 5 min to obtain water
from the water distribution system; bottles were filled
completely without visible gas bubbles. The water
samples were then placed in a black case and stored
at 4°C until they were transported to the National
Centre of Expertise, Kazakhstan, Petropavlovsk.
The transportation of the samples lasted not more than
4 hours.

Laboratory Analysis

The laboratory employees, analyzing the pollutants,
used the following equipment: THMs were explored
using a gas chromatograph-mass spectrometer (GC-
MS 7890B, Agilent Technologies, USA) equipped with
a DB-624 capillary column (60 m x 0.32 mm x 1.80 mm)
and an electron capture detector (ECD) after liquid-
liquid extraction by methyl tert-butyl ether (MTBE).
The limit of detection (LOD) was determined
to be 0.1 pg/L for each trihalomethane species,
while Pb** and Cr®" were detected using an atomic
absorption spectrometer (SpectrAA 55, Agilent
Technologies, USA). The heavy metal concentrations
were studied with typical performance settings.
Pb*" was determined in wavelength of 283.3 nm
and detection limit of 0.2 pg/L by UltraAA lamp,
while Cr® — in wavelength of 357.9 nm and detection
limit of 0.075 pg/L. In order to obtain higher accuracy,
measurements of the parameters were performed
in five replications.

Statistical Analysis

To determine whether the findings were normally
distributed, the parameter results were tested for
the Gaussian distribution by using the non-parametric
Shapiro-Wilk test. The mean concentrations of
the pollutants as well as the standard error of the mean
concentrations were explored by applying descriptive
statistics. The statistically significant differences
between the mean values of the pollutants of
the two water types were examined by applying
the Mann-Whitney U test. The statistical hypotheses
were accepted if p-value (p) was <0.05. The data were
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Table 2. THM and HM concentrations (pg/L) in May 2020.
CPDW APDW
Agent
Mean SE* Max Min 95% CI° Mean SE® Max | Min 95% CI
CHCl, 28.8 1.3 32 24 26.3-31.3 13.1 1.4 17 9.5 10.4-15.8
CHBr, 27.5 16.5 44 11 0-56.8 BDLe¢ BDL BDL | BDL BDL
CHCLBr 18.3 2.9 28 11 12.6-24.0 23.1 2.5 28 BDL 18.2-28.0
Cr BDL BDL BDL BDL BDL BDL BDL BDL | BDL BDL
Pb* 0.7 0.1 0.9 0.3 0.5-0.9 0.1 0.01 0.09 | BDL 0.08-0.12

Note: *SE = standard error; °CI = confidence interval; ‘BDL = below the detection limit.

analyzed using the Statistical Package for the Social
Sciences 26 software for Windows (SPSS Inc., Chicago,
IL, USA).

Results and Discussion
Results during the High Water Season

The findings of the present study for the classically
and advanced purified drinking water parameters during
the high water season are shown in Table 2. The mean
concentrations of CHCI,, CHBr,, CHCLBr, Cr®, and
Pb** in CPDW were as follows: 28.8 ug/L, 27.5 ng/L,
18.3 pg/L, below the detection limit (BDL), and
0.7 ng/L, respectively. Meanwhile, the concentrations
of CHCI,, CHBr,, CHCLBr, Cr®, and Pb*" in APDW
were 13.1 pg/L, BDL, 23.1 pg/L, BDL, and 0.1 pg/L,
respectively. The total concentrations of the three
trihalomethanes during the high water season in
CPDW and APDW were 74.5 pg/L and 36.3 pg/L,
respectively. The highest share of the total
trihalomethane  concentrations in CPDW  was
taken by CHCI, (38.6%), while in APDW - by
CHCLBr (63.8%). During the high water season,
the concentrations of organochlorine compounds
and dissolved ions in the decreasing order were as
follows: CHCL,>CHBr, CHCL>Pb**>Cr®, while in
APDW, they were CHCI Br>CHCI >Pb*>CHBr>Cr®".
Higher concentrations of chloroform, bromoform, and
bromodichloromethane during the high water season
were detected in the classically purified drinking
water of Ardabil city in Iran [40], while lower
concentrations of the contaminants were found in the
drinking water of Cordoba city, Spain [38]. In addition,
the concentration of chloroform and
bromodichloromethane were lower in studies by Lee
and colleagues [41]. A similar concentration of lead
in the classically purified drinking water was found
in West Lafayette, Indiana, USA [42]. Meanwhile,
the concentrations of lead in this water type were
essentially higher in Sulaimaniyah Province in
Iraq during the high water season [43]. Greater
concentrations of chromium ions were found in two

tap water treatment plants in Shenzhen in May [44].
In addition, the concentrations of chromium were
higher in Oinofita municipality of Greece [45]. Another
study showed similar results concerning chromium
concentrations in drinking water in two areas in Central
Greece [46]. The studies on the potential of drinking
water vending machines to remove organochlorine
compounds (particularly, trihalomethanes) are scarce.
Finding such studies for specific seasons is even
more complicated. Therefore, in this study, we could
not compare our results on the concentrations in
trihalomethane in advanced purified drinking water
with those of other studies since we did not find
any similar studies. Meanwhile, we could compare
the concentrations of chromium and lead in advanced
purified water to those found in other studies.
The comparison showed that higher concentrations of
the heavy metal ions were detected in Parit Raja city
in Malaysia during the high water season [18].

Results during the Low Water Season

The results of this study on the parameters of
classically and advanced treated water during the low
water season are described in Table 3. The research
findings  showed that the mean concentration of
CHCI,, CHBr,, CHCLBr, Cr®, and Pb** in CPDW
were 13.5 pg/L, 45 pg/L, 1.5 pg/L, 4.1 pg/L, and
0.3 ug/L, respectively. Meanwhile, the concentration
of CHCI, and Pb* in APDW were 4.4 pg/L and
0.04 ng/L, respectively. The concentrations of the
remaining contaminants in APDW were below
the detection limit. The overall concentrations
of trihalomethanes in CPDW and APDW were
60 pg/L and 4.4 ng/L, respectively. CHBr, (75%)
and CHCI, (100%) made the highest proportion of the
total trihalomethanes in the classically and advanced
purified water, respectively. The concentrations of
the pollutants in CPDW in decreasing order were
CHBr,>CHC1,>Cr*>CHCI,Br>Pb**.  Meanwhile, the
respective concentrations in APDW were the following:
CHCI,>Pb*>CHBr,>CHCL,Br>Cr®".  The results of
studies by Sadeghi and colleagues and by Lee and
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Table 3. THM and HM concentrations (pg/L) in September 2020.

CPDW APDW
Agent
Mean SE? Max Min 95% CI? Mean SE? Max Min 95% CI
CHCl3 13.5 1.8 20 10 9.9-17.0 4.4 1.3 9 2 1.9-7.0
CHBr3 45 11.6 90 30 22.3-67.7 BDLe BDL BDL BDL BDL
CHClzBr 1.5 0.9 2.4 0.6 0-3.3 BDL BDL BDL BDL BDL
Cré* 4.1 2.7 9.4 0.4 0-9.4 BDL BDL BDL BDL BDL
Pb** 0.3 0.04 0.4 0.2 0.2-0.4 0.04 0.01 0.06 0.01 0.02-0.06

Note: °SE = standard error; °CI = confidence interval; °BDL = below the detection limit.

colleagues [36, 37] showed higher concentrations
of chloroform and bromodichloromethane in the
classically purified drinking water during the low water
season, yet the concentrations of bromoform found
in a study by Sadeghi et al., were lower compared
to our findings. Similar results for chloroform and
bromodichloromethane concentrations in drinking
water for the season were found in a study by Serrano
et al. [38]. Studies conducted by researchers from
Indiana, USA, yielded similar results concerning
lead concentration in the classically purified drinking
water during the low water season [42] while Iraq
scientists from Sulaimaniyah Province found higher
concentrations of lead in the drinking water during
the season [43] The results of our study showed
higher concentrations of chromium in the classically
purified drinking water compared to those found by
Lu and colleagues during the season [44]. However,
a study conducted in Oinofita municipality in Greece
claimed a higher concentration of chromium ions in
the classically purified drinking water during the low
water season [45] than the results in the current study
showed. As mentioned in the section on the results
during the high water season, finding studies on the
removal of organochlorine compounds by vending
machines is challenging. As a result, our findings for
the three advanced filtered trihalomethanes during
the low water season were not compared to the results
of other studies. Higher concentrations of chromium in
the vending machine water during the low water season
were discovered in a comparative study on heavy metals
in water types from Egypt and Saudi Arabia, while the
concentrations of lead were lower [19].

The Removal Potential of the Water
Vending Machine

The removal potential of the water vending machine
to the studied parameters in the high and low water
seasons is shown in Fig. 2. The decrease in chloroform
concentrations during the high water season was
15.6 pg/L (around 2.2 times, or by 54.3%), while it
was 9.1 pg/L (around 3.1 times, or by 67.4%) during
the low water season. Statistically significant differences

were found in chloroform concentrations between
the classically purified and the advanced purified water
at p = 0.009 during both water seasons.

Unexpectedly, bromodichloromethane concentrations
were increased by 4.9 pg/L, or by 26.7%, during
the high water season. There were no statistically
significant  differences in  bromodichloromethane
concentrations between the classically purified and
the advanced purified drinking water (p = 0.675).
The concentrations of bromodichloromethane decreased
from 1.5 pg/L to below the detection limit, or by 100%,
during the low water season. There were no statistically
significant  differences in  bromodichloromethane
concentrations between the classically purified and the
advanced purified drinking water (p = 0.136).

The concentrations of bromoform decreased from
275 pg/L during the high water season and from
45 pg/L during the low water season to below
the detection limit, or by 100%. The difference of
bromoform concentrations between the classically
purified and advanced purified drinking water during
the high water seasons was not statistically significant
(p = 0.136), while it was statistically significant
during the low water season (p = 0.005). The total
trihalomethanes were removed by 51.4% and 92.7%
in the high and low water seasons, respectively.
The differences of the total trihalomethanes
concentrations between the classically purified and
advanced purified drinking water were not statistically
significant during the high water season (p = 0.081),
however, they were during the low water season
(p = 0.020). We did not find any scientific data on
the removal efficiency of the drinking water vending
machine for trihalomethanes. However, the results of
this study concerning organochlorine compounds were
compared to others considering a household reverse
osmosis and granular activated carbon (GAC) filtering
systems which was previously studied for the removal
of the pollutants [47, 48]. Thus, a similar removal
efficiency by reverse osmosis filtering system for
chloroform was found in a study conducted in Barcelona
for both seasons, although the results of this study
showed a lower bromoform and bromodichloromethane
retention coefficients [47] if compared to the vending
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machine removal potential during the low water
season. A higher efficiency of chloroform removal
by the domestic reverse osmosis system was found
in studies by Mazloomi et al. [48]. A similar
granular activated carbon removal efficiency for total
trihalomethanes were shown by studies of Haghighat
and Mohammad-Khah, Rasheed and collegues,
and Lou et al. [49, 50, 51] if compared to
the water vending machine removal potential during
the low water season, however, all the three studies’
results are significantly higher than those in the
current study during the high water season. Other
studies showed substantially lower removal potential
of granular activated carbon to total trihalomethanes
compared to the both season results [52, 53, 54]. Kim
and Kang found that after three months of GAC
operation, the removal potential was quickly
depleted, resulting in only a 10% removal of THM:s.
Another study confirmed the limited elimination of
trihalomethanes (7-24%), with chloroform having the
lowest removal potential observed [54]. Similarly, Tang
and Xie revealed no significant removal potential of
THMs (9%) by GAC for the treatment of swimming
pool waters [53].

The water vending machine decreased lead
concentrations by 0.6 pg/L (by around 11 times, or by
88.9%) and by 0.23 pg/L (by 7 times, or by 84.5%)
during the high and low water seasons, respectively.
The differences in Pb** concentrations between
the classically and advanced purified water were
statistically significant at alpha = 0.009 during the
high water season and at alpha = 0.008 during the low
water season. The concentration of Cr®" was decreased
from 2.45 pg/L to below the detection limit (by 100%)
during the low water season. There was no statistically
significant difference of chromium concentrations
between the classically and advanced purified water
(p = 0.081). The removal efficiency of heavy metals
by the advanced purification method was significantly
lower in studies conducted in Malaysia [55], while
similar heavy metal retention coefficients could be
derived from studies carried out in Egypt [19].
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We investigated the potential of the drinking
water vending machine for the removal of chloroform,
bromoform, bromodichloromethane, lead, and
hexavalent chromium during the high and low water
seasons in Petropavlovsk city, Kazakhstan. For this
purpose, two types of drinking water were identified
— classically purified drinking water, which is supplied
by the enterprise through water pipelines, and advanced
purified drinking water, which was additionally
purified by the vending machine after the enterprise
purification. The results of the two purification methods
were then compared between each other during the high
and low water seasons. The study showed that the use
of a drinking water vending machine as an additional
treatment device for drinking water supplied through
water distribution networks plays an important role in
reducing the concentration of potentially hazardous
non-regulated and regulated chemicals such as
chloroform, bromoform, lead, and hexavalent chromium
during the high and low water seasons. It should
be noted that the exception was the concentration
of bromodichloromethane, which increased slightly
during the high water season. The small increase in
the concentration of bromodichloromethane could be
due to the activity of the ultraviolet lamp [56], since
ultraviolet disinfection, one of the stages of the process
of purification of the vending machine, certainly takes
place during the high water season when there is a high
probability of bacteriological contamination in both raw
and drinking water, although it may not work during
the low water season for energy savings as there is a
negligible risk of bacteriological contamination. Thus,
residents of Petropavlovsk who consume drinking
water purified by the water vending machine are
less exposed to chloroform, bromoform, lead, and
hexavalent chromium and are relatively similarly
exposed to bromodichloromethane as those who use
classically purified water. It should be emphasized that
lower concentrations of pollutants reduce the risk of
cancer and chronic diseases [28-33]. It should also be
noted that no studies on the potential for the removal
of organochlorine compounds by the drinking water

100
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Fig. 3. The removal potential of the water vending machine for CHCL,, CHBr,, CHCI,Br, TTHMs, Cr®", and Pb** in the high and low

water seasons, %.
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vending machine were found in scientific literature,
although the efficacy of the removal of lead and
hexavalent chromium by the machine was considered
in several studies [19, 55], yet these investigations
did not take into account seasonal properties. Due to
the absence of studies on the trihalomethane removal
potential by water vending machines, we guessed
that the current trihalomethane removal potential by
the water vending machine, which consists of eight
different treatment stages, including a reverse osmosis
membrane and granular activated carbon, could be
fairly compared with other, similar installations that
consisted only of reverse osmosis and/or a granular
activated carbon filters [50-52, 57]. This study thus fills
the gap and will allow for future scientific research on
the effectiveness of the removal of trihalomethanes and
heavy metals by the water vending machine, carrying
out a comparative analysis based on the seasons.
However, considering the potential of the vending
machine to remove trihalomethanes, we should say
that we did not study the fourth species of
trihalomethanes, ~bromodichloromethane (CHBr,Cl).
Future studies would therefore be needed to shed some
light on the potential of the water vending machine
to remove this pollutant. In addition, the potential
of the water vending machine to remove pollutants
during the inter-season period could be an interesting
topic for future investigations.

Conclusions

The present study suggests the removal potential
of the drinking water vending machine for the most of
trihalomethanes and all heavy metals studied during the
high and low water seasons.

Using the drinking water vending machine, the level
of chloroform and total trihalomethanes can be reduced
by 54.3% and 51.4%, respectively, while bromoform and
lead can be reduced by 100% and 88.9%, respectively,
during the low water season. However, the only
exception is that the water vending machine might not
be effective in removing of bromodichloromethane
during the low water season.

The drinking water vending machine may
moderately reduce the level of chloroform by 67.4% and
it may highly reduce the level of lead by 84.5%, total
trihalomethanes by 92.7%, bromodichloromethane by
100%, bromoform by 100%, and chromium by 100%
in the high water season.
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