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ABSTRACT

Exposure to disinfection by-products (DBPs) could have occurred in swimming pool water disin-
fected with chlorine. The purpose of this study was to investigate the concentrations of two cate-
gories of DBPs including trihalomethanes (THMs) and haloacetic acids (HAAs) in swimming pool
water treated with different disinfection types. This study was conducted in ten swimming pools
located in Tehran, Iran. Water samples were collected from swimming pools disinfected with vari-
ous methods: chlorine (Cl,), ozone/chlorine (O,/CL,), and ultraviolet radiation (UV)/CL,. Each sample
was analyzed to determine the concentrations of subgroups of THMs and HA As. The concentrations
of chloramine, urea, total organic carbon, chloride, and bromide were determined as well. The mean
concentration of HAA5 was 945 ug/L, which was significantly higher than the overall mean con-
centration of THMs (548.5 ug/L) (p = 0.04). The mean concentrations of THMs or HAAs in different
pools stratified by disinfectant types were significant (p < 0.05). Among subgroup compounds of
THMs and HAAs, the highest mean concentrations were related to chloroform (TCM) (247 pg/L)
and trichloroacetic acid (351 pg/L). The concentrations of THMs and HAAs in Pools I-J disinfected
by UV/Cl, were lower. Due to the high concentrations of THMs and HAAs, frequent monitoring
of chlorine and DBPs, as well as pretreatment of pool water by UV and then O,, are needed in

swimming pools.
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1. Introduction

Swimming pools are applied for recreational activities
[1]. The use of disinfectants greatly reduced the incidence
of waterborne diseases in swimming pools [2—4]. Chlorine,
chlorine dioxide, chloramine, ultraviolet radiation (UV) and
ozone (O,) are the most popular method for disinfecting
swimming pool water in many countries [5,6].

Nevertheless, disinfection by-products (DBPs) form in
swimming pool water from reactions between disinfectants
such as chlorine and organic matter such as urine, skin
cells, and sweat [7]. Swimming in indoor pools treated with
combined chemical treatments (e.g. UV/Cl, and ozone/

chlorine) may reduce direct exposure to DBPs [5,6]. To date,
more than 100 DBPs have been identified in pool water [3].
Trihalomethanes (THMs) and haloacetic acids (HAAs) are
two well-known and the most prevalent DBPs [8-10]. Among
THM products; chloroform (TCM), bromodichloromethane
(BDCM), bromoform (TBM) is listed as probable carcinogenic
products (Group B2), while chlorodibromomethane (CDBM)
is categorized as a possible carcinogen (Group C) [11]. Two
out of nine HAA products, dichloroacetic acid (DCAA) and
trichloroacetic acid (TCAA) are the most common products
and they are classified as Group C and Group B2 carcinogens
by the International Agency for Research on Cancer (IARC),
respectively [12].
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Several adverse health effects associated with THMs
and HAAs have been documented in the literature include
respiratory problems and asthma [13], adverse reproductive
outcomes, congenital anomalies, destruction of the liver,
kidneys and nervous system [14], bladder [15] and colorec-
tal cancers [7,14]. As a result, the maximum contaminant
levels (MCLs) have been established by the United States
Environmental Protection Agency (USEPA) and World
Health Organization (WHO) to reduce the health effects of
DBPs [16]. In swimming pool water, the MCLs for THMs and
HAAs suggested by USEPA are 80 and 60 ug/L [17,18]. WHO
guidelines for the THMs and both CDBM and bromoform are
20 and 10 pg/L, respectively [7,19]. Consequently, measure-
ments of THMs and HAAs concentrations and estimation
of their toxicity are necessary for the health studies. There
are several studies available measuring the concentrations
of THMs and HAAs in swimming pools [20-23]. The mean
or median concentrations reported by these studies ranged
from 114 to 1,150 pg/L for THMs and 294 to 3,500 ug/L for
HAAS5 [20-22]. Regarding the concentration of DBPs in Iran,
there is only one study available measuring the concentra-
tion of HAAD5 [23]. The mean concentration of HAA5 in this
study was 1,045 pg/L (ranged from 148 to 3,488 ug/L) [23].
Thus, I decided to investigate the concentrations of THMs
and HAAs in Iranian swimming pools. This study aimed to
investigate the concentrations of THMs and HAAs and esti-
mation of their toxicity in swimming pools in Tehran, Iran.

2. Materials and methods
2.1. Study site and sample collection

This study was performed in 10 crowded swimming
pools located in Tehran, Iran. Twelve samples per each pool
were collected in summer 2016. Samples were taken in pool
water depth about 15-30 cm using 1 L bottle glasses. Prior
to sampling, sodium thiosulfate was added to each bottle
to quench any chlorine residual. All collected samples were
stored at 4°C and tested within 5 d. Five Pools (A-E) disin-
fected with chlorine (Cl,), three Pools (F-H) disinfected with
ozone/chlorine (O,/Cl,), and two Pools (I-]) disinfected with
UV radiation followed by chlorine (UV/Cl,). During sam-
pling simultaneously the temperature, free chlorine, and
pH were measured by pH meter HACH HQ40D portable
(Loveland, Colorado, USA).

2.2. Analysis of sample

Samples were analyzed to determine four THMs (includ-
ing TCM, BDCM, Dibromochloromethane (DBCM) and
TBM) and five HAAs (including DCAA, TCAA, mono-
chloroacetic acid (MCAA), monobromoacetic acid (MBAA)
and dibromoacetic acid (DBAA)) as well as monochloramine.

Samples were initially filtered with 0.45 um pore size.

Free chlorine was measured by N,N-diethyl-p-phenylene-
diamine (DPD) method [24] and monochloramine by the
iodophenol method (Hach Co., USA) [25]. The concentra-
tion of ammonium was measured by the 4500-NH, method,
urea and UV, with UV spectrophotometer (Dr5000), chlo-
ride and bromide with an ion-chromatograph [24], and total
organic carbon (TOC) by TOC analyzer equipped with a
chemiluminescence detector (Shimadzu, Japan).

To measure THMs, samples were analyzed using the
USEPA method 551.1. In this method, liquid-liquid extraction
procedure with methyl tertiary butyl ether (MTBE) coupled
with gas chromatography/mass spectrometry (GC-MS) was
applied (Agilent 7890A, USA) [26]. The injector and detec-
tor temperatures were set at 200°C and 290°C, respectively.
For HAAs analysis, USEPA method 552.3 was used. The
detail of HA As analysis was reported by Dehghani et al. [23].
The calibration curve was drawn using five concentrations,
ranged from 0.1 to 500 ug/L. The coefficient of variation of
an internal standard for both measurements of THMs and
HAAs were below 15%. Recovery was achieved between
80%—120%. Limit of detections for THMs and HAAs were 0.1
and 0.5 ug/L, respectively.

2.3. Estimation of toxicity

Based on the measured concentration of the different
THMs and HAAs, the cytotoxicity and genotoxicity were
estimated as the sum of the concentration of each compound
(Ci) divided by its EC50 is defined as given by the following
formula:

Toxicityzz =

EC,, 1)

All the EC50 values were applied as reported in the
literature [27,28] (Table S1).

2.4. Statistical analysis

Statistical analyses were performed with the statistical
package R software version 3.3.2 (R Core Team 2018). The
Wilcoxon test was employed to compare the concentrations
between THMs and HAAs. Differences in concentrations
between THMs and HA As stratified by pools were examined
using the Kruskal-Wallis test. Spearman’s correlations were
applied to evaluate the correlation between parameters.

3. Results
3.1. Physicochemical parameters

The mean number of swimmers per hour was 31.5, ranged
from 25 to 45. Temperature and pH of pools ranging from
23°Ct029°C and 6.5 to 8.0, respectively. The concentrations of
urea, ammonium, TOC, chloride, bromide, and mono-chlora-
mine stratified by type of pools are given in Figs. 1la—f. The
mean concentrations of urea (NH,CONH,) and TOC were
5.0 mg/L (ranged from 2.5 to 6.8 and 7.7 mg/L (ranged from
1.7 to 15.5). The chloride and bromide concentrations ranged
from 73 to 92 mg/L and 9.5 to 28.5 mg/L, respectively. Table 1
presents the values of the physicochemical parameters of the
collected samples.

3.2. Concentration of THMs and HAA5

The concentrations of different types of THMs and
HAAs (ug/L) are presented in Fig. 2. The mean concentra-
tions of THMs and HAA5 were 549 (ranged from 286 to



176

B. Karimi / Desalination and Water Treatment 175 (2020) 174-181

7 1A B
£5 6 ~ 0.25;
2 Bh
E 5 E
g . 02
= =
5 0.15
A-E F-H 1-J A-E F-H 1-J
D
C - i ° °
=
[=Yo}
11 E
=) 2 3
& =]
E o £
S = 2
= =}
7 g
= 1
S - - — ¥ T
AE F-H L] A L H
F
E
P = 2
= 80 fn
f’g" E
o =S 20
= E
[=] o
75 =
° =15 = |
70 16
A-E F-H 1-J A-E F-H 7

Fig. 1. Concentrations of (a) urea, (b) ammonium, (c) TOC, (d) monochloramine, (e) chloride, and (f) bromide in the swimming water

samples collected from Pools A-E, F-H and I-].
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Fig. 2. Concentrations of trihalomethanes (THMs) and haloacetic acids (HAAs) (ug/L) in swimming pools.
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0.65
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1.0
15
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0.8
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Pools

Physio-chemical characteristics of swimming pool water samples

Table 1
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715 pg/L) and 945 pug/L (ranged from 571.8 and 2247.5 ug/L),
respectively (Table 2). The Wilcoxon test results showed a
significant difference between the mean concentrations of
o THMs and HAAs (p < 0.05). The concentrations of THMs
2s222228 and HAAs subgroup, stratified by disinfectant methods are
AN ANOF A0 presented in Table 3. The estimated cytotoxicity and genotox-
o < oo o o icity of THMs and HA As subgroup, stratified by disinfectant
52858558 type are presented in Fig. 3.
O O O O o o o o
3.3. Correlation analysis
ﬂ 2 (N %, B o 88 Spearman’s correlation analysis between measured vari-
- o ables is presented in Fig. 4. A positive significant correlation
was found between concentrations of THMs and HAAs with
temperature, chlorine, urea, ammonium, TOC, chloride,
bromide and the number of swimmers.
4. Discussion
PRIIBILY Several factors such as the number of swimmers, tem-
S S =S =S o peratures, pH, the chlorine dose, the bromide, and chloride
content, the extent of TOC, urea and ammonium ions have
been suggested to influence on the THMs and HAAs varia-
tions in swimming pools water [29]. The mean concentration
of free chlorine was 2.2 mg/L (ranged from 0.8 to 4 mg/L).
About 65% of our samples had chlorine residual concentra-
“ 00 © 0 % 6 O tion higher than the value suggested by WHO (1.4 mg/L)
Dt et et B [19]. Consequently, the formation potentials of THMs and
HAAs were increased in a high level of chlorine. The con-
centration of urea (NH,CONH,), as a precursor of DBPs
© formation, ranged from 2.5 to 6.8 mg/L (mean 5.0 mg/L),
g g g g g § é § and it was in agreement with concentrations reported by
Abidi et al. [30] and De Laat et al. [31] in other swimming
pools. The most common sources of urea in pool water are
o swimmer body fluid discharges [8]. The mean concentration
B B Bt IS of TOC as a second precursor of DBPs formation ranged
© K @ ® 0w w0 from 9.15 to 15.5 mg/L. Previous studies similarly showed
that the mean concentrations of TOC changing between 1.5
- © to 39.3 mg/L [20,31-33]. The high variabilities of TOC con-
KRR I centrations in swimming pools were associated with three
different sources: organic loads introduced by swimmer’s
bodies (e.g. urine, sweat, hair, skin particles, mucus, lotion,
HIRELORINRRY sunscreen, and cosmetics), characteristics of the filling
S S S S S S oSS water, and disinfection methods (e.g. CL, UV or ozone) [34].
o o Other important factors in THMs and HAAs formation are
Yoo neE s related to chloride and bromide concentrations. The lower
concentration of chloride and bromide in Pools F-G was
related to the ozone/chlorine (O,/Cl,) method [33]. Chloride
and bromide were contributed to the formation of several
T Qe XFR9 chlorinated and brominated DBPs [33]. Consequently, lower
S oSS oo oSS concentrations of chloride and bromide associated with the
minor form of these DBPs [33]. Furthermore, the increase in
© o UV,,, values was associated with greater concentrations of
gemgnego TOC and indicate that the swimming pool was contaminated
by organic compounds.
S S The measured C(?ncentrations of THMs were exceeded
RN R R from the concentration of 80 pg/l suggested by the EPA
[18,35]. The mean concentration of THMs in Pools I-] was
c borderline different than the concentrations in Pools A-E and
3 ) F-G (p = 0.05) (Table 3). In parallel to our result, the high-
MEUOL ~ 20 est mean concentration of THMs in pool water reported by
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Mean concentrations of subgroups compounds of THMs and HAAs in each pool

Pools THMs (ug/L) HAAs (ug/L)
TCM BDCM DBCM TBM Total THMs TCAA DCAA MCAA MBAA DBAA HAAS5
A 2255 234 155 12.6 487.6 110 175.5 220.5 95.5 26.5 628
B 343.5 189 12 68 612.5 339 263 128.5 65.5 60.9 856.9
C 320.5 220.5 18.5 45 604.5 950 800 356.5 95.5 45.5 2247.5
D 140.7 348 15.5 38.5 542.7 379.5 242.5 105.5 66.5 28.5 822.5
E 202.5 80 110 133.5 526.0 352.5 265 106 58.5 35.5 817.5
F 292 268 90 45 695.0 358.5 202 127 87.5 30.5 805.5
G 393.5 80 33 38.5 545.0 316 270 235 55.6 55.5 932.1
H 143 189 45 95 472.0 180 147.36 187.5 28.5 28.5 571.86
I 95.5 85.5 15 89.5 285.5 285 255 186.5 95 66.5 888
J 312 214.5 95 93 714.5 238.5 300 195 75.5 70.5 879.5
Mean 246.9 190.9 45.0 65.9 548.5 350.9 292.0 184.8 724 44.8 944.9
SD 94.8 83.4 36.5 34.5 116.4 215.7 175.1 724 20.7 16.3 447.5
A B
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Fig. 3. Estimated cytotoxicity and genotoxicity in the swimming water samples collected from Pools A-E, F-H and I-].

other studies ranged from 49.6 to 1,150 ug/l [4,20,34,36-38].
Using CI, as a disinfectant in pool water leads to the forma-
tion of two compounds, including chloride and oxychlorines
ions, which related to the high concentration of THMs [39].
Among subgroup compounds of THMs, TCM (chloroform)
was the most abundant compound with a mean concentra-
tion of 252 pg/L (Table 2 and Fig. 2), which was two-fold
higher than the concentrations reported by Chu et al. [20]
(113 ug/L) and Chen [40] (71.3 pg/L) studies. Moreover, our
concentration exceeded the value (200 pg/L) suggested by
WHO guidelines [19]. DBCM as a THMs compound was
detectable with a mean concentration of 45 ug/L. Finally, the
concentration of BDCM in Pools A-E was significantly higher
than the other pools, (p = 0.04) (Table 3).

The mean concentration of HAA5 was 945 pg/L, ranged
from 571.8 to 2,247.5 pg/L. This concentration was similar to
the concentration (2,232.9 pg/L) reported by Parinet et al. [41]
in seawater pools, but lower the concentrations (413 pg/L)
reported by Simard et al. [34] (413 pg/L) and Tardif et al. [21]
(294.8 pg/L) in indoor tap water pools. Among subgroup
compounds of HAAs, the highest concentration was related

to the TCAA compound with a mean of 365 ug/L (Table 2).
Similar findings were found by other studies [10,42]. The
higher mean concentration of HAAs compared with THMs
is probably associated with the higher molecular stability of
HAAs rather than THMSs [10,43]. The mean concentrations
of THMs and HAAs in Pools F-G disinfected with UV/CI,
and Pools I-J disinfected with ozone/chlorination were lower
than the concentrations in Pools and A-E.

The absolute value of THMs toxicity associated with
the increasing concentration of THMs in pools disinfected
with chlorine followed by O,/Cl, and UV/CL,. Based on the
above, HAAs are the most potent DBP group investigated in
this study and are the main contributor of the investigated
compounds to the cytotoxicity and genotoxicity of the chlo-
rinated swimming pools. Similar results were reported by
Hansen et al. [27].

5. Conclusions

The concentrations of THMs and HA As were found to be
distinctly high (HAA5 was significantly higher than THMs).



Table 3

THMs and HAAs concentrations and their cytotoxicity stratified by type of disinfectants used

Pools F-G (Ozone/chlorination) Pools I-] (UV/Chlorine)

Pools A-E (Chlorine)

DBPs

Cytotoxicity

0.02
0.02
0.01
0.02

Range

Cytotoxicity ~Mean + SD
0.03

0.02

Range

Cytotoxicity ~Mean + SD

0.03
0.02
0.01
0.01

Range

Mean + SD

0.08
0.04
0.22
0.18
0.51
0.06
0.08
0.55
0.54
0.08
0.65

312

95.5

203.7 +153.1

393.5
268
90

95
695

143
80
33

276.2 +126.0
179.0 £ 94.4
56.0 +£30.0
59.5+30.9

343.5
348
110

140.7
80
12

246.5+84.3

TCM (ug/L)

214.5
95
93

85.5

150 £91.2
55 +56.6
91.25+2.5

214.3 +96.1

BDCM (ug/L)

15
8

0.01
0.01

343+424

DBCM (ug/L)
TBM (ug/L)

9.5

38.5
472
180

133.5
612.5
950
800

12.6

59.52 +45.8

714.5
285
300
195
95

285.5

500.0 + 303.3
261.75+32.9
277.5+31.8

570.7 +113.7
284.8 +93.2

487.6
110

554.7 +53.1

TTHM (ug/L)

0.00
0.04
0.08
0.00
0.00

238.5
255

0.00

358.5
270
235

0.00

426.2 +312.1
349.2 +254.6

TCAA (ug/L)
DCAA (ug/L)

0.03

147.4
127
28.5

206.5+61.4

0.05

175.5
105.5

58.5

186.5
75.5

190.75 £ 6.0
85.25+13.8
68.5+2.8

0.08

183.2+54.1

0.08
0.00
0.00

356.5
95.5

183.4£107.7
76.3+17.8

MCAA (ug/L)

0.00

87.5

57.2+29.5
38.2+15.0

MBAA (ug/L)

70.5
888

66.5

55.5 0.00

28.5

60.9

26.5
628

39.38 £ 14.1

DBAA (ug/L)
HAA5 (ug/L)

879.5

883.8 £ 6.0

932.1

571.9

769.8 +182.8

2,247.5

1074.5 £ 661.9

Note: Significant P-values are shown in bold.

*p-values from Kruskal-Wallis test between three different pools.
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Fig. 4. Spearman’s correlation test between variables.

The concentrations of THMs or HAAs in diverse swimming
pool water were dependent on the type of disinfectants and
precursor concentrations, including ammonium, TOC, urea
chloride and bromide ions. TCM and TCAA were the most
dominant compounds among THMs and HAAs, respec-
tively. The concentrations of all categories of THMs and
HAAs in the pool disinfected with UV/CL, and ozone/chlo-
rination was lower than those in the pool disinfected with
chlorination. Therefore, genotoxicity and cytotoxicity are
reduced in pools disinfected with UV/CI,. The controls of the
organic precursor entrance into swimming pools and disin-
fection with UV/chlorine and then ozone/chlorine were the
most effective ways to improve the chemical quality of the
swimming pool water.
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Supplementary information

S1. EC,, values for toxicity estimation

Table S1

EC50 values for cytotoxicity and genotoxicity

181

Cytotoxicity EC,, (mol/L)

Genotoxicity EC,; (mol/L)

THM

HAA

Trichlormethan (TCM)
Bromodichloromethane (BDCM)
Dibromochloromethane (DBCM)
Tribromomethane (TBM)
Chloroacetic acid (CAA)
Bromoacetic acid (BAA)
Dichloroacetic acid (DCAA)
Trichloroacetic acid (TCAA)
Bromochloroacetic acid (BCAA)
Dibromoacetic acid (DBAA)
Trichloronitromethane (TCnitro)

9.1 x103
9.1x103
52 x 107
4.0x10°
9.0 x 10
9.8 x10°
7.2x107
2.3x10°
8.4 x10*
52 x10*
5.2 x10*

*Compounds were not found genotoxic in the assay used.



	OLE_LINK25
	OLE_LINK26
	OLE_LINK1
	OLE_LINK27
	OLE_LINK28
	OLE_LINK23
	OLE_LINK24
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	OLE_LINK7
	OLE_LINK8
	OLE_LINK19
	OLE_LINK29
	OLE_LINK30
	OLE_LINK9
	OLE_LINK10
	OLE_LINK21
	OLE_LINK22
	OLE_LINK13
	OLE_LINK14
	OLE_LINK11
	OLE_LINK12
	OLE_LINK17
	OLE_LINK18
	OLE_LINK20
	bfig2
	OLE_LINK15
	OLE_LINK16
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43

