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Abstract 
Chlorination is an efficient and low-cost technique in disinfecting water for 
public water supply. However, during the process, the formation of undesira-
ble by-products called halogen compounds, such as trihalomethanes (THMs), 
occurs. Some of these compounds are proven to be carcinogenic to laboratory 
animals. The goal of this study was to investigate the occurrence of THMs in 
household reservoirs and the influence of cleaning time of these reservoirs on 
the formation of THMs. A total of 103 households were investigated in the 
city of Maringá, State of Paraná, Brazil. The residences were classified ac-
cording to the cleaning time of the reservoir into: up to one year, one to two 
years and more than two years. Samples were taken from the reservoirs and 
total trihalomethanes (THMt) were analyzed by gas chromatography 
(GC-MS), total organic carbon (TOC) by means of a Hach kit for low con-
centrations and free residual chlorine (CLres) by means of a kit for in loco 
determination. According to the results, the highest concentrations of THMt 
were observed in the reservoirs with cleaning time of more than 2 years. 
However, no amount has exceeded the maximum limit allowed by law. In 
general, the longer the time for cleaning the reservoir, the greater the degra-
dation of water quality in THMt. 
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1. Introduction 

The chlorination process is a very efficient way for water disinfection for public 
supply, providing among other benefits, the reduction of infant mortality due to 
enteric diseases [1] [2]. However, there is the disadvantage of forming undesira-
ble products called halogen compounds, such as trihalomethanes (THMs), ha-
loacetic acids, halopicrins, cyanogen chloride, among many others [3] [4]. 

THMs are small molecules made up of atoms of carbon, hydrogen and ele-
ments of 7A (chlorine and bromine are the most common). These are com-
pounds that correspond to the substitution of hydrogen atoms in the methane 
molecule by elements of 7A. The term total trihalomethanes (THMt) is the alge-
braic sum of four compounds: trichloromethane, bromodichloromethane, di-
bromochloromethane and tribromomethane [1]. 

The formation of THMs has a primary relationship with eutrophication of 
aquatic systems and their increase is related to the concentration of organic 
matter, precursor source of these compounds. Some studies have shown that eu-
trophic reservoirs have about 30% more trihalomethane precursors than non- 
eutrophic ones [5] [6] [7] [8]. 

Many of the by-products from chlorination, including THMs, are potentially 
carcinogenic, mutagenic and capable of being bioaccumulated in trophic chains 
[2] [9] [10] [11]. Experiments in animals have demonstrated the mutagenic and 
carcinogenic character of THMs, leading to the belief that it may occur in hu-
mans [12]. 

The maximum allowable THM in drinking water varies among different 
countries. In the United States it is 80 μg/L; in the Netherlands, 75 μg/L; in Ger-
many, 25 μg/L and in France, 10 μg/L [12]. In Brazil, the limit is set at 100 μg/L 
for the potability standard [1]. 

In several parts of the world, there are studies on the occurrence of THMs in 
treatment plant waters, distribution networks and in water reservoirs [10] 
[13]-[22]. Nevertheless, few report the occurrence of THMs associated with the 
cleaning time/residence time of the water in the reservoir [23]. 

The investigation of THMs at the Water Treatment Station (WTS) in Ma-
ringá, State of Paraná, Brazil [24] showed that these compounds were present in 
all stages of treatment, with a mean concentration of 57 μg/L. Thus, the goal of 
this study was to analyze the occurrence and concentration of THMt and the 
respective influence of organic matter and free residual chlorine on the forma-
tion of these compounds in household reservoirs in the city of Maringá, Brazil. 

2. Material and Methods 
2.1. Characteristics of Supply throughout the City 

The Sanitation Company of Paraná—SANEPAR responsible for the treatment 
and distribution of water serves a population of approximately 417,000 inhabi-
tants. Water supplying approximately 87% of the population comes from treated 
river water and approximately 13% of homes are supplied by underground wells 
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[24]. The water distribution network of the city of Maringá is structured as dis-
tribution rings that surround each city block. 

2.2. Collection of Water Samples in the Study Region 

The study was carried out in household reservoirs (Figure 1) in a region close to 
the Water Treatment Station. The distribution network is composed of exclu-
sively cast-iron tubing (Figure 2). 

In the studied region (Figure 2), in the residences with reservoir, was eva-
luated the concentration of THMt, total organic carbon and free residual chlo-
rine in relation to the cleaning time of the reservoir. The cleaning time of the re-
servoir was considered up to one year, more than one year and less than two 
years and more than two years. 

From each house investigated, 200 mL water from the distribution network 
were collected at the point of water inlet into the household from the distribu-
tion network and 200 mL water were collected from the household reservoir 
(Figure 1). 

According to studies conducted by USEPA, National Risk Management La-
boratory [25], cast iron pipes tend to provide higher increases in THMs com-
pared to PVC pipes. 

2.3. Water Analysis 

Total trihalomethanes (THMt), total organic carbon (TOC) and free residual 
chlorine (CLres) were analyzed in the water samples collected at the point of 
water inlet into the residence (from the distribution network) and in the house-
hold reservoirs. 

For determination of THMt, the samples were collected in triplicate using 40 
mL glass bottles with a screw cap and silicone septum. Upon collection, care was 
taken to fill the vial completely so as to avoid air bubbles in the sample. In 
 

 
Figure 1. Schematic representation of the household reservoir and point of water inlet 
into the house. 

 

Point of water inlet 
into the house 

Distributed water 

Water reservoir 
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Figure 2. Study area, Maringá, Brazil. Source: Google Maps, 2019. 

 
addition, the vials contained free residual chlorine sequestrant (sodium thiosul-
fate p.a., Na2S2O3) in order to cease the reaction of residual chlorine with the or-
ganic matter after taking the sample. After the collection, the vials were stored in 
thermal boxes. 

The THMt analyses were performed using Purge-and Trap Capillary Gas 
Chromatography (GC), and detection and quantification by mass spectrometry 
(MS) according to Method 6200-B, Standard Methods of Water and Wastewater 
[26]. 

To determine total organic carbon (TOC) the analyses were performed using 
the Hach kit for low concentrations (0.0 to 20.0 mg/L), with reading in a 
UV-VIS spectrophotometer at 600 nm, method 10.129, Manual Hach. 

For the determination of residual chlorine (CLres), the DPD (N, 
N-diethyl-p-phenyl phenylene diamine) colorimetric method for low concentra-
tions (0.0 to 2.0 mg/L) was used [23] [27]. 

3. Results and Discussion 

Water from 103 households was analyzed according to the cleaning time of the 
reservoir as up to one year, between one and two years and more than two years 
(Table 1). 

In Figure 3, MC represents the mean THMt of the samples for the point of 
water inlet into the house and MR is the mean THMt for the reservoirs. In the 
time axis, 1, 2 and +2 represent the cleaning time of the reservoir in up to one 
year, one to two years and more than two years, respectively. Higher mean val-
ues of THMt were obtained in all studied reservoirs compared to the values in 
the respective entries of the residences. The largest difference was found for the 
cleaning time of the reservoir in more than two years. Possibly this value was 
higher due to the longer time provided for the reaction inside the reservoirs. 
However, no value found for this class exceeded the maximum allowed by 

Region of study

Water treatment station
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Figure 3. THMt concentration at the point of water inlet into the residence and at 
the household reservoir. 

 
Table 1. Houses in the study area. 

Cleaning time of the reservoir Households 

Up to 1 year 36 

Between 1 and 2 years 28 

More than 2 years 39 

Total 103 

 
Brazilian legislation, 100 μg∙L−1, according to Consolidation Ordinance 5 of Min-
istry of Health [1]. 

A study [28] found that tap water from different parts of the city had mean 
THMt values ranging from 48 to 123 μg∙L−1. In general, European countries do 
not use household reservoirs, but rather use underground reservoirs of large ca-
pacity distributed across the city. The household reservoirs are mainly used in 
Latin America. 

Another study [23] reported an increase from 27 to 46 μg∙L−1 in THMt (in-
crease of 19 μg∙L−1) in water samples that had a residence time of about 50 h in 
storage reservoirs in a building (one underground and one upper). This increase 
of 19 μg∙L−1 is high when compared to the increases of THMt at the water inlet of 
the residence to the reservoir, obtained herein. 

Analyses of total organic carbon (Figure 4) show a reduction in TOC concen-
tration from the inlet of water into the residence to the reservoir, in all cases. For 
all cleaning times of the studied reservoirs, lower TOC concentrations were ob-
tained in the reservoirs when compared to the respective water inlets. This fact 
possibly indicates that this reduction is related to the reaction of organic matter 
with the free residual chlorine in the formation of THMs. 

Behavior similar to that of TOC was obtained for free residual chlorine analy-
sis (Figure 5). By means of the results of Figure 5 in all reservoirs, lower free re-
sidual chlorine values were obtained when compared to the respective water  
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Figure 4. Total organic carbon at the water inlet into the residence and at the 
household reservoir. 

 

 
Figure 5. Free residual chlorine at the point of water inlet into the house and at 
the household reservoir. 

 
inlets. For reservoirs with a cleaning time of more than two years, a mean value 
of 0.1 mg∙L−1 was obtained, which was the lowest mean obtained. This value can 
be associated with the reaction with organic matter and losses by volatilization in 
the reservoir. 

The legislation in force in Brazil [1] regulates a minimum value of 0.2 mg∙L−1 
at any point in the distribution network that provides water for entry into the 
residence. Note that the values at the point of water inlet into the residences are 
well above 0.2 mg∙L−1 (water from the distribution network). If on the one hand, 
a higher concentration of chlorine results in a better disinfection, on the other, it 
provides a higher production of THMs. 
When analyzed together, the behavior observed in the decrease in TOC values 
and free residual chlorine from the water inlet into the residence to the reservoir, 
indicates (considering the losses) that there was an expressive increase in THMt 
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production in the reservoirs possibly because of such reductions. This shows that 
the household reservoir contributes to the degradation of water quality in rela-
tion to the formation of THMs. This fact is intrinsically related to the cleaning 
time of the reservoir. The longer the interval cleaning time is, the greater the 
water quality degradation is. 

4. Conclusions 

In all THMt analyses, the mean concentration increases from the water inlet into 
the house to the reservoir. This shows that the reservoir contributes to increas-
ing the concentration of THMt in the water consumed by the user (not only 
orally but also by contact during bathing). It is observed, therefore, that the 
household reservoir acts as a reaction medium for the formation of THMs, pro-
viding the reaction time sufficient for the concentration to almost double the 
value found at the point of water inlet into the residence. 

The reductions in TOC from the point of water inlet into the house to the re-
servoir indicate that there is possibly consumption of organic matter in reaction 
with free residual chlorine, forming THMs. This indicates that, the longer the 
contact time of organic matter with free residual chlorine is, the higher the con-
centration of THMs formed will be. 

In general, the longer the time elapsed for cleaning the reservoir is, the greater 
the degradation of water quality considering THMs is. 
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