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ABSTRACT 

Introduction. Water is a need for every human being in all parts of the world. The demand for water, particularly clean water, 

is expected to increase in line with population growth. In Indonesia, wells providing access to both shallow and deep groundwater 

sources serve as the primary source of clean water Microbiological contamination of water causes a bad impact, especially on health. 

The water supply system is a fundamental component of sustainable urban development. Nevertheless, it frequently encounters a 

range of complex challenges, especially in developing nations. 

The purpose of article. The objective of this study is to investigate the concentration of residual chlorine over varying contact 

times using different media combinations, namely black sand, silica sand, and white sand, to evaluate their effectiveness in sustaining 

chlorine levels during water treatment. 

Research methods. This research employed a quasi-experimental design to evaluate residual chlorine levels in treated water 

using various types of sand integrated with chlorine within diffuser pipes. A total of 720 liters of water was used, divided into 36 

reservoirs. holding 2.5 mg of chlorine each of which contained 20 litres and 500 grams of one of three types of sand: black sand, 

white sand, or silica sand. Water samples in 20-litre containers were treated with a chlorine sprayer for exposure periods of 30, 45, 

and 60 minutes. The study assessed several parameters, including temperature, pH, total dissolved solids (TDS), and residual chlo-

rine. Data were analyzed and presented using univariate and bivariate tables, with statistical testing conducted using one-way ANOVA. 

Result. The results indicated that the chlorine diffuser containing white sand exceeded the permissible residual chlorine thresh-

old at contact times of 45 and 60 minutes. Statistical analysis using one-way ANOVA revealed a significant difference in residual 

chlorine concentrations between the silica sand and black sand media (p < 0.05). However, no statistically significant difference was 

observed in the chlorine concentrations over time for the white sand diffuser. These findings suggest that white sand may lead to 

prolonged chlorine retention, potentially resulting in concentrations above recommended limits 

Scientific novelty and practical value. for the first time, an analysis that the various types of sand in the chlorine diffuser have 

differences in the remaining chlorine in the water so that it can be used as a reference for further research in water treatment.  

Keywords: chlorine residue, silica sand, white sand, black sand, safety drinking water, disinfection, chlorine, media combination.  

 
In cites: Asyfiradayati Rezania, Windi Wulandari, Jenita Berlian N., Mohd Yatim Siti Rohana (2025). Chlorine residual behavior in water 

disinection using combined sand media with chlorine application. Visnyk of V. N. Karazin Kharkiv National University. Series Geology. Geography. 
Ecology, (63), 507-515. https://doi.org/10.26565/2410-7360-2025-63-37 

 

Introduction 

Indonesia, as a tropical nation, possesses rich 

water resources that include rivers, lakes, reservoirs, 

swamps, and floodplains [1]. Indonesia, similar to 

other nations in the Asia-Pacific region, pays great 

attention to the effects of climate instability, popula-

tion increase, and human activities on the degrada-

tion of water resources and the loss of biodiversity. 

Therefore, understanding the interactions between 

biological and hydrological processes, as well as 

focusing on reducing ecological threats and enhanc-

ing harmony within catchment areas, is essential to 

promote the sustainability of water resources, biodi-

versity, and environmental ecosystems. The demand 

for water, particularly clean water, is expected to 

increase in line with population growth. Water sup-

ply in Indonesia fluctuates with the seasons, and its 

distribution varies from region to region. Generally, 

most parts of Indonesia have annual rainfalls of 

about 2000 to 3500 mm (60%). A few areas (3%) 

have annual rainfalls higher than 5000 mm, while 

others have less than 1000 mm per year [2].  

Survival for humans relies on having access to 

clean water. According to the World Health Organi-

zation, approximately 2.2 billion individuals lack 

access to safely managed drinking water [3] [4]. 
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Effective water management is a significant global 

issue because of its direct impact on human health 

outcomes. Various studies in Indonesia have demon-

strated that microbiological contamination of clean 

water, particularly by indicator bacteria such as coli-

form and Escherichia coli, represents a serious issue 

that poses a significant threat to public health. The 

combination of dense population and dependence on 

shallow wells poses challenges, as only about 

19.83% of residents have access to piped water, 

whereas around 79.53% still rely on privately 

owned wells. Escherichia coli (E. coli) arises from 

fecal contamination routes that deteriorate the mi-

crobial quality of water in household environments 

[5]. Pathogens transmitted through water, derived 

from human and animal excreta, can infiltrate drink-

ing water systems via contamination of surface or 

groundwater sources. This type of microbial pollu-

tion presents serious public health hazards, such as 

gastrointestinal and respiratory infections, viral hep-

atitis, skin diseases, pregnancy complications, and, 

in severe instances, death [6]. 

Significant progress in various urban sectors 

notwithstanding, cities still encounter substantial 

and complex water provision challenges. Interven-

tions aimed at hygiene, sanitation, and clean water 

delivery have demonstrated effectiveness in easing 

the disease burden. Worldwide, major cities are 

struggling to meet a persistent demand for clean 

water that is escalating [7]. According to Indonesian 

Regulation No. 492/Menkes/PER/IV/2010, the ac-

ceptable level of free chlorine in water supply sys-

tems ranges from 0.2 to 0.5 mg/L as stipulated by 

the Ministry of Health [8]. In Central Java Province, 

75.88% of households have access to sufficient 

drinking water sources, whereas 24.2% of the popu-

lation still does not have access to suitable drinking 

water sources [9]. 

Alongside the use of disinfectants, boiling is an 

effective method for improving water quality. A 

decrease in the Most Probable Number (MPN) in 

sampled water indicates that boiling can substantial-

ly enhance the microbiological purity of groundwa-

ter [10]. Previous research has found that latrines 

which do not meet health standards may lead to 

higher Escherichia coli (E. coli) levels in water bod-

ies. The main source of bacterial contamination is not 

the state of the toilets themselves but rather the poor 

management of wastewater disposal systems [11].  

In Indonesia, wells providing access to both 

shallow and deep groundwater sources serve as the 

primary source of clean water. Contaminated water 

containing chemical or biological agents is a sub-

stantial medium for the transmission of waterborne 

diseases [12]. Households in the studied area have 

access to improved drinking water sources, indicat-

ing that most households obtain water that meets 

basic hygiene and health standards. However, only 

approximately 31.3% of households have access to 

drinking water free from Escherichia coli contami-

nation. Furthermore, merely 11.9% of households 

have access to drinking water classified as safe 

based on combined parameters, which include as-

sessments of E. coli presence and heavy metal con-

centrations in the water [13]. Infections caused by 

contaminated water sources, resulting from human 

or animal fecal matter, can cause acute health issues 

affecting the digestive and respiratory systems, as 

well as hepatitis, dermatitis, growth stunting in 

pregnant women, and potentially life-threatening 

outcomes [12,14,15][3][6]. Clean water contamina-

tion has been detected at the household level, specif-

ically within domestic residences. Previous research 

in Kartasura District found that four out of eight 

types of housing were contaminated with Coliform 

bacteria, and two showed contaminations with E. 

coli.[16]. Rainwater contamination with coliform 

bacteria has also been identified, making caution 

necessary before using it [17]. 

Water distribution systems' residual chlorine 

levels can be considered a reliable indicator of mi-

crobiological contamination [18]. Applying chemi-

cal disinfectants, particularly chlorine, is a proven 

way to decrease microbial numbers. Chlorine is 

commonly used in developing countries because of 

its effectiveness and affordable cost [19]. Chlorine is 

readily available and cost-effective as a chemical 

agent, enabling its use by local communities [20]. 

Water treatment entities, including PDAM, and wa-

ter utilities have widely utilised chlorination. Con-

sidering the widespread reliance on well water 

among Indonesian families, a need exists to develop 

innovative chlorination techniques suitable for 

household use. Chlorine diffuser design must take 

into account residual chlorine levels, piping specifi-

cations, including diameter as described [21], and 

the incorporation of additional materials to neutral-

ise chlorine residues, which optimises water treat-

ment processes as per [22]. According to Clayton et 

al. (2021), chlorine is considered safe for reducing 

biological contaminants in drinking water. Regula-

tions necessitate residual chlorine levels to comply 

with Indonesian Regulation No. 492/Menkes/PER/ 

IV/2010 in order to avert negative impacts on public 

health [23].  

Materials frequently used for the decomposi-

tion of chlorine residues include granular media like 

silica sand (SiO₂), white sand, and black sand. The 

selection of sand-based materials is based on their 

natural richness in reactive mineral components, 

such as amorphous silica and iron oxides, which 

promote redox reactions that neutralize remaining 

oxidizing agents [24]. Previous studies have demon-

strated varying effectiveness in reducing coliform 



ISSN 2410-7360 Вісник Харківського національного ун іверситету імені В.Н.  Караз іна  

- 509 - 

concentrations across different sand types [25], 

thereby highlighting the need for a systematic com-

parative analysis to quantify the residual chlorine 

remaining in treated water following the application 

of the chlorine diffuser method. This research is 

notable for shedding light on the effects of chlorine 

levels in drinking water that has been treated with 

chlorine and different types of sand. The primary 

aim of this research is to investigate differences in 

residual chlorine levels in water disinfected with 

chlorine, combined with various types of sand. 

There is a need for alternative materials capable of 

decomposing residual chlorine in water to optimize 

the chlorination treatment process. Various materials 

can be employed for chlorine residue removal, in-

cluding silica sand and black sand. Sand is selected 

due to its natural content of reactive minerals, such as 

silica and iron, which contribute to the breakdown of 

residual chlorine through redox reactions [22]. 

Method  

This study employed a quasi-experimental de-

sign and was carried out with the approval of the 

Ethics Committee of the Faculty of Health Sciences, 

Universitas Muhammadiyah Surakarta, under refer-

ence number 667/KEPK-FIK/XI/2024. The study 

population consisted of all water sourced from the 

Pabelan Kartasura Sukoharjo Village area. A total 

sample of 720 litres of water was distributed across 

36 reservoirs, each of which contained 20 litres. A 

100 ml water sample was taken from each reservoir, 

placed in a sterilized bottle, stored in a cool box, and 

transported to the Microbiology Laboratory at the 

Faculty of Health Sciences, UMS, for examination. 

The parameters assessed included temperature, pH, 

total dissolved solids (TDS), and residual chlorine 

concentrations.  

The study utilised 2-inch diameter pipes as con-

tainers for chlorine and sand, featuring evenly 

spaced perforations along their length, holding 2.5 

mg of chlorine each of which contained 20 litres and 

500 grams of one of three types of sand: black sand, 

white sand, or silica sand. Water samples in 20-litre 

containers were treated with a chlorine sprayer for 

exposure periods of 30, 45, and 60 minutes. Chemi-

cal properties in water samples were examined by 

placing them in test tubes. Temperature was meas-

ured with a digital thermometer, while pH and re-

sidual chlorine levels were tested using pH and 

chlorine test kits. The levels of residual chlorine 

were then measured using a DR 1500 spectropho-

tometer. The data were compiled in tables showing 

one variable and two variables, with statistical anal-

ysis conducted using the one-way analysis of vari-

ance (ANOVA) method. 

Result  

The remaining chlorine is present at the time of 

use of chlorine diffuser with various types of sand. 

The chlorine diffuser supplemented with various 

types of sand exhibited different residual chlorine 

concentrations over time at 0, 30, 45, and 60 

minutes. Detailed results are presented in Table 1 

and Figure 1. 

 

Table 1 

Mean of chlorine residue 

 
Time 

(minute) 
N 

Mean of 

Chlorine 

residue 

Std. Devia-

tion 

Std. 

Error 

95% Confidence 

Interval for Mean 
Min Max 

Lower 

Bound 

Upper 

Bound 

  

Chlorine residue 

using chlorine 

diffuser w/  

silica sand 

0 5 0.5233 0.23116 0.13346 -0.0509 1.0976 0.38 0.79 

30 5 0.4033 0.03786 0.02186 0.3093 0.4974 0.36 0.43 

45 5 0.2800 0.11269 0.06506 0.0001 0.5599 0.15 0.35 

60 5 0.2867 0.10116 0.05840 0.0354 0.5380 0.17 0.35 

Total 20 0.3733 0.15796 0.04560 0.2730 0.4737 0.15 0.79 

Chlorine residue 

using chlorine 

diffuser w/ 

black sand 

0 5 0.4933 0.17388 0.10039 0.0614 0.9253 0.36 0.69 

30 5 0.3467 0.02309 0.01333 0.2893 0.4040 0.32 0.36 

45 5 0.3000 0.04583 0.02646 0.1862 0.4138 0.26 0.35 

60 5 0.2933 0.04933 0.02848 0.1708 0.4159 0.26 0.35 

Total 20 0.3583 0.11622 0.03355 0.2845 0.4322 0.26 0.69 

Chlorine residue 

using chlorine 

diffuser w/ 

white sand 

0 5 0.4067 0.09074 0.05239 0.1813 0.6321 0.34 0.51 

30 5 0.3267 0.01155 0.00667 0.2980 0.3554 0.32 0.34 

45 5 0.3233 0.03215 0.01856 0.2435 0.4032 0.30 0.36 

60 5 0.3200 0.02646 0.01528 0.2543 0.3857 0.30 0.35 

Total 20 0.3442 0.05712 0.01649 0.3079 0.3805 0.30 0.51 

 

The findings of this study revealed that the re-

sidual chlorine concentration in the chlorine diffuser 

incorporating silica sand was lower compared to 

that in diffusers supplemented with white or black 

sand, although the observed differences were not 

statistically substantial. 

Clean water must contain residual chlorine to 

ensure its quality and safety during distribution prior
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Fig. 1. Mean of Clhorine residue 

 

to consumer use. According to the World Health 

Organization and the Indonesian Ministry of Health 

Regulation No. According to the 2023 guidelines 

regarding Sanitation Regulations, the minimum 

level of free chlorine residue in water must be be-

tween 0.2 mg/L and 0.5 mg/L in order to achieve 

effective disinfection without posing a health risk. 

The results indicated that the chlorine diffuser, uti-

lising white sand at 45 minutes and 60 minutes, ex-

ceeded the allowable limit. Residual chlorine plays a 

crucial role in ensuring the microbiological safety of 

water because it can safeguard the water distribution 

system from being compromised and prevent re-

contamination when the water is initially clean. 

 

Table 2 

Statistically Significant Difference in Residual Chlorine 

ANOVA 

 Number of 

Squares 
Df 

Square 

Average 
F Sig. 

Chlorine residue using 

chlorine diffuser w/  

silica sand 

Intergroup 0.271 7 0.039 44.239 .001 

In a Group 0.003 4 0.001   

Entire 0.274 11    

Chlorine residue using 

chlorine diffuser w/ 

black sand 

Intergroup 0.141 7 0.020 10.979 .018 

In a Group 0.007 4 0.002   

Entire 0.149 11    

Chlorine residue using 

chlorine diffuser w/ 

white sand 

Intergroup 0.016 3 0.005 2.072 .182 

In a Group 0.020 8 0.003   

Entire 0.036 11    

 

Results from the one-way ANOVA indicate a 

statistically significant variation in residual chlorine 

levels among groups using chlorine with silica sand 

and black sand media, whereas no such variation 

was observed for the group utilizing white sand. The 

sum of squares between groups for the silica sand 

diffuser was 0.271, with a mean square value of 

0.039. A calculated F-value of 44.239 corresponds 

to a p-value of 0.001, indicating a highly significant 

difference, as indicated by a p-value less than 0.05, 

in the chlorine residue between various time inter-

vals or treatment conditions. The black sand diffuser 

resulted in a between-group sum of squares of 0.141 

and a mean square of 0.020, yielding an F-statistic 

of 10.979 at a p-value of 0.018. Furthermore, a sta-

tistically significant difference is found in residual 

chlorine levels (p < 0.05). 

The white sand diffuser exhibited a between-

group sum of squares of 0.016, a mean square of 

0.005, and an F-statistic of 2.072. The significance 

level associated with the test was 0.182, showing 

that the variations in chlorine residue across the 

different treatment groups did not have statistical 

significance (p value greater than 0.05). The re-

search indicates that the type of sand media em-

ployed can greatly impact chlorine retention, with 

silica and black sand exhibiting considerable differ-

ences across various treatments, whereas white sand  

0

0,1

0,2

0,3

0,4

0,5

0,6

0 30 45 60

time

Mean of chlorine residue

chlorine diffuser w/ silica sand chlorine diffuser w/ black sand

chlorine diffuser w/ white sand
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sustains more consistent chlorine levels over time. 

Discussion  

The implementation of household-scale water 

filtration systems, coupled with educational out-

reach programs, has been shown to significantly 

enhance community awareness regarding the im-

portance of safe and clean water. Moreover, it fos-

ters the adoption of more hygienic and health-

conscious practices. Technical training and hands-on 

supervision play a crucial role in facilitating 

knowledge acquisition and promoting behavioral 

transformation among residents in the utilization 

and management of water resources [26]. Chlorine 

for water treatment is available in various forms, 

including powder, liquid, and tablets. Typically, 

chlorine powder is composed of calcium hypo-

chlorite, whereas liquid formulations are primarily 

made up of sodium hypochlorite. Typically, chlorine 

is used for disinfection either as chlorine gas (Cl₂) or 

in the form of calcium hypochlorite [Ca(OCl)₂] [27]. 

Inaccurate chlorine dosing can cause unpleasant 

sensory effects like a bitter taste and an unappealing 

odour. As a bactericide, chlorine is highly effective 

in eliminating pathogenic microorganisms from 

water. When using powdered forms in wastewater 

treatment, the chlorine dosage must adhere to set 

standards to prevent residual chlorine levels from 

surpassing 5.0 parts per million (ppm). Inadequate 

dosing of chlorine can lead to corrosion and scaling 

inside water distribution pipes, but elevated levels 

may also compromise water quality, making it un-

suitable for drinking or household use [28].  

Water distribution system residual chlorine 

concentrations are a reliable indicator of microbio-

logical contamination [18]. Daily activities such as 

hygiene and sanitation require access to clean water. 

Significantly, waterborne diseases contribute to the 

high prevalence of severe and potentially fatal infec-

tious conditions [29]. Inadequate water treatment 

processes before use can lead to contamination by 

Escherichia coli (E. coli) [30]. The presence of clean 

water facilities has been linked to diarrhoea rates in 

young children [31][32]. Additionally, the quality of 

water sources has been pinpointed as a contributing 

factor to stunting [6][33] [3]. Access to water, along 

with its quality and availability, constitutes a fun-

damental societal requirement. Clean water provi-

sion, in terms of both quality and quantity, must 

meet community demands and is governed by offi-

cial regulations [34]. 

Population density is one of several factors 

contributing to bacterial contamination in clean 

water sources. Research conducted by Hafidzna 

Hanif and Anna in 2021 found that a statistical anal-

ysis showed a 4.8% influence of population density 

on Coliform bacterial content. Applying chlorine is 

crucial to reduce microbial contamination in drink-

ing water [35]. The levels of residual chlorine in 

water distribution systems can signify microbiologi-

cal contamination [18], requiring accurate dosing 

during the disinfection process. Spraying water with 

chlorine is a highly effective way to remove patho-

genic microorganisms, especially E. coli and Coli-

form bacteria, from water before it is used by the 

community. Achieving the Sustainable Development 

Goals (SDGs) relies heavily on effective water treat-

ment initiatives, especially in guaranteeing access to 

clean water and satisfactory sanitation facilities [4]. 

The application of chlorine to water contami-

nated with microorganisms results in substantial 

damage to bacterial cell walls, disruption of cellular 

permeability, and impairment of nucleic acids and 

enzymes [36]. Chlorine is extensively employed as 

the primary disinfectant in drinking water treatment 

due to its high efficacy at low concentrations, cost-

effectiveness, and ability to produce residual con-

centrations when applied in appropriate doses. The 

use of chlorine in water disinfection is designed to 

eliminate pathogenic bacteria, while also serving as 

a potent oxidising agent critical for safeguarding 

human health (Scott, 2021).  

Conventional chlorination in water treatment 

plants efficiently eliminates most inorganic reactants 

rapidly, but leaves behind slower organic reactants, 

which become the main secondary contaminants in 

the distribution network. Policies should give water 

quality parameters precedence over physical param-

eters to enable utility managers to maintain chlorine 

residue levels within safe limits for public health 

[38]. These findings enhance our comprehension of 

microbiology in drinking water and the health haz-

ards associated with microorganisms, thereby facili-

tating more effective control of infectious diseases 

via enhanced disinfection methods in water treat-

ment facilities [39].  

This research compared the residual chlorine in 

the chlorine diffuser with the composition of chlo-

rine added to various types of sand, including black 

sand, white sand, and silica sand. The remaining 

chlorine in each yield these results. Centralized 

treatment systems and water distribution networks 

are no longer feasible in certain areas, leading to an 

increased focus on point of use drinking water 

treatment systems [23]. In this study, it has been 

established that each type of sand used as a chlorine 

dissolution inhibitor exhibits a distinct difference in 

statistical analysis. The variation in chlorine resi-

dues resulting from the use of silica sand, black 

sand, and white sand in the chlorine diffuser can 

serve as a reference point for future research. 

One of the ceramic materials, silica sand, fea-

tures a natural white color and a silica purity of up 

to 99%, making it a potential ceramic material for 

fabrication technology [40]. Black sand is a type of 
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sand which is often found, typically treated with UV 

to eliminate methylene blue dye through a combina-

tion of photocatalytic adsorption and degradation 

[41]. Different media can be utilised for water 

treatment, particularly to enhance water quality bio-

logically, including a novel method that incorporates 

silver, copper, and chlorine without the necessity for 

electricity which has the potential to be an economi-

cal household water treatment solution [42].  

In the used piping network, chlorine levels de-

crease more rapidly at greater downstream distances 

and high temperatures as a result of increased mi-

crobial activity and chlorine mass transfer. To 

achieve a more optimal seasonal chlorine dosing 

strategy, system simulations must therefore consider 

these factors [43]. Monochloramine may be sug-

gested as a safe and effective method for continu-

ously disinfecting building piping systems, which 

can help prevent people who are susceptible from 

being exposed to legionellae and harmful disinfec-

tion by-products [44], as it is a compound where 

chlorine substitutes ammonia and is often used as a 

disinfectant. The presence of coliform bacteria can 

be used as an indicator for other types of bacteria. 

The presence of Coliform bacteria as a pollution 

indicator is determined by the number of its colo-

nies, which correlates directly with the existence of 

pathogenic bacteria (E. coli). According to Saputri 

and Efendy (2020), the presence of Coliform can 

impact the life cycle of bacteria in water, and Coli-

form and E. coli can persist as pathogens capable of 

causing disease in humans and other living organ-

isms [45], [46].  

Conclusion 

This study found the residual chlorine levels in 

the sample water and identified a significant differ-

ence between the groups of equipment used, particu-

larly those using silica sand and black sand chlorine 

diffusers. No notable difference was found in the 

chlorine diffuser residue when using white sand. 

Variables such as pH, TDS, and temperature also 

showed no substantial discrepancies. This study 

requires ongoing research that incorporates addi-

tional factors, including the use of UV or other 

methods, which can be combined with chlorine, to 

improve microbiological contamination reduction. 
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Залишкова поведінка хлору при дезінфекції води з використанням  

комбінованих піщаних середовищ із застосуванням хлору 
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Вода є потребою кожної людини в усіх частинах світу. В Індонезії свердловини, що забезпечують доступ як 

до мілководних, так і до глибоких джерел ґрунтових вод, служать основним джерелом чистої води. Мікробіоло-

гічне забруднення води негативно впливає, особливо на здоров'я. Система водопостачання є фундаментальним 

компонентом сталого міського розвитку. Тим не менш, вона часто стикається з низкою складних проблем, особ-

ливо в країнах, що розвиваються. Метою цього дослідження є вивчення концентрації залишкового хлору протя-

гом різного часу контакту з використанням різних комбінацій середовищ, а саме чорного піску, кварцового піску 

та білого піску, для оцінки їхньої ефективності у підтримці рівня хлору під час очищення води. У цьому дослі-

дженні використовувався квазіекспериментальний дизайн для оцінки рівня залишкового хлору в очищеній воді з 

використанням різних типів піску, інтегрованого з хлором у дифузійні труби. Загалом було використано 720 

літрів води, розділених на 36 резервуарів, що містили 2,5 мг хлору, кожен з яких містив 20 літрів та 500 грамів 

одного з трьох типів піску: чорний пісок, білий пісок або кварцовий пісок. Зразки води в 20-літрових контейне-

рах обробляли хлорним розпилювачем протягом періодів експозиції 30, 45 та 60 хвилин. У дослідженні оціню-
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вали кілька параметрів, включаючи температуру, pH, загальний вміст розчинених твердих речовин (TDS) та 

залишковий хлор. Дані аналізували та представляли за допомогою однофакторних та двофакторних таблиць, а 

статистичне тестування проводили за допомогою однофакторного дисперсійного аналізу (ANOVA). Результати 

показали, що дифузор хлору, що містить білий пісок, перевищував допустимий поріг залишкового хлору при 

часі контакту 45 та 60 хвилин. Статистичний аналіз за допомогою однофакторного дисперсійного аналізу ви-

явив значну різницю в концентраціях залишкового хлору між середовищем з кварцовим піском та чорним піс-

ком (p < 0,05). Однак, статистично значущої різниці в концентраціях хлору з часом для дифузора з білим піском 

не спостерігалося. Ці результати свідчать про те, що білий пісок може призвести до тривалого затримування 

хлору, що потенційно може призвести до концентрацій вище рекомендованих меж. Вперше проведено аналіз, 

який показує, що різні типи піску в дифузорі хлору мають відмінності в залишковому хлорі у воді, що дозволяє 

використовувати його як орієнтир для подальших досліджень у сфері очищення води. 

Ключові слова: залишок хлору, кварцовий пісок, білий пісок, чорний пісок, безпечна питна вода, дезінфек-

ція, хлор, комбінація середовищ. 
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