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Ensuring safe drinking water in schools is essential for protecting adolescent health and achieving Sustainable 
Development Goal 6. Evidence from Iraqi secondary schools remains limited. This study aims to assess the phys-
icochemical and microbiological quality of drinking water in Al-Hilla City.

A cross-sectional study was conducted between September 2025 and February 2026 in 17 secondary schools in 
Al-Hilla City, Iraq. Drinking water samples were analyzed for physicochemical parameters (pH, turbidity, total dis-
solved solids, hardness, calcium, magnesium, nitrate, chloride) and microbiological indicators (total coliforms and 
Escherichia coli) using American Public Health Association standard methods. The results were compared with 
World Health Organization and Iraqi drinking water standards. The results of the study reveal that bacteriologi-
cal contamination was detected in 35.3% of samples, indicating non-compliance with World Health Organization 
guidelines. Most physicochemical parameters were within permissible limits; however, total dissolved solids ex-
ceeded standards in 70.6% of samples, turbidity in 11.8%, and total hardness in 23.5% of water samples, and 
calcium exceeded the Iraqi standard in 17.6% of water samples. Although chemical safety was generally accept-
able, the presence of microbial contamination and elevated dissolved solids in several schools suggests potential 
health risks. Routine monitoring, improved disinfection, and maintenance of school water systems are recom-
mended to ensure sustained compliance with drinking water standards.

Keywords: Drinking water quality, microbiological contamination, physicochemical parameters, school WASH, 
total dissolved solids.
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Introduction
 Access to clean drinking water is essential for health, 
a basic human right, and a key component of effec-
tive health protection strategies. Poor water quali-
ty is linked to serious health risks, especially among 
school students. In Iraq, alongside the growing burden 
of non-communicable diseases such as kidney disease 
and neoplasms, controlling environmental and water-
borne hazards remains essential for protecting public 
health (Merzah, 2025). Drinking water quality, defined 
by its chemical, physical, and biological characteristics, 
must meet World Health Organization (WHO) and na-
tional permissible limits to prevent acute and chron-
ic infections (Atumo Ante et al., 2023; Ngcongo and 
Tekere, 2023).

Universal access to safe and affordable drinking water 
is a primary target of Sustainable Development Goal 6 
(SDG6) (Hung et al., 2020), monitored through indicator 
6.1.1 on safely managed drinking water services (WHO, 
2023). Despite global efforts, approximately 2.5 billion 
people lack safe water, and millions die annually from 
waterborne diseases, including cholera (Abdulhussein, 
2020). Water quality remains central to environmental 
safety and public health, serving as a major source 
and vehicle of infectious agents (Najeeb et al., 2024; 
Hameed et al., 2020; Sharma and Bhattacharya, 2017). 
Microbial indicators such as total coliforms, fecal col-
iforms, and E. coli are widely used to detect fecal con-
tamination (AL-Dahmoshi, 2020). Evidence indicates 
that school drinking water supplies may contain sig-
nificant microbial contamination, exposing children to 
diarrheal diseases, typhoid, cholera, and gastroenteri-
tis (Kristanti et al., 2022), while chemical contaminants 
also pose health risks (WHO, 2017). Assessing school-
based drinking water is critical, as students spend 
much of their time in school settings (WHO/UNICEF 
JMP, 2018). 

In Iraq, the United Nations Children’s Fund reports that 
nearly half of schools lack access to safe drinking water 
and adequate sanitation facilities (UNICE/Iraq, 2023). 
Local studies in Al-Habbaniyah, Al-Muthanna, and Erbil 
have documented low residual chlorine levels, fecal 
contamination, and heavy-metal risks linked to water-
borne infections (Hantoosh, 2023; Khalid et al., 2020). 
Ongoing drought and conflict have further affected wa-
ter quality (Hantoosh, 2023). However, comprehensive 

assessments in secondary schools, particularly in Al-
Hilla City, remain limited. This study evaluates selected 
physicochemical and microbiological parameters of 
drinking water in secondary schools in Al-Hilla City and 
assesses compliance with WHO and Iraqi standards to 
inform public health and policy interventions.

Materials and methods
Study design and setting: A cross-sectional study was 
conducted from 1 September 2025 to 18 February 2026 
to assess the physicochemical and microbiological 
quality of drinking water in secondary schools in Al-
Hilla City, Iraq. A total of 17 schools were included, rep-
resenting 30% of the 56 secondary schools operating in 
the city. Schools were selected using stratified random 
sampling by type (public and private) and by sex (boys 
and girls), and samples were collected from the main 
drinking water sources used by students.

Data collection: Water samples were collected from the 
main drinking water taps in schools. In most schools, 
the main source of drinking water was piped water, 
while only two schools used tanker-truck supplied wa-
ter as an alternative source. Samples were collected 
using sterilized 250 ml polyethylene bottles. The bot-
tles were pre-labeled with the sample ID, source, date, 
and time of collection. Two samples were obtained 
from each tap one for physicochemical analysis and 
one for microbiological analysis after allowing the wa-
ter to run for 2–3 minutes to flush the line and avoid 
stagnant water. The bottle mouth was flamed or kept 
away from the tap to prevent external contamination, 
and the cap was closed immediately without touching 
the inner surface. Samples were stored in an icebox at 
4–8°C and transported to the laboratory within 6 hours, 
where they were analyzed on the same day for physi-
cal, chemical, and microbiological parameters.

Analysis items and methods
Physical and chemical analysis: To assess water quality 
in secondary schools, the following parameters were 
measured: pH, turbidity, chloride, total dissolved solids 
(TDS), hardness, magnesium (Mg), calcium (Ca), and 
nitrate (NO3). The analytical procedures and instru-
ments used for each parameter are summarized in 
Table 1. All analyses were conducted according to the 
APHA (American Public Health Association) Standard 
Methods (2017) (Baird et al., 2017).
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Table 2. Water quality standards for physicochemical and microbi-
ological parameters

Physicochemical 
and microbiological 

parameters

Iraq standard (Ali and 
Irzooki, 2025; WASH 

Cluster, 2022)

WHO guidelines 
(WHO, 2022)

pH 6.5–8.5 6.5–8.5

TDS ≤ 1000 ≤ 1000

Turbidity ≤ 5 NTU ≤ 5 NTU

Chloride < 350 mg/l ≤ 250 mg/l

Total hardness < 500 mg/l
< 500 mg/l 

(Acceptable)

Ca < 150 mg/l Not specified

Mg < 100mg/l Not specified

Nitrate < 50 mg/l < 50 mg/l

Total coliform 0 MPN /100 ml 0 MPN /100 ml

E. coli 0 MPN/100 ml 0 MPN /100 ml

Table 1. Instruments and analytical methods used for physicochem-
ical analysis

Parameters Devices/methods Unit

pH pH meters -

Turbidity Turbidimeter NTU

TDS TDS meters mg/l

Chloride Silver nitrate method mg/l

Total Hardness 
(TH)

EDTA complexometric 
titration with Eriochrome 
Black T

mg/l CaCO3

Ca EDTA Titration mg/l

Mg
Manual titration (total 
hardness-Ca hardness)

mg/l

Nitrate Spectrophotometers mg/l

Positive tubes were counted and compared with stand-
ard MPN tables. Presumptive and confirmatory tests 
were conducted using Lauryl Tryptase Broth, Brilliant 
Green Broth, and EC Broth.

Standard for assessment: Measurements were done 
according to WHO guidelines and national standards 
for water testing. As results show in Table (2) they are 
compared to local and international guidelines (WASH 
Cluster, 2022; WHO, 2022).

Statistical analysis: The collected data were analyzed by 
using the IBM SPSS-29 (Statistical Packages for Social 
Sciences, version 29, Chicago, IL, USA). Descriptive 
statistics, including frequency, percentage, mean, 
standard deviation, and range (minimum-maximum 
values), were calculated. The results were evaluated by 
comparison with the WHO guidelines and Iraqi drinking 
water standards.

Results
Bacteriological quality of drinking water samples: 
Indicated a majority of schools were free from bacteri-
al contamination, with zero counts of total coliform and 
E. coli. However, a limited number of schools showed 
a detectable level of bacteriological contamination. The 
table reveals that the highest level of coliform in water 
samples was 6 cells/100 mL, while the highest level of 
*E. coli* was 8 cells/100 ml.

Also, as in Fig. (1), the results show that 64.7% of water 
samples met the standard, whereas 35.3% of samples 
were classified as sub-standard. 

Microbiological analysis: The bacteriological quality of 
drinking water was assessed by detecting total col-
iforms and E. coli using the tube fermentation tech-
nique according to APHA standard methods. The Most 
Probable Number (MPN) method was applied, whereby 
serially diluted samples were inoculated into lactose 
broth. Coliform presence was indicated by acid produc-
tion (color change) and gas formation in Durham tubes. 

Fig. 1. Overall compliance bacteriological parameters of drinking 
water samples1
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Table 3. MPN of coliforms and E. coli in water samples

Code School name
Total 

coliform / 
MPN/100 ml

E. coli
MPN/ 

100 ml

1 Al-Nujoom 0 0

2 Al-Shaheed Al-Sadr 0 0

3 Halab 4 4

4 Al-Baqir 4 4

5 Al-Dustour 0 0

6 Al-Nasr 0 0

7 Zahret Al-Furat 0 0

8 Qasim Al-Sabbak 0 0

9 Al-Mutafawwiqat 0 0

10
Al-Shaheed 
Abdul-Sahib

6 6

11 Al-Warith 0 0

12 Al-Mazaya 0 0

13 Babel 4 2

14 Al-Mawahib 8 4

15 Babrosh 0 0

16 Al-Sadiq 0 0

17 Al-Mustansiriya 6 6

Minimum-
Maximum

0.0–6.0 0.0–8.0

Parameters 
Iraq standard (Ali and Irzooki, 

2025; WASH Cluster, 2022)
WHO guidelines WHO, 

2022)
Min-Max Mean±SD

Turbidity ≤ 5 ≤ 5 1–6 4.00 ± 1.54

TDS ≤ 1000 ≤ 1000 36–1077 826.00 ± 380.38

pH 6.5–8.5 6.5–8.5 7–7.93 7.49 ± 0.33

Chloride < 350 ≤ 250 30–224 132.65 ± 57.07

Ca < 150 - 24–200 106.47 ±50.46

Hardness < 500 < 500 162–684 427.76 ± 123.51

Mg < 100 - 9.6–76.8 43.52 ± 17.70

Nitrate < 50 < 50 0.03–1.52 0.88 ± 0.48

Table 4. Physicochemical parameters of water samples

Table 5. Compliance with WHO guidelines and Iraq standards

Parameters Standard (%) Sub-Standard (%)

Turbidity 88.2% 11.8%

TDS 29.4% 70.6%

Ph 100% 0%

Chloride 100% 0%

Ca 82.4% 17.6%

Hardness 76.5% 23.5%

Mg 100% 0%

Nitrate 100% 0%

Physicochemical quality of drinking water samples: 
Table 4 shows the physicochemical parameters of the 
water. Turbidity ranged from 1–6 NTU (mean 4.00 ± 
1.54). Total dissolved solids varied widely (36–1077; 
mean 826.00 ± 380.38). pH values were within standard 

limits (7–7.93). Chloride ranged from 30–224 (mean 
132.65 ± 57.07). Calcium levels ranged from 24–200 
(mean 106.47 ± 50.46). Total hardness was slightly el-
evated (162–684; mean 427.76 ± 123.51). Magnesium 
ranged from 9.6–76.8 (mean 43.52 ± 17.70). Nitrate lev-
els were low (0.03–1.52; mean 0.88 ± 0.48).

The results showed that most physicochemical pa-
rameters of the analyzed water samples were within 
the WHO and Iraqi standards. However, turbidity, total 
dissolved solids (TDS), and total hardness exceeded 
the permissible limits in some samples, and calcium 
exceeded the Iraqi standard. Elevated turbidity was 
detected in 11.8% of samples, TDS in 70.6%, and total 
hardness in 23.5%.

Figs. (2, 3,4 and 5) illustrate the distribution and var-
iability of turbidity, TDS, Hardness, across the studied 
schools in comparison with WHO guideline limits and 
Iraq standard, emphasizing parameters that showed 
noncompliance.
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Bacteriological parameters
The present study evaluated the bacteriological qual-
ity of drinking water in secondary schools in Al-Hilla 
City in accordance with WHO and Iraqi standards, which 
require zero detectable (0 CFU/100 mL) total coliform 
and Escherichia coli. Microbial contamination repre-
sents a major public health concern due to its asso-
ciation with waterborne diseases. Overall, 35.3% of 
samples were contaminated with total coliform and 
E. coli, indicating noncompliance with WHO guidelines 
and a potential health risk for students. International 
contamination rates vary widely, ranging from 7.8% in 
Vietnam (Hung et al., 2020) to 73.68% in Bangladesh 
and Ghana (Karim et al., 2024; Kuffour, 2020). Reported 
rates were 55% in Pakistan (Talpur et al., 2024), 18.87% 
in Thailand (Precha et al., 2022), 17% in Uganda and 
29% in Mozambique (Morgan et al., 2021), 59% in South 
Africa, and 20.7% in Palestine. In contrast, studies in 
Nigeria and India reported no contamination (Effiong 
et al., 2022; Jeyasekhar, 2022). In Iraq, contamination 
rates range from 12% to 64% (Hantoosh, 2023; Najeeb 
et al., 2024), likely reflecting variations in water treat-
ment, infrastructure, storage maintenance, and moni-
toring systems.

Physicochemical parameters
The present study assessed the physicochemical qual-
ity of drinking water in secondary schools in Al-Hilla 
City, including pH, total dissolved solids (TDS), turbidi-
ty, chloride, total hardness, magnesium, calcium, and 
nitrate. Overall, most parameters were within permis-
sible limits, indicating generally acceptable chemical 
quality. Similar findings were reported in Pakistan, 
Nigeria, and Ghana (Effiong et al., 2022; Kuffour, 2020; 
Talpur et al., 2024). However, TDS, turbidity, and to-
tal hardness exceeded WHO recommendations and 
calcium exceeded Iraq’s standard in a proportion of 
samples.

Elevated turbidity was observed in 11.8% of samples 
and may compromise disinfection efficiency, possibly 
due to suspended particles from aging distribution 
systems or inadequately maintained storage tanks, 
and may correlate with microbial presence (Hung et 
al., 2020). Comparable findings were reported in Al-
Muthana Governorate, Iraq (Hantoosh, 2023), whereas 

Fig. 4. Hardness value 1 
 2 

 3 
 4 

Fig. 5. Calcium value 5 
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other studies documented turbidity within WHO limits 
(Atumo Ante et al., 2023; Khalil and Mahmoud, 2022).

TDS, representing dissolved organic matter and elec-
trolytes from sources such as industrial, agricultural, 
or sewage inputs (Fatima Ali, 2020), exceeded permis-
sible limits in 70.6% of samples (range: 36–1077 mg/L). 
Similar exceedances were reported in Iraq (Najeeb et 
al., 2024) and in India and Bangladesh, where values 
reached 1148 mg/L (Jeyasekhar, 2022; Karim et al., 
2024). Although TDS primarily affects taste rather than 
health at moderate levels, persistently high concentra-
tions may reduce water acceptability. Total hardness, 
reflecting calcium and magnesium content (WHO, 
2017), exceeded limits in 23.5% of samples, and calci-
um in 17.6% exceeded limits of Iraq standard, consist-
ent with findings of approximately 20% exceedance in 
other studies (Jeyasekhar, 2022; Khalil and Mahmoud, 
2022), but differing from reports in Babylon, Iraq, and 
Lebanon (Diab et al., 2024; Nehaba et al., 2020). In gen-
eral, school drinking water demonstrated acceptable 
chemical safety with localized exceedances in turbid-
ity, TDS, and hardness, highlighting the need for rou-
tine monitoring, proper storage tank maintenance, and 
appropriate treatment interventions to ensure com-
pliance with standards and alignment with WASH re-
quirements and SDG 6 targets. 

Limitations: include the absence of residual chlo-
rine measurement, the cross-sectional design lim-
iting causal inference, the relatively small number of 
schools, and single-point sampling that may not cap-
ture temporal variation in water quality.

Conclusions
Most physical and chemical parameters were within 
WHO and Iraqi permissible limits; however, turbidity, total 
hardness, and total dissolved solids exceeded the stand-
ards in some cases, with 70.6% of samples surpassing 
the limit for TDS. Bacterial contamination was detected 
in 35.3% of samples, indicating a potential health risk to 
students. The study recommends regular water quality 
monitoring, enhanced disinfection or treatment process-
es, and proper maintenance of storage and distribution 
systems to safeguard students’ health.
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