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Introduction

Abstract
Background: Natural Organic Matters (NOMs) react in the
presence of residual chlorine in distribution network pipes,
producing such byproducts as Trihalomethanes which are
carcinogenic and mutagenic. The present study was conducted
to investigate the quality of drinking water in Shiraz.
Methods: In this cross-sectional study, 54 samples were taken
from 27 locations in both summer and winter. For each sample,
temperature, residual chlorine, pH, and NOM were measured
during the two seasons. Residual chlorine and temperature
measurement were performed at the sampling sites, but pH and
NOM were measured in the laboratory.
Results: According to the results, the mean concentrations of
Total NOM (TNOM), residual chlorine, pH, and temperature
varied from 0.9 to 5 m', 0 to 1.2 mg/L, 7.4 to 8 and 18 to 23.5
°C in summer and from 0.3 to 1.5 m™, 0 to 0.8 mg/L, 7.6 to
8.2 and 9.7 to 10.8 °C in winter, respectively. In addition, the
concentrations of all measured parameters, except for pH, were
reported to be higher in summer than in winter.
Conclusion: As aresult, since the amount of NOM in the drinking
water distribution network of Shiraz was not zero, regular
monitoring of these compounds in the distribution networks is
recommended to be done by engineers.
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carbohydrates, amino acids, and carboxylic acid.* NOM
can be available in dissolved form (DOM: Dissolved

As population density increases, the demand for healthy
water increases; also, the quality and quantity of drinking
water are of paramount importance for human health."
2 The treated water enters the distribution pipes after
leaving the treatment plant. This water goes a long way
in the pipes to be accessible to the consumers. Therefore,
the major concerns are the problems and reactions that
may occur along the pipes.** One of the main concerns
in the drinking water distribution network is the
Natural Organic Matters (NOMs),” which is generally
found in surface and ground water. NOM is a wrapped
combination of organic materials with diverse weights
and specifications,! for example humic substances,

Organic Matter) or as a particle (POM: Particle Organic
Matter ), and it is more difficult to remove the first type
from water.’

Corpse of animals, plants, microorganisms, and
even wastes can be a source of NOM, which is the
reason why it can be found in natural sources, such
as water, soil, and sediments.! NOM has also been
considered as a key to water quality,® which can be
created by biological, geological, and hydrological
interactions in water.’ It should be noted that the
presence of NOM in surface and ground water
may vary depending on seasonal and spatial
conditions." 1
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Although NOM may not be harmful by itself, it
causes water quality problems,' such as undesirable
colors, flavors, and odor,"'? and increased costs due to
the increased coagulant rate that results in more sludge
production.'”” Change in the color of water refers to
the darkening of water, indicating an increase in
the concentrations of organic matters.”® In addition,
NOM removal in water treatment plants may result
in the formation of byproducts (DBPs) during the
treatment process or before and after chlorination.!
DBPs are generally formed by the reaction of
disinfectants such as chlorine with natural organic
matter in source water and NOM acts as a forerunner
to DBPs.! The most important byproducts detected
in drinking water are Haloacetic Acids (HAAs) and
Trihalomethanes (THMs).% ' In the recent years,
many studies have been conducted on the formation
of new aromatic halogenated DBPs from NOM with
chlorine composition.”” Based on the results, DBPs,
such as THMs, could pose a serious threat to human
health due to their carcinogenicity and mutagenicity.®
15 Bromide concentration, Dissolved Organic Carbon
(DOC), NOM, temperature changes, chlorine
concentration, pH, and contact time have been found to
be the most important parameters for the formation of
DBPs, such as THMs.' 7 Moreover, previous studies
demonstrated that the values measured in UV, Total
Organic Carbon (TOC), and DOC could represent
NOM, which implies that NOM is significantly related
to these parameters.'* ¥

Up to now, numerous studies have measured NOM
in groundwater,'” lake and river water,®2° and during
various processes of treatment plants.? In addition,
THMs have been often measured in distribution
networks.?? 2> Most engineers have focused on the
removal of NOM in treatment plants and have ignored
the presence of NOM in distribution networks. In
Shiraz, also, despite the removal of NOM in treatment
plants, NOM is quite likely to exist in water due to the
erosion of the distribution pipes as well as different
genders of the pipes; it reacts with disinfectants, such
as chlorine, and is considered a source of DBPs. Given
the serious hazards and lack of any studies related
to NOM in water distribution networks, the present
study was designed to determine the amount of NOM
(measured as UV, ) in drinking water in two hot and
cold seasons in Shiraz, Iran.**

Methods

Characteristics and Location of the Study Area

Shiraz, with a population of more than 1.8
million, is the capital of Fars province and the fifth
most populous city of Iran. The city is located in
the southwest of the country and has a moderate
climate.” It is also one of the oldest cities in ancient
Iran. Petrochemical and electronics industries are

among the most important economic activities in
Shiraz, while agriculture and tourism also play an
important role in the economy of this city.?*?%%" In this
study, Shiraz was divided into 10 regions and a code
was assigned to each region. The number of samples
taken from each area was considered according to the
relative population of that area (Table 1). According
to Figure 1, sampling was performed in 27 regions
during summer (from September 6 to September 12)
and winter (from February 10 to Februaryl9), and
finally 54 samples were collected. It should be noted
that the samples were taken directly from taps at
homes, shops, schools, etc.

Table 1: The number of samples

Region Code of region Number of samples
1 A 4
2 B 3
3 C 3
4 D 4
5 E 3
6 F 2
7 G 3
8 H 1
9 I 2
10 J 2
Total - 27
Sampling Method

Before sampling, the bottles used for sampling
were washed with deionized water and detergent in
the laboratory and were then dried at 400°C.* In each
sampling area, the faucet was first opened for three
to five minutes to drain the water directly from the
distribution network. After that, the sampling bottles
were rinsed several times with the sample water and
finally filled completely with the sample water.”® After
sampling, the bottles were covered with aluminum foil
and immediately transferred to laboratory in ice boxes
for NOM analysis. It should be mentioned that residual
chlorine measurement (DPD tablet for measuring the
residual chlorine sample from Arakshimi company)
and temperature measurement (thermometer) were
performed at the sampling sites."

In the laboratory, the pH of the samples was
measured using a pH meter (pH 827 model of the
Swiss Metro company). For NOM analysis, the
samples were first kept at room temperature for two
hours to equalize the temperature. Then, the pH of
all samples was adjusted to 7 using 1 M HCI. Finally,
the samples were poured into quartz cells once
before filtration (Total NOM=TNOM) and once by
going through a 0.45 pm membrane filter to remove
the particles (Dissolved NOM=DNOM); also, the
absorption rate was measured using the standard
method 5910 B by a spectrophotometer (HACH DR
5000) at a wavelength of 254 nm.”* 2 Particle NOM
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samples

A

(PNOM) was also calculated from the difference
between TNOM and DNOM. It should be noted that
the device was first zeroed by the control sample,
which was deionized water. Although the results
obtained from UV absorption were expressed in cm™,
they were reported in m™in this study.

Statistical Analysis

The data were analyzed using the SPSS software,
version 23. The normality of NOM, pH, residual
chlorine, and temperature was tested using one-sample
Kolmogorov-Smirnov test. In addition, the differences
in the mean concentrations of all parameters were
determined using a non-parametric test, Mann-
Whitney U Test. In addition, The Spearman’s Rank
Correlation Coefficient was used to discover the
strength of a link between the two variables.

Results

Water Distribution Network Characteristics

Figure 1: Map of the sampling sites

- 7 sample

The average results of the measured water quality
parameters and NOM of drinking water in each region
in the two seasons are presented in Table 2. In addition,
the comparison of the 10 regions in the two seasons
is illustrated in Figure 2. In summer, the values of
TNOM, residual chlorine, pH, and temperature varied
from 0.9to 5m™,0to 1.2 mg/L, 7.4 to 8, and 18 to 23.5
°C, respectively. In winter, the values of TNOM, CL,
pH, and temperature varied from 0.3 to 1.5 m?, 0 to
0.8 mg/L, 7.6 to 8.2, and 9.7 to 10.8 °C, respectively.

Seasonal Variations of the Levels of the Measured
Parameters in the Water Distribution Network

The seasonal changes in the average concentrations
of the parameters measured in drinking water are
shown in Figure 3.

Difference between PNOM and DNOM

Since NOM can be present in both dissolved
(DNOM) and particle (PNOM) forms in water, the
difference between PNOM and DNOM is presented
in Figure 4.

Table 2: The measured parameters in the drinking water distribution network from 10 areas

Parameters Seasons
Area Summer Winter

TNOM DNOM PNOM CL pH T TNOM DNOM PNOM CL pH T

(m™) (m™) (m™) (mg/L) c (m™) (m™) (m™) (mg/L) c
Area | 2.1 0.7 1.4 0.7 7.9 204 09 0.5 0.4 0.8 8.1 10.2
Area 2 2.7 0.8 1.8 0 7.6 18 1 0.8 0.2 0 77 9.7
Area 3 2.7 14 1.2 0.2 7.6 19 0.8 0.5 0.2 0 79 10.8
Area 4 3 1.8 1.2 0.2 7.9 20.5 13 0.6 0.6 0.5 8.2 10
Area 5 5 1.9 3.1 0 7.8 19.3 0.8 0.2 0.6 0 7.9 9.8
Area 6 2.1 1.9 0.2 1.2 8 23.5 1.5 0.4 1.1 0.5 8.2 9.9
Area 7 2 1.2 1.1 0.5 79 20.4 0.7 0.5 0.2 0.1 7.8 10.7
Area 8 0.9 0.2 0.7 0.3 7.4 20 0.4 0.1 0.3 0.1 7.6 10.3
Area 9 2.9 2.4 0.5 0 8 204 0.7 0.4 0.2 0.7 8 10
Area 10 2.3 1.2 1.1 0.5 7.9 20.4 0.3 0.1 0.2 0 8 9.9
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Figure 2: Measured parameters in the study areas
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Figure 3: Seasonal variations of the measured parameters levels
in the water distribution network

The Correlations among the Measured Parameters

The correlations among the values of the measured
parameters in the 54 samples are shown in Table 3.

Discussion

In this study, based on the results, the pH of Shiraz
drinking water in the distribution networks ranged
from 6.5 to 8.5, which was within the threshold of the
desired limit declared by the World Health Organization
(WHO).” In addition, according to Figure 2, water of
region 6 had the highest pH compared to other regions
in both seasons, which could be due to treatment

Table 3: Spearman coefficient between the measured parameter.
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Figure 4: Difference between PNOM and DNOM

breakdowns, accidental spills, and insufficiently cured
cement mortar pipe linings.”

Although the chlorine in water distribution pipes
protects the system against possible contaminations,
especially microorganisms, large amounts of chlorine
cause unpleasant odor and taste in the water, which
will discourage people from drinking. Therefore,
according to WHO recommendations, the amount of
residual chlorine should be between 0.2 and 0.5 mg/1.*
However, the amount of residual chlorine in regions 2
and 5 was reported to be zero in both seasons, which
was lower than the recommended value. On the other
hand, the amount of chlorine reported in region 6 (1.2

Residual chlorine pH TNOM T
Residual chlorine 1.000 0.304 0.005 0.214
PH 0.304" 1.000 -0.075 -0.101
TNOM 0.005 -0.075 1.000 0.602*
T 0.214 -0.101 0.602" 1.000
294
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mg/l) was higher than the recommended amount.
Therefore, the amount of residual chlorine could be
worrying in both cases.

In our study, the highest values of TNOM measured
in summer (5 m™") and winter (1.5 m™) were reported in
regions 5 and 6, respectively. In addition, the amount
of NOM in Shiraz water distribution network was
between 0.3 and 5 m™!, which was inconsistent with
the results of a study conducted on the drinking water
distribution network in central eastern Sweden )4-8
m!' (* This discrepancy in the results could be due to
the differences in the path length pollutants of the water
distribution network or the differences in the treatment
process in the treatment plants. Another study was
conducted on the raw water of three rivers, namely
Lar, Jajrood, and Karaj, in Iran, indicating that the
average NOM was 20.1, 49.9, and 35.9, respectively.?’
These values were significantly higher compared to
those obtained in the present investigation, which
demonstrated that the NOM range was acceptable in
Shiraz water distribution network.

According to the results, the average pH of
drinking water was higher in winter than in summer,
which was inconsistent with the results of a study
carried out in Nigeria Lake, in which the average pH
was higher in hot seasons than in cold seasons, but
this difference was not significant (P>0.05).*! This
difference might be associated with the variations in
the types of water source. However, a study on pure
water revealed that the pH decreased with increase
in temperature, which was in agreement with the
results of the current investigation.* Furthermore, the
residual chlorine in the drinking water distribution
network of Shiraz was higher in summer than in winter
(P>0.05), which was in line with a study conducted
on Sanandaj water distribution network, Iran® and
another research performed on the water distribution
system in Samarra, Iraq.’* The higher amount of
residual chlorine in summer could be due to the
fact that Shiraz Water and Sewerage Company adds
more chlorine to water during summer. Moreover,
the results indicated that TNOM was significantly
higher in summer than in winter (P<0.05). A previous
study carried out on waters of rivers in Iran indicated
that the value of NOM increased by moving towards
warmer seasons.?’ The results of a study conducted
in South Africa also showed that increased rainfall
followed by increased water flow was accompanied
by an increase in the amount of NOM.?! In the same
vein, the present study results indicated an increase in
rainfall and a decrease in NOM in winter compared
to summer.

Based on the results of the current study, DNOM
was higher than PNOM in both seasons. Since the
former was higher in the water distribution network
of Shiraz, it was more difficult to remove NOM.

As shown in Table 3, there was a correlation
between residual chlorine and pH. There was also
a significant correlation between temperature and
TNOM. The results of a study on Sanandaj water
distribution network also revealed a significant
relationship between residual chlorine and pH.*

Conclusion

According to the reported results, the amounts of residual
chlorine and NOM were high in Shiraz drinking water
distribution network during summer. Therefore, there
is a greater concern about the formation of byproducts,
such as THMs, in summer than in winter. Since no
limit values were found for NOM according to standard
guidelines, the results were compared to those of the
previous investigations conducted on various sources.
Fortunately, NOM measured in the two seasons was
lower in comparison to other studies. Although the
amount of NOM in Shiraz drinking water distribution
network in the two seasons studied did not seem to be
worrying, it could not guarantee all months and years,
because the amounts of natural organic compounds in
the drinking water distribution network were not zero.
Therefore, engineers are recommended to pay attention
to the presence of these compounds in distribution
networks and focus on their elimination in the water.

Acknowledgement

The authors would like to acknowledge Shiraz University
of Medical Sciences for financial and instrumental
supports and Ms. A. Keivanshekouh at the Research
Improvement Center for improving the use of English
in the manuscript.

Conflicts of interest: None declared.

References

1 Taks, Vellanki BP. Natural organic matter as precursor
to disinfection byproducts and its removal using
conventional and advanced processes: state of the art
review. Journal of water and health. 2018;16(5):681-703.

2 Mirnasab MA, Hashemi H, Samaei MR, Azhdarpoor
A. Advanced removal of water NOM by Pre-
ozonation, Enhanced coagulation and Bio-augmented
Granular Activated Carbon. International Journal of
Environmental Science and Technology. 2021.

3 Chan S, Pullerits K, Keucken A, Persson KM, Paul
CJ, Radstrom P. Bacterial release from pipe biofilm
in a full-scale drinking water distribution system. npj
Biofilms and Microbiomes. 2019;5(1).

4 Heibati M, Stedmon CA, Stenroth K, Rauch S,
Toljander J, Sdve-Sdderbergh M, et al. Assessment of
drinking water quality at the tap using fluorescence
spectroscopy. Water Research. 2017;125:1-10.

J Health Sci Surveillance Sys October 2021; Vol 9; No 4

295



Tabatabaei Z, Baghapour MA, Lotfi V, Samzadeh A

11

12

13

14

15

16

17

19

Baghoth S, Sharma S, Amy G. Tracking natural organic
matter (NOM) in a drinking water treatment plant
using fluorescence excitation—emission matrices and
PARAFAC. Water research. 2011;45(2):797-8009.

Zhang Y, Zhao X, Zhang X, Peng S. A review of
different drinking water treatments for natural organic
matter removal. Water Science and Technology: Water
Supply. 2015;15(3):442-55.

Garcia I. Removal of natural organic matter to reduce
the presence of trihalomethanes in drinking water:
KTH Royal Institute of Technology; 2011.

Roosmini D, Notodarmojo S, Sururi MR. The
characteristic of Natural Organic Matter (NOM)
of water from Cikapundung River Pond. IOP
Conference Series: Earth and Environmental Science.
2018;160:012021.

Sillanpdd M, Ncibi MC, Matilainen A, Vepsidldinen M.
Removal of natural organic matter in drinking water
treatment by coagulation: A comprehensive review.
Chemosphere. 2018;190:54-71.

Korotta-Gamage SM, Sathasivan A. A review: Potential
and challenges of biologically activated carbon to
remove natural organic matter in drinking water
purification process. Chemosphere. 2017;167:120-38.

Adusei-Gyamfi J, Ouddane B, Rietveld L, Cornard J-P,
Criquet J. Natural organic matter-cations complexation
and its impact on water treatment: A critical review.
Water Research. 2019;160:130-47.

Keucken A, Liu X, Lian B, Wang Y, Persson KM, Leslie
G. Simulation of NOM removal by capillary NF: A
numerical method for full-scale plant design. Journal
of Membrane Science. 2018;555:229-36.

Krzeminski P, Vogelsang C, Meyn T, Kohler SJ,
Poutanen H, de Wit HA, et al. Natural organic matter
fractions and their removal in full-scale drinking water
treatment under cold climate conditions in Nordic
capitals. Journal of Environmental Management.
2019;241:427-38.

Ibrahim N, Aziz HA. Trends on natural organic
matter in drinking water sources and its treatment.
International Journal of Scientific Research in
Environmental Sciences. 2014;2(3):94.

Levchuk I, Rueda Marquez JJ, Sillanpaa M. Removal
of natural organic matter (NOM) from water by ion
exchange - A review. Chemosphere. 2018;192:90-104.

Teksoy A, Alkan U, Baskaya HS. Influence of the
treatment process combinations on the formation of
THM species in water. Separation and Purification
Technology. 2008;61(3):447-54.

Engineers CC. Study on Characteristics and Removal of
Natural Organic Matter in Drinking Water Systems in
Newfoundland and Labrador. Newfoundland Labrador
Department of Environment and Conservation. 2011.

Sillanpdd M, Matilainen A. NOM removal by
coagulation. Natural organic matter in water:
characterization and treatment methods. 2014;55.

Albrektiené R, Rimeika M, Zalieckiené E, gaulys

20

21

22

23

24

25

26

27

28

29

30

31

V, Zagorskis A. Determination of organic matter
by UV absorption in the ground water. Journal
of Environmental Engineering and Landscape
Management. 2012;20(2):163-7.

Zazouli M, Nasseri S, Mahvi A, Mesdaghinia A,
Gholami M. Study of natural organic matter fractions in
water sources of Tehran. Pakistan Journal of Biological
Sciences. 2007;10(10):1718-22.

Marais S, Ncube E, Msagati T, Mamba B, Nkambule T.
Investigation of natural organic matter (NOM) character
and its removal in a chlorinated and chloraminated
system at Rand Water, South Africa. Water Science
and Technology: Water Supply. 2017;17(5):1287-97.

Mohammadi A, Ebrahimi AA, Ghanbari R, Faraji
M, Nemati S, Abdolahnejad A. Data on THMs
concentration and spatial trend in water distribution
network (a preliminary study in center of Iran).
MethodsX. 2019;6:760-3.

Aydin ME, Tongur S, Kara G, editors. Analyses of
trihalomethans in Konya dirinking water network.
10th International Multidisciplinary Scientific
Geoconference and EXPO - Modern Management
of Mine Producing, Geology and Environmental
Protection, SGEM 2010; 2010.

Tabatabaei Z, Rafiee A, Abbasi A, Mehdizadeh
A, Morovati R, Hoseini M. Investigation of fungal
contamination in indoor air and on surfaces of
traditional public baths in a historical city. Journal
of Environmental Health Science and Engineering.
2020:1-8.

Tabatabaei Z, Rafiee A, Abbasi A, Mehdizadeh
A, Morovati R, Hoseini M. Investigation of fungal
contamination in indoor air and on surfaces of
traditional public baths in a historical city. J Environ
Health Sci Eng. 2020;18(2):925-32.

Baghapour MA, Shooshtarian MR, Djahed B. A survey
of attitudes and acceptance of wastewater reuse in [ran:
Shiraz City as a case study. Journal of Water Reuse and
Desalination. 2016;7(4):511-9.

Fitchett JM, Grab SW, Thompson DI, Roshan G.
Increasing frost risk associated with advanced
citrus flowering dates in Kerman and Shiraz, Iran:
1960-2010. International journal of biometeorology.
2014;58(8):1811-5.

Barcelona MJ. Practical guide for ground-water
sampling: Robert S. Kerr Environmental Research
Laboratory, Office of Research and ...; 1985.

Organization WH. pH in Drinking-water. Guidelines
for drinking-water quality. 2003.

Organization WH. Technical notes on drinking water,
sanitation and hygiene in emergencies. submitted from
this web site: http://www who int/water sanitation
health/publications/2011/tn9_how _much water en
pdf. 2011.

Araoye P. The seasonal variation of pH and dissolved
oxygen (DO2) concentration in Asa lake Ilorin,
Nigeria. International Journal of Physical Sciences.
2009;4(5):271-4.

296

J Health Sci Surveillance Sys October 2021; Vol 9; No 4


http://www

Natural organic matter (NOM) in drinking water

32 Light TS. Temperature dependence and measurement
of resistivity of pure water. Analytical Chemistry.
1984;56(7):1138-42.

33 Nouri A, Shahmoradi B, Dehestani-Athar S, Maleki A.
Effect of temperature on pH, turbidity, and residual free
chlorine in Sanandaj water distribution network, Iran.

34

Journal of advances in environmental health research.
2015;3(3):188-95.

Abbas AH. Studying of Residual Chlorine
Concentration Within Water Supply Distribution
System in Samarra City-Iraq. International Review
of Chemical Engineering. 2011;3(5):622-6.

J Health Sci Surveillance Sys October 2021; Vol 9; No 4

297



