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Abstract

Introduction: Balneotherapy is the medicinal use of thermal water from a natural spring. Saudi Arabia has 
blessed with many hot water springs (HWSs) across the country. One among them is Al Aridhah, situated in Jazan 
Province. The present work is focused on analyzing physicochemical and bacteriological load in HWS samples. 
Materials and Methods: The physicochemical parameters of HWS were determined by performing dissolved 
oxygen (DO), total dissolved solids (TDS), pH, oxidative reduction potential (ORP), zeta potential (ZP), PDI, and 
% PDI before and after open-air exposure of HWS for 2 weeks. The bacteriological load of HWS was analyzed by 
determining colony-forming unit on the agar plates before and after open-air exposure. Results: The level of DO, 
pH, TDS, conductivity, ORP, ZP, PDI, % PDI, and the bacteriological load was increased after exposure to open 
air for 2 weeks. The present study suggested that physicochemical parameters were suitable except TDS level. 
The HWS showed a higher TDS level that exceeds the World Health Organization standard limitation values, 
indicating that the water is not suitable for drinking purposes. However, HWS can be used for medicinal purposes 
externally. Conclusion: Fresh hot water spring of Al Aridhah showed excellent physicochemical characterization 
except TDS and it was found to contain insignificant bacterial contamination. 
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INTRODUCTION

The quality of water highly influences 
human health. Interestingly, the quality 
of the water is greatly influenced by 

topography, geological structure, and climatic 
condition.[1] Spring is the opening of the natural 
discharge of water at the earth’s surface from 
underground resources. Balneotherapy is the 
use of natural thermal water from spring to heal 
many diseases.[2] Hot springs are also termed 
geothermal springs.[3] Worldwide, the hot water 
springs (HWSs) are the notable miracle of nature 
blessing and reported as medicinal significance, 
such as reducing stress, soreness, and skin 
diseases. Conventionally, in Saudi Arabia, many 
HWSs have been identified due to their geological 
structure.[4] Saudi Commission for Tourism 
and National Heritage in 2018 has encouraged 
business people to invest in developing medical 

tourism in the Kingdom.[5] Al Aridhah of Jazan Province is 
situated in the Southwestern part of Saudi Arabia and has been 
known and famous for HWSs. However, the local public has 
had access to the HWS for medicinal use for a long time, but the 
pharmaceutical significance of the HWS of Al Aridhah, which 
is not explored yet. Based on this reason, the work had been 
designed to analyze the physicochemical and microbiological 
characterization of HWS. The outcomes of the finding will 
serve to establish the pharmaceutical importance.
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MATERIALS AND METHODS

Study Area and Collection of Water 

Al Aridhah of Jazan Province in the Southwest part of 
Saudi Arabia are situated in the Red sea’s coastal region. Its 
geographical area coordinates 17° 9’ 0” North and 42° 30’ 0” 
East [Figure 1]. The hot water stream is flowing unidirectionally 
and properly channelized. The water stream is surrounded by 
palm trees and shrubs, which looks like beautiful greenery 
[Figure 2]. The water sample was collected in 1 L sterile glass 
bottle by holding the glass bottle in a flat position at the running 
water stream until filling. The bottle was closed immediately 
after filling with hot water from the spring and transported 
immediately to the laboratory for further analysis.

Chemicals and Media

All analytical grade chemicals with high purity were 
purchase from the Sigma-Aldrich, USA. Agar and media 
used for antibacterial analysis were purchased from HiMedia, 
Laboratories GmbH, Germany.

Physicochemical Analysis of HWS

The various parameter studies for the analysis of hot spring 
water were performed immediately after collecting samples 
and after 2 weeks exposing the water samples in the open air 
by placing 30 ml of water sample in a Petri dish and half-
opened. The physicochemical characterization of the hot 
water sample was analyzed for dissolved oxygen (DO), pH, 
conductivity, total dissolved solids (TDS), electric potential, 
zeta potential (ZP), polydispersity index (PDI), and zeta size 
analysis. In brief, DO was determined using a DO meter, 
Lutron DO-5509, Taiwan, and the value of DO is expressed in 
milligrams per liter (mg/L). The TDSs measure the dissolved 

inorganic salts and organic matters in drinking water, and 
the value was expressed in parts-per-million (ppm). Both pH 
and oxidative reduction potential (ORP) were measured by 
Oakton pH 700, a benchtop meter, Oakton meter, USA. The 
redox potential is expressed in the millivolt (mV).

ZP is the electrical charge that develops at the interface 
between a solid surface and its liquid medium. It monitors 
the water clarification capabilities by measuring the repulsive 
interaction between the dissolved particles, which migrates 
toward the electrode of opposite electric charge at a specific 
velocity. ZP is expressed as mV. The electric conductivity was 
also measured and described in millisiemens per centimeter 
(mS/cm). The PDI is the breadth of the molecular weight 
distribution and measures the deviation from dispersion 
uniformity. Particle size analysis is the measure to understand 
the size of the particle’s composition of water. ZP, PDI, and 
zeta size analysis were performed using Zetasizer Nano S, 
Malvern Instruments, U.K.

Bacteriological Load Analysis of HWS

The bacterial growth quality was assessed by determining the 
colony-forming unit (CFU) on agar plates. Before and after 
exposure to open air, 100 µl of HWS was placed on Mueller-
Hinton agar plates, and then, the HWS was spread thoroughly 
throughout the agar surface. Then, the plates were incubated 
at 37°C in a bacteriological incubator for 24 h. The growth of 
the bacterial colony was expressed as a colony.

RESULTS AND DISCUSSION

The physicochemical and bacteriological parameters such 
as DO, pH, conductivity, TDS, electric potential, ZP, and 
PDI were carried out of HWS. Table 1 depicts the physical 
characterization of the Al Aridhah HWS. DO is one of the 

Figure 1: The map shows Al Ardha of Jizan Province in the southwest part of Saudi Arabia which is situated in the coastal region 
of Red sea. Its geographical area coordinates 17° 9’ 0” North and 42° 30’ 0” East
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most critical parameters that determine the quality of water. 
The DO of HWS, Al Aridhah, was found to be 6.6 mg/L before 
open-air exposure. An earlier report suggested that the DO 
concentration of the spring-fed pond and spring water gushing 
from the river bed (St. C) was 6.88 mg/L.[6] ZainiHamzah 
et al., 2013, reported the physicochemical characters of 
various hot springs and stated that the level of DO was 
1.97–5.27 mg/L varied with geological location.[7]

Interestingly, the concentration of DO was decreased when 
the water samples were exposed to open air for 2 weeks. It 
might be due to bacterial contamination reflected in bacterial 
load studies performed in this study. Thus, decreased DO 

indicate the bacterial contamination of water since bacteria 
can consume oxygen of water for survival.

PH is an essential factor influencing water quality by 
regulating the solubility of chemical constituents such as 
phosphorus, nitrogen, carbon, and heavy metals. The present 
study showed that the pH of HWS was 7.39 before open-air 
exposure and 8.08 after open-air exposure. The quality of 
soil and rocks influences the alkalinity of water from natural 
resources through the water flows since they contain various 
salts and minerals.[8] Notably, the pH of the water sample was 
increased slightly after exposure to the open air. The study on 
pH indicates that HWS, Al Aridhah has drinking water quality 
as other commercially available bottled drinking water.

TDS indicates the presence of inorganic salts and organic 
matters in water. In this study, HWS showed a very high 
TDS value of 1915 ppm before exposure to open air. 
However, after exposure to open air, the TDS value was 
increased above 2000 ppm. In 2013, Fawaz Al-Badai et al. 
reported that the TDS value of Semenyih River, Selangor, 
Malaysia, was ranged from 17.66 to 80 mg/L during the rainy 
season.[9] An earlier report showed that the TDS value was 
observed between 130 and 18,570 mg/L in 86 thermal water 
samples.[10] According to the World Health Organization 
TDS report (WHO, 1996) on water quality, if water showed 
that <300 ppm is an excellent grade of water.[11] In this study, 
the TDS value was very high, so the water is not suitable 
for drinking water through the pH was ideal. Interestingly, 
the TDS was further increased when the HWS was further 
exposed to open air, probably due to dust accumulation.

The geological area highly influences the electric conduction 
of water through the water flows. Studies suggested that 
naturally, the water sample has less conductivity. The lesser 
conductivity is due to the water passage through granite 
bedrock since it contains inert materials.[12] However, when 
the natural perennial stream passes through the clay, the soils 
show higher conductivity due to ionizing materials.[13] The 
present study showed that the electrical conductivity of HWS 
Al Aridhah was 4.10 millisiemens which is equivalent to 4100 
microsiemens indicating the minerals rich water. An earlier 
report showed that the electrical conductivity of natural water 
varied from 30 to 70,000 microsiemens.[14] However, the 
conductivity increased further when the water sample was 
exposed to open air due to bacterial contamination.

Figure 2: The location of study area, hot water spring, Al 
Aridhah. (a) The ventral view of the water flow from the hole 
opening of a rock. (b) Dorsal view of the opening of the water 
flow from the hole opening of a rock. (c) The longitudinal view of 
a channel through hot water flow unidirectionally. (d) Zoomed 
view of hot water flow unidirectionally. (e and f) Natural beauty 
around the hot water spring habitat with palm trees with shrubs
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Table 1: Physical characterization of various water before and after exposure to open air
Sample 
analysis

DO (mg/L) pH TDS ppm Conductivity 
 (mS/cm)

ORP 
 (mV)

Zeta 
potential (mV)

PDI % PDI Bacterial 
load CFU/ML

Phase 1 6.6 7.39 1915 4.10 −17.5 −6.88 0.785 88.6 2×10−3

Phase 2 4.8 8.08 Above 2000 4.78 −66.9 ‑ 1 32.4 8×10−3

DO: Dissolved oxygen, pH: Scale used to specify how acidic or basic, EC: Electrical conductivity, TDS: Total dissolved solid, ORP: Redox 
potential, PDI: Polydispersity index. Phase 1: Water sample was analyzed immediately after sampling. Phase 2: Water sample was 
analyzed by exposing to open air and incubated at room temperature for 2 weeks
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ORP is otherwise called redox potential, which measures 
electric potential energy per unit of charge. ORP is an 
important parameter to analyze the quality of drinking 
water.[15] In the present study, the ORP value of HWS Al 
Aridhah was −17.5 mV before open-air exposure. Still, the 
ORP value was increased to −66.9 mV after open-air exposure 
indicated bacterial contamination. A recent research report 
showed that the ORP value of groundwater ranged from −165 
to −59 mV.[16] The study suggested that the ORP value was 
highly influenced by geochemical modeling.

ZP is a magnitude to monitor the water clarification capabilities 
by measuring the repulsive interaction between the dissolved 
particles that migrate toward an opposite electric charge 
electrode at a specific velocity.[17,18] In this study, the ZP of HWS 
was −6.88 mV. ZP varied and could not detect when the water 
was exposed in the open air, indicating water contamination. 
PDI of HWS before open-air exposure was 0.785, and the 
percentage PDI was observed at 88%. The PDI was increased to 
the maximum level and reached one after open exposure to air. 
Interestingly, the % PDI was decreased tremendously indicated 
that the water has sediments after exposure to open air.

The quality of HWS was directly linked with microbial 
contamination. This study observed the bacterial load as 
2× 10−3 CFU/mL before open-air exposure. However, the 
bacterial load was increased 4 times to 8 × 10−3 CFU/mL 
after open-air exposure. ORP values can easily access water 
contamination since the oxidative, reductive reaction depends 
on the biodegradation process. In this study, the ORP values 
were increased after open exposure to air which can be linked 
to the bacterial load of the water sample. Thus, open exposure 
to air led to bacterial contamination in the HWS, Al Aridhah.

CONCLUSION

The present study suggested that HWS, Al Aridhah showed 
excellent physicochemical characterization except for TDS. 
The study indicated that bacterial contamination was observed 
after open exposure to air in vitro. Further study should be 
conducted to analyze heavy metals and the suitability of 
medicinal use of HWS, Al Aridhah, to confirm the beneficial 
properties for human health.
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