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Abstract:

The purpose of this study was to evaluate water quality in three different locations in north
eastern Libya and was done by the assessment of some physiochemical and microbiological
parameters. The chemical evaluation focused on parameters that indicates water quality
including pH, alkalinity, heavy metal contamination, and conductivity. Additionally,
biological status of these samples has been evaluated. The warning signs provided by
authorities in the ancient city of Shahat indicated that Ain Apollo water is not potable.
However, no more details were given specifying whether it is chemical, microbial, or other
types of pollution. Because of the historical importance of the ancient Libyan cities, we chose
to collect samples from three cities including Tolmeitha (Ptolemais), Benghazi
(Hesperides/Berenice originally Euesperides), and Shahat (Cyrene). Results show that the
lead metal exceeded the local and international limits. However, other metals including
cadmium, nickel, copper, and iron were in the acceptable range. No acid rain was found in
Tolmeitha, and the pH levels for the surface water samples were acceptable. As for
bacteriological analysis, there was no indication for the presence of Total Coliform (T.C.F),
Escherichia Coli (E.Coli), and Streptococcus Faecalis bacteria.

Keywords: Water quality, physio-chemical parameters, environmental evaluation, surface
water pollution, Lethe River, Ain Apollo.
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Introduction

Surface water pollution refers to the contamination of rivers and other
open streams by health hazards including pathogens and chemicals (Singh,
Andaluri, & Pandey 2022). Anthropogenic sources including agricultural and
industrial activities contribute to surface water pollution (Igwe et al., 2017).
Pollutants could across to groundwater since there is an interaction between
surface water and groundwater (Sophocleous, 2002). Chemical and microbial
pollution represent a threat to archaeological sites (Collepardi,1990; Patil et al.,
2021; Sabbiom et al., 2025). The present work attempts to contribute to the
available literature on the chemical composition and the environmental status of
surface water in ancient cities in northeast of Libya. There is no sufficient
research on the examination of chemical and biological parameters of surface
water that surrounds ancient walls and monuments in eastern Libya.

The east of Libya, Al-Jabal Al- Akhdar district, hold some cities from the
ancient world mainly Cyrene(Reynolds, 2016).The city of Cyrene contains
momentum that was created mainly from limestone which can be affected by
acids. Acid-rain is considered a problem when it comes in maintaining ancient
cities(Camuffo, 1992). Ain Apollo is surrounded by the forest of Al-Jabal Al-
Akhdar (the green mount), where individuals usually destroy environmental life
by illegal charcoal production (Elshatshat & Mansour, 2014). We suspected that
the acidity of Ain Apollo might be high due to illegal anthropogenic activities
by neighboring cities in the district. We did not collect any rain water from
Shahat or Benghazi. Thus, the only parameter available for evaluating acidity in
these two cities was pH.

Our ultimate goal is to help conserve some of Libya's archaeological
heritage by drawing attention to the environmental pollution and its impact on
archaeological ancient cities. We chose three ancient sites: Tolmeitha
(Ptolemais), Benghazi (Hesperides), and Shahat (Cyrene). The aim of this
current study is two folds: (1) evaluating water quality not only for human
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consumption but for the maintaining of historical sites. (2) Emphasizing the
importance of these sites by conducting more research and get more of public
and government attention to the environment.

We collected rainwater samples from Tolmeitha, water samples from the
Spring of Apollo (Ain Shahat), and a water sample from the Lethe River in
Benghazi. The purpose was to test water quality in these sites using parameters
such as pH, alkalinity, and chemical as well as biological pollutants. These
parameters not only affect public health in the nearby cities but also can
accelerate the deterioration of ancient walls and monuments. We chose these
three locations because of their historical and regional importance as three cities
of the Pentapolis (Reynolds, 2016). The Lethe River is mentioned in Greek
mythology as one of the five rivers of the underworld. Ain Apollo or the Spring
of Apollo is located in the ancient city of Shahat which is indexed in the World
Heritage by UNSCO (UNSCO, 2025). According to the literature, Ain Apollo
was found to contain high levels of cadmium, arsenic, copper and zinc (Shaltami
etal., 2017). However, we are interested in investigating the levels of other
heavy metals and biological contaminants.

Materials and Methods
Sample Collection, Handling and Storage

Three representative water samples were collected from three
archaeological locations in the north east of Libya. Samples for chemical and
microbiological examination were collected on July of 2025. From every
location, 2 different samples were collected and then mixed to get a
representative sample, and the total volume was about one liter. Using the model
(PHS-3C Precise PH meter), the pH was measured the same day the samples
arrived to the laboratory. However, the pH was not measured on the site of
collection and one reason for that is one of the sites was inside of a restricted
military location, and the pH meter used in this study was a bench top type.
Handling the samples and storage was done according to the guidelines of
American Public Health Association, American Water Works Association, and
Water Environment Federation (2023).

After measuring the pH, the samples were stored in a freezer and was sent
to the Water Quality Control Department at The Man-Made River Authority for
water quality assurance. Some tests were done inside of our laboratory at the
College of Arts and Sciences, Al-Marge including pH, and qualitative analysis
of cations to investigate what heavy metals are present in the samples.

Sample 1. This sample is rainwater and was collected from four different
locations in the city of Tolmeitha in the Fall 2024. The sites were chosen to be
close to the ancient city. The only test was done to this sample was measuring
the pH of the four samples separately. Four plastic water bottles were kept in
four private locations. We designate a wide clean glass funnel and attached it to
the water bottles. The rain water was collected after the rain is over.
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Sample 2. This sample was collected from the Lethe River in Benghazi.
The pH was not measured directly after collecting the sample nor on the site
because it is located in a restricted military location.

Sample 3. This sample was collected from the ancient city of Cyrene known
today as Shahat. Ain Apollo in Shahat is located inside of the protected region in
the ancient city. There is a sign indicating that this water is not drinkable.
However, no clarification was provided indicating the type of contamination.

Procedures

Right after the sample collection, samples were sent to the laboratory
where pH was measuring and then a qualitative analysis of cations was
conducted to confirm the presence of heavy metals. Alkalinity and hardness
experiments were done using titrimetric methods (Public Health Association,
American Water Works Association, and Water Environment Federation, 2023).
Heavy metal detection was done using spectrophotometric techniques in a
private Laboratory (The Man-Made River Authority). Microbiological safety of
the samples was done according to the traditional cultivation method at the
laboratory.

Results
Chemical Parameters

Sample 1 represents the rain water sample that was collected from four
different locations to test acid rain. The only test was conducted for this sample
was the measurement of the pH. The pH for these sub-samples were as follows:
7.10, 6.67, 7.10, and 6.7. These results show that the rain in Tolmeitha is not
acidic. Table 1 below shows the results for Sample 2 and Sample 3. The only
heavy metal detected in both samples was lead (Pb) which exceeded the local
and international limits. The pH values were a little higher than expected and
that might be due to the nature of the geological area near to these locations
(Goudarzi, 1970). The pH is not of a health concern; however, it is an important
physiochemical parameter that determines acidity and basicity of water. It
determines water acceptability of drinking according to the World Health
Organization (WHO).

Biological parameters

In The Man-Made River Authority lab, investigation of biological
pollutant was conducted. Total Counts (T.C) for sample 2 and sample 3 were
770.1 and 16.8 per 1.0 mL of the samples respectively. Other bacteria including
Total Coliform (T.C.F), Escherichia Coli (E.Coli), and Streptococcus Faecalis
were not found in our samples. These biological results indicated that there is no
threat or concern on the archaeological sites targeted by this study.
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Table (1): Chemical parameters.

Parameters Sample 2 (The Sample 3 (Ain  WHO
Lethe River) Apollo) Limits

pH 8.79 8.29 6.5-8.5

Conductivity (E.C) 3970 3430

Total Dissolved Salts (TDS) 2580 2230 1000

Total Hardness (mg/L as 680 440 >180

CaCO0s) very
hard
water

Calcium Hardness (mg/L as 260 120

CaCQ0:s)

Magnesium Hardness (mg/L 420 320

as CaCOs)

Total Alkalinity (mg/L as 320 160

CaCQ0:s)

Iron (Fe) in mg/L 0.00 0.005 0.3

Cadmium (Cd) in mg/L N.D N.D 0.003

Nickel (Ni) in mg/L 0.001 0.002 0.07

Copper (Cu) in mg/L 0.39 0.001 2

Lead (Pb) in mg/L 0.022 0.031 0.01
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Discussion

In Sample 1, four different sites might not be representative for the entire city.
Thus, authorities should designate monitoring sites near the archaeological cities
to detect acid rain. The current study was not large enough to be generalized to
the entire city of Tolmeitha. However, the preliminary results we got could be a
positive indication.Shahat and Benghazi could be monitored as well for acid
rain.

Since the results we got in this current study are slightly different than the study
by Shaltami et al., 2017, regarding cadmium and copper, further research to
monitor the levels of heavy metals through years is still needed. Also, no
investigation was carried out in regards of organic pollutants including
pesticides nor inorganic contaminants. Further research is needed to identify all
possible contaminants present in these locations.

Future Work

Measuring pH was not done at the site of collection. That might have
contributed to a slight difference since the pH is temperature dependent. We
were only interested in cations present in samples. However, anions can affect
water quality as well. In future work, anions such as sulphates and nitrates

This study could have been enlarged by including rain water would be tested.
from Shahat and Benghazi. However, we did not have access to private locations
in these cities that enable us to collect rain samples. In addition, acid rain should
be monitored in several locations by local research centres. Regarding
microbiological examination, cyanobacteria represent a threat to archaeological
sites (Crispim et al., 2003; C. Gaylarde, 2020). However, no testing was done to
investigate the presence of these bacteria. In future work, cyanobacteria would
be tested.

Conclusion

Biological and physiochemical evaluation of surface water samples from the
eastern of Libya was done using standard methods summarized by American
Public Health Association et al., 2023. This investigation was conducted not
only for public health but for the preservation of the archaeological sites in the
ancient cities. The results we got suggested a positive indication that the
chemical and biological contamination are not a threat to the archaeological
cities. Further research should be conducted to support the current study and for
monitor the chemical and biological parameters overtime.
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