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Isolation and molecular identification of microorganisms isolated from soils 
contaminated with heavy metals in Mosul city
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Abstract: This research is concerned with organisms isolated from soils contaminated with heavy metals in industrial and 
residential areas in Mosul, the center of Nineveh Governorate, and the diagnosis of these organisms using molecular biology 
techniques. Samples were collected from four locations in the city between the industrial area and residential neighborhoods.
Soil samples were analyzed, and dilutions were prepared, then the dilutions were grown on potato extract and dextrose (PDA) 
medium for the development of fungi and Nutrient agar for bacterial development. The dilutions were planted by the casting 
method by three replications, then the process of purifying the fungal and bacterial colonies was carried out using the traditional 
methods. To diagnose these pure colonies using PCR technique, colonies of fungi were grown on the medium of PDA, and 
bacteria were grown on the medium of nutritious broth.
As a result, nine fungal species were diagnosed; two of them are new undiagnosed genera that have been registered in the gene 
bank, four of them contain genetic mutations, and three of them are known and previously diagnosed fungi. As for bacteria, two 
new strains were isolated and registered in the gene bank among the four diagnosed types. And some of these genera exhibited 
severe resistance to antibiotics, while others showed moderate resistance, in contrast to the control, which was very sensitive 
to antibiotics.
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Introduction
A "heavy metal" is an element with metallic properties 

(such as luster, electrical and thermal conductivity), and a re-
latively high density. Although essential heavy metals are re-
quired in many biological processes such as growth and func-
tion at low concentrations, they are harmful if they exceed the 
required concentration1,2.

High concentrations of toxic metals in soils are a serious 
environmental problem worldwide, posing significant risks to 
human health through various exposure pathways. Oral inges-
tion, inhalation of volatile and particulate matter, and dermal 
contact are the most critical human exposure pathways to 
metal-contaminated urban soils. Children are more likely to be 
exposed to toxic metals in urban soils than adults because they 
may absorb through the skin, ingest or inhale large amounts of 
toxic metals during outdoor activities and play3. The most toxic 
heavy metals to plants such as lead (Pb), arsenic(As). Cadmium 
(Cd) and mercury (Hg) are metals found in the soil, which are 
highly mobile and are immediately absorbed by plants. Also, co-
pper (Cu), chromium (Cr), zinc (Zn), selenium (Se), molybdenum 
(Mo), tin (Sn), and nickel (Ni) cause environmental pollution and 
health risks4. In his study, Rahman (2020) stated that pollution 
with heavy metals produced adverse effects such as mutagenic, 
teratogenic, and carcinogenic in humans and wildlife5.

Metal resistance is defined as the ability of an organism to 
survive and counteract metal toxicity by various mechanisms 
produced an indirect response to the metal species involved6,7 

or that this resistance is due to changes to the genetic material 
through mutations or the addition of new genetic material8.

The term "antibiotics" was used for the first time in 1942 
by the scientist Waksman, who defined antibiotics as metabo-
lic substances produced by microorganisms that inhibit the 
growth of other microorganisms and do not affect the bacteria 
that produce them. Antibiotics target specific bacterial struc-
tures or processes and may act by inhibiting growth, directly 
killing the organism, or combining both mechanisms9-12.

Most heavy metals are non-degradable and persist in the 
environment, and many species have evolved resistance me-
chanisms to combat metal toxicity. Heavy metals can cause 
selective pressure on microbial populations, leading to anti-
microbial resistance through a "co- selection" mechanism13,14.

This study aims to analyze soil samples contaminated with 
heavy metals to isolate and identify microorganisms (bacteria and 
fungi) thriving in this environment and investigate the sensitivity of 
isolated microorganisms to antibacterial and antifungal agents. 

Methods

Sample collection sites
Samples were collected from four areas: the first and se-

cond from near a local electricity generator inside a residential 
area and within an industrial area, the third and fourth samples 
from near car repair and maintenance shops in a residential 
area and industrial area in the city, as shown in Figure (1). The 
sample collection process was carried out using a sterile dri-
lling tool and sterile sample collection bags with a depth of 
(0-15) cm.

Isolation
The dilution method was used to isolate the organisms 

from the soil by taking 10 g of soil sample, placing it in a ste-
rile glass beaker containing 90 ml of sterile distilled water, 
and shaking it well to obtain a dilution (10-3). The dishes were 
incubated upside down at 28 °C for 7 days for PDA medium 
and 37 °C for one day for nutrient agar (NA) medium. Then the 
colonies were purified by repeated transfer on the culture me-
dia, and the purified cultures were kept on a slant, kept in the 
refrigerator, renewed every month, and used when needed15.
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Diagnosis
Fungal and bacterial species isolated from soil samples 

were characterized by Polymerase Chain Reaction (PCR) by 
amplifying the Internal transcribed spacer (ITS) region preser-
ved in the fungal DNA16,17.

Study of Heavy metals Effect on the growth of living 
organisms (bacteria and fungi)

Two minerals were selected for the study, namely lead 
and zinc, the development of microorganisms on different con-
centrations of these minerals, and observation of the changes 
in them and their resistance to these concentrations. Fungi 
were cultured in PDA medium containing heavy metal separa-
tely at concentrations of (25, 50, 100, 150, 200 , 300, 400, 500, 

600, 700, 800, 900, 1000) ppm and incubated for 7 days. The 
fungus with the highest growth on the metal was taken and 
grown with different concentrations of the antifungal (nysta-
tin) and compared with the fungus grown without metal as a 
control. Bacteria were cultured in nutrient broth and incubated 
for one day, then cultured on a petri dish containing NA by wi-
ping the plate with a cotton swap on each plate, then drilling in 
the culture medium to apply the concentrations of minerals In 
it, using a micropipette with a volume of 100 μl, and incubated 
for one day.

Cultivation of living organisms with Antibiotics
A spore suspension of mushrooms was made and distri-

buted on the plate containing the medium of the PDA, then 
digging was made, and the antifungal (nystatin) was placed in 
it at concentrations of (25%, 50%, 75%, 100%), and the dish 
was incubated in the fungi incubator for seven days. As for the 
bacteria, the plate containing the agar-nutrient medium was 
wiped with bacteria grown on the broth fed with cotton, then 
antibiotic tablets were distributed on the surface of the me-
dium and incubated in the bacteria incubator for one day18,19.

Results and discussion
The current study results of the organisms isolated from 

the soil showed the genera shown in Tables (1 and 2).

Study of resistance of microorganisms to heavy metals
Even though the importance of mineral elements to orga-

nisms for growth and function, such as potassium and mag-
nesium and some trace elements such as manganese, iron, 
copper, zinc, and molypodium, some high concentrations of 
some are toxic harmful1,20, zinc and lead were chosen based on 

Isolation and molecular identification of microorganisms isolated from soils contaminated with heavy metals in Mosul city

Figure 1. Isolation and identification of organisms from soil.

Table 1. Isolated bacterial genera.

Table 2. Isolated fungal genera.
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previous research on heavy metals in Mosul, the most recent 
of which was a study21. Low concentrations of the mineral, as 
shown in pink in Tables (3 and 4), through an increase in the 
diameter of the colony and an increase in its number, then the 
growth gradually decreased until the death of the organism. 
This is consistent with the study, which indicates that minerals 
at low concentrations are nutritious to the organism, but their 
toxicity appears by increasing these concentrations20,22. Some 
species were slightly inhibited but remained resistant even at 
a concentration of 1000 ppm of metal, and this is in line with 
what was stated11 where organisms can acquire resistance as 
a result of the presence of some metals in high concentrations 
of more than a few thousand mg/kg (ppm).

Fungi are highly resistant compared to many other mi-
croorganisms due to their high tolerance to high temperatures 
and acidity, low nutrients, and high levels of minerals. Howe-
ver, this adaptation and resistance are demonstrated by chan-
ging the abundance and structure of the fungal community, 
and this appeared in our study in a change in the color and den-
sity of hyphae and colonies for many species23-25. These studies 
also indicated that the fungi of the type Aspergillus and Penici-
llium were more resistant to heavy metals than the rest of the 
species, in addition to their ability to absorb some metals such 
as cadmium, lead biologically, and nickel, and their positive co-
rrelation with low levels of zinc and lead contamination, which 
is consistent with the results of the current study.

Heavy metals in trace amounts are necessary for the 
growth of bacteria, but they can be stress factors affecting 
the synthesis of proteins in them23. Bacteria were cultured 
with different concentrations of heavy metals starting from 
25 to 2000 ppm. The three bacterial species isolated from 
contaminated soil, in addition to bacteria isolated from the 
contaminated aquatic environment, were sensitive to zinc at 
small concentrations, starting from a concentration of 100 
ppm, as shown in Tables (3 and 4), In contrast, to lead, which 
had a positive effect on it at low concentrations of the metal, 
which is consistent with most studies. However, it showed a 
negative effect starting from a concentration of 1400 ppm for 
three races. The fourth race remained resistant to the rise in 
metal concentration, and this may be a result in response to 
toxic metal stress and developing some survival mechanisms 
in their genome, such as producing a variety of enzymes and 
proteins that help them overcome this stress, as explained in 
his study26.

In general, the bacterial species did not show strong resis-
tance to metals. This may be because all bacterial species in 
this study are Gram-positive bacteria, and unlike Gram-nega-
tive bacteria, as stated in study27, they tend to produce higher 
resistance levels. Compared to valued positive bacteria.

Cultivation of microorganisms with antibiotics
As shown in Figure (2), the current study results showed 

that the species Aspergillus tubingensis, Penicillium conso-
brinum SANA-3, Aspergillus sp E30 were almost identical 
moderately resistant during Fungal sp. SANA-5 was resistant 
without metal and in all antifungal concentrations, while it was 
sensitive to metal presence. Its explanation maybe what was 
stated in a study where heavy metals have adverse effects on 
the growth of microbes. Soil and fungi, the inhibition of fungal 
growth, come from heavy metals in the fungal cells28.

Alternaria alternate isolate from a non-contaminated 
environment (as a control) was cultured with antifungal. The 
results showed that the fungus was more susceptible to the 
antifungal than the fungi isolated from the contaminated envi-
ronment. This is consistent with what was stated in a previous 
study which reported that isolates from contaminated soil are 
more resistant than isolates from unpolluted environments22. 

Concerning culturing bacteria with antibiotic tablets, the 
results showed resistance of all strains to amoxicillin and me-
tronidazole, and Streptococcus bacteria resistant to tetracycli-
ne, gentamycin, and azithromycin as well. As shown in Table 
(5) and by comparing the damping diameter with the unique 
tables in some sources18,19,29.

Streptococcus bacteria, which had the highest resistance 
among the bacterial genera under investigation, is a bacterium 
isolated from contaminated water. This resistance is explained 
by Dweba et al.(2018) in that these bacteria are characterized 
by their ability to develop antimicrobial resistance30 rapidly. 
This resistance may Also be that heavy metals' biological avai-
lability in water is more than their biological availability in soil. 
It was mentioned in a study that soil and its quality impact the 
biological availability of minerals and the presence of linking 
elements as well as bacterial and biological groups and the 
concentration of organic gases such as methane and ethane 
and the formation of complexes31.

The multiple antibiotic resistance (MAR) index was adop-
ted to determine the severity of bacterial resistance to antibio-
tics, which came in the study12,32. whereas

Table 3. The diameter of the inhibition in millimeters when cultivating bacteria with zinc metal in the form of zinc sulfate.

Table 4. The diameter of the inhibition in millimeters when cultivating bacteria with lead metal in the form of lead (II) nitrate 
Pb(NO3)2.
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Figure 2. Diameter of inhibition when cultivating fungal species with antifungal.

MAR = the number of antibiotics that the isolate showed 
resistance to / the number of total antibiotics exposed.

t is interpreted as
MAR ≥ 0.2 as increased risk of antibiotic contamination.
MAR < 0.2 Low risk.
The results of the isolates were between (0.5-0.2), which 

indicates a high risk of antibiotic contamination, and that all 
these strains originated from a high-risk source of contami-
nation.

Conclusions
Heavy metals, a large part of them, are naturally present, 

but they are toxic only if they are soluble in water and bioa-
vailable, and this comes as a result of human activities most 
of the time. In addition to the results of previous studies, the 
current results show an overlap between heavy metal conta-
mination and its resistance by microorganisms and the resis-

Isolation and molecular identification of microorganisms isolated from soils contaminated with heavy metals in Mosul city
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Figure 2. Diameter of inhibition when cultivating fungal species with antifungal.

Table 5. Diameter of inhibition in mm of antibiotic tablets with bacteria. The dark orange color indicates the resistance of bac-
teria to the antibiotic, while the light pink color indicates medium resistance, and the white color indicates that the bacteria are 
sensitive to these antibiotics
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tance of this organism to antibiotics, as heavy metals are an 
essential factor in making organisms resistant to antibiotics. 
The outcomes of this study will significantly contribute to the 
current body of knowledge of research towards public and ve-
terinary health, especially in developing countries, and highli-
ght the importance of fulfilling one-health attitudes to lower 
the ongoing spread of antimicrobial resistance.
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