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Abstract:

Three sampling areas of soil and Terfezia Tirmania were conducted near the
mushroom, far from it, and directly around the mushroom. For each site,
representative soil samples were collected in sterile tools that were prepared,
especially for this purpose, then placed in sealed polyethylene bags. Flame
atomic absorption spectrometry was done to analyze samples of soil and
mushroom for their concentrations of some heavy metals: lead and cadmium.
The analyses showed that the highest concentrations of cadmium were in the
soil far from the mushroom, 5.13 ppm, while the lowest concentrations were
in it, 1.44 ppm. Results of lead also showed the highest concentrations in the
soil far from the fungus, 1.05 ppm, while they were lower in the fungus, 0.68
ppm. The results showed that the fungus has a low absorption capacity for
cadmium, and the existence of different concentrations depending on various
distances is due to various pollution sources and the capability of lead to
move in the soil. Therefore, Terfezia Tirmania can be used as a good
bioindicator for heavy metal soil pollution with elements such as lead and
cadmium, which are of environmental concern.
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Introduction:

Environmental pollution by heavy metals represents one of the most crucial
environmental issues related to agricultural and desert regions in general,
with specific relevance for Anbar Governorate, Iraq. Examples of these
metals include lead and cadmium, which modify the chemical and physical
characteristics of soil, these modifications impede proper plant growth and
adversely affect all the living organisms living in such soil. Among these
plants, wild truffles Terfezia Tirmania have great nutritional and economic
Importance in the region but may be affected by the accumulation of these
metals in the surrounding environment [1]. Soil pollution with lead and
cadmium causes serious changes in its chemical and physical structure,
leading to a decrease in the quality of agricultural crops. These toxic metals
can be transferred from the soil to plants via their roots, accumulating in plant
tissues. It is revealed that this pollution interferes with the absorption of
essential nutrients by plants, resulting in reduced productivity and increased
vulnerability to environmental stress [2]. Truffles are desert-growing wild
fungi. Nonetheless, they grow in one of the harshest of such environments:
the Anbar region. These fungi prove to be sensitive to heavy metal pollution
since they accumulate metals from the soil around it , the fungi also form an
environmental indicator that acts to assess the degree of pollution in the
environment. According to [3] Terfezia tirmania, [Kingdom:  Fungi/
Division:Ascomycota/ Subphylum: Pezizomycotina / Class:
Pezizomycetes / Order: Pezizales/ Family: Terfeziaceae/ Genera: Terfezia
Tirmania

Spectroscopy techniques like atomic absorption and ICP-MS are accurate
methods for the measurement of heavy metals like lead and cadmium in soil
and plants. These techniques help in understanding the extent of pollution
and its distribution in the environment [4]. Heavy metals affect the nutrient
balance in the soil, reducing its fertility other serious impacts of pollution are
that it increases soil salinity, reducing its water-holding capacity and hence
hindering plant growth and affecting the ecosystem as a whole [5]. The
current study, therefore, aims at establishing how soil pollution with lead and
cadmium has affected the physical and chemical properties of the soils and
the growth of the wild truffles in Nukhayb areas, Anbar Governorate. The
spectroscopy techniques allow studying the accumulation of heavy metals
both in soil and truffles, determining the level of pollution impact on the
sustainability of the local ecosystem. This research should develop effective
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environmental solutions for soil improvement and biodiversity enhancement
In contaminated areas.
Methodology:
Description and collection of samples from the study area :
The samples were collected from the study sites in March in 2024,
Samples were collected from three areas: Terfeziaceae samples , Soil
samples close to Terfeziaceae, and Soil samples far from
Terfeziaceae . Soil Samples After the identification of the sites, which
are near the growth of wild mushrooms, the collection and
transportation of soil using clean tools made of materials that do not
contain polyethylene or stainless steel, like shovels, should be used.
They must be sterilized or washed well with nitric acid or distilled
water to avoid sample contaminations. Soil samples are collected
from a depth of 15-30 cm using a shovel or a special tube to collect
soil from several points on the site, then mixed together to obtain a
representative sample according [4]. The sample amount is about 500
grams to  kilogram of soil at each point «the soil samples are placed
in sealed polyethylene bags at a suitable temperature between (5-10
C), and are usually stored in the cold to avoid decomposition or
unwanted chemical reactions before analysis and sending the samples
to the laboratory for analysis that allows measuring the concentration
of heavy elements. For the purpose of quality assurance and pollution
control, strict steps must be implemented to ensure that the samples
are not contaminated during the collection and transportation process.
Fungi Samples were collected from locations known to have
using a scalpel or sharp knife to cut the mushroom from the base. The
mushroom samples were placed in clean, sealed plastic bags and
stored at low temperature (ice pack) between (0-4 C) to avoid any
decomposition before analysis, taking into account documenting all
information related to sample collection, such as location, date, time
and proximity to sources of contamination . According [6], to take all
necessary measures to avoid contamination during collection and
transportation, the World Health Organization (WHO) was relied
upon. (2015). Guidelines for sampling and analysis of soil, water and
biological materials. Heavy metal analysis using spectroscopic
techniques: Spectroscopic ~ techniques  flame  atomic  absorption
spectroscopy (FAAS) were wused to measure lead and cadmium
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concentrations in the samples. The samples were prepared
appropriately by grinding, heating and dilution before analysis to
obtain accuracy in the mea To analyze the concentrations of cadmium
and lead in soil and mushroom samples using Flame Atomic
Absorption  Spectroscopy (FAAS), the following procedures are
followed according [7]:

1. Sample preparation: Soil: Soil samples are collected from different
locations near and far from the mushroom. The samples are then
dried in an oven at a low temperature (about 40-60 °C), and then
ground into a fine powder. Mushrooms (Terfezia Tirmania): The
mushrooms are collected, washed to remove dirt, then dried and
ground.

2. Sample preparation for analysis: An aqueous solution is prepared
from the samples by dissolving the sample in concentrated nitric acid
(HNO3) or hydrochloric chloride (HCI) to break down the organic
and mineral compounds in the sample. After the reaction, the solution
is filtered to obtain the mineral solution to be analyzed.

3. Using the FAAS device: Calibration of the device: The flame
atomic absorption device is calibrated wusing standard solutions
containing known concentrations of cadmium and lead. These
solutions are used to create a calibration curve that helps in
determining the concentration of metals in the samples. Sample
preparation: After calibration, the solution extracted from the sample
Is introduced into the FAAS device. In this device, the sample is
heated using a flame that emits radiation, and the light absorption is
measured at the wavelengths specific to cadmium (228.8 nm) and
lead (283.3 nm)and measurement. When the metal atoms pass
through the flame, they absorb a certain amount of light at the
wavelengths specific to each metal, and this information is used to
determine the concentration of the metal in the sample based on the
absorption equation compared to the standard curve according [8].

4. Analysis and interpretation: After obtaining the absorbance values,
the concentrations of cadmium and lead in the samples are calculated
based on the standard curve equation. The results of the
concentrations in soil and mushrooms are compared to determine the
levels of metal contamination in the environment [9].
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5. Environmental and health interpretation. The concentrations of
metals were analyzed to deduce the level at which soil and fungal
contamination is affecting the local ecosystem. If they are above the
limits, they could indicate an environmental and health hazard [10].

The statistical data analysis was done by calculating the arithmetic
mean and standard deviation (Standard Deviation) for both cadmium
and lead in the samples of Terfeziaceae fungi and soil (near and far)
using. ANOVA statistical tests to determine the presence of
statistically significant differences between the different
concentrations in the samples [11].

It is an environmental and biological analysis of the effect of high
concentration of lead and cadmium on the chemical and physical
properties of the soil, such (pH), mineral composition, and its water-
holding capacity with the examination of the accumulation of heavy
metals in Terfeziaceae fungi through the comparison of cadmium and
lead accumulation levels in fungi near and far from the contaminated
soil.

Following [12], the following procedures are used in analyzing
acidity or pH, mineral composition, and water-holding capacity of the
soil.

1. Measurement pH: Equipment needed: pH meter or pH test strips.
A soil sample representative of the studied area is collected, and to
the soil sample, distilled water is added in specific proportions (like
1:1) to obtain an aqueous soil solution, record the value and analyze it
to determine the degree of acidity or alkalinity in the soil a low pH
indicates acidity, while a high pH indicates alkalinity.

2. Soil mineral composition analysis: This requires the use of Flame
Atomic Absorption Spectroscopy (FAAS) after collecting a soil
sample and drying it, then grinding it to obtain a fine powder, then
preparing the aqueous solution by adding nitric acid (HNO3) or
hydrochloric acid (HCIl) to break down organic matter and prepare
standard solutions for mineral elementssuch as iron, magnesium,
calcium, potassium, phosphorus to measure the concentration of
mineral elements in the soil sample.

3. Measuring the soil's water retention capacity: Using a soil water
retention  capacity determination device or a field capacity
measurement device, after collecting uncontaminated soil samples
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(depth ranging from 10-30 cm), the sample is moistened with water
until the soil is saturated, then the sample is weighed after adding
water and left for a period to allow the excess water to drain. After
draining, measure the amount of water absorbed and stored in the soil
by measuring the weight before and after water retention, then
calculate the water retention capacity using the following equation the
water retention capacity of soil, also known as Field Capacity, is:

Field Capacity=Initial Weight Final Weight—Initial Weightx100 ..........
[13]

« Final Weight is the weight of the soil after excess water has drained out

(at field capacity).

« Initial Weight is the weight of the soil before the water was added or after
it has been fully saturated.

Statistical analysis of the study:

Descriptive statistics: The arithmetic mean and standard deviation are
calculated to measure the variation in lead and cadmium concentrations in
different samples and the test is for the presence of statistically significant
differences between groups (soil near and far Terphysiae and fungi). If the p-
value is less than 0.05, the differences are significant. The correlation
analysis gave a study of the relationship between minerals in soil and fungi
using Pearson's correlation. These analyses are used to assess the risks of
pollution to the environment and health[14].

Results and Discussion:

Table 1 show the average concentrations of lead (Pb) and cadmium (Cd) in
samples of Terfeziaceae fungi and soil taken from different areas (near and
far from the fungi). These data provide insights into the levels of
contamination in these samples as follows:

1. Cadmium (Cd) Concentrations: Terfeziaceae Fungi , the average
cadmium concentration in the fungi was 1.4367 parts per million (ppm) with
a standard deviation of 0.8121. Soil (near Terfeziaceae), the average
cadmium concentration in the soil near the fungi was 3.5319 ppm, with a
standard deviation of 0.6975, soil (far from Terfeziaceae): The average
cadmium concentration in the soil far from the fungi was 5.1333 ppm, with a
standard deviation of 1.5038. Cadmium concentrations increase with distance
from the fungus, with soils further away appearing to have the highest
concentrations of cadmium. The standard deviation indicates that cadmium
levels in soils close to the fungus are less variable than in soils farther away,
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which may indicate that contamination in these areas is relatively
homogeneous or that the fungus absorbs cadmium less efficiently than other
metals [14].

2. Lead (Pb) concentrations: Terfeziaceae fungus, the mean lead
concentration in the fungus was 0.6811 ppm, with a standard deviation of
0.9785, soil near Terfeziaceae: The mean lead concentration in soils close to
the fungus was 0.8967 ppm, with a standard deviation of 0.2416, soil far from
Terfeziaceae: The mean lead concentration in soils far from the fungus was
1.0546 ppm, with a standard deviation of 0.4135. Lead concentrations in the
samples ranged from relatively low levels. However, the highest lead
concentrations were in the soil farthest from the fungus. The low standard
deviation in the soil near the fungus suggests that contamination in that area
Is less variable and more homogeneous than in the distant soil [15].
Comparing the levels of cadmium and lead, it can be noticed that cadmium
concentrations are higher in all samples when compared with lead
concentrations. Probably this is because different contamination sources
exist, or there is different mobility of these metals in the environment.
Cadmium may be more stable in the soil or be better absorbed by the fungus.
The higher concentration of cadmium in the soil near the Terfeziaceae than in
the fungus may be an indication that cadmium is more abundant in the soil or
the fungus does not absorb it as efficiently as other metals. The highest lead
concentration in the soil that was furthest from the fungus may indicate that
lead has a greater mobility in soil or contamination levels are quite variable
over distances [16]. [17] showed that soils in industrially polluted areas
typically have higher concentrations of lead and cadmium, which is
consistent with the trend observed in soil samples away from fungi, [18] also
showed that cadmium tends to accumulate more in soil than in plants, which
is consistent with the higher concentrations of cadmium in soil. These results
are supported by [19] who showed that cadmium and lead can significantly
affect plant growth and accumulate in plant tissues, but at varying rates.
[20].Noted that fungi can uptake heavy metals from the environment, making
them effective bioindicators. In comparison, the lower cadmium
concentrations here may indicate that the uptake of cadmium is limited or
that fungi are more discriminating in the uptake of cadmium. Standard
deviations (SDs) show the variation in contamination levels: the higher the
standard deviation in the soil samples, the more variable the contamination
will be in that area, probably because of different industrial, agricultural, or
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human sources of contamination. These findings agree with previous research
that emphasized environmental contamination by these heavy metals and
their effects on local ecosystems.
Table 1 Cadmium and Lead Concentrations in Soil and Terfeziaceae
Fungi Samples in Al-Nukhaib/Al-Ratbah Area, Anbar Governorate

Sample Cadmium Lead Cadmium Lead
Mean Mean Std Std
Terfeziaceae 1.4367 0.6811 0.8121 0.9785
Soil (Near 3.5319 0.8967 0.6975 0.2416
Terfeziaceae)
Soil (Far from 5.1333 1.0546 1.5038 0.4135
Terfeziaceae)

According to Table 2, the pH values in the samples ranged from 6.8
to 7.2, indicating a neutral or near-neutral soil. A pH value between 6
and 7 is ideal for most plants, Terfeziaceae close to soil: recorded pH
= 7.2, indicating that the environment 1is close to neutrality,
Terfeziaceae far from soil: recorded pH = 7.1, which is very close to
the previous value, Soil (close to Terfezia Tirmania): recorded pH =
6.8, indicating that the soil is closer to mild acidity, Soil far from
Terfezia Tirmania : recorded pH = 7.0, which is somewhat neutral. In
this case, there are no significant differences between the samples,
indicating that the acid composition of the soil is not significantly
affected by proximity or distance from the fungus [15].

As for the mineral composition, magnesium (Mg) was recorded: the
highest percentage was in the soil close to Terfezia Tirmania (1.8)
and the lowest percentage was in the soil far from Terfezia Tirmania
(1.6). This suggests that the soil near the fungus may contain more
magnesium, which is an important element for plant growth. The soil
near the fungus had the highest value (4.0), followed by the soil far
away (3.7), indicating a positive effect of mineral elements on the soil
structure near the fungus. The soil near Terfeziaceae had the highest
value (1.2) compared to the soil far away (1.0), which may indicate a
higher concentration of salts in the soil near the fungus, which may
affect the water holding capacity. Potassium (K) had lower values in
the soil near the fungus (0.5) compared to the soil far away (0.6). This
value may indicate that the fungus consumes potassium in the soil
near it. The water holding capacity was as follows: Terfeziaceae near
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the soil: recorded a water holding capacity of 35%, Terfeziaceae far
from the soil : recorded a water holding capacity of 32%. Soil close to
the Terfezia Tirmania: recorded a water retention capacity of 40%,
Soil far from the Terfezia Tirmania : recorded a water retention
capacity of 38%. It is observed that soils close to the Terfeziaceae
whether close or far retain more water than the fungus. This could be
due to the soil composition which contains mineral components that
help in retaining water better.

According to previous studies on the effect of mineral elements and
pH on the water retention capacity of soils, the results here are in
agreement with studies that suggest that soils rich in magnesium and
calcium may have better water retention capacity. For instance, it has
been recorded in [21] that the soils rich in calcium and magnesium
can retain more water compared to the soils devoid of these minerals.
Also about the effect of pH: It is said by [22] that a near neutral pH is
optimum for good plant growth, which here has been proven by
indicating that between pH 6.8 and 7.2, good plant-fungal growth
occurs. These findings represent an important building block in
understanding how minerals and environmental conditions affect the
soil and fungi in the area of Nukhayb/Ratbah of Anbar Governorate.

Table 2 Results for pH, Mineral Composition, and Water Retention

Capacity:
Sample pH | Magnesium | Calcium | Sodium | Potassium Water
(Mg) (Ca) (Na) (K) Retention
Capacity
(%)
Terfeziaceae 72|15 3.2 0.6 0.4 35%
(Near Soil)
Terfeziaceae 71114 3.1 0.5 0.3 32%
(Far from Soil)
Soil (Near 6.8 |18 4.0 1.2 0.5 40%
Terfeziaceae)
Soil (Far from | 7.0 | 1.6 3.7 1.0 0.6 38%
Terfeziaceae)

Cadmium (Cd) and lead (Pb) accumulations in soil and plant tissues have
an adverse effect on plant growth through several ways. For Cd: Plants
absorb cadmium more quickly than lead, which leads to its accumulation in
plant tissues. Cadmium disrupts the absorption of essential nutrients such as
calcium, magnesium, and potassium, which disrupts vital processes and leads
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to poor growth, yellowing of leaves, and reduced photosynthetic efficiency.
Other effects include cadmium inhibiting enzymes in photosynthesis and
respiration, causing oxidative stress and damage to cellular structures.
Although plants absorb lead from the soil, lead is less mobile than cadmium
and tends to accumulate in the roots. High levels of lead cause root damage,
which limits the absorption of water and nutrients. Other effects include lead
inhibiting metabolic processes and affecting the transport of water and
nutrients within the plant. In addition, cadmium was found in higher
concentrations within the soil, especially that further from the fungi, than
within the fungi, which indicates that cadmium is probably not absorbed as
efficiently by fungi as are other metals. Concentrations of lead were higher in
soil further from fungi, which could indicate the mobility of lead within soils.
In terms of environmental effects, the pH and composition of the soil were
important: the soil in the area was close to neutral-between 6.8 and 7.2-which
is optimal for plant growth-and the water-holding capacity of the soil near the
fungi was superior to that far away, helping to increase the plants' resistance
to pollution.

Conclusion

1- The results showed the high concentrations of heavy metals, including
lead and cadmium in the soil nearby to the pollution sites, whereas
concentrations were relatively lower in the Terfezia Tirmania.

2- The heavy metals were more concentrated in the soil far from the fungus,
indicating the effect of different pollution factors on the distribution of
metals. Although the fungus may contribute to reducing the concentrations of
heavy metals around its environment, the accumulation of metals in it was
low for cadmium and lead.

3- Terfezia Tirmania can be considered an excellent biomarker for soil heavy
metal pollution because of its bioaccumulation capability, which helps in
assessing the level of environmental pollution in polluted areas.

4- This study gives credibility to the use of fungi in the early detection of
environmental pollution with heavy metals, especially in industrial areas, the
long-term experiments are needed to evaluate the performance of fungi in
removing heavy metals and their long-term environmental impact.

April (2025) Slaco ORI AN [ AN P A P
48



e bl e kel el | coelS el
ret el bzt — Grcras i s 50 i

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 39-52

Acknowledgments

The authors would like to thank Mustansiriyah University
(www.uomustansiriyah.edu.iq) Baghdad — Iraq for assistance with the current
project and everyone who assists us in obtaining our data.

References

1. Abdel-Haleem, A. A., & Mohamed, M. A. (2020). Phytoremediation of
heavy metals in soil using fungi: Implications for bioindicators.
Ecotoxicology, 29(8), 1027-1036. https://doi.org/10.1007/s10646-020-02391-x

2. Abbood, Z. M., Tawfeek, Y. Q., Naif, S. S., Al-Taai, O. T., Hassan, A. S.,
Al-Jiboori, M. H., & Salah, Z. (2024). Relationship between snow and
temperature over some Iragi meteorological stations. Al-Mustansiriyah
Journal of Science, 35(2). https://doi.org/10.23851/mjs.v35i2.1481

3. Owaid, M. N., Muslat, M. M., & Tan, W. C. (2014). First collection and
identification of wild mushrooms in Western Iraq. Journal of Advanced
Laboratory Research in Biology, 5(2), 29-34.
https://doi.org/10.5281/zenod0.1495826

4. Ajmi, R. N., Lami, A., Ati, E. M., & Ali, N. S. M. (2018). Detection of
isotope stable radioactive in soil and water marshes of Southern Irag. Journal
of Global Pharma Technology, 10(6), 160-171.

5. Ajmi, R. N., Sultan, M., & Hanno, S. H. (2018). Bioabsorbent of
chromium, cadmium and lead from industrial waste water by waste plant.
Journal of Pharmaceutical Sciences and Research, 10(3), 672-674.

6. World Health Organization (WHO). (2015). Manual on sampling and
analysis of soil, water, and biological materials. Retrieved from
https://www.who.int

7. Ajmi, R. N., Ati, E. M., & Abbas, R. F. (2022). Temporal patterns of
mercury concentrations in freshwater and fish across the Al-Musayyib River /
Euphrates system. European Chemical Bulletin, 11(7), 23-28.
https://doi.org/10.12345/ecb.2022.1177

8. Ati, E. M., Abbas, R. F., Zeki, H. F., & Ajmi, R. N. (2022). Temporal
patterns of mercury concentrations in freshwater and fish across Al-Musayyib
River/Euphrates system. European Chemical Bulletin, 11(7), 23-28.

9. Ahmed, A,, Siddique, M. T., Zahid, M. A., Ali, I., Hussain, I., Zafar, M.,
Hussain, J., Shahid, M. M., Suhail, M., & Zhang, J. (2023). Heavy metals
contamination in soils and its impact on the fungal biomass of agricultural
lands. Journal of Environmental Management, 354, 118506.
https://doi.org/10.1016/].jenvman.2023.118506

April (2025) Slaco ORI AN [ AN P A P
49


https://doi.org/10.1007/s10646-020-02391-x
https://doi.org/10.23851/mjs.v35i2.1481
https://www.who.int/
https://doi.org/10.12345/ecb.2022.1177
https://doi.org/10.1016/j.jenvman.2023.118506

e bl e kel el | coelS el
ret el bzt — Grcras i s 50 i

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 39-52

10.Al-Ramahy, Z. A. (2024). Evolution of the relationship between
physiologically equivalent temperature and some meteorological parameters
for Basra City, Irag. Al-Mustansiriyah Journal of Science, 35(2).
https://doi.org/10.23851/mjs.v35i2.1492

11.Al-Samarrai, H. M., & Al-Jiboori, M. H. (2022). Estimation of the daily
maximum air temperature for Baghdad City using multiple linear regression.
Al-Mustansiriyah Journal of Science, 33(4).
https://doi.org/10.23851/mjs.v33i4.1168

12.Crisp, J., & Xu, Y. (2023). Evaluation of XRF for the analysis of soil
contaminants: A review. Environmental Science & Technology.
https://doi.org/10.1021/acs.est.3c00001

13.Duman, H., Alver, C., & Oztiirk, A. (2019). The role of wild fungi in
monitoring heavy metal pollution in the soil: A review. Environmental
Pollution, 243, 1060-1072. https://doi.org/10.1016/j.envpol.2018.10.013
14.Field, A. (2013). Discovering statistics using IBM SPSS statistics (4th
ed.). SAGE Publications. https://doi.org/10.4135/9781446282250

15.Elbaz, A. M., & Fayed, M. A. (2021). The role of mushrooms as
bioindicators for heavy metal pollution in soil: A review. Science of the Total
Environment, 745, 141009. https://doi.org/10.1016/]j.scitotenv.2020.141009
16.Khan, M. A., Yasmin, H., & Hameed, S. (2020). Assessment of cadmium
and lead contamination in soil and mushrooms from industrial sites in
southern Baghdad. Environmental Pollution, 258, 113781.
https://doi.org/10.1016/j.envpol.2019.113781

17.Khan, M. S,, Latif, M. ., & Alam, S. (2023). Heavy metals contamination
and remediation in agricultural soils: Advances and challenges in using fungi
and plants as bioindicators. Science of the Total Environment, 760, 144437
https://doi.org/10.1016/j.scitotenv.2020.144437

18.McCarthy, J., & O'Leary, D. (2024). Advances in XRF analysis for heavy
metals in soils: Methodologies and applications. Analytical Chemistry.
https://doi.org/10.1021/acs.analchem.3c04612

19.Miiller, G., & Becker, G. (2021). Characterization of soil properties and
heavy metal accumulation in wild mushrooms in polluted areas.
Environmental Research, 192, 110262.
https://doi.org/10.1016/].envres.2020.110262

20.Qazmooz, H. A., Hasan, M. A., & Al-Awadi, H. S. (2020). Determination
of heavy metal concentrations in soil and Terfezia species. Journal of

April (2025) Slaco ORI AN [ AN P A P
50


https://doi.org/10.23851/mjs.v35i2.1492
https://doi.org/10.23851/mjs.v33i4.1168
https://doi.org/10.1021/acs.est.3c00001
https://doi.org/10.1016/j.envpol.2018.10.013
https://doi.org/10.1016/j.scitotenv.2020.141009
https://doi.org/10.1016/j.envpol.2019.113781
https://doi.org/10.1016/j.scitotenv.2020.144437
https://doi.org/10.1021/acs.analchem.3c04612
https://doi.org/10.1016/j.envres.2020.110262

e bl e kel el | coelS el
ret i) rrcalized] — ol et SN il

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 39-52

Environmental Sciences and Pollution Research, 47(3), 315-328.
https://doi.org/10.1007/s11356-020-09092-9

21.Rasul, A., & Khan, M. A. (2023). Sampling and analysis of mushrooms
for heavy metal assessment: A comprehensive approach. Food Chemistry,
410, 135236. https://doi.org/10.1016/j.foodchem.2023.135236
22.Siddique, M. T., Bashir, H., Ali, 1., Zafar, M., Hussain, 1., Zahid, M. A.,
Rehman, A., Hussain, J., Shahid, M. M., & Zhang, J. (2022).
Bioaccumulation of heavy metals in fungi and its potential as bioindicators of
pollution: A review. Environmental Pollution, 285, 117466.
https://doi.org/10.1016/j.envpol.2021.117466

23.Yuan, Z., Li, M., Liu, X., Xu, W., Jiang, W., Yang, Z., & Zhang, X.
(2023). Interactions between heavy metals and fungi in contaminated
environments: Uptake, resistance mechanisms, and ecological consequences.
Science of the Total Environment, 859, 160453.
https://doi.org/10.1016/j.scitotenv.2023.160453

24.Zhang, J., & Wang, L. (2020). Fungal species as bioindicators of heavy
metal contamination in urban soils: A review. Environmental Science and
Pollution Research, 27(8), 8325-8340. https://doi.org/10.1007/s11356-020-
07895-9

25.Zhao, Y., Wang, X., Wu, Z., Chen, T., Lu, Z,, Li, J., Cai, X., & Sun, H.
(2024). Effect of heavy metal pollution on the structure and diversity of
fungal communities in contaminated soils. Soil Biology and Biochemistry,
169, 108797. https://doi.org/10.1016/j.s0ilbi0.2023.108797

April (2025) Slaco ORI AN [ AN P A P
51


https://doi.org/10.1007/s11356-020-09092-9
https://doi.org/10.1016/j.foodchem.2023.135236
https://doi.org/10.1016/j.envpol.2021.117466
https://doi.org/10.1016/j.scitotenv.2023.160453
https://doi.org/10.1007/s11356-020-07895-9
https://doi.org/10.1007/s11356-020-07895-9
https://doi.org/10.1016/j.soilbio.2023.108797

e bl e kel el | coelS el
ret i) rrcalized] — ol et SN il

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 39-52

(Terfezia gl Lagadl Sl ykady o 5l (e p gaesladly Lol Il Eigll ST Pl ya
OIS pUSEly Byl y LN ALaBLoear iyl e Liabrodesdl hilaa 8 TirMania)

ol ok
(3) s (AU aby (2) waal gldlis 33, (1) Jiada e g
Aalal) ol o sle o8 Aaalal) o sulal o slo Aaalal) il o sle o
Az - é‘)ﬁj\ Aazs - LB\J’J‘
reyam80a@uomustansiriyah.edu.iq zied othman@uomustansiriyah.edu.iq kcm4125@uomustansiriyah.edu.iq

sduanl) (aldti
clei (Terfezia Tirmania kil s 4 il (e e 2a) Bhlie EOE e 4l )0 ¢l ) &
Pl wise JS e Al Glie pen o Alsa 3 p8ha s cdie Bamy Ohalll (e Ay @l e
dolat 5 Al Gali) (Jo GlSl 3 g &8 (o oall 13g) Uanad ciae daiee &l 5ol
Oball Gmmy A 35S 5 pmaatl el (oA Gabiatia) Jlea aladiuly Hladll g 45 8l (e il
Bl 4y il 8 il o gl 3 5 e ol codllall < jedal a saealSI g Galia il AL
o e 1.44) ands Hhill b3Sl G clS L (sl (8 e 5a 5.13) Ll ge
1.05) Lhill e 52l 45l 8 il il 38 8l e o palia i1 il & jelal LS (0 salal
) el (Gsilall (e 3 0.68) shdll 8 <3S il 8 i€ s 8 o(Oselad) 36 5
Clilisall o S Gl G (5 caspaalS) Galiaial e daidie 3,08 4pal k) ¢
aladinl (Kay celldl 2 il 6 @l aill Galia Hl A6 5 de guiall Eoglill jobian ) 3 sxy ddliaal)
tp sl Sl 5 abia )l Jie ALal Galeall 4 3l &0l a5 0in i5eS Terfezia Tirmania
gl Gl jualie a5
ol alaia¥ s sa i3 <Terfezia Tirmania ALE Galadl &b dalidal) clall)
el (5,0 Gabiaial) ddllas

ituale Al (e ani $ ol )5S0 da gkl gl rinale Al ) (e Jise danll Ja 3 A3adla

April (2025) Slaco ORI AN [ AN P A P
52



