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ARTICLE INFO ABSTRACT

The physicochemical characteristics determine the mobility and distribution
of trace elements on the Lite-Bala site. They vary with the climatic weather of
the site, particularly with the season. The methodology of this study consisted
of sampling in two seasons, in situ and laboratory analyses of the
physicochemical parameters. Descriptive statistics were used to visualize the
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distribution of variables and to test the significance of the differences over the

Characteristics year. Principal component analysis made it possible to identify the most
Mobility correlated variables and the similarities between compartments. The
Season variations are from 4.92 to 5.46 for pH, 390 to 340 mV for Eh, 99.65 to 56.47
Test uS/cm for CE, 0.31 to 0.28% for Corg, 31.49 to 30.11% for clay contents and

26.12 to 28.02 °C for temperature respectively for the dry season and the rainy
season for the entire site. Acidity, electron exchange capacity and electrical
conductivity are more marked in the dry season than in the rainy season. The
Mann-Whitney test attests that there are significant differences between the
variables pH, Eh, EC and T for the two seasons. Fe contents are high in soils
( 2349.55 to 1683 mg/kg) and those of Ca ( 1346.47 mg/kg) in plants. The
cation exchange capacity of soils and sediments is low (< 25 meq/100 g)
facilitating the mobility of ETMs in soils and sediments. Season influences the
quality of variables in different compartments of the Lite-Bala gold site. The
behavior (mobility, availability, speciation) of trace metal elements on the site
is impacted by the season.
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1. INTRODUCTION

The distribution of trace elements naturally present in the different environmental compartments is
determined by the biogeochemical cycle specific to each element. This cycle depends on the
characteristics (physicochemical, biological, geological, climatic, etc.) of the site (Roux, 2024; Hullot,
2023; Brandely, 2022) . However, disturbances of the site characteristics lead to an accumulation of
trace elements (TE) on the site, or even to an increase in risks to human health and the environment
(Brandely, 2022; Vualu, 2020) .

In the Democratic Republic of Congo (DRC), studies conducted in the artisanal and small-scale mining
(ASM) gold sector have focused more on socio-economic, anthropological and developmental, and
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theological domains in the eastern block of the country (Mangambu, 2023; Bikubanya et al., 2022) .
This study is a seasonal physicochemical characterization of soils, sediments and waters of the Lite-
Bala site in the northwest of the country.

II. METHODOLOGY
I1.1 PRESENTATION OF THE STUDY AREA

The study site is the Lite-Bala gold site, in the North-East of the Nord-Ubangi province between
3°48'0"" - 3°44'3" in the Northern Hemisphere and 23°6'30" - 23°9'0" East of the Meridian (fig.1).
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Figure 1 Location map of the Lite-Bala gold site

The Lite-Bala site is full of 8 (eight) gold deposits (2 non-active and 6 active) and 6 (six) camps. The
site is located in a humid and hot tropical zone with high temperature ranges (10 - 20 °C), a rainy
season from March to October, and a dry season from November to February. It is covered with dense
forest and the annual precipitation accumulations vary between 800 mm and 1600 mm of water. The
landscape is made up of plateaus and low altitude hills characteristic of the central basin (<700 m).
The schistose and sandstone rocks with little or no metamorphosis are the main constituents of the
site. The soils are associated with the Ferralsols group, mineral soils from highly weathered materials
and rich in kaolinites and iron sesquioxides. The hydrography of the gold site is dense like that of the
central Congo basin (Mantel et al.,, 2023; Omasombo et al., 2019; Ngongo et al., 2009) .

The population of the site, estimated at 6,000 inhabitants, fluctuates with the seasons, productivity
and the economic situation of the province. It practices subsistence crops (cassava and corn) outside
the site and rarely on the site, and small trade inside the site. The health situation of the Lite-Bala site
is precarious with a range of diseases (malaria, gastrointestinal diseases, high blood pressure,
dermatitis, kidney diseases, anorexia, sexually transmitted diseases, urinary infections, etc. (WHO,
2017).

I1.2 Sampling strategy

sampling was used during the sampling campaigns. The number of samples to be collected is
determined by the surface area of the sampling area ( +/A +1 where A is the surface area in hectares)
(ADEME, 2018) and the length of the river (Casado et al., 2021) . Twenty-eight ( 28) soil samples
were collected at the surface (0 — 25 cm) in zones 1 and 2 (SS) and at depth (40 - 65 cm) noted DS in
zone 2. Ten surface water (RW) samples, ten interstitial water (IW) samples taken from the
sediments after a 24-hour rest and two spring water (WS) samples were also collected on the site.
Samples were packaged in plastic bags and polyethylene (PE) bottles, after drying of soils and
sediments under shade or acidification of surface and interstitial waters (IUSS Working Group WRB,
2022).

I1.3 Physicochemical analyses

Physicochemical analyses concerned the variables influencing the mobility of ET in soils and
sediments as well as the transfer of ET to plants (pH, Eh, organic carbon (Corg), granulometry, O,
dissolved) (Roux, 2024; Hullot, 2023; Brandely, 2022; Bataillard et al., 2012) . These variables were
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determined in the field using a multiparameter Oyster Meter probe, Model 341350A are pH (NF T 90
008) and Eh by potentiometry with an electrode in Ag/AgCl, KCl saturated ( E,=0.199mV) on a

soil or sediment solution (1:5 v/v), and O, dissolved usinga HANNA HI 9146 brand Oximeter. In the

laboratory, organic carbon (Corg) was determined by the Walkley and Black method (not
standardized) and the particle size (NF P 94-057) by the sedimentation method. (IUSS Working
Group WRB, 2022; Casado et al,, 2021) .

I1.4Statistical processing

Descriptive statistics were used to visualize the results (boxplots) while principal component
analysis (PCA) was used to reduce the explanatory variables of the mobility and transfer of trace
elements to plants (Husson et al.,, 2018) .

III. RESULTS
II1.1 Analyses of the physicochemical variables of the soils and sediments of the Lite-Bala gold site.

Figure 2 reveals seasonal variations in pH at the site.
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Figure 2 Seasonal variation of pH

It is clear from this figure that the pH values are below 7, and the most acidic compartments are SS,
DS, WS, slightly acidic (RS) and less acidic (RW and IW). The average pH of the soils at the Lite-Bala
gold site changes from 5.46 in zone 1 and 4.62 in zone 2 during the rainy season to 5.21 in zone 1 and
4.32 in zone 2 during the dry season . Figure 3 shows the seasonal evolution of the redox power (Eh)
at the gold site.
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Figure 3 Seasonal variation of redox power (Eh)

It is clear from this figure that the SS, DS, WS and RS compartments exalt more oxidizing conditions
than RW and IW. The values of the redox power (Eh) are high (390 mV) in the dry season than in the

12073



Stéphane et al.

Seasonal Variations in the Physico-Chemical Characteristics

rainy season (340 mV) . Figure 4 illustrates the evolution of the electrical conductivity with the

season.
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Figure 4 Seasonal variation of electrical conductivity

This figure shows that EC values are higher in the dry season (+ 99.65 pS/cm) than in the rainy
season (* 56.47 uS/cm). Figure 5 displays the seasonal variations in organic carbon (Corg) contents
of soils and sediments of Lite-Bala.
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Figure 5 Seasonal variation of Corg

This figure shows low Corg contents (<1%) and fluctuations are less significant (0.31% in dry season
and 0.28% in wet season). Figure 6 displays the seasonal variation of clay contents in soils and
sediments at the Lite-Bala gold site.
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Figure 6 Seasonal variation in clay contents

Zonez

This table shows that deep soils experience fewer fluctuations than surface soils and sediments.
Fluctuations in clay content are very marked in zone 1 (RS: 16.63 - 7.01%) than in zone 2 (34.27 -
41.07%). Figure 7 provides information on the cation exchange capacity of soils and sediments
according to their clay content.
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This figure shows that the CEC values of deep soils (DS) (17.52 meq/kg) and surface soils (SS) (22.5
meq/kg) are higher than those of sediments (2.86 meq/kg). Figure 8 provides information on
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This figure shows temperature differences between the wet and dry seasons for most compartments.
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Figure 9 displays major element contents of soils and sediments at the gold site.

Itis clear from this figure that iron contents are high in residues ( MT) 3582.65 + 2910.76 mg/kg and
deep soils (DS) 2349.55 + 731.48 mg/kg. Ca contents are high in plants (V) 1346.47 + 883.97 mg/kg
those of aluminum and Mn in interstitial waters (IW) for respectively 52.56 + 97.60 and 7.36 + 11.90
mg/kg. Surface and spring waters show values of 10.633 + 10.87 and 0.97 + 0.46 mg/L in Al, 0.108 *
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Figure 9 Major element contents in soils and sediments

0.23 and 0 mg/L in Fe, 4.30 + 6.23 and 0.18 * 0.09 mg/L, respectively.
II1.3 Statistical analysis

[11.3.1 Significance test of deviations

Table 1 provides information on the significance of seasonal variations.
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Table Mann-Whitney significance test by season

Mann-
Whitney Settings (rainy season and dry season)
test
pH Hey EC Corg Sand Clay T
w 2412.5 1036 1088 999.5 783 706 2957
p-value | 0.001317** 6.353;9*& 0.0001881** | 0.3045* | 0.5296* | 0.872* 1.5(;*5*&

* p-value > 0.05: there is no significant difference ** p-value < 0.05: there are significant differences

This table reveals that the pH variables Eh, EC and T experience significant variations with the
seasons.

I11.3.2 Principal component analysis (PCA): biplots

Figures 9 and 10 respectively represent the correlation circle between the physicochemical variables
and the biplot of the best projected individuals and variables of soils and sediments.

Variables - PCA

Dim1 (40.1%)

Figure 9 Correlation circle between physicochemical variables

This circle shows that the best projected variables are Eh, clay and sand contents, pH and aluminum
(Al) contents with a total inertia of 66.6%. A strong correlation between clay contents and aluminum
contents but also between pH and Eh. Fe, Corg and Mn contents are not well projected.
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Figure 10 Biplot of individuals and soil and sediment variables

This figure shows that the variables contributing significantly to explaining certain phenomena in
soils and sediments are the sand and clay contents (PC1 54.8%) and the pH and the redox potential
(PC2 32.7%) for a total inertia of 87.5%. This figure also shows that the pH is highly correlated in the
opposite direction to Eh (- 0.86) and the sand content to the clay contents (- 0.75) while the total
extractable aluminum content is highly correlated to clay.
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IV. DISCUSION

Several authors claim that the dynamics of ETMs are based on several mechanisms linked to the
physicochemical characteristics of the soils, sediments and waters of the site. Indeed, the main agents
of the degradation or alteration process of rocks and minerals of superficial formations are
temperature, water, wind and living organisms, and the latter differ from one point of the globe to
another (Roux, 2024; Brandely, 2022; Quimeby et al., 2022; Caurel, 2019).

Furthermore, the parameters affect the physicochemical characteristics of the compartments of a site
in different ways. Thus, the weathering phenomena of rocks, in cold and hot environments, differ and
lead to the formation of very different and varied primary and secondary minerals, including clays,
aluminum and iron oxides and hydroxides, and carbonates (Gasser et al., 2023; IUSS Working Group
WRB, 2022; Caurel, 2019) . The nature of these compounds in the compartments of the Lite-Bala site
determine the acidity, the redox power, the sorption or desorption capacity, etc. of soils, sediments,
and waters.

Other authors still maintain that the soil and climate conditions of the site (temperature, humidity,
rainfall), human activities (cultivation practices, use of phytosanitary products and chemical
fertilizers, etc.) as well as biological activities impact the pH of soils, sediments and water. These
impacts are manifested by variations in pH over time, or even during the year. The magnitude of
these impacts is determined by the various factors mentioned above (Brandely, 2022; Quimeby et al,,
2022).

Previous studies show that over time, leaching by rainwater containing sulfur or nitrogen-based acid
anhydrides and carbon dioxide from the decomposition of organic matter or industrial waste acidify
soils (Quimeby et al,, 2022; Assad, 2017) . The Lite-Bala gold site, located in a humid tropical zone
with significant thermal and water amplitudes, can only present fluctuations in variables during the
year and in the long term. The high pH values of surface soils in the rainy season and in the dry season
are due to rainwater whose pH is 5.60, but overall the pH of the soils varies between 4 - 8 (Caurel,
2019; Pedro et al., 2007) .

Several scientific studies have demonstrated that the redox capacity (Eh) conditions the chemical
and biological processes involving electronic exchanges. In addition, the redox capacity modifies the
oxidation state of ions in solution and influences the formation and dissolution of trap particles. For
water, Eh provides information on the oxidative or reducing nature of water and consequently on the
mobility of ETMs in water (rain oxidation state) (Roux, 2024; Caurel, 2019; Hayzoun, 2014) .

The redox potential of soils and sediments allows to define the redoxymorphic characteristics
(oxymorphic and reductimorphic) of soils and sediments. Otherwise, it informs whether soils and
sediments can contain substances in the oxidized state exalt a redder tint while unlike substances in
the reduced state manifesting a dark tint (IUSS Working Group WRB, 2022) . The Eh values of Lite-
Bala soils and sediments indicate that they have oxymorphic characteristics and a red coloration. As
for the mobility of ETM on the Lite-Bala gold site in relation to the redox potential, it varies with the
seasons as indicated by the results obtained, Eh is high in the dry season and Eh low in the rainy
season.

Some authors, however, have indicated that the high number of processes and redox couples
involved make its interpretation less easy in the field. Furthermore, high concentrations of ETM in
soils can affect the electron exchange capacity (Eh) but also the biological processes modifying the
pH and Eh of soils (Roux, 2024; Caurel, 2019) . As for watercourses, studies show that the parameters
(pH, Eh) are defined by the calco-carbonic balance and therefore change with the seasons. The Eh of
water is also modulated by the oxygen content and seasonal changes in Eh in the water column affect
the mobility of ETM but also the presence of organic and inorganic complexing agents (chlorides,
sulfates, etc.) (Vualu, 2020; Hayzoun, 2014) .

Several authors claim that the electrical conductivity of soil and sediment solutions as well as water
provides information on the soluble salt content and is determined by the geochemical nature of the
site and the concentration of ions in solutions but also by the calco-carbonic balance (Amlan et al,,
2023; Hayzoun, 2014)
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As for organic matter, studies have shown that it plays an important role in the migration of ETMs.
Indeed, the carbon cycle is determined by natural processes and human activities, and therefore
experiences seasonal fluctuations (Feix & Tremel- Schaub, 2020) . In the case of Lite-Bala soils and
sediments, the low Corg contents make these variations barely perceptible.

The CEC of soils and sediments is a function of the type of soil and sediment composition (Corg, clays,
pH) (Casado et al., 2021; Amel, 2020, 2020; Caurel, 2019) . The CEC values obtained are close to the
CEC values of kaolinites, the most abundant clay minerals in humid tropical areas (Amel, 2020) . In
sediments, CEC varies between 2 and 200 cmol(+)/kg depending on its clay composition (type and
quantity). The soils and sediments of Lite-Bala display CEC values close to the lower limit.

Regarding the temperature of soils, sediments and waters, several researchers report that it is an
important parameter influencing chemical and biological processes, and changes with daily and
seasonal variations in ambient temperature. The drop in temperature promotes physical adsorption
while the increase in temperature promotes chemical adsorption. The temperature difference
between the two seasons will affect the behavior of ETMs (Casado et al., 2021; Amel, 2020; Caurel,
2019; Hayzoun, 2014) .

As for the granulometry, a function of the parent rock, the climate and physical, chemical and
biological alterations, it displays a diversity of composition in clay minerals. Several studies reveal
that in hot tropical zones, kaolinite is preferentially formed and the number of charges that can be
fixed by this clay is low (CEC < 35 cmol(+)/kg (Amel, 2020; Ngongo et al,, 2009) . In Lite-Bala soils,
the yellowish color resulting from the mixture of red ferric compounds with white kaolinite is an
indication of the presence of this clay.

Several authors also claim that high contents of major elements such as Fe and Mn can lead to
oxidation of ETMs allowing their stabilization by adsorption on clay particles (Amel, 2020; Caurel,

2019) . Concerning iron, the form Fe® is insoluble at pH > 4 while Fe* remains soluble up to pH 6.
Variations in pH and Eh in soils, sediments and waters with the seasons affect iron contents in these
compartments (Roux, 2024; Brandely, 2022; Pedro et al., 2007) . The water quality criteria values for
Al, iron and Mn, for consumption and preservation of aquatic organisms in surface waters, being
respectively 0.1, 0.3 and 0.05 mg/L, the contents found in the surface and spring waters of Lite-Bala
in Al suggest a degradation of their quality. However, compared to the tolerable daily doses in ETM,
which for a 60 kg individual are 60 mg/kg for Al, 30 mg/kg for Fe and 10 mg/kg for Mn, they do not
present a health risk (Roux, 2024; Beaulieu, 2021; Vualu, 2020).

The variability of physicochemical variables is attested by the Mann-Whitney significance test for
which several variables have a p-value less than 0.05 (Husson et al, 2018) while the strong
correlation between Al and clay contents is due to the fact that the latter is a component of clays
(Amel, 2020) . The difference in resemblance between soils and sediments is due to the fact that the
latter are formed by accumulation and deposition of particles suspended in the water column
(Hayzoun, 2014) .

CONCLUSION

The season impacts the physicochemical characteristics (Eh, pH, CEC, ETM contents) as well as the
biological processes of soils, sediments and watercourses of the Lite-Bala gold site, in other words
the mobility of ETMs. The impact evolves not in the direction of modifying the pH, Eh and CE values
but rather in the direction of amplifying them. The behavior of ETMs (mobility, availability,
bioavailability) evolves in one direction or another. The high Fe contents are responsible for the red
coloring of soils and sediments which is influenced by the presence of kaolinite, a white clay. The high
Al and Fe contents also reflect the state of degradation of the rivers exploited on the Lite-Bala gold
site. The strong correlation between Al and clay contents indicates that the latter is a component of
clays.

DEDICATION AND ACKNOWLEDGEMENT

This study was possible with the partnership of the National Water Institute of the University of
Abomey-Calavi of Benin and the University of Kinshasa of DRC. Our thanks to the academic
authorities of these two institutions.

12078



Stéphane et al. Seasonal Variations in the Physico-Chemical Characteristics

BIBLIOGRAPHICAL REFERENCES

ADEME. (2018). Methodology for determining background values in soils: Territorial scale .
Environment and Energy Management Agency (ADEME). www.ademe.fr/mediatheque

Amel, B. (2020). Synthesis and characterization of clay-based materials . Badji Mokhtar University-
Annaba.

Amlan, PG, Chouti, WK, Dedjiho, CA, & Fangnon, KR (2023). Assessment of chemical pollution of water
by trace metal elements (TME): Case of the Mekrou River (north-west Benin) . 192 .

Assad, M. (2017). Transfer of trace metal elements to plants: Mechanisms and risk assessments in
environments exposed to anthropogenic activities . University of Burgundy Franche-Comté.

Bataillard, P., Michel, ]., Beaucaire, C., Deschamps, T., & Krimissa, M. (2012). Guide “Characterization
of the mobility of mineral trace elements in the unsaturated zone of the soil: Site diagnosis”.
CaPhélnE: Characterization of transfer phenomena in the unsaturated zone of trace elements.

Beaulieu, M. (2021). Intervention Guide—Soil Protection and Rehabilitation of Contaminated Sites .
Ministry of Sustainable Development, Environment and the Fight Against Climate Change
(MELCQ). Quebec. http://www.environnement.gouv.qc.ca/sol/terrains/guide-
intervention/guide-intervention-protection-rehab.pdf

Bikubanya, D.-L., Geenen, S., & Verbrugge, B. (2022). InforMining An in-depth study of informalization
dynamics in global gold production . 131.

Brandely, M. (2022). Behavior of metallic trace elements in excavated soil stored in an Inert Waste
Storage Facility: Characterization of the source term and evaluation of the perenniality of a
treatment by chemical stabilization . University of Lyon.

Casado, C., Wildi, M., Ferrari, BJD, & Werner, 1. (2021). Strategy for assessing sediment quality in
Switzerland. Study developed on behalf of the Federal Office for the Environment (p. 98). Swiss
Center for Applied Ecotoxicology, EPFL-ENAC-IIE-GE.

Caurel, C. (2019). Experimental study of the mobility of trace elements (Cr, Cu, Pb, As) at the scale of a
bimodal poral system: Importance and localization of microbial activity .

Feix, 1., & Tremel-Schaub, A. (2020). Soil contamination: Transfers from soil to plants . EDP Sciences.
https://doi.org/10.1051/978-2-7598-0261-6

Gasser, M.-0., Bossé, C., Clément, C.-C., Grenon, L., Mathieu, ].-B., & Tramblay, M.-E. (2023). Report 1 of
the Study on the Health of Agricultural Soils in Quebec: Health status of the main cultivated soil
series. (Final report presented to the Ministry of Agriculture, Fisheries and Food (MAPAQ) 1;
p- 190). Institute for Research and Development in Agroenvironment (IRDA).

Hayzoun, H. (2014). Characterization and quantification of the anthropogenic and industrial pollutant
load in the Sebou basin . University of Toulon -Sidi Mohamed ben Abdellah University (Fez,
Morocco).

Hullot, O. (2023). Functional ecotoxicology approach through the study of soil-plant-annelid
interactions in contaminated soil . Université Paris-Saclay.

Husson, F., Cornillon, P.-A., Guyader, A., Jégou, N., Josse, ]., Klutchnikoff, N., Le Pennec, E., Matzner-
Lgber, E., Rouviére, L., & Thieurmel, B. (2018). R for Statistics and Data Science. Practice of
Statistics . Saic Edition - University of Rennes 2. https://r-stat-sc-donnees.github.io/

[IUSS Working Group WRB. (2022). World Reference Base for Soil Resources. International soil
classification system for naming soils and creating legends for soil maps (4th edition).
International Union of Soil Sciences (IUSS).

Mangambu, M]DD (2023). Semi-industrial mining in the Aruwini River, Congo Basin (DRC): Imperatives
and requirements for sustainable development of local communities .

Mantel, S., Dondeyne, S., & Deckers, S. (2023). World reference base for soil resources (WRB). In
Encyclopedia  of  Soils in the  Environment  (pp. 206-217).  Elsevier.
https://doi.org/10.1016/B978-0-12-822974-3.00161-0

Ngongo, M., Van Ranst, E., Baert, G., Kasongo, E., Verdoodt, A., Mujinya, BB, & Mukalay, J. (2009). Guide
to soils in the Democratic Republic of Congo, volume I: Study and management .

Omasombo, T], Laghmouch, M., Krawczyk, ]., Ngakpwa, MD, Telo, GF, & Stroobant, E. (2019). The Zaire
State mired in Mobutu's ethnic identity, NORD-UBANGI, Republic Democratic Republic of Congo
(Royal Museum for Central Africa). AFRICA-Museum.

12079



Stéphane et al. Seasonal Variations in the Physico-Chemical Characteristics

WHO. (2017). Occupational and environmental health risks associated with artisanal and small-scale
gold mining  (World Health  Organization). World Health  Organization.
https://iris.who.int/handle/10665/259451

Pedro, G., Chapron, J.-Y., & Fanon, J. (2007). Biogeochemical cycles and continental ecosystems
(Academy of Sciences). EDP Sciences.

Quimeby, C., Heuguet, B., Normand, L., Dorel, M., Dorey, E., Sauvadet, M., & Coulis, M. (2022). Soil
fertility diagnosis adapted to the Guadeloupean pedoclimatic context. Soil fertility and organic
fertilization - SOLORGA Project . Tropical Technical Institute (IT2).

Roux, J. (2024). Fate of micropollutants in a reed bed filter treating road runoff water — Importance of
microbial communities . Environmental Sciences. UPEC UP12 -Université Paris-Est Créteil Val-
de-Marne-Paris 12.

Vualu, IMP (2020). Approaches to geochemical and geo-environmental characterization of a mining
project in the context of a naturally high and/or anthropized geochemical background:
Application to the mining sectors SISCOE-SULLIVAN-MARBAN, VAL-D'or, Canada . University
of Quebec in Abitibi-Temiscamingue.

Al-Qadri, A. H., Zhao, W.,, Li, M., Al-Khresheh, M. H., & Boudouaia, A. (2021). The prevalence of the
academic learning difficulties: An observation tool. Heliyon, 7(10).
https://doi.org/10.1016/j.heliyon.2021.e08164

Ma'Mun, T. N,, Kosasih, A, Rohmayani, Y., Fimansyah, E. K., & Al-Khresheh, M. H. (2021). Foreign
language teachers' technological and pedagogical content knowledge: A study with AFL
teachers in Indonesia. Journal of Language and Linguistic Studies, 17(4), 1998-2021.

Ndagijimana, ]. B., Khan, S., Habimana, 0., Musengimana, J., Manirakiza, P., Dushimimana, ]. C, &
Mushimiyimana, H. (2024). The Role of Symbolab Calculator Usage to Enhance Pre-Service
Primary Teachers’ Conceptual Understanding in Trigonometry Through Community of
Inquiry. Pakistan Journal of Life and Social Sciences (PJLSS), 22(1).

Jam, F. A, Akhtar, S., Hagq, I. U., Ahmad-U-Rehman, M., & Hijazi, S. T. (2010). Impact of leader behavior
on employee job stress: evidence from Pakistan. European Journal of Economics, Finance and
Administrative Sciences, (21), 172-179.

12080


https://doi.org/10.1016/j.heliyon.2021.e08164

