
Open Journal of Soil Science, 2025, 15(1), 43-69 
https://www.scirp.org/journal/ojss 

ISSN Online: 2162-5379 
ISSN Print: 2162-5360 

 

DOI: 10.4236/ojss.2025.151003  Jan. 15, 2025 43 Open Journal of Soil Science 
 

 
 
 

Sediment Quality Assessment on Bartlett Pond 
in Laredo, Southern Texas, USA 

Maya P. Bhatt1*, Ganesh B. Malla2, Amede Rubio1, Alfred Addo-Mensah1 

1Department of Biology and Chemistry, Texas A&M International University, University Boulevard, Laredo, Texas, USA 
2Departjment of Mathematics, Computer, Geology and Physics, University of Cincinnati-Clermont, College Clermont Drive,  
Batavia, OH, USA 

 
 
 

Abstract 
This study evaluates the dynamics of trace metals impacts on the ecosystems 
of the Bartlett Pond, a small shallow wetland pond located in Laredo, Texas by 
analyzing sediment samples taken from four quadrants of the pond. The con-
centrations of trace elements in sediment samples are highest for iron (Fe), 
followed by chromium (Cr), then lead (Pb), with lower concentration of anti-
mony (Sb), cobalt (Co), arsenic (As), cadmium (Cd), and the lowest concen-
tration being thallium (Tl) within Bartlett Pond. The sediment quality of the 
pond is acceptable for organisms and the environment as trace element con-
centrations (e.g. As, Cd, Cr, and Pb) are within the probable effect concentra-
tion (PEC) of National Ocean and Atmospheric Administration (NOAA) 
guidelines although the PEC values for Co, Fe, Sb and Tl are not given. Biva-
riate and multivariate correlation analysis shows that most trace elements ex-
hibit a strong positive correlation among them indicating the same anthropo-
genic sources and biogeochemical processes control these trace elements con-
centrations within the pond. We provided a comprehensive snapshot of trace 
element concentrations in sediments through descriptive analysis, laying the 
foundation for future environmental risk assessments. Correlation analysis of 
eight trace elements helped identify relationships, offering insights into pollu-
tion sources and potential health impacts. Additionally, univariate and multi-
variate predictive analyses generated numerous models, extending beyond the 
interpretation of partial and full regression coefficients. We also included 
graphical analyses of trace element variations, which are critical for under-
standing environmental processes and geochemical patterns. These findings 
advance our understanding about trace metals dynamics in sediments and 
may be a valuable reference for ecosystems and environmental management 
of different landscapes. 
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1. Introduction 

Monitoring environmental conditions primarily in terrestrial and aquatic ecosys-
tems is crucial for human health and prosperity, the health of other organisms 
residing in those ecosystems, and for the conservation of environment and eco-
systems ecology of any biome on the earth. Human activities including land use 
changes are directly linked with the higher levels of sediment and chemical con-
taminants through urban runoff. As a result, aquatic ecosystems in urban areas 
are seriously threatened [1]-[7]. Approximately half of the wetlands in the United 
States have been lost, with the primary cause being development and agricultural 
drainage practices as documented by Cunningham and Cunningham, 2021 [8]. 
The decrease in wetland cover or the conversion of wetlands to other land uses is 
primarily driven by population growth, urban development, and agricultural ex-
pansion in recent years. Human activities over the past few decades have contrib-
uted to global challenges such as water scarcity and food insecurity. The loss of 
wetlands in the area may result in various environmental consequences, including 
loss of habitat for numerous species, decreased water quantity and degraded water 
quality, lowered water table levels and increased concentrations of chemicals in-
cluding contaminants, increased frequency of erosion and flooding in the region, 
decline in bird diversity, with no migratory birds observed in the region and rising 
regional temperatures. These impacts highlight the critical importance of preserv-
ing wetland ecosystems [7]-[11]. 

Runoffs from roads and urban centers carry out tremendous amount of various 
pollutants such as salts, trace metals, polycyclic aromatic hydrocarbons (PAHs) 
which are very toxic to aquatic organisms [7] [12]-[17]. Various factors contribute 
to the type and quantity of pollutants in stormwater runoff. These include house-
hold hazardous wastes such as pesticides, cleaning agents, insecticides, and paints 
from urban centers; oils and grease from gas stations and parking lots; industrial 
wastes; sediments carrying pollutants from construction sites; organic matter, nu-
trients, and trace metals from business complexes; nutrients, organic matter, and 
pesticides from agricultural fields; and microorganisms from urban wastewater. 
These pollutants accumulate in nearby ponds, lakes, and stream ecosystems. The 
accumulation of various chemicals in aquatic ecosystems alters their natural bio-
geochemical dynamics. 

There are various studies reported about trace element contaminants in surface 
and groundwater [18]-[23] but the studies about trace elements dynamics in sed-
iment are lacking [2] [18] [24]-[26], particularly in Southern Texas region. The 
study of trace elements in sediments is essential to understand the ecotoxicologi-
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cal impacts in any landscape as the sediments act as a natural sink for numerous 
types of contaminants including trace metals and plays a role for metals transfor-
mation [25]. The high concentration of trace elements primarily appeared human 
altered landscape such as mining sites with acidic condition [18] [27]. The mining 
process provides significant economic opportunities, but it also generates chal-
lenges and risks to human health, other organisms, ecosystems, and the environ-
ment [27]-[30]. Various mining activities have taken place in Texas, including 
gold mining in central Texas during the 19th century, coal mining from the 1800s 
to the 1930s, and, more recently, hydraulic fracturing (“fracking”) due to advance-
ments in oil and gas extraction techniques [31] [32]. All these activities contribute 
to water contamination [28] [31] [32]. Additionally, fly ash from coal power plants 
contains high levels of radioactive elements, resulting in more radiation than nu-
clear waste [33]. 

Microorganisms such as phytoplankton and zooplankton consume contami-
nants including trace metals from contaminated water/sediments and bioaccu-
mulate them. These contaminants will biomagnify as they enter the food chain 
posing serious threat to the environment, ecology, wildlife and humans [7] [34]-
[37] and especially the top predatory species appeared to be the most seriously 
affected organism in the environment [37]. For example, pollutants accumulation 
in phytoplankton is up to 5000, and up to 50,000 in zooplankton, up to 500,000 in 
small fish, and up to 50 million times higher in large fish or top predator than the 
pollutant concentration in water itself [37] and they have numerous effects on 
organisms including direct toxic impacts and long term various effects such as 
carcinogenic, reproductive disorders, reduced growth, and neurological disorders 
to humans or other life-forms [1] [7] [8] [38] [39] and damage deoxyribonucleic 
acid (DNA), changes in species abundances, increased mortality and ultimately 
affecting the whole ecosystems ecology [16]. Coastal oceans currently receive mil-
lions of tons of heavy metals due to direct discharge from municipal wastewater 
and industries without treatment based on the documented report of Mateo-Sa-
gasta et al. (2017) [40].  

About 70% of heavy metal contamination comes from e-waste, and batteries 
make up another 10% to 20% [8]. According to United Nations Environment Pro-
gramme (UNEP) about 2.1 billion tons of solid waste generated by municipality 
worldwide in 2023 to 3.8 billion tons by 2050 and global direct cost for waste man-
agement was estimated at US$252 billion and including all hidden caused related to 
this will cost US$361 billon [41]. The world count estimated about 400 million tons 
of hazardous waste generated each year on the earth which causes substantial harms 
to humans and the environment, and these wastes are found everywhere and have 
contaminated every single ecosystem on the earth [42]. Plants can absorb, concen-
trate, or even decompose toxic contaminants in soil/sediment and groundwater, so 
that phytoremediation is considered as a main process to control contaminants in 
the environment and various types of microbes also concentrate metals or change 
the metals to less toxic forms in some environment [2] [8] [25] [43] [44].  
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The Bartlett Pond is situated within the Jovita Idar’s El Progreso Park complex 
in East Central Laredo in Texas which is about 12 km north-east of Laredo city 
center [7]. Soil in the pond is classified as hydric soil type whereas the surrounding 
area is Copita Soil Series [45] which is well drained fine sandy loam that is mod-
erately alkaline at a pH of 8.2. Hydraulic soils form in response to prolonged sat-
uration, are rich in organic matter, and develop anaerobic conditions in the upper 
layers, which support the growth of hydrophytic vegetation [46] [47]. Under anoxic 
conditions, redox reactions significantly influence the dynamics of trace metals. 

The authors hope to gain valuable insights by analyzing trace elements in sedi-
ment samples into the long-term exposure risks that these trace elements pose risk 
to organisms, wildlife, and even humans who may rely on these ecosystems for 
recreation, drinking water, or food sources from contaminated ecosystems. More-
over, sediments provide historical records of environmental contamination, ena-
bling scientists to trace pollution sources, deposition, transport mechanisms, bio-
availability, environmental processes, understand changes in water quality over 
time, and assess the effectiveness of pollution control measures [48]-[50]. Overall, 
sediment analysis provides a comprehensive tool for protecting biodiversity, safe-
guarding the whole ecosystems ecology of any landscape. Sediment quality from 
aquatic ecosystem has not been well understood in the region although there are 
some documented studies about the water quality [7] [51] [52]. The main objec-
tive of this study was to investigate the concentration and sources of trace ele-
ments in pond sediments which are responsible for changing the ecosystems ecol-
ogy of the Bartlett Pond. 

2. Study Area 

This research was conducted in the Bartlett Pond, an urban retention pond situ-
ated within the Jovita Idar’s El Progreso Park complex in East Central Laredo, TX 
(27.554722˚N 99.473889˚W) in Southern Texas (Figure 1). Historically, this pond 
served as a drainage basin for the Upper Zacate Creek system, which is one of the 
three major tributaries of the Rio Grande at Laredo, Texas. The pond has an area 
of nearly three hectares, is located about 12 km north-east of Downtown Laredo 
and its maximum depth is about 4.26 m [7]. Today, the pond is used recreationally 
as a place for catch and release fishing and non-motorized boating. Additionally, 
the pond acts as a catchment and pour point of run-off from residential and com-
mercial buildings including the Laredo International Airport and which are po-
tential sources of nonpoint pollution. The City of Laredo Parks and Recreation 
maintains both the park and pond. Bartlett Pond, which is the second largest pond 
within Laredo after Lake Casa Blanca is a habitat of many plants including algae 
and some flowering plants [7]. The site is also a habitat for many animal species 
including several migratory bird species especially in winter season [10]. Laredo, 
Texas is situated on the Mexico border with an elevation of about 127.41 m asl 
and an area about 265.7 km2 with a large area surrounded by forest. 

Rio Grande is the major river system in the area within Laredo, but its water 
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neither enters Bartlett Pond nor in Lake Casa Blanca since the river flows about 
14 km south from the pond [7]. Annual average rainfall is 500 mm, and the mean 
annual temperature is 23.5˚C. The average temperature ranges between 8.9˚C in 
December and 31.7˚C in August in the Laredo and August is the hottest month of 
the year with a minimum of 25.2˚C to maximum of 38.2˚C [53].  

 

 
Figure 1. Locations of Bartlett Pond in Laredo, Southern Texas with four quadrants in 
which 23 samples were collected from quadrant 1 (Q1), 20 from quadrant 2 (Q2) and 24 
samples collected from each quadrant 3 and 4 (Q3 and Q4), n = 91.  

3. Materials and Methods 
3.1. Sample Collection 

Bartlett Pond was divided into four quadrants: quadrant-I (Q1), quadrant-II (Q2), 
quadrant-III (Q3) and quadrant-IV (Q4) and each quadrant had 24 sampling 
points as in Figure 1 but we collected 23 sediment samples from quadrant 1 and 
20 sediment samples from quadrant 2 and 24 sediment samples from each quad-
rant 3 and 4 based on the site specific condition. With a total of 91 sediment sam-
ples were collected from four quadrants of the pond during summer 2018 (Figure 
1). There are two main inlet points in the pond; one at Q2 (quadrant II), where 
the surface runoff enters into the pond through the pipe, and the other at Q3 
(quadrant III) where more urban surface runoff enters into the pond [7]. Samples 
were taken in polyethylene bags and later dried and refrigerated at the laboratory 
of Texas A&M International University (TAMIU) until analysis for trace elements 
(Fe, Sb, Pb, As, Co, Tl, Cr, Cd).  

3.2. Analytical Methods 

Acid digestion of trace metals in sediment was done with a CEM MARS 6 Micro-
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wave Digestion System (CEM Corporation, Matthews, North Carolina, United 
States). Trace metal analysis was done with an Agilent ICP-OES 720 Inductively 
coupled plasma—optical emission spectrometer (Agilent Technologies, Santa Clara, 
California, United State). Exactly 0.500 g of dried powdered sediment sample was 
weighed into Teflon digestion vessels, 10 mL of acid mixture (7:3 HNO3/HF) and 
digested using EPA method 3051 on the microwave digester. The digested sample 
was emptied into a 50 mL volumetric flask, diluted to the mark with Milli-Q water 
and filtered into a sample container through a 0.45 μm polycarbonate filter and 
analyzed by Inductively Coupled Plasma—Optical Emission Spectrometer (ICP-
OES) for metal concentrations against a standard calibration curve by following 
US EPA 3015A method [54]. Replicate samples, standard reference material 
(SRM), field blanks and laboratory spikes were treated in the same way.  

3.3. Quality Control 

The accuracy of the instrument was checked by triplicate analysis of the same 
samples. Method blanks, spike recovery, and Certified reference material (CRM, 
CRM015-Sediment 2) analysis were also employed. CRM015-Sediment 2 from 
Sigma-Aldrich, and SRM 1566b oyster tissue from NIST were analyzed in the 
same way as the fish to check the accuracy of analysis [7]. The analytical values 
were within the range of certified values and the overall average recovery of trace 
metals in standard substances was between 88% and 105%.  

3.4. Statistical Tool for Data Analysis 

We utilized the statistical tool, Version 30.0.0 (241) of IBM SPSS Statistics soft-
ware for conducting our analyses. Our analytical approach centered around three 
primary programs within the software: 

1) Analyze > Compare Means: This module was instrumental in conducting 
comparisons of means across different groups or conditions, providing valuable 
insights into the variations and trends within our dataset. 

2) Analysis > Correlate > Bivariate: Through this tool, we explored the relation-
ships between pairs of variables, allowing us to assess the strength and direction 
of associations within our data. 

3) Analyze > Regression > Linear: Utilizing this program, we conducted linear 
regression analyses to model the relationships between one or more predictor var-
iables and a dependent variable of interest, facilitating a deeper understanding of 
the underlying patterns and predictive factors within our dataset. 

4. Results and Discussion 

4.1. Spatial Variations in Trace Elements  

The concentrations of trace elements in sediments samples were found in the fol-
lowing order: Fe >> Cr > Pb > Sb > Co >> As >> Cd > Tl within Bartlett Pond. 
Variation pattern of average concentrations with standard deviations of measured 
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trace elements (As, Cd, Co, Cr, Fe, Pb, Sb, and Tl) from quadrant 1 (Q1) (n = 23), 
quadrant 2 (Q2) (n = 20) and quadrant 3 and 4 (Q3 & Q4) each n = 24 is presented 
in Table 1. The measured arsenic (As) concentration varies from 0 to 14.8 mg/kg 
with mean value of 7.68 ± 2.86 mg/kg (n = 91). Quadrants 1, 2, and 4 moderately 
polluted while quadrant 3 heavily polluted based on the arsenic concentrations in 
sediment according to EPA sediment guidelines [26]. Cadmium (Cd) concentra-
tion varies from 0.14 to 7.3 mg/kg with mean value of 1.45 ± 1.85 mg/kg (n = 91). 
Quadrants 2, 3, and 4 moderately polluted with cadmium while quadrant 1 ap-
peared heavily polluted based on the EPA sediment guidelines (Onjefu et al. 2020) 
[26]. Cobalt (Co) concentration varies from 2.9 to 14.3 mg/kg with mean value of 
7.77 ± 2.34 mg/kg (n = 91). Chromium (Cr) concentration varies from 9.3 to 45.2 
mg/kg with mean value of 23.26 ± 6.46 mg/kg (n = 91). Chromium concentration 
in sediments appeared less pollution to moderate pollution according to EPA 
guidelines [26]. Iron (Fe) concentration varies from 4587 to 21935 mg/kg with 
mean value of 12,075 ± 3197 mg/kg (n = 91). Lead (Pb) concentration varies from 
9.9 to 50.1 mg/kg with mean value of 22.83 ± 6.53 mg/kg (n = 91). Lead concen-
tration appeared highest at quadrant 4 with moderate pollution and among all 
sediments samples pollution level of lead is less pollution to moderate pollution 
according to EPA guidelines [26]. Antimony (Sb) concentration varies from 3.8 
to 20.1 mg/kg with mean value of 9.95 ± 3.70 mg/kg (n = 91). Thallium (Tl) con-
centration varies from 0 to 8.4 mg/kg with mean value of 1.39 ± 1.70 mg/kg (n = 
91). The higher concentration of most of the measured trace metals such as (As, 
Cd, Sb and Fe) appeared at the quadrant (Q3) site close to the main inlet point of 
the pond and lead (Pb) and thallium (Tl) appeared higher at the quant close to 
(Q4) site.  
 

Table 1. Average trace element concentrations in sediment samples of different sections of Bartlett Pond within Laredo, Southern 
Texas during summer 2018. All values are in mg/kg. The standard deviations were calculated using n = 21 for Q1, n = 20 for Q2, and 
n = 24 for each Q3 and Q4 quadrants.  

Trace Elements Quadrant I Quadrant II Quadrant III Quadrant IV *TEC *PEC 

As (mg∙kg−1) 5.72 ± 3.06 7.19 ± 2.50 9.74 ± 2.23 7.92 ± 2.12 9.79 33 

Cd (mg∙kg−1) 1.47 ± 2.34 1.43 ± 1.82 1.39 ± 1.67 1.51 ± 1.60 0.99 4.98 

Co (mg∙kg−1) 6.44 ± 1.60 7.35 ± 2.08 9.34 ± 2.68 7.82 ± 1.91 nd nd 

Cr (mg∙kg−1) 23.30 ± 8.54 23.41 ± 4.73 23.27 ± 6.87 23.08 ± 5.27 43.4 111 

Fe (mg∙kg−1) 10,238 ± 2802 12,821 ± 1895 13,726 ± 4217 11,562 ± 2183 nd nd 

Pb (mg∙kg−1) 19.77 ± 4.80 22.62 ± 3.22 24.49 ± 5.76 24.26 ± 9.42 35.8 128 

Sb (mg∙kg−1) 7.23 ± 2.35 9.38 ± 2.98 12.73 ± 6.67 10.24 ± 3.41 nd nd 

Tl (mg∙kg−1) 1.07 ± 0.99 0.55 ± 0.95 1.76 ± 2.27 2.01 ± 1.79 nd nd 

*TEC (threshold effect concentration) and *PEC (probable effect concentration) data from NOAA Guidelines [24]. 
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4.2. Descriptive Analysis of the Trace Element Concentrations in 
Sediments: Environmental Implications 

The trace element concentrations in sediment samples were analyzed, and the de-
scriptive statistics for eight elements (As, Cd, Co, Cr, Fe, Pb, Sb, and Tl) are sum-
marized in Table 2. The mean concentrations of arsenic (As) and cadmium (Cd) 
were 7.68 mg/kg and 1.45 mg/kg, respectively, both falling below their Probable 
Effect Concentrations (PEC), indicating a lower likelihood of harmful ecological 
effects. However, the chromium (Cr) mean concentration of 23.26 mg/kg is sig-
nificantly below the TEC of 43.4 mg/kg, suggesting no immediate concern for sed-
iment toxicity. 
 

Table 2. Trace element concentrations in sediments: environmental implications. 

Element 
Mean  

(mg/kg) 
St. Error 

Median  
(mg/kg) 

St. Deviation 
Min  

(mg/kg) 
Max  

(mg/kg) 
*TEC  

(mg/kg) 
*PEC  

(mg/kg) 

As 7.68 0.30 7.19 2.86 0.00 14.88 9.79 33.0 

Cd 1.45 0.19 0.51 1.85 0.14 7.29 0.99 4.98 

Co 7.77 0.24 7.43 2.34 2.87 15.11 - - 

Cr 23.26 0.68 22.50 6.46 9.30 45.17 43.4 111.0 

Fe 12074.89 335.17 11707.97 3197.34 4587.41 21934.63 - - 

Pb 22.83 0.68 21.93 6.53 9.89 50.01 35.8 128.0 

Sb 9.95 0.39 9.73 3.70 3.88 20.03 - - 

Tl 1.39 0.18 0.82 1.70 0.00 8.38 - - 

*TEC and *PEC data from NOAA Guidelines [24]. 

 
Lead (Pb) had a mean value of 22.83 mg/kg, also below the TEC of 35.8 mg/kg, 

while iron (Fe), showed a wide concentration range, with a mean of 12,074.89 
mg/kg. Permissible specific regulatory guidelines for iron concentration are not 
established by international agencies such as WHO, US EPA, or NOAA. Iron is 
the most dominant trace element found in the sediment samples of Bartlett Pond, 
indicating a high likelihood of significant iron intake by aquatic organisms within 
the pond ecosystem. Iron also interacts with micronutrients and toxic elements 
[55]. 

Excessive iron intake can interfere with the utilization of other essential trace 
elements across various species. For instance, increased ascorbate intake becomes 
more effective in the presence of high iron levels [55]. Additionally, cadmium ab-
sorption can triple in individuals with normal blood hemoglobin but low serum 
ferritin due to mild iron deficiency, and lead absorption also increases under sim-
ilar conditions [55]. Low iron status in humans has been linked to elevated con-
centrations of toxic trace elements [55]. Experimental studies on animals have 
shown that low dietary iron levels lead to higher absorption and retention of cad-
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mium, cobalt, manganese, and zinc [56]. 
High concentration of these elements in water samples were reported earlier 

from this pond due to anthropogenic activities in the region and consequently fish 
tissue accumulated much higher concentration due to bioaccumulation posing se-
rious threat to humans through food web [7]. High accumulation of lead was 
found in urban soils and lake-river sediments due to anthropogenic activities [49] 
[57]. High lead concentration in sediments affects overlying water quality because 
of release of labile lead from sediment and bioaccumulate in fish which ultimately 
affects human health [7] [49] [58]-[60]. WHO (2017) [61] standard guideline 
value of lead concentration in water is less than 10 μg/L and several-folds higher 
concentration of lead in pond water than standard guideline makes the water un-
suitable for consumption [7]. Elements such as cobalt (Co), antimony (Sb), and 
thallium (Tl), for which there are no established PEC or TEC limits, showed mean 
values of 7.77 mg/kg, 9.95 mg/kg, and 1.39 mg/kg, respectively. While these ele-
ments do not have specific sediment quality guidelines, their concentrations are 
provided to support further ecological assessment. The variability, indicated by 
standard deviations and ranges, suggests some spatial or environmental influences 
on element deposition in the study area. 

The dataset offers a comprehensive snapshot of the trace element concentra-
tions in the sediments and provides a foundation for further environmental risk 
assessments, especially for elements with regulatory thresholds. Protection and 
restoration of soil-sediment ecosystems from contaminated heavy metals need to 
characterization and remediation such as immobilization, soil-sediment washing, 
and phytoremediation techniques [62]-[65], by effective electrokinetic technology 
using reactive filter media [66] and nano silica mediated remediation strategies 
observed to be the effective solution for environmental restoration and protection 
of ecosystems [67].  

4.3. The Predictive and Correlation Analyses 

The correlation analysis of all eight trace elements is presented in Table 3. This 
correlation analysis is crucial as it helps identify relationships between different 
trace elements, which can provide insights into environmental pollution sources 
and their potential health impacts. Understanding these correlations can guide 
effective monitoring and remediation strategies. 

Arsenic (As) shows a strong positive correlation with Cobalt (Co) (0.708) and 
Antimony (Sb) (0.536), indicating that as the concentration of Arsenic increases, 
the concentrations of Cobalt and Antimony also tend to increase. Cadmium (Cd) 
has a moderate positive correlation with Cobalt (Co) (0.397) and Thallium (Tl) 
(0.317), suggesting a tendency for these elements to increase together. Cobalt (Co) 
is positively correlated with several elements, including Chromium (Cr) (0.569), 
Iron (Fe) (0.601), Lead (Pb) (0.530), and Antimony (Sb) (0.690). This indicates 
that higher levels of Cobalt are associated with higher levels of these elements. 
Chromium (Cr) shows a strong positive correlation with Iron (Fe) (0.726) and a 
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moderate correlation with Lead (Pb) (0.545), suggesting that these elements often 
occur together in higher concentrations. Iron (Fe) is positively correlated with 
Lead (Pb) (0.604), indicating a tendency for these elements to increase together. 
Lead (Pb) has moderate positive correlations with Cobalt (Co) (0.530) and Chro-
mium (Cr) (0.545), suggesting a relationship between these elements. Antimony 
(Sb) shows a strong positive correlation with Thallium (Tl) (0.624), indicating that 
these elements tend to increase together. Thallium (Tl) has moderate positive cor-
relations with Cadmium (Cd) (0.317) and Antimony (Sb) (0.624), suggesting a 
relationship between these elements. Their correlation analysis was stronger 
among the trace elements in water samples from the same pond suggesting release 
of these pollutants from sediment into surface water but the accumulation rate of 
trace elements in sediment looked different [7]. Anaerobic sediments from 
streams, ponds and lakes, and marine preserve more pollutants than aerobic sed-
iments [68] [69]. The change in trace metal dynamics in sediments are affected by 
several factors such as hydrodynamic factors, physico-chemical processes such as 
sorption, redox conditions, and microbial transformation and hence accurate 
evaluation is especially important for the assessment of environment [50]. 

 
Table 3. The correlation analysis of trace elements. 

 As Cd Co Cr Fe Pb Sb Tl 

As 1.000        

Cd 0.343 1.000       

Co 0.708* 0.397 1.000      

Cr 0.309 0.082 0.569** 1.000     

Fe 0.500** −0.029 0.601 0.726* 1.000    

Pb 0.342 −0.012 0.530 0.545** 0.604** 1.000   

Sb 0.536 0.302 0.690* 0.050 0.257 0.330 1.000  

Tl 0.230 0.317 0.308 −0.039 −0.028 0.038 0.624* 1.000 

The correlations marked with * are significant at the 1% level, and those marked with ** are significant at the 5% level. 

4.3.1. The Univariate and Multiple Predictive Analyses of Arsenic in  
Relation to Other Trace Elements 

There are strong correlations between arsenic and other trace elements, allowing 
us to develop predictive models for arsenic levels in conjunction with these ele-
ments. Figure 2 illustrates the regression analysis of the relationship between ar-
senic and cobalt. The model is represented by the equation As  = 0.87 Co + 0.94, 
with an R-squared value of 0.5012, indicating its effectiveness in forecasting arse-
nic levels based on cobalt concentrations. Specifically, a 1 mg/kg increase in cobalt 
in sediment results in a 0.87 mg/kg increase in arsenic levels within the same sed-
iment. 
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Figure 2. The bivariate distribution of arsenic and cobalt. 

 
We have developed a predictive model for arsenic based on its significant cor-

relation with iron (Fe), as shown in Table 3. However, its practical utility is limited 
due to a low R2 value of just 0.25. To derive the multivariate model (Model # 3) in 
Table 4, all seven remaining trace elements were treated as independent variables 
and applied the Backward Elimination Regression method. The resulting model 
demonstrates high significance (F = 35.868, df = (3, 87), p < 0.001) with an R-
squared value of 0.553, signifying its practical utility. 

 
Table 4. Predictive models for estimating arsenic. 

Model # 
Independent  
variable(s) 

Predictive Model R2 value 

1 Co As  = 0.87 Co + 0.94 0.501 

2 Fe As  = 0.0004 Fe + 2.28 0.250 

3 Co, Cr, & Fe As  = 0.86 Co - 0.14 Cr + 0.0001 Fe + 0.916 0.553 

4.3.2. The Univariate and Multiple Regression Analyses of Cadmium in 
Relation to Other Trace Elements 

Cadmium shows no strong correlation with any trace elements, and as a result, 
we have not developed predictive models for cadmium in relation to elements like 
As, Co, Cr, Fe, Pb, Sb, and Tl. 

4.3.3. The Univariate and Multiple Regression Analyses of Cobalt in  
Relation to Other Trace Elements 

A predictive model was developed for cobalt since it demonstrated a strong rela-
tionship with Sb and Cr. In Figure 3, the regression analysis demonstrates the 
relationship between cobalt and antimony. The regression model, expressed as 
Co  = 0.44 Sb + 3.44 with an R-squared value of 0.4756, indicates the model’s 

effectiveness in predicting cobalt levels based on known antimony concentrations. 
The regression coefficient of 0.44 implies that a 1 mg/kg increase in antimony in 
sediment corresponds to a 0.44 mg/kg increase in cobalt levels within the same 
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sediment sample. Similarly, a predictive model for cobalt with another measured 
trace element chromium is detailed in Table 4. 

 

 
Figure 3. The bivariate distribution of cobalt and antimony. 

 
To determine the multivariate model (Model # 6) in Table 5, all seven remain-

ing trace elements were utilized as independent variables and applied the Back-
ward Elimination Regression method. The resulting model demonstrates high sig-
nificance (F = 89.738, df = (5, 85), p < 0.001) with an R-squared value of 0.841, 
signifying its substantial practical utility. 

 
Table 5. Predictive models for estimating cobalt. 

Model # Independent variable(s) Predictive Model R2 value 

4 Cr Co  = 0.92 Cr + 20.44 0.982 

5 Sb Co  = 0.44 Sb + 3.44 0.475 

6 As, Cd, Cr, Sb, & Tl 
Co  = 0.20 As + 0.19 Cd + 0.16 Cr  

+ 0.37 Sb − 0.19 Tl − 1.16 
0.841 

4.3.4. The Univariate and Multiple Regression Analyses of Chromium in 
Relation to Other Trace Elements 

The relationship between chromium and various trace elements has been widely 
studied, resulting in the development of predictive models. Among these, the only 
significant relationships involving chromium are with the trace elements iron (Fe) 
and lead (Pb). Figure 4 presents the predictive model linking chromium to iron, 
expressed as Cr  = 0.0015 Fe + 5.55 with an R-squared value of 0.5276. This 
model reliably predicts chromium levels based on iron concentrations. Specifi-
cally, for every 1 mg/kg increase in iron in sediment, chromium levels increase by 
0.0015 mg/kg in the same sample. 

Similarly, we have established a predictive model for chromium with another 
measured trace element lead detailed in Table 6. 
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Figure 4. The bivariate distribution of chromium and iron.  

 
Table 6. Predictive models for estimating chromium. 

Model # Independent variable(s) Predictive Model R2 value 

7 Fe Cr  = 0.0015 Fe + 5.55 0.527 

8 Pb Cr  = 0.54 Pb + 10.96 0.300 

9 As, Co, Fe, Pb, Sb, & Tl 
Cr  = −0.44 As + 2.01 Co + 0.001 Fe  
+ 0.15 Pb − 1.10 Sb + 0.69 Tl + 6.32 

0.733 

 
The multivariate model (Model # 9) in Table 6, was developed by utilizing all 

seven remaining trace elements as independent variables and applied the Back-
ward Elimination Regression method. The resulting model demonstrates high sig-
nificance (F = 38.364, df = (6, 84), p < 0.001) with an R-squared value of 0.733, 
signifying its substantial practical utility. 

4.3.5. The Univariate and Multiple Regression Analyses of Iron in  
Relation to Other Trace Elements 

Iron displays a statistically significant relationship with only two trace elements, 
chromium and arsenic, in sediment samples. In Figure 5, we present a predictive 
model for iron in relation to the trace element chromium. The regression analysis 
model for iron with respect to chromium is represented as follows: Fe  = 359.64 
Cr + 3710.1, with an R-squared value of 0.5276. This suggests the model’s effec-
tiveness in predicting iron levels based on known chromium concentrations. The 
regression coefficient of 359.64 indicates that a 1 mg/kg increase in chromium in 
sediment results in a 359.64 mg/kg increase in iron levels within the same sedi-
ment sample. 

Additionally, we have established a predictive model for iron with another 
measured trace element arsenic detailed in Table 7. 

To determine the multivariate model (Model # 12) in Table 7, we began by 
using all remaining trace elements as independent variables and employed the 
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Backward Elimination Regression method. The resulting model demonstrates 
high significance (F = 44.914, df = (4, 86), p < 0.001) with an R-squared value of 
0.676, signifying its substantial utility for practical applications. 

 

 
Figure 5. The bivariate distribution of iron and chromium. 

 
Table 7. Predictive models for estimating iron. 

Model # Independent variable(s) Predictive Model R2 value 

10 As Fe  = 558.26 As + 7785.1 0.250 

11 Cr Fe  = 359.64 Cr + 3710.1 0.527 

12 As, Cr, Cd & Pb 
Fe  = 369.55 As + 262.77 Cr − 318.05 Cd 

+ 97.37 Pb + 1362.91 
0.676 

4.3.6. The Univariate and Multiple Regression Analyses of Lead in  
Relation to Other Trace Elements 

Lead shows a statistically significant relationship with only iron and chromium 
among all trace elements. We developed predictive models for lead based on these 
two elements. Figure 6 presents the regression analysis for lead and iron: 𝑃𝑃𝑃𝑃�  = 
0.0012 Fe + 7.94, with an R-squared value of 0.3643. This indicates the model’s 
usefulness in predicting lead levels from iron concentrations. The coefficient of 
0.0012 suggests that a 1 mg/kg increase in iron leads to a 0.0012 mg/kg rise in lead 
in sediment samples. 

Similarly, we have established a predictive model for lead with another meas-
ured trace element chromium, which is presented in Table 8. 

To derive the multivariate model (Model # 15) as shown in Table 8, we began 
the process by utilizing all remaining trace elements as independent variables and 
employed the Backward Elimination Regression method. The resulting model 
demonstrates high significance (F = 22.380, df = (3, 87), p < 0.001) with an R-
squared value of 0.436, indicating its considerable practical utility for applications. 
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Figure 6. The bivariate distribution of lead and iron. 

 
Table 8. Predictive models for estimating lead. 

Model # Independent variable(s) Predictive Model R2 value 

13 Cr Pb  = 0.55 Cr + 10.00 0.300 

14 Fe Pb  = 0.0012 Fe + 7.94 0.364 

15 Cr, Fe, & Sb Pb  = 0.30 Cr + 0.001 Fe + 0.41 Sb + 3.72 0.436 

4.3.7. The Univariate and Multiple Regression Analyses of Antimony in 
Relation to Other Trace Elements 

Antimony shows a strong correlation with only cobalt among trace elements, and 
we have developed a predictive model for antimony based on cobalt. Figure 7 
presents the regression model: Sb  = 1.09 Co + 1.46, with an R-squared value of 
0.4756. This model effectively predicts antimony levels from cobalt concentra-
tions. The coefficient of 1.09 indicates that a 1 mg/kg increase in cobalt leads to a 
1.09 mg/kg rise in antimony in sediment samples. 

 

 
Figure 7. The bivariate distribution of antimony and cobalt. 
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In order to derive the multivariate model (Model #17) found in Table 9, we 
initiated the process by using remaining trace elements as independent variables 
and employed the Backward Elimination Regression method. The resulting model 
demonstrates high significance (F = 74.643, df = (4, 86), p < 0.001) with an R-
squared value of 0.776, indicating its substantial practical applicability. 

 
Table 9. Predictive models for estimating antimony. 

Model # Independent variable(s) Predictive Model R2 value 

16 Co Sb  = 1.09 Co + 1.46 0.475 

17 Co, Cr, Pb, & Tl 
Sb  = 1.18 Co - 0.26 Cr + 0.10 Pb  

+ 0.81Tl + 4.51 
0.776 

4.3.8. The Univariate and Multiple Regression Analyses of Thallium in 
Relation to Other Trace Elements 

Thallium shows a strong correlation with only antimony among trace elements, 
and we have developed a predictive model for thallium based on antimony. Figure 
8 presents the regression model: Tl  = 0.29 Sb − 1.47, with an R-squared value of 
0.3892. This model effectively predicts a thallium level from antimony concentra-
tions. The coefficient of 0.29 indicates that a 1 mg/kg increase in antimony leads 
to a 0.29 mg/kg rise in thallium in sediment samples. 

 

 
Figure 8. The bivariate distribution of thallium and antimony. 

 
Table 10. Predictive models for estimating thallium. 

Model # Independent variable(s) Predictive Model R2 value 

18 Sb Tl  = 0.56 Sb − 85.51 0.556 

19 Sb, Cr, Co, Cd, & Fe 
Tl  = 0.92 Sb + 0.08 Cr − 0.32 Co  

+ 0.17 Cd + 0.0001 Fe − 1.04 
0.486 
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To determine the multivariate model (Model # 19) in Table 10, we began by 
using the Backward Elimination Regression method, employing all remaining 
trace elements (Cadmium, Cobalt, Chromium, and Iron) as independent varia-
bles. The resulting model shows high significance (F = 16.077, df = (5, 85), p < 
0.001) with an R-squared value of 0.486. This underscores its considerable practi-
cal utility and relevance for applications. 

4.4. Graphical Analysis of Trace Element Variations in Sediments 

Graphical analysis of trace element variations in sediments is crucial for under-
standing environmental processes and geochemical patterns. By visually repre-
senting the distribution and concentration of trace elements, researchers can iden-
tify trends, anomalies, and spatial relationships within sediment layers. The min-
imum, mean, and the maximum concentrations of measured eight trace metals 
falling below their Probable Effect Concentrations (PEC) showing a lower likeli-
hood of harmful ecological effects although some sites show moderately polluted 
based on their concentration, but the pond water quality is unacceptable as the 
concentrations of these elements appeared exceeding higher than the US EPA 
(2024) [70] and WHO (2017) [61] standard guidelines. Below, we present histo-
grams for each trace element such as arsenic (Figure 9), cadmium (Figure 10), 
cobalt (Figure 11), chromium (Figure 12), iron (Figure 13), lead (Figure 14), 
antimony (Figure 15) and thallium (Figure 16) with the normal curve superim-
posed and the mean and standard deviation are provided in the top-right corner 
of the figures. 

 

 
Figure 9. Histogram displaying the spatial variation of the trace element arsenic (As) in 
sediments. The arsenic distribution is symmetrical. 
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Figure 10. Histogram displaying the spatial variation of the trace element cadmium (Cd) 
in sediments. The cadmium distribution is positively skewed, with a high frequency of 
small values and unusual gaps. 

 

 
Figure 11. Histogram displaying the spatial variation of the trace element cobalt (Co) in 
sediments. The cobalt distribution is symmetrical. 
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Figure 12. Histogram displaying the spatial variation of the trace element chromium (Cr) 
in sediments. The chromium distribution is approximately symmetrical. 

 

 
Figure 13. Histogram displaying the spatial variation of the trace element iron (Fe) in sed-
iments. The iron distribution is symmetrical, with a spike in the middle. 
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Figure 14. Histogram displaying the spatial variation of the trace element lead (Pb) in sed-
iments. The lead distribution is approximately normal, with spikes in the middle. 

 

 
Figure 15. Histogram displaying the spatial variation of the trace element antimony (Sb) 
in sediments. The antimony distribution is symmetrical. 
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Figure 16. Histogram displaying the spatial variation of the trace element thallium (Tl) in 
sediments. The thallium distribution is highly positively skewed, with a high frequency of 
small values. 

5. Conclusion 

Trace elements were evaluated on sediment samples from Bartlett Pond in Laredo, 
Southern Texas, to understand the trace metals dynamics within pond ecosystem. 
Higher concentrations of trace elements were observed at sampling sites near sur-
face runoff inlets, particularly in quadrant II and quadrant III. Iron emerged as 
the dominant chemical species in sediment samples, with chromium and anti-
mony being the most prevalent contaminant trace elements, followed by lead, co-
balt, arsenic, cadmium and thallium. The observed correlations and variability 
among trace metals suggest ongoing environmental influences that could alter 
these concentrations over time. Most trace elements were below their potential 
effect concentration (PEC) as mentioned in US EPA/NOAA, indicating low im-
mediate ecological risk but continuous monitoring is essential to detect any 
changes in these levels with time although water quality of the pond is unaccepta-
ble for drinking and any other purposes as all measured trace elements were ex-
ceeding higher than the US EPA and WHO guidelines. Significant correlations 
between elements like As, Co, and Sb suggest common pollution sources or geo-
chemical processes within the pond, which are critical for source identification 
and pollution control. The developed models provide a robust tool for predicting 
trace element behavior, aiding in proactive environmental management and pol-
icymaking. Additionally, expanding the scope to include more trace elements and 
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different environmental matrices (e.g., water, biota) would provide a more com-
prehensive understanding of the environmental dynamics and risks associated 
with trace element contamination. Overall, this study contributes to the broader 
field of environmental issues by providing a detailed analysis of trace element con-
tamination in sediments, offering insights that are crucial for protecting ecosys-
tems and public health. Anthropogenic sources, including surface urban runoff 
and industrial activities primarily control the trace element chemistry in the pond. 
The relatively higher concentration of trace metals in sediments is primarily due 
to accumulation with time. Earlier, we reported high concentration of contami-
nants in two types of fishes such as Bass and Tilapia tissues probably due to bio-
magnification posing increased health risks to humans who consume those con-
taminated fishes. 
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