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ABSTRACT

Soil quality assessment is essential for understanding the ecological health of freshwater-influenced environments and
in determining potential risks posed by heavy metal contamination. In areas where communities depend on soil and
water resources, establishing baseline information on physicochemical characteristics and heavy metal concentrations
provides crucial support for environmental management and protection initiatives. This study assessed the
physicochemical characteristics and the levels of selected heavy metals (cadmium, copper, chromium, cobalt, lead,
manganese, and nickel) in soil samples collected from Lourdes, Alubijid, Misamis Oriental, and compared these values
with established soil quality standards. Samples were obtained from purposively selected sampling locations near a
river, a waterfall and a creek that represent different freshwater-influenced environments. Results showed no
significant differences across soils sampled among stations in terms of pH, conductivity, salinity, total dissolved solids,
temperature, and moisture content. Only organic matter was observed to vary significantly across sites reflecting
localized environmental conditions and potential anthropogenic influences. Metal concentrations were highest in soil
sampled near the river, followed by the waterfall, and the creek. Chromium exceeded the permissible limits at all
stations indicating serious contamination concern. Nickel, and cobalt also showed elevated levels in both stations (near
the creek and the river) suggesting site-specific contamination patterns, whereas copper, lead, and cadmium remained
within safe thresholds. These findings highlight the need for targeted source tracing, continuous monitoring, including
standards-based risk assessment to better understand contamination dynamics, especially for metals that exceeded

guideline values, to guide appropriate mitigation or remediation strategies in the area.
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INTRODUCTION

Altered physicochemical properties and rising heavy
metal concentration in soil are a growing global
concern. Heavy  metals’  persistence  and
bioaccumulative properties threaten soil health,
hinder plant growth, affect water quality, and increase
health risks in humans (Ali and Khan, 2019; Edo et
al., 2024; Vasilachi and Gavrilescu, 2023; Rashid et
al., 2023), undermining the attainment of the 2030
agenda on land, water, and sanitation. Moreover, the
health and sustainability of soil are pivotal to the
well-being of ecosystems and communities (Stronge
et al., 2020). This calls for the urgency of assessing
the physicochemical characteristics and the heavy
metal concentrations in water-influenced soils, to
understand their impact and take informed, decisive

actions for environmental stewardship.

Heavy metals in soil originate from both natural and
anthropogenic sources, although the latter exert the
most significant impact on soil quality (Li et al., 2019;
Kumar and Gandhi, 2022; Kumar et al., 2022).
Natural inputs include parent material composition,
volcanic activity, and the redistribution of soil
particles through wind and water processes. In
water-influenced environments such as Alubijid,
heavy metals can be transported and deposited in soil
through surface runoff, sedimentation, and flooding
(Jayakumar et al., 2021).

events However,

anthropogenic activities including mining and
smelting operations, industrial discharge, agricultural
runoff, irrigation, and the application of fertilizers
and pesticides are also the dominant contributors to
heavy-metal accumulation in soils (Zhang and Wang,
2020). Urbanization and industrial development have
intensified soil contamination worldwide (Durdu
etal., 2023; Swain, 2024), thus putting riverine

systems at risk (Cunha et al., 2021).

The Alubijid River system and soil resources play a
significant role in maintaining the environmental
quality of the region. Alubijid River is one of the
twelve river systems in Northern Mindanao and is
recognized as an important potential source of both
surface and groundwater (Puno and Barro, 2016;

2018) that
properties

Walag et al, influences  soil

physicochemical and heavy metal

dynamics (Ma et al.,, 2025). Currently, there is no
available empirical evidence on the levels of heavy
metals in soils and physicochemical characteristics in
the said locality. This lack of localized baseline data of
heavy metal concentration, such as cadmium (Cd),
copper (Cu), chromium (Cr), cobalt (Co), lead (Pb),
manganese (Mn), and nickel (Ni), as well as the
physicochemical characteristics, hinders efforts to
assess environmental and public health risks

accurately.

MATERIALS AND METHODS

Study location and description

Alubijid is a municipality in Region X (Northern
Mindanao), Philippines, and forms part of the Metro
Cagayan de Oro Center, the country’s fourth
metropolitan center (NEDA, 2023). This Municipality
contributes to agricultural production, coastal and
freshwater resources, and ecological services. It is
also known for its traditional salt-making industry,
tourist destinations, religious and historical sites, and
rapidly growing community. Lourdes, one of the most
populous among the municipality’s sixteen barangays
of Alubijid, is situated at approximately 8°31' North,
124°26' East, away from the coastline, with an
estimated elevation of 36.4 meters (119.4ft) above
mean sea level and is bordered by Benigwayan,
Tugasnon, Sampatulog, Lapad, and Gregorio Pelaez
(Lagutay) of Gitagum, Misamis Oriental (Lourdes,
Alubijid, Misamis Oriental Profile — PhilAtlas, 1990).
The study focused on the three strategic locations in
Barangay Lourdes, particularly in areas near a river, a
waterfall, and a creek. These were carefully selected
based on proximity to water sources, including
vegetation, as these are known to influence soils’
physicochemical properties and heavy metal
accumulation, which can help provide a relevant basis

for interpretation of results.

Sampling procedure
The study used the non-composite grab soil sampling
technique, where sample soils were collected from
three (3) identified areas with three substations each,
with sample soils extracted from 20-cm deep dig from
the surface. These soil samples were obtained from
sites 0-100 m near a creek, a waterfall, and a river to
different

represent freshwater-influenced
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environments in the area. Following the standard
protocol, soil samples were collected and placed in
sealed plastic bags and transported to the laboratory
for processing. Collected soils were prepared by
manually removing coarse materials such as pebbles,
roots, and other foreign debris. These soils are then
dried,

homogenized, and sieved to extract fine soil samples

powdered, pulverized, disaggregated,
prior to physicochemical characterization and heavy

metal determination.

Physicochemical analysis

The physicochemical parameters of soil samples were
determined through in situ and laboratory analyses.
All instruments used were calibrated based on the
before field

measurements. Soil electrical conductivity, salinity,

manufacturer’s specifications
and pH were determined using a portable soil
conductivity and pH meter, while total dissolved
solids (TDS) were determined using a calibrated
portable TDS meter. Turbidity measurements were
obtained using a portable turbidimeter. Instrument
readings were recorded only after stabilization,
ensuring accuracy. Soil moisture content and
temperature were also assessed in situ using a
portable XLUX Soil These

measurements were taken directly to capture the

Moisture meter.
prevailing conditions at the time of the sample
collection. On the other hand, soil organic matter
content was determined in the laboratory using the
UV-VIS Spectrophotometric method,

established analytical procedures.

following

Heavy metal analysis

The soil samples collected were prepared by manually
removing coarse materials like pebbles, roots, and
other foreign debris. The soils were air-dried for
several days, then pulverized, disaggregated,
homogenized, and sieved to extract fine soil samples
using a 75 um mesh. These homogenized samples
were then weighed to 0.5000 g and poured into a 250
mL beaker and transferred to a microwave digestion
vessel. Digestion was carried out by adding 15 ml of
aqua regia (3:1 concentrated HCl: HNO3). Microwave-
assisted digestion was performed for 30 minutes in a
controlled condition. After digestion, the vessels were

allowed to cool to approximately 500 °C. The beaker

and its walls were rinsed with distilled water, and the
digested solution was quantitatively transferred
through filter paper into a 100 mL volumetric flask.
The solution was diluted to volume with distilled
water, stoppered, and mixed thoroughly, ready for
Atomic (AAS)

Absorption  Spectrophotometric

reading (Apat, 2023).

RESULTS AND DISCUSSION
Presented in Table 1 are the mean values and
standard deviations of soil physicochemical
characteristics of samples measured across the three
sampling stations. Overall, the results indicate no
significant variation in soil properties in terms of pH,
conductivity, salinity, total dissolved solids (TDS),
temperature, and moisture content (all p>0.05). In
contrast, organic matter differed significantly among
stations (F (2,6) = 12.91, p = 0.007). Indicating a site-
likely linked to

conditions, including

specific  variation localized

environmental potential

anthropogenic influences.

Soil pH

As shown, soil pH did not vary significantly across the
three stations, F (2,6) = 0.58, p =0.59. The pH values
ranging from 7.45 to 7.78 indicate slight soil
alkalinity, which may favor alkaline adaptive plants.
Station 3 exhibited the highest mean pH (7.78),
followed by Station 1 (7.60) and Station 2 (7.45). The
standard deviations are relatively small and show
stable pH conditions within each station. As known,
alkaline soils can influence nutrient availability, as pH
is a very important indicator of soil quality
(Hermiyanto et al., 2025), affecting the mobility of
heavy metals, often reducing their solubility (Soltan
and Ismail, 2019).

Conductivity

As observed, the soil conductivity showed no
significant variations among stations, F (2,6) = 1.37, p
= 0.32. Station 2 recorded a relatively higher mean
conductivity (234.93 puS/cm) compared to Station 3
(102.07 pS/cm) and Station 1 (14.53 uS/cm). The
large variability in Station 2 indicates notable
differences within the area, possibly due to localized
inputs of dissolved ions from runoff, agricultural

activities, or soil disturbance. These recorded values
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indicate less than the desired range for many plants
to thrive. Typically, the optimal electrical conductivity
(EC) range for plant growth is 800 - 1800 uS/cm,
with an upper tolerance limit of approximately
2500 uS/cm (Ahmad et al., 2025).

Salinity

The recorded salinity values were generally low
across all stations and showed no significant
variation, F (2,6) =1.03, p = 0.41, with Station 1
showing the highest mean (2.27 ppt) when
compared. However, the large standard deviation
suggests uneven salt distribution within this station.
Stations 2 and 3 exhibited very low salinity levels,
which might indicate little to no salt influence,
implying that soil salinization is not a major concern
in these sampled areas. Overall, the low salinity
levels observed among all stations are generally
favorable for soil quality and plant growth, as
elevated salinity is known to adversely affect soil
structure, nutrient availability, and soil productivity
(Hailu and Mehari, 2021; Maurya et al., 2020;
Muhammad et al., 2024).

Total dissolved solids (TDS)

The total dissolved solids did not vary significantly in
all three stations, F (2,6) = 1.67, p = 0.26, and
exhibited a pattern like that of electrical conductivity.
Station 2 had the highest mean TDS (125.97 mg/L),
followed by Station 3 (23.24 mg/L) and Station 1
(8.23 mg/L). The relatively elevated TDS values in
Station 2 indicate higher dissolved minerals when
compared to other stations, although levels across all
stations remain relatively low when compared to 560-
3500 ppm for maximum plant growth (Raj et al.,
2023; Prabu et al., 2023). This further supports the
presence of lower dissolved mineral content, which
may affect soil structure and plant nutrient uptake.
Together, TDS and electrical conductivity are
commonly used as indicators of soil salinity for soil

quality assessments (Corwin and Yemoto, 2020).

Soil temperature

Among the three stations, soil temperature also did
not vary significantly, F (2,6) = 4.07, p = 0.08. A
gradual decreasing trend in temperature is observed

from Station 1 to Station 3. Station 1 recorded the

highest mean temperature (30.53 °C), while Station
3 had the lowest (28.13 °C). This low variability
suggests consistent microclimatic conditions within
each station, which may possibly be related to the

area’s vegetation cover, soil moisture, or shading.

Moisture content

Moisture content did not vary significantly across the
3 stations, F (2,6) =0.19, p = 0.83. The soil moisture
ranged from 23.87% to 28.13%, with Station 2
exhibiting the highest mean moisture content (28.13
%), while Station 3 showed greater variability (SD =
10.87), indicating uneven water retention capacity,
which may be influenced by soil texture and organic
matter content. Soil moisture plays a critical role in
regulating soil organic carbon dynamics (Kerr and

Ochsner, 2020), thus affecting soil quality.

Organic matter content
As shown, there is significant variation in organic
matter values across the three stations, F (2,6) =12.91,
p =0.007. Tukey’s HSD (a=0.05) indicated that
Station1 vs Station2 was not significant, whereas
Station 1 vs Station 3 and Station 2 vs Station 3 were
significantly different, confirming a decrease from
Station 1 to Station 3. Station 1 had the highest mean
organic matter (16.05 %), followed by Station 2 (13.67
%) and Station 3 (9.18 %). Higher organic matter
levels enhance soil fertility and may reduce heavy
metal through

bioavailability adsorption and

complexation processes.

Overall, most measured parameters in Table 1 did
not differ significantly among stations, except that
organic matter showed a significant site-specific
variation, with higher values at Station 1 and lower
values at Station 3, as confirmed by Tukey’s HSD
test. Station2 was characterized by relatively
higher conductivity and TDS, suggesting greater
dissolved mineral content, while Station 1 exhibited
higher organic matter content and greater
within-site variability in salinity. These soil
properties are very relevant indicators of heavy
metal mobility and plant uptake which provide
essential information in interpreting the
geographical distribution of heavy metals in soils

and vegetation across the study area.
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Table 1. Physicochemical characteristics of soil across the three sampling stations

Physicochemical characteristics Station 1 Station 2 Station 3
values Near the river Near the waterfalls Near the creek
Mean + SD Mean + SD Mean + SD
pH 7.6 £ 0.56 7.45 £ 0.25 7.78 £ 0.199
Conductivity (uS/cm) 14.53 + 5.12 234.93 + 273.76 102.07 + 78.30
Salinity (ppt) 2.27 + 3.75 0.1+ 0.17 0.03 £ 0.06
TDS (mg/L) 8.23 £3.04 125.97 + 148.14 23.24 + 11.58
Temperature (°C) 30.53 + 1.10 20.73 + 1.43 28.13 £ 0.21
Moisture (%) 26.27 + 9.6 28.13 + 3.27 23.87 £ 10.87
Organic Matter (%) 16.05 + 2.17 13.67 + 1.72 9.18 + 0.96
Table 2. Analysis of variance (ANOVA) of heavy metal concentrations across sampling stations
Metal Station 1 Station 2 Station 3 F-value p-value
Near the river Near the waterfalls Near the creek
Mean + SD Mean + SD Mean + SD
Copper 56.66 £ 9.37 60.6 = 4.77 101.33 = 7.36 100.38 0.001
Chromium 39066.78 + 44.97 20904.22 + 456.27 1584.56 + 231.49 146.84 0.0001
Lead 15.74 + 7.87 10.82 + 5.79 7.29 + 10.94 2.26 0.126
Cobalt 192.46 + 45.40 130.44 £ 10.66 35.02 + 9.25 75.13 0.001
Manganese 1535 + 372.70 1139.11+ 116.84 999.14 + 91.70 12.96 0.0001
Nickel 2130.56 +75.76 1789.89 + 74.0 383.01+ 145.77 714.97 0.0001
Cadmium nd* nd* 9.4 £ 0.46 52.99 0.0001

*nd= not detected

Table 2 provides the one-way ANOVA outputs,
highlighting which heavy metals show statistically
significant differences across the sampling stations.
These results are essential for validating observed
trends and determining which contaminants require
focused monitoring or further investigation. As
presented, copper concentrations in soil varied
significantly among the three stations, F (2,24)=
100.38, p= .001. Station 3 exhibited higher copper
levels than Stations 1 and 2, while no significant
difference was observed between the latter two. The
relatively elevated copper at Station 3 suggests
localized  enrichment, likely influenced by
anthropogenic activities such as urban runoff, in
addition to possible natural contributions from

mineral-rich sediments (Li et al., 2020).

differed

significantly among the three stations, F (2, 24) =

Chromium  concentrations in  soil
146.84, p < .001. Station 1 had the highest mean
concentration, followed by Station 2 and Station 3
showing a clear decreasing trend among the sampled
areas. These pronounced differences are likely
influenced by both localized anthropogenic sources as
well as geogenic contributions. The increasing pattern
from Station 3 to Station 1 suggests the accumulation
of metal-bearing sediments in the low-lying Alubijid

River reach, where downstream transport favors

deposition. Contamination of the environment by
Chromium may arise from anthropogenic but it can
also originate from naturally enriched geological
formations such as ultramafic rocks and their derived
soils (Jerabkova et al., 2018). Lead concentration did
not differ significantly among sampling stations, F (2,
24) = 2.26, p = .126. Mean concentrations were
highest at Station 1, followed by Station 2 and Station
3. The overlapping confidence intervals indicate that
observed differences likely reflect natural variability
rather than localized contamination. While Station 1
showed the highest means, substantial within-site
variability suggests that further sampling and analysis
are needed to accurately assess potential ecological or

human health risks.

Cobalt differed
stations, F (2, 24) = 75.13, p = .001, with Station 1

significantly among sampling
showing the highest mean concentration, followed
by Station 2, and the lowest at Station 3. The large
differences between stations suggest that the high
cobalt levels at Stations 1 and 2 are likely to be due
to human activities or urban runoff. Station 3’s
lower levels likely reflect natural background
concentrations. Cobalt, together with Chromium,
emerges as a key contaminant of concern,
site-specific  source

warranting tracking and

monitoring at identified hotspots.
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Table 3. Mean heavy metal levels in soil relative to permissible standards

Metals Permissible limit in Stations

ppm** 1 2 3
Copper 3100 56.66 60.6 101.33
Chromium 380 3966.78 2004.22 1584.56
Lead 400 15.74 10.82 7.29
Cobalt 50 192.46 130.44 35.02
Manganese 2000 1535 1139.11 999.14
Nickel 1000 2130.56 1789.89 383.01
Cadmium 17 nd* nd* 9.4

*Station 1 near the river, Station 2 near the waterfalls, and Station 3 near the creek

*nd = not detected, **Source: Apat (2023)

differed

significantly among sampling stations, F (2, 24)=

Manganese concentrations in  soil
12.96, p < .001. Station 1 exhibited the highest
means, followed by Station 2 and Station 3. The
non-overlapping confidence intervals indicate a
clear spatial gradient, with elevated manganese
levels at Station 1 likely influenced by localized
anthropogenic inputs, or urban runoff, whereas
lower levels at Station 3 may reflect natural geogenic

background concentrations.

Nickel concentrations in soil differed greatly across

sampling stations, F (2, 24) = 714.97, p < .001

decreasing from S1>S2>8S3. Tukey’s HSD
(a=0.05) confirmed that all stations differed
significantly = from one another. Elevated

concentrations at Stations 1 and 2 may result from
localized anthropogenic activities and urban runoff,
while the lower levels at Station 3 likely reflect
natural background levels. These results identify
nickel as a priority contaminant for site-specific

monitoring and risk assessment.

Cadmium was not detected in soils from Stations 1
and 2, whereas Station 3 exhibited a low mean
concentration (M = 1.04 ppm, 95% CI [0.71, 1.38]).
A one-way ANOVA

significant difference among stations, F (2, 24)=

indicated a statistically
52.99, p < .001; however, the absence of detectable
levels at Stations 1 and 2 suggests that cadmium
contamination is largely localized. The measurable
presence of cadmium at Station 3 may reflect site-
specific ~ anthropogenic  inputs, while the
undetectable concentrations at the other stations
likely correspond to natural background levels.
These highlight  that

findings cadmium

contamination in the area is minimal and confined
to specific locations, emphasizing the importance of

targeted monitoring and assessment.

Table 3 presents a comparison of the mean
concentrations of heavy metals across the three
sampling stations relative to established permissible
limits. Shown in the table, is the concerning
concentration of chromium in all three monitoring
stations. The mean values of chromium exceeded
substantially when compared to the standards, raising
critical environmental and public health concerns
that cannot be ignored. These findings make
chromium as a primary contaminant of concern, and
highlights the importance of targeted source tracing,
as well as standards-based assessment, to determine
whether  chromium inputs are dominantly
anthropogenic, geogenic, or a combination of both.
Addressing these findings is crucial to safeguarding
both local communities and surrounding ecosystems,
as chromium poses serious environmental and health
concerns for its toxic, mutagenic and carcinogenic
properties (Coetzee and Chirwa, 2020), and has been
associated with numerous adverse health effects such
as allergies, anemia, and gastrointestinal damage
including stomach and intestinal lesions (Hossini et
al., 2022) to name a few. In addition, chromium also
negatively impacts plant growth by impairing key
metabolic processes affecting yield and quality

(Sharma et al., 2020).

Cobalt and nickel exceeded guideline values in
Stations 1 and 2. This site-specific enrichment may
be attributed to the deposition of metal-rich
sediments and localized anthropogenic inputs such

as agricultural run-off and urban activities.
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Copper, lead, manganese, and cadmium
concentrations were below the established soil quality
standards across all stations. While the values are
within  acceptable limits according to local
regulations, its alignment with other international
standards could provide a more robust safeguard

against potential environmental and health risks.

Overall trends also indicate that heavy metal
concentrations were highest in Station 1, Station 2,
and Station 3, respectively. Furthermore, higher
heavy metal concentrations at the river site are driven
by downhill flow and accumulation of contaminants

in low-lying sediments

CONCLUSION
This research established the

physicochemical characteristics and heavy metal

baseline  soil

concentrations in freshwater-influenced sites in
Lourdes, Alubijid, Misamis Oriental and compared it
with the existing standards. The soil physicochemical
properties were largely comparable across stations
with no significant differences in pH, electrical
conductivity, salinity, total dissolved solids,
temperature, or moisture. On the other hand, organic
matter was the single parameter that varied,
decreasing (from Station 1, Station 2, and Station 3),
affecting soil fertility and metal retention. Heavy
metal enrichment is observed in areas near the river,
notably for Chromium, as it exceeded the established
guideline values in all three stations, making it a
primary contaminant of concern. The elevated
chromium levels in Lourdes, Alubijid may partly
reflect geogenic inputs, as the area has been
historically associated with past mining activities
involving chromium bearing materials. These suggest
possible chromium sources in soils and sediments,
warranting further geologic and mineralogical
investigation. Cobalt and nickel showed strong
geographical enrichment in Station 1 and 2, indicating
localized contamination possibly due to deposition of
metal-rich sediments, and localized anthropogenic
inputs. Copper, lead, and cadmium remained within
acceptable limits, suggesting no immediate concerns or
significant risk. Although manganese levels were also
below the standard threshold, continued targeted

monitoring is recommended to track whether

concentration increases over time or fluctuates with

seasonal changes.

RECOMMENDATIONS

Given the notably high chromium levels observed
across all stations, identifying the specific oxidation
states present is necessary, as Cr3* and Cré* differ
greatly in toxicity and mobility. Chromium speciation
in soils near the river, waterfalls, and creek would allow
a more accurate assessment of ecological and health
risks, as well as guide remediation efforts when

needed.

A systematic monitoring program that measures both
physicochemical parameters and heavy metals with
additional sampling coverage across locations and
across seasons combined with multivariate analyses is
recommended. This will provide a more representative
and reliable assessment of soil conditions in the area as
well as help identify potential relationships between

soil properties and metal mobility.

A formal ecological and human health risk assessment
including bioavailability tests can better evaluate
whether the detected metal levels pose risks to crops,

groundwater, or local communities.

Geological assessment, sediment tracing, and land-use
mapping are recommended to determine whether
elevated metal levels originate from natural ultramafic
formations, agricultural activities, or other human
inputs.

Exploring  appropriate  remediation  strategies
particularly phytoremediation can help reduce the
elevated heavy metal levels identified in the study area.
Phytoremediation  offers a  sustainable and
cost-effective approach by using metal-accumulating
plants to extract, stabilize, or immobilize
contaminants, supporting long-term soil recovery and
risk reduction. It is also recommended to identify
native or locally adapted plant species with high uptake

of chromium, cobalt, and nickel.

Awareness campaigns and coordination with LGUs
can help ensure proper land management, pollution

prevention, and monitoring compliance.

55 Bacarrisas et al.

Journal of Biodiversity and Environmental Sciences | JBES
Website: https://www.innspub.net


https://www.innspub.net/

J. Biodiv. & Environ. Sci.

Vol. 28, Issue: 2, p. 49-58, 2026

ACKNOWLEDGEMENTS

The researcher would like to extend her gratitude to
the administrators of the University of Science and
Technology of Southern Philippines for the support
provided throughout this study. Sincere thanks are
also given to her professors, mentors, colleagues,
and laboratory assistants for their guidance and

technical help.

REFERENCES
Ahmad MN, Anuar MI, Abd Aziz N, Murdi AA.
2025. Function and application of soil electrical
conductivity (EC) sensor in agriculture: a review.
Advances in Agricultural and Food Research Journal
6(1).

Ali H, Khan E. 2019.

Trophic transfer,

bioaccumulation, and biomagnification of non-
essential hazardous heavy metals and metalloids in
food chains/webs—concepts and implications for
wildlife and human health. Human and Ecological Risk

Assessment: An International Journal 25(6), 1353—
1376.

Apat J. 2023. Heavy metal concentration and
contamination assessment in soils along Gibong
Riverbanks in Prosperidad, Agusan del Sur,
Philippines. Journal of Biodiversity and Environmental

Sciences 23(1), 39—-51.

Coetzee JJ, Bansal N, Chirwa EM. 2020.
Chromium in environment, its toxic effect from
chromite-mining and ferrochrome industries, and its
possible bioremediation. Exposure and Health 12(1),
51-62.

Corwin DL, Yemoto K. 2020. Salinity: electrical
conductivity and total dissolved solids. Soil Science

Society of America Journal 84(5), 1442-1461.

Cunha GKG, Faria BGD, Nascimento CWAD,
Silva AJD, Cunha KPVD. 2021. Effects of riparian
land use changes on soil attributes and concentrations
of potentially toxic elements. Anais da Academia

Brasileira de Ciéncias 93(suppl 4), e20210455.

Durdu B, Gurbuz F, Kocgyigit H, Gurbuz M.

2023. Urbanization-driven  soil  degradation:
ecological risks and human health implications.
Environmental Monitoring and Assessment 195(8),

1002.

Edo GI, Samuel PO, Oloni GO, Ezekiel GO,
Ikpekoro VO, Obasohan P, Agbo JJ. 2024.
Environmental persistence, bioaccumulation, and
ecotoxicology of heavy metals. Chemistry and Ecology
40(3), 322-349.

Hailu B, Mehari H. 2021. Impacts of soil
salinity/sodicity on soil-water relations and plant
growth in dryland areas: a review. Journal of Natural

Sciences Research 12(3), 1—10.

Hermiyanto B, Mawarni C, Winarso S,
Budiman SA. 2025. Soil quality assessment and
land capability evaluation for determining an
integrated watershed management model through
SWOT analysis and AHP method in Arjasa Sub-
watershed, Indonesia. Watershed Ecology and the

Environment 77, 104—118.

Hossini H, Shafie B, Niri AD, Nazari M,
Esfahlan AJ, Ahmadpour M, Hoseinzadeh E.
2022. A comprehensive review on human health
effects of chromium: insights on induced toxicity.
Environmental Science and Pollution Research

29(47), 70686-70705.

Jayakumar M, Surendran U, Raja P, Kumar A,
Senapathi V. 2021. A review of heavy metals
accumulation pathways, sources, and management in

soils. Arabian Journal of Geosciences 14(20), 2156.

Jerabkova J, Tejnecky V, Boruvka L, Drabek
0. 2018. Chromium in anthropogenically polluted

and naturally enriched soils: a review.

Kerr DD, Ochsner TE. 2020. Soil organic carbon is
more strongly related to soil moisture than soil
temperature in temperate grasslands. Soil Science

Society of America Journal 84(2), 587—596.

56 Bacarrisas et al.

Journal of Biodiversity and Environmental Sciences | JBES
Website: https://www.innspub.net


https://www.innspub.net/

J. Biodiv. & Environ. Sci.

Vol. 28, Issue: 2, p. 49-58, 2026

Kumar G, Baweja P, Gandhi PB. 2022. Impact of
anthropogenic activities on soil patterns and
diversity. In: Structure and functions of pedosphere,

319—337. Springer Nature Singapore, Singapore.

Kumar U, Mishra VN, Kumar N, Srivastava
LK, Tedia K, Bajpai RK, Mohanty M. 2022.
Assessing soil quality and their indicators for long-
term rice-based cropping systems in hot sub-humid

eco-region of India. Soil Research 60(6), 610—623.

Li C, Zhou K, Qin W, Tian C, Qi M, Yan X, Han
W. 2019. A review on heavy metals contamination in
soil: effects, sources, and remediation techniques. Soil
and Sediment Contamination: An International

Journal 28(4), 380-394.

Li X, Zhang J, Gong Y, Liu Q, Yang S, Ma J,
Hou H. 2020. Status of copper accumulation in
across China

agricultural soils (1985-2016).

Chemosphere 244, 125516.

Lourdes, Alubijid, Misamis Oriental profile —
PhilAtlas. 1990.
https://www.philatlas.com/mindanao/r10/misamis-

oriental/alubijid/lourdes.html

Ma X, Song Z, Wang YP, Wang S, Zhan ZW, He
D. 2025. Heavy metal dynamics in riverine mangrove
systems: a case study on content, migration, and
enrichment in surface sediments, pore water, and
plants in Zhanjiang, China. Marine Environmental

Research 203, 106832.

Maurya S, Abraham JS, Somasundaram S,
Toteja R, Gupta R, Makhija S. 2020. Indicators for
assessment of soil quality: a mini-review. Environmental

Monitoring and Assessment 192(9), 604.

Muhammad M, Waheed A, Wahab A, Majeed
M, Nazim M, Liu YH, Li WJ. 2024. Soil salinity
and drought tolerance: an evaluation of plant growth,
productivity, microbial diversity, and amelioration

strategies. Plant Stress 11, 100319.

National Economic and Development
Authority — Regional Office X. 2023. Northern
Mindanao regional development plan 2023—-2028.

https://nro1o.neda.gov.ph

Prabu M, Abhinav BS, Narayanan BH,
Sugandhi SS, Rajeshkumar D. 2023. Design of
water quality and soil macronutrients measuring
device using TDS and NPK sensor. ARPN Journal
of Engineering and Applied Sciences 18(16), 1923—
1931.

Puno G, Barro RA. 2016. Alubijid River Basin
hydrologic modeling in Misamis Oriental for flood
risk management. CMU Journal of Science 20(3),

97—106.

Raj A, Gupta A, Gupta N, Bhagyawant SS.
2023. Effect of water TDS on the growth of plant
(Phaseolus vulgaris). International Journal of

Plant and Soil Science 35(12), 131—-136.

Rashid A, Schutte BJ, Ulery A, Deyholos MK,
Sanogo S, Lehnhoff EA, Beck L. 2023. Heavy
metal contamination in agricultural soil:
environmental pollutants affecting crop health.
Agronomy 13(6), 1521.

https://doi.org/10.3390/agronomy13061521

Sharma A, Kapoor D, Wang J, Shahzad B,
Kumar V, Bali AS, Yan D. 2020. Chromium
bioaccumulation and its impacts on plants: an

overview. Plants 9(1), 100.

Soltan ME, Al-Ayed AS, Ismail MA. 2019.
Effect of pH values on the solubility of some
elements in different soil samples. Chemistry and

Ecology 35(3), 270-283.

Stronge DC, Stevenson BA, Harmsworth GR,
Kannemeyer RL. 2020. A well-being approach to
soil health—insights from Aotearoa New Zealand.
Sustainability 12(18), 7719.
https://doi.org/10.3390/su12187719

57 Bacarrisas et al.

Journal of Biodiversity and Environmental Sciences | JBES
Website: https://www.innspub.net


https://www.innspub.net/

]J. Biodiv. & Environ. Sci.

Vol. 28, Issue: 2, p. 49-58, 2026

Swain CK. 2024. Environmental pollution indices: A
review on concentration of heavy metals in air, water,
and soil near industrialization and urbanisation.
Discover Environment 2(1), 5.

https://doi.org/10.1007/s44274-024-00030-8

Vasilachi IC, Stoleru V, Gavrilescu M. 2023.
Analysis of heavy metal impacts on cereal crop
growth and development in contaminated soils.
Agriculture 13(10), 1983.
https://doi.org/10.3390/agriculture13101983

Walag AMP, Canencia OP, Fiedler BA. 2018.
Water quality: Mindanao Island of the Philippines.
In: Translating national policy to improve
environmental conditions impacting public health
through community planning, 219—253. Springer

International Publishing, Cham.

Zhang Q, Wang C. 2020. Natural and human
factors affect the distribution of soil heavy metal
pollution: a review. Water, Air, and Soil Pollution

231(7), 350.

58 Bacarrisas et al.

Journal of Biodiversity and Environmental Sciences | JBES
Website: https://www.innspub.net


https://www.innspub.net/

