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Abstract

This study examined the vertical distribution of selected heavy metals: arsenic (As), chromium (Cr),
nickel (Ni), and lead (Pb) in varying soil depths from the Biological Garden at Ahmadu Bello University,
Zaria. Soil samples were collected at three depth intervals (0-15 cm, 15-30 cm, and 30-45 cm) and
analyzed for heavy metal concentrations. Results showed no significant differences (p > 0.05) in the
concentrations of all heavy metals across the different depths. As exhibited the highest concentration in
the surface layer (11.51 + 2.67 mg/kg) and declined with depth, indicating possible anthropogenic
inputs or surface contamination sources. Conversely, Cr, Ni, and Pb concentrations increased slightly
with depth, ranging from 29.01 + 6.82 to 44.17 + 14.28 mg/kg for Cr, 5.61 £ 1.23 to 9.49 + 4.37 mg/kg
for Ni, and 25.11 £ 7.59 to 32.83 £ 9.22 mg/kg for Pb. The increasing trend of these metals with depth
suggests limited mobility and potential accumulation in subsoil layers. Overall, the findings provide
baseline information on heavy metal distribution patterns in the study area and contribute to
understanding soil contamination dynamics within university environments.
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INTRODUCTION

Heavy metal contamination in soils is increasingly recognized as a serious environmental
concern worldwide, owing to its persistence, toxicity, and potential for bioaccumulation in
food chains (Sagagi et al., 2022; Orobator & Daniel, 2023; Obayagbona et al., 2024). In Nigeria,
several recent studies have shown elevated concentrations of elements such as lead (Pb),
chromium (Cr), nickel (Ni), and arsenic (As) in soils affected by urbanization, industrial
activity, waste disposal, and agricultural practices (Sagagi et al., 2022; Orobator & Daniel, 2023;
Obayagbona et al., 2024). Heavy metals can pose risks to soil health, crop quality, and human
well-being if they accumulate to harmful levels (Ramadan et al., 2024).

Understanding how heavy metals are distributed vertically through soil profiles (across
different depths) is essential for accurate risk assessment and management (Ramadan et
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al.,2024). Soil depth influences metal mobility, retention, and bioavailability, with surface
layers often reflecting recent inputs and deeper layers indicating historical deposition or
migration (Sagagi et al., 2022; Orobator & Daniel, 2023). However, study findings on depth-
related variation are mixed; some reports show significant differences with depth, while
others reveal little or no variation, depending on local conditions like soil type, land use, and
contamination source (Ramadan et al., 2024).

At Ahmadu Bello University (ABU) Zaria, the Biological Garden represents a soil
environment where possibly geogenic inputs of heavy metals may coexist. Yet, there is scanty
information on how As, Cr, Ni, and Pb are distributed through its soil profile. This gap
hampers efforts to evaluate potential environmental risks, particularly if concentrations in
certain layers exceed critical thresholds for plant uptake or leaching into groundwater.

Therefore, this study aimed to investigate the vertical distribution of As, Cr, Ni, and Pb across
three soil depths (0-15 cm, 15-30 cm, and 30-45 cm) within the Biological garden, Zaria. By
determining whether significant concentration differences occur with soil depth, The study
provides essential baseline data for local environmental monitoring, informs soil and land
management practices, and contributes to a broader scientific understanding of heavy metal
dynamics in Nigerian soils.

MATERIALS AND METHODS

Study Area

The study was conducted at the Biological (Botanical) garden of ABU, Zaria, Nigeria. The
garden is located within the main campus of the university at Samaru, Zaria, Kaduna State,
in the Northern Guinea Savanna zone of Nigeria. Geographically, it lies between latitude
11°09' N and longitude 7°38' E, at an average elevation of approximately 686 meters above sea
level.

The area experiences a tropical continental climate, characterized by distinct wet and dry
seasons. The rainy season typically extends from May to October, with an average annual
rainfall of about 1,000-1,200 mm, while the dry season lasts from November to April, marked
by the prevalence of the harmattan a dry, dusty wind from the Sahara. Mean daily
temperatures range between 18°C and 33°C, with relative humidity varying seasonally
(Adamu L. B. et al., 2024).
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Figure 1: Map of Ahmadu Bello University, Zaria, showing the study site (Biological Garden).

The soils of the Botanical Garden are predominantly ferruginous tropical soils, derived from
basement complex rocks, and are generally well-drained and sandy loam in texture (Owonubi,
2010). The vegetation is composed mainly of savanna grasses interspersed with shrubs and
scattered trees, including both indigenous and exotic plant species cultivated for teaching,
research, and conservation purposes. The garden serves as an important ecological zone for
environmental and biological studies, particularly in soil and plant science research at ABU,
Zaria.

Sample Collection

Soil samples were collected from the Biological Garden at three depths: 0-15 cm, 15-30 cm,
and 30-45 cm, representing topsoil, subsoil, and lower subsoil, respectively. Sampling was
carried out using a stainless-steel auger to avoid contamination. At each depth, five
subsamples were collected randomly across the study site and composited to form a
representative sample. The samples were air-dried, ground, and sieved through a 2 mm mesh
to obtain homogeneous soil samples suitable for laboratory analysis.

Determination of Heavy Metals

Heavy metal concentrations were determined via aqua regia digestion (Lim & Jackson, 1986).
A 0.2 g sample of air-dried, finely ground soil was placed into a Teflon beaker and digested
with a 2:3:2 volumetric mixture of HNOs : HF: HCI at 80 °C. The mixture was gently swirled,
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and digestion continued on a digestion block until brown fumes evolved and then turned
white, indicating complete digestion. The cooled digest was filtered through Whatman No.
42 filter paper and made up to 50 mL with distilled water in clean plastic vials. The resulting
solution was analyzed by Atomic Absorption Spectrophotometry (AAS; Model AA-6680,
Shimadzu, Kyoto, Japan) for concentrations of Cu, Cd, Pb, and Ni. Measurements were
calibrated against standard solutions.

Data analysis

All statistical analyses were performed using R (version 4.0.3) for Windows. Differences in
mean heavy metal concentrations among sampling sites were assessed with Analysis of
Variance (ANOVA). Where significant differences were detected, mean separation was
conducted using Duncan’s Multiple Range Test (DMRT).

RESULTS

Heavy Metal Concentrations Across Soil Depths in the Biological Garden

The concentrations of As, Cr, Ni, and Pb across soil depths (0-15 cm, 15-30 cm, and 30-45 cm)
in the Biological Garden, ABU, are presented below.

Table 1: Heavy Metal Concentrations Across Soil Depths in the Biological Garden, A.B.U.,
Zaria, Compared with WHO Standards for Unpolluted Soil

Soil Depth (cm) As(mg/kg) Cr(mg/kg) Ni(mg/kg) Pb(mg/kg)
0-15 1151 £2.67 29.01 +£6.82 5.61+1.23 25.11£7.59
(p=062) (p=0.009) (p=0.07) (p=0.01)
15-30 819+2.03 3249+7.36 6.87 £3.93 29.45 £ 4.56
(p=0.48) (p=0.01) (p=0.51) (p = 0.004)
30-45 6.52+1.46 4417 +14.28 9.49 +4.37 32.83£9.22
(p=0.14) (p =10.06) (p=0.92) (p=0.02)
WHOLimit (Unpolluted Soil) 10 100 10 100
Overall p-value 0.31 0.57 0.73 0.77

The findings of this study revealed no significant differences (p > 0.05) in the concentrations
of all metals across soil depths. As concentration was highest in the topsoil (0-15 cm) with a
mean value of 11.51 + 2.67 mg/kg, and decreased with depth to 8.19 + 2.03 mg/kg and 6.52 +
1.46 mg/kg at 15-30 cm and 30-45 cm, respectively. Cr concentration ranged from 29.01 + 6.82
mg/kg in the topsoil to 44.17 + 14.28 mg/kg at 30-45 cm depth, with a gradual increase with
depth. Similarly, Ni and Pb concentrations also showed slight increases with depth, ranging
from 5.61 + 1.23 to 9.49 + 4.37 mg/kg for Ni, and from 25.11 + 7.59 to 32.83 + 9.22 mg/kg for
Pb.

DISCUSSION

The analysis of As, Cr, Ni, and Pb in soil profiles from the Biological Garden of A.B.U., Zaria,
revealed no soil depth variability. However, the mean concentration values demonstrated
distinct vertical patterns for each metal, suggesting differences in their mobility and retention
within the soil profile (Shaheen and Rinklebe, 2014).

As is a naturally occurring metalloid and one of the most abundant elements in the Earth’s
crust, widely distributed throughout the environment (chung et al., 2014). It readily binds to
fine airborne particles, allowing it to remain suspended in the atmosphere for extended
periods and travel over long distances (chung et al., 2014). Owing to its strong germicidal
properties and resistance to decay, arsenic has been extensively used in the production of
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insecticides, herbicides, and wood preservatives (Chung et al., 2014). In this present study,
Arsenic recorded its highest concentration in the soil surface layer (0-15 cm) of A.B.U.
Biological Garden, with values decreasing progressively at greater depths. This surface
enrichment is widely reported and is often attributed to anthropogenic inputs such as
agrochemical application, atmospheric deposition, and accumulation within humus-rich
topsoil horizons (Naumov et al., 2020). Similar findings were reported in Northern Tajikistan,
where As, classified as a hazard class I element, accumulated predominantly in upper
horizons due to both natural and technogenic influences (Nurmatov et al., 2024). Comparable
results have been documented in urban and peri-urban soils, where surface accumulation of
As is enhanced by irrigation practices, organic matter buildup, and atmospheric fallout from
surrounding human activities (Pan and Wang, 2015).

Importantly, the mobility and distribution of metals in the environment is related not only to
their concentration but also to their availability in the environment (Ertani et al., 2017). The Cr
analyzed in the soil samples collected from A.B.U Biological Garden showed a gradual
increase in concentration with depth. This pattern of subsoil enrichment may be explained by
the downward migration of soluble Cr species, which can occur under neutral or slightly
alkaline conditions and is often enhanced by irrigation and leaching (Mirzaei et al., 2022).
Previous studies have reported similar depth-dependent increases in Cr content in soils
influenced by parent materials and hydrological factors (Wu et al., 2019). Ni followed a
comparable trend, with increasing concentrations in deeper layers, suggesting a dominant
geogenic rather than anthropogenic origin. This behavior has been observed in tropical and
temperate soils where Ni and Cr enrichment in subsoils is controlled by pedogenic and
mineralogical processes rather than recent pollution (Odueze, 2017).

Pb is a heavy metal that may occur in soil, water and air due to pollution from sources such
as electronic waste, paint, pipes, lead-acid battery and other industrial products and process
(Raj and Das, 2023). Pb concentrations also showed a slight increase with depth. While Pb is
typically enriched at the surface due to emissions from vehicular traffic, industrial activities,
and Pb-based materials, its occurrence at greater depths in soil from A.B.U Biological Garden
may reflect historical contamination, erosion, or soil mixing (Olalade, 2014). A study in
Moscow’s urban forests has shown heterogeneous vertical Pb distributions linked to past land
use and legacy pollution patterns (Naumov et al., 2020).

Comparison of Heavy Metal Concentrations in Soil with WHO Standards

The concentrations of selected heavy metals (As, Cr, Ni, and Pb) at varying soil depths (0-15
cm, 15-30 cm, and 30-45 cm) in the Biological Garden, Ahmadu Bello University, Zaria was
compared with the World Health Organization (WHO) limits for uncontaminated soils and
the result are presented in Table 1. As concentrations ranged from 6.52 + 1.46 to 11.51 + 2.67
mg/kg across the soil depths. The surface soil (0-15 ¢cm) recorded the highest mean
concentration (11.51 * 2.67 mg/kg), slightly above the WHO permissible limit of 10 mg/kg,
while the soil of the deeper layers had mean arsenic level which were statistically similar with
WHO permissible limit. However, the mean Cr, Ni, Pb concentrations across soil depths were
statistically similar or lower than the WHO limit for uncontaminated soil.

All measured concentrations fall within the WHO permissible limits for uncontaminated soils,
suggesting no immediate ecological or health risk. However, the moderate surface enrichment
of arsenic underscores the importance of ongoing monitoring, since long-term accumulation
could increase metal bioavailability and enhance the risk of leaching into groundwater (WHO,
1996, Ahmad et al., 2021).
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CONCLUSION

The concentrations of heavy metals As, Cr, Ni and Pb in soil samples collected from three
different depths in the Biological Garden of ABU, Zaria, Kaduna State, were analyzed and
compared with WHO standards for uncontaminated soils. No significant differences were
observed in the mean concentrations of the metals across the different depths, and all values
fell within the acceptable limits for uncontaminated soils. However, a moderately elevated
level of As was detected in the surface layer (0-15 cm). Therefore, continuous monitoring is
recommended to prevent long-term accumulation and potential bioavailability of these metals.
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