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Abstract

Landasan Ulin is a center for vegetable production, and it has an important role in producing
vegetables for the city of Banjarbaru. Agricultural soil in this study was assessed for heavy metal
contamination using the geoaccumulation index (Igm), contamination factor (C), the degree of
contamination (C,), the degree of modified contamination (mC ), and the Pollution Load Index (PLI)
as well as magnetic susceptibility. Samples were collected from topsoil and analyzed using magnetic
susceptibility and Atomic Absorption Spectrophotometer (AAS). The average concentration of heavy
metals in the sampling area A is Fe>Zn>Mn>Cu>Hg, and the area B is Fe>Mn>Zn>Cu>Hg. Magnetic
susceptibility values in area A is higher than in area B and the value of magnetic susceptibility can
be used as a proxy for monitoring heavy metal concentrations, especially Zn in this area. Zn and Cu
exceeded the threshold set by the Indonesian Standards Institute. Igeo results show that the research
area is moderately contaminated with Cu, Zn, and Hg. According to C/, the soil was classified as low
contaminated with Fe, Zn, Cu, Mn, and Hg, as well as Cd and mCd. The PLI results show that in both

area, drastic corrective action is not required.
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Introduction

Heavy metal contamination of agricultural soil
due to chemical fertilizers and pesticides is a serious
ecological problem today [1, 2]. In agricultural soil, the
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continuous use of manure and chemical fertilizers for
a long time will result in higher heavy metal content
[3, 4]. Some heavy metals are needed for the growth
of certain plants [5], but some of them for humans can
be toxic. When these heavy metals are absorbed and
accumulated by plants and then consumed by humans,
this will pose a risk to the human body [6].

Some heavy metals have been found in agricultural
land in several areas in Indonesia, such as Pb found
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in soil from 168 locations with different land use
and traffic conditions in Yogyakarta, Indonesia [7].
In Semarang, Indonesia, the paddy field contains
heavy metals Pb, Cd, and Cu [8]. In agricultural
land in Karawang, Pb and Cd were found with
concentrations exceeding 1.0 ppm [9]. Meanwhile, in
agricultural soils in Bangladesh for the dry season,
heavy metals were found with concentrations of
As>Fe>Hg>Mn>Zn>Cu>Cr>Ni>Pb>Cd and in the rainy
season As>Fe>Mn>Zn>Hg>Cu>Ni>Cr>Pb>Cd [10].
In paddy soils at Hunan Province, China, there was
founded heavy metals (Cd, Cr, As, Ni, Mn, Pb, and Hg)
in three different locations [11].

The presence of magnetic minerals in the soil can
come from weathering of the parent rock (lithogenic
origin) and can also come from human activities
(anthropogenic). Magnetic minerals that are commonly
found in soil are hematite and magnetite. Their
presence is in the form of solid waste which can act as
the main absorber of pollutants such as heavy metals in
the soil. Their presence in the soil will affect the value
of the magnetic susceptibility of the soil. The use of
magnetic susceptibility has been widely used in various
soil science studies, such as soil morphology and
genesis as well as tools for mapping the distribution of
environmental pollutants [12]. Magnetic susceptibility
measurement has been considered as a fast and cheapest
monitoring tool for determining the spatial distribution
of heavy metal presence in soil and can be used as
a proxy for chemical methods [13]. Research using the
method of environmental magnetism in Indonesia is
still few in number. Several studies were conducted
to examine the river and lake environment [14-17]
Therefore, this study is very important.

Landasan Ulin is a vegetable center production
in Banjarbaru City, South Kalimantan, Indonesia.
Agricultural activities in this area are carried out by
farmers traditionally [18]. Meanwhile, agricultural land
has the potential to experience heavy metal pollution,
and studies on heavy metal pollution in agriculture
in this area are still rarely carried out. Therefore, it is
very important to conduct this research to determine
the current status of the presence of these heavy
metals on the surface of agricultural soil. This will be
of benefit to ameliorate the impacted environmental
problems further, and to adopt mitigation strategies
in the future. This study aims to investigate the level
of contamination of various heavy metals (Fe, Mn,
Cu, Zn, Hg) in agricultural land located in Landasan
Ulin, South Kalimantan, Indonesia, using different
indices such as geoaccumulation index, pollution factor,
degree of pollution, and the pollution load index. The
correlation between heavy metal contamination and
magnetic susceptibility is also investigated in this study.
These results can be used as an alternative method in
determining heavy metal contamination in agricultural
areas. This approach will help monitor the presence of
heavy metals in agricultural soils and soil remediation.
Monitoring for polluted areas is crucial, and it is

beneficial for the sustainability of pollution management
and control in the future.

Materials and Methods
Study Area
Sampling and Measurements

Index of Geoaccumulation, Contamination
Factor (C}Y), Degree of Contamination
(Cd) and Pollution Load Index (PLI)

Landasan Ulin, South Kalimantan Province,
Indonesia, has a 92.42 km? area, consisting of mountains
and hills in the north and east, and lowlands to the
west, while the south has alluvium and swamp areas.
Landasan Ulin is about 40 km from the provincial
capital, Banjarmasin. Landasan Ulin is a vegetable
production area in South Kalimantan. The cultivated
vegetables from the area include mustard greens, kale,
spinach, eggplant, lettuce, long beans, peanuts, and
scallions. One of the efforts to increase the yield and
quality of vegetables is through fertilization. Both
organic and inorganic fertilizers are applied. The used
dose of organic fertilizer was 485 kg, or an average
of 16.17 kg/farmer, while the inorganic fertilizer was
556 kg, or an average of 18.53 kg/farmer. Nitrogen
(N) fertilizer is critical for the growth of vegetables.
The crops are never separated from the disturbance of
weeds and pests. Theoretically, weeds are bothering
vegetable growth because they are competitive in
many ways, especially in getting water, sunlight, and
nutrients. Weeds also, in some cases, become the source
of the disease that often becomes a significant threat
to the corps. To manage the growth of weeds, farmers
do the chemical control of weeds regularly by using
Gramoxon. About 400 liters is enough to kill weeds
on an average of 13.33 liters/respondent. Removing the
weeds can also be done manually by using physical
measures or machinery. Meanwhile, in overcoming
pests and diseases in North Landasan Ulin Village, the
farmers used Ampligo, one of the pesticide brands. It
is sprayed regularly with a dose that ranges from 20
liters or an average of 0.67 liters/farmer to kill/destroy
pests that stick around the leaves and stems of mustard
greens [19].

Twelve agriculture soil samples were taken
from two different area (Site A and site B) (Fig. 1).
In general, agricultural soils in these two areas tend
to be homogeneous, with the chemical composition of
the soil having low variability [19]. But geologically,
these two areas are in two different formations. Site
A is in the Dahor Formation and Site B is in alluvial
soil [20]. That is why this research is divided into two
different research areas. These samples were collected
using the sampling procedure based on Rahman’s
methods. Approximately 250-300 g of agricultural soil
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Fig. 1. The sampling site of agriculture soil from vegetable production center in Banjarbaru Region.

were collected from the soil surface layer (15-20 cm)
using a stainless steel grab sampler. The difference
in distance from one sampling point to another in
one location is about 100 m. The sample taken is in
the center to avoid contact with the inside of the grab
sampler material. Samples are checked for possible
contamination. Then the sample was transferred to
a previously cleaned plastic container [21]. In the
laboratory, the soil sample was dried by aerating at
room temperature. The dry soil samples were sieved
using a 325 mesh-size sieve (44 pum in diameter) to
obtain homogeneous soil particles. 2-3 g dry soil
samples were digested in about 15 mL of aqua-regia
(HCL: HNO, = 3:1) for about 4-5 hours on a hotplate
set to 110°C. The materials were then diluted to 50 mL
in a 100 mL Pyrex glass beaker with distilled water. In
the laboratory of the Indonesian Geological Survey in
Bandung, Indonesia, by AA280FS Atomic Absorption
Spectrometer (AAS) (Variant Inc. Palo Alto, USA), the
solution was filtered, and the filtrates were examined.
The working standard solutions for each metal were
prepared before every analysis. An air acetylene flame
AAS was used to measure Fe, Zn, Cu, Pb, and Mn
concentrations, with As determined by hydride vapor
generation AAS. Magnetic susceptibility measurement
was carried out in the following way, the dried soil
sample was put into a cylindrical plastic holder with
a diameter of 25.4 mm and a height of 22 then measured
using a Susceptibilitymeter (Bartington Instrument
Ltd., Oxford, UK). Each sample was measured with

three repetitions. The magnetic susceptibility value used
is the average value of the results of this measurement
[13].

To analyze the level of heavy metal pollution in an
area, more than one pollution index analysis is needed
(3, 21, 36, 37), so in this study 5 pollution indices
were used, namely the geoaccumulation index (I, ),
contamination factor (C), the degree of contamination
(Cd), the degree of modified contamination (mCd),
and the Pollution Load Index (PLI). The five pollution
indices are expected to provide more accurate
information on the level of pollution in this research
area.

Miiller’s geoaccumulation index (I, ) [22], which
was originally established to measure contamination of
sedimentary bottoms, may now be used to assess soil
contamination. It’s calculated using Equation (1) as
follows:

Igeo - logz 1SBn

(M

Cn is the element’s observed concentration in the
pelitic sedimentary fraction (<2 m), and Bn is the
geochemical background value based on argillaceous
sedimentary fossils (shale mean). C; and Cgq are indices
that can be used to assess soil contamination which
consists of four classes [23]. Equation (2) was utilized
in the following way:
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CO1 is the pre-industrial concentration of the specific
metal, and C,' is the mean content of metals from at
least five sampling sites. As a result, the computed Cy
is defined as the amount of C; determined by Hakanson
for the polluting species [23]. The following is the
equation used to calculate C

Ca=2i1 C}é 3)

C4 is intended to measure the overall level of
contamination in the surface layer at a particular
sampling site. In this study, we applied a factor
modification as applied by Krzysztof [24]. Abrahim
[25] proposes the following modified and generalized
version of the Hakanson equation [23] for estimating
the total degree of contamination at a sample or coring
location. Equation (4) is a modified equation for the
general approach to calculating contamination levels.

TiZiCf

Where n denotes the number of elements to be
ex?mined and the contamination factor is abbreviated as
C;. Using this formula to compute mC, allows metals
to be incorporated into studies with no upper limit. To
identify pollution, Tomlinson created the pollutant load
index (PLI) [26]. This index allows for comparisons
of pollution levels between sites and across time. The
PLI was calculated as a concentration factor for each
heavy metal in relation to the soil background value.
The background for the heavy metal in this investigation
was the average world concentration of the examined
metal reported for shale [27]. PLI can assess the level of
metal contamination and the actions that must be taken.
The formulas used are in the form of Equation (5).

PLI = n\/Cfl X sz X .. X Cfn )

Results and Discussion

Heavy Metal Content and Magnetic
Susceptibility

Soil Pollution Degree

Correlation Between Heavy Metal Content
and Magnetic Susceptibility

Table 1 shows the average concentrations of a
number of metals in the agricultural soils of the
study area. The average Fe, Zn, Mn, Cu, and Hg

concentrations in study area A were 28,850.00, 91.67,
89.33, 86.00, and 0.10 mg/kg. The average amounts
of Fe, Zn, Mn, Cu, and Hg in B were 3,166.00, 25.67,
33.00, 7.50, and 0.01 mg/kg, respectively. Metal trends
in research area A are Fe>Zn>Mn>Cu>Hg. Meanwhile,
the trends of metals according to the average
concentration in study area B is: Fe>Mn>Zn>Cu>Hg.
Due to the agronomic practice, the concentration of
heavy metals in study arca B was various. Meanwhile,
metal concentration trends in study areca B are as
follows: Fe>Mn>Zn>Cu>Hg. The concentration of
heavy metals in study area B varied due to agronomic
practices. The low heavy metal concentration in the soil
can be attributed to the constant elimination of heavy
metals by vegetables grown in the designated regions
[21]. Table 1 also includes the magnetic susceptibility
values of the samples from areas A and B. In general,
the magnetic susceptibility values of area A (100.0 x
10* m’kg") were 9 times greater than those of area B
(12.2 x 10-* m’kg™"). Magnetic susceptibility of sampling
area A ranges from 44.8 to 136.5 x 10 m’kg’, while
magnetic susceptibility of sampling area B ranges
from 1.1 to 24.3 x 10® m’kg'. Agricultural practices,
such as the use of magnetic minerals such as Fe in
fertilizers and pesticides, can increase the magnetic
mineral content of agricultural soil. Magnetic minerals
in agricultural soil can also be found in household
waste. As is well known, the research site, area A, is
located very close to settlements, whereas areca B is
located far from settlements. Household waste contains
anthropogenic magnetic minerals, which can raise the
magnetic susceptibility value [28].

The content of Mn and Cu at point Al in area A
is higher than at other points, which are suspected to
be from fertilizers and pesticides [36], as well as traffic
waste [28, 29] and Zn. This is known because of the
proximity of point Al to the highway. Furthermore, the
high Mn content at point Al is thought to be the result
of post-harvest processing of agricultural land [38].

The average I =~ and contamination levels of
several metals in soil are shown in Table 2. Igeo is
highly variable, implying that the soil surrounding
the sampling area was uncontaminated to moderately
contaminated in terms of the metals tested. The average
concentration of heavy metals was higher in study
area A than in site B. Long-term use of machine tools,
paints, pigments, and industrial equipment in the study
arca may have caused the highest Fe content in the
soil [10]. The average concentration of Zn, Mn, Cu,
and Hg found in study area A was also higher than in
study area B. The presence of heavy metals in this arca
was suspected due to agricultural practices. Pesticides
contain the elements Mn, Zn, and Cu (Cu, As, Hg, Pb,
Mn, and Zn). Fungicides contain the elements Cu, Zn,
and Mn. Compost and manure also contain Zn and Cu.
Seed dressings contain Hg [30-32].

Zn is present in all sampling points at study
area A, but not all sampling points at location B. Zn
concentrations were approximately three times higher
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Table 1. Different heavy metal concentrations and magnetic susceptibility in the study area’s agricultural soil.
Sample Fe Zn Mn Cu Hg le(;( 1-?-8
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) mkg™)
Sampling Area A
A0 28,600.00 156.00 112.00 49.00 0.12 136.50
Al 28,100.00 124.00 161.00 147.00 0.12 135.60
A2 27,300.00 77.00 60.00 70.00 0.08 100.10
A3 26,900.00 57.00 52.00 70.00 0.11 135.60
A4 31,800.00 65.00 70.00 89.00 0.09 47.30
A5 30,400.00 71.00 81.00 91.00 0.11 44.80
Min 26,900.00 57.00 52.00 49.00 0.08 44.80
Max 31,800.00 156.00 161.00 147.00 0.12 136.50
Mean 28,850.00 91.67 89.33 86.00 0.10 100.00
SD 1,893.94 39.00 41.00 34.00 0.01 44.03
Sampling Area B

BO 2,500.00 20.00 38.00 7.00 0.01 23.30
Bl 1,500.00 21.00 23.00 7.00 0.04 21.00
B2 1,000.00 65.00 15.00 5.00 0.01 24.30

B3 8,200.00 14.00 68.00 12.00 0.01 1.10

B4 4,800.00 14.00 39.00 9.00 0.01 1.90

B5 1,000.00 20.00 15.00 5.00 0.01 1.60

Min 1,000.00 14.00 15.00 5.00 0.01 1.10
Max 8,200.00 65.00 68.00 12.00 0.04 24.30
Mean 3,166.67 25.67 33.00 7.50 0.01 12.20
SD 2,850.03 19.52 20.17 2.66 0.01 11.74

Baseline 4.72 95.00 850.00 45.00 0.40 -

in sampling points at site A than in sampling points
at site B. The average Zn concentration at sites A
and B exceeded the 0.06 mg/kg threshold set by the
Indonesian National Standardization Agency. However,
the Zn concentration at these two sites was still low
when compared to agricultural soils in Shenzhen, China
(concentration average of 194 mg/kg in the dry season
and 209 mg/kg in the rainy season) [33], soil in an
unpolluted area of Gebze, China (concentration average
632 mg/kg) [34], and agricultural soil from Huanghuai
Plain, China (74 mg/kg) [35]. In contrast to Zn, Cu
was distributed over all sampling points in both study
locations, and the concentration in site A was ten times
higher than in site B.

The average Cu concentration in both locations
also exceeded the 0.04 mg/kg threshold set by the
Indonesian National Standardization Agency. However,
the concentration of Cu at these two locations was still
low when compared to agricultural soils in Shenzhen,
China (with an average of 60 mg/kg in the rainy season

and 90 mg/kg in the dry season) [33], as well as soils
in unpolluted areas in Gebze, China (concentration
average 95.88 mg/kg) [34], palm farms’ soil in
Morocco (concentration average 138 mg/kg) [36], and
agricultural soil from Patuakhali District, Bangladesh
(4.1-181 mg/kg) [37]. However, the Cu content at Site A
was higher than the Cu content in agricultural soils in
the Dumuria Upazila, Bangladesh [38] and Marrakech,
Morocco [39] areas, whereas the Cu content at Site
B was lower than the Cu content in agricultural soils
in the Dumuria Upazila, Bangladesh (concentration
average 17.70 mg/kg) and Marrakech, Morocco. Cu
concentrations are higher in these two locations than
in agricultural soils from Jeddah, Arab Saudi Arabia
(concentration average 0.4 mg/kg) [40].

Hg concentrations were four times higher in site A
than in site B. The presence of Hg was suspected to be
the result of fungicide use. Hg in soil can be produced by
a number of activities, including basic metal processing,
some chemical sector activities, mining, and industrial
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Table 2. Average Igeo and contamination levels of the soil in two sampling areas.

Sampling Area A Sampling Area B
Element
Igw Value Contamination Level Igm Value Contamination Level
Fe -1.3 Unpolluted -4.94 Unpolluted
Zn -0.74 Unpolluted 2,71 Unpolluted
Mn -3.95 Unpolluted -5.49 Unpolluted
Cu 0.27 Moderately to strongly polluted -3.24 Unpolluted
Hg -2.53 Unpolluted -5.57 Unpolluted

Table 3. Average C/', C , mC, and PLI of soil over two sampling

areas.
Sampling area A Sampling area B

CyFe 0.61 0.07
C¢Zn 0.96 0.27
C¢Mn 0.11 0.04
CsCu 0.95 0.17
CeHg 0.26 0.04

Cd 2.89 0.58

mCd 0.48 0.1

PLI 0.42 0.07

waste. Hg concentrations in Gebze soil ranged from 9
to 2.721 g/kg, with an average of 102 g/kg [34], which
is significantly higher than the concentrations found

in this study. The Hg content of agricultural soils in
China’s Gorges Dam area is similar to that of this study
area (0.08 mg/kg) [41]. Hg levels in sites A and B did not
exceed the 0.5 mg/kg threshold for its presence in soil.
According to this research, the concentration of heavy
metals in site A is higher than in site B. According to
observations and interviews with local farmers, site A
was used for plantation activities much earlier than site
B. Heavy metals accumulate in the soil over time due
to a variety of factors, including the use of fertilizers,
pesticides, and agricultural equipment [42, 43].

C, was used to determine the overall contamination
of the analyzed agricultural soil. The soil was classified
as having a low contamination factor in both test
regions, indicating low contamination with Fe, Zn,
Mn, Cu, and Hg. The maximum contamination degree
(C,) values indicated a low level of contamination.
As proposed in this work, the mC, is calculated by
combining and averaging all available analytical data
for a collection of soil samples.

Table 4. Pearson correlation (R) between heavy metal contents and magnetic susceptibility. The value of R for strong (above 0.5)
correlation is in bold.

Fe Zn Mn Cu Hg Y
Sampling area A
Fe 1
Zn -0.163 1
Mn -0.029 0.77 1
Cu 0.114 0.03 0.656 1
Hg -0.145 0.6 0.658 0.239 1
Y -0.831 0.555 0.392 -0.025 0.49 1
Sampling area B
Fe 1
Zn -0.5 1
Mn 0.965 -0.541 1
Cu 0.977 -0.573 0.964 1
Hg -0.286 -0.117 -0.243 -0.092 1
Y -0.586 0.595 -0.431 -0.506 0.367 1
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As a result, this improved method may provide a
thorough assessment of the overall enrichment and
contamination impact of various pollutant groups
in the soil. In both sampling areas, the mC, ranged
from 0.48 to 0.10, indicating nil to a very low level of
contamination. The PLI values indicated that drastic
rectification measures are not needed in both areas.
Table 3 shows the soil’s average C//, C,, mC, and PLL

Pearson correlation analysis [44] was used to
compare all of the variables. Table 4 displays the
correlation coefficients between metal pairs. High
correlation values (R>0.50) between different metal
pairs, indicating soil accumulation. In soil samples
from sampling area A, Mn-Zn (R = 0.770), Cu-Mn
(R =0.656), Hg-Zn (R = 0.600), and Hg-Mn (R = 0.600)
had high correlation values (R>0.5). The correlation
trends in sampling area B were: Fe-Mn (R = 0.965),
Fe-Cu (R = 0.977), and Cu-Mn (R = 0.964).

Significant correlations indicate that they are
thought to be anthropogenic, originating in agricultural
activities such as the use of fertilizers and pesticides.
Both of these areas are about 2 kilometers from
Syamsuddin Noer airport, which is thought to contribute
to heavy metal accumulation in the soil in this area [45].
Table 4 also shows the correlation coefficient between
each heavy metal content and magnetic susceptibility
measured in the same soil plane. According to the
correlation analysis of each plot of land, several heavy
metals show a positive correlation with magnetic
susceptibility values, namely Zn (R = 0.555), Mn
(R = 0.392), and Hg (R = 0.490) in area A, and Zn
(R = 0.595) and Hg (R = 0.367) in area B. When
compared to other heavy metals, the content of
the heavy metal Zn in both soil planes showed a
stronger positive correlation coefficient with magnetic
susceptibility. In both sampling areas, heavy metals
such as Fe and Cu have negative correlation coefficient
values with magnetic susceptibility.

Conclusions

In the biosphere, the soil is an essential component,
every harmful change of it can seriously affect the
quality of human life. It is very possible to have heavy
metals content in the soil. Heavy metals that enter the
food chain are the most detrimental because they can
threaten human health. Some of the agricultural lands
in Landasan Ulin, Banjarbaru, South Kalimantan are
observed in this study. The lands were evaluated for
the impact of anthropogenic heavy metals by using
several indices that showed that study area A was
not contaminated until moderately contaminated by
different metals. Meanwhile, study area B did not show
any contamination based on all indices. However, the
presence of Cu and Zn in this region has exceeded the
threshold set by the Indonesian National Standardization
Agency, and this must be watched out for. For
this reason, regular monitoring of heavy metals in

agricultural land is necessary to ensure environmental
quality. In addition, remediation measures need to
be carried out on agricultural land indicated to be
contaminated by Cu and Zn. This study also shows
that magnetic susceptibility can be used as a proxy for
monitoring the concentration of heavy metal especially
Zn in agricultural soil in the Landasan Ulin area.

Acknowledgments

This study was funded by DIPA Lambung
Mangkurat University 2021.

Conflict of Interest

The authors declare no conflict of interest.

Referencess

1. SRIVASTAVA V., SARKAR A., SINGH S., SINGH P,
ADEMIR S.F.A., SINGH R.P. Agroecological Responses
of Heavy Metal Pollution with Special Emphasis on Soil
Health and Plant Performances. Frontiers in Environmental
Science. 5, 64, 2017

2. SHARMA B., SINGH S., SIDDIQI N J. Biomedical
implications of heavy metals induced imbalances in redox
systems. Biomed Research International. 2014, 1, 2014.

3. HUANG SW., JIN JY. Status of heavy metals in
agricultural soils as affected by different patterns of land
use. Environmental Monitoring and Assessment. 139 (1-3),
317, 2008.

4. HOU Q., YANG Z., JI J, YU T., CHEN G, LI J, XIA
X., CHANG M., YUAN X. Annual net input fluxes of
heavy metals of the agro-ecosystem in the Yangtze River
delta, China. Journal of Geochemical Exploration, 139, 68,
2014.

5. SINGH S., PARIHAL P, SINGH R., SINGH VP,
PRASAD S.M. Heavy Metal Tolerance in Plants: Role
of Transcriptomics, Proteomics, Metabolomics, and
Tonomics. Frontiers in Plant Science. 6, 1143, 2016.

6. LOUTFY N, FUERHACKER M. TUNDO P,
RACCANELLI S., DIEN A.G.E., AHMED M.T. Dietary
intake of dioxins and dioxin-like PCBs, due to the
consumption of dairy products, fish/seafood and meat from
Ismailia city, Egypt. Science of the Total Environment. 370
(1), 1, 2006.

7. HINDARWATI Y., SOEPROBOWATI T.R., SUDARNO.
Heavy Metal Content in Terraced Rice Fields at Sruwen
Tengaran Semarang-Indonesia. E3S Web of Conferences.
31 (February 2017), 1, 2018 [In Indonesia].

8. BUDIANTA W. Lead Contamination In Soil Of
Yogyakarta City, Indonesia. Journal of Applied Geology.
4 (2), 90, 2015.

9. KASNO J., ADININGSIH S.J., SULAEMAN., SUBOWO.
Status of Pb and Cd pollution in intensified rice fields of the
West Java Pantura route. Proceedings of the VII National
Congress of the Indonesian Soil Science Association,
Bandung. 2000 [In Indonesia].

10. ISLAM M.M., HALIM M.A., SAIFULLAH S., HOQUE
S.AMW., ISLAM M.S. Heavy Metal (Pb, Cd, Zn, Cu,



256

Sudarningsih S., et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cr, Fe and Mn) Content in Textile Sludge in Gazipur,
Bangladesh. Reserch Journal of Environmental Sciences.
3 (3), 311, 2009.

ZENG F., WEI W,, LI M., HUANG R., YANG F., DUAN
Y. Heavy metal contamination in rice-producing soils
of Hunan province, China and potential health risks.
International Journal of Environmental Research and
Public Health. 12 (12), 15584, 2015.

WANG X.S., QIN Y. Magnetic properties of urban topsoils
and correlation with heavy metals: A case study from the
city of Xuzhou, China. Environmental Geology. 49 (6),
897, 2006.

SCOLGER R., HANESH M. Mapping of heavy
metal loadings in soils by means of magnetic
susceptibility measurements. Environmental Geologi. 42,
857, 2002.

MARIYANTO M., AMIR M.F.,, UTAMA W., HAMDAN
A.M., BIJAKSANA S., PRATAMA A., SUDARNINGSIH
S. Environmental magnetism data of Brantas River bulk
surface sediments, Jawa Timur, Indonesia. Data in Brief.
25.2019.

SUDARNINGSIH S., ALIYAH H., FAJAR S,
BIJAKSANA S. Magnetic characterization and heavy
metals pollutions of sediments in Citarum River ,
Indonesia Magnetic characterization and heavy metals
pollutions of sediments in Citarum River , Indonesia. [OP
Conference Series. 1204 (012082), 2019.
SUDARNINGSIH S., BIJAKSANA S., RAMDANI R,
HAFIDZ A., PRATAMA A., WIDODO W., SANTOSO
N. A. Variations in the concentration of magnetic minerals
and heavy metals in suspended sediments from citarum
river and its tributaries, West Java, Indonesia. Geosciences
(Switzerland). 7 (3), 2017.

YUNGINGER R.,, BIJAKSANA S, DAHRIN
D., ZULAIKAH S., HAFIDZ A., KIRANA K.H,
SUDARNINGSIH S., FAJAR S.J. Lithogenic and
anthropogenic components in surface sediments from lake
limboto as shown by magnetic mineral characteristics,
trace metals, and REE geochemistry. Geosciences
(Switzerland). 8 (4), 2018.

WIBAWA M.F., FERRIANTA Y., ABDURRAHMAN.
The Factors Affecting Mustard Green Farming in
Landasan Ulin Utara Village, Liang Anggang Sub-
District, Banjarbaru Municipality. Frontier Agribisnis. 1
(4), 178, 2020 [In Indonesia].

SURATMAN Y. Distribution and Labor Productivity of
Mustard Farming (Brassica Juncea L.) In North Landasan
Ulin Village, Liang Anggang District, Banjarbaru City.
Ziraa’Ah Majalah Ilmiah Pertanian. 41 (2), 222, 2016 [In
Indonesia].

HERYANTO R., SANYOTO P. Geological Map Sheet
Amuntai, South Kalimantan, scale 1: 250.000, Geological
Research and Development Center, Bandung, 1994 [In
Indonesia].

RAHMAN S.H., KHANAM D., ADYEL T.M., ISLAM
M.S., AHSAN M.A., AKBOR M.A. Assessment of heavy
metal contamination of agricultural soil around Dhaka
Export Processing Zone (DEPZ), Bangladesh: Implication
of seasonal variation and indices. Applied Sciences
(Switzerland), 2 (3), 584, 2012.

MULLER G. Die Schwermetallbelastung  der
sedimente des Neckars und seiner Nebenflusse: Eine
Bestandsaufnahme. Chemical Zeitung. 105, 157, 1981.
HAKANSON L. An ecological risk index for aquatic
pollution control a sedimentological approach. Water
Research, 14 (8), 975, 1980.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

KRZYSZTOF L., WIECHULA D., KORNS I. Metal
contamination of farming soils affected by industry.
Environmental International. 30, 159, 2004.

ABRAHIM G.M.S., PARKER R.J. Assessment of heavy
metal enrichment factors and the degree of contamination
in marine sediments from Tamaki Estuary, Auckland,
New Zealand. Environmental Monitoring and Assessment.
136 (1-3), 227, 2008.

TOMLINSON D.L., WILSON J.G.,, HARRIS CR.
JEFFREY D.W. Problems in the assessment of heavy-
metal levels in estuaries and the formation of a pollution
index. Helgoldnder Meeresuntersuchungen. 33 (1-4), 566,
1980.

TUREKIAN K.K., HAVEN N., HANS K. Distribution
of the Elements in Some Major Units of the Earth’s Crust.
Geological Society of America Bulletin, 72, 175, 1961.
BREMPONG F., MARIAM Q., PREKO K. The use
of magnetic susceptibility measurements to determine
pollution of agricultural soils in road proximity. African
Journal of Environmental Science and Technology. 10 (9),
263, 2016.

WANG G., LIU Y., CHEN J,, REN F,, CHEN Y,, YE F,,
ZHANG W. Magnetic evidence for heavy metal pollution
of topsoil in Shanghai, China. Frontiers in Earth Science.
12, 1, 2018.

ALENGEBAWY A., ABDELKHALEK S.T., QURESHI
S.R., WANG M.Q. Heavy metals and pesticides toxicity
in agricultural soil and plants: Ecological risks and human
health implications. Toxics. 9 (3), 1, 2021.

HASSAAN M.A.,, EL NEMR A., MADKOUR F.F.
Environmental assessment of heavy metal pollution and
human health risk. American Journal of Water Science and
Engineering. 2 (3), 14, 2016.

PENDIAS, K.A. Trace Element in Soils and Plants, 3" ed.;
CRC Press Boca Raton, USA, 2001.

WU J., SONG J, LI W., ZHENG M. The accumulation
of heavy metals in agricultural land and the associated
potential  ecological risks in  Shenzhen, China.
Environmental Science and Pollution Research. 23 (2),
1428, 2016.

ABANUZ Y.G. Heavy metal contamination of surface
soil around Gebze industrial area, Turkey. Microchemical
Journal. 99 (1), 82, 2011.

ZHOU L., YANG B., XUE N., LI F.,, SEIP H.M., CONG
X,YAN Y., LIU B., HAN B., LI H. Ecological risks and
potential sources of heavy metals in agricultural soils
from Huanghuai Plain, China. Environmental Science and
Pollution Research. 21 (2), 1360, 2014.

ENNAJI W., BARAKAT A., EL BAGHDADI M., RAIS
J. Heavy metal contamination in agricultural soil and
ecological risk assessment in the northeast area of Tadla
plain, Morocco. Journal of Sedimentary Environments. 5
(3), 307, 2020.

ISLAM M.S.,, AHMED MK. AL-MAMUN M. H.,
ISLAM S.M.A. Sources and Ecological Risks of Heavy
Metals in Soils Under Different Land Uses in Bangladesh.
Pedosphere. 29 (5), 665, 2019.

MAHMUD U., SALAM T.B., KHAN A.S., RAHMAN
M. Ecological risk of heavy metal in agricultural soil
and transfer to rice grains. Discover Materials. 1 (1), 10,
2021.

CHAOUA S., BOUSSAA S., GHARMALI AE.,
BOUMEZZOUGH A. Impact of irrigation with wastewater
on accumulation of heavy metals in soil and crops in the
region of Marrakech in Morocco. Journal of the Saudi
Society of Agricultural Sciences. 18 (4), 429, 2019.



Assessment of Soil Contamination by Heavy...

257

40. BALKHAIR K.S., ASHRAF M.A. Field accumulation

41.

42.

risks of heavy metals in a soil and vegetable crop irrigated
with sewage water in western region of Saudi Arabia.
Saudi Journal of Biological Sciences. 23 (1), S32, 2016.
LIU M., YANG Y., YUN X., ZHANG M., WANG 1.
Concentrations, distribution, sources, and ecological
risk assessment of heavy metals in agricultural topsoil
of the Three Gorges Dam region, China. Environmental
Monitoring and Assessment. 187 (3), 147, 2015.

TOTH G., HERMANN T, SILVA DMR.,
MONTANARELLA L. Heavy metals in agricultural soils
of the European Union with implications for food safety.
Environment International. 88, 299, 2016.

43.

44,

45.

ZHONG T., CHEN D., ZHANG X. Identification of
Potential Sources of Mercury (Hg) in Farmland Soil Using
a Decision Tree Method in China. International Journal of
Environmental Research and Public Health. 13, 1111, 2016.
EDWARDS A. The Correlation Coefficient. In Introduction
to Linear Regression and Correlation. W. H. Freeman and
Company: San Francisco, CA, USA, 33, 1976

MASSAS 1., GASPARATOS D., IOANNOU D.,
KALIVAS D. Signs for secondary buildup of heavy metals
in soils at the periphery of Athens International Airport,
Greece. Environmental Science and Pollution Research. 25
(1), 658, 2018.






