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Abstract: Heavy metals tracing and magnetic susceptibility are generally used as a proxy indicator of pollution in various depositional environments. This research focused on tracing the significant record of pollution of the Muntingia calabura  tree to understand the sensitivity in recording pollution and mining production. The area of this research is a hydrocarbon mining site of Wonocolo Geopark in the Bojonegoro, East Java Indonesia. The samples were taken both polluted and non-polluted leaf and bark, from 20 sampling points. Polluted leaves then were characterized by the existence of elevated levels of Pb, Fe, Cu and Zn. The average magnetic susceptibility of leaves increases from 0.86 × 10−8 m3/kg in non-polluted samples to 13.55 × 10−8 m3/kg in polluted samples and in the same way, increasing of magnetic susceptibility was also seen in the barks, from an average of 0.21 × 10−8 m3/kg in non-polluted sample, to 2.55 × 10−8 m3/kg in polluted sample. The pattern of magnetic susceptibility on leaves and barks at each sampling point is also the same as the pattern of hydrocarbon production which is related to the level of pollution in the area. The increase of magnetic susceptibility in polluted leaves and barks is thought caused by input of magnetic minerals and heavy metals from the fly ash of diesel engines used for hydrocarbon mining process. The heavy metal concentration has the average of Pb (0.070 ppm), Fe (13.322 ppm), Cu (8.434 ppm), and Zn (11.668 ppm). This value has exceeded the threshold of heavy metals content and have a worst impact on health and the environment. Based on Pollution Load Index (PLI) calculations, the most of areas affected by heavy metal pollution in very high and extremly high levels with the highest pollutants input are Fe, Cu, Zn and Pb respectively. 
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1 Introduction

A recent report by the World Health Organization (WHO) outlines the deadly effects of ambient (air) pollution, which leads to increase rates of acute and chronic respiratory disease, strokes, heart disease, and lung cancer. Air pollution is ascribed to have caused an 4.2 million premature deaths in 2019 and approximately 89% of these occurred in Southeast Asia and the Western Pacific [1]. In Indonesia the number of premature deaths is estimated to be 119,504

in 2019 [2]. It is well documented that fine particulate matter (PM) finds their way through inhalation into every organ of the human body. Metallic within the body is not only associated with disease, but also can lead to deterioration of cognitive function and neurological development [3–9]. 

Numerous studies have shown that Fe-bearing nanoparticles are very common in the air [10, 11]. Airborne Fe-bearing nanoparticles are particularly hazardous to health, because Fe is found in metalloproteins in the body that play a role in neuronal functions [4]. For this reason, rock magnetic methods have been successfully applied in assessing air pollution [3, 12–15]. Plants have been widely used for biomonitoring of air pollution [16–24], because
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their surfaces act as a trap for PM [25]. Different plants or parts of plants can be used as samples for biomonitoring, for example leaves [4, 5, 8, 9], bark [5, 9, 26, 27], tree rings [28–30], and lichen [31]. These studies have demonstrated that the magnetic properties of plants, e.g., magnetic susceptibility and saturation isothermal remanent magnetization (SIRM), are enhanced in industrial areas compared to residential or ecological areas. 

One reason for using magnetic properties for biomonitoring pollution, is that the measurements take relatively little time, which allows for a large number of samples to be evaluated efficiently [32, 33]. By combining magnetic data with geochemical information, it is possible to link a magnetic parameter with heavy metal concentration [32, 34–39]. 

Although no universal correlations can be established between specific magnetic parameters and specific heavy metals, valid correlations can be established within a study area. Thus, once a relation is established, magnetic properties can be used to obtain detail maps for specific metal concentrations. 

Magnetic susceptibility has been used successfully to monitor the level of hydrocarbon pollution in soils [33, 40, 41]. 

These studies have also demonstrated that soil cores that were sampled at a distance from a well or oil distillation site had low susceptibility throughout the soil column. The Wonocolo hydrocarbon mining that also become the Geopark, located in the Bojonegoro Regency in East Java, Indonesia (Figure 1), is being developed for geology-based tourism. The park preserves traditional methods of oil extraction and production, which are still in use today. But this mining activity causes pollution in the mining area and has a big impact on the surrounding environment. So, the pollution level is very important to evaluate or monitor. A preliminary study of soil cores in the Wonocolo Geopark, Bojonegoro Indonesia showed high susceptibility in the upper soils in areas where there was active oil production either presently or in the past. 

Figure 1. Sample location point in Wonocolo hydrocarbon mining, Bojonegoro-East Java The purpose of this study is to evaluate the applicability of using rock magnetic methods to monitor the bioaccumulation of heavy metals associated with hydrocarbon wells in the Wonocolo Geopark. Both leaf and bark samples are sampled from  Muntingia calabura, a small evergreen tree found in tropical climates.  Muntingia calabura is a productive shade plant, with edible fruit.  Muntingia calabura  is widely used as a shade plant in several mining and residential areas. This plant is widely planted at the research site, and it is dominant at active well points. The use of  Muntingia calabura  as a plant sample is also based on Lin [42]. 

Elemental analysis of the biomaterial is also performed to determine the heavy metal concentration, and to correlate against magnetic properties. Our approach will allow us to compare the effectiveness of leaves versus bark in trapping heavy metal PM. Our results are used to map the area with respect to the spatial distribution of the heavy metals and magnetic susceptibility. The results from this study will be used to establish recommendations for using the  Muntingia calabura  plant as a method to contain PM locally [7, 8, 26]. 

2 Material and Method

Leaf and bark samples of  Muntingia calabura  were taken at 20 sites within the hydrocarbon site in the Wonocolo Geopark, Bojonegoro Indonesia. The sample sites were selected based on the location of active traditional hydrocarbon 189
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mining wells in the area. Although not all sites were sampled, the samples taken represent a large and representative portion (Figure 1).  Muntingia calabura  has slightly fur leaves and a relatively smooth bark. Therefore, we will also examine its effectiveness as a bioaccumulator and which parts of the plant are effective as bioaccumulators, which will certainly differentiate it from other plants. 

The sites were chosen based on the color of the leaves. Polluted samples were taken from locations directly facing the mining well activity, while unpolluted samples were taken from locations behind the mining activity. Unpolluted samples have green leaves and brown bark and with both becoming black in areas with notable polluted area (Figure 2). 

The polluted samples were taken from plants that are near to active wells, in addition to distillation fumes from the run pumps. These samples can be distinguished by the dark color of polluted sites and the light color of unpolluted sites. 

Figure 2. (a) Difference in color for a polluted (black) and a non-polluted (green) leaf; (b) polluted bark is blackish and non-polluted bark is brown

These leaves are labeled DTPx for the leaf samples and BTPx for bark samples. Non-polluted samples were taken at places that are not exposed to ash pollution and where the leave and bark colors are still fresh (Figure 2). 

These are labeled DTTPx for the leaves BTTPx for bark. After collection the samples were clipped together and placed into Plastic Bags stored in boxes and taken to the laboratory in Malang. The samples were first dried in the sun (outside), where the average daily temperature was 27 ℃. The dried samples were then cut into small pieces and put into standard plastic magnetic measurement holders and weighed with a digital balance. The mass susceptibility of the samples was measured on a Bartington dual frequency MS2B susceptibility meter, using both frequencies: high frequencies (4700 Hz) and low frequency (470 Hz). The contaminated leaf samples (DTPx) were then subjected to evaluation with an atomic absorption spectroscopy (AAS) to determine the heavy metals content (Fe, Cu, Pb, and Zn). 

Only leaf samples were used to determined heavy metal content, as recommend by earlier research that leaves are better recorders of contamination compared to other parts of plants [43]. A further sample to serve as a reference for an unpolluted stie that is away from any hydrocarbon activity or roads, it is from a residential area in Malang. 

Pollution Load Index (PLI) was calculated, using the formula, PLI = (CFFe × CFCu × CFPb × CFZn)(1/4). Statistical analysis was made using IBS SPSS software. 

3 Result

The magnetic susceptibility of the leaf and bark is listed in Table 1. Magnetic susceptibility of leaves from less polluted areas ranges from -0.641 × 10−8 m3/kg to 2.481 × 10−8 m3/kg with an average of 0.856 ± 0.944 × 10−8

m3/kg for non-polluted samples and from 1.387 × 10−8 m3/kg to 54.764 × 10−8 m3/kg with an average of 13.544 ±

19.153 × 10−8 m3/kg for polluted sample. Magnetic susceptibility of the bark samples is between -1.203 × 10−8

m3/kg to 2.260 × 10−8 m3/kg with an average of 0.211 ± 0.903 × 10−8 m3/kg for non-polluted samples and from 0.147 × 10−8 m3/kg to 9.054 × 10−8 m3/kg with an average of 2.945 ± 2.150 × 10−8m3/kg for polluted samples. The reference sample from a residential area was diamagnetic with a value of -0.745 × 10−8 m3/ kg. Because of bark susceptibility is low, we decided to not measure AAS. Furthermore, based on references,  Muntingia calabura’s bark is classified as glabrous, making it ineffective at trapping airborne metals and the bark is always obscured by dense leaves, which sometimes hang down to the ground. 

Results from elemental analysis, which includes Pb, Fe, Cu and Zn, is provided in Table 2. The elemental concentrations for the different samples are highly variable. Site 1 had very high Cu and Fe concentrations and low Zn concentration compared to the other sites. Fe concentrations range from 0.550 ppm to 71.019 ppm with an average 13.322 ± 15.101 ppm, and Zn concentrations range from 1.087 ppm to 26.131 ppm with an average of 11.668 ± 6.883

ppm. The concentration of Cu varied from 0.093 ppm to 26.131 ppm with an average of 8.434 ± 36.559 ppm; if 190

site 1 is excluded the average decreases by an order of magnitude to 0.345 ± 0.031 ppm. The concentration of Pb is the lowest and ranges from non-detectable concentration to 0.249 ppm with an average of 0.073 ± 0.059 ppm. The sample from the residential area has Fe, Cu, and Zn concentrations that are about an order of magnitude less than the average of the contaminated leaves. It is interesting to note, however, that the Pb concentration was on the same order as many of the polluted samples. 

Heavy metal concentrations of Pb were found in leaves ranging from 0 ppm to 0.249 ppm with an average of 0.070 ppm. This value has exceeded the specified standard and according to WHO, lead levels in the air must be reduced to zero. Because lead is extremely dangerous when it enters the body in enormous quantities. Among the dangers of lead to the body are hypertension, miscarriages, brain injury, abdominal pain, peripheral nerve damage, sperm damage, cognitive impairment, etc [44]. 

Table 1. Magnetic susceptibility measurement (χlf ) of non-polluted and polluted leaves and bark from  Muntingia calabura  in the bojonegoro hydrocarbon mining area

Magnetic Susceptibility (χ

Sample

lf ) (10−8 m3/kg)

DTTP

DTP

BTTP

BTP

1

-0.341

54.764

0.462

9.054

2

-0.641

1.387

-0.295

5.366

3

0.621

17.741

-0.445

2.107

4

2.481

2.667

0.270

0.409

5

-0.310

4.536

-0.914

1.497

6

0.587

1.660

-0.643

7.277

7

0.609

9.158

-0.436

1.059

8

1.645

4.345

0.141

1.835

9

0.789

15.408

0.161

3.272

10

0.592

3.592

0.488

1.733

11

1.071

4.259

1.556

3.662

12

0.448

27.331

-1.203

0.831

13

-0.454

22.656

0.429

0.147

14

2.390

9.191

2.260

2.849

15

1.137

3.349

0.843

6.661

16

0.3183

32.440

-0.874

3.591

17

0.754

11.227

0.664

3.457

18

1.029

1.6884

0.404

2.422

19

2.404

30.003

1.661

0.964

20

1.986

13.481

-0.308

0.713

Mean

0.856

13.544

0.211

2.945

Note: DTTP, non-polluted leaf samples; DTP, polluted leaf samples; BTTP, non-polluted bark samples; BTP, polluted bark samples. 

Heavy metal concentrations of Fe were found in leaves ranging from 0.550 ppm to 71.019 ppm with an average of 13.322 ppm. This is related to anthropogenic contaminants that are a source of pollutants such as engine activity and metal absorption from tanks which allow them to burn as oxides. The Fe concentration far exceeds the standard Fe in the air, which is 0.438. If humans inhale much Fe, it can cause several complications in the body. In fact, research shows that population with higher levels of iron in the body has a higher risk of developing cancer [45]. Excess Fe can also cause neurological disorders [46]. 

The concentration of heavy metal Cu detected in the leaves was 0.093 ppm to 163.882 ppm with an average of 8.434 ppm. This value has exceeded the predetermined standard. The concentration of Cu in the leaves at location 1 (DTP-1) was exceedingly high compared to other samples because at location 1 it was contaminated with very high copper. This is in line with the results of the high magnetic susceptibility of the DTP-1 sample compared to other samples. High Cu content in the air can cause metal fever with symptoms such as flu-like symptoms, diarrhea, vomiting, irritation of the eyes, and dizziness [44]. 

The concentration of heavy metal Zn was detected in 20 leaf samples ranging from 1.087 ppm to 26.132 ppm with an average of 11.668 ppm. The concentration has exceeded the standard Zn in the air. High concentrations of Zn can be harmful to health including fatigue and weakness, anorexia, listlessness, headaches, chest pain, myalgia and arthralgia, gout, hypochromic microcytic anemia, and testicular atrophy [44]. Geochemical assessment of soils also can use to evaluate the source of Zn [47]. The dominant pollutant inputs are Fe, Cu, Zn and Pb respectively. Based on PLI calculations, most of the areas are affected by high to very high pollution levels. 
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Table 2. Heavy metals concentration on leaves determines using atomic absorption spectroscopy (AAS) Heavy Metal Concentration (ppm)

Sample Code

χlf (10−8 m3/kg)

Total Heavy Metal (ppm)

PLI

Pb

Fe

Cu

Zn

REF

-0.745

0.060

1.016

0.057

1.543

DTP-1

54.764

0.138

71.019

163.882

1.087

245.904

23.913

DTP-2

1.387

0.056

1.731

0.323

7.008

9.118

2.534

DTP-3

17.741

0.104

22.337

0.196

7.993

30.631

5.118

DTP-4

2.667

0.000

0.550

0.093

2.273

2.916

1.093

DTP-5

4.536

0.060

10.299

0.238

10.317

20.914

4.109

DTP-6

1.660

0.000

1.212

0.166

3.992

5.369

2.083

DTP-7

9.158

0.075

10.567

0.272

18.412

29.326

5.225

DTP-8

4.345

0.059

9.895

0.288

11.831

22.073

4.397

DTP-9

15.408

0.000

13.663

0.303

12.942

26.908

8.451

DTP-10

3.592

0.000

8.535

0.270

8.194

16.998

5.967

DTP-11

4.259

0.055

4.765

0.156

6.545

11.522

2.668

DTP-12

27.331

0.058

18.185

0.309

17.123

35.676

5.697

DTP-13

22.656

0.058

16.504

0.300

15.625

32.486

5.388

DTP-14

9.191

0.249

13.492

0.332

19.997

34.070

8.046

DTP-15

3.349

0.123

1.449

0.164

3.349

5.0855

2.071

DTP-16

32.440

0.000

9.307

0.107

8.756

18.171

4.620

DTP-17

11.227

0.131

13.813

0.298

13.348

27.591

6.064

DTP-18

1.6884

0.083

2.632

0.307

19.218

22.239

3.938

DTP-19

30.003

0.065

18.351

0.307

19.218

37.940

6.021

DTP-20

13.481

0.087

18.131

0.367

26.132

44.718

7.302

Average

13.544

0.070

13.322

8.434

11.668

Threshold

**0.0005

*0.4375

**0.001

**0.005

R

0.1418

0.8496

0.6984

0.2371

0.779

Note: PLI, Pollution Load Index; REF, reference sample; DTP, polluted leaf samples. *SE-01/MEN/1997 [48]; **Occupational Safety and Health Administration (OSHA) [49]. 

4 Discussion

The average of magnetic susceptibility increases from non-polluted to polluted sample. Increasing of magnetic susceptibility of polluted samples in both leaf and bark, show that the leaf more sensitive than bark in record the pollution, χleaf > χbark. These results are supported by previous research conducted on Aztec Marigold, the shoots (leaves) of plants absorb more heavy metals Cd and Zn than the roots [50]. Leaf and bark magnetic susceptibility were also lower than other studies because controlled by the type of pollutant from hydrocarbon mining, which was different from general industrial pollutants. Besides that,  Muntingia calabura  has a smooth leaf and bark surface compared to other types of plants in previous studies, so that it is possible to reduce dust/pollutant trapping capacity. 

The increase in magnetic susceptibility between leaves and barks showed the same trend and illustrated in Figure 3. 

The increasing of magnetic susceptibility deduced due to increasing of heavy metals absorbed of iron (Fe and Cu) elements. 

Figure 3 shows the increase in low frequency magnetic susceptibility (χlf ) from non-polluted to polluted leaves and barks. The difference in average of magnetic susceptibility non polluted and polluted leaves and barks, it can calculate that the sensitivity of leaves is higher than that of barks with an increase in the average of magnetic susceptibility in leaves of 93.68% and bark of 82.83%. This results is in line with previous findings that leaves can be a better bioindicator of pollution than other plant organs [43]. The higher sensitivity of leaves compared to the barks in recording pollution can be understood, because leaves is related to the free air directly, while the barks are covered by leaves that are positioned outward and catch the pollutants first. Pollution that sticks to the barks is through the small space between leaves, so it is possible that the number of pollutants caught in the barks is not as much as in the leaves. In some point, if the increases look extreme, indicated that the contribution of pollutant is quite high so that it is possible to have a relation to mining production. The significant difference between the increase of magnetic susceptibility in leaf and barks also can be used as an indicator of leaf illness. Both assumptions require further verification. The 2D mapping of leaf and trunks magnetic susceptibility shown in Figure 4. 

192

[image: Image 5]

[image: Image 6]

[image: Image 7]

Figure 3. Trend of increasing magnetic susceptibility on (a) leaf and (b) bark of  Muntingia calabura  that spread on hydrocarbon mining area in Wonocolo Geopark

Note: DTTP, non-polluted leaf samples; DTP, polluted leaf samples; BTTP, non-polluted bark samples; BTP, polluted bark samples. 

Figure 4. (a) Magnetic susceptibility distribution of polluted leaves and (b) magnetic susceptibility distribution of polluted barks

Figure 4 shows the distribution of magnetic susceptibility polluted leaves and barks in Wonocolo hydrocarbon mining site. Figure 4a for polluted leaves and Figure 4b for polluted barks, respectively. There is a difference in the distribution of the magnetic susceptibility. The magnetic susceptibility in almost all sampling points 1 to 20 of leaves greater than that of bark. Earlier studies represent that increasing of susceptibility indicate the presence of heavy metal contributions in the air recorded by the leaves. Heavy metals found in the air in metropolitan cities include Zn, Fe, Pb, Ni, Cd, Cr [51]. The trend of magnetic susceptibility and heavy metal in every sampling point shows in Figure 5. The high Cu values at site 1 could be due to the accumulation of Cu in leaves that have been exposed to pollution for a longer period of time, as well as the high level of mining activity at the site. It’s also possible that the mining machinery at that location releases a significant amount of Cu. Pearson’s correlation between the elemental content and PLI to the magnetic susceptibility shown in Figure 6. 

Figure 5. Heavy metal concentrations and magnetic susceptibility of leaves samples in every sampling point 193
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The fluctuations in the magnetic susceptibility and heavy metals (Pb, Fe, Cu and Zn) have the same pattern and show significant correlation between magnetic susceptibility and heavy metals, mainly for total heavy metal. The Pearson’s correlation of χ vs Pb, χ vs Fe, χ vs Cu, χ vs Zn and, χ vs PLI shown in Figure 6. The concentration of heavy metals in leaves represents the concentration of heavy metals in the air. Table 2 shows the average concentration of heavy metal elements to be compared with the threshold of heavy metal in the air. All the heavy metals in leaf higher than that of the threshold. Iron element most the highest heavy element. 

Figure 6. Relation between total heavy metal concentrations and low-frequency magnetic susceptibility (χlf ): (a) Total heavy metals vs χlf (Pearson’s R = 0.0779); (b) Pb vs χlf ; (c) Fe vs χlf ; (d) Cu vs χlf ; (e) Zn vs χlf ; and (f) Pollution Load Index (PLI) vs χlf

According to Occupational Safety and Health Administration (OSHA), the concentration of heavy metals in the air is above 8 working hours for Pb (0.0005 ppm), Cu (0.001 ppm), Zn (0.005 ppm) [44]. Meanwhile, according to the Minister of Environment, the threshold for Fe metal in the air is 0.4375 ppm. Based on these data, the anomalies of the four elements have exceeded the threshold for heavy metals in the air. The anomaly indicates the presence of anthropogenic contaminants which thought derived from machine and crude hydrocarbon refining activities. 

The correlation between magnetic susceptibility and the total concentration of heavy metals shown in Figure 6. The value of magnetic susceptibility with the total concentration of heavy metals measured has a correlation coefficient (R) of 0.779. These results indicate that there is a meaningful relationship between the increase in magnetic susceptibility with an increase in the total concentration of heavy metals. 

The relationship between magnetic susceptibility values and each heavy metal concentration shown in Figure 6. 

Heavy metal concentrations that have a strong relationship with magnetic susceptibility values are Fe and Cu metals with R-values of 0.850 and 0.698. While for heavy metals Pb and Zn have a very weak relation with magnetic susceptibility. The same case also in correlation with iron oxide and PM at atmosfer that have a negative correlation [52]. Fe is ferromanganese, while the other three elements are diamagnetic. However, the formation of chalcophyte (CuFeS) is possible, so the correlation between Fe and Cu and susceptibility can be positive. This 194
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has also been confirmed in previous studies. Several previous studies have also shown that magnetic susceptibility correlates well with Fe and Cu and negatively with Pb and Zn. In some samples, Pb content found zero level, this was also mentioned by previous researchers where the leaves were not suitable as a biomonitor for Cl, K, P, S, As, Sc, Cs, Pb, Sn and Sr. As the recommendation previous scientist that a special plant serve a record for specific condition pollution such as highway, industrial area, so through this result of this study, we recommend that  Muntingia calabura suitable serve biomonitoring in mining area [53]. 

Based on the prominent level of heavy metals cached by the leaves and the significance correlation between Fe and Cu with magnetic susceptibility, we can see an increasing trend of magnetic susceptibility with mining frequency and total production per week. The high frequency of mining and total production causes prominent levels of pollutants released by each production well. So, by understanding the trend of increasing certain pollutants which can be an indicator, the frequency of mining and production results described in Figure 7. Fe and Cu content can used as data on pollution indicators in mining areas due to mining frequency and the high production at the wells at that point. 

From the 20 observed points, it can be seen that the pattern of increasing and decreasing magnetic susceptibility in leaves is almost the same with increasing and decreasing mining frequency and total production. The increase in magnetic susceptibility is thought to be due to the input of magnetic minerals contained in the ash released by the diesel engine which is used as a driving force for hydrocarbon well pistons in exploration process. The higher the magnetic susceptibility, the higher the PLI and at a certain level of magnetic susceptibility, the PLI become saturated. 

If we refer to the input from the input pollutant type elements, it can be clearly seen that the most dominant input is Fe followed by Cu, Zn and Pb. 

Figure 7. Distribution of magnetic susceptibility, mining frequency and total weekly production at each location point 5 Conclusions

In hydrocarbon mining site, the  Muntingia calabura’s organ (leaf and bark) can record the pollution levels or serve as bioindicator of pollution or proxy of mining process and production. The record shown by increasing of susceptibility in leaf and barks for polluted samples with high level of heavy metals content (Pb, Fe, Cu and Zn). 

The dominant pollutant input is Fe followed by Cu, Zn and Pb. Magnetic susceptibility of polluted leaf, greater than that of bark, χleaf > χbark. The presence of heavy metals exceeds the threshold limit and based on PLI, the area have very high contamination. The significant correlation shows between the total heavy metals in the leaves and the magnetic susceptibility and also between magnetic susceptibility with Fe and Cu elements. The increase in magnetic susceptibility also followed by an increase in mining frequency and total mining production. Based on these results, the magnetic susceptibility of leaves and barks can used as a proxy indicators of air pollution levels and production levels of mining. Although the hydrocarbon is non-magnetic, the source of pollutants in the hydrocarbon mining area are contributed by iron oxide minerals from the combustion of diesel engines which are used to drive pistons in and out of wells and during the hydrocarbon refining process. Last but not less, this study suggest that the kind of trees used in this study, due to the special characteristic of fur leaves,  Muntingia calabura  is suitable as bioindicator of pollution and propose for greening solution tool of polluted area such as mining, industrial and city area. 
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BTP

Bark samples

DTP

Leaf samples

BTTP Non-polluted bark samples

DTTP Non-polluted leaf samples

OSHA Occupational Safety and Health Administration

PLI

Pollution Load Index

ppm

Parts per Million

Greek symbols

χ

Magnetic susceptibility, 10−8 m3/kg

χlf

Magnetic susceptibility (low-frequency), 10−8 m3/kg
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Abstract: Heavy metals tracing and magnetic susceptibility are generally used as a proxy indicator of pollution
in various depositional environments. This research focused on tracing the significant record of pollution of the
Muntingia calabura tree to understand the sensitivity in recording pollution and mining production. The area of this
research is a hydrocarbon mining site of Wonocolo Geopark in the Bojonegoro, East Java Indonesia. The samples were
taken both polluted and non-polluted leaf and bark, from 20 sampling points. Polluted leaves then were characterized
by the existence of elevated levels of Pb, Fe, Cu and Zn. The average magnetic susceptibility of leaves increases
from 0.86 x 10~5 m%/kg in non-polluted samples to 13.55 x 10~% m*/kg in polluted samples and in the same way,
increasing of magnetic susceptibility was also seen in the barks, from an average of 0.21 x 10~% m%/kg in non-polluted
sample, to 2.55 x 105 m3/kg in polluted sample. The pattern of magnetic susceptibility on leaves and barks at each
sampling point is also the same as the pattern of hydrocarbon production which is related to the level of pollution in
the area. The increase of magnetic susceptibility in polluted leaves and barks is thought caused by input of magnetic
minerals and heavy metals from the fly ash of diesel engines used for hydrocarbon mining process. The heavy metal
concentration has the average of Pb (0.070 ppm), Fe (13.322 ppm), Cu (8.434 ppm), and Zn (11.668 ppm). This value
has exceeded the threshold of heavy metals content and have a worst impact on health and the environment. Based on
Pollution Load Index (PLI) calculations, the most of areas affected by heavy metal pollution in very high and extremly
high levels with the highest pollutants input are Fe, Cu, Zn and Pb respectively.

Keywords: Magnetic susceptibility; Proxy indicator; Heavy metals; Mining product; Pollution record; Muntingia
calabura

1 Introduction

A recent report by the World Health Organization (WHO) outlines the deadly effects of ambient (air) pollution,
which leads to increase rates of acute and chronic respiratory disease, strokes, heart disease, and lung cancer. Air
pollution is ascribed to have caused an 4.2 million premature deaths in 2019 and approximately 89% of these occurred
in Southeast Asia and the Western Pacific [1]. In Indonesia the number of premature deaths is estimated to be 119,504
in 2019 [2]. Itis well documented that fine particulate matter (PM) finds their way through inhalation into every organ
of the human body. Metallic within the body is not only associated with disease, but also can lead to deterioration of
cognitive function and neurological development [3-9].

Numerous studies have shown that Fe-bearing nanoparticles are very common in the air [10, 11]. Airborne
Fe-bearing nanoparticles are particularly hazardous to health, because Fe is found in metalloproteins in the body
that play a role in neuronal functions [4]. For this reason, rock magnetic methods have been successfully applied in
assessing air pollution [3, 12-15]. Plants have been widely used for biomonitoring of air pollution [16-24], because

https://doi.org/10.56578/ijei090115
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