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Preface

International Conference on
Transdisciplinary Approach Research 2017 (ICTAR 2017)

About ICTAR 2017

The International Conference on Transdisciplinary Approach (ICTAR — 2017) will take place on
August, 19, 2017 at Hotel Damhil, Universitas Negeri Gorontalo, Gorontalo Province, Indonesia.
ICTAR 2017 is the premier forum in Asia for the presentation of new trends, innovations, advances
and research results in Transdisciplinary research. The aims of the conference are to bring together
leading academics, scientists and researchers from around the world to a common forum to exchange
and share their experiences and research results on all aspects of Transdisciplinary Approach in
Research. It also provides a premier interdisciplinary platform for researchers, practitioners and
educators to present and discuss the most recent innovations, trends, and concerns as well as practical
challenges encountered and solutions adopted in the fields of Transdisciplinary Research. Conference
Topics include

Arts, Science and digital technology

Agricultural, Forestry, Fishery

Animal Science and Veterinary

Biological Science and Biotechnology

Business, Economics, Marketing, Accounting, Banking & E-Commerce
Climate Change, Renewable Energy & Environment
Communication, journalism and service science

Culture, Religion & Philosophy

Education, Teaching & Technology

English Language Teaching & Applied Linguistics
Engineering sciences, Technology & Applications, Information Technology (IT)
Geography and Geology

Global Studies, Regional studies & International Relations
Health and Medicine, Pharmacy

History, Archaeology and Spiritual studies

Law & Justice & Legal studies

Mathematics, Statistics, Artificial Intelligence

Physical and Life sciences

Public Health, Nursing & Care Services

Social Sciences, Humanities and Life sciences

Sport Science and Psychology

Transdisciplinary Studies

0O 0O o0 o0 o o o0 o o0 O O O o o o0 o0 o o o o o o o

Travel, Tourism & Hospitality & Leisure Industry

Abstract and Manuscripts for ICTAR2017
Although more than 60 abstracts were received to present in the conference, only 8 manuscripts were
finally accepted for the publication.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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Keynote and Invited Speakers
Drs. H. Rusli Habibie, MAP (Gubernur Gorontalo).

o
o Prof. Dr.
o
o
Organizers

Syamsu Qamar Badu, M.Pd (Rector of UNG)

Prof. Katsushi Nishimura (President, Faculty of Collaborative Regional Innovation), Japan

Kenji Okazaki (National Research and Development Agency), Japan

o Universitas Negeri Gorontalo, Indonesia (in cooperation with)

o Ehime University, Japan

International Advisory Board:
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. Dr. Jessie PNG Lay Hoon, Nanyang Technological University, Singapore

. Dr. Carlos Felipe Revollo Fernandez, National University of Ireland, Galway, Ireland
. Dr. Bounseng Khammounty, National University of Laos, Laos

. Dr. Brigida Singo, Universidade Pedagogica Maputo, Mozambique

. Dr. Chokri Guelalli, Technical Training College, Saudi Arabia

. Dr. Eng. Sep Bayu DN, Universitas Pendidikan Indonesia, Indonesia

. Dr. Deendarlianto, ST, M.Eng, Universitas Gajah Mada, Indonesia

. Dr. rer. silv. Muhammad Ali Imron, M.Sc, Universitas Gajah Mada, Indonesia

. Nandang Mulfti, SSi, M.Si, Ph.D Universitas Negeri Malang, Indonesia

. Hafiz Rahman, SE, MSBS, Ph.D, Universitas Andalas, Indonesia

. Dr. techn. Solihin As’ad, Universitas Sebelas Maret, Indonesia

Syamsu Qamar Badu, M.Pd, Universitas Negeri Gorontalo, Indonesia
Mahluddin Baruadi, MP, Universitas Negeri Gorontalo, Indonesia
Hasanuddin Fatsah, M.Hum, Universitas Negeri Gorontalo, Indonesia
Fenty Puluhulawa, SH. MH, Universitas Negeri Gorontalo, Indonesia
Ramli Utina, M. Pd, Universitas Negeri Gorontalo, Indonesia
Masayuki Sakakibara, Ehime University, Japan

Siswandari, M. Stat, Universitas Sebelas Maret, Indonesia

I Wayan Dasna, Universitas Negeri Malang, Indonesia

Sandra Bohlinger, Technische Universitdt Dresden-Germany

Ir. Muslim Salam, M.Ec, Universitas Hasanuddin, Indonesia

Manihar Situmorang, M.Sc, Universitas Negeri Medan, Indonesia
Mohd Kamarulnizam Abdullah, Universiti Utara Malaysia, Malaysia
Basri Djafar, Universitas Negeri Nakassar, Indonesia

Nguyen Van Tuan. HCMC University of Technology and Education, Vietnam
Aan Komariyah, M.Pd, Universitas Pendidikan Indonesia, Indonesia
Ratih Hurriyatih, MP, Universitas Pendidikan Indonesia, Indonesia

Organizing Committee:
o Prof. Dr. Ramli Utina, M. Pd, Conference Chair
o Prof. Dr. Masayuki Sakakibara, Ehime University, Japan, Vice Conference Chair
o Dr. phil. Ikhfan Haris, M.Sc,
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Basri Amin, MA

Dr. Ade Gaffar Abdullah

Dr. Sukarman Kamuli, M.Si
Yayu I. Arifin, S.Pd, M.Si, Ph.D

O O O O O O

Photos of ICTAR2017




International Conference on Transdisciplinary Approach Research 2017

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 536 (2020) 011001

— S

DANHIL.

TOMY'S EVENT
Saturday, August 19° 2017
*1CTAR 2017 UNG
Ballroom, Jambura & Ketapang
Weeting Room &
1 & 2% Floor B
K | WETERSTS g5

SERI StRmTaLy
o M —

doi:10.1088/1755-1315/536/1/011001



International Conference on Transdisciplinary Approach Research 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 536 (2020) 011001  doi:10.1088/1755-1315/536/1/011001




International Conference on Transdisciplinary Approach Research 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 536 (2020) 011001  doi:10.1088/1755-1315/536/1/011001

Conforence on Transdisciplinary Approoch Rese
(ICTAR 2017)




IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS

Peer review statement

To cite this article: 2020 IOP Conf. Ser.: Earth Environ. Sci. 536 011002

View the article online for updates and enhancements.

This content was downloaded from IP address 103.26.12.67 on 10/09/2020 at 10:32


https://doi.org/10.1088/1755-1315/536/1/011002

International Conference on Transdisciplinary Approach Research 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 536 (2020) 011002  doi:10.1088/1755-1315/536/1/011002

Peer review statement

All papers published in this volume of IOP Conference Series: Earth and Environmental Science have
been peer reviewed through processes administered by the proceedings Editors. Reviews were conducted
by expert referees to the professional and scientific standards expected of a proceedings journal published
by IOP Publishing.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out
more, see our Privacy and Cookies policy. (%)

Table of contents

Volume 536
2020

< Previous issue Next issue »

International Conference on Transdisciplinary Approach Research 2017 19 August 2017,
Universitas Negeri Gorontalo, Indonesia

Accepted papers received: 06 July 2020
Published online: 20 July 2020

Open all abstracts

Preface

OPEN ACCESS 011001
Preface

+ Open abstract = | View article 2 PDF

OPEN ACCESS 011002
Peer review statement

+ Open abstract = View article A PDF

Papers

OPEN ACCESS 012001
Evaluation of National Community Empowerment Program Implementation in Rumbia
Village, Boalemo Regency

Forry A. Naway and Deyvi Elyanda Saliko

+ Open abstract = View article 4 PDF

OPEN ACCESS 012002
The Emergence of Non-residential Area and its Locational Characteristics in Shikoku
Region, Japan

Hiromasa Watanabe

+ Open abstract ='| View article - PDF


https://iopscience.iop.org/issue/1755-1315/536/1
http://ioppublishing.org/privacyPolicy
https://iopscience.iop.org/volume/1755-1315/536
https://iopscience.iop.org/issue/1755-1315/535/1
https://iopscience.iop.org/issue/1755-1315/537/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/011001
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/011001/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/011001/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/011002
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/011002/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/011002/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012001
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012001/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012001/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012002
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012002/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012002/pdf
https://iopscience.iop.org/issue/1755-1315/536/1

OPEN ACCESS

An Artificial Channel Purification Experiment for Arsenic-rich Drainage Water from the
Abandoned Mine by using Eleocharis acicularis

Kenji Okazaki, Shusaku Yamazaki, Toshiyuki Kurahashi, Masayuki and Sakakibara

+ Open abstract = View article 2 PDF

OPEN ACCESS
The Potential of Gorontalo Province as Global Geopark

012003

012004

Idham Andri Kurniawan, Hisanari Sugawara, Masayuki Sakakibara, Yayu Arifin Indriati and Sunarty Suly Eraku

+ Open abstract = View article 2 PDF

OPEN ACCESS

Prior Study for the Biology and Economic Condition as Rapidly Environmental Change
of Limboto Lake in Gorontalo, Indonesia

Hiroki Kasamatsu, Mohamad Jahja, Yayu Indriati Arifin, Magdalena Baga, Motoko Shimagami and
Masayuki Sakakibara

+ Open abstract = View article 4 PDF

OPEN ACCESS

Toxic Metal Concentrations of Human Hair in Downstream of ASGM Sites in Bone
Bolango Regency, Gorontalo Province, Indonesia

Nurfitri Abdul Gafur, Masayuki Sakakibara, Koichiro Sera and Yayu Indriati Arifin

+ Open abstract =] View article 4 PDF

OPEN ACCESS

Preliminary Study of Atmospheric Mercury Contamination Assessment Using Tree Bark
in an ASGM Area in North Gorontalo Regency, Indonesia

Hendra Prasetia, Masayuki Sakakibara and Koichiro Sera

+ Open abstract = View article 4 PDF

OPEN ACCESS

The Stakeholder's Position Map Related to the Mercury Pollution Reduction Program in
Bombana Area, Southeast Sulawesi, Indonesia

Basri and Masayuki Sakakibara

+ Open abstract = View article 4 PDF

OPEN ACCESS

Preliminary Study on Human Lung Function of Artisanal and Small-scale Gold Miner in
Gorontalo Province, Indonesia

Sri Manovita Pateda and Masayuki Sakakibara

+ Open abstract = | View article 4 PDF

012005

012006

012007

012008

012009


https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012003
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012003/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012003/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012004
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012004/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012004/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012005
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012005/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012005/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012006
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012006/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012006/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012007
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012007/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012007/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012008
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012008/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012008/pdf
https://iopscience.iop.org/issue/1755-1315/536/1
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012009
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012009/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012009/pdf
https://iopscience.iop.org/issue/1755-1315/536/1

OPEN ACCESS 012010
Social Enterprise Development in Indonesia by Transdisciplinary Approach

NISHIMURA Katsushi

+ Open abstract = View article 4 PDF

JOURNAL LINKS

Journal home

Information for organizers
Information for authors

Search for published proceedings
Contact us

Reprint services from Curran Associates


https://iopscience.iop.org/1755-1315
http://conferenceseries.iop.org/content/organizers
http://conferenceseries.iop.org/content/authors
https://conferenceseries.iop.org/online/search
http://conferenceseries.iop.org/content/aboutus
http://www.proceedings.com/2156.html
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstDiCqSQ5e-Kc6Nks3bknvp7-0VjM3wZGR5pHDtm0vxinQgkXgvrnrQgKZAdDenDcWx6O310QzWVOUonSnnht6fSYDNUqk6DIqMeAMFF1VMFYTXJul6q3bhnhlaDMNb97k5MkajrhPYtHnpW2KoVGr43moX9Zm9mNPJ-GGDq6QTRXDlSFe1zDZ037V972qHxMTYEFoyBCM8WTAkV56kP4TK0VjZWj1jDqPo-1DVFSm8pjzOZYCY8m1vFa9X1fwUoewOUxZ26X9mUFSbGjBQ&sig=Cg0ArKJSzFyoUrUj3wwu&adurl=https://ioppublishing.org/china-top-cited-paper-award/&nx=CLICK_X&ny=CLICK_Y
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuG0I1XDX7ZgLznDrnj8xL_thoJT7K3xhhr8P6NorRmsJRqH0okdfFiR9A9sWBSdqg8IAsH3WGUsrSppoMBHX8ndrN_p-FyZoiIQvVLHFheJRVOevJA2T2amfmls_-5kpGZb-sJ81QOh_bJN7lTtPZW3L4-xhSaaSoQPgRDYo-9NUldcRBI4c_qmzAaaY1349EM7dK3SWEKuKQHsdZe89H_FRBApYpr6NQM8Uk4uqH6CnM21S4JnAGHAti9TjALpr4A5-b3gVhy0Vu7pJDpkx4vNQ&sig=Cg0ArKJSzB-i3UK1lRV1&adurl=https://editing.iopscience.iop.org/&nx=CLICK_X&ny=CLICK_Y
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012010
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012010/meta
https://iopscience.iop.org/article/10.1088/1755-1315/536/1/012010/pdf
https://iopscience.iop.org/issue/1755-1315/536/1

IOPScience

This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out
more, see our Privacy and Cookies policy. (%)

PAPER « OPEN ACCESS

Toxic Metal Concentrations of Human Hair in
Downstream of ASGM Sites in Bone Bolango
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Abstract

Bone Bolango is a regency that has a lot of ASGM sites that use elemental mercury for gold
processing compare to the other regencies in Gorontalo province. This activity produces waste
containing hazardous substances dumped in Bone River. This river has been used to support human
life also a source of drinking water in the city of Gorontalo. This research aims to investigate the
source of toxic metal in the human hair of Tulabolo ASGM sites in Bone Bolango Regency,
Gorontalo Province, Indonesia. Hair samples were collected from the inhabitants who are living
near Bone River. Total of toxic element concentration in the samples was analyzed by using

Particle-induced X-ray emission (PIXE) which derives from Iwate Medical University. The
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maximum concentration of Hg, As, and Pb are 12.3 ug/g, 11.1 ug/g, and 13.5 ug/g, respectively.
Those results show that Hg, As, and Pb are in danger level. Also, the results reveal that natural and

anthropogenic sources have regionally polluted the areas.
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Abstract. Bone Bolango is a regency that has a lot of ASGM sites that use elemental mercury
for gold processing compare to the other regencies in Gorontalo province. This activity produces
waste containing hazardous substances dumped in Bone River. This river has been used to
support human life also a source of drinking water in the city of Gorontalo. This research aims
to investigate the source of toxic metal in the human hair of Tulabolo ASGM sites in Bone
Bolango Regency, Gorontalo Province, Indonesia. Hair samples were collected from the
inhabitants who are living near Bone River. Total of toxic element concentration in the samples
was analyzed by using Particle-induced X-ray emission (PIXE) which derives from Iwate
Medical University. The maximum concentration of Hg, As, and Pb are 12.3 ug/g, 11.1 pug/g,
and 13.5 ug/g, respectively. Those results show that Hg, As, and Pb are in danger level. Also,
the results reveal that natural and anthropogenic sources have regionally polluted the areas.

Keywords: Toxic metals; Human hair; ASGM.

1. Introduction

Toxic metal occurs naturally in the earth’s crust. However, the human activities such as industrial,
agrochemical application, medical application, mining, and fossil fuel combustion also led to the high
global emission of toxic metal [1-4]. Natural phenomena such as weathering and volcanic eruptions
also contribute to toxic metal pollution [5,6]. The toxic metal which is inter-related with heavy metal
and metalloids such as arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb), and mercury (Hg)
classified as human carcinogens [6]. Excessive levels of toxic metal are hazardous to the organism which
enters the food chain and damage to human health [6,7]. In an epidemiological study, hair can be used
to measure toxic metal levels in the body as a firmly established method in several group studies [8—
11]. The Hg concentration in hair as an indicator of total mercury in the human body. When toxic metal
ions come in contact with human body, they are absorbed and form complexes with a carboxylic acid,
amine, and a thiol of proteins resulting in malfunctioning or death of the cells and consequently lead to
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a variety of diseases [12]. In recent years, many of the scientists concerned about the toxic metal
concentration of and human health problems [13-15].

The ASGM in the developing countries become the main target for increasing their livelihood thus
played in a political sphere. As well as in Ghana, ASGM has played a substantive role in the socio-
economic and political life of indigenes for a long time [16,17]. By the case in Ghana, Gorontalo
province may have the same case because of ASGM activities for the economic reason. According to
Ministry of Forestry and Mining of Gorontalo province 2012, Gorontalo province has an of ASGM sites
where Bone Bolango is the most regency which has a lot of ASGM sites and also miners [18]. According
to Limbong and Agusa in Arifin 2013, Hg pollution in hair, and also fish and sediment are related to the
ASGM activities [8]. The possibility of another toxic metal also will consist of groundwater or surface
water when the rocks are due to the oxidation processes [19]. Impact of ASGM activities on the
environment also human scalp hair in Gorontalo has been reported [8,15,20-22]. This research was
undertaken to investigate the source of toxic metal by a human hair in the downstream area of Bone
river, Gorontalo province, Indonesia.
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Figure 1. Map of area of research on human hair (Reconstruct from Bankonsurrtanal Edition I 1991).
2. Sampling and Method

2.1. Sample locality

This present study was conducted in Bone river have to consistent use capital R or small r that located
in eastern part of Gorontalo, Indonesia. The Artisanal Small-Scale Gold Mining (ASGM)’s activities
are located an upper stream of Bone river, which is in the eastern part of Gorontalo. These activities
cause pollution from toxic metals to the environment or human as well.

2.2. Sampling

Hair samples (n=24) in this present study were collected from the residents of three villages in the upper
stream to a downstream area along Bone River (river) that is one of disposal of waste from the mining
area, Bone Bolango regency, Gorontalo Province. The names of those three villages are Tulabolo
(August 2015), Poduoma, and Pangi (August 2017). Collected hair samples were stored immediately in
plastic zip-lock bags and identified the names of the persons.

2.3. Preparation sample

The human hair samples washed with deionized water a Sharp ultrasonic cleaner bath for five minutes
to remove dust, bacteria, dirt, hair cosmetics, and other possible contaminants. After that washed again
with acetone (Wako Pure Chemical Industries, Ltd., Osaka, Japan) to wash out the attached material
that did not purify water. Then the clean hair samples were dried in a ventilated oven at 40 °C for 48
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hours for particles-induced X-ray emission (PIXE) analysis in the Cyclotron Research Center, Iwate
Medical University, Japan.

24. Analytical method

A particle-induced X-ray emission (PIXE) analysis was used to determine the toxic metal concentrations
in human hair samples. For PIXE analysis the hair sample was as much as eight hairs per person were
stuck on a target holder, and bombarded with 2.9 MeV proton beam energies from a cyclotron [23].

3. Results
3.1. Toxic metal concentrations in human hair

3.1.1. Mercury (Hg). Mercury concentration of human hair of all participants are more than 0.01 pg/g
which indicates that toxicity is in danger level based on German Human Biomonitoring Commission
revision 2011 [24]. The average concentration with highly mercury levels over 0.01 pg/g was 6.38 ug/g,
0.87 ug/g,and 0.88 ug/g in Tulabolo, Pangi, and Poduoma, respectively. The Hg has regionally polluted
by the processes of smelting gold (change the sentences is not clear what do you mean). This method
still used for centuries to process gold in ASGM in the world. These processes lead to vaporized the
elemental mercury into a toxic by atmospheric. The Hg in gold mining processes may absorb through
the skin by going the transport of mercury across the epidermis and via the sweat glands, sebaceous
glands, and hair follicles [25,26].

3.1.2. Lead (Pb). ASGM relied on several techniques such as panning, shallow pit or deep shaft mixed
with other heavy metals which associated with gold such as arsenic (As), copper (Cu), silver (Ag), and
lead (Pb) [27-29]. In this research, the result showed that the Pb concentration of hair samples are more
than 0.15 ug/g which indicates that toxicity is in danger level as well according to German Human
Biomonitoring Commission revision 2011 [24]. Gold mining activities could occur this Pb
contamination. Several researchers have been reported that Pb concentration range in gold mine tailings
are about 80 mg/kg to 510 mg/kg whereas the standard mean concentration of Pb in surface soils range
is 10 to 67 mg/kg [30-32]. Even though the Pb does not dissolve easily to the environment, but it can
mix with soil particles or dust and enter underground water or drinking water following rain and surface
water. The exposure of Pb can be ablego through by several eating food which cultivated on soil with
high Pb concentration, drinking water, polluted air and so on [29,31,32].

3.1.3. Arsenic (As). Arsenic concentration ranging from hair samples in this research is about 0.14 to
10.4 pg/gThis concentration is higher than the reference value of As according to German Human
Biomonitoring Commission 2003 [33]. The source of Arsenic pollutant has a possibility appearing from
gold mining process which occurs as arsenopyrite (FeAs) or by hydrothermal processes [29,34]. The
mine tailing which contains substantial of As can release to surface water, groundwater used for drinking
water, or the other aquatic environment through geothermal water [34,35].
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Figure 2. Histograms of Hg, As, and Pb concentrations.

4. Discussion

Toxic metal from ASGM associated with the released of harmful elements from the tailing on gold
processing. The intoxication of human by Hg due to ASGM activities has been examined and having
elevated levels of Hg in urine and hair samples in several places in Indonesia [36]. Miner is working
using Hg in the process of milling the materials, panning processes, until burning the amalgam which
can expose the elemental of Hg and then transformed to inorganic Hg in the human body [36,37]. This
research area, the atmosphere has been polluted by elemental Hg which possible to have direct contact
with humans through the skin or breathing.
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Table 1. Total Hg, Pb, and As concentrations (pug/g) in scalp hairs of inhabitants in three villages in
the downstream area of Bone River, Bone Bolango regency, Indonesia.

Vilage Hg (ngg) Pb (ugg) As (nge)

7.43 + 1.88 5.01 + 2.03 0.00 + 0.00

6.53 + 1.66 2.79 + 1.64 0.00 + 0.00

7.11 + 1.41 2.95 + 1.46 0.44 + 0.49

2.10 + 1.48 5.52 + 2.26 243 + 0.76

2.96 + 1.72 2.59 + 2.07 1.14 + 0.69

9.35 + 1.87 4.40 + 1.94 0.00 + 0.00

Tulabolo 6.18 + 1.61 4.02 + 1.66 0.26 + 0.56
5.57 + 1.34 1.87 + 1.40 0.83 + 0.47

411 + 1.16 2.28 + 1.31 0.72 + 0.44

3.55 + 0.84 1.01 + 0.84 0.00 + 0.00

6.03 + 1.25 1.89 + 1.28 0.56 + 0.43

11.04 + 1.37 7.62 + 1.52 1.48 + 0.51

5.10 + 0.91 3.55 + 1.13 2.06 + 0.38

12.27 + 0.73 426 + 1.05 13.48 + 0.53

Min 2.10 + 0.73 1.01 + 0.84 0.00 + 0.00
Max 12.27 + 1.88 7.62 + 2.26 13.48 + 0.76
0.00 + 0.00 9.28 + 1.76 0.00 + 0.00

Pangi 2.62 + 1.61 6.82 + 1.52 0.00 + 0.00
0.00 + 0.00 531 + 1.50 0.00 + 0.00

Min 0.00 + 0.00 5.31 + 1.50 0.00 + 0.00
Max 2.62 == 1.61 9.28 EE 1.76 0.00 e 0.00
0.05 + 1.64 2.06 + 1.56 0.55 + 0.51

0.00 + 0.00 10.17 + 2.24 0.14 + 0.74

1.79 + 1.69 8.02 + 1.75 0.00 + 0.00

Poduoma 2.39 + 1.65 2.29 + 1.70 0.28 + 0.50
1.91 + 1.42 3.24 + 1.27 0.00 + 0.00

0.00 + 0.00 11.11 + 1.94 0.00 + 0.00

0.00 + 0.00 6.96 + 2.34 0.16 + 0.62

Min 0.00 + 0.00 2.06 + 1.27 0.00 + 0.00
Max 2.39 + 1.69 11.11 + 2.34 0.55 + 0.74

Human hair sample analysis results in this research showed the total concentration of Hg with another
harmful toxic element as well as As and Pb are in alarm level. The nearest village to the mine had the
most massive pollution of toxic metals. The emission and accumulation of heavy metals to the
environment have caused by the disruption of the natural sources of the geochemical cycle through the
anthropogenic activities include ASGM [38]. Unlike other toxic metal such as Zn, Cu, and Ni, the Hg,



International Conference on Transdisciplinary Approach Research 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 536 (2020) 012006  doi:10.1088/1755-1315/536/1/012006

As, and Pb are not biological importance to a living organism and the most toxic to the ecosystem
[29,38].

By the ASGM activities not only produce the existing waste of Hg by amalgamation processes but
also produce other toxic elements such as As and Pb. That toxic element also tends to bioaccumulate in
human beings and an environmental media such as water, soil, sediment or food crops [39.,40].

5. Conclusions

ASGM have played an essential role in the livelihood of economic development in developing countries
despite releasing toxic wastes into the environment. The concentration of toxic metals such as Hg, Pb,
and As in human hair samples of ASGM sites is immensely higher according to German Human
Biomonitoring Commission. The use of elemental Hg in amalgamation processes of gold mining is one
of the toxic sources to the environment. This Hg concentration of human hair is the consequence of
ASGM activities and potential risk to human health. In addition to that, the possibilities of Pb and As
contamination also related to the mining activities and also mixing to the natural sources by
hydrothermal alteration processes of gold mineralization. According to this research, the finding shows
there are two primary sources: natural and anthropogenic sources of toxic metals release to the
environment.
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