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ABSTRACT

This research is aimed at mapping and examining downstream and upstream mercury  concentration spatially in
water and sediment in thewaditional gold mining of Buladu. 94 Samples consisting water and sediment were
taken through random sampling at Pasolo River. Sulawest Sea and tailings with three replications. The samples
of mercury in water and sediment were analyzed in the Integrated Research and Testing Laboratory of UGM by
using mercury analyzer and at the Quality Conrral and Testing Laboratory of Fisheries Products ol Gorontalo
Province by usingnon-flame Atomic Absorption Spectroscopy (AAS). Data were analyzed using a map and then
interpreted. "

In the period of Sampling 1. The result of the analysis that mercury concentration in water and sediment at the
upstream was 0.0006 mg/l and 10.8731mg/kg. The location of ASHs and SSH; had very extreme values hecause
they were the initial location of mine processing. namely 0.00103 mg/l and 550680 mg/kg .in Sulawesi Sea, the
average concentrations in water and sediment were 0.0008 mg/l and 17.55 mg/ke. In the period of Sampling 11
namely ASHs, and SSH-. the concentrations were0.0055 mg/l and 136.70 mg/kg and in the Celebes Sea the
average concentrations were 0.37 141 mg/l and 0.9477 mg/ke. In the period of sampling L the concentrations of
mercury in ASHs and SSH: were <0.00006 mg/l and 244.16 mg/ke. In the Sulawesi Sca, e average
concentration was 0.00084 mg/l and 0.6408 mg/ke. In tailings of the Sampling L 1T and 1L the concentrations in
hoth water and sediment were very high, with the average values of (000528 and 22.500. 0.3074 and 50.048 and
0.00147 mg/t and 162.42 mg/kg. An appropriate management model is required to overcome mercury pollution
in the Traditional Gold Mining of Buladu.

Keywords: Spatial ; Mercury ; Gold mining.

- Gold mining uses mereury amalgam to separate
A. INTRODUCTION cold from raw materials. This process will produce
wastewater containing mercury, which will pollute
To date, people still need the support of mining the waters and  endanger lives in the waters
(Sutomo. [998).

Waters  of  rivers.  lakes, and  scas  are

resources and mining  commodities in order to
maintain and improve their welfare. Significantly.

the L‘.X].‘i[CI"]CC ntlmmms SRR R ’?l contaminated hy mercury from wastewater of
Llc_\-'ulnplng |.n;mkmd, Mincral rcwm“ccs 4% iohd industries that usc mercury. Particles that contain
E}\] Lhcglut_}lﬂgma! struciure ds a .}Im_rl of _E}wccosyslcn'l_ mercury salts (He') and oreanic mercury cnter the
['he mining resources Ic:m be LI]I\-'1dcd nto IHL).IEI] and water and settle with sediment, and undergo
non-metal as weil as into quality and quantity, the oxidation-reduction. In the sediment. there are
existence of the mining sector is still strategic for anaerobic bacteria which are able 1o restructure
Indonesia and the backbone ol local revenue for methane and produce methyleobalamin through the
mining resource-rich areas. Process of decomposition in waler,
In general, gold mining in Gorontalo Province Methyleobalamine 15 a  compound  that  can
g e of the potenual ”"'_[“T'”‘l REaRE Wh“"_h transform inorganic mercury into methylmercury
offers abetter prospect OF incredasing  economic (CHiHg) in ncutral  or  alkaline  water.
!cvcls and I‘“)Ciﬂl “"‘C”““-C'- -Such  economic Methylmercury accumutates through the food chain
improvement includes income, employment, and ranging {rom plankton. zooplankton. smallfish and
opportunities for new activities, in addition 1o big fish. Eventually, the fish is contaminated with
agricultural and plantation scctors. miethyl mercury. which is harmful to human health

(Sutomo. 1998 in Mahmud., 2012). Rescarch
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conducted by Mahmud (2012) shows that poliution
load of mercury that enters the river and settles in
the bottom sediments at low and mediumn discharge
criteria will be 1.4 - 2.1 tmes ol its inital state.
This occurs because of the accumulation of heavy
metal in the water. At high discharge. the mercury
concentration is affected by dilution in the river.
The rescarch was conducted in the gold mining
of Buladu because this gold mining dump wastes
into rivers and then into the sea. This is dangerous
because the sea is the place for aguatic animal life,
particularly fishes. which are consumed by many
people who live along the waters of theSulawesi
Sea. Results of a research conducted by Withiatna
(2003} indicate that high levels of mercury in the
tailings are  generally caused by imperfect
amalgamation.  The  research conducted  1n
theCincam  Region indicates  that  one-cycle
amalgamation produces mercury by 9%. The results
of the rescarch conducted by Withiatna (2005)
indicate that the concentration of mercury in the

wilings in theCineam Region by 201-595 ppm

ends to be the same as the concentration of

mercury in the flow of the Tulabolo River
(Mahmud, 2012). A research  conducted by

Mahmud et al.,(2014) in a traditional mining site of

Buladu indicates that the concenfration ol mercury
in the Celebes Sea is 0008 mg/l. A research
conducted by Kitong, et al..(2012) indicates that the
concentrations of mercury in Ranoyapo River range
from 0.05 - 1.3 mg/ke. Gold Processing using
amalgamation has contaminated river sediments.
Sediments contaminated with mercury have a
potential negative environmental 1impac and are
harmful to the people who live around the river.
River sediments contaminated by mercury in gold
mining areas around, the people are directly related
to thegold processing of by means of metal
amalgamation. along with mercury metal wasted as
4 smooth mixture of tailing materials (Kitong. etal.,
2012).

This research is aimed at mapping and
assessing  the  concentration of upstream  and
downstream mercury in the water and sediment
which was conducted spatially in the traditional
vold mining of Buladu.

B. LITERATURE STUDY

Public mining with no license or it is usually
called as traditional mining is a public activily in
mining aspect ina  particular  arca without

government’s license. Usually the miners use
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simple equipments. Some ol the examples are
entrenchment € mining activity and other general
mining activities like gold mining activity and
entrenchment of valuable items (Balihristi, 2008),

[norganic mercury can transform o organic
mercury with help of microbes activity botlr in
acrobe and in anaerobe condition: in the low
concentration of inorganic mereury there will form
di-methyl mercury, and in high concentration of
inoreanic  mercury  therewill  form mono-
methylmercury, In natural watershed area. the
concentration of mono-methyl mercury and  di-
methyl mercury are influenced by microbes.
oreanic carbon, concentration of inorganic mercury.
pH. and temperature. Both  farms ol methyl
mereury compound can be broken down by bucteria
living in the sediment. Methyl mercury can gel
bioaccumulation  and  biomagnifications i
watershed biota both dircctly and indirectly through
food web (Efendi. 2003: Palar. 19940 Darmono.
1995},

C. METHODOLOGY

The rescarch was conducted m the traditional
mining site o Buladu in Sumalata Subdistrict.
Samples of water and sediment were taken  in
Pasolo River. Sulawesi Sea and tailings. The
samples  from the river were taken with 3
repetitions. Sampling T and [T were taken from 7
points in the river. 3 points in the sea and 5 points
in the tailings. Sampling 11 was taken from 8 points
in the river, 6 points in tailings and 3 points in the
sea. The number of samples i total was 94
samples. The samples of mercury in the water and
sediment were analyzed using amercury analyzer at
the Integrated Research and Testing Laboratory of
UGM by using mercury analyzer and at the Quality
Controland  Testing  Laboratory  of  Fisheries
Products of Gorontalo province by using  non-
flame Atomic Absorption Spectroscopy (AAS),
Data were analyzed using a map and  then

interpreted.

D. RESULTS AND DISCUSSION

a. Results of Spatial Analysis on Mercury
Concentration in Water and Sediment of
River and Sea

Sampling I

The results of theanalysis indicated that the
concentration of mercury in  thewater at  the
upstream of Pasolo River, i.c. ASHI point. was
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0.0006 mg/l and at the downstream was 0.00024

me/l. AL the /\SHI_]Uczl{i{_m, the concentration of

mercury was low because it was a control point.
The concentration of mercury existed at the control
point of ASH 1 because there is a traditional gold
mining of Padengo at the upstream of Pasolo River.
Sulawesi Sea as the waste receiver had the

concentration of mercury in water by an average of

0008 mg/l. A Map of the results of the spatial
analysis ofmercury concentrations in water and

sediment s shown in Figure I

Figure I.Mup of Results of Spatial Analysis on Mercury
Concentration in Water and Sediments in Pasolo River
and Sulawesi Sea
{Source Primary Duta, Mahmud, etal.. 2016)

The location of ASH3 had a very high
concentration of mercury by L00035 mg/l. The
reason was that the ASH 3 location was the
processing location which was only within 5 m to
the river. The concentrations mereury tended to be
similar along the river due o processing activities
very close o Pasolo River. Pasolo River flows into
theSulawesi  Sca. where the concentrations  of
mercury ranged from 0.00025 w0 0.00027 mg/l.
This result was relatively high because the distance
between the river as waste disposal and the sea

werequite close, approximately | Km.

The map shows thai the concentration of

mercury in the upstream of Pasclo River (SSHI)
was 10.8731 mg/ke. The location of SSHI was the
control focation belore the gold mining of Buladu.
The concentration of mercury existed in this
location because in the upstream there was another
cold mining. namely Padengo gold mining. The
location of SSH 2 is the beginning of the
traditional gold mining of Buladu with a very high
concentration of 55.0680 mg/ke. In the downstream
of the river the concentration was 21 mg/kg. At the
[ocation of the SSHI. the concentration was the

control point. In general. the closer to the location

of thewaste source, the higher the concentration of
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mercury in the river sediment, The patern of
mercury  concentrations in the river sediments
indicated that the closer to the downstream was, the
lower the concentration would be. Suluwesi Sea as
the waste receiver indicated that it had mercury
concentrations in sediment ranged between 8.7870
mg/kg and 254630 mgfkg with an average result
of 17.548 mg/l. Accordingly. Sulawest Sca has
received waste by an average of 17.548. which
would cmi;m}_}_cr aquatic animals that live in the sea.
Therefore. the sediment in the Celebes Sea was
;ﬂm\:c the European Safety Standard which could
not exceed 2 mefkg. The concentration of mercury
in thesediment ol Pasolo River was very high when
compared 1o the concentration ol mercury  in
Ranoyapo River ranging between (U053 and 1.3 mg/
ke The high concentration of mercury in Pasolo
River was due to gold mining of Buladu because

the processing location was very close to the river,

Morcover.  there was theamalgam processing of
which the tatlings were direcily dischareed into the
river. This is a cause ol high levels of mercury from
mining gold in the river Buladu compared with
Ranoyapo. The results ol rescarch conducted by
Mahmud (2012) indicated that the probability of
stentficance was .05 so that it can be concluded
that the concentration of mercury in sediments was
alfected by distance. Based on the mathematical
model. it was  Tound that the greater the distance
reviewed. the lower the concentration of mercury in
sediments at various water discharee criteria.

Many factors can affect the concentration of
mercury in the bottom sediments. The shape, size
and weight of soil particles determine the amount
of sediment transport. A rescarch conducted by
Ikhsan (2007) shows that the smaller the diameter
of the sediment is. the larger the amount of
bedloadean  betransported. The  greater the
discharee is [lowing. the larger the amount of
bedload can be transported.

The same thing also  occurred with  the
concentration of mercury in Manyuke River, At the
period of Sampling [ the concentration of mercury
in Pasolo River was atready very high compared
with the concentration of mercury in Muanyuke
River, Landak Regency, The research conducted hy
Subandri (2008) indicates that the average levels of
mercury in thewater were 0.5334 ppb and sediment

was 3.1417 ppb.
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Sampling 11
The analysis results on Sampling 11 at the upstream
of Pasolo River. ASHI point, the concentration
was 0.9852 mg/l and at the downstream. ASHS, and
the concentration was 000565 mg/l. The
concentration of mercury fluctuated from  the
upstream  to  the  downstream  due  to  some
processing activities which were very close Lo the
river. The concentration at the location of ASH3
was very hieh by 2.4284 mg/l becausc the ASH3
point was very close to the processing acuvities,
which was within 5 m to the river. Sulawesi Sca as
the waste receiver from Pasolo River was identificed
to have mercury concentrations ranging between
0.00063 and1.1122 mg/l. Such results were very
high and would endanger the lives ol aquatic
creatures, The map the results of the spatial analysis
ofmercury concentrations in water and sediment in
Sampling 11 is shown in Figure 2.

e T o

g TR B

Figure 2. Map of Spatial Analysis on Mercury
Concentration in Water and Sediment of Pasolo River
and Sulawesi Sea in Sampling 11
(Source :Prmary Data. Mahmud. et al.. 2016}

The map shows that the concentration of
mercury in the upstream was 0582 me/l. This
location is the control location. At the location of
SSH2. the concentration was  very high by 136.70
me/ke. This location was very close to the location
of the activities and the tailings were directly
discharged into the river. This was onc of the
factors that made the concentration high at this
location. At the downstream, the concentration was
0.24414 mg/keg. The closer to the downsiream was.
the lower the concentration of mercury would be.
Sulawesi Sea as the waste receiver from Pasolo
River had the mercury concentration ranging
between 0.24190 mefke and 1.87 mg/kg. The

average results of the concentration in Sulawesi Sea

were 094 mg/kg. This would endanger aquatic
anintals that live in the waters of Sulawesi.

Metal speciation in Ireshwater and seawater
mainly differ in terms of ionic strength. lower
surface absorption in sea water, theconcentration
of trace melals. theconcentration of main cations
and anions and uwsually ahigher concentration of
ligand organic in the system of freshwater ( Connell
and Miller, 2006).

The behavior of metals in natural waters is
strongly intluenced by theinteraction between the
phases of liquid and solid. especially water and
sediment. Decomposed fons and metal compounds
disappear rapidly from solution when in contacl
with the surface ol the particulate matertal through
several types of surface bonding  phenomena.
Additions and remobilization of trace metals in
asedimentary environment depend on factors such
as chemical structure (e.g. amount of decomposed
iron and carbonates), salinity, pH, the value of the
redox  and  hydrodynanie  state (Stumm and
Morgan. 1971 Hart und Davies. [1977: Fostner.
1979b in Connell and Miller. 2006).

Sampling 111

The average concentration of  mercury in
sampling T was very small by <0.00006 mg/l. In
Sulawesi Sea, the mercury concentrations in water
ranged between 0.00078 mg/kg and 0.00141 mglkg
with an average concentration of 0.00084 mg/kg.
The map shows that the concentration of mercury
in sediments in the downstream o Pasolo River
was  (.35255 mg/kg. The  highest  mercury
concentrations werein the SSH2 by 244.16mg/ke.
The concentration in the SSH2 was extreme
because this location was always active and very
close to the river. Al the downstream of the river.
the concentration was 0.12340 mg/kg. In Sulawesi
Sea as the waste receiver, the  mercury
concentrations  in sediments  ranged  between
0.27745 mg/kg and 1 mg/ke with an average
concentration of 0.6408 mg/kg. The concentration
of mercury in gold mining traditional of  Buladu
was higher than that of Acre State by 0.042 ug/g in
Amaron. Brazil {Brabo. et al.. 2003) and tended to
be the same as that in the zone north to Sado
Estuary. Portugal (Lilibo, et al. . 2011).
The results of the spatial analysis ofmercury
concentrations in water and sediment of Sampling

IMI are shown in Figure 3.
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Figure 3. Map of Spatial Analysis on Mercury
Concentration in Water and Sediments in Pasolo River
and Sulawesi Sea in Sampling 11
{Source :Primary Data. Mahmud, et al.. 20i6)

3.2. Results of Spatial Analysis on Mercury
concentrations in Water and

Tailings

Sampling 1

The  map  shows  that  the  mercury
concentrations in the water of tailings were between
0.00076 and 0.00339 me/l, The concentration of
mercury in the water of the tathings tended to be
similar. The highest concentrations  of mercury at
the locations of AT2 and AT3 were 0.00046 and
0.00339 mg/l. The reason is that e average
processing activities in the location werconly once
a week on Saturdays. except the location of AT3.
Particular locations such as AT2 and AT3 worked
continuously depending on the mining results
concentration  of

obtained.  The nercury  in

sediments  reflect  the  characteristics  of  the

contaminants that were passed by that: (1) deposit

and introduction of mercury is the maobilization of

the result of burning process and evaporation of
amalgamation (2) inputs of  particulate mercury
will be decomposed coming from the washing
process of contaminants mineral in the processing
in the tailings (3) the remains of mercury from the
breakdown of absorption at the surface (Appleton ct
al. 2001 i Mahmud. 2012). The results of the
spatial analysis ofmercury concentrations in water
and sediments in the tailings in Sampling T arc

shown in Figure 4,
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Figure 4. Map of Results of Spatial Analvsis on
Mercury Conceniration in Water and Sediments in
Taitings o Sampling |

(Source Primary Data. Mahmud, ctal.. 20161

The map shows that the concentration of mercury
in sediments of  the
16,3231 and 364008

already above the European Safely Standard tha

tailings ranged  hetween
mgfke. This resubl was
should  notexceed 2 mofkg. The  hichest
concentration  occurred  in the location ofS12
hy36.4008 me/ke and ST3 by 254630 me/ke. This
ovccurred because the location was the most active

processing activities,

Sampling II

The map shows that the highest mercury
concentrations were  1n the focation AT 2 and AT 3
by 08748 mg/l  and 09423 me/l. The
concentrations of  mercury were very hieh and
fluctuated. The high concentration of mercury in
the taifings was because the bonding process of
gold and rock used mercury to form the amaleams,
In the process of forming amaleams. the machine
was rotaled for 3.5 hours using water. In the
washing process, the remains ol mercury would
enter the tailings and increase the load on the waste.
Furthermore, most of the wastewater would flow
and enter the rivers and end at the sca and some
would remain at the processing facility, This
resulted in very high concentrations of mercury in
the tailings. The map of  the results of spatial
analysis in mercury concentrations in water and
sediments in the tathngs tn Sampling I is shown in

Figure 5.
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Figure 5. Map of Mercury Concentration Spatial
Analysis Results in Waste Water and Sediments in
Tailing Sampling 11
(Data Primer. Mahmud, et al 2016)

The map shows that the results of the analysis
ofmercury in sediments conducted on the Sampling
[T indicated the highest mercury was in the STS by
135.55 mg/ke and the lowest was in the ST2 point

by 3.31 mg/kg. The concentrations of mercury in

sediments fluctuate and many  factors influence.
namely waste load produced, processing activities.
pH. temperature and particle size. In the aguatic
environment, metals are in the forms of free ions,
pairs of organic ions and complex ions. Metal
solubility in water is controlled by pH of the water.
The increase in pH lowers the solubility of metals
in water. The increase in pH changes the stability of
the form of the carbonate inte hydroxide, which
forms a hond with particles on the body of waler, so
that it will settle and form mud (Palar, 2004). The
solubility of trace metals in natural water in
principle is  governed by (1) pH, (2} types and
concentrations of ligand and chelating substances
and (3) the state of oxidation of the mineral
component and the redox environment of the
system (Leckic and James. 1974 in Connell and
Miller (2006).

Sampling 111

The map shows that the highest concentrations
of mercury were at the location of AT4 by 0.07003
mg/l. The lowest concentration at the location of
ATS was 0.00036 mg/l. The gold processing
usually uses amalgamation technique, by mixing
ore and mercury to form amalgams (Au-Hg alloy)
using water media. The results of the spatial
analysis of mercury concentrations in water and
sediments in the tailings in Sampling LI are shown
in Figurc 0.

Figure 6. Map of Results of Spatia) Analysis on Mercury
Concentration in Water and Sediment of Tailings in
Sampling I
(Primary Data, Mahmud, et al.. 20163

The map shows that the results of the analysis
ofthe concentrations of mercury in sediment ranged
between 104.36 mg/kg and 23622 mg/kg. The
highest concentration ol mercury in sediments was
236.22 meg/ke in the location of ST 3. On averaac.
the results of mercury concentration in Sampling HI
had very extreme values. This would be dangerous
hecause these particles would be carried away by
the water and enter into civers and the sea as the
waste receiver. These particles could get into the
roots of the plant and would harm plants that live in
the arca. Accordingly, a good gold management
model is recommended (o be implemented in order
to reduce mercury in the tailings so that it does not

pollute soil, water. and vegetation in the vicinity.

E. CONCLUSION

In the period of Sampling I, The result of the
analysis that mercury concentration in water and
sediment at the upstream was 0.0006 mg/l and
10.8731mg/kg. The location of ASH; and SSIH: had
very extreme values because they were the initial
location of mine processing, namely 0.00103 mg/l
and 55.0680 me/kg .In Sulawesi Sea, the average
concentrations in water and sediment were 0.0008
mg/l and 17.55 mg/kg. In the period of Sampling 1L
namely ASH,, and SSH,. the concentrations
were(.0055 me/l and 136.70 mglkg and in the
Celebes Sea the average concentrations were
0.37141 mg/l and 0.9477 mg/kg. In the period of
sampling 111, the concentrations of mercury in
ASH, and SSH, were <0.00006 mg/d and 244.16
me/ke. In the Sulawesi Sea. the average
concentration was 0.00084 me/l and 0.6408 ma/ke.
In tailings of the Sampling I IT and ML the

concentrations in both water and sediment were
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very hieh, with the average values of 0.00528 and
22.500 ,0.3074 and 50.048 and 0.00147 mg/t and
162.42 ma/ke. An appropriate management model
is required to overcome mercury polution in the
Traditional Gold Mining of Buladu.
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