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EXECUTIVE SUMMARY 

Trace metal and cyanide concentrations have been measured in samples of 
waters, sediments and fish tissues collected at locations in the vicinity of the PT 
Newmont Minahasa Raya (PT NMR) mine site.  All sampling and analyses were 
conducted by the Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) of Australia using state-of-the-art methods and rigorous quality 
assurance protocols. 

The results indicated that: 

1. The concentrations Ag, As, Cu, Hg, Sb and Zn concentrations in coastal 
water samples were below levels of regulatory concern that apply in both 
Indonesia and the USA.  Dissolved Ag, Cu, Sb, Zn and total mercury were 
present at part per trillion (ng/L) range concentrations.   

2. Arsenic concentrations in marine waters ranged from typical background 
concentrations for marine systems to a maximum of 5.1 µg/L in Buyat Bay. 
The highest dissolved arsenic concentrations were found in the bottom 
waters at sites within the area affected by tailings deposition, but all results 
were well below the Indonesian Seawater Quality Standard for Marine Biota 
(12 µg/L) and the U.S. Environmental Protection Agency (USEPA) 
Continuous Concentration Criteria (36 µg/L).  The mean concentration for 
arsenic measured in Buyat Bay in this study was 2.4 µg/L, which is similar to 
PT NMR�s reported long term monitoring average of 2.7 µg/L. 

3. The total mercury concentrations in marine waters ranged from 0.0005 to 
0.0269 µg/L, orders of magnitude below the Indonesian Seawater Quality 
Standard for dissolved mercury (1 µg/L) and the USEPA Continuous 
Concentration Criteria (0.94 µg/L).  The highest total mercury concentration 
occurred at the mouth of the Totok River, measuring 0.280 µg/L, although the 
dissolved fraction was only 0.0015 µg/L.  The average total mercury 
concentration in Buyat Bay waters in this study was 0.0053 µg/L, which is 
consistent with PT NMR�s reported long-term monitoring for dissolved 
mercury that is typically below the detection limit of 0.05 µg/L. 

4. The metal concentrations measured in three Buyat Village water wells 
complied with current Indonesian and USEPA Drinking Water Standards. 

5. Sediment metals data indicated significant enrichment of arsenic and 
antimony in the area affected by tailings deposition in Buyat Bay, and for 
mercury in Totok Bay. The concentrations measured in the sediments of 
Buyat Bay were comparable to previous PT NMR monitoring data. 

6. The mercury concentrations in all fish muscle samples ranged from 0.014 to 
0.359 µg/L wet weight and were below the most stringent Australian and 
World Health Organisation (WHO) mercury guideline value of 0.5 µg/g.  The 
average mercury concentration for fish muscle from fish caught in Buyat Bay 
during this study was 0.09 µg/g compared to PT NMR�s reported long term 
monitoring average of 0.19 µg/g. 
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7. The concentration of arsenic in fish muscle ranged from <0.1 to 8.3 µg/g wet 
weight, which is similar to the range reported for the most commonly 
consumed fish in the United Kingdom (1.9 � 8.4 µg/g wet weight; MAFF, 
1998).  The Australia food standard for inorganic arsenic is 2 µg/g wet weight.  
As noted in the scientific literature (Edmonds and Francesconi 1993; Food 
Standards Agency UK 2003), only a fraction of total arsenic (conservatively 
<10%) in fish muscle is inorganic arsenic, with most of the arsenic present as 
arsenobetaine (organic arsenic), which is non-bioavailable to mammals.  
Arsenic speciation results confirmed that inorganic arsenic comprised £10% 
of the total arsenic in the fish tissues and that inorganic arsenic levels in fish 
muscle from fish in Buyat Bay and surrounding waters are well below the 
Australian standard of 2 µg/g inorganic arsenic.  The average total arsenic 
concentration found in muscle from fish caught in Buyat Bay during this study 
was 1.61 µg/g wet weight, compared to PT NMR�s reported long term 
monitoring average of 0.64 µg/g.   

8. Cyanide concentrations were below detection limits in both waters (< 5 µg/L) 
and fish tissues (<0.5 µg/g wet weight), and well below the Indonesian Water 
Quality Standard of 500 µg/L. Small concentrations of total and weak acid 
dissociable cyanide were measured in sediment samples collected from 
areas within the tailings deposition footprint. 

9. Fish are relatively long-lived receptors that are high in the food chain, making 
them a good indicator of metal availability in the environment.  The general 
absence of elevated metal concentrations in fish muscle and liver tissue in 
this study is therefore a good indicator that metal availability in the waters of 
Buyat Bay and the surrounding marine waters is not excessive and would not 
be considered a polluted environment.  The concentrations of metals in the 
water column were also below regulatory standards and provide further 
evidence to support this conclusion. 
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1. INTRODUCTION 

Minahasa is an open pit gold mine located 80 km south of the city of Manado in 
the Province of North Sulawesi, Indonesia. Mining ceased in October 2001, due 
to the depletion of the gold deposit and the mine is now in a phase of closure. 
Full closure activities will be complete in late 2004 with post operation 
environmental monitoring continuing through to at least 2007. During mine life, 
tailings were deposited by pipeline 900 m from shore in water that is 82 m deep.  
The tailings were treated prior to discharge in order to reduce the mobility of 
cyanide and trace metals. 

Following community concerns about contamination of the local coastal waters, 
PT Newmont Pacific recently requested assistance from the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) of Australia in 
determining the concentrations of metals and cyanide in waters, sediments and 
fish tissues samples at specified coastal locations surrounding the Minahasa 
Raya mine. 

The CSIRO group has extensive experience in the area of ultratrace analysis and 
the assessment of contaminant impacts on aquatic systems. The CSIRO 
laboratory is fully equipped with state-of-the-art instrumentation and has a 
dedicated trace metals clean room.  

This report details sample collection, analysis and reporting.  Sampling and 
analysis was conducted to international ultratrace standards using accepted 
protocols and QA/QC procedures including the use of certified reference 
materials. In addition, the collected data is compared and discussed in relation to 
existing PT Newmont Minahasa Raya (PT NMR) monitoring data and accepted 
world limits for the protection of the environment and human health (e.g. USEPA, 
ANZECC/ARMCANZ, WHO, Indonesian standards).  
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Figure 1.  Location of sampling sites
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