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Dissolved arsenic was the trace element present at the highest concentration 
with concentrations ranging from 1.2 to 5.1 mg/L in the marine water samples. 
The spatial distribution of filterable arsenic is shown in Figure 3. The highest 
marine concentrations (3.4-5.1 µg/L) were found in bottom waters over the 
tailings deposition area.  The depth profile samples taken at sites BBA, BBB and 
BBE show clear concentration gradients with the highest concentrations at depth. 
This suggests the presence of some dissolved arsenic in the tailings discharge 
and/or the release of some arsenic from the deposited tailings sediments. The 
surface water concentrations of arsenic at these sites (1.4 µg/L) however, are 
typical of open ocean arsenic concentrations (Table 6, Apte et al. 1998). 

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. 

The distribution of dissolved zinc and copper is shown in Figures 4 and 5.  A 
comparison of mean trace metal concentrations with data from the Pacific Ocean 
and NSW (Australia) coastal waters is shown in Table 6. Despite the fact that 
near-shore sites were sampled in this study, all metals, apart from silver, only 
showed minor enrichment compared to the range for non-industrialised off-shore 
locations where it is known that ultratrace sampling and analysis protocols were 
applied (Apte et al. 1998, Filella et al. 2002, Sanudo-Wilhemy and Flegal 1996).  
Values similar to and above those found in this study have been reported for 
other unimpacted Australian coastal waters (Batley 1995; Jones et al. 2004). 

The depth profiles and comparisons with the control sites indicate that the 
tailings deposition area is not a significant source of dissolved silver, copper, 
antimony or zinc. 

Comparison of the metals data against various water quality standards that apply 
in Indonesia and the USA are made in Tables 7 to 10.  The measured metal 
concentrations in marine and fresh waters were all below the regulatory 
standards that apply in both Indonesia and the USA.  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 U.S. Environmental Protection Agency (USEPA) 
Continuous Concentration Criteria (0.94 µg/L). Similarly, the dissolved arsenic 
concentrations in marine waters ranged from 1.2 to 5.1 µg/L and were well below 
the Indonesian Seawater Quality Standard for Marine Biota (12 µg/L) and the 
USEPA Continuous Concentration Criteria (36 µg/L). 

The water quality in the Buyat Village community wells complied with Indonesian 
Drinking Water Standards (PP-82-2001, Class I) and the current USEPA drinking 
water criterion (US Federal Register 2001). However, it should be noted that the 
USEPA drinking water criterion for Arsenic will be revised down from 50 µg/L to 
10 µg/L in 2006.  The concentration of Arsenic in two of the three Buyat Village 
was higher than this revised value, being 13.6 and 33.4 µg/L for wells BCW-1 
and 2 and respectively. These levels are similar to the baseline arsenic 
concentration of around ~20 µg/ that were measured in Buyat Village water wells 
prior to the commencement of PT NMR Operations and is due to natural 
mineralization in the area (Lorax Environmental, 2002). Naturally elevated 
arsenic in groundwater is known to occur in several countries (WHO 2001). 
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The arsenic concentration in the sample from Buyat River mouth was below 
regulatory standards, but was relatively elevated (12.4 µg/L).  However, this is 
within the baseline range reported for this river (9.0 � 4.6 µg/L), and results from 
natural mineralization in the catchment area (Lorax Environmental, 2002). 

 

Table 6.  Comparison of Trace Metal Concentrations in Waters with those 
from Other Locations 

Metal This Study, 
(mean) 

Pacific Ocean 
(surface 
waters) 1 

NSW Coastal 
Waters (off-shore) 
(Apte et al. 1996) 

Gladstone, Qld 
Coastal Waters 
(mean in-shore;   

Jones et al. 2004) 
 µg/L 

Arsenic 2.5 1.2-1.5 1.53 1.9 
Copper 0.10 0.027-0.092 0.031 0.34 
Mercury 
(Total) 

0.0179 0.0003-0.0004 <0.0014 - 

Silver <0.0004 0.1-2.5 <0.0005 - 
Zinc 0.09 0.004-0.006 <0.022 0.25 

1Data summarised in Apte et al. (1998) 
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