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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.

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

2. sample collection and analysis

2.1 Overview

The sampling program was designed by CSIRO in collaboration with PT Newmont Indonesia.  A CSIRO team comprising Dr Stuart Simpson and Mr Robert Jung subsequently travelled to North Sulawesi and executed the sampling program with the assistance of PT NMR field staff. All aspects of the sampling were either conducted directly or under the supervision of CSIRO staff. CSIRO provided ultraclean sampling bottles and filtration apparatus. Field equipment and logistical support were provided by staff from PT Newmont Indonesia.

Water, sediment and fish tissue samples were then transported to the CSIRO laboratory at Lucas Heights under the supervision of CSIRO staff and analysed for the following parameters: total Hg, methylmercury (sediments only), Sb, As, Cu, Ag, Zn and cyanide (total and weak acid dissociable).  Wherever possible, certified reference materials, duplicates and field blanks were included. Detailed descriptions of the field and laboratory protocols employed in the study are given in the ensuing sections.

2.2 General Analytical Protocols

The analysis of trace metals at sub-µg/L concentrations is acknowledged to be technically challenging and necessitates the applications of rigorous container preparation, sample collection and analysis protocols to ensure the accuracy of results. State-of-the-art protocols, as outlined by USEPA (1996) and Apte et al. (2002), were used throughout this work. Full details of the methods used are given below.

2.2.1 Preparation of trace metal sample bottles

One-litre low-density polyethylene (Nalgene) bottles were cleaned using a three-stage sequence.  First, the bottles and caps were submerged for a minimum of 2 hours in 2% Extran detergent solution, followed by rinsing with copious amounts of deionised water. The bottles were then soaked for a minimum of 24 hours in 10% nitric acid (analytical reagent grade) contained in a covered plastic tank.  They were then rinsed with Milli-Q (MQ) high purity water and then filled with 1% high purity nitric acid (Merck Tracepur), capped and left to stand for at least 48 hours. The bottles were then rinsed three times with MQ water and ‘double-bagged’ in two polyethylene bags.

2.2.2 Preparation of mercury sample bottles

One-litre fluorinated ethylene propylene (FEP) (Nalgene) bottles were used for sample collection and storage. Bottles were cleaned by filling with 50% analytical grade (AR) nitric acid for 2 days and were rinsed with copious quantities of MQ water. The bottles were then filled with 10% ultra-pure grade hydrochloric acid (Merck Tracepur) and left for a minimum of 3 days. The bottles were thoroughly rinsed with MQ water, filled with MQ water, capped and left for at least 2 days. The bottles were then emptied and ‘double-bagged’ in two polyethylene bags prior to shipping.

2.3 Sampling
2.3.1 Water samples

Full details of the sampling locations, water samples collected and sampling dates are given in Table 1.  All samples were collected by CSIRO staff using rigorous ‘clean hands/dirty hands’ sampling protocols to avoid sample contamination (USEPA 1996; Apte et al. 1998a,b; Apte et al. 2002).  This included the wearing of clean vinyl gloves for the handling of all sample bottles and sampling equipment.

Water samples were collected from 15 marine sites using a Go-Flo bottle water sampler operated from the side winch of the PT NMR environmental monitoring vessel powered by two outboard motors.  The Go-Flo sampler had been previously cleaned by soaking in 10% HNO3 and washed with copious amounts of deionised water.  While not in use (e.g. between sites and during overnight storage), the Go-Flo was stored in a clean plastic bag housed within a plastic container.  At the start of each day, the Go Flo was conditioned by deploying in open position at mid-water depth for 10 minutes at the first collection site.  At subsequent collection sites, the Go-Flo was similarly conditioned for at least 2 minutes at each depth of water collection.

In addition, four freshwater samples were collected from three community wells and Lake Buyat.  The water sample from Lake Buyat was collected at a depth of approximately 0.5 m, by gloved hand, from the side of a dugout canoe approximately 20 m from the lake shore. The water samples from the community wells were collected using a plastic bucket (that is used by the village people) to bring water up from the bottom of the well.

Following collection, all samples were stored in ice-filled cooler boxes until return to the shore laboratory.  

2.3.2 Water sample filtration and preservation

Water samples for dissolved metals analysis were filtered within 6 h of collection using acid-washed polycarbonate filter rigs (Sartorius) fitted with 0.45 µm Millipore membrane filters. In the absence of an ultrapure water supply such as a Millipore Milli-Q, off-shore seawater was used for washing and preparation of the hydrochloric acid wash solution.   All filtration assemblies were rigorously cleaned before processing each sample by first filtering 150 mL volumes of 10% v/v hydrochloric acid solution followed by a ca. 200 mL of seawater and finally, a 50 mL volume of sample.  The filtrates were transferred to acid-washed polyethylene bottles and preserved by addition of 2 mL/L concentrated hydrochloric acid (Merck Suprapur).

Samples for cyanide analysis were transferred from the original sample bottles to opaque plastic bottles containing pre-dispensed sodium hydroxide pellets. The final sample pH was >10.

Total mercury samples were preserved by addition of 2mL/L concentrated hydrochloric acid directly to the FEP sample bottles. In addition, three mercury samples having high suspended solids concentrations were filtered. The filtration apparatus was prepared and rinsed in the same way as for the trace metals (see above), except that two 150 mL volumes of 10% v/v hydrochloric acid, were used in cleaning the filter and assembly.    

The samples were air freighted to Australia in chilled cooler containers under the supervision of CSIRO staff. Upon return to Australia all water samples were stored at CSIRO (Lucas Heights, Sydney) in Australian Quarantine and Inspection Service (AQIS) approved locked refrigerators (at 4ºC). Water samples for metals analyses were refrigerated until time of analysis.  Cyanide analyses were undertaken by the National Measurement Institute (NMI, Pymble, Sydney, Australia).  Water samples for cyanide analysis were transported by courier under Chain Of Custody documentation from the CSIRO to NMI on August 17, 2004 (stored cold, on ice, during collection-transport period). 

Table 1.  Water Sample Site Location and Details

	Site Location and Code
	Location
	Collection Date
	Collection Time
	Water Depth, m
	Duplicates, Field Blanks

	
	Northing
	Easting
	
	
	Total
	Sampled
	

	Reference Sites
	
	
	
	
	
	
	

	Pulau Kumeke
	CKI
	90800
	686150
	12/8/2004
	9:21
	30
	5
	-

	Pulau Dakokaya
	CDI
	93442
	691805
	12/8/2004
	9:57
	69
	5
	-

	Pulau Babi
	CBI
	97885
	693798
	12/8/2004
	10:32
	42
	5
	-

	Buyat Bay Sites
	
	
	
	
	
	
	

	Site BB1 (offshore)
	BB1
	91983
	691500
	12/8/2004
	7:08
	118
	80
	Field Blank

	Site BB5 (offshore)
	BB5
	90905
	689500
	12/8/2004
	7:54
	116
	80
	-

	Site A, Surface
	BBA-S
	92814
	689415
	11/8/2004
	8:40
	68
	5
	-

	Site A, Middle
	BBA-M1, 2
	92814
	689415
	11/8/2004
	8:23
	68
	30
	Duplicate, Field Blank

	Site A, Bottom
	BBA-B
	92814
	689415
	11/8/2004
	8:14
	68
	58
	-

	Site B, Surface
	BBB-S
	92983
	689786
	11/8/2004
	9:30
	53
	5
	-

	Site B, Middle
	BBB-M
	92983
	689786
	11/8/2004
	9:24
	53
	25
	-

	Site B, Bottom
	BBB-B
	92983
	689786
	11/8/2004
	9:15
	53
	44
	-

	Site E, Surface
	BBE-S
	92622
	689666
	11/8/2004
	7:47
	72
	5
	-

	Site E, Middle
	BBE-M
	92622
	689666
	11/8/2004
	7:39
	72
	30
	-

	Site E, Bottom
	BBE-B
	92622
	689666
	11/8/2004
	7:21
	72
	67
	-

	North East (near shore)
	BNE
	93500
	690000
	12/8/2004
	8:45
	17
	5
	-

	North West (near shore)
	BNW-1, 2
	93250
	689250
	12/8/2004
	8:21, 8:27
	20
	5
	Duplicate

	Totok Bay Sites
	
	
	
	
	
	
	

	North (near shore)
	TBN-1, -2
	96309
	690730
	10/8/2004
	16:07, 16:13
	21
	5
	Duplicate, Field Blank

	Middle, Surface
	TBO-S
	95881
	690859
	10/8/2004
	15:27
	35
	5
	-

	Middle, Bottom
	TBO-B
	95881
	690859
	10/8/2004
	15:17
	35
	30
	-

	South (near shore)
	TBS
	94377
	690399
	10/8/2004
	16:44
	12
	5
	-

	Freshwaters
	
	
	
	
	
	
	

	Totok River Mouth
	TRM-1, -2
	96081
	690505
	10/8/2004
	17:10
	0.5
	0.3
	-

	Buyat River Mouth
	BRM
	93362
	689167
	11/8/2004
	14:40
	0.3
	0.1
	-

	Buyat Lake
	BUL
	90345
	689500
	11/8/2004
	16:45
	2
	0.5.
	-

	Community Well
	BCW-1
	-
	-
	11/8/2004
	1530
	NA
	NA
	-

	Community Well
	BCW-2
	 -
	- 
	11/8/2004
	1600
	NA
	NA
	-

	Community Well
	BCW-3
	 -
	- 
	11/8/2004
	1615
	NA
	NA
	-


2.3.3 Sediment collection and handling

Sediment samples were collected from 16 sites using a steel-jawed grab sampler operated from the side winch of the PT NMR environmental monitoring vessel powered by two outboard motors.  Full details of the sampling locations, sediment samples collected and sampling dates are given in Table 2.  

Sediment samples were collected at each site immediately following the collection of the water samples (see Section 2.3.1).  The sediment grab was used to bring an intact layer of sediment to the surface for subsampling. The contents of the grab sampler were carefully emptied onto a plastic tray and 0-2 cm surface layer of the sediment was mixed with a clean Teflon spoon and samples were taken for analyses of cyanide (glass jar) and metals (polycarbonate vial).  An additional sample was collected for sediment geochemistry investigations.  Following collection, samples were stored in ice-filled cooler boxes until return to the laboratory.  Sediment samples for metals analyses were frozen until the time of analysis.  All other materials were refrigerated until required for analysis.  

The samples were air freighted to Australia in chilled cooler containers. Upon return to Australia, all water samples were stored at CSIRO (Lucas Heights, Sydney) in AQIS-approved locked freezers.  
Cyanide analyses on sediments were undertaken by NMI (Pymble, Australia).  These sediments were transported by courier from the CSIRO to NMI on August 17 (stored cold, on ice, during collection-transport period).  All other samples were stored in locked AQIS-approved refrigerators (at 4ºC) or freezers (-20 ºC).
2.3.4 Fish collection and handling

Fish were collected (caught or purchased) from eight locations during August 10-12, 2004.  Full details of the fish collected (species, size) and their location are given in Table 3.

Local fishermen from the Buyat village were engaged to catch fish by line fishing (August 11, 2004) and net fishing (August 12, 2004) in Buyat Bay.  Fish were also purchased from fishermen who were Seine net fishing at Buyat Bay Beach on August 13, 2004.  Totok Fishermen were engaged to catch fish from Totok Bay on August 13, 2004 (Basaan Fish Cage).  Fish were purchased from three fish markets:  (i) the Ratatotok Market on August 12, 2004 (Totok Village Market), (ii) the Kotaburan Market on August 13, 2004 (Town to South West of NMR mine), and (iii) the Belang Market on August 13, 2004 (Town to North East of the NMR mine).  Freshwater fish were also caught and collect from Buyat Lake on August 13, 2004.


Following collection, fish were stored in ice-filled cooler boxes until return to the NMR laboratory.  Fish were weighed, their length measured and species identification made by NMR staff.  Within 24 h of collection the fish were dissected and a muscle tissue sample taken.  Livers were taken from the larger fish only.  All fish tissue samples were placed in carefully labelled bags and then frozen.  All fish samples were frozen until time of analysis.  

The samples were air freighted to Australia in chilled cooler containers. Upon return to Australia all fish samples were stored at CSIRO (Lucas Heights, Sydney) in AQIS-approved locked freezers.  
At CSIRO, fish muscle tissue samples were dissected into four sections for analysis of cyanide, mercury, other metals and a sample for dry weight determinations.  These sections were prepared using a Teflon-coated razor blade.  All fish samples were stored in locked AQIS-approved freezers (-20 ºC). In total, 65 fish tissue (FT) samples were collected (19 Buyak, 14 Totok, 4 R-Market, 10 K-Market, 13 B-Market, 5 Lake). A total of 24 fish liver (FL) samples were collected (6 Buyak, 4 Totok, 1 R-Market, 4 K-Market, 7 B-Market, 2 Lake).

Cyanide analyses on fish samples were undertaken by NMI (Pymble, Australia).  The frozen samples were transported by courier from the CSIRO to NMI on August 20. 

Table 2.  Sediment Sample Site Location and Details

	Site Location 
	Code
	Location
	Collection Date
	Collection Time
	Water Depth, m
	Duplicates

	
	
	Northing
	Easting
	
	
	
	

	Reference Sites
	
	
	
	
	
	

	Pulau Kumeke
	CKI
	90800
	686150
	12/8/2004
	9:28
	30 m
	-

	Pulau Dakokaya
	CDI
	93442
	691805
	12/8/2004
	10:07
	69 m
	-

	Pulau Babi
	CBI
	97885
	693798
	12/8/2004
	10:52
	42 m
	-

	Buyat Bay Sites
	
	
	
	
	
	

	Site BB1 (offshore)
	BB1
	91983
	691500
	12/8/2004
	7:18
	119 m
	-

	Site BB5 (offshore)
	BB5
	90905
	689500
	12/8/2004
	8:01
	116 m
	-

	Site A
	BBA-1, -2
	92814
	689415
	11/8/2004
	8:49, 8:55
	66 m
	Duplicate

	Site B
	BBB
	92983
	689786
	11/8/2004
	9:40
	57 m
	-

	Site E
	BBE
	92622
	689666
	11/8/2004
	8:00
	72 m
	-

	North East (near shore)
	BNE
	93500
	690000
	12/8/2004
	8:53
	19 m
	-

	North West (near shore)
	BNW-1, 2
	93250
	689250
	12/8/2004
	8:32, 8:37
	28, 30 m
	Duplicate

	Totok Bay Sites
	
	
	
	
	
	

	North (near shore)
	TBN
	96309
	690730
	10/8/2004
	16:20
	12 m
	

	Middle
	TBO
	95881
	690859
	10/8/2004
	15:39
	34 m
	-

	South (near shore)
	TBS
	94377
	690399
	10/8/2004
	16:49
	9 m
	-

	Freshwaters Sites
	
	
	
	
	
	

	Totok River Mouth
	TRM-1, -2
	96081
	690505
	10/8/2004
	17:13, 17:15
	0.3, 0.05 m 
	Duplicate

	Buyat River Mouth
	BRM
	93362
	689167
	11/8/2004
	14:55
	0.3 m 
	-

	Buyat Lake
	BUL
	90345
	689500
	11/8/2004
	16:40
	0.5 m 
	-


Table 3.  Fish Samples Collected, August 2004
	Sample Code
	Species
	Length

cm
	Weight

kg
	Liver
g

	BB = Buyat Bay (Fishermen) - line fishing (August 11, 2004)

	BB1
	Purse Eyed Scad (Selar crumenophthalmus)
	27
	0.3
	6.40

	BB2
	Groper / groper pece
	22
	0.23
	8.86

	BB3
	Mullidae / goatfish / biji naugka
	20
	0.21
	4.11

	BB4
	Painted Anthias (Pseudanthias pictilis)
	14
	0.06
	ND

	BB5
	Painted Anthias (Pseudanthias pictilis)
	14
	0.05
	ND

	BB6
	Anthias ? (Pseudanthias engelhardi) Gotila
	17
	0.1
	ND

	BB7
	Areolate Rockcod (Epinepheius areolatus)
	17
	0.09
	ND

	BB8
	Coral Cod (Cephalopholis miniata)
	15.5
	0.07
	ND

	BB9
	Dothead Rock Cod (Cephalopholis microprion)
	13.6
	0.05
	ND

	BB10
	Dothead Rock Cod (Cephalopholis microprion)
	13
	0.05
	ND

	BB11
	Damselfish, Mujair laut
	11
	0.05
	ND

	BF = Buyat Bay (Fishermen) - net fishing (August 12, 2004)
	
	
	
	
	

	BF1
	Kapure (Decaptenes tabl.)
	18
	0.09
	ND

	BF2
	Kapure (Decaptenes tabl.)
	18.5
	0.09
	ND

	BF3
	Kapure (Decaptenes tabl.)
	18
	0.09
	ND

	BF4
	Deho (Auxis thazard)
	23
	0.21
	0.96

	BF5
	Deho (Auxis thazard)
	21.5
	0.17
	1.69

	BF6
	Deho (Auxis thazard)
	20.5
	0.14
	1.84

	BF = Buyat Bay (Fishermen) - beach seine (August 13, 2004)
	
	
	
	
	

	BF7
	Bobara
	10
	0.03
	ND

	BF8
	Bobara
	10
	0.03
	ND

	TF = Totok Fishermen (August 13, 2004)
	
	
	
	
	

	TF1
	Tute (Selaroides leptolepis)
	19
	0.1
	ND

	TF2
	Tute (Selaroides leptolepis)
	20
	0.13
	ND

	TF3
	Kapure (Decaptenes tabl.)
	20.5
	0.13
	ND

	TF4
	Kapure (Decaptenes tabl.)
	20
	0.12
	ND

	TF5
	Bobara
	12
	0.04
	ND

	TF6
	Bobara
	10.5
	0.03
	ND

	TF7
	Ikan Putih
	Composite
	 
	ND

	TF8
	Ikan Putih Kering
	Composite
	 
	ND

	TC = Totok Bay Fishermen (Basaan Fish Cage) (August 13, 2004)
	
	
	
	
	

	TC1
	Bobara
	23.5
	0.27
	1.35

	TC2
	Bobara
	21
	0.21
	1.38

	TC3
	Bobara
	20.5
	0.22
	1.16

	TC4
	Goropa-Macan
	18
	0.13
	ND

	TC5
	Goropa-MacanT
	21
	0.23
	4.44

	TC6
	Goropa-Macan
	19
	0.16
	ND

	ND = Fish liver was too small to dissect from the fish


Table 3 (continued).  Fish Samples Collected, August 2004
	Sample Code
	Species
	Length

cm
	Weight

kg
	Liver
g

	RM = Ratatotok Market (August 12, 2004) (Totok Village Market)

	RM1
	Cakalang (Katsuwonus pelamis)
	33
	0.72
	7.51

	RM2
	Tute (Selaroides leptolepis)
	17.5
	0.01
	ND

	RM3
	Tute (Selaroides leptolepis)
	17
	0.09
	ND

	RM4
	Tute (Selaroides leptolepis)
	16
	0.08
	ND

	KM = Kotaburan Market (Augus 13, 2004) (Town to South West)

	KM1
	Tute (Selaroides leptolepis)
	17
	0.1
	ND

	KM2
	Tute (Selaroides leptolepis)
	17
	0.1
	ND

	KM3
	Tute (Selaroides leptolepis)
	17
	0.09
	ND

	KM4
	Kapure (Decaptenes tabl.)
	19
	0.11
	ND

	KM5
	Kapure (Decaptenes tabl.)
	21.5
	0.14
	1.23

	KM6
	Kapure (Decaptenes tabl.)
	20
	0.12
	ND

	KM7
	Kembung/Kapure Bejar
	27
	0.4
	1.64

	KM8
	Malalugis
	21
	0.13
	1.38

	KM9
	Malalugis
	20.5
	0.13
	1.62

	KM10
	Malalugis
	19
	0.1
	ND

	EM = Belang Market (August 13, 2004) (Town to North East)

	EM1
	Bobara/Trevally
	17.5
	0.12
	ND

	EM2
	Bobara (Liver composite with EM1)                                                                                     
	19
	0.14
	2.08

	EM3
	Bobara
	20
	0.17
	2.85

	EM4
	Deho
	22
	0.16
	6.72

	EM5
	Deho
	23
	0.17
	7.19

	EM6
	Tute (Selaroides leptolepis)
	17.5
	0.09
	ND

	EM7
	Tute (Selaroides leptolepis)
	18
	0.1
	ND

	EM8
	Malalugis
	14
	0.03
	ND

	EM9
	Melalugis
	14
	0.04
	ND

	EM10
	Kambong = Large Kapure (Decaptenes tabl.)
	26
	0.32
	2.42

	EM11
	Kambong = Large Kapure (Decaptenes tabl.)
	26
	0.36
	2.43

	EM12
	Goropa
	43
	1.09
	9.39

	BL = Buyat Lake (August 13, 2004)

	BL1
	Nila (from fish farm cage)
	24
	0.33
	4.19

	BL2
	Nila (from fish farm cage)
	26
	0.34
	4.19

	BL3
	Nila (free in lake)
	16.5
	0.09
	ND

	BL4
	Nila (free in lake)
	18
	0.1
	ND

	BL5
	Nila (free in lake)
	18
	0.09
	ND

	ND = Fish liver was too small to dissect from the fish


Analytical Methods for Waters

2.3.5 Arsenic and antimony

Arsenic and antimony were determined by hydride-generation atomic spectrometry, using procedures based on the standard methods described by APHA (1998).  The same sample preparation procedures were used for both arsenic and antimony. Samples were first digested by addition of potassium persulfate (1% m/V final concentration) and heating at 120ºC for 30 minutes. Hydrochloric acid, (32% v/v final volume) was then added to the samples.  Pentavalent arsenic and antimony was then pre-reduced to As(III) and Sb(III) by addition of potassium iodide (1.3% (m/v) final volume) and ascorbic acid (0.3% (m/v) final volume) and standing for at least 20 min at room temperature prior to analysis. Arsenic and antimony were then determined separately by hydride-generation atomic fluorescence spectrometry (AFS) using a PS Analytical Excalibur system operating under standard conditions recommended by the manufacturer

2.3.6 Copper and zinc

Water samples were subjected to chelation and solvent extraction prior to the analysis of copper, zinc and silver in order to separate the metals of interest from major ions in the salt matrix that interfere with the final spectrometric measurements.  The extraction procedures also preconcentrate the metals by typically 25 to 30-fold, thus making them easier to quantify. Dissolved copper and zinc were analysed in the saline water and Lake Buyat samples using a dithiocarbamate complexation/solvent extraction graphite furnace atomic absorption spectrometry (GFAAS) method based on the procedure described by Magnusson and Westerlund (1981).  The major differences were the use of a combined sodium bicarbonate buffer/ammonium pyrrolidine dithiocarbamate reagent (Apte and Gunn 1987) and 1,1,1-trichloroethane as the extraction solvent in place of Freon.  Sample aliquots (250 mL) were buffered to pH 5 by addition of the combined reagent and extracted with two 10 mL portions of double-distilled trichloroethane. The extracts were combined and the metals back-extracted into 1 mL of concentrated nitric acid (Merck Suprapur).  The back extracts were diluted to a final volume of 10 mL by addition of deionised water and analysed by GFAAS (Perkin Elmer 4100ZL) using Zeeman effect background correction and operating conditions recommended by the manufacturer. 

Dissolved zinc concentrations in the community well waters were analysed by inductively coupled plasma atomic emission spectrometry (ICPAES) (Spectroflame EOP, SPECTRO Analytical Instruments, Kleve, Germany) using standard additions calibration.

2.3.7 Total and WAD cyanide 

Total cyanide and weak acid dissociable (WAD) cyanide in waters were determined by the NML in accordance with NML Method No: NWB20 “Determination of Cyanides in Water and Soil using the Lachat Flow Injection Analyser”.  This method is in accord with the APHA method 4500-CN- (APHA 1998).  The method utilises a midi distillation system (Lab-Crest, Midi Distillation System Model 220-10R10) and a flow injection analyser (FIA) (Lachat Flow Injection System, FIA QC-8000).  For total cyanide, samples are extracted for 1 hour in a sodium hydroxide solution with the pH being maintained at 12 or more. The resultant extract is acidified with sulfuric acid prior to distillation. The distillate is then analysed for cyanide by FIA.  WAD Cyanide is determined by acidification of the sample to pH 4.5-6, distillation and analysis of the distillate by FIA. 

2.3.8 Total mercury

Total mercury in water samples was determined by cold vapour AFS (Liang and Bloom 1993).  Eighty mL of sample was dispensed into a Pyrex-glass purging vessel and a 0.4 mL aliquot of bromine monochloride (0.2M) in hydrochloric acid (BrCl) added to allow oxidation of any organic mercury present to inorganic mercury. The mixture was allowed to stand for a minimum of 90 minutes.  Fifty µL of hydroxylamine solution (3M) was added to destroy any residual BrCl.  The vessel was connected to a custom-built purge trap system and 0.5 mL stannous chloride solution (20% m/V) was then added to reduce the inorganic mercury to elemental mercury.  The elemental mercury was purged from solution in a nitrogen stream (20 minutes purge time) and trapped on a gold-coated sand trap. The trap was transferred to a thermal desorption unit interfaced to a Brooks Rand atomic fluorescence spectrometer. The trap was connected to a mercury-free helium gas stream and rapidly heated to 320oC. The released mercury was quantified by the AFS.  The same analytical procedure was also applied to samples for filterable mercury.

2.3.9 Silver

Dissolved silver concentrations were determined by microsolvent extraction GFAAS (Apte and Gunn 1987) using dithizone as the metal complexing ligand. A stock dithizone solution (0.1% w/v) was prepared in double-distilled trichloroethane and was further diluted with double-distilled trichloroethane to give a 0.01% (v/v) working solution (prepared on a daily basis).  A 30 mL sample aliquot was accurately transferred to an acid-washed fluorinated ethylene propylene (FEP) Oak Ridge centrifuge tube to which 1.3 mL of 3M sodium acetate buffer (final pH 5.0-5.5) and 1 mL of the dithizone solution was added.  The centrifuge tube was tightly capped and shaken for 5 minutes.  Following standing for 10 minutes the tubes were uncapped and 1.5 mL of the lower portion of solution (comprising the organic extract plus some of the aqueous layer) was pipetted into a dry acid washed PTFE furnace cup.  The silver content of the solvent layer was determined using a Perkin Elmer 4100ZL graphite furnace atomic absorption spectrometer equipped with Zeeman effect background correction and a silver hollow cathode lamp.  The furnace operating conditions recommended by the manufacturer was used.  The autosampler arm was adjusted so that the sampling probe penetrated the upper aqueous layer and sampled from the lower organic layer only.  Standards of concentration 0, 40, 80 120, and 160 ng/L were prepared by spiking amounts of stock silver standard into 2 mL/L nitric acid solutions were extracted alongside samples in every batch.

2.4 Analytical Methods for Sediment Samples

2.4.1 Determination of total particulate metals (TPM) in sediments

Frozen sediments were left to thaw overnight in a nitrogen atmosphere.  Each sample was then thoroughly homogenised by vigorous stirring with a plastic rod.  A sub-sample was then taken and dried at 110 ºC (16 h). The dried samples were ground to a fine powder using a mortar and pestle.  Two hundred and fifty (250) milligrams of the sediment powder was weighed into a polycarbonate vial and 0.5 mL of concentrated nitric acid (Merck Suprapur) and 1 mL of concentrated hydrochloric acid (Merck Suprapur) was added.  All sample digests were prepared in triplicate.  The samples were allowed to stand for between 12 to 24 hours and were then twice heated in a domestic microwave oven for 20 minutes at 10% power.  After cooling to room temperature, the solutions were made up to a final volume of 25.0 mL with deionised water.

To provide a check on analytical quality, a digestion blank and a certified reference sediment (PACS-2, National Research Council, Canada) was analysed with every batch of microwave samples.

Concentrations of Ag, As, Cu, Hg, Sb and Zn were measured in the final digest solutions using a range of analytical techniques.  Arsenic, Cu, and Zn were measured by ICPAES (Spectroflame EOP, SPECTRO Analytical Instruments, Kleve, Germany) calibrated with commercially-available standards (Plasma Chem, Farmingdale, NJ, USA). The spectrometer was operated under the standard conditions recommended by the manufacturer.

Silver and Sb were analysed by inductively coupled plasma mass spectrometry (ICPMS) (PQ Excell, VG Elemental, Cheshire, UK) using standard operating conditions recommended by the manufacturer. In the absence of a suitable reference material spike-recovery analyses of antimony were undertaken with approximately 10% of digests samples to check the accuracy of the analyses.  Mercury concentrations in the digests were determined using the same analytical procedure used to determine total mercury in waters (Section 2.4.4). 

2.4.2 Methylmercury

Methylmercury was analysed following the method developed by Bowles and Apte (2000). Methylmercury was first separated from the sediment sample using a high flow rate steam distillation system. A reagent containing chloride and sulfuric acid was added to an aliquot of wet sediment sample (typically 0.2 to 1 g sample mass) in a round bottom flask.  The sample was then connected to a custom-made steam distillation apparatus and distilled. The methylmercury chloride was subsequently isolated in the condensed steam. The distillation process selects against mercury(II) present in the sample, but does not remove it completely.  Methylmercury in the distillate was reacted with sodium tetraethylborate at pH 4.8 to form methyl ethyl mercury.  Mercury(II) which was present, formed diethyl mercury under these conditions. The organo-mercurial compounds are volatile and were purged from the reactor solution with mercury free nitrogen and were trapped on Tenax-AT adsorbent.

The Tenax traps were inserted into a mercury-free helium gas stream, which was connected to an 80 °C isothermal gas chromatograph (GC), followed by an 800°C pyrolysis tube, and finally a mercury atomic fluorescence  (AFS) detector. The Tenax traps were rapidly heated to 250°C, displacing the adsorbed mercury compounds, which were separated in the GC. The pyrolysis tube decomposed the organic mercury compounds to mercury that was detected by AFS (Brooks Rand). The concentration of methyl mercury was proportional to the peak area of the peak corresponding to methyl ethyl mercury, which eluted before the diethyl mercury peak.  The dry weight of the sediment samples was determined by drying pre-weighed sub-samples (in duplicate) of each sample in an oven at 60 ºC for 48 h followed by cooling in a dessicator and reweighing.

2.5 Analytical Methods for Fish Samples

2.5.1 Determination of total metals in fish muscle and liver tissues

Frozen fish tissues were dissected using a Teflon-coated razor blade.  The dry weight of the fish tissue was determined by drying a 200 mg sub-sample in an oven at 60 ºC for 48 h followed by cooling in a dessicator and reweighing.

Two hundred (200) mg of the frozen (wet) fish muscle tissue was weighed into a polycarbonate vial and 1 mL of concentrated nitric acid (Merck Suprapur) was added.  The samples were allowed to stand for 24 hours and were then heated in a domestic microwave oven for 20 minutes at 10% power.  After cooling to room temperature, 1 mL of concentrated hydrogen peroxide (30%, Analytical Reagent Grade) was added. The samples were allowed to stand for 24 hours and were then heated in a domestic microwave oven for 20 minutes at 10% power.  After cooling to room temperature, the solutions were made up to a final volume of 25.0 mL with deionised water.  All sample digests were prepared in triplicate. 

For liver tissue samples, 3 mL of concentrated nitric acid (Merck Suprapur) was added rather than 1 mL for the muscle tissue samples.  All other stages of the digestion were identical to the procedure used for digesting the muscle tissues.  Fish tissue samples for total mercury analysis were digested with a mixture of 7:3 (v/v) of nitric and sulfuric acids (Bowles 1998).  

To provide a check on analytical quality, digestion blanks and samples of an NRC Canada certified reference material were analysed with every batch of digested samples.  Concentrations of Ag, As, Cu, Hg, Sb and Zn were measured in the final digest solutions.  Arsenic, Cu, and Zn were measured using ICPAES (Spectroflame EOP, SPECTRO Analytical Instruments, Kleve, Germany) calibrated with commercially-available standards (Plasma Chem, Farmingdale, NJ, USA).

Silver and antimony were analysed by inductively coupled plasma mass spectrometry (ICPMS) (PQ Excell, VG Elemental, Cheshire, UK) using standard operating conditions recommended by the manufacturer. Spike-recovery analyses of antimony were undertaken with approximately 10% of digests samples to check the accuracy of the analyses.  Mercury concentrations in the digests were determined using the same procedure used to analyse total mercury in waters (Section 2.4.4). 

2.5.2 Determination of arsenic speciation in fish tissues

Marine fish tissues were freeze-dried for approximately 24 hr (Labconco, Australia) to a constant mass and ground to an homogenous powder using a ZM 100 ultra centrifugal mill (ring sieve 0.5 mm) (Retsch, Germany). Approximately 0.2 - 0.25 g of tissue was added to 50 mL polypropylene vials and 10 mL of acetone (HiPerSolv, BDH, Australia) added. Samples were shaken for 1 hr (30 rpm) and supernatant removed after centrifuging at 3000 rpm for 15 min. This acetone extraction procedure was repeated twice and supernatant's combined after centrifuging at 3000 rpm for 15 min. After acetone extraction the residue pellet was dried at room temperature (~25 oC) for approximately 12 hr. 

Total arsenic concentrations of acetone supernatants were determined by a modification of the microwave digestion procedure. Approximately 5 mL of sample was measured into 7 mL teflon digestion vessels (A.I. Scientific, Australia) and evaporated to dryness at room temperature. Digestion occurred with 0.5 mL of concentrated HNO3 (Aristar, BDH) using a MDS - 81D microwave oven (CEM, USA) and a time program consisting of three stages: 2 min at 600 W, 2 min at 0 W and 45 min at 450 W. After digestion, vessels were allowed to cool at room temperature (~25oC) for approximately 60 min and then diluted with deionised water (Millipore, Australia) to 5 mL in polyethylene vials. Digests were stored in a cool room (~0-5 oC) until total arsenic concentrations were determined using a Perkin Elmer Elan - 6000 ICP - MS (Perkin Elmer, Australia). 
Microwave - Assisted Extraction of Water - Soluble Arsenic Species 

The effect of temperature and time on extraction of water - soluble arsenic from marine animal tissues was determined by plotting surface response curves for two reference materials: shark muscle (AGAL-2) (Australian Government Analytical Laboratory, Australia) and dogfish liver (Dolt-1) (NRC-CNRC, Canada) tissues.

Approximately 0.1-0.15 g of the acetone extracted residue was weighed into 50 mL polypropylene vials and 10 mL of 50 % (v/v) methanol (HiPerSolv, BDH, Australia) - deionised water (Millipore, Australia) added. Five replicates at each temperature and time were loaded onto the carousel of an MDS - 2000 microwave oven (630 W) (CEM, USA) and heated at temperatures ranging from 30 to 80 oC for 5 to 20 min. The supernatants for each temperature and time were removed after centrifuging at 3000 rpm for 15 min. The microwave assisted extraction procedure was repeated twice and individual sample supernatant's combined after centrifuging at 3000 rpm for 15 min. 

Total arsenic concentrations of methanol - water supernatants were determined by evaporating to dryness approximately 2 mL of sample using a RVC 2-18 rotational vacuum concentrator (50 oC) (CHRIST, Australia). The residue's were resuspended in 0.5 mL 10 % HNO3 (Aristar, BDH, Australia) and diluted to 5 mL with deionised water (Millipore, Australia) prior to the determination of total arsenic concentrations using a Perkin Elmer Elan - 6000 ICP - MS (Perkin Elmer, Australia).

Arsenic speciation analysis was undertaken on the 50% (v/v) methanol - water soluble fraction after three microwave - assisted extractions of Dorm-2 and Tort-2 tissues at 70-75oC for 5 min. Approximately 28 mL of the combined methanol - water supernatants were evaporated at 50 oC to dryness using a RVC 2-18 rotational vacuum concentrator (CHRIST, Australia). Residue's were resuspended in deionised water (Millipore, Australia) prior to analysis to a concentration of 400 - 500 µg As / l and filtered through a 0.45 (m Iso-Disc N-4-4 Nylon filter (Supelco, Australia). Aliquot’s of 100 µL were injected onto a HPLC system consisting of a Perkin Elmer Series 200 mobile phase delivery and auto sampler system (Perkin - Elmer, Australia). The HPLC system was connected to the Scott's double pass spray on the Perkin Elmer Elan - 6000 ICP - MS (Perkin - Elmer, Australia) by 60 cm of PEEK (polyether - ether - ketone) (i.d. 0.02 µm) (Supelco, Australia) capillary tubing. Arsenic was determined by monitoring at m/z 75 and potential interference due to the polyatomic ion 40Ar35Cl by measuring m/z 77 and 82.

The chromatography package Turbochrom (Perkin - Elmer, Australia) was used to quantify arsenic species by peak area. Arsenic species were identified by spiking and retention time comparison with standard solutions. The spreadsheet package Excel (Microsoft, USA) was used in the determination of arsenic species concentrations from calibration curves.

2.6 Quality Control: General Procedures

To check on analytical accuracy, aliquots of a National Research Council Canada Certified Reference Materials were analysed with each batch of samples whenever a suitable reference material was available.  Reference standards have certified concentrations of elements for a range of sample matrices such as seawater, sediment and fish, allowing the performance of the analytical procedures to be assessed by a comparison of the results obtained with the certified concentrations. The following reference materials were used: for waters CASS-4 (Cu, Zn), NASS-5 (As); for sediments PACS-2 (total metals), DORM-1 (methylmercury); and for fish tissue samples DORM-2, TORT-2, DORM-1 (Hg), DOLT-2 (Hg)

In addition, laboratory blanks, analytical duplicates and spiked samples (where appropriate) were included in every sample batch.  Method detection limits (3 times the standard deviation of the blank measurements) and recoveries were calculated from this data.

3. RESULTS and discussion

3.1 Water Samples

Metal concentrations in the water samples are shown in Tables 4 and 5.  Results for field duplicates and full details of QA/QC for analyses are given in Appendix A.  The data for reference materials, spike recoveries and blanks were all within acceptable limits. Total cyanide and weak acid dissociable (WAD) cyanide concentrations were <0.005 mg/L in all water samples.  

Table 4.   Dissolved Metal Concentrations in the Water Samples

	Site
	Sample
	Dissolved metals, µg/L

	
	Code
	Ag
	As
	Cu
	Sb
	Zn

	Reference Sites
	
	
	
	
	
	

	Pulau Kumeke
	CKI
	<0.0004
	1.5
	0.056
	<0.2
	0.066

	Pulau Dakokaya
	CDI
	<0.0004
	1.3
	0.057
	<0.2
	0.028

	Pulau Babi
	CBI
	<0.0004
	1.3
	0.067
	<0.2
	0.048

	Buyat Bay Sites
	
	 
	 
	 
	
	 

	Site BB1 (offshore)
	BB1
	0.0017
	1.9
	0.073
	<0.2
	0.084

	Site BB5 (offshore)
	BB5
	<0.0004
	2.6
	0.080
	<0.2
	0.059

	Site A, Surface
	BBA-S
	<0.0004
	1.4
	0.060
	<0.2
	0.060

	Site A, Middle
	BBA-M
	<0.0004
	1.9
	0.069
	<0.2
	0.099

	Site A, Bottom
	BBA-B
	0.0008
	5.1
	0.163
	0.4
	0.098

	Site B, Surface
	BBB-S
	<0.0004
	1.4
	0.067
	<0.2
	0.048

	Site B, Middle
	BBB-M
	<0.0004
	2.0
	0.075
	<0.2
	0.064

	Site B, Bottom
	BBB-B
	<0.0004
	4.8
	0.132
	0.3
	0.108

	Site E, Surface
	BBE-S
	<0.0004
	1.4
	0.059
	<0.2
	0.069

	Site E, Middle
	BBE-M
	<0.0004
	1.4
	0.076
	<0.2
	0.081

	Site E, Bottom
	BBE-B
	<0.0004
	3.4
	0.092
	0.2
	0.084

	North East (near shore)
	BNE
	<0.0004
	1.7
	0.060
	<0.2
	0.053

	North West (near shore)
	BNW
	<0.0004
	1.9
	0.055
	<0.2
	0.037

	Totok Bay Sites
	
	 
	 
	 
	
	 

	North (near shore)
	TBN
	<0.0007
	1.3
	0.102
	<0.2
	0.106

	Middle, Surface
	TBO-S
	0.0004
	1.3
	0.111
	<0.2
	0.112

	Middle, Bottom
	TBO-B
	<0.0004
	1.3
	0.070
	<0.2
	0.076

	South (near shore)
	TBS
	<0.0004
	1.2
	0.079
	<0.2
	0.040

	Freshwaters
	
	
	
	
	
	

	Buyat Lake
	BUL
	<0.0004
	4.0
	0.177
	0.2
	0.361

	Buyat River Mouth
	BRM
	<0.0004
	12.4
	0.335
	0.5
	0.249

	Totok River Mouth
	TRM
	0.0024
	1.4
	0.206
	<0.2
	0.326

	Community Well
	BCW-1
	<0.0004
	13.6
	0.131
	<0.2
	<1

	Community Well
	BCW-2
	<0.0004
	33.4
	0.339
	<0.2
	11.8

	Community Well
	BCW-3
	<0.0004
	2.5
	0.024
	<0.2
	3.0


Table 5.  Dissolved and Total Mercury in Water Samples

	Site
	Sample Code
	Dissolved Hg 
	Total Hg 

	
	
	µg/L
	µg/L

	Reference Sites
	
	
	

	Pulau Kumeke
	CKI
	ND
	0.00065

	Pulau Dakokaya
	CDI
	ND
	0.00033

	Pulau Babi
	CBI
	ND
	0.00069

	Buyat Bay Sites
	
	 
	  

	Site BB1 (offshore)
	BB1
	ND
	0.0013

	Site BB5 (offshore)
	BB5
	ND
	0.0029

	Site A, Surface
	BBA-S
	ND
	0.0005

	Site A, Middle
	BBA-M
	ND
	0.0022

	Site A, Bottom
	BBA-B
	ND
	0.0196

	Site B, Surface
	BBB-S
	ND
	0.0006

	Site B, Middle
	BBB-M
	ND
	0.0026

	Site B, Bottom
	BBB-B
	ND
	0.0269

	Site E, Surface
	BBE-S
	ND
	0.0008

	Site E, Middle
	BBE-M
	ND
	0.0006

	Site E, Bottom
	BBE-B
	ND
	0.0080

	North East (near shore)
	BNE
	ND
	0.0012

	North West (near shore)
	BNW
	ND
	0.0013

	Totok Bay Sites
	
	 
	 

	North (near shore)
	TBN
	ND
	0.0216

	Middle, Surface
	TBO-S
	ND
	0.0017

	Middle, Bottom
	TBO-B
	ND
	0.0033

	South (near shore)
	TBS
	ND
	0.0040

	Freshwaters
	
	
	

	Buyat Lake
	BUL
	<0.0001
	0.0070

	Buyat River Mouth
	BRM
	<0.0005
	0.0121

	Totok River Mouth
	TRM
	0.0015
	0.2800

	Community Well
	BCW-1
	ND
	0.0008

	Community Well
	BCW-2
	ND
	0.0014

	Community Well
	BCW-3
	ND
	0.0003


         ND = not determined

Total mercury concentrations were well below the µg/L range, being in the ng/L (parts per trillion) range. The spatial distribution of total mercury in marine waters is shown in Figure 2.  Whilst the total mercury concentrations were in the parts per trillion range, the concentrations in both Buyat and Totok bays were higher than that at the control sites. The highest total mercury concentration (0.280 µg/L) was measured at the mouth of the Totok River, likely due to the upstream presence of historical artisanal gold mining utlising mercury in the extraction process. However, the filterable mercury concentration at this site was low, indicating that most of the mercury was in particulate form. This is consistent with the known high affinity of mercury for suspended particulate material (Nelson 1981, Craig 1986). 

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. 

Dissolved arsenic was the trace element present at the highest concentration with concentrations ranging from 1.2 to 5.1 (g/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).
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)

[image: image2.jpg]90000N

_87500N

Teluk
Buyat

\
6975008

ba

662

o

700

o Pulau
Dakokayu

20
®

S

’00

6099

e
20086007
220

\
700000E

0°52'30"N

0°50'00"N

0°00'00°N




Figure 2.  Total mercury in waters (ng/L)

 The current Indonesian and US marine water quality standards are 1000 and 940 ng/L respectively.
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Figure 3. Dissolved arsenic in waters (µg/L)

The current Indonesian and US marine water quality standards are 12 and 36 µg/L respectively
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Figure 4.  Dissolved zinc in waters (µg/L)

The current Indonesian and US marine water quality standards are 50 and 81 µg/L respectively.
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Figure 5.  Dissolved copper in waters (µg/L)

  The current Indonesian and US marine water quality standards are 8 and 3.1 µg/L respectively.

Table 7.  Comparison of Marine Waters Data with the USEPA Recommended Water Quality Criteria for Metals in Saline Waters

	
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg /L

	Criteria Continuous Concentration (CCC)
	-
	36
	3.1
	0.94
	-
	81

	Exceedances
	-
	0
	0
	0
	-
	0


                Note all metals criteria refer to dissolved (filterable) metals

Table 8.  Comparison of Freshwater Data with USEPA Recommended Water Quality Criteria for Freshwaters

	
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg/L

	Criteria Continuous  Concentration (CCC)
	-
	150
	9
	0.77
	-
	120

	Exceedances
	-
	0
	0
	0
	-
	0


Table 9.  Comparison of Marine Waters Data with Indonesian Marine Water Quality Standards

	Site
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg/L

	Standarda
	-
	12
	8
	1
	-
	50

	Exceedances
	-
	0
	0
	0
	-
	0

	Maximum toleratedb
	50
	10
	60
	6
	-
	100

	Exceedances
	0
	0
	0
	0
	-
	0


 aIndonesian Water Quality Criteria April 2004, Attachment III standards for marine biota ((g/L)                  

 bIndonesian Environmental Quality Standards: January 1998, Exhibit VII Sea Garden Conservation Standard ((g/L)
Table 10.  Comparison of Freshwater Data with Indonesian Freshwater Quality Standards (PP-82-2001)

	Site
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg/L

	Standard (Class I)
	-
	50
	20
	1
	-
	50

	Exceedances
	-
	0
	0
	0
	-
	0


3.2 Sediment Samples

Total and WAD cyanide concentrations in the sediment samples are shown in Table 11.  Total particulate cyanide was only found in detectable concentrations at sites A, B and E within the tailings footprint. WAD cyanide was only detectable at site E, which had the highest total cyanide concentration.

Table 11.  Total and Weak Acid Dissociable (WAD) Cyanide Concentrations in Sediment Samples

	Site
	Sample
	Cyanide, µg/g

	
	
	Total
	WAD

	Reference Sites
	
	
	

	Pulau Kumeke
	CKI
	<0.5
	<0.5

	Pulau Dakokaya
	CDI
	<0.5
	<0.5

	Pulau Babi
	CBI
	ND
	ND

	Buyat Bay Sites
	
	
	

	BB1 (offshore)
	BB1
	<0.5
	<0.5

	BB5 (offshore)
	BB5
	<0.5
	<0.5

	Site A (over tailings)
	BBA
	5.5
	0.5

	Site B (over tailings)
	BBB
	3.1
	<0.5

	Site E (over tailings)
	BBE
	13
	3

	North East (near shore)
	BNE
	<0.5
	<0.5

	North West (near shore)
	BNW
	<0.5
	<0.5

	Buyat River Mouth
	BRM
	<0.5
	<0.5

	Totok Bay Sites
	
	
	

	North (near shore)
	TBN
	<0.5
	<0.5

	Middle (offshore)
	TBO
	<0.5
	<0.5

	South (near shore)
	TBS
	<0.5
	<0.5

	Totok River Mouth
	TRM
	<0.5
	<0.5

	Freshwater Site
	
	
	

	Buyat Lake
	BUL
	<0.5
	<0.5


              ND = not determined

Metal concentrations in the sediment samples are shown in Tables 12 and 13 and in Figures 6-11.  Results for field duplicates and QA/QC for analyses are given in Appendices B. All quality control analyses were satisfactory.  Full details of these analyses and QA/QC are given in Appendix B.

Sediment metal concentrations were variable, however, as noted in previous PT NMR monitoring data (Lorax Environmental 2002), the concentrations of arsenic and antimony are elevated in sediment collected in Buyat Bay, particularly over the area of tailings discharge. Particulate metals data are summarised into regions in Table 14. The spatial distribution of particulate arsenic and mercury are shown in Figures 6 and 7 respectively. It is interesting to note that the highest concentration of mercury was found in Totok Bay, likely a result of artisanal gold mining in the Totok River catchment that uses mercury in the gold extraction process (Martens, 2000). Arsenic concentrations are however more elevated in Buyat Bay. Statistical analysis of the data indicated strong correlations between arsenic and antimony (r=0.986, p<0.05) and between copper and mercury (r=0.820, p<0.05). The concentrations of silver and zinc in sediments do not show any marked spatial distributions. The concentrations of copper in Buyat Bay are slightly elevated compared to the concentrations measured at the other sites. Particulate metal concentrations at the one freshwater site, Buyat Lake were low.
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Figure 6.  Spatial distribution of total arsenic in sediments (µg/g)
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Figure 7.  Spatial distribution of total mercury in sediments (µg/g)
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Figure 8.  Spatial distribution of total zinc in sediments (µg/g)
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Figure 9.  Spatial distribution of total copper in sediments (µg/g)

[image: image10.jpg]90000N

_87500N

Teluk
Buyat

\
6975008

ba

662

o

700

o Pulau
Dakokayu

20
®

S

’00

6099

e
20086007
220

\
700000E

0°52'30"N

0°50'00"N

0°00'00°N




 Figure 10.  Spatial distribution of total antimony in sediments (µg/g)
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Figure 11.  Spatial distribution of total silver in sediments (µg/g)

Table 12.  Total Particulate Metals in Sediment Samples

	Site
	Name
	Particulate metals, µg/g dry weight

	
	
	Ag
	As
	Cu
	Sb
	Zn

	Reference Sites
	
	
	
	
	
	

	Pulau Kumeke
	CKI
	0.38
	74.5
	15.7
	52.5
	88.8

	Pulau Dakokaya
	CDI
	0.04
	38.9
	5.0
	7.18
	30.2

	Pulau Babi
	CBI
	0.04
	8.2
	5.7
	2.05
	18.3

	Buyat Bay Sites
	
	
	
	
	
	

	BB1 (offshore)
	BB1
	0.24
	176
	12.4
	101
	42.4

	BB5 (offshore)
	BB5
	0.12
	150
	12.9
	68.5
	45.8

	Site A (over tailings)
	BBA
	0.35
	466
	21.1
	188
	40.7

	Site B (over tailings)
	BBB
	0.37
	491
	20.9
	208
	42.4

	Site E (over tailings)
	BBE
	0.44
	678
	24.2
	255
	46.8

	North East (near shore)
	BNE
	0.09
	112
	22.3
	44.6
	42.1

	North West (near shore)
	BNW
	0.07
	64.9
	25.5
	16.6
	41.1

	Totok Bay Sites
	
	 
	 
	 
	 
	 

	North (near shore)
	TBN
	0.52
	57.9
	46.2
	2.20
	61.3

	Middle (offshore)
	TBO
	0.34
	50.6
	34.5
	2.43
	51.6

	South (near shore)
	TBS
	0.04
	27.1
	13.2
	0.39
	41.5

	Totok River Mouth
	TRM
	0.13
	34.7
	21.6
	1.0
	44.2

	Freshwater Sites
	
	 
	 
	 
	 
	 

	Buyat River Mouth
	BRM
	0.02
	6.6
	21.2
	0.18
	27.9

	Buyat Lake
	BUL
	0.05
	6.2
	17.5
	0.18
	20.0


Table 13.  Total Particulate Mercury in Sediment Samples

	Site
	Name
	Total Hg,

µg/g dry weight
	Methylmercury, µg/g dry weight
	Methylmercury

%

	Reference Sites
	
	
	
	

	Pulau Kumeke
	CKI
	2.80
	0.00073
	0.03

	Pulau Dakokaya
	CDI
	0.12
	0. 00030
	0.25

	Pulau Babi
	CBI
	0.29
	0. 00069
	0.24

	Buyat Bay Sites
	
	
	
	

	BB1 (offshore)
	BB1
	1.51
	0. 00031
	0.02

	BB5 (offshore)
	BB5
	0.93
	0. 00017
	0.02

	Site A (over tailings)
	BBA
	1.51
	0. 00032
	0.02

	Site B (over tailings)
	BBB
	1.50
	0. 00024
	0.02

	Site E (over tailings)
	BBE
	2.25
	0. 00017
	0.01

	North East (near shore)
	BNE
	0.39
	0.0031
	0.81

	North West (near shore)
	BNW
	0.26
	0.0012
	0.47

	Totok Bay Sites
	
	 
	
	

	North (near shore)
	TBN
	14.5
	0.0035
	0.02

	Middle (offshore)
	TBO
	9.64
	0.00101
	0.01

	South (near shore)
	TBS
	0.83
	0.0022
	0.27

	Totok River Mouth
	TRM
	3.68
	0. 00011
	0.003

	Freshwater Sites
	
	 
	
	

	Buyat River Mouth
	BRM
	0.03
	0. 000008
	0.03

	Buyat Lake
	BUL
	0.18
	0.0051
	4.79


Table 14.  Particulate Metals Data Summarised into Regions 

	
	Ag
	As
	Cu
	Sb
	Zn
	Hg

	
	µg/g dry weight

	Reference Sites (n=3)
	
	
	
	
	
	

	Mean
	0.15
	40.5
	8.8
	20.6
	45.8
	1.1

	Standard deviation
	0.20
	33.2
	6.0
	27.8
	37.7
	1.5

	
	
	
	
	
	
	

	Buyat Bay Sites (n=8)
	
	
	
	
	
	

	Mean
	0.21
	268.1
	20.1
	110.2
	41.2
	1.0

	Standard deviation
	0.16
	243.0
	4.9
	95.3
	5.8
	0.8

	
	
	
	
	
	
	

	Totok Bay Sites (n=4) 
	
	
	
	
	
	

	Mean
	0.26
	42.6
	28.9
	1.5
	49.7
	7.2

	Standard deviation
	0.22
	14.2
	14.5
	1.0
	8.9
	6.1


Total particulate methylmercury concentrations are shown in Table 13. Methylmercury concentrations typically ranged from 0.00017 to 0.0007 µg/g.  The highest concentrations of methylmercury were found at site TBN (0.0035 µg/g), in Totok Bay, and Buyat Lake (0.0051 µg/g).  Total and methylmercury concentrations measured in marine sediments from various locations around the world are shown in Table 15.  Mercury species concentrations in the study area are within the range indicated in this table. The proportion of total mercury present as methylmercury was generally below 0.3%.  This was fairly consistent with global ratios of methylmercury/total mercury in sediments that range from typically 0.01 to 1.4% (D’Itri 1990).

Table 15. Total Mercury and Methylmercury Concentrations in Natural Sediments (adapted from D'Itri 1990)

	Site
	Total Hg µg/g
	Methylmercury ng/g
	Methylmercury %

	River Seine, France

	15.8
	ND
	-

	Mobile Bay, USA

	0.21-0.60
	0.06-0.19
	0.03

	Mississippi River, USA
	0.08-0.57
	ND-0.05
	0.01

	Everglades, USA
	0.12-0.49
	0.06-0.12
	0.05

	San Francisco Bay, USA
	0.1-1.3
	0.04-1.9
	0.07

	River Rhine, Holland
	5-17
	10-110
	0.6

	Irish Sea, UK


	0.2
	ND-2.7
	0.7

	River Clyde, UK
	0.4-4.4
	0.3-5.4
	0.2

	River Mersey, UK
	1.3-11.3
	1.6-60.6
	0.7


ND = not detected

The sediment data are compared in Table 16 against sediment quality guidelines that currently apply in Australia and New Zealand (ANZECC/ARMCANZ 2000).  These guidelines are essentially the same as those applied in Canada, Hong Kong, and a number of states in the US.  They are termed empirical guidelines because they are based on a large North American database in which the effects of sediment contaminants on benthic organisms are ranked.  The sediment quality guideline trigger value is the lower 10th percentile of effects data.  This is used as a screening value that if exceeded, additional investigations are made to determine whether there is indeed a risk posed by the guideline exceedance.  A second upper guideline value is also derived from the median of the effects data.  It has no particular significance except as being indicative of a value above which there is a high probability of toxicity to benthic organisms.  In the ranking of the sediment data, toxicity is ascribed equally to all of the measured contaminants in a sediment.  Because of this co-occurrence, it is likely that guidelines for some contaminants will be very conservative.  This is not an issue if the co-occurring contaminants are present in the test sites (metals and polycyclic aromatic hydrocarbons are a typical mix), but in the absence of the other contaminants the likely risk could be overestimated.  Recent studies in our laboratories suggest that guidelines for many metals fall into this category.  Provided the value is used as a screening tool, further studies will determine the true risk.

Table 16.  Comparison of Sediment Metals Data against Sediment Quality Guidelines that Apply in Australia and New Zealand

	
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg/g dry weight

	Mean (n=16)
	0.20
	153
	20.0
	2.5
	59.4
	42.8

	Standard deviation
	0.17
	205
	10.2
	4.0
	84.6
	16.5

	Minimum
	0.02
	6.2
	5.0
	0.0
	0.2
	18.3

	Maximum
	0.52
	678
	46.2
	14.5
	255
	88.8

	Guideline Value (low) a
	1
	20
	65
	0.150
	2
	200

	Exceedances b
	0
	13
	0
	14
	12
	0

	Guideline  Value (high) a
	3.7
	70
	270
	1
	25
	410

	Exceedances b
	0
	7
	0
	8
	7
	0


   a Sediment quality guideline trigger values (ANZECC/ARMCANZ, 2000).  b Number of values exceeding trigger values  

In the decision framework, a key issue is to evaluate the bioavailability of the contaminants since in many instances not all of the total sediment concentration will be in a bioavailable form.  In the case of metals, the presence of inert mineralised metal forms may represent a significant proportion.  The Australian and New Zealand framework for evaluating sediment quality recommend that a dilute-acid soluble metals fraction be used as a better estimate of the bioavailable fraction.  If the guideline is still exceeded it recommends consideration of the availability of acid volatile sulfides (mainly FeS) in the sediment that can bind with and render unavailable any metals that might be released to pore waters.  A further option is to measure the metal concentrations in the pore water as this is a major route of exposure to many organisms. Lorax Environmental measured pore water concentrations as part of the Minahasa Mine Closure Plan and reported that the tailings were releasing negligible amounts of metals to the overlying water column (Lorax Environmental, 2002).  

In all studies some consideration should be given to the background metal concentrations, since these may be higher than the guideline concentrations in some naturally mineralised sediments.  

If the above considerations still demonstrate potential risk, then toxicity testing is recommended using sensitive benthic organisms.  The most recent approaches to sediment quality assessment incorporate multiple lines of evidence, e.g. chemistry, ecotoxicology, bioaccumulation and benthic community structure in a weight of evidence approach to better demonstrate risk.  In all cases, exceedance of the guideline value is not significant alone to imply risk.  PT NMR plan to conduct further studies over at least 3 years on the benthic community structure and pore waters as part of the post closure monitoring program (Lorax Environmental, 2002).

A comparison of the current data set with existing PT Newmont monitoring data is shown in Table 17.  The comparison indicates that the CSIRO data is within the range previously detected in routine monitoring.

Table 17. Comparison of CSIRO Sediment Metals Data with PT Newmont Monitoring Data Ranges

	Site
	Data Source
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	
	µg/g dry weight

	Reference Site
	CSIRO
	0.15
	40.5
	8.8
	1.1
	20.6
	45.8

	 
	PT NMR
	 -
	 9-287
	- 
	0-7.1 
	<1-7 
	 44.8-81.5

	
	
	
	
	
	
	
	

	Site A
	CSIRO
	0.35
	466
	21.1
	1.51
	188
	40.7

	 
	PT NMR
	 -
	1-1190 
	 -
	 0.8-26.2
	 14-1160
	40.8-92.8

	
	
	
	
	
	
	
	

	Site B
	CSIRO
	0.37
	491
	20.9
	1.5
	208
	42.4

	 
	PT NMR
	 -
	 61-820
	 -
	 0.8-10.4
	 17-1330
	 30.2-154


3.3 Fish Tissue Samples

Metal concentrations in the fish muscle tissue samples are shown in Table 18.   Metal concentrations in the fish liver tissue samples are shown in Table 19.  Results for QA/QC for analyses are given in Appendix C and indicated accurate analysis performance. Total cyanide concentrations were <0.5 mg/g in all fish samples.  Full details of these analyses are given in Appendix C.  The low concentrations of cyanide were expected, as it is not known to accumulate in biological tissues.

Table 18.   Metals in Fish Muscle Tissues

	Site
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg/g wet weight

	Buyat Bay
	
	
	
	
	

	BB1
	0.06
	0.7
	0.82
	0.266
	<0.02
	3.0

	BB2
	0.06
	1.2
	2.11
	0.231
	<0.02
	4.8

	BB3
	0.03
	4.9
	1.52
	0.063
	<0.01
	3.0

	BB4
	0.02
	0.8
	0.29
	0.084
	<0.01
	3.7

	BB5
	0.02
	1.7
	0.66
	0.070
	<0.01
	6.0

	BB6
	0.01
	2.3
	0.73
	0.359
	<0.01
	12.7

	BB7
	0.01
	3.1
	0.33
	0.028
	<0.01
	4.6

	BB8
	0.01
	1.0
	0.18
	0.089
	<0.01
	4.1

	BB9
	0.02
	8.3
	0.46
	0.180
	<0.01
	6.4

	BB10
	0.02
	2.4
	0.54
	0.221
	<0.01
	6.5

	BB11
	0.01
	1.5
	0.47
	0.012
	<0.01
	5.8

	BF1
	0.01
	0.3
	0.58
	0.016
	<0.01
	9.8

	BF2
	0.01
	0.4
	1.20
	0.015
	<0.01
	4.1

	BF3
	0.01
	0.4
	0.82
	0.021
	<0.01
	16.8

	BF4
	0.01
	0.4
	0.77
	0.042
	<0.01
	9.0

	BF5
	0.01
	0.4
	0.69
	0.035
	<0.01
	6.8

	BF6
	0.01
	0.1
	0.75
	0.021
	<0.01
	4.9

	BF7
	0.01
	0.1
	0.11
	0.022
	<0.01
	11.4

	BF8
	0.01
	0.5
	0.34
	0.020
	<0.01
	15.9

	Totok Bay
 
	 
	
	
	 
	

	TF1
	0.01
	0.5
	1.82
	0.027
	<0.01
	8.8

	TF2
	0.01
	0.5
	0.46
	0.036
	<0.01
	12.5

	TF3
	0.01
	0.2
	1.56
	0.054
	<0.01
	6.0

	TF4
	0.01
	<0.1
	0.65
	0.023
	<0.01
	8.2

	TF5
	<0.01
	0.2
	0.56
	0.094
	<0.01
	9.1

	TF6
	0.02
	0.8
	0.69
	0.075
	<0.01
	11.7

	TF7
	0.02
	0.9
	0.42
	0.014
	<0.01
	14.5

	TF8
	0.07
	5.4
	1.59
	0.070
	<0.01
	64.3

	TC1
	0.03
	<0.1
	0.40
	0.324
	<0.01
	12.8

	TC2
	0.02
	<0.1
	0.24
	0.290
	<0.01
	10.7

	TC3
	0.02
	0.2
	0.70
	0.162
	<0.01
	9.1

	TC4
	0.03
	0.7
	0.28
	0.246
	<0.01
	13.1

	TC5
	0.03
	0.3
	0.35
	0.221
	<0.01
	17.9

	TC6
	0.02
	0.4
	0.06
	0.252
	<0.01
	12.6

	Ratatotok Market
	
	
	
	
	

	RM1
	0.01
	1.2
	0.51
	0.042
	<0.01
	7.7

	RM2
	0.01
	1.2
	0.90
	0.028
	<0.01
	11.2

	RM3
	0.02
	1.1
	0.74
	0.030
	<0.01
	12.0

	RM4
	0.02
	0.8
	1.08
	0.018
	<0.01
	7.7

	Kotaburan Market 

 
	
	
	 
	
	

	KM1
	0.01
	0.7
	1.41
	0.024
	<0.01
	16.0

	KM2
	0.10
	0.6
	0.82
	0.033
	<0.01
	8.3

	KM3
	0.09
	0.5
	1.18
	0.021
	<0.01
	6.9

	KM4
	0.07
	0.1
	1.40
	0.020
	<0.01
	9.5

	KM5
	0.11
	0.1
	2.76
	0.057
	<0.01
	15.9

	KM6
	0.10
	<0.1
	0.47
	0.029
	<0.01
	5.6

	KM7
	0.09
	<0.1
	0.24
	0.047
	<0.01
	16.8

	KM8
	0.09
	1.7
	1.34
	0.128
	<0.01
	20.9

	KM9
	0.08
	1.2
	1.85
	0.139
	<0.01
	12.5

	KM10
	0.11
	1.3
	1.57
	0.108
	<0.01
	10.1

	Belang Market 

 
	
	
	 
	
	

	EM1
	0.08
	0.6
	0.31
	0.046
	<0.01
	5.7

	EM2
	0.07
	0.5
	0.48
	0.056
	<0.01
	4.6

	EM3
	0.06
	0.2
	0.52
	0.087
	<0.01
	7.1

	EM4
	0.11
	0.7
	4.48
	0.039
	<0.01
	8.1

	EM5
	0.08
	0.5
	2.18
	0.026
	<0.01
	10.1

	EM6
	0.09
	1.1
	1.61
	0.024
	<0.01
	10.7

	EM7
	0.07
	0.7
	1.76
	0.028
	<0.01
	14.1

	EM8
	0.11
	0.5
	2.26
	0.014
	<0.01
	11.4

	EM9
	0.09
	0.7
	2.57
	0.017
	0.01
	11.6

	EM10
	0.07
	<0.1
	0.34
	0.016
	<0.01
	13.4

	EM11
	0.08
	<0.1
	1.26
	0.023
	<0.01
	6.5

	EM12
	0.10
	0.2
	0.31
	0.147
	<0.01
	6.3

	Buyat Lake
 
	 
	
	
	 
	

	BL1
	0.06
	<0.1
	0.23
	0.034
	<0.01
	10.8

	BL2
	0.07
	<0.1
	0.30
	0.045
	<0.01
	8.0

	BL3
	0.09
	<0.1
	0.33
	0.162
	<0.01
	8.3

	BL4
	0.09
	<0.1
	0.30
	0.150
	<0.01
	10.1

	BL5
	0.09
	<0.1
	0.34
	0.123
	<0.01
	6.8


Table 19.  Metals in Fish Liver Tissues

	
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg/g wet weight

	Buyat Bay
	
	
	
	
	
	

	BB1
	0.02
	3.0
	2.9
	0.223
	0.03
	23.8

	BB2
	<0.01
	0.2
	3.6
	2.27
	<0.01
	42.8

	BB3
	<0.01
	5.4
	3.8
	0.200
	<0.01
	24.9

	BF4
	<0.01
	1.2
	3.6
	0.047
	<0.01
	76.3

	BF5
	0.06
	1.8
	4.7
	0.044
	<0.01
	83.3

	BF6
	0.36
	2.7
	6.8
	0.039
	<0.01
	55.9

	Totok Bay
	
	 
	 
	
	 
	

	TC1
	<0.02
	0.3
	2.0
	0.482
	<0.01
	33.2

	TC2
	<0.02
	0.4
	2.5
	0.341
	<0.01
	34.7

	TC3
	<0.02
	1.3
	2.7
	0.256
	<0.01
	40.9

	TC5
	<0.01
	0.7
	19.7
	0.580
	<0.01
	121

	Ratatotok Market
	 
	 
	
	 
	

	RM1
	0.80
	7.1
	12.9
	0.058
	<0.01
	53.6

	Kotaburan Market
	 
	 
	
	 
	

	KM5
	<0.01
	2.7
	6.8
	0.196
	<0.01
	45.1

	KM7
	<0.01
	3.0
	3.9
	0.107
	<0.01
	76.1

	KM8
	<0.01
	9.4
	7.2
	0.140
	<0.01
	42.5

	KM9
	<0.01
	5.0
	4.3
	0.117
	<0.01
	38.9

	Belang Market
	 
	 
	
	 
	

	EM2 a
	<0.01
	1.9
	4.8
	0.083
	<0.01
	33.0

	EM3
	<0.01
	1.1
	3.4
	0.061
	<0.01
	29.4

	EM4
	<0.01
	3.2
	2.3
	0.054
	<0.01
	284

	EM5
	<0.01
	2.9
	1.8
	0.085
	<0.01
	220

	EM10
	<0.01
	2.5
	6.7
	0.077
	<0.01
	68.9

	EM11
	<0.02
	3.5
	5.8
	0.070
	<0.01
	44.2

	EM12
	0.04
	1.0
	81.0
	0.207
	<0.01
	160

	Buyat Lake
	 
	 
	
	 
	

	BL1
	<0.01
	<0.1
	41.5
	0.048
	<0.01
	18.4

	BL2
	<0.01
	<0.1
	43.9
	0.052
	<0.01
	12.2


a EM2-FL is a composite of EM1-FL and EM2-FL

The concentrations of metals in fish muscle are of interest from a human health point of view, whereas, liver concentrations give an indication of recent organism exposure to metals. The mean metal concentrations and standard deviations for fish from different collection areas is summarised in Tables 20 and 21. The comparison illustrates the variability of metal concentrations in fish tissues even from within the same area. There are no marked trends in concentration between sites that are of significant concern. 

Table 20.  Mean Metal Concentrations in Fish Muscle Samples from Various Locations 
	Location
	
	Ag
	As
	Cu
	Zn
	Hg

	
	
	µg/g wet weight

	Buyat Bay
	Mean
	0.02
	1.61
	0.70
	7.33
	0.09

	
	S.D
	0.02
	2.03
	0.48
	4.18
	0.10

	Totok Bay
	Mean
	0.02
	0.92
	0.70
	15.09
	0.13

	
	S.D
	0.02
	1.51
	0.55
	14.48
	0.11

	Ratatok Market
	Mean
	0.02
	1.08
	0.81
	9.65
	0.03

	
	S.D
	0.01
	0.19
	0.24
	2.28
	0.01

	Kotaburan Market
	Mean
	0.09
	0.78
	1.30
	12.25
	0.06

	
	S.D
	0.03
	0.58
	0.71
	4.98
	0.05

	Belang Market
	Mean
	0.08
	0.57
	1.51
	9.13
	0.04

	
	S.D
	0.02
	0.26
	1.26
	3.16
	0.04

	Buyat Lake
	Mean
	0.08
	<0.1
	0.30
	8.80
	0.10

	
	S.D
	0.01
	<0.1
	0.04
	1.63
	0.06


Table 21.  Mean Metal Concentrations in Fish Liver Samples from Various Locations 
	Location
	
	As
	Cu
	Zn
	Hg

	
	
	µg/g wet weight

	Buyat Bay
	Mean
	2.38
	4.23
	51.17
	0.47

	
	S.D
	1.79
	1.38
	25.28
	0.89

	Totok Bay
	Mean
	0.68
	6.73
	57.45
	0.41

	
	S.D
	0.45
	8.66
	42.50
	0.14

	Ratatok Market
	RM1
	7.1
	12.9
	53.6
	0.058

	Kotaburan Market
	Mean
	5.03
	5.55
	50.65
	0.14

	
	S.D
	3.09
	1.69
	17.16
	0.04

	Belang Market
	Mean
	2.30
	15.11
	119.93
	0.09

	
	S.D
	0.99
	29.11
	102.17
	0.05

	Buyat Lake
	Mean
	<0.1
	42.70
	15.30
	0.05

	
	S.D
	<0.1
	1.70
	4.38
	0.00


Aquatic organisms take up trace metals and accumulate them in their body tissues as part of a natural process termed bioaccumulation. Some metals, e.g. copper and zinc, are accumulated by aquatic organisms, because they are essential to life and fulfil specific roles in metabolic functions (e.g. as constituents of enzymes). Deprivation of these metals leads ultimately to death of the organism. Other metals such as lead and cadmium do not have essential roles, but nevertheless are accumulated by organisms. The accumulation of non-essential metals is believed to be an accidental process owing to their chemical similarity to other essential metals such as sodium, calcium and magnesium. The accumulation of metals by fish depends greatly on the local physical and chemical properties of the water as well as metal loads in the ecosystem, including that in plankton and benthic invertebrates.  Factors such as salinity, pH, dissolved organic matter, water hardness and sediment concentrations all play a role.  Metals may be accumulated either directly from the water column via the gills directly into the blood/endolymph or via food and adsorption by the gut into the blood and liver.  The liver and kidneys play important roles in regulating the concentration of metals (Roesijadi and Robinson 1994) and so their metal concentrations are good indicators of metal exposure.

Australian standards relating to fish/crustacea (ANZFA 2001) are summarised in Table 22.  It is noted that the difference in standards for mercury in fish is based on the findings of higher concentrations in top predatory fish, such as barramundi, that bioaccumulate mercury through the food chain.  The World Health Organization (WHO) similarly has two standards: 0.5 µg/g for non-predatory fish and 1.0 µg/g for predatory fish such as sharks and tuna (WHO, 1976, 1991).  Food standards are not set for Ag, Cu, Sb and Zn, though General Expected Levels (GELs) are available for copper and zinc (ANZFA 2001).  

Table 22.   Australian Food Code Standards (ANZFA 2001) for Metals in Fish/Crustacea

	Contaminant
	Food
	Concentration,
µg/g wet weight

	Arsenic (inorganic)
	Crustacea/Fish
	2

	Mercury
	Fish (excluding gemfish, billfish, southern bluefin tuna, barramundi, ling, orange roughy, rays and all species of shark)
	Mean of 0.5

	Mercury
	Gemfish, billfish, southern bluefin tuna, barramundi, ling, orange roughy, rays and all species of shark
	Mean of 1


Copper concentrations in fish muscle were generally within the expected range for fish. The average concentration for fish from Buyat Bay was 0.70±0.48 µg/g, which is within the typical range of 0.5 to 1.0 µg/g found in fish from the Great Barrier Reef during baseline studies (Denton and Burden-Jones, 1984). Most of the copper values were also below the ANZFA 90th percentile GEL value of 2 µg/g, indicating that copper concentrations were within the normal expected range.

Zinc concentrations in fish muscle were generally within the expected range for fish. The average concentration for fish from Buyat Bay was 7.33±0.4.18 µg/g, which is slightly lower than the typical range of 10 to 20 µg/g found in fish from the Great Barrier Reef during baseline studies (Denton and Burden-Jones, 1984). Most of zinc values were also below the ANZFA 90th percentile GEL value of 15 µg/g, indicating that zinc concentrations were within the normal expected range.

The mercury concentrations in all fish muscle samples ranged from 0.014 to 0.359 µg/L and were below the more stringent ANZFA and World Health Organisation (WHO) mercury guideline value of 0.5 µg/g. Metal concentrations in the fish liver samples were generally higher than in the muscle tissues.  One liver sample from Buyat Bay (BB2, 2.27 µg/g) indicated exposure to mercury, however, the mercury concentration in muscle for this specimen was only 0.231 µg/g, again below the ANZFA and WHO guidelines. The results for five other fish liver samples from Buyat Bay did not indicate exposure to mercury and were within the range typical of the other sampling locations. 

Recently, the USEPA tissue residue criterion was revised to 0.3 µg methylmercury/g fish (USEPA 2001). This is the concentration of mercury in fish tissue that should not be exceeded based on a total consumption rate of 0.0175 kg fish/day.  Only two fish muscle samples (TC1, BB6) out of 64 fish samples in the current study exceeded this very stringent guideline.

Methylmercury is a chemical that bioaccumulates and biomagnifies in aquatic foodwebs. Predatory organisms at the top of food webs have the highest methylmercury concentrations.  Inorganic mercury can be accumulated by aquatic organisms, but is taken up at a slower rate with lower efficiency than methylmercury. Nearly 100% of total mercury in predatory fish is present as methylmercury.  The major pathway for human exposure to methylmercury is through consumption of contaminated fish. Dietary methylmercury is almost completely absorbed into the blood and is distributed to all tissues including the brain (USEPA 2001). Based on available data, human exposures to methylmercury from all media sources except fish are negligible.

Mercury bioaccumulation is a general issue often affecting relatively uncontaminated environments.  For instance, the tissue mercury concentrations of mercury in Australian barramundi from the Gladstone region averaged 0.29(0.13 µg/g (Jones et al. 2004). Mercury concentrations in fish muscle samples from the Great Barrier Reef in baseline studies ranged from 0.02-0.8 µg/g (Denton and Burdon-Jones 1984). This compares to a mean mercury concentration in marine fish muscle tissue of 0.08(0.09 µg/g in this study. The average mercury concentration for fish muscle from fish caught within 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.

The concentration of arsenic in fish muscle ranged from <0.1 to 8.3 µg/g, which is similar to the range reported for the most commonly consumed fish in the United Kingdom (1.9 – 8.4 µg/g; MAFF, 1998). The current Australia food standard for inorganic arsenic is 2 µg/g wet weight.  Edmonds and Francesconi (1993) provide a detailed compilation of global arsenic speciation data for fish that amply illustrates that total arsenic concentrations in fish can easily exceed 2 µg/g.  Elevated arsenic concentrations in marine organisms are not uncommon even in pristine environments.  In the Australian near-shore marine environment, the wet weight arsenic concentrations of marine fish species were in the range 0.5 to 44 µg/g (Maher and Batley 1990).

It is also well established that arsenic in the tissues of marine animals is present predominantly as organoarsenic compounds (Edmonds and Francesconi 1993, Neff 1997).  The main organo-arsenic compound found in fish muscle is arsenobetaine that can account for up to 94 % of arsenic in some fish species (Francesconi and Edmonds 1993; Kirby and Maher 2002). It is widely established that arsenobetaine is not toxic to mammals (Neff 1997) and is excreted in an unchanged form in urine. The Food Standards Agency of the U.K. report that greater than 90% of arsenic is normally in the form of arsenobetaine and that less than 1% is usually in the form of inorganic arsenic (FSA, 2003). The speciation of the arsenic in fish tissues was determined for five fish muscle tissue samples (Table 23).  Based on the arsenic speciation results, 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.
Table 23.  Arsenic Speciation in Fish Tissue Samples 
	Sample
	Inorganic arsenic (%)
	Organic arsenic (%)

	
	Total
	As(III)
	As(V)
	

	KM4
	10
	8.9
	0.9
	90

	BB9
	1
	0.6
	0.2
	99

	BB3
	0
	0
	0.1
	100

	BB7
	0
	0.3
	0
	100

	TF8
	5
	4.2
	1.1
	95


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.

4. CONCLUSIONS

5. 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.  

6. 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).

7. 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 (g/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 (g/L.

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

9. 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.

10. 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. 

11. The concentration of arsenic in fish muscle ranged from <0.1 to 8.3 µg/g, 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 current 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.
12. 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.

13. Fish are relatively long-lived receptors that are relatively 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 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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Appendices

APPENDIX A.  ANALYTICAL DATA FOR METALS IN COASTAL WATERS

Table A1.  Dissolved Metals (Total Filterable Metals) in Waters
	Site
	Dissolved Metals
	Total Hg

	
	Ag
	As
	Cu
	Sb
	Zn
	Hg 
	

	 
	ng/L
	µg /L
	µg/L
	µg/L
	µg/L
	µg/L
	µg/L

	BB1-D
	1.7
	1.9
	0.073
	<0.2
	0.084
	 
	0.0013

	BB5-D
	<0.4
	2.6
	0.080
	<0.2
	0.059
	 
	0.0029

	BBA-S
	<0.4
	1.4
	0.060
	<0.2
	0.060
	 
	0.0005

	BBA-M2
	<0.4
	1.6
	0.054
	<0.2
	0.064
	 
	0.0007

	BBA-M1
	<0.4
	2.3
	0.084
	<0.2
	0.133
	 
	0.0037

	BBA-B
	0.8
	5.1
	0.163
	0.4
	0.098
	 
	0.0196

	BBB-S
	<0.4
	1.4
	0.067
	<0.2
	0.048
	 
	0.0006

	BBB-M 
	<0.4
	2.0
	0.075
	<0.2
	0.064
	 
	0.0026

	BBB-B
	<0.4
	4.8
	0.132
	0.3
	0.108
	 
	0.0269

	BBE-S
	<0.4
	1.4
	0.059
	<0.2
	0.069
	 
	0.0008

	BBE-M
	<0.4
	1.4
	0.076
	<0.2
	0.081
	 
	0.0006

	BBE-B
	<0.4
	3.4
	0.092
	0.2
	0.084
	 
	0.0080

	BCW-1
	<0.4
	13.6
	0.131
	<0.2
	<1
	 
	0.0008

	BCW-2
	<0.4
	33.4
	0.339
	<0.2
	11.8
	 
	0.0014

	BCW-3
	<0.4
	2.5
	0.024
	<0.2
	3.0
	 
	0.0003

	BNE
	<0.4
	1.7
	0.060
	<0.2
	0.053
	 
	0.0012

	BNW-1
	<0.4
	2.1
	0.067
	<0.2
	0.040
	 
	0.0016

	BNW-2
	<0.4
	1.8
	0.043
	<0.2
	0.033
	 
	0.0011

	BRM 
	<0.4
	12.4
	0.335
	0.5
	0.249
	<0.0005
	0.0121

	BUL-1
	<0.4
	4.0
	0.177
	0.2
	0.361
	<0.001
	0.0070

	 
	 
	 
	 
	 
	 
	 
	 

	CBI
	<0.4
	1.3
	0.067
	<0.2
	0.048
	 
	0.00069

	CDI
	<0.4
	1.3
	0.057
	<0.2
	0.028
	 
	0.00033

	CKI
	<0.4
	1.5
	0.056
	<0.2
	0.066
	 
	0.00065

	 
	 
	 
	 
	 
	 
	 
	 

	TBN-1
	0.7
	1.2
	0.074
	<0.2
	0.114
	 
	0.0206

	TBN-2
	<0.4
	1.3
	0.130
	<0.2
	0.098
	 
	0.0227

	TBO-S
	0.4
	1.3
	0.111
	<0.2
	0.112
	
	0.0017

	TBO-B
	<0.4
	1.3
	0.070
	<0.2
	0.076
	
	0.0033

	TBS
	<0.4
	1.2
	0.079
	<0.2
	0.040
	
	0.0040

	TRM
	2.4
	1.4
	0.206
	<0.2
	0.326
	0.0015
	0.280


Table A2.    QC Data for Dissolved Silver

	Spike Recoveries
	
	

	
	Site
	% Recovery
	

	
	TBO-B
	108
	

	
	BNW-1
	100
	

	
	
	
	

	Method Blanks
	
	

	
	Method Blank
	Sample
	

	
	
	ng Ag/L
	

	
	26.08.04 1
	0.0
	

	
	26.08.04 2
	0.0
	

	
	26.08.04 3
	0.1
	

	
	Mean blank
	0.0
	

	
	LOD
	0.4
	

	
	
	
	

	Field Blanks
	
	

	
	Field Blank (coastal seawater)
	Sample
	

	
	
	ng Ag/L
	

	
	FB 1
	<0.4
	

	
	FB 1-X
	<0.4
	

	
	FB 2 BBA
	<0.4
	

	
	FB 3
	<0.4
	

	
	
	
	

	Analyses of Replicate Samples
	
	

	
	Site
	Analysis 1
	Analysis 2

	
	
	ng Ag/L
	ng Ag/L

	
	BBE-S
	<0.4
	<0.4

	
	BNE
	<0.4
	<0.4

	
	CDI
	<0.4
	<0.4


Table A3.  QC Data for Dissolved Arsenic

	Spike Recoveries
	
	
	

	
	Sample
	% Recovery
	
	

	
	TBN-1 
	102
	
	

	
	CDI
	99
	
	

	
	BNW-1
	103
	
	

	
	BBE-B
	102
	
	

	
	
	
	
	

	Method Blanks
	
	
	

	
	Method Blank
	Sample
	
	

	
	(persulfate digest blanks)
	µg As/L
	
	

	
	Digest blank1
	0.06
	
	

	
	Digest blank2
	0.08
	
	

	
	Digest blank3
	0.06
	
	

	
	Mean blank
	0.06
	
	

	
	LOD
	0.04
	
	

	
	
	
	
	

	Field Blanks
	
	
	

	
	Field Blank (coastal seawater)
	Sample
	
	

	
	 
	µg As/L
	
	

	
	FB1
	1.31
	
	

	
	FB1x
	1.26
	
	

	
	FB2
	1.26
	
	

	
	FB3
	1.23
	
	

	
	
	
	
	

	Replicate Analyses of the Same Solution
	
	
	

	
	Site
	Analysis 1
	Analysis 2
	Average

	
	 
	µg As/L
	µg As/L
	µg As/L

	
	BCW-2
	32.8
	34.1
	33.4

	
	BCW-3
	2.6
	2.5
	2.5

	
	BBE-B
	3.4
	3.4
	3.4

	
	BBE-M
	1.4
	1.5
	1.4

	Replicate Analyses of the Same Samples
	
	
	

	
	Site
	Analysis 1
	Analysis 2
	Average

	
	 
	µg As/L
	µg As/L
	µg As/L

	
	TBO-B
	1.3
	1.2
	1.3

	
	BRM
	12.5
	12.3
	12.4

	
	BNW-1
	2.0
	2.1
	2.1

	
	BNW-2
	1.9
	1.8
	1.8

	
	CDI
	1.4
	1.3
	1.3

	
	TBN-1
	1.2
	1.2
	1.2

	
	
	
	
	

	Analysis of Reference Material
	
	
	

	
	Sample
	µg As/L
	Average
	Confidence Lts

	
	NASS-5
	1.07
	 
	 

	
	NASS-5
	1.15
	1.16
	0.10

	
	NASS-5
	1.25
	 
	 

	
	NASS-5
	Certificate value
	1.27
	0.12


Table A4.  QC Data for Dissolved Copper

	Spike Recovery
	
	

	
	Site sampled
	% Recovery
	

	
	 
	 
	

	
	CBI
	96
	

	
	BBB-S
	91
	

	
	BCW-2
	96
	

	
	
	
	

	Method Blanks
	
	

	
	Method Blank
	Sample
	

	
	 
	µg Cu/L
	

	
	17.08.04 1
	0.014
	

	
	17.08.04 2
	0.010
	

	
	18.08.04 1
	0.010
	

	
	18.08.04 2
	0.000
	

	
	Mean blank
	0.008
	

	
	LOD
	0.017
	

	
	
	
	

	Field Blanks
	
	

	
	Field Blank (coastal seawater)
	Sample
	Lab Duplicate

	
	 
	µg Cu/L
	µg Cu/L

	
	FB 1
	0.065
	 

	
	FB 1-X
	0.061
	 

	
	FB 2 BBA
	0.047
	0.049

	
	FB 3 
	0.050
	 

	
	
	
	

	Certified Reference Material
	
	

	
	CASS-4
	µg Cu/L
	

	
	Certified Value
	0.592±0.055
	

	
	Analysed
	0.55
	

	
	 
	 
	

	
	% recovery
	93
	

	
	
	
	

	Lab Duplicate
	
	

	
	Site
	Analysis 1
	Analysis 2

	
	 
	µg Cu/L
	µg Cu/L

	
	CKI
	0.056
	0.053


Table A5.  QC Data for Dissolved Mercury

	Spike Recoveries
	
	
	

	
	Sample
	% Recovery
	
	

	
	BBE-S
	98
	
	

	
	BBE-M
	96
	
	

	
	TBO-S
	99
	
	

	
	
	
	
	

	Method Blanks
	
	
	

	
	Method Blank
	Total Hg
	Filterable Hg
	

	
	 
	ng Hg /L
	ng Hg /L
	

	
	Method Blank
	0.3
	1.0
	

	
	Filtration Process Blank 
	1.0
	 
	

	
	 
	 
	 
	

	
	Mean blank
	 
	 
	

	
	LOD (3 x σ method blank)
	0.2
	0.5
	

	
	
	
	
	

	Field Blanks
	
	
	

	
	Field Blank (coastal seawater)
	Sample
	
	

	
	 
	ng Hg /L
	
	

	
	FB1
	0.35
	
	

	
	FB2
	<0.2
	
	

	
	FB3
	0.45
	
	

	
	
	
	
	

	
	
	
	
	

	Replicate Analysis of Same Sample
	
	
	

	
	Site
	Analysis 1
	Analysis 2
	Average

	
	 
	ng Hg /L
	ng Hg /L
	ng Hg /L

	
	FB2
	<0.2
	<0.2
	<0.2

	
	FB3
	0.56
	0.34
	0.45

	
	CKI
	0.68
	0.63
	0.65

	
	BCW-3
	<0.2
	0.47
	0.31

	
	BBA-S
	0.44
	0.52
	0.48

	
	BBA-M1
	3.2
	4.2
	3.7

	
	BBA-M2
	0.78
	0.70
	0.74

	
	BBA-B
	20.2
	19.0
	19.6

	
	BBB-B
	27.6
	26.2
	26.9

	
	BB5-D
	3.0
	2.8
	2.9

	
	TRM Total
	271
	288
	280

	
	TBN-1
	21.4
	19.7
	20.6

	
	TBN-2
	23.1
	22.2
	22.7


Table A6.  QC Data for Dissolved Antimony

	Spike Recoveries
	
	
	

	
	Sample
	% Recovery
	
	

	
	TBN-1 
	96
	
	

	
	CDI
	98
	
	

	
	BBE-B
	99
	
	

	
	
	
	
	

	Method Blanks
	
	
	

	
	Method Blank
	Sample
	
	

	
	(persulfate digest blanks)
	µg Sb/L
	
	

	
	Digest blank1
	-0.01
	
	

	
	Digest blank2
	-0.05
	
	

	
	Digest blank3
	0.04
	
	

	
	Mean blank
	-0.01
	
	

	
	LOD
	0.20
	
	

	
	
	
	
	

	Field Blanks
	
	
	

	
	Field Blank (coastal seawater)
	Sample
	
	

	
	 
	µg Sb/L
	
	

	
	FB1
	<0.2
	
	

	
	FB1x
	<0.2
	
	

	
	FB2
	<0.2
	
	

	
	FB3
	<0.2
	
	

	
	
	
	
	

	Replicate Analyses of the Same Solution
	
	
	

	
	Site
	Analysis 1
	Analysis 2
	Average

	
	 
	µg Sb/L
	µg Sb/L
	µg Sb/L

	
	BUL-1
	0.2
	0.1
	0.2

	
	BBA-B
	0.5
	0.3
	0.4

	
	BBE-M
	<0.2
	<0.2
	<0.2

	
	
	
	
	

	Replicate Analyses of the Same Samples
	
	
	

	
	Site
	Analysis 1
	Analysis 2
	Average

	
	 
	µg Sb/L
	µg Sb/L
	µg Sb/L

	
	TBN
	<0.2
	<0.2
	<0.2

	
	BNW
	<0.2
	<0.2
	<0.2

	
	BBA-M
	<0.2
	<0.2
	<0.2

	
	
	
	
	

	Certified Reference Material
	
	
	

	
	Sample
	µg Sb/L
	Average
	Confidence Lts

	
	NASS-5
	56.43
	 
	 

	
	NASS-5
	56.19
	56.3
	 

	
	 
	 
	 
	 

	
	NASS-5
	Certificate value
	54.1
	1.1


Table A7.  QC Data for Dissolved Zinc

	Spike Recoveries
	
	

	
	Site
	% Recovery
	

	
	CBI
	105
	

	
	BBB-S
	99
	

	
	
	
	

	
	
	
	

	Method Blanks
	
	

	
	Method Blank
	Sample
	

	
	 
	µg Zn/L
	

	
	17.08.04 1
	0.002
	

	
	17.08.04 2
	0.000
	

	
	18.08.04 1
	0.007
	

	
	18.08.04 2
	0.001
	

	
	Mean blank
	0.002
	

	
	LOD
	0.009
	

	
	
	
	

	
	
	
	

	Field Blanks
	
	

	
	Field Blank (coastal seawater)
	Sample
	Lab Duplicate

	
	 
	µg Zn/L
	µg Zn/L

	
	FB 1
	0.036
	 

	
	FB 1-X
	0.034
	 

	
	FB 2 BBA
	0.072
	0.068

	
	FB 3
	0.093
	 

	
	
	
	

	Certified Reference Material
	
	

	
	CASS-4
	Sample
	

	
	 
	µg Zn/L
	

	
	Certified Value
	0.381±0.057
	

	
	17.08.04
	0.37
	

	
	 
	 
	

	
	% recovery
	97
	

	
	
	
	

	Lab Duplicate
	
	

	
	Site
	Analysis 1
	Analysis 2

	
	 
	µg Zn/L
	µg Zn/L

	
	CKI
	0.066
	0.041


APPENDIX B.  ANALYTICAL DATA FOR METALS IN SEDIMENTS

Table B1.  Metals in Sediments

	 Sample
	Ag
	As
	Cu
	Hg
	Sb
	Zn
	MeHg
	MeHg

	
	
	
	         µg/g dry weight
	
	
	µg Hg /g
	%

	BB1
	0.24
	176
	12.4
	1.51
	101
	42.4
	0.00031
	0.02

	BB5
	0.12
	150
	12.9
	0.926
	68.5
	45.8
	0.00017
	0.02

	BBA
	0.35
	466
	21.1
	1.51
	188
	40.7
	0.00032
	0.02

	BBB
	0.37
	491
	20.9
	1.50
	208
	42.4
	0.00024
	0.02

	BBE
	0.44
	678
	24.2
	2.25
	255
	46.8
	0.00017
	0.01

	BNE
	0.09
	112
	22.3
	0.385
	44.6
	42.1
	0.0031
	0.81

	BNW
	0.07
	64.9
	25.5
	0.263
	16.6
	41.1
	0.0012
	0.47

	BRM
	0.02
	6.6
	21.2
	0.028
	0.18
	27.9
	0.000008
	0.03

	 
	 
	 
	 
	 
	 
	 
	 
	 

	TBN
	0.52
	57.9
	46.2
	14.5
	2.20
	61.3
	0.0035
	0.02

	TBO
	0.34
	50.6
	34.5
	9.64
	2.43
	51.6
	0.00101
	0.01

	TBS
	0.04
	27.1
	13.2
	0.834
	0.39
	41.5
	0.0022
	0.27

	TRM
	0.13
	34.7
	21.6
	3.68
	1.04
	44.2
	0. 00011
	0.003

	 
	 
	 
	 
	 
	 
	 
	 
	 

	BUL-1
	0.05
	6.2
	17.5
	0.106
	0.18
	20.0
	0.0051
	4.79

	 
	 
	 
	 
	 
	 
	 
	 
	 

	CBI
	0.04
	8.2
	5.7
	0.286
	2.05
	18.3
	0.00069
	0.24

	CDI
	0.04
	38.9
	5.0
	0.122
	7.18
	30.2
	0.00030
	0.25

	CKI
	0.38
	74.5
	15.7
	2.80
	52.5
	88.8
	0.00073
	0.03


Table B2.  Quality Control for Sediment Metal Analyses 

	Blank Analyses: Concentrations in µg/g
	
	
	

	(average of triplicates) for each batch of samples
	

	Sample
	Ag a
	As
	Cu
	Hg
	Sb a
	Zn

	Blank 1
	0.06
	<0.3
	<0.3
	0.0125
	0.04
	<0.3

	Blank 2
	0.05
	<0.3
	<0.3
	0.0018
	0.03
	<0.3

	Blank 3
	0.05
	<0.3
	<0.3
	0.0008
	0.02
	<0.3

	Blank 4
	0.04
	<0.3
	<0.3
	0.0008
	0.02
	<0.3

	Blank 5
	0.04
	<0.3
	<0.3
	0.0005
	0.02
	<0.3

	Blank 6
	0.03
	<0.3
	<0.3
	0.0006
	0.02
	<0.3

	a The detection limit for Ag and Sb was 0.01 µg/g.
	
	
	

	
	
	
	
	
	
	

	Certified Reference Material Analyses: Concentrations in µg/g
	

	PACS-2 (National Research Council Canada
	
	
	

	Sample
	Ag
	As
	Cu
	Hg
	Sb b
	Zn

	PACS-2, 1
	1.11
	24.6
	304
	3.04
	4.6
	341

	PACS-2, 2
	1.04
	24.5
	302
	3.33
	4.0
	341

	PACS-2, 3
	1.35
	25.0
	312
	3.01
	4.1
	338

	PACS-2, 4
	1.00
	24.5
	303
	3.03
	3.8
	338

	PACS-2, 5
	1.05
	24.5
	304
	2.93
	4.5
	345

	PACS-2, 6
	1.01
	26.1
	304
	3.07
	4.9
	345

	Average
	1.09
	24.9
	305
	3.07
	4.3
	342

	Certified value
	1.10 
	26
	310 
	3.04 
	11.3 
	364

	Recovery, %
	99 
	95 
	98 
	101 
	38 
	94 

	In-house value
	1.12 
	24
	311 
	3.06 
	4.32 
	336

	b The recovery of Sb from the CRM should be compared to the in-house value. 

	
	
	
	
	
	
	

	Field Replicate Analyses: Concentrations in µg/g
	
	

	Sample
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	BBA-1
	0.34
	452
	20.7
	1.54
	182
	40.1

	BBA-2
	0.36
	480
	21.4
	1.48
	195
	41.2

	BNW-1
	0.06
	56.3
	24.6
	0.230
	13.4
	40.8

	BNW-2
	0.07
	73.4
	26.4
	0.296
	19.9
	41.4

	TRM-1
	0.17
	35.4
	21.0
	4.31
	1.05
	42.0

	TRM-2
	0.09
	34.0
	22.2
	3.06
	1.02
	46.4

	
	
	
	
	
	
	

	SpikeRecovery for Sb Analysis in Acid Extracts
	
	

	Sample
	% Recovery
	
	
	
	

	CDI A
	100
	
	
	
	

	TBO B
	103
	
	
	
	

	BB1 C
	94
	
	
	
	

	BBE B
	87
	
	
	
	

	BBB C
	98
	
	
	
	

	BNW-1 B
	100
	
	
	
	

	TRM-1 A
	97
	
	
	
	

	TRM-2 C
	100
	
	
	
	


Table B3.  QC Data for Methylmercury in Sediments

	Blank Analyses: Methylmercury in µg/kg
	

	Sample
	Methyl Hg
	
	

	Blank 1
	12
	
	

	Blank 2
	8.7
	
	

	Blank 3
	7.4
	
	

	Blank 4
	6.3
	
	

	Blank 5
	7.7
	
	

	Blank 6
	5.5
	
	

	Blank 7
	4.4
	
	

	Blank 8
	5.1
	
	

	
	
	
	

	Certified Reference Material Analyses: Concentrations in ng/g

	Sample
	Methyl Hg
	
	

	DORM-1 (Fish muscle)
	780
	
	

	DORM-1
	723
	
	

	Average
	752
	
	

	 
	 
	
	

	Certified value
	731 
	
	

	Recovery, %
	103 
	
	

	In-house value
	750 
	
	

	
	
	
	

	Replicate Analyses of Same Sample: Methylmercury in ng/g

	 
	Replicate 1
	Replicate 2
	Average

	Sample
	ng Hg /g
	ng Hg /g
	ng Hg /g

	BBA-1
	0.27
	0.36
	0.31

	BNE  #
	1.99
	4.31
	3.1

	TBS
	2.08
	2.36
	2.2

	BUL-1 §
	5.23
	4.93
	5.1

	# This sample was very heterogeneous - watery, fine silt and small lumps of woody material

	§ Sample was heterogeneous, consisting of silt, fine fibrous root material and lumps of wood

	
	
	
	

	Field Replicate Analyses: A11
	
	

	 
	Replicate 1
	Replicate 2
	Average

	Sample
	ng Hg /g
	ng Hg /g
	ng Hg /g

	BBA
	0.31
	0.32
	0.32

	BNW
	1.37
	1.08
	1.2

	TRM
	0.11
	0.10
	0.1

	
	
	
	

	Spike Recovery for Methylmercury Analysis in Acid Extracts

	Sample
	% Recovery
	

	CKI
	93
	 
	

	BBB
	93
	 
	

	BUL-1
	111
	 
	

	BNW-2
	99
	 
	


Table B4.  Triplicate Metal Analyses of Individual Sediment Samples
	Sample
	Ag
	As
	Cu
	Hg
	Sb
	Zn

	
	µg/g

	CDI A
	0.04
	38.9
	5.2
	0.118
	7.47
	31.1

	CDI B
	0.04
	39.3
	5.2
	0.123
	7.13
	30.1

	CDI C
	0.04
	38.4
	4.8
	0.123
	6.94
	29.3

	CBI A
	0.04
	7.7
	5.5
	0.259
	1.87
	17.6

	CBI B
	0.06
	8.4
	5.7
	0.293
	2.12
	18.5

	CBI C
	0.03
	8.6
	5.8
	0.305
	2.14
	18.9

	CKI A
	0.35
	72.5
	15.3
	2.75
	48.7
	89.5

	CKI B
	0.44
	75.1
	16.0
	2.76
	55.2
	86.8

	CKI C
	0.34
	75.8
	15.7
	2.89
	53.5
	90.1

	TBO A
	0.44
	51.7
	35.5
	9.97
	2.51
	53.2

	TBO B
	0.33
	50.3
	34.1
	9.86
	2.37
	50.7

	TBO C
	0.26
	49.7
	33.8
	9.08
	2.42
	50.9

	TBN A
	0.59
	58.2
	46.8
	14.8
	2.11
	61.8

	TBN B
	0.51
	60.3
	48.1
	14.7
	2.41
	64.5

	TBN C
	0.45
	55.1
	43.8
	14.1
	2.08
	57.8

	TBS A
	0.04
	26.7
	12.9
	0.869
	0.36
	41.8

	TBS B
	0.04
	27.5
	13.3
	0.798
	0.37
	39.5

	TBS C
	0.04
	27.0
	13.3
	NA
	0.45
	43.2

	BB1 A
	0.23
	170
	12.0
	1.36
	98.9
	43.1

	BB1 B
	0.25
	187
	13.3
	1.66
	106
	42.9

	BB1 C
	0.23
	172
	12.0
	NA
	97.5
	41.1

	BB5 A 
	0.11
	134
	11.9
	0.979
	61.9
	42.2

	BB5 B
	0.11
	153
	13.0
	0.873
	67.5
	45.8

	BB5 C
	0.12
	162
	13.9
	NA
	76.0
	49.4

	BBE A
	0.5
	684
	24.1
	2.16
	266
	46.3

	BBE B
	0.42
	669
	24.6
	2.33
	247
	46.6

	BBE C
	0.4
	681
	23.8
	NA
	253
	47.5

	BBA-1 A
	0.35
	446
	20.3
	1.40
	193
	39.8

	BBA-1 B
	0.34
	458
	21.1
	1.68
	182
	39.8

	BBA-1 C
	0.32
	452
	20.7
	NA
	169
	40.7

	BBA-2 A
	0.38
	486
	21.1
	1.53
	186
	41.0

	BBA-2 B
	0.37
	488
	21.9
	1.43
	200
	41.6

	BBA-2 C
	0.34
	466
	21.2
	NA
	199
	41.0

	BBB A
	0.36
	486
	20.7
	1.54
	198
	42.3

	BBB B
	0.38
	483
	20.6
	1.46
	202
	42.2

	BBB C
	0.37
	506
	21.3
	NA
	224
	42.7

	BNE A
	0.10
	112
	22.2
	0.380
	45.1
	41.6

	BNE B
	0.09
	112
	22.1
	0.389
	45.9
	42.3

	BNE C
	0.08
	112
	22.7
	NA
	42.9
	42.4

	BNW-1 A
	0.05
	54.2
	23.9
	0.224
	14.5
	39.9

	BNW-1 B
	0.06
	58.6
	26.2
	0.236
	15.3
	43.7

	BNW-1 C
	0.08
	56.1
	23.7
	NA
	10.3
	38.9

	BNW-2 A
	0.07
	74.3
	26.2
	0.288
	19.5
	41.2

	BNW-2 B
	0.07
	73.6
	27.6
	0.304
	20.1
	41.8

	BNW-2 C
	0.06
	72.3
	25.5
	NA
	20.1
	41.1

	TRM-1 A
	0.07
	35.7
	19.9
	4.02
	1.22
	38.6

	TRM-1 B
	0.08
	33.3
	21.1
	4.60
	1.03
	42.3

	TRM-1 C
	0.34
	37.1
	21.9
	NA
	0.90
	44.9

	TRM-2 A
	0.12
	38.9
	22.9
	3.32
	1.12
	51.3

	TRM-2 B
	0.08
	32.3
	21.9
	2.80
	1.11
	42.2

	TRM-2 C
	0.06
	30.7
	21.8
	NA
	0.83
	45.7

	BRM A
	0.02
	7.3
	27.1
	0.036
	0.17
	28.9

	BRM B
	0.03
	5.3
	21.2
	0.028
	0.18
	28.4

	BRM C
	0.02
	7.1
	15.4
	0.020
	0.18
	26.3

	BUL-1 A
	0.06
	7.2
	21.1
	0.142
	0.18
	24.8

	BUL-1 B
	0.05
	5.9
	15.6
	0.086
	0.17
	16.8

	BUL-1 C
	0.04
	5.5
	15.9
	0.089
	0.18
	18.5

	NA = not analysed
	
	
	
	
	


APPENDIX C.  ANALYTICAL DATA FOR FISH SAMPLES

Table C1.  Metals in Fish Muscle Samples

	 
 
	Species
 
	Length
	Weight
	Ag
	As
	Cu
	Sb
	Zn
	Hg

	
	
	cm
	kg
	µg/g wet weight

	Buyat Bay Fish
	
	 
	
	
	
	
	
	

	BB1
	Purse Eyed Scad
	27
	0.3
	0.06
	0.7
	0.82
	<0.02
	3.0
	0.266

	BB2
	Groper
	22
	0.23
	0.06
	1.2
	2.11
	<0.02
	4.8
	0.231

	BB3
	Mullidae / goatfish
	20
	0.21
	0.03
	4.9
	1.52
	<0.01
	3.0
	0.063

	BB4
	Painted Anthias
	14
	0.06
	0.02
	0.8
	0.29
	<0.01
	3.7
	0.084

	BB5
	Painted Anthias
	14
	0.05
	0.02
	1.7
	0.66
	<0.01
	6.0
	0.070

	BB6
	Anthias ? Barrier Reef Anthias ? (Pseudanthias engelhardi) Gotila
	17
	0.1
	0.01
	2.3
	0.73
	<0.01
	12.7
	0.359

	BB7
	Areolate Rockcod
	17
	0.09
	0.01
	3.1
	0.33
	<0.01
	4.6
	0.028

	BB8
	Coral Cod
	15.5
	0.07
	0.01
	1.0
	0.18
	<0.01
	4.1
	0.089

	BB9
	Dothead Rock Cod
	13.6
	0.05
	0.02
	8.3
	0.46
	<0.01
	6.4
	0.180

	BB10
	Dothead Rock Cod
	13
	0.05
	0.02
	2.4
	0.54
	<0.01
	6.5
	0.221

	BB11
	Damselfish
	11
	0.05
	0.01
	1.5
	0.47
	<0.01
	5.8
	0.012

	BF1
	Kapure
	18
	0.09
	0.01
	0.3
	0.58
	<0.01
	9.8
	0.016

	BF2
	Kapure
	18.5
	0.09
	0.01
	0.4
	1.20
	<0.01
	4.1
	0.015

	BF3
	Kapure
	18
	0.09
	0.01
	0.4
	0.82
	<0.01
	16.8
	0.021

	BF4
	Deho
	23
	0.21
	0.01
	0.4
	0.77
	<0.01
	9.0
	0.042

	BF5
	Deho
	21.5
	0.17
	0.01
	0.4
	0.69
	<0.01
	6.8
	0.035

	BF6
	Deho
	20.5
	0.14
	0.01
	0.1
	0.75
	<0.01
	4.9
	0.021

	BF7
	Bobara
	10
	0.03
	0.01
	0.1
	0.11
	<0.01
	11.4
	0.022

	BF8
	Bobara
	10
	0.03
	0.01
	0.5
	0.34
	<0.01
	15.9
	0.020

	Totok Bay Fish
	 
	 
	 
	 
	 
	 
	 
	 

	TF1
	Tute
	19
	0.1
	0.01
	0.5
	1.82
	<0.01
	8.8
	0.027

	TF2
	Tute
	20
	0.13
	0.01
	0.5
	0.46
	<0.01
	12.5
	0.036

	TF3
	Kapure
	20.5
	0.13
	0.01
	0.2
	1.56
	<0.01
	6.0
	0.054

	TF4
	Kapure
	20
	0.12
	0.01
	<0.1
	0.65
	<0.01
	8.2
	0.023

	TF5
	Bobara
	12
	0.04
	<0.01
	0.2
	0.56
	<0.01
	9.1
	0.094

	TF6
	Bobara
	10.5
	0.03
	0.02
	0.8
	0.69
	<0.01
	11.7
	0.075

	TF7
	Ikan Putih
	Composite
	 
	0.02
	0.9
	0.42
	<0.01
	14.5
	0.014

	TF8
	Ikan Putih Kering
	Composite
	 
	0.07
	5.4
	1.59
	<0.01
	64.3
	0.070

	TC1
	Bobara
	23.5
	0.27
	0.03
	<0.1
	0.40
	<0.01
	12.8
	0.324

	TC2
	Bobara
	21
	0.21
	0.02
	<0.1
	0.24
	<0.01
	10.7
	0.290

	TC3
	Bobara
	20.5
	0.22
	0.02
	0.2
	0.70
	<0.01
	9.1
	0.162

	TC4
	Goropa-Macan
	18
	0.13
	0.03
	0.7
	0.28
	<0.01
	13.1
	0.246

	TC5
	Goropa-Macan
	21
	0.23
	0.03
	0.3
	0.35
	<0.01
	17.9
	0.221

	TC6
	Goropa-Macan
	19
	0.16
	0.02
	0.4
	0.06
	<0.01
	12.6
	0.252

	Ratatotok Market Fish
	 
	 
	 
	 
	 
	 
	 
	 

	RM1
	Cakalang
	33
	0.72
	0.01
	1.2
	0.51
	<0.01
	7.7
	0.042

	RM2
	Tute
	17.5
	0.01
	0.01
	1.2
	0.90
	<0.01
	11.2
	0.028

	RM3
	Tute
	17
	0.09
	0.02
	1.1
	0.74
	<0.01
	12.0
	0.030

	RM4
	Tute
	16
	0.08
	0.02
	0.8
	1.08
	<0.01
	7.7
	0.018

	Kotaburan Market Fish
	 
	 
	 
	 
	 
	 
	 
	 

	KM1
	Tute
	17
	0.1
	0.01
	0.7
	1.41
	<0.01
	16.0
	0.024

	KM2
	Tute
	17
	0.1
	0.10
	0.6
	0.82
	<0.01
	8.3
	0.033

	KM3
	Tute
	17
	0.09
	0.09
	0.5
	1.18
	<0.01
	6.9
	0.021

	KM4
	Kapure
	19
	0.11
	0.07
	0.1
	1.40
	<0.01
	9.5
	0.020

	KM5
	Kapure
	21.5
	0.14
	0.11
	0.1
	2.76
	<0.01
	15.9
	0.057

	KM6
	Kapure
	20
	0.12
	0.10
	<0.1
	0.47
	<0.01
	5.6
	0.029

	KM7
	Kembung/Kapure Bejar
	27
	0.4
	0.09
	<0.1
	0.24
	<0.01
	16.8
	0.047

	KM8
	Malalugis
	21
	0.13
	0.09
	1.7
	1.34
	<0.01
	20.9
	0.128

	KM9
	Malalugis
	20.5
	0.13
	0.08
	1.2
	1.85
	<0.01
	12.5
	0.139

	KM10
	Malalugis
	19
	0.1
	0.11
	1.3
	1.57
	<0.01
	10.1
	0.108

	Belang Market Fish
	 
	 
	 
	 
	 
	 
	 
	 

	EM1
	Bobara/Trevally
	17.5
	0.12
	0.08
	0.6
	0.31
	<0.01
	5.7
	0.046

	EM2
	Bobara                                                                                      (Liver sample - composite with EM1)
	19
	0.14
	0.07
	0.5
	0.48
	<0.01
	4.6
	0.056

	EM3
	Bobara
	20
	0.17
	0.06
	0.2
	0.52
	<0.01
	7.1
	0.087

	EM4
	Deho
	22
	0.16
	0.11
	0.7
	4.48
	<0.01
	8.1
	0.039

	EM5
	Deho
	23
	0.17
	0.08
	0.5
	2.18
	<0.01
	10.1
	0.026

	EM6FM
	Tute
	17.5
	0.09
	0.09
	1.1
	1.61
	<0.01
	10.7
	0.024

	EM7
	Tute
	18
	0.1
	0.07
	0.7
	1.76
	<0.01
	14.1
	0.028

	EM8
	Malalugis
	14
	0.03
	0.11
	0.5
	2.26
	<0.01
	11.4
	0.014

	EM9
	Melalugis
	14
	0.04
	0.09
	0.7
	2.57
	0.01
	11.6
	0.017

	EM10
	Kambong = Large Kapure (decaptenes tabl.)
	26
	0.32
	0.07
	<0.1
	0.34
	<0.01
	13.4
	0.016

	EM11
	Kambong = Large Kapure (decaptenes tabl.)
	26
	0.36
	0.08
	<0.1
	1.26
	<0.01
	6.5
	0.023

	EM12
	Goropa
	43
	1.09
	0.10
	0.2
	0.31
	<0.01
	6.3
	0.147

	Buyat (Danau) Lake Fish
	 
	 
	 
	 
	 
	 
	 
	 

	BL1
	Nila (fish farm)
	24
	0.33
	0.06
	<0.1
	0.23
	<0.01
	10.8
	0.034

	BL2
	Nila (fish farm)
	26
	0.34
	0.07
	<0.1
	0.30
	<0.01
	8.0
	0.045

	BL3
	Nila (free in lake)
	16.5
	0.09
	0.09
	<0.1
	0.33
	<0.01
	8.3
	0.162

	BL4
	Nila (free in lake)
	18
	0.1
	0.09
	<0.1
	0.30
	<0.01
	10.1
	0.150

	BL5
	Nila (free in lake)
	18
	0.09
	0.09
	<0.1
	0.34
	<0.01
	6.8
	0.123

	
	
	
	
	
	
	
	
	
	


Table C2.  Metals in Fish Liver

	 
	Species
 
	Length
	Weight
	Ag
	As
	Cu
	Sb
	Zn
	Hg

	
	
	cm
	kg
	µg/g

	Buyat Bay Fish
	
	 
	
	
	
	
	
	

	BB1
	Purse Eyed Scad
	27
	0.3
	0.02
	3.0
	2.9
	0.03
	23.8
	0.223

	BB2
	Groper
	22
	0.23
	<0.01
	0.2
	3.6
	<0.01
	42.8
	2.272

	BB3
	Mullidae / goatfish
	20
	0.21
	<0.01
	5.4
	3.8
	<0.01
	24.9
	0.200

	BF4
	Deho
	23
	0.21
	<0.01
	1.2
	3.6
	<0.01
	76.3
	0.047

	BF5
	Deho
	21.5
	0.17
	0.06
	1.8
	4.7
	<0.01
	83.3
	0.044

	BF6
	Deho
	20.5
	0.14
	0.36
	2.7
	6.8
	<0.01
	55.9
	0.039

	Totok Bay Fish
	
	 
	 
	 
	 
	 
	 
	 

	TC1
	Bobara
	23.5
	0.27
	<0.02
	0.3
	2.0
	<0.01
	33.2
	0.482

	TC2
	Bobara
	21
	0.21
	<0.02
	0.4
	2.5
	<0.01
	34.7
	0.341

	TC3
	Bobara
	20.5
	0.22
	<0.02
	1.3
	2.7
	<0.01
	40.9
	0.256

	TC5
	Goropa-Macan
	21
	0.23
	<0.01
	0.7
	19.7
	<0.01
	121.1
	0.580

	Ratatotok Market Fish
	
	 
	 
	 
	 
	 
	 
	 

	RM1
	Cakalang
	33
	0.72
	0.80
	7.1
	12.9
	<0.01
	53.6
	0.058

	Kotaburan Market Fish
	
	 
	 
	 
	 
	 
	 
	 

	KM5
	Kapure
	21.5
	0.14
	<0.01
	2.7
	6.8
	<0.01
	45.1
	0.196

	KM7
	Kembung/Kapure Bejar
	27
	0.4
	<0.01
	3.0
	3.9
	<0.01
	76.1
	0.107

	KM8
	Malalugis
	21
	0.13
	<0.01
	9.4
	7.2
	<0.01
	42.5
	0.140

	KM9
	Malalugis
	20.5
	0.13
	<0.01
	5.0
	4.3
	<0.01
	38.9
	0.117

	Belang Market Fish
	
	 
	 
	 
	 
	 
	 
	 

	EM2* 
	Bobara                                                                                      (Liver sample - composite with EM1)
	19
	0.14
	<0.01
	1.9
	4.8
	<0.01
	33.0
	0.083

	EM3
	Bobara
	20
	0.17
	<0.01
	1.1
	3.4
	<0.01
	29.4
	0.061

	EM4
	Deho
	22
	0.16
	<0.01
	3.2
	2.3
	<0.01
	283.5
	0.054

	EM5
	Deho
	23
	0.17
	<0.01
	2.9
	1.8
	<0.01
	219.6
	0.085

	EM10
	Kambong
	26
	0.32
	<0.01
	2.5
	6.7
	<0.01
	68.9
	0.077

	EM11
	Kambong = Large Kapure (decaptenes tabl.)
	26
	0.36
	<0.02
	3.5
	5.8
	<0.01
	44.2
	0.070

	EM12
	Goropa
	43
	1.09
	0.04
	1.0
	81.0
	<0.01
	160.0
	0.207

	Buyat Lake Fish
	
	 
	 
	 
	 
	 
	 
	 

	BL1
	Nila (fish farm)
	24
	0.33
	<0.01
	<0.1
	41.5
	<0.01
	18.4
	0.048

	BL2
	Nila (fish farm)
	26
	0.34
	<0.01
	<0.1
	43.9
	<0.01
	12.2
	0.052

	* EM2 is a composite of EM1 and EM2
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Table C3. QC for Fish Samples

	Certified Reference Materials: Hg concentrations in µg/g

	
	DORM-1
	DORM-2
	DOLT-2
	

	
	
	
	
	

	Sample
	Hg (n=4)
	Hg (n=9)
	Hg (n=2)
	

	Average
	4.41
	2.21
	0.793
	

	Std Deviation
	0.14
	0.04
	0.016
	

	
	
	
	
	

	Certified value
	4.64
	2.14
	0.798
	

	Std Deviation
	0.26
	0.28
	0.074
	

	
	
	
	
	

	Certified Reference Materials: DORM-2 (Dogfish Muscle)

	
	
	
	
	

	Sample
	Ag
	As
	Cu
	Zn

	n
	9
	11
	5
	5

	Average
	0.029
	17.7
	2.56
	24.7

	Std Deviation
	0.013
	0.5
	0.18
	0.83

	
	
	
	
	

	Certified value
	0.041
	18.0
	2.34
	25.6

	Confidence limit
	0.013
	1.1
	0.16
	2.30

	
	
	
	
	

	Certified Reference Materials: TORT-2 (Lobster Hepatopancreas)

	
	
	
	
	

	Sample
	As (n=11)
	
	
	

	Average
	21.7
	
	
	

	Std Deviation
	0.4
	
	
	

	
	
	
	
	

	Certified value
	21.6
	
	
	

	Confidence Limit
	1.8
	
	
	


Table C4. QC for Mercury Analyses in Fish Samples

	Replicate Analyses of the Same Fish MuscleTissue Digest 
	

	 
	Replicate 1
	Replicate 2
	Average

	Sample
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish

	BB1
	273
	258
	266

	BB2
	237
	225
	231

	EM10
	17
	14
	16

	EM12
	152
	141
	147

	TC6
	260
	245
	252

	
	
	
	

	Replicate Analyses of the Same Fish Liver Tissue Digest 
	

	 
	Replicate 1
	Replicate 2
	Average

	Sample
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish

	BB2
	2359
	2368
	2364

	BB3
	202
	198
	200

	BF5
	44
	43
	44

	TC2
	378
	346
	362

	
	
	
	

	Analyses of Replicate Digests of the Same Fish Muscle Tissue

	 
	Replicate 1
	Replicate 2
	Average

	Sample
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish

	BF3
	17
	24
	21

	BL1
	33
	34
	34

	BL2
	45
	46
	45

	EM11
	27
	20
	23

	KM8
	128
	128
	128

	TF5
	100
	87
	94

	
	
	
	

	Analyses of Replicate Digests of the Same Fish Liver Tissue
	

	 
	Replicate 1
	Replicate 2
	Average

	Sample
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish
	[Hg] ng/gWET Fish

	BB2
	2181
	2364
	2272

	EM3
	65
	57
	61

	EM12 
	213
	201
	207

	KM7 
	105
	108
	107

	TC2
	320
	362
	341

	
	
	
	

	Recovery of Hg(II) Spike Added to Fish Muscle Digest
	

	Sample
	Spike Hg added
	% Recovery
	

	 
	[Hg] ng/gWET Fish
	 
	

	RM2 
	764
	98
	

	EM5
	662
	99
	

	
	
	
	

	Recovery of Hg(II) Spike Added to Fish Liver Digest
	

	Sample
	Spike Hg added
	% Recovery
	

	 
	[Hg] ng/gWET Fish
	 
	

	BF4
	1765
	103
	

	BL1
	2288
	102
	

	EM5
	2413
	98
	


Table C5. QC for Arsenic Speciation in Fish Samples

	Sample
	Tissue
	Dry Weight (µg/g)
	Wet Weight (µg/g)

	
	
	Methanol water extraction
	Acetone extraction
	Total arsenic recovered
	Methanol water extraction 
	Acetone extraction 
	Total As 

	KM4
	Mussel
	1.2
	0.1
	1.3
	0.34
	0.03
	0.37

	BB9
	Mussel + Skin
	29.7
	0.7
	30.4
	7.37
	0.17
	7.54

	BB3
	Mussel
	20.6
	0.4
	20.9
	4.96
	0.09
	5.04

	BB7
	Mussel
	17.8
	0.2
	18.0
	3.95
	0.04
	3.99

	TF8
	Whole fish
	3.5
	0.2
	3.7
	2.81
	0.16
	2.97


Certified Reference Materials: DORM-2 (Dogfish Muscle)
	Sample
	Total As (µg/g)
	Arsenobetaine (AB) (µg/g)
	Tetramethylarsonium ion (TETRA) (µg/g)

	n
	2
	2
	2

	Average
	16.1
	15.2
	0.246

	Std Deviation
	1.0
	0.6
	0.01

	
	
	
	

	Certified value
	18
	16.4
	0.248

	Confidence limit
	1.1
	1.1
	0.054


Certified Reference Materials: TORT-2 (Lobster Hepatopancreas)

	Sample
	Total As (µg/g)

	n
	2

	Average
	18.9

	Std Deviation
	0.2

	
	

	Certified value
	21.6

	Confidence limit
	1.1


Table C5. QC for Arsenic Speciation in Fish Samples (continued)
	Arsenic species dry weight (µg/g)

	Sample No.
	As(III)
	DMA
	MA
	As(V)
	Phosphate arsenoribose
	AB
	Glycerol arsenoribose
	TMAP
	AC
	TETRA
	Sum of species
	Total extracted
	Column recoveries

	KM4
	0.09
	0.02
	
	0.01
	0.01
	0.78
	
	0.02
	0.01
	0.10
	1.0
	1.2
	83

	BB9
	0.18
	
	
	0.05
	
	25.92
	
	3.89
	
	
	30.0
	29.7
	101

	BB3
	
	0.01
	
	0.02
	0.04
	17.65
	
	0.43
	
	
	18.2
	20.6
	88

	BB7
	0.05
	
	
	0.01
	
	17.03
	
	0.50
	
	0.09
	17.7
	17.8
	99

	TF8
	0.12
	0.02
	0.002
	0.04
	0.01
	2.56
	
	0.07
	0.02
	0.03
	2.9
	3.5
	82

	DORM2-1
	
	0.22
	
	
	
	15.65
	
	0.18
	
	0.25
	16.3
	16.2
	101

	DORM2-2
	
	0.22
	
	0.06
	
	14.83
	
	0.16
	
	0.24
	15.5
	16.1
	96

	TORT2-1
	
	0.97
	
	0.40
	0.54
	11.86
	0.31
	1.05
	
	0.08
	15.2
	19.0
	80

	TORT2-2
	0.04
	0.95
	
	0.37
	0.52
	11.66
	0.31
	1.08
	
	0.10
	15.0
	18.8
	80


	Arsenic species dry weight (µg/g)

	Sample No.
	As(III)
	DMA
	MA
	As(V)
	Phosphate arsenoribose
	AB
	Glycerol arsenoribose
	TMAP
	AC
	TETRA
	Sum of species
	Total extracted
	Column recoveries

	KM4
	0.03
	0.005
	
	0.003
	0.004
	0.21
	0
	0.005
	0.002
	0.03
	0.3
	0.4
	83

	BB9
	0.04
	
	
	0.01
	
	6.42
	0
	1.0
	
	
	7.4
	7.5
	101

	BB3
	
	0.002
	
	0.005
	0.009
	4.25
	0
	0.1
	
	
	4.4
	5.0
	88

	BB7
	0.01
	
	
	0.002
	
	3.77
	0
	0.1
	
	0.02
	3.9
	4.0
	99

	TF8
	0.10
	0.01
	0.002
	0.03
	0.010
	2.07
	0
	0.1
	0.02
	0.02
	2.3
	3.0
	82


APPENDIX D.  PHOTOGRAPHS OF FIELD SAMPLING
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Plate D1. Go-Flo water sampler used for collection of seawater samples
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Plate D2. Transfer of seawater sample from Go-Fo sampler to sample bottle
(Dr. Stuart Simpson and Mr Robert Jung of CSIRO and NMR Environment Staff)
[image: image14.jpg]



Plate D3. Transfer of sea water sample from Go-Fo sampler to sample bottle
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Plate D4.  Clean handling of all water samples
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Plate D5. Collection of water sample from Totok River mouth
(Dr. Stuart Simpson, CSIRO)

[image: image17.jpg]



Plate D6.  Collection of water sample from Buyat River mouth
(Mr Robert Jung, CSIRO)
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Plate D7. Collection of water sample from Community Wells (Mr Robert Jung, CSIRO)
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Plate D8.  Collection of water sample from Community Wells (Mr Robert Jung, CSIRO)
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Plate D9.  Collection of water sample from Lake Buyat (Mr Robert Jung, CSIRO)
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Plate D10. Collection of marine sediment sample using sediment grab sampler (Dr. Stuart Simpson and Mr Rob Jung, CSIRO)
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Plate D11. Collection of marine sediment from Buyat River mouth
(Mr Robert Jung, CSIRO)
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Plate D12. Collection of marine sediment from Totok River mouth
(Dr. Stuart Simpson, CSIRO)
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Plate D13. Fishing in Buyat Bay
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Plate D14. Community help with sorting of fish catch
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Sampling Sites





BCW3





BCW1





BCW2





BUL





Control





CDI





CBI





TRM





TBO





TBN





TBS





BRM





BNW





BNE





BBA





BBB





BBE





BB1





BB5





CKI





0.834





0.286





Total Silver in Sediments, µg/g





0.263





0.05





0.04





0.04





0.13





0.34





0.52





0.04





0.02





0.07





0.09





0.35





0.37





0.44





0.24





0.12





0.38





3.68





0.106





9.64





Total Antimony in Sediments, µg/g





0.122





0.18





7.18





2.05





1.0





2.43





2.20





0.39





0.18





16.6





44.6





188





208





255





101





68.5





0.056





0.080





0.073





0.059, 0.076, 0.092





0.067, 0.075, 0.132





0.060, 0.069, 0.163





0.60





0.055





0.335





0.079





0.102





0.111, 0.070





0.206





0.067





0.057





0.06





0.177





0.339





Filterable Copper in Waters, µg/L


Surface water samples in black


Middle depth water samples in blue


Bottom water samples in red





0.131





0.024





52.5





Total Mercury in Sediments, µg/g





1.51





0.385





Total Copper in Sediments, µg/g





0.028





17.5





5.0





5.7





21.6





34.5





46.2





13.2





21.2





25.5





22.3





21.1





20.9





24.2





12.4





12.9





15.7





14.5





1.50





88.8





45.8





42.4





46.8





42.4





40.7





42.1





41.1





27.9





41.5





61.3





51.6





44.2





18.3





30.2





20.0





1.51





Total Zinc in Sediments, µg/g





2.25





0.926











Total Arsenic in Sediments, µg/g








6.2





2.80





38.9





8.2





34.7





50.6





57.9





27.1





6.6





64.9





112





466





491





678





176





150





74.5





3.0





<1





Filterable Zinc in Waters, µg/L


Surface water samples in black


Middle depth water samples in blue


Bottom water samples in red





11.8





0.361





0.06





0.028





0.048





0.326





0.112, 0.076





0.106





0.040





0.249





0.037





0.053





0.060, 0.099, 0.098





0.048, 0.064, 0.108





0.069, 0.081, 0.084





0.084





0.059





0.066





2.5





13.6





Filterable Arsenic in Waters, µg/L


Surface water samples in black


Middle depth water samples in blue


Bottom water samples in red





33.4





4.0





1.3





1.3





1.3





1.4





1.3, 1.3





1.3





1.2





12.4





1.9





1.7





1.4, 1.9, 5.1





1.4, 2.0, 4.8





1.4, 1.4, 3.4





1.9





2.6





1.5





0.3





0.8





Total Mercury in Waters, ng/L


Surface water samples in black


Middle depth water samples in blue


Bottom water samples in red





1.4





7.0





0.35





0.33





0.69





280





1.7, 3.3





21.6





4.0





12.1





1.3





1.2





0.5, 2.2, 19.6





0.6, 2.6, 26.9





0.8, 0.6, 8.0





1.3





2.9





0.65
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