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Summary 
 
In this report we describe the results of an assessment of the water supplies of several villages located 
near the Angabanga River in the Central Province of Papua New Guinea. The assessment involved the 
determination of the levels of arsenic and a range of metals in water samples collected in May 2005 
from wells in 7 villages and from the Angabanga River near 2 other villages where the river is the 
primary source of water supply. Samples were also collected near these villages in a separate study of 
the river in 2004. 
 
The levels of arsenic in all of the samples exceeded the World Health Organisation standard or 
acceptable maximum level of 10µg/L in samples from 6 wells located in 3 of the villages. The level of 
arsenic in these 6 wells varied from 11.35µg/L to 34.58µg/L. The cause of these levels is unknown. 
 
The level of lead in the water samples from the Angabanga River where the river provides the village 
water supplies also exceeded the World Health Organisation standard or acceptable maximum level of 
10µg/L. These levels varied from 10.55µg/L to 13.64µg/L. A sample collected at Inauauni near 
Gnagaifua in 2004 had a lead level of 23.59µg/L and two samples collected from the river opposite to 
Oriropetana had lead levels of 16.33µg/L and 16.18µg/L. 
 
The levels of arsenic and mercury in the samples collected from the Angabanga River for the present 
study were below the World Health Organisation standards or acceptable maximum levels. For 
mercury the level is 1µg/L. Some of the samples collected in 2004 however, had arsenic or mercury 
levels that exceeded the standards. 
 
The main source of arsenic, lead and mercury in the river is tailings discharged from the Tolukuma 
Gold Mine which is located about 80km upstream from the villages. 
 
The Environment (Waste Discharge) Permit issued to Tolukuma Gold Mine Limited under the 
provisions of the PNG Environment Act 2000 includes the following conditions: 
  
• The Permit Holder shall provide for adequate and reliable water supply facilities in all 

communities that rely on the Angabanga River as a source of drinking water during the dry season. 
• The above exercise shall involve full community participation in accordance with the Central 

Province Water Supply and Sanitation Policy and be co-ordinated by the Provincial Division of 
Health. 

 
It does not appear that there has been any response to these conditions.  

 
The elevated levels of arsenic and lead found in this study are less than the respective drinking water 
standards of Papua New Guinea. These are specified in Schedule 2 of the Public Health (Drinking 
Water) Regulation 1984 and are based on the World Health Organisation standards of 1971. The PNG 
standards therefore are out-of-date and do not take account of advances in knowledge of the 
toxicology of these elements. The PNG standard for arsenic is 50µg/L or 5 times higher than the 
current WHO standard, and for lead is 100µg/L or 10 times the current WHO standard. 
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Introduction 
 
In 2004 Oxfam Australia sponsored a study of water quality in the Auga-Angabanga River system in 
the Central Province of Papua New Guinea (A. & S.R. Tingay Pty. Ltd., 2005). The study was made 
in response to community concerns about the social and environmental impacts of the Tolukuma Gold 
Mine, and at the request of those communities.  
 
The Tolukuma Gold Mine is located in the Owen Stanley Ranges near Fane, close to the Auga River 
about 100km north of Port Moresby. Tailings from the gold process plant have been discharged into 
the river since the mine began operations in 1994. The rate of discharge is in the order of 140,000 
tonnes each year. Pollution resulting from this waste disposal practice is evident many kilometres 
downstream in the form of elevated turbidity levels, arsenic and some metals. 
 
The Auga River is a tributary of the Angabanga River which flows across a coastal plain to the sea 
about 100km downstream of the mine. The Mekeo people live in villages that are close to the 
Angabanga River.  
 
A series of water samples was collected from the Angabanga River close to the Mekeo villages as part 
of the study in 2004. A single water sample also was collected from a water supply well in the village 
of Veifa’a in order to provide some information about the quality of local groundwater. This sample 
revealed an elevated level of arsenic of 28µg/L compared to the World Health Organisation standard 
(acceptable maximum level) of 10µg/L. 
 
In response to this finding, Oxfam Australia decided to commission a more extensive assessment of 
the quality of water supplies in Mekeo villages near the Angabanga River. These supplies come from 
wells tapping shallow groundwater and, in some villages, directly from the river. The results of that 
assessment are provided in this report. 
 
Study Area 
 
The regional location of the study area is shown in Figure 1 and the locations of villages where water 
samples were collected are shown in Figure 2.  
 
Methods 
 
The fieldwork for the present study occurred over the period 15 to 17 May 2005 inclusive. The 
weather during this period was fine and there was no significant rainfall. 
 
The villages where water samples were collected, from furthest upstream to furthest downstream, the 
locations and the number and type of samples are listed in Table 1. The locations of the sample sites 
were determined using a hand held GPS instrument. 
 
There are three types of water supply in the villages: steel pipe cased wells fitted with hand pumps, 
open wells generally lined with old metal drums from which water is extracted in plastic buckets 
attached to ropes, and the Angabanga River itself. 
 
Samples were collected from all sources of supplies into a plastic jug that was filled and emptied three 
times with water. The jug was filled directly from the hand pump wells, from the bucket attached to 
the open wells, and directly from the river. In order to collect samples from the river we waded out to 
a depth of approximately 0.5m, faced upstream and immersed the inverted jug about 20cm below the 
surface before turning it toward the stream flow. 
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Figure 1: Regional Location 
 
 
 
 
 
 
 
 

                                                           Figure 2: Study Area. 
 
 
A 50mL plastic syringe was then filled twice from the jug and the water was ejected to the ground 
before the actual water sample was collected, again using the syringe. Each sample was ejected into a 
plastic sample bottle without being filtered. 
 
0.5mL of nitric acid was then extracted from a storage bottle using a new pipette and added to the 
sample before the sample bottle was sealed and labelled and then placed in an esky for storage and 
transport. Details of the sample were then entered into a field notebook. 
 
The National Research Centre for Environmental Toxicology at the University of Queensland in 
Australia specified the sample preservation procedures, supplied the sampling syringes, pipettes and 
sample bottles, and carried out the sample analyses. All samples were analysed by ICP-MS 
(inductively coupled plasma mass spectroscopy). 
 
The main element of interest in the samples from the wells was arsenic due to the elevated level found 
in the single sample collected in 2004. The main elements of interest in the samples from the river 
were arsenic and lead as these were found to be elevated in this section of the Angabanga River in the 
2004 study. The levels of cadmium, chromium, cobalt, copper, mercury, nickel, silver, tin, uranium, 
vanadium and zinc were also determined.  
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Table 1  
 Details of Samples 

 
Village Sample Type Location Coordinates 

Inauauni N1 Open Well House near river 08°29 918 S 146°40 055 E
 N2 Open Well North side, eastern end 08°29 685 S 146°39 812 E
 N3 Open Well North side 08°29 687 S 146°39 777 E
 N4 Open Well South side 08°29 734 S 146°39 734 E
 N5 Open Well South side near platform 08°29 716 S 146°39 714 E
 N6 Open Well North side opposite N6 08°29 668 S 146°39 740 E
 N7 Open Well West of village 08°29 740 S 146°39 628 E

Gnaigafua G1 River Water collection area 08°29 880 S 146°37 398 E
 G2 River Water collection area 08°29 880 S 146°37 398 E

Rarai R1 Pump Well Centre of village 08°30 057 S 146°36 453 E
 R2 Open Well Near pump well #2 08°30 065 S 146°36 362 E
 R3 Pump Well West end 08°29 990 S 146°36 322 E

Amo’Amo AA Pump Well Centre of village 08°31 667 S 146°34 610 E
Veifa’a V1 Pump Well North end 08°32 006 S 146°33 870 E

 V2 Pump Well Centre of village 08°32 201 S 146°33 884 E
 V3 Open Well Centre of village - house 08°32 204 S 146°33 856 E
 V4 Pump Well Centre of village 08°32 462 S 146°33 795 E
 V5 Open Well Centre of village 08°32 491 S 146°33 760 E
 V6 Pump Well Centre of village 08°32 618 S 146°33 744 E
 V7 Open Well House well 08°32 489 S 146°33 639 E
 V8 Pump Well Tank at Aloaivea 08°32 430 S 146°33 639 E
 V9 Open Well Near gate at hospital 08°32 541 S 146°33 625 E
 V10 Open Well Hospital washing well 08°32 559 S 146°33 568 E

Aipeana AP1 Pump Well East end 08°32 882 S 146°33 506 E
 AP2 Pump Well Near church 08°32 827 S 146°33 394 E
 AP3 Pump Well North of AP2 08°32 782 S 146°33 376 E

Inawi W1 Pump Well Main village well 08°34 410 S 146°33 205 E
Oriropetana P1 River At end of track to river 08°33 765 S 146°34 459 E

 P2 River At end of track to river 08°33 765 S 146°34 459 E
 P3 River At end of track to river 08°33 765 S 146°34 459 E
 P4 River At end of track to river 08°33 765 S 146°34 459 E

Eboa E1 Pump Well Centre of village 08°37 858 S 146°35 378 E
 E2 Pump Well North end near entry road 08°37 779 S 146°35 343 E
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Results 
 
All of the results of the analyses of samples are provided in Table 2 together with the World Health 
Organisation standards for arsenic and the metals in drinking water. 
 
The levels of most of the elements in most of the samples were considerably lower than the standards. 
Some of the samples from village wells however, had levels of arsenic that exceeded the standard and 
all of the samples from the river had levels of lead that exceeded the standard. There also are 
indications that the levels of arsenic and mercury in the Angabanga River exceed the WHO standards 
at times.  The data are described below.  
 
Arsenic 
 
Several samples from village wells had levels of arsenic that were higher than the WHO standard of 
10µg/L. 
 
The level of arsenic found in the single sample collected at Veifa’a in August 2004 was 28.73µg/L. 
The sample collected from the same well in May 2005 (Veifa’a 1) also had a high level of arsenic of 
34.58µg/L. Samples from the next three closest wells (Veifa’a 2, 3, and 4) also had arsenic levels 
higher than the WHO standard. These were 12.62µg/L, 21.11µg/L and 16.43µg/L respectively. All of 
these wells are in the central part of the village where most of the houses are located and are used for 
general water supply. 
 
Water from one other well in this village (Veifa’a 6) had an arsenic level of 9.59µg/L close to the 
acceptable maximum level. Water from the five other wells sampled had levels that ranged from 
0.9µg/L to 5.21µg/L. 
 
At Aipeana, the three wells that were sampled are located at opposite ends of the central village 
square. The sample from the well at the northern end of the square had an arsenic level of 2.86µg/L 
but the two wells from the southern end near the village church had levels of 11.38µg/L and 9.21µg/L. 
 
At Inauauni there was an arsenic level of 11.35µg/L in a sample collected from a domestic open well 
at a house located about 500m from the main village. This house is close to the channel of the 
Angabanga River, which is relatively wide at this location. Samples from six wells in the main village 
of Inauauni that is more distant from the river had much lower arsenic levels in the range 1.43µg/L to 
3.55µg/L. 
 
A sample from the main village well at Amo’Amo had an arsenic level of 9.59µg/L.  
 
The levels of arsenic in the samples collected from the Angabanga River for the present study were 
elevated but less than the WHO standard (Gnagaifua 7.13µg/L and 7.16µg/L; Oriropetana range 
6.05µg/L to 6.47µg/L, n = 4). A sample collected in 2004 at Inauauni (near Gnagaifua) and another 
collected near Oriropetana however, had arsenic levels of 13.96µg/L and 13.97µg/L respectively.  
 
Lead 
 
The residents of two of the villages in the study area, Gnaigafua and Oriropetana, collect their 
drinking water from the Angabanga River, as this is only a short distance away. All of the water 
samples collected from the river at these two villages had lead levels higher than the WHO maximum 
acceptable level of 10µg/L. At Gnagaifua the levels in two samples were 13.14µg/L and 13.64µg/L 
while the four samples from Oriropetana had levels in the range 10.55µg/L to 11.44µg/L.  
 
The levels of lead in all of the samples collected from village wells were low and in the range 
0.46µg/L to 1.88µg/L. 
 
The levels in the river samples are consistent with those found in samples collected in 2004. At 
Inauauni near Gnagaifua, an unfiltered sample of river water had a lead level of 23.59µg/L while two 
unfiltered samples collected from the river opposite to Oriropetana had lead levels of 16.33µg/L and 
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16.18µg/L. The 2004 samples were collected in August at the end of the dry season and the volume of 
water and flow rate of the river may have been less than in May 2005. This may account for the 
higher levels of lead in the 2004 samples. 
 
Mercury 
 
The levels of mercury in the water samples collected for the present study at Gnagaifua were 
0.45µg/L and 0.51µg/L and at Oriropetana ranged from 0.44µg/L to 0.90µg/L. The mercury levels in 
the samples collected from the Angabanga River in 2004 were: Inauauni 1.33µg/L, Oriropetana 
0.64µg/L and 0.42µg/L. The 2004 sample collected near Inauauni is higher than the WHO standard of 
1.0µg/L.   
 
Discussion 
 
Village Wells 
 
The water samples collected in May 2005 indicate that the groundwater in localised areas in the 
Mekeo villages of Inauauni, Amo’Amo, Veifa’a and Aipeana has levels of arsenic that are higher than 
or close to the acceptable maximum level of the World Health Organisation of 10µg/L.   
 
The elevated levels of arsenic found in this study however, are less than the drinking water standards 
of Papua New Guinea. These are specified in Schedule 2 of the Public Health (Drinking Water) 
Regulation 1984 and are based on the World Health Organisation standards of 1971. The PNG 
standards therefore are out-of-date and do not take account of advances in knowledge of the 
toxicology of arsenic. The PNG standard for arsenic is 50µg/L or 5 times higher than the current 
WHO standard.  
 
The Australian Government through AusAID have provided a discussion of guidelines for arsenic in 
drinking water (AusAID, 2004). They note that the World Health Organisation acceptable maximum 
level of arsenic in drinking water is 10µg/L but that national guidelines in Vietnam, Cambodia, Laos 
and Bangladesh are 50µg/L. They advise that AusAID recipients in such countries should “advocate 
progressive application of the WHO guidelines”.  
 
The cause of the localised elevated levels of arsenic is unknown. These may be due to natural levels 
of arsenic in near surface soils and/or to connection of the groundwater with the Angabanga River. It 
is probable that the shallow groundwater aquifer under the villages is connected with the river given 
their proximity - the villages are located on the flood plain of the river. 
 
Angabanga River 
 
The tailings discharged from the Tolukuma Gold Mine contain very high levels of lead. A sample of 
tailings collected in August 2004 had a lead level in excess of 25,000µg/L. Samples of water collected 
from the Auga and Angabanga Rivers downstream of the mine in the same study also indicated that 
both rivers are affected by lead pollution.  
 
It appears from these data therefore that the villagers living at Gnagaifua and Oriropetana are 
frequently, if not continuously, exposed to levels of lead in their drinking water that exceed the WHO 
acceptable maximum level. We have been advised that the villages of Bebeo and Inawae also depend 
on the river in the dry season. 
 
As with arsenic, the elevated levels lead found in this study are less than the drinking water standards 
of Papua New Guinea that are based on the WHO standards of 1971. The PNG standard is 100µg/L or 
10 times the current WHO standard. 
 
The study of water quality in the river in 2004 also found very high levels of arsenic and mercury in 
the tailings and evidence of arsenic and mercury pollution in the Angabanga River that exceeded the 
WHO standards in some samples. The PNG standard for mercury is the same as the WHO standard.  
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These data indicate that drinking water from the Angabanga River on a long-term basis may pose 
health risks.  
 
The Environment (Waste Discharge) Permit issued to Tolukuma Gold Mine Limited under the 
provisions of the PNG Environment Act 2000 includes the following conditions: 
  
• The Permit Holder shall provide for adequate and reliable water supply facilities in all 

communities that rely on the Angabanga River as a source of drinking water during the dry season. 
 
• The above exercise shall involve full community participation in accordance with the Central 

Province Water Supply and Sanitation Policy and be co-ordinated by the Provincial Division of 
Health. 

 
It does not appear that there has been any response to these conditions.  
 
Conclusions  
 
This study has shown that water from some wells in the Mekeo villages of Inauauni, Amo’Amo, 
Veifa’a and Aipeana contains arsenic at levels that are close to or higher than the WHO acceptable 
maximum level. In addition, water from the Angabanga River that is used for drinking and other 
purposes at Gnagaifua and Oriropetana contains lead at levels that are higher than the WHO 
acceptable maximum level. A previous study in 2004 found that the river water also contained arsenic 
and mercury at levels higher than the WHO acceptable maximum level. 
 
On the basis of these results, we suggest that these sources are not suitable for the long-term supply of 
drinking water given the potential for adverse health impacts. 
 
The study also indicates that water from the majority of the wells at Inauauni, the wells sampled at 
Rarai, some wells at Veifa’a and Aipeana, the well sampled at Inawi, and the two wells sampled at 
Eboa is of relatively good quality in terms of arsenic and the suite of metals that were assessed. 
 
It is emphasised that contaminants other than those assessed in this study may affect water quality and 
that biological contamination of wells close to houses in the Mekeo villages is a possibility. 
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Table 2 – Results of Analyses (µg/L) 
 

                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                   Values in bold type exceed World Health Organisation guidelines. Values underlined indicate wells that should be monitored as the levels are close to the WHO guideline. 

Village Sample Arsenic Cadmium Chromium Cobalt Copper Lead Mercury Nickel Silver Tin Uranium Vanadium Zinc 

Inauauni N1 11.35 0.02 7.43 0.45 4.56 0.62 0.00 4.50 0.25 0.08 0.04 0.21 25.06 
 N2 1.43 0.02 6.62 0.32 9.33 0.71 0.00 4.25 0.23 0.05 0.02 1.09 9.46 
 N3 2.08 0.01 6.21 0.17 1.01 0.50 0.00 4.28 0.09 0.06 0.04 0.40 9.27 
 N4 2.38 0.03 8.01 0.16 10.38 0.63 0.01 4.57 0.12 0.18 0.06 1.29 25.82 
 N5 3.55 0.02 7.59 0.13 2.01 0.61 0.01 6.19 0.18 0.09 0.03 1.14 9.33 
 N6 2.38 0.04 9.26 1.23 6.00 1.88 0.13 14.36 0.27 0.09 0.11 5.41 18.57 
 N7 2.10 0.01 7.63 0.17 2.33 0.60 0.00 4.40 0.13 0.09 0.02 0.00 9.88 

Gnaigafua G1 7.16 0.04 9.59 0.72 6.82 13.14 0.51 6.91 0.63 0.05 0.04 5.12 15.71 
 G2 7.13 0.05 9.97 0.75 4.07 13.64 0.45 7.18 0.54 0.06 0.03 5.12 15.43 

Rarai R1 5.30 0.01 6.86 0.13 4.58 0.53 0.00 3.90 0.20 0.07 0.01 0.00 80.69 
 R2 5.06 0.01 5.70 0.16 2.30 0.46 0.00 4.63 0.06 0.07 0.09 1.35 9.75 
 R3 3.59 0.02 6.71 0.17 23.29 0.82 0.01 5.53 0.20 0.16 0.08 1.03 165.36 

Amo'Amo AA 9.59 0.01 6.83 0.16 3.03 0.54 0.00 6.69 0.07 0.08 0.07 2.03 40.51 
Veifa'a V1 34.58 0.00 6.19 0.21 14.71 0.60 0.02 5.14 0.15 0.05 0.04 0.86 202.25 

 V2 12.62 0.01 7.13 0.15 5.98 0.58 0.00 7.40 0.10 0.08 0.04 0.58 78.89 
 V3 21.11 0.01 6.47 0.31 2.48 0.57 0.01 4.06 0.14 0.05 0.07 1.59 9.37 
 V4 16.43 0.02 6.31 0.23 8.09 0.76 0.01 3.86 0.19 0.07 0.08 2.43 63.26 
 V5 5.21 0.07 8.01 0.40 4.33 0.82 0.01 5.95 0.33 0.08 0.19 3.22 10.6 
 V6 9.59 0.01 7.03 0.27 3.03 0.64 0.01 5.19 0.14 0.09 0.08 0.55 72.68 
 V7 2.65 0.02 7.31 0.24 16.21 0.66 0.02 4.43 0.17 0.08 0.22 2.70 12.87 
 V8 1.80 0.01 6.16 0.17 3.82 0.48 0.01 3.74 0.22 0.07 0.24 2.22 6.76 
 V9 0.90 0.01 6.79 0.20 1.53 0.66 0.02 5.66 0.24 0.07 0.15 1.60 9.39 
 V10 2.87 0.03 7.08 0.17 8.61 0.61 0.01 4.46 0.18 0.10 0.13 1.62 30.71 

Aipeana AP1 2.86 0.01 6.47 0.17 8.09 0.60 0.02 3.79 0.22 0.09 0.11 1.18 42.08 
 AP2 11.38 0.02 6.51 0.17 3.12 0.61 0.02 6.25 0.20 0.08 0.02 0.00 99.09 
 AP3 9.21 0.01 6.05 0.16 5.35 0.67 0.00 4.96 0.02 0.07 0.01 0.00 73.12 

Inawi W1 0.83 0.02 10.10 0.46 5.05 0.81 0.14 5.61 0.27 0.14 1.08 1.92 37.2 
Oriropetana P1 6.47 0.03 8.95 0.76 3.68 11.44 0.90 5.34 0.54 0.06 0.04 5.18 15.37 

 P2 6.26 0.03 8.87 0.71 5.46 10.78 0.44 6.10 0.57 0.05 0.03 4.99 14.08 
 P3 6.26 0.04 8.85 0.71 3.45 10.71 0.58 4.90 0.58 0.07 0.04 5.24 14.13 
 P4 6.05 0.02 8.76 0.70 3.98 10.55 0.44 4.88 0.54 0.05 0.03 4.99 13.66 

Eboa E1 6.26 0.01 6.73 0.20 9.99 0.90 0.07 3.96 0.12 0.09 0.03 0.26 206.25 
 E2 1.59 0.04 6.80 0.48 5.63 1.16 0.09 4.59 0.27 0.07 0.19 2.53 456.02 

WHO 
Standard  10.00 3.00 50.00 None 2000.00 10.00 1.00 20.00 None None 15.00 None None 


