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Figure 2. Average daily concentration of suspended solids at Ok Tedi Bridge, Tabubil, from 13 June -
9 September, 1984, in mg L-1; compared to monthly analyses done for Haidauwogam from July -
September 1984; compared to average and range for analyses done at Profile 3 From J uly - December
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made available was for the period July-November, 1985. These data are summarised in Table 9 and
Figures 3 and 4 which include the mean and range given in Table 8.

TABLE 8. Soluble and total residues of heavy metals (ug L-!) total cyanide (ug L-1) and suspended
solids mg L-1 in the river water at Tabubil Bridge (from 217 samples).

Heavy Metal Median 9  Range PNG Times standards
Percentile standards exceeded
S .
(0] copper 6 16 2 -218 125 1
L lead 4 15 0.1 -136 50 4
4] zinc 6 23 0.3 -176 250 0
B cadmium 02 2.7 0.02 -40 - -
L
E
T copper 175 536 1 -2320 288 16
(0] lead 94 357 10 -2620 550 5
T zinc 104 482 15 -4230 1000 5
A cadmium 2.1 1.7 1 -50 25 1
L
Suspended solids 538 1570 18 -4168 (2500) 5
mg L-1
Cyanide pg L-1 1 2.5 1 27 8.8 3
500 130 0

Estimated levels from June 1984 accident .

- Table 9 shows that; the mean concentration of soluble copper was 30 pug L-1, and mean of mean
daily average was 26 ug L-1. Both the mean and mean of mean daily concentrations of free cyanide were
42 pg L1, The standards for soluble copper and free cyanide are regularly éxceeded; 19% of readings
exceeded the acceptable standards of 50 pg L-1 for soluble copper; (the maximum reading being 215 pg
L-1). 33% of the individual readings exceeded the mean daily standards of 3.5 pug L-1 for free cyanide.
The maximum instantaneous level of 52 pg L-1 was never exceeded, (the highest reading being 47 pg L~
1y; the mean daily standards were exceeded 38% of the time. Cyanide levels are much higher than
originally predicted. It seems cyanide is being released from the metal complexes more readily than was
originally thought would be the case. Cyanide levels at Ningerum often reach those which can cause
chronic effects (See below).

Dent (1985) also reported that between June and November 1984 there were numerous
occasions when the water quality criteria for copper, lead , cadmium and cyanide were all exceeded either
at the Ok Tedi Bridge or at Ningerum or both. OTML (1986a) showed that for the six monthly period
from July to November 1985 the mean dissolved copper concentration was 36 pgL-l compared to 26 pg
L-1 (for July to October). In fact Figure 33 of OTML (1986) shows that for late October through
November the PNG standard of 50 pug L-! was regularly exceeded with a maximum at the end of
October/early Noverber of approximately 225 pg L -1, Dis-olved copper levels frequently exceeded
the PNG standard in 1986 (D.E.C. pers. comm.). The mean free cyanide concentration for July to
November was reported by OTML to be 3.6 ug L-1 (compared to 4.2 pg L-1). This reflects lower cyanide
levels in November 1985. High cyanide levels also were recorded througout 1986 (D.E.C. pers. comm.).
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TABLE 9. Soluble residues of copper and free cyanide (ug L-1) at Ningerum, from July-November
1985, (data taken from daily reports supplied by OTML to BWR). Compared with PNG
standards (soluble copper = 50 pg L-1; free cyanide = 3.5 [IT] L-! maximum daily average)

Month  Noof Noof  Maximum Daily average Individual No of times

days samples -recorded  pgL-l  samples  standard exceeded
1T L1 mean  standard mean  standard
by
deviation deviation daily individual
average samples
copper
July 17 166 215 38 28 6 54
August 31 181 124 24 17 3 24
September 8 46 57 16 7 0 1
October 9 51 86 20 5 0 4
Total 65 444 - 26 20 30 329 (14%) 83
(19%)
cyanide .
July 14 78 47 8 10 8 43
August 31 145 38 3 4 8 47
September 16 95 40 5 6 6 29
October 25 150 26 3 3 10 36
November 10 56 37 4 4 4 18
Total 96 524 - 4 5 4 -36 (38%)173 (33%)

Heavy metals in river and lake bottom sediment

A few analyses have been performed on heavy metal residues in surface and bottom sediment
and core samples in the lower Fly river and lake systems. Some sampling' was done before mining
construction commenced (Maunsell Vol. 6 1982) around Bosset and Obo and downstream to the mouth;
and Gipey (1983) sampled Lake Murray. Polunin and Osborne (this volume) sampled Lake Daviumbu
near Obo in late November 1984. Studies of trace metal speciation by Kyle (this volume) showed that a
significantly high proportion of the trace metals manganese, chromium, zinc, copper and iron (but not

lead and cadmium) were ‘biologically available’.

Dent (1985) reported that Delft Hydraulics Laboratory has predicted that sediments reaching
the sea will contain 320 mg L-1 of copper, and that over a mine life of 30 years, the result of sediment
disposal into the river will cause the deposition of 1m depth of polluted sediments over an. area of 1000
km-2 in the offshore delta. Potential pollution of the Torres Straits area has led to some concem being
expressed by Australian scientists (McGhee, 1985; Dent, 1985; Heinnhn & Wolanski, 1985; Wolanski et

al. 1984).

Further samples should be collected over the next few years to determine the heavy metal
content of the bottom sediment. This will indicate if significant amounts of heavy metals are
accumulating in flood plain lakes and if animals face possible increased exposure to heavy metals.
Studies to determine both heavy metal residues (copper, cadmium, lead, zinc and cyanide) in freshwater,
estuarine water and sediments of the Ok Tedi/Fly river system proposed by researchers at PNG
University of Technology for 1987 and 1988 (as well as similar studies of the Bulolo and Jaba Rivers) are
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underway. Such studies should also include chemical speciation; its importance in bioaccumulation has
been stressed (Nelson and Donkin, 1985; Gawne, 1986).

EVALUATION OF IMPACT ON BIOLOGICAL COMMUNITIES

OTML (19854, b) state that the effects of discharging the tailings into the river system appear to
be less damaging on aquatic communities than was previously perceived, presumably in the OTES
(Maunsell et al. Vol 1, 6, 1982). They claim this despite the higher than predicted amounts of suspended
solids and particulate heavy metals in the river, and occasional high levels of soluble copper and free
cyanide.

It is argued that the impact due to mining is small compared to natural calamities. Jackson,
(n.d.) stated that the Ok Tedi ecosystem is capable of dealing with huge inputs of natural sediments and
chemicals. This was demonstrated after the massive collapse of part of the Hindenburg Wall in 1977; he
stated that between three and a half and five million tonnes of rock entered the Ok Tedi system within a
matter of days. Large fish kills were reported, however within three months, the fish populations had
returned to normal (Jackson, n.d.). Although obviously great, the magnitude of the impact of the land
slide will never really be known.

The argument by OTML that the mine impact is small in comparison, and that the river
ecosystem is resilient is at best tenuous. 6.4 million tonnes of sediment are entering the Ok Tedi river
system, over a year of which most are derived from the mine. The present situation is therefore quite
different, OTML continuously discharges large amounts of suspended solids and chemicals into the river
system and will continue to do so for up to five years (or more). The impact of the mining activities may
not be so quickly reversible, as that of "one-off” natural catastrophes.

A large amount of early biological data have been summarised in Maunsell et al. 1982); some of
the more recent data have been summarised in the six-monthly reports. Interpretation of the available
data is often difficult, due to seasonal effects, time of sampling, location effects lack of replicates and
effects of flooding. It appears from the data available (OTML 1984d; 1985 a, b; 1986a) that some fish
and invertebrate populations have been affected down to Ningerum (lower fish catches at Ningerum,
increased physiological stress - as reflected by high kidney and liver indices on catfish at Ningerum;
lower invertebrate diversity at Lower Ok Tedi Bridge, reduced capture rates of prawns at Sawmill). At
present no tangible proof seems evident of effects on biological communities below Ningerum, but
comparisons often do not predate the mining construction which commenced in 1983. Long term trends
may take a few years to become evident.

Data on heavy metal residues in fish tissue and in prawns has been collected (OTML, 1985b)
and partly published in OTML (1984b, d; 1986a). Much data on heavy metal residues in animals sampled
before mining construction commenced are recorded in Boyden et al. (1974) and Maunsell ef al. (Vol. 6
1982). Kyle (this volume) and Kyle et al (1986) also analysed heavy metal residues in whole fish
collected in the Ok Tedi in 1981 prior to construction of the mine. All found higher levels of Cu, Zn, Cd
in animal tissue than reported in most unpolluted waters elsewhere. In the 1986 six-monthly report
(OTML, 1986a) a comparison is made of residue levels in three fish species sampled before and after
mining construction commenced. Unfortunately no proper statistical analysis of data seems to have been
done; absolute ranges merely seem to have been compared (except for lead residues). Also errors or
omissions have been made in summary tables both in the Maunsell report (Vol 6, p 111) and in the
OTML report (1986, Tables 12A - 12C ). Despite this a comparison of means and ranges of residue in
fish tissue is given in Table 10. It seems from these data that no differences exist in residue
concentrations in tissues in either location or time, except possibly for lead in flesh of all three species.
Lead residues appear to be increasing. All residue levels are still well below the Australian NHMRC
Standards, again except for lead. These standards are: cadmium 1.0 mg kg-1; copper 50 mg kg-1; lead 7.5
mg kg-1; and, zinc 750 mg kg-1.
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TABLE 10. Comparisons of the concentrations of heavy metals (mg wwL dry weight) in muscle or flesh (F) and liver (L) of three species of fish in the
Fly/Ok Tedi River System between before mining construction commenced (EIS-1981 in Maunsell e/ a! (1982), and after mining contruction
commenced (OTML 1986). (nd = not detectable <0.1 mg kg-1).

AFTER MINING CONSTRUCTION COMMENCED ‘CONTROL AREA'’ BEFORE MINING
Metal Species Tissue LOCALITY
Ok Tedi - Ningerum Ok Tedi - Atkamba Ok Birim EIS 1981 (Maunsell vol 6 pill)
Oct.'83 - Jan.'85 Dec.’83 - April '85 Qct’83 - Jan'85
no  mean range no  mean range no  mean range no mean  range
Cadmium
Arius acrocephalus F 71 06 nd-1.9 23 01 nd-1.0 21 01 nd-04 6 0.4 0.3-0.6
(forktailed
catfish) L s 20 nd-14,7 23 08 nd-1.7 18 44 0.2-77 6 1.6 0.7-3.0
Parambassis gulliveri F 53 01 nd-0.5 114 0.1 nd4.1 112 03 nd-0.6 9 026  0.25-0.30
(perchlet)
Melanotaenia splendida F 51 07 nd-1.3 59 07 nd-1.5 73 09 nd-1.5 3 025 025
(rainbowfish)
Copper
Arius acrocephalus F 71 46 0.6-19.9 23 1.2 0.5-1.5 21 37 0.6-8.8 36 1.8 0.54.5
L 55 126 9.1-188 23 111 L1372 18 155 81258 20 348  7.0461.5
Parambassis gulliveri F 3 16 0.6-5.1 114 17 0.7-6.2 112 0.9 0.4-2.6 15 19 1.0-3.5
Melanotaenia splendia P st 3 2.1-6.9 59 34 nd- 9.7 73 40 0.1-6.5 43 2.6 1.0-3.5
Lead
Arius acrocephalus F 71 28 nd-6.9 23 39 nd-37.6 21 30 nd-4.9 36 1.0 1.0-6.0
L 55 30 nd-37.2 23 32 nd-6.2 18 17 nd-164 20 32 1.0-16.0
Parambassis gulliveri F 53 28 nd-6.3 114 24 nd-3.3 112 14 nd-3.3 14 14 0.5-2.5
Melanotgenia splendida P 51 50 nd-24.3 9 9 nd-24.3 73 68 nd-108 43 22 0.54.5
Zinc
Arius acrocephalus F 71 45 6-172 23 25 12-36 21 53 16-150 36 69 20-363
L 55 1692  348-22353 23 1018 116-1845 18 1487 23-2594 20 1089 370-2350
Parambassis gulliveri F 3 3 19-70 114 32 9.7-91 112 32 20-51 15 s 36-74
Melanotaenia splendida F s 69 50-122 59 85 49-162 73 16 28-117 43 88 56-163
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These conclusions are highly suspect due to the absence of proper statistical analysis; all residue
data need to be analysed, and monitoring needs to be reassessed. Proper analysis should give some
indication of whether the animals are accumulating excessive levels of heavy metals; give some
indication of actual exposure, and indicate whether tailings have significantly increased exposure to
unacceptable levels. :

No sampling has been done to date to monitor heavy metal residues in bivalve species in the
delta, in the Gulf of Papua or in the nearby Torres Strait. Such a program would provide a valuable
assessment of the heavy metals reaching these areas and their levels of biological availability (Phillips,
1980). Denton (1985) proposed such a program using the giant clam, Tridacna maxima for the Torres
Strait (and Great Barrier Reef). SPREP (1986) has also funded a study by UPNG researchers (including
the author) to monitor heavy metal residues in suitable bivalve species, in the Fly River Delta which
commenced in 1987.

Sixth supplemental agreement

The initial Ok Tedi Agreement was signed by the PNG Government in 1976 (PNG, 1976), but
since then it has been subject to a series of ammendments (Townsend, 1984).

On 28 February, 1986, the Government of PNG signed the Sixth Supplemental Agreement
(PNG, 1986), which was later ratified by Parliament on 18 March, 1986.

Basically this supplemental agreement allows for the postponement of construction of a
permanent tailings dam until 1 January, 1990. It ratifies the acceptable levels of heavy metals and
cyanide at Ningerum; it decrees that an environmental study will be done to determine the impact of
suspended solids on the Fly River. However the acceptable levels of such suspended solids will not be
determined until after the study is completed, i.e. by not later than 1 J anuary, 1989,

The ‘acceptable levels’ of heavy metals (at Ningerum on the Ok Tedi River) might be
considered high and much less stringent than overseas standards. Compared to criteria recommended by
USEPA, AWRC (Hart, 1982) and American Fisheries Society (AFS) (Skidmore and Firth, 1983)
standards set at Ningerum are high; but are considered reasonable under the circumstances
(Buckley,1984a,b).

Buckley (1984a) reported that a maximum acceptable level of free cyanide of 5 Hg L-1 was set
for the Tabubil Bridge, EPA standards were later set at Ningerum to be 3.2 pg L-1 (mean daily average)
and 52 pg L1 (maximum allowable level) (SHA/EPA, 1979). Under the new agreement the levels of
free cyanide allowable have been increased to 30 pg L-1 (mean daily average), and to 70 pg L-!
(maximum allowable level). This was done on the recommendation of OTML and 2 WHO consultant,
Mr P. Guo, (Guo, 1985) who recommended that the water quality criteria for the Ok Tedi should be based
on resource use. These criteria are inadequate for protection of aquatic ecosystems, and the EPA
standards for freshwater of 3.2 pg L1 and 52 pg L-1 should be retained. Levels of below 70 pg L-1 are
acutely toxic (and fast acting) to some fish; Levels of 540 pg L-! are known to cause chronic or
sublethal effects (OTML, 1984c; Mowbray, 1984). An excellent summary of the effects of cyanide on
aquatic organisms is that by Leduc et al (1982), who state that in general, concentrations greater than 100
pg L-1 of CN- can be expected to kill sensitive fish species; invertebrates are generally less sensitive.
Concentrations of below 50 ug L-! cause chronic effects. Leduc et al. (1982) states that at high
concentrations cyanide is more toxic at high temperatures, but at low concentrations it is more toxic at
lower temperatures. Cyanide is more toxic at low levels of dissolved oxygen, Hart (1974). Accordingly,
acceptable levels of cyanide, i.e. the PNG standard, should not be increased but should be maintained at
EPA recommended levels. ‘ :

Buckley (1984b) recommended to the Govemnment that the maximum allowable levels of
suspended solids at Ningerum be 1000 mg L-1. This was not accepted by the State and acceptable levels
of suspended solids have never been set. In fact, the Sixth Supplemental Agreement gives the company
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until 1 January, 1989 before the State will determine acceptable levels of suspended particulate matter.
With increased production, this in effect means that the concentrations of suspended solids, particularly
in the Ok Tedi, will remain very high with consequent environmental impact. The magnitude of this
impact is a matter of debate. Acceptable levels at Ningerum must be set immediately and should be done
in consultation with recognised authorities not employed by either DME nor OTML. These standards
could later be amended in the light of the proposed "Environmental Study”.

When changes are made to standards (i.e. standards or allowable levels of chemicals in the
river), such changes should be published and justified publicly. It appears that the company would like
the acceptable levels to be higher since they are currently often exceeded (as is the case for copper and
cyanide). Furthermore, since the levels for suspended solids recommended by Buckley (1984b) could be
often exceeded it is ‘convenient’ not to set an acceptable level. Implicit in the Sixth Supplemental
Agreement is the inference that no guarantee can be given that the lower Ok Tedi would not be greatly
affected, and that this is the ‘cost’ that needs to be tolerated for the economic viability of the project.

The terms of reference of the Environmental Impact Study under the Sixth Supplemental
Agreement were forwarded to OTML on the 24th July 1986 (PNG, DME 1986). The study is concerned
both with the total impact of the mining operations on the Fly River and with a re-evaluation of all
effluent and environmental monitoring data so far collected. Hopefully this has included an assessment of
the impact on the lower Ok Tedi River, though this is not definitely stated, only implied.

The "Environmental Study" is not only concerned with the impact of suspended solids - but
includes a critical re-evaluation of the impact of suspended solids, cyanide and the heavy metals,
particularly copper. This must involve a critical evaluation by independent bodies of the present
biological studies.

CONCLUSIONS

The River levels of suspended solids produced by the tailings are very high having increased 18
fold at Profile 3 below Tabubil and 2 fold at Kuambit compared to background levels. Sediment
loads have increased, levels greater than 1000 pg L-1 have been exceeded a number of times at
Ningerum. The biological effect of these high levels is unknown; it is likely that some species
which cannot tolerate the continuously high sediment levels will disappear.

Levels of soluble metals have remained lower than was initially predicted, but high levels of
particulate copper, often exceeding the PNG standard, could have an impact. Flushes of river
water containing ‘above acceptable’ amounts of soluble copper and free cyanide are frequent.
One reported kill of freshwater animals occurred when a very high level of free cyanide was
accidentally released into the river system.

Biological studies to date show that tailings have affected some fish and invertebrate populations
down river as far as Ningerum. To date there is no tangible evidence that effects extend beyond
Ningerum. Much of the available biological data is difficult to interpret. To date it seems that
residue concentrations of lead, but not copper, zinc and cadmium, have increased.in some fish.
On the basis of data published to date, it is not possible to predict the magnitude of the impact of
mine development on the lower Ok Tedi and Fly Rivers.

RECOMMENDATIONS

These recommendations were originally submitted to Government in 1985. Since then a number
of reports have been published in line with recommendation 4. Recently OTML has published
further reviews of their hydrological (OTML, 1985b) water quality monitoring (OTML, 1986c)
and biological sampling programmes (OTML, 1986d).














































































