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Executive Summary 

A survey of chlorophenol, dioxin and furans and metals in the flesh of shortfin eels and tua tua 
from the Tarawera River and estuary entrance was conducted in 2007.  The survey repeats 
similar earlier research into the levels of contaminants and provides a comparison of results. 

Results show a reduction in the level of contamination across all the compounds tested 
compared to the 2002 results. This is a continuation of previous trends when looking back to the 
early 1990’s. 

While levels are lower, patterns of contamination along the Tarawera River are similar to earlier 
results. At the site above Kawerau, chlorophenols and dioxin/furans concentrations are similar to 
background levels seen elsewhere in New Zealand. At the Onepu site which is above the main 
Tasman oxidation pond discharge the impact of chlorophenol and dioxin/furan contamination is 
evident indicating inputs along this stretch of river. Elevated metal levels occur in the river as a 
result of the natural and industrial geothermal sources. 

A continued decline in the level of dioxin/furan present in eel flesh measured in surveys since 
1991 means that there is now a far lower risk to human health from consumption. 
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Chapter 1:  Introduction 

1.1 Scope 

This report presents the results of surveys to quantify the levels of bioaccumulation and 
possible impact on fish health from contaminants in the Tarawera River. It also forms 
part of the ongoing Tarawera River technical investigations, which have been 
conducted to provide data on various aspects of industrial discharges on the water 
quality and ecology of the lower river system. These studies provide environmental 
baseline and background information independent of any consent related monitoring 
requirements. 

The goals of this study were: 

(a) To update information on the nature and extent of selected bio available 
Organochlorine compounds (dioxin and furans and chlorophenols) and metals in 
the Tarawera River, and 

(b) Provide a basis on which temporal trends in the levels of selected contaminants 
can be assessed to follow trends that relate to changes, which have taken place 
in the nature of industrial discharges. 

(c) An evaluation of potential health risks to people consuming eel flesh has also 
been conducted. 

1.2 Background 

The Tarawera River is situated in the Eastern Bay of Plenty and flows from Lake 
Tarawera down to the sea at Matata. There have been concerns expressed for the 
resident freshwater fish communities and water quality since the mid 1950’s following 
the building of a pulp and paper mill which discharged industrial waste into the river just 
over 21 km from the sea. Pressure on the river increased as the mill was later 
expanded and another mill built, along with development of geothermal resources. 

Extensive fish kills were reported in the late 60’s and on into the mid 1970’s. Since 
then, industry began improving treatment of industrial wastes and mill processes, to 
lessen the adverse environmental impacts on the river ecosystem. Despite consequent 
improvements in water quality of the river, the perception held by many people up to the 
1990’s was that the river continued to be severely compromised. With the introduction 
of the Resource Management Act in 1991, Environment Bay of Plenty is now the 
agency primarily responsible for overseeing the continuation of river improvement.  

Extensive studies of the impacts of industrial pulp and paper mill wastewater, 
geothermal waste water, and sewage discharges on the ecology of the Tarawera River 
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have already been conducted by Environment Bay of Plenty and the industrial users of 
the river. Investigations initiated by Environment Bay of Plenty provided technical 
information to assist with the development of a regional catchment plan to address 
public concerns and statutory requirements of the Resource Management Act. A 
summary covering a wide range of these research findings is presented in Donald 
(1994a, 1994b) and Bioresearches (1999). 

One of the major concerns for the Tarawera River, particularly in the 1990’s, was the 
issue of bioaccumulation of Organochlorine compounds such as dioxin by fish, eels and 
other biota in and around the lower Tarawera River. Dioxins are generated in the 
bleaching process of pulp mills using elemental chlorine. In response to this concern 
there have been two previous studies undertaken by Environment Bay of Plenty to 
assess some of these compounds and the risk to people and the environment. The 
Tasman mill converted its chlorine gas bleaching sequence to a chlorine dioxide 
sequence in 1998, which results in less harmful discharges to aquatic ecosystems.  
The previous studies and toxicity testing associated with discharge permits all show 
that in-river toxicity from these compounds no longer appears to be an issue. 
Background monitoring (ie this study) is needed to reaffirm that is still correct. The bio-
magnification of dioxins up food chains remains a major concern as it means that levels 
currently found in eels can be marginal for human safety if  large quantities from this 
source were consumed on a regular basis. 

1.3 Chlorophenols 

Chlorophenols are found in a variety of environmental media including air, soil, 
sediment and biota. In the aquatic environment they tend to be mainly bound to 
sediment and suspended particles in the water. As a result they can often be found at 
far higher levels in biota than in the water itself. Industries such as pulp mills using 
chlorine are well known sources of chlorophenols. 

The chlorophenol group of chemicals are aromatic organic compounds based on a 
single benzene ring with a hydroxyl (OH) group attached. Substitution of the hydrogen 
atoms with 1 – 5 chlorine atoms produces chlorophenols. The best known of these 
compounds is PCP or pentachlorophenol, which is the most halogenated of the phenols 
with five chlorine atoms attached. Toxicity of the lower halogenated phenols is low and 
increases with increasing chlorine substitution. PCP is the most toxic of the group. 

PCP is relatively non-toxic to birds but can be very toxic to fish. It is not highly 
accumulated in biota as it can be metabolised and removed from tissues and the blood 
stream. Toxicity is most often expressed by damage to the liver, kidneys and central 
nervous system. It has not been proven to be carcinogenic. Many of the toxicity studies 
have not used pure PCP and many of the effects observed are likely to be the result of 
other contaminants. Dioxin is a common contaminant of technical grade PCP that has 
been used extensively in the past for wood treatment. 

1.4 Dioxins/furans 

Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) 
are commonly known as dioxins and furans. They are found in air, soil, sediment and 
biota. The compounds are all very hydrophobic in nature, which means that they do not 
dissolve well in water. As a result they tend to attach quite strongly to particulate matter 
and have a high affinity to bind with fatty compounds. This means dioxins and furans 
are strongly retained by biota and magnified at each step in a food chain. Their toxicity 
even at very low concentrations relative to other toxic chemicals has resulted in a great 
deal of public concern.  
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The dioxin and furan group of chemicals are aromatic organic compounds comprising 
of two benzene rings joined by either one or two oxygen atoms. They are classified as 
halogenated hydrocarbons due to the attachment of up to eight chlorine atoms. The 
different number of chlorine atoms and attachment point on the benzene rings results in 
a total of 75 possible dioxin (PCDD) variants (called congeners) and 135 possible furan 
(PCDF) congeners. The most widely studied and known compound is 2,3,7,8-
tetrachlorodibenzo-p-dioxin. This congener is the reference compound in respect of 
toxicity for deriving Toxicity Equivalency Factors (TEF) of all the other compounds 
belonging to the dioxin/furan group. TEF’s used in this report are based on the latest 
internationally accepted factors as agreed at a 1997 World Health Organization (WHO) 
consultation (Van den Berg et al., 1998). 

Toxicity of these compounds is dependant on the number of chlorine atoms that they 
contain. Congeners containing one, two or three chlorine atoms are of very low toxicity. 
Congeners with chlorine atoms substituted in the 2,3,7 and 8 positions are thought to 
pose a high degree of toxicological risk while further increases in substitution from four 
to eight chlorine atoms generally results in a marked decrease in potency. Table 1 
below provides the homologues (same base compound) and the number of possible 
congeners. 

Table 1 Homologues and congeners of the dioxin and furan group of 
compounds. 

Abbreviation Homologue name No. possible 
congeners 

No. of possible 2,3,7,8-
chlorinated congeners 

MCDD Monochlorodibenzo-p-dioxin 2 0 

DiCDD Dichlorodibenzo-p-dioxin 10 0 

TrCDD Trichlorodibenzo-p-dioxin 14 0 

TCDD Tetrachlorodibenzo-p-dioxin 22 1 

PeCDD Pentachlorodibenzo-p-dioxin 14 1 

HxCDD Hexachlorodibenzo-p-dioxin 10 3 

HpCDD Heptachlorodibenzo-p-dioxin 2 1 

OCDD Octachlorodibenzo-p-dioxin 1 1 

MCDF Monochlorodibenzofuran 4 0 

DiCDF Dichlorodibenzofuran 16 0 

TrCDF Trichlorodibenzofuran 28 0 

TCDF Tetrachlorodibenzofuran 38 1 

PeCDF Pentachlorodibenzofuran 28 2 

HxCDF Hexachlorodibenzofuran 16 4 

HpCDF Heptachlorodibenzofuran 4 2 

OCDF Octachlorodibenzofuran 1 1 
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Chapter 2:  Location and methods 

2.1 Location 

2.1.1 Tarawera River 

The Tarawera River flows from oligotrophic (high quality) Lake Tarawera to the coast at 
Matata, a distance of 60 km. Average flow measured at Awakaponga is  around 26 
m3/s over the last 20 years with a catchment area at this point of 906 km2 (McLarin & 
Stringfellow 1997). The lower Tarawera River system is shown in Figure 1 with the river 
mouth in close proximity to that of the Rangitaiki River. 

Volcanic activity has a major influence on the water quality and habitat of the Tarawera 
River and its tributaries. The very active Okataina volcanic centre surrounds Lake 
Tarawera. Mt Tarawera itself last erupted in 1886 and covered the upper Tarawera 
River in 30-100cm of ash as far as Mt Putauaki (Mt Edgecumbe). 

Historically, the Tarawera River was connected to the Rangitaiki River (which partly 
flowed out through the same mouth to the west of Matata) and was flanked by 
extensive wetlands that covered much of the lower Rangitaiki Plains. In the 1910’s most 
of the Tarawera River below State Highway 30 was straightened. This resulted in the 
river flowing faster, having a higher scouring action and contributed to a decline in the 
quality and quantity of fish habitat. In 1914, the Rangitaiki River was diverted directly 
out to sea and a new entrance to the Tarawera River was opened in 1917. 

The flow regime is stable due to the combination of the lake reservoir and the highly 
permeable pumice soils reducing surface runoff. High volumes of sand and pumice are 
transported down the river resulting in the bed being mobile, particularly in the lower 
reaches. It is natural that aquatic organisms have trouble existing in this type of habitat.  

A number of natural features and industrial discharges influence the water quality of the 
Tarawera River. Numerous geothermal features including warm springs influence the 
headwaters of the catchment. Substantial natural and industrial geothermal inflow also 
occurs around Kawerau. Until recently there were two pulp and paper mills discharging 
effluent to the Tarawera River at Kawerau. The first is a bleached sulphonated-chemi-
thermo-mechanical (CTMP) pulp mill, producing tissue, light weight paper grades and 
specialty papers. Paper machine waste water is treated via a clarifier and up until 1999 
had been discharged to the river but now goes to the Tasman aeration ponds. Pulp mill 
wastewater had been treated via an anaerobic treatment system taking sewage from 
the town of Kawerau in addition to mill effluent, and discharging (mean 6,000 -8,500 m3 
day-1 ) to the river and rapid infiltration basins (Bruere 2003). The pulp mill was closed 
down in May 2007 and no longer discharges to the river. 

The second mill produces bleached kraft and mechanical pulp. Since April 1998 the mill 
ceased using chlorine gas in its bleaching process and changed to chlorine dioxide, the 
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by-products of which are less harmful to aquatic ecosystems. Effluent treatment occurs 
in an aerated pond system with a residence time of 5-6 days and an average discharge 
rate from July 2006 to June 2007 of 1.7 m3/s. 

 

Figure1 Location of sampling sites and major discharge points from pulp mills on 
the Tarawera River. 

Colour and dissolved oxygen are now considered the main issues in the lower river 
(Dell et al. 1996). The large increases in colour are predominately due to the discharge 
of Kraft mill effluent. Downstream of the discharge the appearance of the river changes 
from a blue-green colour to a dark brown. Aside from the aesthetic effects, this change 
has ecological consequences as it results in reduction in light penetration and clarity in 
the order of 70%, though improvements have occurred since 2000. 

The two mills have previously contributed a combined loading of biochemical oxygen 
demand (BOD) to the river of 5-7 t day-1 (Bruere & Donald 1997). This factor, along with 
efficient bacterial breakdown of organic material in the porous pumice river sediments, 



Environment Bay of Plenty 7 

 

Environmental Report 2007/21 Bioaccumulation of Organochlorines in the Lower Tarawera River 2007 

results in high dissolved oxygen use and low concentrations in the water. The mean 
annual dissolved oxygen concentrations in the lower river (Awakaponga – Matata) are 
around 6 mg L-1 and minimum’s as low as 3 mg L-1 have been recorded in the summer 
months (Bruere & Wilding 1999). 

2.1.2 Sampling sites 

Location of all the sampling sites for eels and marine shellfish (Tua tua) used in this 
study is shown in Figure 1. A non-impact site for eels was located just above the 
Kawerau Township (Golf course site) to avoid any possible urban contamination as well 
as the industrial discharges further down the river. It is a close equivalent to the control 
sites previously sited at the Kawerau Bridge in the earlier studies (Hickey & Roper 
1992, Hickey et al 1993) and Golf course (Park 2002) for fresh water mussels. 

The Onepu site has previously been used for monitoring contaminants in freshwater 
mussels and also near the Pipe Bridge site which has also been used for contaminant 
monitoring. It is above the Tasman discharge but below the geothermal and former 
SCA mill discharges. 

Sampling at the SH30 site took place at the end of Johnston Road which has been 
used in previous studies of bioaccumulation in eels and fresh water mussels (Park 
2002) and in earlier studies on the Tarawera River (Hickey & Roper 1992). It is just 3 
km down stream and virtually equivalent to the SH30 bridge site used in the second 
fresh water mussel study (Hickey et al 1993). Security of the site is far higher than is 
possible at SH30, which is one of the main reasons for using it. 

The Matata site is just above the SH2 Bridge (300m) at the former lower river dissolved 
oxygen-monitoring site. It is just above the confluence of the Awakaponga and Awaiti 
Canals. The site is the same as used previously for fresh water mussels and eel.  

2.2 Methods 

2.2.1 Eels 

Sampling methodology was designed to allow comparison to the MfE Organochlorines 
Programme and Tasman Mill studies on the levels of dioxins and furans in feral eels 
from the Tarawera River and other rivers in New Zealand. Eels were collected using 
baited fyke nets (25 mm mesh) set overnight at the sampling sites between 23rd May 
and 12th June 2007. It was intended that each site sample would consist of a composite 
sample of 10 small shortfin eels (Anguilla australis)  around 350 - 400 mm in length. 
Lengths of eels used for analysis are provided in Appendix I. 

Selected shortfin eels were killed using an overdose of benzocaine before being 
measured and weighed. Preparation of eels for organic analysis required special 
procedures to avoid any possible contamination. All working surfaces and implements 
(stainless steel) were washed with acetone and rinsed with hexane prior to the removal 
of flesh samples. The flesh sample from each eel was a fillet 100mm long taken from 
the mid section. These fillets which retained the skin were combined into a composite 
sample which was then frozen. 

Dispatch of the frozen samples in chilly bins to the laboratory undertaking analysis used 
chain of custody procedures. Samples were analysed on a wet weight basis for dioxins 
and furans, chlorophenols and a small number of metals. Analysis followed standard 
methods. For dioxin and furans this is USEPA method 1613B (isotope dilution). 
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Rationale for using small shortfin eels is that these eels would be more likely to 
represent recent contamination of the river. Eels in the desired size range would have 
been around 6-8 years old on average (Park 1998). They have also been used in past 
surveys, as they are easier to obtain required numbers. Larger eels eat different prey 
items that may expose them to higher levels of dioxins/furans, but these compounds 
can be stored and progressively accumulated in fat tissue. This would then make it 
difficult to be certain that any results were relevant to the current situation.  

2.2.2 Tua tua 

Tua tua (Paphies australis) were collected by hand between the 23rd and 31 May 2007 
at low tide within 100 m of the Tarawera River mouth. Length of all shellfish used to 
make up a composite sample was recorded and is provided in Appendix I. All selected 
Tua tua where shucked with the whole shelled animal used as the sample which was 
then frozen. Sample processing followed the same procedure described above for eels 
with analysis of dioxins, furans and chlorophenols and metals being conducted. 
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Chapter 3:  Results 

3.1 Eel condition 

To give an indication of eel condition the relationship between eel length and weight 
can be used to produce an index which is given in Table 2 below. The higher the 
condition index values, the better the eel condition. The amount of lipid in eel flesh (wet 
weight basis) is also provided below with higher lipid content also generally indicating 
better condition. The other important aspect of lipid content is that it influences the 
amount of dioxin stored in flesh to the extent that results can be standardised to take it 
into account. 

Table 2 Mean length, weight, condition and lipid content of shortfin eels collected 
from the Tarawera River in 2007. 

 Length (mm) Weight (g) Condition Lipid % 

Matata (n=10) 430 175 0.216 5.4 

Awakaponga (n=10) 388 118 0.193 4.2 

SH30 (n=10) 425 168 0.216 2.7 

Onepu (n=3) 479 269 0.217 15.4 

Golf course (n=4) 534 395 0.253 14.2 

 

Eels from the Awakaponga site had the lowest mean condition index value. The Golf 
course site above the Kawerau urban area had the highest eel condition index. At this 
site there were very few eels which had larger average size and the habitat appeared 
less favourable due to high current velocities and very few areas of weed beds. 
However, their good condition indicates that the few eels present were doing well. The 
Awakaponga site had very high numbers of small eels present and competition for food 
may have been higher. The Matata and SH30 sites had eels of similar condition with 
the index value being higher than records from the 2002 survey for these sites. 

3.2 Chlorophenols 

Concentrations of chlorophenols found in eel flesh at each of the sites surveyed in 2007 
are shown in Figures 2 and 3. Figure 2 shows the congener groups based on the 
number of chlorine atoms attached to the phenol molecule while Figure 3 shows the 
more toxic of all the congeners. Eels from the Golf course site above all the discharges 
and urban areas show very low levels for all groups of chlorophenols. SH30 has the 
highest concentration of di, tri and tetrachlorophenols in eel flesh. The Onepu site 
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which is above the main Tasman oxidation treatment pond discharge has the highest 
concentration of Pentachlorophenol (PCP) of all sites. In Figure 3 it is apparent that a 
high proportion of the trichlorophenol group recorded at each site is due to the 
presence of 2,4,6,trichlorophenol. This compound also has the highest concentration of 
the more toxic congeners in eel flesh. Most of the chlorophenol compounds show little 
decrease in concentration within eel flesh even at the Matata site near the river mouth. 

Figure 2 Sum of congeners from each chlorophenol group found in shortfin eel 
flesh from sites on the Tarawera River in 2007. 

 

Figure 3 Concentration of the more toxic chlorophenol congeners found in 
shortfin eel flesh from sites on the Tarawera River in 2007. 
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Full results from analysis of eel flesh for chlorophenols are provided in Appendix III. 
Table 3 below has the chlorophenols present in tua tua collected from the Tarawera 
River mouth. 

 

Table 3 Concentration of chlorophenol congeners and groups in Tua tua 
collected from the Tarawera River mouth (ng/g wet weight). 

Year 246TCP 2346TeCP MCP DCP TCP TeCP PCP 

2002 0.0 0.0 1.2 0.0 0.0 0.0 0.0 

2007 0.007 0.051 0.510 0.046 0.106 0.072 0.091 

 

In 2007 there were more chlorophenol compounds detected than in 2002 which 
appears to be due to the lower detection levels achieved. However, concentration of all 
compounds was low so that the sum of all chlorophenol compounds in 2007 (0.82 ng/g 
wet weight exclusive of half detection levels) is lower than in 2002 (1.2 ng/g). 

3.3 Dioxin/Furans 

Results of the dioxin/furan analyses are summarised and presented in this section. The 
full results of analysis are provided in Appendix II. A comparison is made in Table 4 of 
earlier surveys of dioxin/furan contamination in eels from the Tarawera River along with 
data from other New Zealand rivers. The golf course site which is above all industrial 
and urban discharges into the river has low values around the mid range recorded for 
other New Zealand rivers. Results are shown graphically in Figures 4, 5 and 6. 

 

Table 4 Summary of dioxin/furan concentrations and toxic equivalency factors in 
eel samples (ng/kg wet weight basis) from the Tarawera River with 
comparison to earlier surveys and the Organochlorine programme (MfE 
1998). 

 No. congeners 
detected 

Sum of 
PCDD/PCDF’s 

Total TEF

16 NZ river sites* 0-5 0 – 1.61 0 – 0.38 

Golf course 2007 3 0.869 0.04 

Onepu 2007 7 19.30 1.60 

SH30 1991 14 43.26 5.67 

SH30 2002 15 13.40 2.95 

SH30 2007 6 6.40 0.41 

Awakaponga 2007 6 3.64 0.57 

Matata 2002 13 3.87 0.72 

Matata 2007 6 3.88 0.53 
* MfE 1998 – uses NATO TEF 
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Figure 4 Concentration of dioxin/furan congeners in eels from the Tarawera 
River. 

 

In Figure 4 the reduction in dioxins/furans present in eel flesh that has occurred since 
1991 at the SH30 site can be seen. The 2007 survey shows that there appears to be a 
further small improvement since 2002. In the 2007 survey, the spread of sites up the 
river provides a clear profile of the dioxin impact right down to the river mouth. The 
Onepu site which is above the main Tasman pond discharge but downstream of the 
previous SCA mill discharge points and urban/industrial storm water discharges to the 
river has the highest recorded level of dioxin/furans present in eel flesh. 

A standard scientific approach to provide comparable values is to standardise for lipid 
content. Accordingly the 2007 results of eel flesh for TEF then have the following 
qualitative values starting at the golf course site down to Matata; 0.28, 10.39, 15.19, 
13.57, 9.81. On this basis SH30 has the highest dioxin/furan impact which reduces 
heading down the river. There is also a reduction in dioxin/furan impact from 2002 to 
2007 using lipid standardised values for the SH30 and Matata sites. Figures 5 and 6 
show that TEF and the sum of dioxin/furan results have a close numerical relationship 
and produce the same impact trend in the river. 

The overall dioxin/furan congener profile recorded in eel flesh remains the same as that 
seen in the earlier surveys. The dioxin/furan profile matches that expected from pulp 
mill discharges. The large reduction in dioxins and furans seen since the 1991 survey is 
taken to be the result of the Tasman mill removing the use of elemental chlorine gas in 
its bleaching process. 

Figures 5 and 6 also show the dioxin results for tua tua collected from the Tarawera 
River mouth with the total dioxin/furan concentrations and TEF shown. Results show 
the same trend over time as shown by monitoring within the Tarawera River with a 
large drop from 1991 to 2002 and a further smaller reduction in 2007.  
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Figure 5 Sum of the total dioxin/furan congener concentration measured in eels 
from the Tarawera River and tua tua from the entrance.  

Figure 6 Toxic Equivalency Factor for eels from the Tarawera River and tua tua 
from the entrance. 
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3.4 Metals 

Results for metals concentrations in eel and tua tua flesh are provided in Table 5 
below. The metals listed are those which occur both naturally and in geothermal 
discharges and have been monitored in previous surveys of the Tarawera River using 
freshwater mussels. Arsenic (As) levels were highest in tua tua but are well below the 
levels recorded in 2002 for freshwater mussels (4.8 – 8.7 mg/kg ww). Mercury (Hg) 
levels in tua tua are similar to results from previous surveys of freshwater mussels while 
results for the eels are an order of magnitude higher. Chromium (Cr) and boron (B) are 
higher in tua tua than in eels, but similar to previous surveys of freshwater mussels. 

 

Table 5 Metals measured in eels and tua tua (mg/kg wet weight) from the 
Tarawera River in 2007. 

Species Site As Hg Cr B 
Eels Golf course 0.15 0.15 <0.1 <0.5 
Eels Onepu 0.39 0.23 0.14 <0.5 
Eels SH30 0.2 0.19 <0.1 <0.5 
Eels Awakaponga 0.21 0.18 0.16 <0.5 
Eels Matata 0.24 0.22 0.11 <0.5 
      
Tua tua River mouth 1.7 0.029 0.74 3 
      
NZ food limit 2.0* 0.5 - - 

  * Arsenic (As) is set in terms of inorganic form of metal, values in table are totals 
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Chapter 4:  Discussion and summary 

4.1 Chlorophenols 

The level of chlorophenol concentration recorded in eel flesh has dropped almost an 
order of magnitude at all sites previously sampled in 2002. This continues a trend that 
was previously seen when comparing results to the earlier 1993 survey. Patterns of 
chlorophenol concentrations in eel flesh for the congener groups are similar to 2002 
results with trichlorophenols present at the highest levels followed by di and tetra 
halogenated congeners.  

In 1993 2,4,6,trichlorophenol and PCP were detected at high levels but not in the later 
2002 survey. In this survey although the levels are low overall, results from the Onepu 
site which is above the main Tasman discharge from the oxidation ponds, shows that 
tetrachlorophenols and PCP are just as high as further down the river indicating a low 
level of contamination above this point. 

4.2 Dioxin/furans 

Dioxin/furan data from this study suggests that bioaccumulation of these compounds in 
eels from the Tarawera River may have reduced marginally from the earlier 2002 
survey. That reduction is based on standardising the results for lipid content. Without 
standardisation results would then suggest that eels were exposed to higher levels of 
dioxin/furan contamination above the main Tasman mill pond discharge at the Onepu 
site. Overseas studies have shown that sewage is a significant source of dioxin 
contamination and the SCA mill used to utilise the Kawerau municipal sewage in its 
treatment process. Hence, it is possible that if not from the former SCA pulp mill itself, 
the discharge could have been a source of dioxin to this section of the river.  However, 
the dioxin present in eels may be a result of eels moving about within the river. Other 
factors such as the nature of prey items and the food chain dynamics at that site could 
vary and have a strong influence. 

In the 2002 survey the TEF levels in eels from the SH30 sampling site were marginal in 
terms of the risk they posed of a person exceeding the Ministry of Health guidelines for 
consumption. Taking into account background dioxin exposure it was estimated that a 
70 kg person could only consume around 450g of eel flesh a month without risk of 
exceeding the guideline. That weight of eel flesh was equivalent to around four eels of 
the size used for this survey. With the reduction of TEF seen in the 2007 survey a 
person could now eat around 8 eels of the same size per month from the Onepu site 
and 30 from the SH30 site before the guideline was exceeded. This is a marked 
improvement from 2002 in terms of consumption safety. 

Overall the data from eels and tua tua show a consistent downward trend in 
dioxin/furan concentrations since the Tasman mill modernised its bleaching process in 
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1998 to eliminate elemental chlorine. There are several factors which would be 
expected to produce a time lag in seeing reductions occur after improvements have 
been made. As mentioned in the methods, small eels around 6 – 8 years old are 
selected to minimise historic bioaccumulation but this still occurs given the eels age. 
Also the sediments in the river will have been contaminated by dioxin which provides a 
pathway for eels to accumulate. The degree and speed at which sediment and any 
dioxin load is flushed from the Tarawera River is unknown. 

4.3 Metals 

There is previous survey data for metals (As & Hg) in eels from the Tarawera River 
(Hickey 1994) for sites just below and above Kawerau. Values are very similar to those 
recorded in this survey. The majority of heavy metals present in the river are naturally 
occurring due to the geology of the region and the abundant geothermal inputs. Arsenic 
and mercury are both naturally present in the Tarawera River at moderately high levels 
while chromium increases in concentration below the industrial discharges (Deely 
1995). Bioaccumulation of mercury is reasonably strong in fish and the eels show flesh 
concentrations almost an order of magnitude higher than tua tua at the river mouth. The 
mercury levels measured in eels are within the New Zealand Food Safety Authority’s 
maximum residue limit of 0.5 mg/kg. Limits for arsenic in shellfish are 2 mg/kg of the 
inorganic form of the metal. The results in Table 5 are for total arsenic and the 
inorganic component will be much lower, hence results are once again well within food 
guidelines. 
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Appendices 
 
Appendix I Biometric data; Eels, Tua tua 

Appendix II Dioxin Analysis result sheets 

Appendix III Chlorophenol Analysis result sheets 
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Appendix I – Biometric data; Eels, Tua tua 

 
Eel data 
 
Shortfin eels (Anguilla australis) caught in Tarawera River between 23rd May and 12th 
June. 
 

Site year 
Length 
(mm 

Weight 
(g) 

Matata 2007 445 185 
Matata 2007 500 268 
Matata 2007 431 165 
Matata 2007 410 158 
Matata 2007 411 157 
Matata 2007 410 149 
Matata 2007 486 206 
Matata 2007 385 117 
Matata 2007 367 107 
Matata 2007 453 237 
Awakaponga 2007 405 80 
Awakaponga 2007 332 57 
Awakaponga 2007 368 83 
Awakaponga 2007 407 131 
Awakaponga 2007 470 206 
Awakaponga 2007 405 199 
Awakaponga 2007 371 97 
Awakaponga 2007 333 74 
Awakaponga 2007 408 139 
Awakaponga 2007 385 116 
SH30 2007 450 198 
SH30 2007 420 153 
SH30 2007 435 135 
SH30 2007 425 185 
SH30 2007 445 216 
SH30 2007 465 219 
SH30 2007 440 193 
SH30 2007 415 131 
SH30 2007 342 95 
SH30 2007 410 151 
Onepu 2007 600 502 
Onepu 2007 430 163 
Onepu 2007 406 142 
Forest 2007 437 220 
Forest 2007 610 568 
Forest 2007 500 351 
Forest 2007 590 443 
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Tua tua (Paphies subtriangulata subtriangulata) 
 
Lengths of Tua tua collected from the Tarawera River mouth between the 23rd and 31st 
of May 2007 which formed the composite sample used for analysis. 
 
 
Year Length mm Year Length mm 

2007 60  2007 54
2007 58  2007 54
2007 64  2007 55
2007 58  2007 53
2007 54  2007 54
2007 56  2007 52
2007 55  2007 51
2007 56  2007 53
2007 55  2007 51
2007 57  2007 50
2007 52  2007 53
2007 62  2007 57
2007 55  2007 54
2007 56  2007 53
2007 56  2007 50
2007 60  2007 55
2007 62  2007 54
2007 57  2007 51
2007 57  2007 53
2007 57  2007 50
2007 55  2007 50
2007 54  2007 50
2007 55  2007 52
2007 52  2007 50
2007 53  2007 52
2007 53  2007 51
2007 51    
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Appendix II – Dioxin Analysis result sheets 
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Appendix III – Chlorophenol analysis result sheets 
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