
~hemical/Microbiological . . Methodology 

Sampling and Analyses 
"i+ 

During the 1997198 sampling year, water samples were collected at a four weekly frequency 
from 35 monitoring sites across the western Wellington Region fiom Waitohu Stream to the 
Orongorongo River. Sampling sites are listed in Appendix 2. The sampling year ran fiom June 
1997 to May 1998. 

Samples were analysed for the 12 variables listed below. The significance of each variable is 
described in Appendix 3. 

Dissolved Oxygen Temperature 
Percentage Saturation Dissolved Reactive Phosphorus 
Biochemical Oxygen Demand Nitrate-N 

Dissolved Inorganic Nitrogen 
Faecal Coliforms Ammonia-N 

Water Clarity 

To ensure that samples were representative of the water body being monitored, wherever 
possible, samples were collected in mid stream. Water clarity, oxygen saturation and 
temperature were measured at the time of sampling and nutrient samples were filtered on site. 
Samples were collected in the morning to obtain lower dissolved oxygen scores and to ensure 
that diurnally fluctuating variables, such as dissolved oxygen and pH were relatively 

All variables, other than oxygen saturation and temperature, were analysed in the Wellington 
Regional Council laboratory using methods outlined in Appendix 4 and in accordance with 
Telarc quality assurance procedures. 

Data Management, Preparation and Processing 

Chemical and microbiological results were stored on QUAL,ARC version 2 (Briffault and Zurr, 
1991). Prior to statistical analysis and other calculations, samples with variable concentrations 
reported as less than and greater than detection limits (i.e. non-detects) were replaced by values 
one half of the method detection limit, and the method detection limit respectively, i.e: 

<x = 112x and >x = x. 

Summary statistics of annual results were calculated using Excel and are presented in Appendix 
5. The median was employed as a measure of central tendency due to the predominance of a 
few very high values, typical of a water quality data set. However, the Water Quality Index 
score was based on the annual mean in accordance with the methodology outlined by Smith 
(1987). 



Macroinvertebrate Community lndex 

Macroinvertebrates are the insects, snails, worms and crustaceans living in the bed of rivers and 
streams and can be used as indicators of water quality (Appendix 3). Biological monitoring is 
undertaken using the Macroinvertebrate Community Index method (Stark, 1985). 

Sampling and Analyses 

Five macroinvertebrate community subsamples were gathered at 26 of the 35 sample sites. 
These sites are listed in Appendix 2. Macroinvertebrates are usually most abundant in cobbly 
riffle areas and were collected from cobble substrates nearest to a chemical/microbiological - 
sampling point. 

Macroinvertebrates were collected once at each site during the summer period (November- 
February). The timing of sampling was determined at random, although no macroinvertebrate 
sampling occurred within a month of any flood event. Flooding may cause large drifts of 
macroinvertebrates, carrying pollution intolerant taxa from clean upper catchment habitats to 
less favourable lower catchment habitats (Taranaki Regional Council, 1994). 
Macroinvertebrate abundance is also greatly reduced for 3-4 weeks after a flood event. 

Macroinvertebrate community structure is a product of the physical environment and water 
quality. Sites with similar physical characteristics were selected so that the macroinvertebrate 
community structure would predominantly reflect water quality influences. Physical 
characteristics were also selected to optimise macroinvertebrate abundance. Before taking a 
sample, depth and velocity were measured using a ruler and velocity rod (Drost, 1963). Water 
depths were within 0.2-0.4m and velocities between 0.6 and 1 .Om/s. If these conditions were 
unobtainable, a site with depth of <0.7m and flow velocity of 0.2-1.0ds was selected (Smith et. 
al, 1991). Cobble size at each site was within 64-256 mm, or gravel if this was not possible. 

Undesirable biological growths was also estimated as percentage cover within the quadrant. 
Undesirable biological growths is a food source and its abundance will affect the Dresence or - - - - 

absence of macroinvertebrate taxa. Greater cover of thick undesirable biological growths 
filaments and mats promotes the presence of pollution tolerant taxa. Substrates covered in little 
or no films have the opposite effect. 

Once sites were selected according to the above criteria, invertebrate animals were collected in a 
kick net with 250pm mesh size. Five macroinvertebrate subsamples were taken at each site. 
Sample substrate was kicked for 30 seconds. Subsamples from each site were combined as a 
composite sample and preserved in 40 percent isopropyl alcohol. 

In the laboratory, macroinvertebrates were extracted from the sample under an Olympus 
dissecting microscope (x40). Specimens were identified to taxonomic levels specified by Stark 
(1985). Chironomids were identified to family. Identifications were made according to 
Winterbourn (1973) for molluscs (snails) and Winterbourn et. a1 (1989) for insects. 

Data Management: Preparation and Processing 

Macroinvertebrate Community Index results were calculated for all 26 sites and interpreted in 
accordance with Table Al. Interpretation of results was based upon the methodology of Stark 
(1985). The mean percentage undesirable biological growths cover from the five 
macroinvertebrate subsamples was calculated for each site and used to assess Macroinvertebrate 
Community Index results. Results were also compared against annual chemical water quality 
results. 

Table Al :  Interpretation of Macroinvertebrate Community lndex Scores 

Macroinvertebrate Community Index Score Water Quality Habitat 

>I25 Good Habitat Quality 
116-125 Good-Moderate Habitat Quality 
106-115 Moderate Habitat Quality 
95-105 Moderate-Poor Habitat Quality 

<95 Poor Habitat Quality 

All results were entered into QUALARC. 

Undesirable Biological Growths Nuisance 

Sampling and Analyses 

Undesirable biological growths cover assessments were made by estimating the percentage of 
visible mats and filaments on the stream or river bed within a lm diameter hoop quadrant. 
The assessment was made ten times across the width of the stream or river using a transect. If 
the stream or river width was not sufficiently long for ten quadrants, five quadrants were 
placed across the width of the waterway in two locations at the site. If the stream was too 
small for five quadrants an overall assessment of undesirable biological growths cover was 
made. 

Data Management: Preparation and Processing 

The total visible undesirable biological growths cover from each sampling occasion was stored 
in QUALARC 

Assessment of Results 

The freshwater quality results were assessed by district. The Upper Hun and Hutt Districts were 
combined to simplify analysis of the Hutt River system. 



Spatial Trends 

Samples that failed to meet applicable guidelines were discussed in detail. The possible sources 
of failures were identified and the significance of the results were discussed relative to users. 

Temporal Trends 

There was sufficient data at 25 of the 35 sites to detect long-term trends in water quality. 
Trend detection was undertaken on faecal Coliforms, turbidity, dissolved reactive phosphorus, 
ammonia-N, and dissolved oxygen data. Statistical long-term trend analysis was used to 
calculate whether there has been an increase, decrease or no change in a water quality variable 
between the period July 1994 to May 1998. 

Statistically significant trends were identified by conducting trend analysis on monthly raw 
and flow adjusted data (Figure A2 ). Trends were considered significant when an increased 
loading of the water quality variable (e.g. from point source and non point sources) resulted in 
an increase in the concentration in receiving waters. pH changes were discounted because 
increases were lower than the detection limit and there has been a decrease in precision since 
1994. 

Trend analysis was calculated on raw and flow adjusted data using the Kendall Tau test in the 
WQIIStat statistical analysis package. Before trend detection it was necessary to deseasonalise 
the data. Deseasonalising is performed by removing the seasonal mean from each data point. 
Seasonal influences may otherwise mask the detection of long-term trends because water 
quality variables may change with season. Flow adjustment is performed using a technique 
known as locally weighted scatter plot smoothing (LOWESS) and was calculated using the 
SYSTAT statistical analysis package. Missing data was replaced by a dummy variable. The 
dummy variable was calculated by taking the mean of the previous and following month's 
data. If more than two data points were missing consecutively, the following year's results for 
the corresponding months were added. WQIIStat trend analysis must be calculated on 
monthly data. Some adjustment was made to data which was recorded just outside the correct 
month so that there was at least one result each month. 
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Figure A2: Methodology Employed to Detect a Trend in a Water Quality Variable 

of sampling 

Source: (Stansfield, 1997) 
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Trend analysis of the macroinvertebrate community index results was based on a visual 
assessment of annual scores from 1994195 to 1997198. 



Guidelines 

Biochemical oxygen demand, pH, turbidity, dissolved oxygen, percentage oxygen saturation, 
ammonia-N, dissolved reactive phosphorus, percentage undesirable biological growths cover, 
water clarity, and faecal coliform data fiom all 35 sites were assessed to determine com$iance 
with relevant water quality guidelines (Appendix 6). 

For most water quality variables, a failure to meet guidelines is based on the percentage of 
samples over the latest sampling year which failed to meet their respective guidelines. Oxygen 
saturation, cover of undesirable biological growths, and pH had to fail to meet the guideline 
level on 17% or more of sampling occasions before the results were assessed in this report. 
Similarly turbidity results had to fail to meet the guideline on 80% or more sampling 
occasions. The annual median dry weather faecal coliform level failed to meet the required 
contact recreation guideline for bathing if it was above 200 faecal coliforms/100 mL. A 
Macroinvertebrate Community Index failure was identified when the annual result was below 
the 'moderate to poor' water quality habitat level. Nuisance periphyton growths in relation to 
aquatic ecosystems were discussed if they were relevant to low oxygen saturation levels, a 
poor macroinvertebrate community index result or a high pH result. Elevated nutrient levels 
were only discussed if biological growths were at nuisance levels. The biochemical oxygen 
demand level was only assessed when the oxygen saturation levels were low or sewage 
fungus was identified at a site. Dissolved inorganic nitrogen levels were not discussed because 
most results showed that plant growth in site waters was not limited by this nutrient. 

Water Quality Guidelines 

The results of all 35 sites were assessed against guidelines relevant to their purposes of 
management under the Proposed Regional Freshwater Plan. Water quality guidelines are 
summarised in Table A3. 

Table A3: Water Quality Guidelines 

Purpose of Narrative Guidelines Numerical Guidelines Source 
Management 
Section 107 After reasonable mixing, the 
(Minimal contaminant either by itself or in 
Guideline) combination with other 

contaminants, is not likely to 
cause any of the following 
effects: 

Any conspicuous change in the Turbidity c 2 ntu 
colour or visual clarity 

The water clarity guideline for 
aesthetics requires an upstream 
control site and many streams did not 
have such a control site. 

The rendering of freshwater No recognised guideline in New 
unsuitable for consumption by Zealand 
farm animals 

Smith et.al 
(1 992) 

Purpose of Narrative Guidelines Numerical Guidelines Source 
Management 

Anv sionificant adverse effects Biochemical Oxygen Demand <5g/m3 Smith et.al , - 
on aquatic life or in relation to oxygen saturation (1 992) 

levels 

Saturation >80% 

The water clarity guideline for aquatic 
ecosystems requires an upstream 
control site and many streams did not 
have such a control site. 

Temperature <25 C 

ANZECC 
(1 992) 

ANZECC 
(1 992) 

Smith et.al 
(1 992) 

Resource 
Management 
Act 

Dissolved Reactive Phosphorus ANZECC 
<0.015g/m3 (1 992) 

Dissolved Inorganic Nitrogen 4 . 0 4  ANZECC 
(1 992) 

Ammonia toxicity dependent on pH ANZECC 
and temperature (1 992) 

Macroinvertebrate Community Index Stark (1985) 
> I  05 

Aquatic After reasonable mixing, the 
Ecosystems contaminant, either by itself or 
Purposes in combination with other 

contaminants, is not likely to 
cause any of the following 
effects: 

All those effects in section 107 

The natural temperature of the Natural temperature unknown and 
water shall not be changed by maximum temperatures not monitored 
more than 3' Celsius 

The following shall not be 
allowed if they have an adverse 
effect on aquatic life: 

Any pH change: ~6 .5 .  <9.0 ANZECC 
(1992) 

Any increase in the deposition No guidelines recommended for 
of matter on the bed of the suspended solids 
water body or coastal water: 

Any discharge of a contaminant - 
into the water. 



Purpose of Narrative Guidelines Numerical Guidelines Source 
Management . - 

The concentration of dissolved ~ 3 0 %  oxygen saturation 
oxygen shall exceed 80% of 
saturation concentration 

There shall be no undesirable Interpretation of the macroinvertebrate 
biological growths as a result of community index, oxygen saturation 
any discharge of a contaminant and pH results against undesirable 
into the water. biological growths cover 

Nationally - 
Threatened 
Indigenous 
Fish 
Fishery After reasonable mixing, the 
Purposes contaminant, either by itself or 

in combination with other 
contaminants, is not likely to 
cause any of the following 
effects: 

All those effects in section 107 

All those effects under 
'Aquatic Ecosystems 
Purposes" 

The natural temperature of the <25 C (natural temperature unknown, 
water - samples are not collected at peak 

temperatures) 
To be changed by more than 
30 Celsius; and 

To exceed 250 Celsius. 

The concentration of the >80% oxygen saturation 
dissolved oxygen to be less 
than 80% of saturation 
concentration. 

Fish to be rendered unsuitable - 
for human consumption bv the 
presence of contaminant;. 

Fish After reasonable mixino. the 
Spawning contaminant, either by %self or 
Purposes in combination with other 

contaminants, is not likely to 
cause any of the following 
effects: 

All those effects in section 107 

All those effects under 
"Aquatic Ecosystems 

Purpose of Narrative Guidelines Numerical Guidelines Source 
Management 

The natural temperature of the <25 C (natural temperature unknown, 
water to be changed by more samples are not collected at peak 
than 30 Celsius. The temperatures) 
temperature of the water to 
adversely affect the spawning 
of specified fish species 
(either brown trout. Salmo 
truffa, or inanga, Galaxias 
maculatus) during the 
spawning season. 

The concentration of dissolved >80% oxygen saturation 
oxygen to fall below 80% of 
saturation concentration. 

Needing 
Enhanceme 
nt for 
Aquatic 
Ecosystems 
Purposes 
Contact Afler reasonable mixing, the 
Recreation contaminant, either by itself or 
purposes in combination with other 
(bathing) contaminants, is not likely to 

cause any of the following 
effects: 

All those effects in section 107 

All those effects under 
'Aquatic Ecosystems 
Purposes" 

The visual clarity of the water >1.6m 
to be so low as to be 
unsuitable for bathing. 

MFE (1 992) 

The water to be rendered < median 200 faecal coliformsllO0 mL Water and Soil 
unsuitable for bathing by the Conservation 
presence of contaminants. Act 

The presence of undesirable <40% cover filamentous growths or MFE (1994) 
biological growths as a result mats 
of any discharge of a 
contaminant into the water. 

Water Afler reasonable mixina. the 
SUPPlY contaminant. either by isel f  or 
Purposes in combination with other 

contaminants, is not likely to 
cause any of the following 
effects: 

All those effects in section 107 

All those effects under 
"Aquatic Ecosystems 
Purposes" 



Purpose of Narrative Guidelines Numerical Guidelines Source 
Management . . 

The pH of surface waters to be ~ 6 . 0 ,  <9.0 
outs~de the range of 6.0 - 9.0 

I F" ""d 
I 

units. I -  I 1 

The concentration of dissolved <5g/m3 dissolved oxygen 
oxygen in surface waters to be 
below 5 glm3. 

The water is rendered 
unsuitable for treatment 
(equivalent to coagulation, 
filtration, and disinfection) for 
human consumption by the 
presence of contaminants. 

The water is tainted or 
contaminated so as to make it 
unpalatable or unsuitable for 
consumption by humans afler 
treatment (equivalent to 
coagulation, filtration, and 
disinfection), or unsuitable for 
irrigation. 

Contact Afler reasonable mixing, the 
Recreation contaminant, either byitself or 
Purposes in combination with other 
(kayaking, contaminants, is not likely to 
canoeing, cause any of the following 
angling, effects: 
tubing, 
rafting) 

The presence of undesirable <40% cover filamentous growths or MFE (1994) 
biological growths as a result mats 
of any discharge of a 
contaminant into the water. 

Natural State Afler reasonable mixing, the 
contaminant, either by itself or 
in combination with other 
contaminants, is not likely to 
cause the following effect: 

The natural quality of the water - 
to be altered. 

Macroinvertebrate Community Index 

Macroinvertebrate analyses alone cannot identify the specific causes of good or bad habitat 
quality so a comparison of Macroinvertebrate Community Index results with associated water 
quality variables was made. However, Macroinvertebrate Community Index results may be a 
product of water quality conditions unidentified during routine chemical sampling and this 
was also considered in the analysis. Index results were assessed against percentage undesirable 
biological growths cover (measured at the time of sampling) and annual turbidity levels. 
Although dissolved oxygen, temperature and pH concentrations may also influence community 
structure, these variables were only discussed in general terms in the analysis of the 

Macroinvertebrate Community Index results. Dissolved oxygen levels were high at all 

Macroinvertebrate Community Index sites and were unlikely to have had a detrimental effect on 
community structure. Temperature and pH results were not measured during mid afternoon 
when they are most likely to adversely impact on macroinvertebrates. Macroinvertebrate 
Community Index, chemical and undesirable biological growths results are surnrnarised in 
Appendix 6 and lists of taxa are located in Appendix 7. 



Appendix 1 : 

Methods 



Appendix 3: 

Variables and Their Use 



(units) . . Use 

pH (acidity and alkalinity) will impact upon freshwater ecosystems and 
may change through the course of a day. Particularly high (alkaline) or 
low (acidic) pH levels may have an adverse impact on aquati&$iota 
directly. Alkaline conditions may also increase the toxicity of other 
pollutants such as ammonia-N, which in turn may adversely impact upon 
aquatic fauna (ANZECC, 1992). pH in most waters is controlled by the 
carbonate-bicarbonate buffer system. High abundances of periphyton 
and phytoplankton will alter the acidity and alkalinity of waterways. As 
aquatic vegetation respires overnight to produce carbon dioxide (a weak 
acid), the resulting dissolved carbon dioxide in the surrounding water is 
then converted to carbonic acid. The outcome is a small increase in 
acidity. During the course of a day, aquatic vegetation undergoes 
photosynthesis which requires the uptake of carbon dioxide. The result is 
a large-increase in alkalinity (Sorrell, pers. comm., October, 1996). 

Dissolved Oxygen Dissolved oxygen levels are most often reduced in aquatic ecosystems 
(glm3)1Percentage directly by the addition of organic material or indirectly through the 
Saturation addition of plant nutrients. The addition of organic material stimulates the 

activity of aerobic heterotrophs, primarily bacteria, which utilise 
dissolved oxygen from the water as they mineralise the organic material. 
The addition of plant nutrients may influence dissolved oxygen, either 
through their utilisation of oxygen by the plants at night, whenthey cease 
to photosynthesise, or through the decomposition of the plant material 
that has grown due to the nutrients. The concentrations of dissolved 
oxygen in a waterbody may vary enormously in the course of 24 hours, 
particularly in streams where there is significant nutrient enrichment. The 
solubility of dissolved oxygen in water is dependent on temperature, 
atmospheric pressure and salinity (ANZECC, 1992). 

Biochemical Oxygen Biochemical oxygen demand gives a measure of the oxygen required by 
Demand bacteria, under standard conditions, to oxidise carbonaceous organic 
(dm3) material into carbon dioxide and water. The biochemical oxygen demand 

indicates the amount of biodegradable organics present (Smith et. al, 
1993). 

Turbidity Turbidity may be defined as the relative tendency of a water to scatter 
(ntu) light. Informally turbidity is synonymous with cloudiness (lack of visual 

clarity). Changes in water clarity may be used to interpret the aesthetic 
value of waterways. Differences in water clarity also affect the ability of 
sight feeding predators, such as fish and birds, to locate prey and the 
ability of algae to photosynthesise and hence provide food for animals 
further up the food chain (Ministry for the Environment, 1994). 

Faecal Coliforms Faecal coliforms are useful for determining the suitability of waters for 
(1100 mL) contact recreation and stock drinking. The most common diseases 

associated with swimming areas are eye, ear, nose and throat 
infections, skin diseases and gastrointestinal disorders. A number of 
pathogens and parasites can be transmitted by contaminated water to 
livestock which may result in reduced growth, morbidity or mortality. 
Faecal coliforms are indicator organisms. This means their presence in 
water is indicative of harmful pathogens. Measurement of harmful 
pathogens themselves is difficult or impossible (ANZECC, 1992) 

Temperature Water temperature has a substantial effect On the functioning of aquatic 
("c) ecosystems and the physiology of the biota. Physiological processes 

have thermal optima, and alterations to ambient temperatures may affect 
.m the species exposed in a variety of ways. Growth and metabolism, 

-, 
timing and success of reproduction, mobility and migration patterns and 



Variable (units) Use 
production may all be altered by the changes in ambient temperature 
regimes. Effects may be direct through changes to the metabolism, or 
indirect through the influence on the solubility of oxygen in water and 
chanaes to the toxicity of ammonia-N (ANZECC, 1992). 

~- 

Dissolved Reactive Dissolved reactive phosphorous is a form of phosphate that is available 
Phosphorus immediately for plant growth and will assist in interpretation of periphyton 
(!31m3) growth results (ANZECC. 1992). Dissolved reactive phosphorus levels in 

water samples are often inversely related to periphyton cover due to 
uptake of the nutrient by periphyton (Smith et. al, 1993). 

Nitrate-N Nitrate-N is mainly derived from land and subsoil drainage. If most of 
(dm3) nitrogen in the water is in the nitrate form, the waters may be considered 

stabilised and indicate previous pollution. Nitrate is an important nutrient 
for the growth of algae and other plants and may be harmful to stock in 
sufficient concentrations (ANZECC, 1992). 

Dissolved Inorganic Dissolved Inorganic Nitrogen is a measure of the nitrogen available to 
Nitrogen plants. Dissolved Inorganic Nitrogen = (ammonia-N + nitrate-N) 
(elm3) (ANZECC. 1992). 

Ammonia-N The presence of toxic unionised ammonia indicates some contamination 
(glm3) due to wastes or anaerobic waters. Of the wide range of aquatic 

organisms tested, fish have proven to be most sensitive to ammonia-N . 
The toxicity of ammonia is dependent on the concentration of the 
undissociated form (NH,), which is controlled by the pH and temperature 
of the solution (ANZECC, 1992). 

Water Clarity 
(m) 

Refers to the transmission of light through water. Poor water clarity may 
reduce the ability of light to reach aquatic plant life, the ability for 
predators to see their prey, and reduce the aesthetic value of streams 
and rivers (MFE, 1994). 

Undesirable Biological Undesirable biological growths are the plants (usually algae) which grow 
Growths Cover (%) on objects such as stones, logs and other plants. Undesirable biological 

growths may block intake screens for water supply, and reduce the 
aesthetic, recreational and ecosystem values of rivers and streams 
(MFE, 1992). 

Macroinvertebrate Macroinvertebrates are aquatic insects, crustaceans, worms and snails 
Community lndex living in the beds of rivers and streams. These macroinvertebrates are 

collected from cobble beds and are used to calculate what is known as 
the Macroinvertebrate Community lndex (Stark, 1985). The 
Macroinvertebrate Community lndex is based on the pollution tolerances 
of aquatic invertebrates where each taxon is assigned a score from I to 
10. The more sensitive taxa are allocated higher scores while highly 
tolerant forms are allocated low scores. A Macroinvertebrate Cornmunity 
lndex score is estimated by averaging the taxa scores and multiplying the 
result by a scaling factor of 20. Macroinvertebrates are susceptible to 
changes in sedimentation, periphyton abundance, temperatures (Quinn 
et. al, 1992), pH, dissolved oxygen and toxins. 

The advantages of using the Macroinvertebrate Community lndex are as 
follows: 

1. Macroinvertebrates indicate long-term water quality conditions 
compared with spot chemical samples which only represent water 
quality at time of sampling. 

Variable (units) Use 

2. Macroinvertebrates have advantages over other types of biological 
analyses. Macroinvertebrates are useful indicators of water quality 
because of long life spans (three months to two years) and their 
relatively sedentary nature and ease of sampling compared to fish 
(Quinn, 1990). 

3. The Macroinvertebrate Cornmunity lndex reduces complex 
information on community structure into a single number. 

4. Macroinvertebrate analyses are a useful means of assessing the 
life supporting capacity of waters. 



Appendix 3: 

Methods Used in Laboratory and Field Analyses 
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10. Problem Urban Streams 
. . 

10.1 Background 
>%ii'* 

This report has identified that the smaller urban streams of the Wellington Region 
have extremely poor water quality. Their poor macroinvertebrate communities and 
poor compliance with current water quality guidelines identify this. This chapter 
discusses the pressures placed on these streams and the responses necessary to 
improve their water quality. 

10.2 Pressures 

The main pressures that have contributed to poor water quality in Wellington's urban 
streams are habitat modifications, contaminated stormwater inputs and pollution 
incidents. 

Habitat Modifications 

Urban streams in the Wellington Region are generally highly modified ecosystems. 
Often streams have been realigned, culverted and surrounding riparian vegetation has 
been removed to allow for urban development. This development causes extreme 
changes to instream habitat. 

The catchments of urban streams have been altered through clearing vegetation and 
increasing the impervious surface area (concrete and tarseal surfaces). This seriously 
alters the hydrology and habitat of the stream. Surface runoff is increased and flood 
peaks become greater. Clearing of riparian vegetation allows for increased sunlight 
to the stream, which may result in increased periphyton growths and water 
temperatures. Water temperatures become more variable because the riparian 
margins that normally provide a stable microclimate have disappeared. The clearance 
of a riparian margin takes away any filtering capacity the stream may have had prior 
to non point source pollutants entering the stream. Realignment of the streams results 
in less diversity of riffle, pool and run habitat for instream fauna. Poorly designed 
culverts may impede fish passage, preventing fish from reaching important spawning 
areas. 

Stormwater Runoff 

Stormwater is the water that runs off impervious surfaces (roads, roofs, footpaths, 
pasture and industrial yards) when it rains. In urban areas it is usually collected in 
pipes and discharges untreated to the nearest receiving water. Analysis of complaints 
received by council over the last three years has revealed that a lot of pollution is 
entering urban streams via the stormwater system (Hooper 2000). 

Common pollutants in contaminated stormwater are, nutrients, hydrocarbons, heavy 
metals, silt, sewage, oil, grease, pesticides, inks dyes and detergent. When it rains 
many of these pollutants will be washed into urban streams via the stormwater 
system. The impacts these pollutants have on small urban streams is not well 
researched as the main focus of research in New Zealand has been on the effects of 
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land uses such as agriculture and forestry. The effects of pollutants may also be 
masked by the altered hydrological regime of the stream. Regular fieshes in urban 
catchments often flush invertebrate fauna away leaving hardy taxa, which are 
aggressive colonisers. 

Pollution Incidents 

Pollution incidents frequently occur in the urban areas of the Wellington Region. The 
Wellington Regional Council has a 24-hr pollution response service. The following 
results indicate the number of pollution incidents (for the 1990- 2000 period) that 
have occurred in the small urban streams that are part of the baseline freshwater 
quality monitoring programme. 

Figure 10.1 : POLLUTION INCIDENTS 1990-2000 
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Figure 10.1 shows that there have been many pollution incidents occumng in the 
urban streams of Wellington since 1990. Liquid waste and silt pollution incidents 
have been most common in the Waiwhetu, Karori, Ngauranga and Porirua streams 
while incidents of this nature have been the least common in the Owhiro Stream. 
Care should be taken in comparing the number of incidents at sites as the numbers 
recorded may be highly correlated to the surrounding population of people who are 
able to observe the incidents (Bledsloe pers comm). 

10.3 Current Response 

More information is needed to adequately assess the health of Wellington's urban 
streams. Funding has been approved for an investigation of contaminated stormwater 
and receiving waters of the urban areas in the Region. The results of this study will 
identify what impact contaminated stormwater is having on these receiving waters. 
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Chemical/Microbiological Methodology 

Sampling and Analyses - 
During the 1998199 sampling year, water samples were collected monthly from 50 monitoring 
sites across the Wellington Region. Sampling sites are listed in Appendix 4. The sampling year 
ran from March 1998 to February 1999. 

Samples were analysed for the 12 variables listed below. The significance of each variable is 
described in this appendix also. 

? Dissolved Oxygen 
? Percentage Saturation 
? Biochemical Oxygen Demand 
? Turbidity 
? Faecal Coliforms 
? PH 

? Temperature 
? Dissolved Reactive Phosphorus 
? Nitrate-N 
? Dissolved Inorganic Nitrogen 
? Ammonia-N 
? Water Clarity 

To ensure that samples were representative of the water body being monitored, wherever 
possible, grab samples were collected in mid stream. Field measurements of water clarity, 
dissolved oxygen and temperature were also taken. Care was taken to ensure that sites were 
sampled at approximately the same time each month to minimise possible changes in dissolved 
oxygen concentrations arising from diurnal fluctuations. 

All variables, except water clarity, oxygen saturation and temperature, were analysed in the 
Wellington Regional Council laboratory or Wairarapa Laboratory Services Ltd laboratory using 
methods outlined in.Appendix 5. Grab samples were transported to the laboratories in chilli bins 
containing ice. Samples were processed at the Wellington Regional Council laboratory in 
accordance with Telarc quality assurance procedures. The significance of the water quality 
variables monitored in the baseline water quality monitoring programme is outlined below. 

Variable (units) Use 
PH pH (acidity and alkalinity) will impact upon freshwater 

ecosystems and may change through the course of a day. 
Particularly high (alkaline) or low (acidic) pH levels may 
have an adverse impact on aquatic biota directly. Alkaline 
conditions may also increase the toxicity of other pollutants 
such as ammonia-N, which in turn may adversely impact 
upon the aquatic fauna (ANZECC, 1992). pH in most waters 
is controlled by the carbonate-bicarbonate buffer system. 
High degrees of undesirable periphyton growths and 
phytoplankton will alter the acidity and alkalinity of 
waterways. As aquatic vegetation respires overnight to 
produce carbon dioxide (a weak acid), the resulting dissolved 
carbon dioxide in the surrounding water is then converted to 
carbonic acid. The outcome is a small increase in acidity. 
During the course of a day, aquatic vegetation undergoes 
photosynthesis which requires the uptake of carbon dioxide. 
The result is a large increase in alkalinity (Sorrell, pers. 

Variable (units) Use 
comm., October, 1996). 

Dissolved Oxygen Dissolved oxygen levels are most often reduced in aquatic 
(g/m3)percentage Saturation ecosystems directly by the addition of organic material or 

indirectly through the addition of plant nutrients. The 
addition of organic material stimulates the activity of aerobic 
heterotropbs, primarily bacteria, which utilise dissolved 
oxygen from the water as they mineralise the organic 
material. The addition of plant nutrients may influence 
dissolved oxygen, either through enhancing plant growth and 
therefore respiration at night, when they cease to 
photosynthesise, or through the decomposition of the plant 
material that has grown due to the nutrients. The - 
concentrations of dissolved oxygen in a waterbody may vary 
enormously in the course of 24 hours, particularly in streams 
where there is significant nutrient enrichment-(ANZECC, 
1992). 

The solubility of oxygen in water is dependent on 
temperature, atmospheric pressure, and dissolved solids. The 
concentration of dissolved oxygen in water determines 
whether waste material is degraded by aerobic or anaerobic 
processes. The critical conditions for dissolved oxygen 
deficiency typically occur during the late summer months 
when temperatures are high, saturation concentrations are 
low, biological processes are enhanced and stream flow is 
low (McCutcheon,l992). 

Biochemical Oxygen Biochemical oxygen demand gives a measure of the oxygen 
Demand required by bacteria, under standard conditions, to oxidise 
(dm3) carbonaceous organic material into carbon dioxide and water. 

The biochemical oxygen demand indicates the amount of 
biodegradable organics present (Smith et. al, 1993). 

Turbidity 
(NTu) 

Turbidity may be defined as the relative tendency of water to 
scatter light. Informally turbidity is synonymous with 
"cloudiness' (lack of visual clarity). Changes in water clarity 
may be used to interpret the aesthetic value of waterways. 
Differences in water clarity also affect the ability of sight 
feeding predators, such as fish and birds, to locate prey and 
the ability of algae to photosynthesise and hence provide 
food for animals further up the food chain (Ministry for the 
Environment, 1994). 

Faecal Coliforms Faecal coliforms are useful for determining the suitability of 
(1100 mL) waters for contact recreation and stock drinking. The most 

common diseases associated with swimming areas are eye, 
ear, nose and throat infections, skin diseases and 
gastrointestinal disorders. A number of pathogens and 



Variable (units) Use 
parasites can be transmitted by contaminated water to 
livestock which may result in reduced growth, morbidity or 
mortality. Faecal coliforms are "indicator organisq?,, This 
means their presence in water is indicative of h h f u l  
pathogens. Measurement of harmful pathogens themselves is 
difficult or impossible (ANZECC, 1992). 

Temperature 
("C) 

Dissolved Reactive 
Phos horus i' 
( d m  

Water temperature has a substantial effect on the functioning 
of aquatic ecosystems and the physiology of the biota. 
Physiological processes have thermal optima, and alterations 
to ambient temperatures may affect the species exposed in a 
variety of ways. Growth and metabolism, timing and success 
of reproduction, mobility and migration patterns and 
production may all be altered by the changes in ambient 
temperature regimes. Effects may be direct through changes 
to the metabolism, or indirect through the influence on the 
solubility of oxygen in water and changes to the toxicity of 
ammonia-N (ANZECC, 1992). 

Dissolved reactive phosphorous is a form of phosphate that is 
available for plant growth and will assist in interpretation of 
undesirable periphyton growths results (ANZECC, 1992). 
Dissolved reactive phosphorus concentrations in water 
samples are often inversely related to undesirable periphyton 
cover due to uptake of the nutrient by periphyton (Smith et. 
al, 1993). 

Nitrate-N is mainly derived from land and subsoil drainage. 
If most of nitrogen in the water is in the nitrate form, the 
waters may be considered stabilised and indicate previous 
pollution. Nitrate is an important nutrient for the growth of 
algae and other plants and may be harmful to stock in 
sufficient concentrations (ANZECC, 1992). 

Dissolved Inorganic Nitrogen Dissolved Inorganic Nitrogen is a measure of the nitrogen 
(dm3) available to plants. Dissolved Inorganic Nitrogen = 

(arnmonia-N + nitrate-N) (ANZECC, 1992). 

Ammonia-N The presence of toxic unionised ammonia indicates some 
(dm3) contamination due to wastes or anaerobic waters. Of the 

wide range of aquatic organisms tested, invertebrates have 
proven to be most sensitive to ammonia-N. The toxicity of 
ammonia is dependent on the concentration of the 
undissociated form (NH3), which is controlled by the pH and 
temperature of the solution (ANZECC, 1992). 

Water Clarity (m) Refers to the transmission of light through water. Poor water 
clarity may reduce the ability of light to reach aquatic plant 
life, the ability for predators to see their prey, and reduce the 

- 
Variable (units) Use 

aesthetic value of streams and rivers (ME, 1994). 

Periphyton Cover (%) Periphyton are the plants (usually algae) which grow on 
objects such as stones, logs and other plants. Undesirable 
periphyton growths may block intake screens for water 
supply, and reduce the aesthetic, recreational and ecosystem 
values of rivers and streams (ME, 1992). 

Semi-quantitative 
Macroinvertebrate 
Community Index 

Macroinvertebrates are aquatic insects, crustaceans, worms 
and snails living in the beds of rivers and streams. These 
macroinvertebrates are collected from cobble beds and are 
used to calculate what is known as the Semi Quantitative 
Macroinvertebrate Community Index (SQMCI) (Stark, 
1985). The SQMCI is based on the pollution tolerances of 
aquatic invertebrates where each taxon is assigned a score 
from 1 to 10. The more sensitive taxa are allocated higher 
scores while highly tolerant forms are allocated low scores. 
A Macroinvertebrate Community Index score is estimated by 
averaging the taxa scores and multiplying the result by a 
scaling factor of 20. Macroinvertebrates are susceptible to 
changes in sedimentation, undesirable periphyton growths, 
warm water temperatures, pH, low dissolved oxygen 
concentrations and toxins. 

The advantages of using the Semi-quantitative 
Macroinvertebrate Community Index are as follows: 

(1)  Macroinvertebrates indicate long-term water quality 
conditions compared with spot chemical samples 
which only represent water quality at time of 
sampling. 

(2) Macroinvertebrates have advantages over other types 
of biological analyses. Macroinvertebrates are useful 
indicators of water quality because of long life spans 
(3 months-2 years) and their relatively sedentary 
nature and ease of sampling compared to fish. 

(3) The Macroinvertebrate Community Index reduces 
complex information on community structure into a 
single number. 

(4) Macroinvertebrate analyses are a useful means of 
assessing the life supporting capacity of waters. 

Data Management, Preparation and Processing 

Chemical and microbiological results were stored on Hill Top (Briffault and Zurr, 1991) or 
Excel. Prior to statistical analysis and other calculations, samples with variable concentrations 



reported as less than and greater than detection limits (i.e. non-detects) were replaced by values 
one half of the method-detection limit, and the method detection limit respectively i.e. 

<x=1/2x and >x=x. - *u  

This procedure is in accordance with Ward et al(1990). 
Summary statistics of annual results were calculated using Excel and are presented in Appendix 
6. The median was employed as a measure of central tendency due to the skewness of the water 
quality data sets. 

Flow Adjustment 

Flow adjustment allows the user to relate stream - flow to various constituents and to remove 
flow effects prior to further statistical analysis. For water quality variables which are closely 
related to flow, an apparent trend in quality could be caused by a change in flow. By flow 
adjusting before trend analysis, the user can remove flow effects and determine the magnitude 
and statistical significance of trends which are not explained by flow. 

Flow adjustment was performed using the WQSTAT PLUS for Windows programme. For 
simplicity, the following log - log relationship between water quality and flow is assumed. 

Log Concentration = b(1og flow) +a 

WQSTAT PLUS uses linear regression to estimate the slope and intercept of the line above. 
Then from each water quality observation (log concentration), the corresponding prediction 
based on flow, b(log flow)+ a is subtracted, producing a series of residuals with a mean of zero. 
To each residual , the mean of the original log concentrations series is added, producing series 
of residuals with a mean of zero. To each residual, the mean of the original log concentrations 
series is added, producing a flow - adjusted series of log concentrations which has the same 
mean as the original. Next, the antilogs of the log concentrations are found, and a final 
correction is made so that the resulting series in original concentration units will have the same 
mean as the original series of observations. 

Trend Analysis 

Trend analysis was conducted using a statistical method called the Seasonal Kendall Sen slope 
estimator. For monthly samples the seasonal Kendall Sen slope estimator is the median of all 
possible combinations of slopes for each of the months of the year. For example, in a 4 year 
record there will be 4 observations for January. There will thus be 10 (4+3+2+1) possible 
combinations of all pairs of January observations resulting in 10 January slopes. This will also 
be the case for each of the other 11 months. The seasonal Kendall Sen slope estimator is 
computed as the median of all 120 (=10*12) individual slopes. This means that seasonality is 
accounted for, because the results for all Januarys are compared one with another, but they are 
not compared with those from the other months. The Seasonal Kendall trend test assesses 
whether the trend slope is significant or not (i.e the probability of the observed trend being due 
to chance). This is often called a p value. It is calculated by comparing the total number of 
increasing monthly slopes with the total number of decreasing slopes. If the net result is close to 
zero the p value will be large, so the slope can be regarded as being due to chance; conversely, a 
large difference between the numbers of increasing and decreasing slopes produces a low p 
value, meaning the slope is unlikely to be due to chance. want 1998) P values of 5% or less are 

conventionally regarded as indicating that a trend is statistically significant (i.e unlikely to be 
due to chance). In this analysis a p value of less than 5 % was adopted to determine statistical 
significance. 

Semi-Quantitative Macroinvertebrate Community Index 

Macroinvertebrates are the insects, snails, worms and crustaceans living in the bed of rivers and 
streams and can be used as indicators of water quality. Biological monitoring is undertaken 
using the Macroinvertebrate Community Index method (Stark, 1997). The data is first coded 
according to abundance and tolerance scores are given to each taxa contained in the sample. 
The SQMCI is calculated as follows: 

'?" ?ni ? ai ? 
The SQMCI ? ? 

,, N ... 
Where S = the total number of taxa in the sample, ni is the coded abundance for the ith scoring 
taxon (i.e R=l, C=5, A=20, VA=100, WA=500). ai is the score for the ith taxon and N is the 
total of the coded abundances for the entire sample 

Sampling and Analyses 

Four macroinvertebrate samples were gathered at 42 of the 50 sample sites. These sites are listed 
in Appendix 4. Macroinvertebrates are usually most abundant in cobbly riMe areas and were 
collected from cobble substrates nearest to a chemical/microbiological sampling point. 

Macroinvertebrates were collected once at each site during the summer period (November- 
February). The timing of sampling was determined at random, although no macroinvertebrate 
sampling occurred within a week of any flood event. Flooding may cause large drifts of 
macroinvertebrates, carrying pollution intolerant taxa from clean upper catchment habitats to less 
favourable lower catchment habitats (Taranaki Regional Council, 1994). Macroinvertebrate 
abundance is also greatly after a flood event. 

Macroinvertebrate community smcture is a product of the physical environment and water 
quality. Sites with similar physical characteristics were selected so that the macroinvertebrate 
community structure would predominantly reflect water quality intluences. Before taking a 
sample, depth and velocity were measured using a mler and velocity rod prost, 1963). Water 
depths were within 0.2-0.4m and velocities between 0.6 and l.Om/s. If these conditions were 
unobtainable, a site with depth of <0.7m and flow velocity of 0.2-l.Om/s was selected (Smith et. 
al, 1991). Substrate size was also recorded. 

Periphyton cover of the stream bed was measured using a lm2 hoop. 

Once sites were selected according to the above criteria, invertebrate animals were collected in 
a kick net with 250um mesh size. Four macroinvertebrate samples were taken at each site. 
Sample substrate was kicked for 30 seconds. 

In the laboratory, macroinvertebrates were extracted from the sample under an Olympus 
dissecting microscope (x40). Specimens were identified to taxonomic levels specified by Stark 



(1985). Identifications were made according to Winterboum (1973) for molluscs (snails) and 
Winterboum et. al(1985) for insects. 

Data Management: Preparation and Processing 

Macroinvertebrate Community Index results were calculated for all 42 sites and interpreted in 
accordance with Table Al .  Interpretation of results was based upon the methodology of Stark 
(1998). Physical, chemical and biological assessments were also made at the time of 
macroinvertebrate sampling to assist in the interpretation of results. 

Table A1 Interpretation of Macroinvertebrate Community Index Scores 

All results were entered into QUALARC or Excel. 

Semi Quantitative Macroinvertebrate 
Community Index Score 

>6 
5-6 
4-5 
<4 

Periphyton Cover 

Water Quality Habitat 

Good Water Quality 
Possible Mild Pollution 

Possible Moderate Pollution 
Possible Severe Pollution 

Sampling and Analyses 

Periphyton cover was estimated by the percentage of visible mats and filaments on the stream 
or riverbed within a lm2 hoop. The assessment was made ten times across the width of the 
stream or river using a transect. If the stream or river width was not sufficiently long for ten 
samples, five samples were placed across the width of the waterway in two locations at the 
site. If the stream was too small for five samples an overall assessment of periphyton cover 
was made. 

Data Management: Preparation and Processing 

The total periphyton cover from each sampling occasion was stored in QUALARC or Excel. 

Assessment of Results 

Water Quality Guidelines 

The results of all 50 sites were assessed against guidelines relevant to their purposes of 
management under the Proposed Regional Freshwater Plan. Water quality guidelines are 
summarised in Appendix 2. 

The freshwater quality results were assessed by district or geological region. The Upper Hutt 
and Hutt Districts were combined to simplify analysis of the Hutt River system. 



Appendix 2: 

Water Quality Guidelines 



Variable Guideline Management Reference 
Pu~pose 

Temperature The natural temperature of the water Fishery Re3ource 
shall not exceed 25 ?C ~ a d a e m e n t  Act 1 ,991 - - - -  

% Saturation Dissolved The concentration of dissolved oxygen Aquatic Ecosystem Resource 
Oxygen shall exceed 80% of saturation Protection & Fishery Management Act 

concentration 1991 
Dissolved Oxygen The dissolved oxygen shall exceed 6 Aquatic Ecosystem ANZECC 
Concentration mdl measured over at least one but Protection Guidelines 1992 - I preferably several diurnal cycles. 
nH 1 6.5 - 9 I Aauatic Ecosystem I ANZECC 

I Protection I Guidelines 1992 
Total Ammonia I De~endent on DH and temperature I Aquatic Ecosystem I ANZECC 

I protection I Guidelines 1992 
Peri~hvton Cover 1 The % periphyton cover should not 1 Aquatic Ecosystem I Ministry for the 

Dissolved Nutrients 

- - .  
exceed: 
? 30% filamentous green or 
? 60% diatoms 
Dependent on the accrual period for the 
periphyton bloom (see nomograph next 
page) 

protection ~nvironment 1999 
DRAFT 

Protection Environment 1999 

The days of accrual is calculated as the number of days since the last fresh occurred. In this instance 
a fresh equates to 3* the median flow for the site concerned. 

1 -0.1 
0 20 40 60 80 100 

Days of accrual 
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