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Summary

Development in the Darwin area has resulted in marked changes in the landscape.

Although some catchments remain essentially untouched, others have undergone large

changes. The progression of these changes range from rural residential subdivisions

and agricultural areas through to urban and industrial areas.

This study measured the quality and quantity of run off from catchments representing

the major land uses around Darwin Harbour. This information was used to calculate

export coefficients for a range of contaminants (nutrients, metals, suspended material)

which was applied to the unmeasured areas of the harbour to estimate the contaminant

loads from these sub-catchments. In addition, analyses of organic contaminants

(pesticides and herbicides) were also undertaken.

The most commonly found pesticide (dieldrin) was detected in run off associated with

urban and industrial land use. This was attributed to the use of dieldrin during the

development of these areas which is continuing to be mobilised, particularly during

high rainfall years. Analysis of run off in the Elizabeth River (rural) only detected

pesticides (chlordane) on one occasion.

The concentration of inorganic contaminants, as well the export coefficients, from the

rural and undisturbed catchments were found to be similar. However, the

concentrations and export coefficients from urban and in particular industrial run off

were markedly greater (orders of magnitude). This demonstrates the importance of

urban and industrial land uses in contributing contaminants to waterways.

The similarity of contaminant concentrations and loads in the rural and undisturbed

catchments suggests that on a broad catchment scale, the magnitude of change in the

rural areas to date is not yet sufficient to raise contaminant levels above undisturbed

levels. However, with an increase in the area of rural developments and in land use

intensity this is expected to change with time. Note that in part the similarity in loads

and concentrations between undisturbed and rural sites may in part be due to the



5

representative nature of the rural catchments selected in this study, which both have a

relatively high proportion of undisturbed land.

The calculation of contaminant loads for catchments in and around Darwin Harbour

have shown that, in absolute terms, it is the larger catchments (eg Blackmore and

Elizabeth Rivers) which contribute the greater loads to Darwin Harbour. However,

when catchment size is taken into account, it is the smaller catchments in built up

areas that contribute a disproportionately higher load to the harbour. These

catchments are characterised by a high proportion of urban and industrial

development. The catchments most affected, and in turn those that contribute the

highest load for their size, are Sadgroves and Reichardt Creeks, and Darwin CBD.

The immediate receiving waters associated these with catchments may also be most at

risk of impact due to this load. However, site specific studies would be required to

establish whether there is such an impact.

The contribution of contaminants (N, P, TSS and VSS) from treated sewage effluent

to the harbour is significant when compared to the total load from run off. Of the total

load (run off plus effluent) to the harbour, sewage contributes 38-80% of TP, 17-52%

of TN, 17-22% of TSS and 7-22% of VSS.

This study has shown the influence of different land use on the quality and quantity of

run off, and has summarised these changes as export coefficients. This study

represents the best available information and a snapshot of the status of the

contaminant contribution from catchments up to 1999. These results can be updated

periodically as the information on the effects of changing land uses on run off

improves, and to reflect further changes to catchments in the future.
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Recommendations

1. Adopt methods used in this study for the long term monitoring of key catchments

in and around Darwin harbour. Existing sites, catchments representing important

land uses and catchments representing major land areas should be selected to

represent the major activities in this region (see points 3-5 below). A long term

approach will: highlight changes in water quality and contaminant loads over

time; provide an understanding of catchment processes by relating long term

trends to changes in catchment activities such as land clearing, agriculture and

urban/industrial developments; and will improve the accuracy of the export

coefficients which can be applied to catchments that are not monitored.

2. Monitoring sites should be prioritised in favour of catchments with the greatest

potential for change from an undisturbed state (developing rural catchments,

undisturbed catchments), those that contribute to a better understanding of how

catchment change can affect contaminant loads and concentrations (fully

developed rural areas), and those that target new land uses not measured in this

study (cleared land). Low priority catchments are urban and industrial areas that

have already undergone extreme changes from their original undisturbed state and

whose current state may be considered to be relatively stable.

3. Monitoring at sites is not required on an annual basis. An ongoing cyclical

monitoring approach is recommended where monitoring intensity reflects the rates

of change within the catchment and the catchment’s priority. For example,

monitoring may occur for a three-year period every three to five years, or every

alternate year if catchment changes are thought to be rapid.

4. Broaden the study area to measure large catchments that are undergoing

development, specifically the Howard River and Blackmore River catchments.

These represent important rural areas on the fringe of Darwin that covers a large

area and has a significant and increasing population. When combined with the

Elizabeth River and Berry Creek catchments monitored in this study, the majority

of the Darwin rural area will be monitored.

5. Develop export coefficients for a fully developed rural catchment. The Bees Creek

catchment is an example of such a catchment. Monitoring of this catchment will

provide an insight into what the loadings in the larger existing but less developed

rural catchments (eg those in point 3 above) may become.
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6. Develop an export coefficient to represent newly cleared land. This is a transient

but ever-present land use. Cleared land is a transitional stage in the development

of a parcel of land where the potential for the removal of sediments (and attached

nutrients and metals) is at its greatest. As such it represents an important land use

in terms of its effect on water quality and loads.

7. Establish a long term monitoring site in the Darwin Harbour catchment to measure

export coefficients for undisturbed land. This is an important land use as it

represents the natural background levels against which other catchments may be

compared.

8. Monitor for pesticides and herbicides through the collection of grab samples at

times and places where they are most likely to be detected, particularly in the rural

areas. The use of automated and continuous sampling in rural areas failed to detect

pesticides and herbicides (except for one occasion in the Elizabeth River). More

strategic sampling will allow localised contamination to be identified and is a

more cost-effective approach for these expensive analyses.

9. Investigate the fate of contaminants in tidal creeks and the harbour that are flushed

from the harbour catchments. Although this study estimates the quantity of

contaminants that are mobilised it does not address where that contaminants

finally reside.
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Introduction

Darwin Harbour is a shallow, mangrove-fringed estuary located in the wet-dry tropics

of northern Australia. When the mouth of the harbour is defined as a line between Lee

and Charles Points, the harbour at mean high tide occupies an area of approximately

1,000 km2, and has a surrounding catchment area of approximately 1,600 km2. The

close association with the city of Darwin (pop. 68, 500) and the city of Palmerston

(pop. 20,000) has resulted in the harbour catchment being utilised in diverse ways

(ABS, 2000). These include residential, commercial, rural and recreational

developments, although a large portion of the catchment can still be considered to be

in an undisturbed state. However, the gradual expansion of these developments will

place increasing pressure on waterways and on the harbour through changes in run off

quality and quantity.

To gain an understanding of the effect of various land uses on the quality of run-off, a

study was undertaken to measure the quantity and quality of run-off from four

harbour sub-catchments indicative of different land use (residential, light industrial,

rural and undisturbed). Water quality was measured as nutrients (total nitrogen and

phosphorus), metals (arsenic, cadmium, chromium, copper, lead, nickel and zinc),

suspended solids (total and volatile) and organic contaminants (grease and oil,

pesticides, herbicides, fungicides, polychlorinated biphenyls (PCBs) and polyaromatic

hydrocarbons (PAHs)).

This data, along with data from other work, was used to derive the export coefficients

(aerial loads, mass per unit area per wet season) for each of the contaminants for each

land use studied. The catchment of Darwin Harbour was divided into 18 smaller sub-

catchments, and the area of each of the four land-use categories was determined for

each sub-catchment. The export coefficient appropriate for each land use and

contaminant was applied to estimate the total load of each sub-catchment to the

harbour. This will identify which of the sub-catchments are most significant in

delivering contaminants to the harbour, and will allow the importance of each land-

use in contributing this load to be determined.
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Although the focus of this study is the catchments of Darwin Harbour, three other

catchments to the east that are currently developing were also included in this study.

These are the catchments of Buffalo, Micket and Kings Creeks (Fig. 1).

The information obtained from this study will contribute to the better management of

Darwin Harbour and its surrounding catchments. This study quantifies the

contaminant load from different land uses and allows the importance of each land use

to be determined. This has implications for land management issues such as where

particular land uses are allowed in different catchments and to what extent. The aerial

loads derived from this study can be applied to future developments to determine

what these loads to the harbour may be. The study also identifies which sub-

catchments are currently (or may in the future be) delivering the greatest contaminant

load to the harbour and will focus further investigations to these areas of most

concern. These investigations can then determine whether these increased loads are

having any impact on the environment. Finally, the loads and concentrations of

contaminants measured and estimated from this study can be used as input data in

modelling exercises that predict the fate of contaminants in Darwin Harbour.

Methods

Study sites

The major land uses in the Darwin Harbour catchment were broadly grouped as

urban, light industrial, rural and undisturbed. Sub-catchments representative of these

land use activities were selected and are shown in Fig. 1. Table 1 summarises the

locations of sampling sites monitored during this study.

The undisturbed land use was represented by sites at Celia Creek (95/96, 96/97) that

is part of the protected catchment of Darwin River Dam, and by a site on the Upper

Manton River which is part of the catchment of Manton River Dam (MRD discharges

to the Adelaide River and not Darwin Harbour, however this catchment is still of

value in representing an undisturbed land use). Rural land use was represented by

sites on the Elizabeth River at the Stuart Highway (95/96, 96/97) and by Berry Creek
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(99/00) on the Cox Peninsula Road. Urban land use was represented by a site on the

Moil stormwater drain at Marrara, which discharges water from the established

suburb of Moil. The light industrial land use was represented by a small catchment

within the Winnellie industrial area. The sub-catchments of Moil, Elizabeth River,

Celia Creek and Manton River were serviced with existing hydrographic gauging

stations, while gauging stations at Winnellie and Berry Creek were purpose built for

this project.

An important assumption underlying this study is that the catchments selected are

representative of the identified land uses, and that any measured differences in loads

between catchments is due to the difference in land use rather than other underlying

environmental factors such as geology, soil type, slope and vegetation. On a broad

scale, these environmental variables may be considered to be relatively uniform

across the harbour’s catchment, although smaller scale patchiness is known to exist.

To obtain measures of loads that are representative of the 4 land uses, two catchments

were selected to represent undisturbed, rural and urban land uses. Only one catchment

representing industrial land use was used.

Sampling method and analyses

Each station was activated before the onset of the wet season, and was maintained

until flow ceased towards the beginning of the dry season. This study therefore does

not consider dry season flows to the harbour which are considered negligible when

compared to the dominant wet season flows.

A data logger was used to continuously record flow at all sampling sites, and was

programmed to activate an automatic water sampler after a pre-determined volume of

water flowed past the gauging station. Sampling was therefore volume proportional

and representative of all flow regimes (base flows and storm events).

At each station, pumped aliquots were combined in a 20 L polyethylene container to

give a single large composite sample. At one to two week intervals, composite

samples were well mixed and sub-sampled for chemical analysis of total nitrogen (TN
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= total Kjeldhal nitrogen (TKN) + nitrate/nitrite), total phosphorus (TP), cadmium

(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), zinc (Zn),

arsenic (As), and total and volatile suspended solids (TSS and VSS). At the Celia

Creek, Elizabeth River, Moil and Winnellie sites during the 1995/96 and 1996/97 wet

seasons, the stations were also fitted with glass 20 L Pyrex bottles to collect

composite samples for organic analyses (pesticides, herbicides, fungicides, PAH, PCB

and grease and oil). Analyses for these organic compounds were not conducted for

every sampling period due to cost considerations: PAH was only measured during the

1995/96 wet season, and the remainder were analysed at various times during both

wet seasons.

Suspended solids were analysed at the DPIF laboratory using Standard Methods

(APHA, 1998). TKN and nitrate/nitrite was analysed at the Australian Water Quality

Centre in Adelaide. Heavy metals and organic compounds were measured at the

Australian Government Analytical Laboratory in Sydney.

Export coefficients

The export coefficient (mass per unit area per wet season) associated with each

contaminant and land use was calculated using the discharge data and chemical

concentration data at each gauging station. For each sampling interval (one to two

weeks) the mass of each contaminant exported from the catchment was calculated as

the product of discharge volume and concentration. The mass for every sampling

interval for the wet season was then summed to give the total load exported for the

year. This load divided by the catchment area is the export coefficient. Therefore each

contaminant for each land use can be represented by a specific export coefficient.

If the concentration of a contaminant was on occasions below the level of detection,

half the detection level was used for load calculations. If samples were not collected

during a sampling period, the concentration was estimated as the average of the

concentrations measured immediately before and after the period.
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Harbour catchments

Darwin Harbour (and therefore its catchment) can be defined in two ways. The Water

Act (1992) and the Beneficial Uses Declaration pursuant to section 74 of this act

defines the harbour as that parcel of water inland of a line extending from Charles

Point to Lee Point. The catchment of the harbour is therefore the landmass that drains

to this water body. An alternative definition of the harbour is a hydrological one. This

only considers that body of water inland of the narrowest section of the harbour (often

East Point to West Point). This definition of the harbour acknowledges that body of

water that is most limited in terms of its exchange with the open sea, and has therefore

the greatest potential to accumulate contaminants over time. This definition of the

harbour reduces the area of the catchment, and the number of sub-catchments

contained within.

For the purposes of this exercise the first definition of the harbour is used. However,

as the surrounding catchment is further divided into 18 sub-catchments, the results

presented later may be adjusted to accommodate the hydrological definition of the

harbour if required.

The 18 sub-catchments of the harbour and three additional catchments to the east are

shown in Fig. 1. In some cases, a true hydrological catchment is defined. In other

cases, the catchment name refers to a discharge area, as the flow path to the harbour is

relatively diffuse and would require an unmanageable number of very small sub-

catchments to describe (eg the Darwin CBD catchment).

Catchments to the west and south of Darwin are relatively large and uniform in the

land uses they represent. Catchments between Palmerston and Lee Point are smaller

and have a greater variety and intensity of uses. These smaller catchments allow the

contaminant loads of tidal creeks in these highly developed areas to be assessed in

more detail than the other larger catchments around the harbour.

The catchment of Darwin River Dam, although strictly part of the Darwin Harbour

catchment, is not included in this study for a number of reasons. A large proportion of

the volume flowing from the dam does not flow to the harbour but is diverted to
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provide potable water for Darwin, Palmerston and surrounds. Although overflow from

the dam via a spillway does discharge to the harbour, this occurs on a very infrequent

basis and its contribution to the total flow to the harbour can be considered to be

small. Similarly, the controlled release of water into Darwin River from the dam

outlet during the dry season is considered to be negligible.

Classification of catchment land use

Each of the above sub-catchments was divided into four broad land use categories.

These can be described as:

•  Undisturbed: Areas that are uncleared and do not contain dwellings or structures.

•  Rural: Areas that may be cleared and may contain dwellings and/or have

agricultural activities. This category may also contain undisturbed land parcels

between developed areas.

•  Urban: Suburban areas that are densely housed and include schools, parks,

shopping centres and caravan parks.

•  Industrial: These are areas dominated by workshops, light fabrication, heavy

cartage, and commercial non-domestic outlets amongst other activities.

These categories were applied to the catchments on a broad area basis, not on the

basis on individual lots. Land use categories in the built up areas of the harbour

(Darwin and Palmerston) were assigned using aerial photographs taken in 1999. The

remainder of the harbour was assessed using 1:50,000 topographic maps updated in

1995.

As the aerial photograph includes areas that are the most rapidly developing, this

study can be said to represent catchment land use as recorded in 1999.

Urban and industrial areas are easily identifiable from aerial photographs and

topographic maps, and can be accurately measured. The catchments chosen to

represent these land uses are considered to be highly indicative of these activities ie
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the catchments chosen were established and a high proportion (>95%) are utilised by

only one land use activity.

The distinction between the rural and undisturbed uses is less clear cut as a result of

the rural catchments monitored in this study also containing a high proportion of

undisturbed areas (up to 75%). Consequently, there may be areas that are classified as

rural which also includes areas that are undisturbed. Large section of the harbour

catchment which are undisturbed were identified as such, however, no attempt was

made to identify undisturbed areas amidst rural areas in detail.

The urban and industrial areas were found by far to be the most important in

generating contaminants (see Results and Discussion later). As a consequence of this,

care was taken in built up areas to separate these activities from undisturbed and rural

activities so as not to introduce an error that will overestimate the contaminant load to

the harbour.

In the case where it is not clear to which category an area should be assigned, the area

was classed as undisturbed. This was done to prevent overestimating the load,

particularly in cases where urban and light industrial land uses are involved, as these

areas by far contribute the highest loads. For example, there are many areas in the

vicinity of the East Arm Port which are cleared for industrial activities, however

buildings are yet to be erected. These areas were classified as undisturbed, however,

when a study such as this is next repeated, these areas are expected to be more fully

developed and will be classed as industrial land use at that time.

Catchment load calculations

An estimation of the contaminant load for each catchment was calculated by

multiplying the area of each land use (hectares) by the export coefficient (kg or grams

per Ha). This was done individually for each of the 21 catchments. This enables the

total load to Darwin Harbour to be calculated by summing the load from the relevant

catchments, and will give an indication of the loads delivered to various tidal creeks

in the more developed areas.
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The export coefficients used in these calculations were derived from this study, and

from two other studies: one which measured the export coefficient at the same

Elizabeth River site and at a different urban site (Karama drain) during the 1990/91

wet season (Townsend, 1992). The other study measured the export coefficient at the

Karama drain during the 1991/92 wet season (Kernohan and Townsend, 2000).

The export coefficients from these studies were combined to provide the best

available information on the contribution of contaminants from different land uses.

For each land use and contaminant, the minimum, mean and maximum coefficient

was used to calculate the catchment loads.

Results and Discussion

General

This study relies on export coefficients measured by this and two other studies over

five wet seasons. The amount of rainfall is an important variable which influences the

export coefficient as it affects discharge and mobilisation of contaminants. To

determine how typical wet seasons were in monitoring years the rainfall as measured

at Darwin airport for each year was compiled. This is summarised in Table 2.

Monitoring years include below average wet seasons as well as a record wet year

(1996/97). Sites representing undisturbed land use (Celia Creek and Manton River)

were monitored over two wet seasons which resulted in three export coefficients of

which two were measured in a record wet year, and one in an average wet year.

Therefore, these values are more influenced by very wet years. This is also the case

during the monitoring of rural (5 years) and light industrial (3 years) areas. Export

coefficients for urban land use was measured in two above average and two below

average wet seasons, resulting in the most balanced set of data.
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Water samples were collected between the months of September and June from all

sites. Tables 3-8 summarise all the sampling periods for the sites monitored during

this study (1995/96, 1996/97 and 1999/2000).

Organic contaminants

Tables 3-8 summarise the concentrations of pesticides, herbicides, fungicides, PCBs,

PAHs and grease and oil.

PAH’s are usually associated with diesel exhaust which contain particulate material

which settle on road surfaces. With the exception of naphthalene which was detected

on one occasion (2.2 ug/L) in the Winnellie drain at the start of the 1995/96 wet

season, the concentration of PAH’s were always below that of the detection limit of

0.1 ug/L.

No herbicides or pesticides were detected at Celia Creek during the two-year study

where eight composite samples were collected. This is not surprising, as this is a

totally protected catchment in an undisturbed, natural state.

At the Elizabeth River (rural) site the organochlorine pesticide chlordane was

measured on one occasion out of 12 at the beginning of the 1996/97 wet season. The

concentration of 0.01 ug/L is below the 99% protection level of 0.03 ug/L for

freshwater in the Australian and New Zealand Guidelines for Fresh and Marine Water

Quality (2000).

The herbicide Triclopyr was detected in stormwater in the Moil drain on two

occasions out of 22 sampling periods. It was not measured elsewhere during the

study. On these occasions the concentration was 7 and 34 ug/L. No guideline value is

available in the the Australian and New Zealand Guidelines for Fresh and Marine

Water Quality (2000).

The most frequently found pesticide in Moil stormwater was the organochlorine

pesticide dieldrin that was measured 13 out of 22 occasions. The concentration range

was 0.01 to 0.07 ug/L, usually 0.02 ug/L. Dieldrin was also the most frequently
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measured pesticide in Winnellie stormwater where it was detected on 5 out of 16

occasions, at a concentration of 0.01 to 0.02 ug/L. These levels of dieldrin exceed the

Interim Trigger Level of 0.01 ug/L for the protection of freshwater ecosystems in the

Australian and New Zealand Guidelines for Fresh and Marine Water Quality (2000).

As in Moil stormwater, dieldrin was detected most often during the 1996/97 wet

season. One explanation for this may be the record rainfall measured that season

resulted in a higher than normal water table which mobilised dieldrin through the soil.

Alternatively, dieldrin may be mobilised through catchment disturbance as

contaminated soils are reworked. Until it was recently banned from use, dieldrin was

commonly applied to the ground as a termite barrier before the pouring of concrete

slabs. Moil and Winnellie are both older and highly developed areas built at the time

when dieldrin was in common use.

Winnellie stormwater was also found to contain the organochlorine pesticide

heptachlor on two occasions (in both seasons at a concentration of 0.01 ug/L) and

DDT on one occasion (0.05 ug/L as total). These concentrations are below the 99%

level of protection for both compounds the Australian and New Zealand Guidelines

for Fresh and Marine Water Quality (2000) of 0.01 and 0.006 ug/L, respectively.

Grease and oil, a gross measure of hydrocarbons in water, was measured at all four

sites over both wet seasons. However, it was often undetectable on many occasions at

all sites. These results need to be treated with caution as this is not a total measure of

the hydrocarbons present, but that portion dissolved or emulsified in the water as

opposed to oil and fuel which may be floating on the surface. The latter, often seen in

the Winnellie drain, is not reflected in the data. This is due to the sampling tube from

the automatic sampler being located near the bottom of the drain and cannot sample

any hydrocarbons floating on the surface. Nevertheless, these results do show that the

fraction of grease and oil within the water is also present in undisturbed areas (Celia

Creek), most likely due to the breakdown of leaf litter (containing natural oils) from

the surrounding vegetation containing natural oils.

As these organic compounds were measured on relatively few occasions, the data for

these substances were not used to calculate export coefficients and total loads.
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Inorganic contaminants

Tables 3-8 shows the concentrations of contaminants measured over each sampling

period at all sites and years (Table 9 shows the detection levels of the chemical

analyses). This data is presented in summary form in Table 10 as flow weighted mean

concentrations, and minimum and maximum concentrations.

Mercury was never detected during the study at any of the sites when measured

during the 1995/96 and 1996/97 wet seasons (Tables 3-8 and Table 10). The

concentrations of the other parameters were in most cases above the analytical

detection levels, and varied according to site.

In general terms, the respective levels of contaminants were highest in run-off from

industrial run-off, followed successively by run-off from urban, rural and undisturbed

areas. In many cases, the flow weighted mean concentrations in run-off from

undisturbed and rural areas were similar. The maximum concentrations measured in

the industrial and urban areas were also markedly greater than from the rural and

undisturbed sites.

Export coefficients

Table 11 summarises the export coefficients obtained from this study, as well as the

loads derived from Townsend (1992) and Kernohan and Townsend (2000). Sites were

grouped according to the land use category they represent.

Export coefficients were found to vary between sites and between different years

within the same site. For example, at Celia Creek the export coefficients obtained

in1996/97 were an order of magnitude greater than those obtained in 1995/96. This is

related to differences in rainfall between the two years, where the former was just

below average and the later was a record wet year (Table 2).

To accommodate differences between years, and for differences between different

sites representing the same land use, the export coefficients for each contaminant in
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each land use was summarised as the minimum, mean and maximum value. This

approach makes use of the all the available data and takes into account the variation

within each land use category.

The minimum, mean and maximum export coefficients obtained for the undisturbed

and rural land uses were similar for all contaminants respectively (Table 11). This

similarity may be a consequence of the Elizabeth River and Berry Creek catchments

having a large portion of undisturbed areas within their boundaries ie both catchments

are not yet fully developed. In addition, the areas that are developed (subdivided)

have land uses that may be considered to be of relatively low intensity. For example,

the major impact (use) is blocks used for rural residential living, as opposed to large-

scale intensive horticulture.

The export coefficients for the urban areas (Karama and Moil) were greater than those

obtained for the rural and undisturbed areas. With the exception of lead and zinc,

export coefficients were three to seven times greater in urban run-off than from

undisturbed and rural run-off. The greatest increase in urban run-off was seen for zinc

(16-fold) and for lead (56-fold).

However, by far the highest export coefficients for all contaminants were found for

run-off from the light industrial area (Table 11). Compared with the export

coefficients from the undisturbed and rural areas, the increase in the load for TN, Ni,

TSS and VSS was 10-fold; As, Cd and Cu was 20-30 fold; a 43-fold increase in the

load of TP; and a 100-fold increase in the load for Cr, Pb and Zn.

Land use

Land uses in each of the 21 catchments were categorised as undisturbed, rural, urban

and light industrial. Areas corresponding to these uses are summarised in Table 12.

Fig. 1 shows the location of these areas within each catchment.

The catchments with the largest area of industrial land use are Sadgroves Creek (351

Ha), Hudson Creek (229 Ha) and Reichardt Creek (157 Ha). Hudson Creek is
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currently the area of greatest expansion of industrial activity associated with the East

Arm Port Development.

The catchment with the largest urban area is by far Rapid Creek (1,216 Ha). Large

(>500 Ha) urban areas are also found in the catchments of Buffalo Creek, Ludmilla

Creek, Darwin CBD and Hudson Creek.

The largest rural areas are associated with the Blackmore (31,864 Ha) and Elizabeth

River (17,244 Ha) catchments. Other catchments which contain significant rural areas

those associated with Mitchell Creek (1,206 Ha) and Micket Creek (814 Ha).

Table 12 also summarises land use specifically for the catchment of Darwin Harbour

(catchments 1-18). The largest land use in the harbour catchment is undisturbed

(57%) and rural (39%). Urban and industrial land uses occupied the smallest areas at

3.2 and 0.8%, respectively.

Contaminant loads from catchments

The contaminant loads from catchments were estimated by multiplying the export

coefficients for each land use (Table 11) by the area it occupies (Table 12) to give an

estimate of the load for each contaminant. These estimates of contaminant loads from

the 21 catchments in and to the east of Darwin Harbour are summarised in Table 13.

The catchment that contributes the greatest load of all contaminants to Darwin

Harbour (Charles to Lee Points) is the Blackmore River, followed by the Elizabeth

River. These are also the first and second largest catchments, respectively, as defined

in this study.

Although catchment size in general determines the magnitude of the load contributed

to the harbour, for some contaminants, there is a disproportionately greater load from

some of the smaller catchments. For example, there is a greater mass of zinc from

Sadgroves Creek than from the Elizabeth River catchment, even though the latter

catchment is 35 times larger. This result is a reflection of the differing land uses

within each catchment, and the contaminants generated by these activities (Sadgroves
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Creek contains a relatively large area and proportion of industrial activity, whereas

the Elizabeth River catchment does not).

The contribution of each land use to contaminant loads to the harbour is shown in Fig.

2. With the exception of Cr, Pb and Zn, undisturbed areas contribute 50-60% of the

load, rural areas contribute 10-25% of the load, and the balance is contributed by

urban and industrial land uses. In the case of Cr, Pb and Zn, the urban and industrial

land uses contribute up to 70% of the load, even though these areas only make up 4%

of the total land use. This highlights the relative importance of these areas in

accelerating the rate of contaminant movement from catchments to the harbour over

and above background levels.

The relative importance of each catchment to the total load to the harbour may be

determined by examining the mass of each contaminant contributed by each

catchment corrected for catchment area (Fig. 3).  The catchments of Sadgroves Creek,

Reichardt Creek and the Darwin CBD contribute a disproportionately greater load

relative to their sizes. By contrast, the catchments of the Blackmore River and

Elizabeth River, which contribute the largest mass to the harbour in absolute terms,

contribute proportionately a similar relative load as the undisturbed catchments in the

western parts of the harbour. The catchments that contribute the greatest relative loads

are those associated with a high proportion of both industrial and urban land uses

(Table 12). These land uses generate the greatest loads per unit area (Table 11).

The examination of the relative load also highlights those creeks or areas that may be

at most risk from contaminants in run off. This is particularly the case for creeks

which eventually receives the majority of the load from the catchment, as opposed to

more diffuse run off around the shoreline as would occur in the Darwin CBD. Fig. 3

shows that the creeks most at risk from contaminants in run off is Sadgroves Creek,

followed by Reichardt Creek, and the creeks least at risk are those associated with

Wood Inlet through to Pioneer Creek. This is not to say that those creeks and areas

identified as being most at risk are in fact impacted by run off: only further site

specific studies can establish this. In addition, there may be other point sources or

contaminants (eg sewage effluent) which may markedly increase the load received by

a waterway.
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Nevertheless, this simplistic risk assessment allows creeks most at risk to be

identified, and allows further investigations into the effects of changing land use on

creek ecosystems to be focused on areas most likely to be affected.

This study focuses on the contribution of run off to the contaminant load to the

harbour. Another important source of contaminants is sewage effluent from four

sewage treatment works located in the harbour. Table 14 compares the loads

calculated from run off to the loads from sewage works for TN, TP TSS and VSS, and

presents the total load to the harbour for these contaminants. The most significant

contribution from sewage is phosphorus, where between 38 and 80% (mean 54%) of

the total phosphorus to the harbour comes from this source. This is followed by total

nitrogen where the contribution from sewage is between 17 and 52% (mean 26%) and

VSS (sewage contribution 7-22%, mean 11%). The contribution of TSS from sewage

was small, in the order of 3%.

These results show that sewage effluent is a significant source of nutrients (N and P)

to Darwin Harbour when compared with the contribution from run off, where at

present the input of phosphorus from sewage is equivalent to an entire year’s run off

to the harbour. Of note also is how the delivery of contaminants from effluent differs

from that of runoff, where contaminants from runoff flow to the harbour during the

wet season, whereas effluent discharge occurs throughout the year. The magnitude of

the load as well as the timing of delivery are important factors in determining the

impact which may result. It is beyond the scope of this study to examine this.
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Conclusions

1. The analysis of organic contaminants has shown that these compounds were most

frequently detected in run off from urban and industrial areas. The most common

pesticide found was dieldrin. This was used extensively in the past to treat soil for

termite control. Detection of dieldrin was most common in 1996/97, a record wet

year, where potential for its mobilisation was greatest. Pesticides were only found

on one occasion in the rural catchment (Elizabeth River) over two wet seasons.

This shows that development in this area is either not sufficiently advanced or not

of a nature which does not significantly contributes these chemicals to the

waterway, or that the catchment has an ability to assimilate or dilute what is used

or generated in the catchment

2. The concentration of all metals (except Hg that was not found above the level of

detection), suspended solids and nutrients were highest in run off from light

industrial areas, followed by run off from urban areas. The concentrations of these

water quality measures in run off from undisturbed and rural areas were similar

and markedly less than levels found in urban run off. This is thought to reflect the

relatively low level of development in the rural areas at present. However, it is

also in part due to the nature of the representative rural catchments containing a

high proportion of undisturbed area that will underestimate the true loads from

this land use.

3. The export coefficients derived for undisturbed and rural areas were similar for

most contaminants. However, the export coefficients for urban areas were found

to be 3-56 times greater, and 10-100 times greater for industrial areas, depending

on the contaminant of interest. This highlights the importance of land use and its

effect on run off quality.

4. The similarity of contaminant concentrations and loads in the rural and

undisturbed catchments suggests that on a broad catchment scale, the magnitude

of change in the rural areas to date is not yet sufficient to raise contaminant levels

above undisturbed levels. However, with an increase in the area of rural

developments and in land use intensity this is expected to change with time.

5. Land use in the Darwin Harbour catchment (Charles Point to Lee Point) was

measured to be undisturbed (57%), rural (37%), urban (3.2%) and industrial

(0.8%). However, despite the relatively small coverage of urban and industrial
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areas (4%), these land uses contribute a disproportionately greater load of all the

contaminants measured, ranging from 16% of TN up to 72% of lead.

6. The catchments which contribute the greatest estimated load (relative to their size)

are Sadgroves Creek, followed by Reichardt Creek and the Darwin CBD. These

catchments are found to have the greatest proportion of their land use as industrial

and urban areas. The waterways draining these catchments are considered to be

most at risk from run off (although other investigations are needed to determine

whether the runoff is indeed having an impact).

7. Sewage effluent is an important contributor of contaminants to Darwin Harbour

when compared to the load from run off. Of the total load (run off plus effluent) to

the harbour, sewage effluent contributes in the ranges of  38-80% of TP, 17-52%

of TN, 17-22% of TSS and 7-22% of VSS.
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