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1. Summary 

Five springs in the Darwin region were investigated for potential pesticide, herbicide and 

nutrient contamination of groundwater discharge. Passive samplers were deployed in the 

springs from May to June 2014 to detect trace levels of chemicals and grab samples were 

collected monthly between May and October for general water quality and nutrient analysis.  

Pesticide and herbicide contamination of the springs was negligible. Only six pesticides and 

herbicides were detected overall, with a maximum of four at one site. All concentrations were 

extremely low and none exceeded ANZECC guidelines for the protection of slightly to 

moderately disturbed ecosystems. Two sites, Howard and Melacca Springs, were free of any 

traces of pesticides or herbicides.  

The highest number of pesticides and herbicides was found at Palm Springs at Holmes 

Jungle Nature Park which is supplied by the Palmerston dolomite aquifer. The high 

proportion of intensive land uses in its catchment with its associated use of chemicals is 

likely to be the source of the contaminants.  

Nutrient levels, in particular nitrate, filterable reactive phosphorus (FRP) and total 

phosphorus were elevated in four of the springs compared to other freshwater streams in the 

region. Historical data and water quality objectives are not available for the springs or 

groundwater in the area and it is unclear if the concentrations found are natural or the result 

of anthropogenic nutrient inputs.  

  



2. Introduction 

Spring ecosystems 

The Darwin region has few permanent streams that persist throughout the dry season. 

These streams are ecologically important habitats that support remnant monsoon forest 

vegetation and provide food and refuge for a wide range of plants and animals at a time of 

year when the surrounding savannah is dry and often severely affected by fire. Some of the 

springs and associated monsoon forest patches in the Darwin rural area are highly valued by 

the public as recreation areas and include the popular Howard Springs, Berry Springs and 

Holmes Jungle nature reserves.  

In the dry season, these ecosystems are entirely dependent on groundwater. Flows are 

sustained by groundwater stored in deeper geological formations that reaches the surface 

and forms seeps and springs that feed the permanent or semi-permanent creeks. 

Maintaining good groundwater quality is therefore important to protect the health of these 

valuable systems.  

Groundwater in the region 

The aquifers of the region have been well studied since the 1980s and there is much 

information available on their characteristics (e.g. Jolly 1983, Jolly and Yin Foo 1988, Fell-

Smith and Sumner 2011, Verma 1995, Radke et al. 1998, Hatton et al. 1998, Tien 2002). 

The two main high yielding karst aquifers in the region are the Koolpinyah dolomite and 

Berry Springs dolostone aquifers. The karst aquifers lie below a shallower Cretaceous 

lateritic and sand aquifer with much lower yields and are confined by other geological 

formations of less permeable rock below and around them. The cavernous fractured rock of 

the karst aquifers with its porous texture acts like a sponge and holds large amounts of 

water. Where there are fault lines between the layers, or where the karst formations reach 

the surface, springs occur and water from the deep aquifer is discharged to the surface (see 

Figure 1). These deep aquifer springs can be recognised by their higher electrical 

conductivity compared to waters that originate from the shallow Cretaceous aquifer.  

In the wet season, the aquifers in the Darwin region are recharged from rainwater that 

infiltrates the soil and unconfined shallower unconstrained aquifers until it reaches the karstic 

layers, or by direct recharge through areas where the karst formations reach the surface.  At 

the end of the wet season, the aquifer is ‘full to overflowing’ and groundwater discharges 

through seeps and springs. Over the dry season, the water levels in the aquifers fall as the 

water is discharged, extracted from bores for human use and evapotranspiration by trees 

occurs. As the levels decline, some higher lying springs cease to flow over the course of the 

dry season.  



 

 

Figure 1. Diagram of spring discharges along fault lines of the Berry Springs aquifer (source: DLRM) 



Pressures on groundwater: land use  

The aquifers support development in the Darwin rural area and increasing development in 

the Darwin rural area is putting pressure on the groundwater resource. Current land use is 

predominantly rural residential with some, mostly small-scale, horticulture (e.g. mangoes, 

bananas, Asian vegetables, nurseries) (Table 1). There is increasing development pressure, 

particularly in the Howard Springs and Humpty Doo areas, with proposals for ever smaller 

subdivisions and an increase in the rural population.  

Rural properties, both private and commercial, use groundwater for irrigation of orchards, 

market gardens and for domestic water supply. Most bores in the region draw water from the 

high-yielding dolomite aquifers for their domestic water supply (including drinking water) and 

to irrigate large private gardens, as well as for commercial orchards, market gardens and 

other agricultural and horticultural land uses.  

There are approximately 2000 high yielding (> 2 L/s) bores in the Howard East and 250 in 

the Berry Springs Water Allocation Planning area (data from WRD Hydstra database 2014). 

The Power Water Corporation operates a bore field in the area, drawing water from the 

aquifer to augment the public drinking water supply. However, these aquifers are also the 

dominant source of the spring water that feeds the local groundwater-dependent 

ecosystems.  

 

Table 1. Land use (%) over the Howard, Berry and Palm Creek aquifers (from LUMP 2008, using Waugh & 
Padovan (2004) Pesticide Use Land Classification).  

Class Berry Howard Palm 

Urban <1 <1 15 

Industrial <1 <1 1 

Infrastructure 4 1 14 

Tree Fruits 19 4 8 

Cropping/vegetables 2 <1 1.5 

Sown grasses/pasture 6 40 <1 

Other/minimal use 68 53 60 

Total area (ha) 8800 140,000 1400 

 

Water allocation planning  

A draft water allocation plan has been developed by the Department of Land Resource 

Management for the Berry Springs aquifer (WRD 2012) to deal with the varied demands, 

and a similar plan is proposed for the Howard East area.  

The local groundwater-dependent ecosystems are recognised in water allocation planning 

as valuable resources and studies were conducted to better understand and identify threats 

to these environments (see SKM 2012a and b). 



Water allocation plans have identified concern amongst stakeholders not only about the 

increased water use and drawdown of the underlying aquifers during the dry season but also 

about the potential for groundwater contamination by fertilisers and other agricultural and 

industrial chemicals.  Monitoring is recommended to address whether any chemicals are in 

fact reaching the groundwater resource.  

Pesticide/herbicide contamination risks and pathways 

There are many ways contaminants can enter the groundwater. Direct contamination of 

bores can occur due to faulty fertigation or chemigation equipment, leading to unintentional 

backflow, or through runoff entering inadequately sealed bore heads. Chemicals that are 

applied to plants or soil can subsequently filter into deeper soil layers and the aquifer, carried 

by water from irrigation or rain. Other potential sources of contamination include 

inadequately stored or dumped chemicals, industrial waste, faulty septic systems and runoff 

from fertilised fields, livestock or industrial areas.   

Chemicals that are water soluble, such as nitrate from fertilisers, or water-soluble herbicides 

and pesticides pose a much greater risk to groundwater than chemicals that adhere to soil 

particles (many pesticides) and tend to remain in the top part of the soil profile.  

Current groundwater monitoring by the department is focussed on water quantity and 

includes few water quality parameters.  

The last comprehensive survey of groundwater quality in the Darwin rural area that 

investigated pesticide contamination was carried out by the Australian Geological Survey 

Organisation in 1995 (Radke 1998). Although this survey found no evidence of pesticide 

contamination in ground water samples from 36 bores, it warned of a potential future risk 

based on the presence of faecal bacterial contamination in 1/3 of bores, indicating that 

particulate and soluble contaminants can move through the aquifer. 

A review of pesticide monitoring in the Darwin region and a risk assessment was undertaken 

by Waugh and Padovan in 2004. The authors identified 10 studies that examined pesticides 

in groundwater, surface water (fresh and marine) and sediments in the Darwin region since 

the 1980s. Most of these studies were not primarily designed to detect pesticide 

contamination but had other main objectives.  

In total, Waugh and Padovan list 15 pesticides that were detected by the studies they 

reviewed, only three of which (atrazine, prometryn, heptachlor epoxide) were found in 

groundwater. Most of the contaminants found in surface waters and sediments were so-

called legacy pesticides, organochlorines that have now been banned from use for some 

time due to their high toxicity and persistence in the environment.  

For its risk assessment the report identifies the most commonly used pesticides in the region 

and the quantities sold by major retailers. It also associates certain chemicals with particular 

land uses and provides levels of leachate and/or runoff risk for individual pesticides.  

Waugh and Padovan concluded that the urban and industrial areas posed the highest risk 

for contamination of surface and ground waters and recommended that future monitoring be 

carefully targeted and conducted at a fine scale.  



Since the publication of the review in 2004, there has been no further monitoring of 

pesticides in ground water by the Department of Land Resource Management (and it’s 

predecessor departments).  

Pesticide use has not changed significantly in the years since the review was published 

(Stuart Smith, Department of Primary Industries and Fisheries (DPIF), pers. comm.). Some 

additional pesticides have been banned in recent years and some new pesticides have been 

registered for use, however, many chemicals have been in use for more than 40 years 

including all of the most commonly used substances. 

Current study 

The current study investigated groundwater quality on the interface of ground and surface 

water, where the groundwater discharges into permanent creeks through springs. This is 

where any potential contamination of the groundwater was considered to have the biggest 

impact on the ecosystem. The aim of the study was to detect whether any pesticides or 

herbicides were present in the groundwater discharge.  

  



3. Methods 

Site description 

Five springs in the Darwin region were sampled. The springs that were investigated were 

previously identified as dolomite aquifer springs (Tien 2006).  Four of the springs are located 

within the Howard East and Berry Draft Water Allocation Plan areas, supplied by the 

Koolpinyah and Berry Springs aquifers, while Palm Creek is on the edge of another karst 

aquifer in the Palmerston/Darwin region, the Palmerston dolomite (Figure 2).  

 

Figure 2.Location of sites and extent of karst aquifers in the Darwin region.  

 

Most of the sites do not have one distinct spring that supplies all the water to the creek. At 

these sites flows originate from a larger area of seepage, initially from very shallow surface 

flows and eventually gather to form a creek. Sampling sites were located as close as 

practically possible to the source of the flow where the water was deep enough to 

accommodate the sampler array Table 2. 

Table 2. Passive sampler locations and deployment dates.  

Site 
Latitude Longitude 

Draft WAP 
area 

Date in 
Date 
out 

Howard Springs -12.45847 131.05157 Howard East 27/5/14 25/6/14 
Berry Springs -12.7047 130.99583 Berry 27/5/14 25/6/14 
Palm Creek  
(Holmes Jungle) 

-12.39711 130.93492 N/A 27/5/14 25/6/14 

Melacca Spring -12.37559 131.21468 Howard East 22/5/14 18/6/14 
Whitewood  -12.4862 131.08365 Howard East 28/5/14 25/6/14 

 
 



Pesticides 

Passive samplers were used to detect herbicide or pesticide contamination. These samplers 

can detect very low concentrations of chemicals that are not detectable with conventional 

grab sampling, by accumulating them over a period of several weeks. Two different types of 

samplers were used that detect different classes of chemicals. The Empore Disc sampler 

(ED) accumulates hydrophilic (water soluble) substances, the second device, a 

polydimethylsiloxane sampler (PDMS), attracts hydrophobic substances. Most herbicides 

belong to the former, most pesticides to the latter class.  

Samplers were deployed for four weeks from late May to late June 2014 (Table 2). 

Depending on the water depth at the site, the samplers were either suspended from a rope 

where the water was deep enough (Figure 3), or attached to bricks or a weighted steel frame 

in shallower sites. Upon retrieval, the passive samplers were stored on ice and air-freighted 

to the laboratory for extraction and analysis to the National Research Centre for 

Environmental Toxicology (Entox, University of Queensland, Brisbane). A total of 122 

chemicals were tested for. A full list of analytes is provided in Appendix A. 

 

  

Figure 3. Passive sampler array. Steel cage contains PDMS, small white cylinder contains ED and long 
white cylinders are flow estimation devices. 

 

 

 

ca. 10 cm 



Water quality 

At the time of deployment and retrieval of the passive samplers, water quality measurements 

of temperature, electrical conductivity (EC), pH and dissolved oxygen (DO) were collected 

in-stream using a Quanta multi-parameter probe. Turbidity was measured with a Hach 

2100Q turbidimeter, and water samples were collected for analysis of major ions, total 

nitrogen (TN) and phosphorus (TP), and soluble nutrients (nitrite (NO2), nitrate (NO3), 

ammonia (NH3) and filterable reactive phosphorus (FRP)). Soluble nutrient samples were 

filtered through a 0.45 µm glass fibre filter in the field. Additional nutrient samples were 

collected from Howard Springs, Berry Springs and Palm Creek at approximately monthly 

intervals until the end of the dry season or until flow ceased in the spring. 

All samples were stored on ice during transport and frozen (nutrient samples) or refrigerated 

(major ions) upon return to the laboratory until further analysis at the Northern Territory 

Environmental Laboratories (Intertek NTEL). Analytical methods for nutrient analyses are 

given in Table 3.  

Table 3. Analytical methods and APHA standard method numbers 

Parameter Method APHA (1998) number 

NO3/NO2  Automated cadmium 
reduction method 

4500-NO3-F 

NH3 Automated Phenate method 4500-NH3 F 
Total N Persulfate method 4500-N C 
Filterable reactive P Flow injection analysis for 

orthophosphate 
4500-P F (B1) 

Total Phosphorus Flow injection analysis for 
orthophosphate 

4500-P F (B3) 

Silica (SiO2) Flow injection analysis 4500-SiO2 F 
Major ions –cations ,  

& SO4 
Major ions - anions 

Inductively-coupled plasma 
method  
Mercuric Thiocyanate FIA 
Ion-selective electrode 

3120B 
 
4500-Cl G 
4500-F-C 

 

4. Results  

Pesticides/herbicides 

Of the 122 chemicals tested only 6 were detected in this study (Table 4). No traces of any of 

the chemicals were detected in Howard Springs and Melacca Springs. Extremely low 

concentrations of the herbicide diuron and its breakdown product 3,4-dichloroaniline were 

found at Whitewood Jungle, while at Berry Spring, low concentrations of the insecticide 

chlorpyrifos were present. Palm Creek had traces of four herbicides, all of which occurred at 

very low concentrations.  

None of the concentrations at which herbicides and pesticides were detected exceeded 

ANZECC guideline values for 95% ecosystem protection, the level recommended for slightly 

to moderately disturbed ecosystems (ANZECC & ARMCANZ 2000).  

 



Table 4. Estimated concentrations (ng/L) of pesticides and herbicides detected in Darwin region 
springs 

Chemical name 

ANZECC 
Guideline 

95% 
protection 

Howard 
Springs 

Whitewood 
Jungle 

Melacca 
Spring 

Berry 
Springs 

Palm 
Creek 

3,4-
dichloroaniline 

3000 ND 0.06* ND ND ND 

Atrazine 13000 ND ND ND ND 0.07* 
Chlorpyrifos 10 ND ND ND 0.7 ND 
Diuron ID ND 0.10* ND ND 0.13* 
Imidacloprid  NL ND ND ND ND 0.21* 
Tebuthiuron 2200 ND ND ND ND 1.1 
ID: insufficient data 

NL: not listed in ANZACC guidelines 

* Analyte's presence in the sample was confirmed by LC-MS analysis, however results should be interpreted with 
caution due to their concentration falling below that of the lowest calibration standard. 

 

Water quality 

The ionic composition of waters at all five sites was similar (Table 5) and changed only 

slightly between sampling times in accordance with increasing influence of karstic waters. 

Cations are dominated by Ca2+ and Mg2+, anions by bicarbonate (HCO3
-), characteristic of 

the karst aquifer origin of the water (Figure 4). The largest change in ionic composition 

between sampling times was found in Palm Creek.  

 

Figure 4. Piper diagram of samples from five spring sites in May and June 2014. Anions are shown in the 
bottom right triangle, cations on the left and the central rhombus combines the two. Samples with similar 
ionic composition plot close together.  

 

Berry Springs ceased to flow at the sampling site in August and a water sample was 

collected approximately 100m downstream where flow was present. Palm Creek ceased to 
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Melacca Springs 
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flow in October but flow resumed in December. Conductivity measurements confirmed that 

this flow was not surface runoff but high conductivity spring water.  

With the exception of Howard and Melacca Springs, water temperatures at all sites fell 

slightly between May and June/July and rose again after July in accordance with air 

temperatures as the dry season progressed (Figure 5). Howard Springs water temperatures 

remained stable throughout the season, probably due to the site’s location at the source of 

the spring, where the water had little time to equilibrate with the air temperature.  

Electrical conductivity rose over the study period at all sites, reflecting the increased 

influence of high conductivity groundwater from the karstic aquifers over remaining lower 

conductivity flows from shallow bank storage. The rise was more pronounced at Palm Creek 

than at other sites with a lower initial conductivity of <120 µS/cm in May increasing to almost 

300 µS/cm in August.  

The pH was slightly alkaline at all sites, reflecting the bicarbonate-rich groundwater source of 

the dry season flows.  

Dissolved oxygen was low at Howard Springs where the sampling site was very close to the 

spring itself. Groundwater is generally of low oxygen content, because it is not in contact 

with air but the oxygen concentration rises quickly after the water reaches the surface. All 

other sites had dissolved oxygen concentrations that were within expected values for creeks 

in the Darwin region at 60-90% saturation.  

Turbidity was low at all sites with the exception of Palm Creek. It is unclear what caused the 

high turbidity at this site. The site lies within the Holmes Jungle Nature Park and is 

accessible to the public for recreational purposes. The reserve is located within the 

boundaries of Darwin and some commercial properties are within its catchment. Feral 

animals may also be responsible for disturbing the site, however, further investigation would 

be needed to identify the cause of the high turbidity with any certainty.  

Nutrient concentrations varied substantially between sites (Table 5). The Darwin region 

water quality objectives (AHU 2010) do not specify guideline values for nutrient 

concentrations in springs because of a lack of available data.  

Concentrations of all nutrients were low at Whitewood Rd jungle. Howard Springs had very 

low concentrations of all forms of nitrogen, both soluble (<5 µg/L) and total nitrogen (<20 

µg/L), but slightly higher concentrations of phosphorus than other sites. At Melacca Springs 

nitrate was elevated with 27-30 µg/L while FRP and TP were similar to concentrations from 

freshwater creeks. Berry Springs had elevated nitrate and total phosphorus, and marginally 

elevated FRP. Palm Creek had the highest nutrient concentrations which rose as the dry 

season progressed.  

 

There were no apparent seasonal trends in nutrient concentrations at Howard or Berry 

Springs, however, at Palm Creek concentrations of all nutrients increased over the dry 

season. This increase may reflect the increasing influence of deep aquifer groundwater in 

the spring, which may indicate that nutrient concentrations within the underlying aquifer are 

elevated. Raw water quality values are provided in Appendix B. 



Table 5. Median water quality of Darwin region springs in 2014 

Parameter 
Howard 
Springs 

Berry 
Springs 

Palm 
Creek 

Melacca 
Spring 

Whitewood 
Jungle 

Temp (
o
C) 30.7 28.8 22.9 26.3 22.7 

DO (mg/L) 1.8 6.0 6.7 4.5 7.1 

EC (µS/cm) 345 393 270 287 263 

pH 7.3 7.9 7.7 7.7 8.1 

Turbidity (NTU) 0.4 0.7 9.1 2.1 2.4 

n 7 4 5 2 2 

TN (µg/L) 10 85 195 90 105 

TP (µg/L) 30 21 28 11 10 

NO2 (µg/L)) 2 1 4 4 3 

NO3 (µg/L) 2 17 45 29 1 

NH3 ((µg/L) 2 5 23 7 5 

FRP (µg/L) 14 7 10 6 4 

n 6 4 4 2 2 

  



 

Figure 5. Seasonal changes in water quality at spring sites. (Double vertical lines indicate that creek ceased to 
flow between sampling occasions). 



5. Discussion 

The traces of pesticides found in this study were extremely low and do not pose a risk to the 

aquatic ecosystems they were found in. Had samples been collected by conventional grab 

sampling, the concentrations would have been below the limit of detection.  

The six chemicals that were detected in this study are very commonly used pesticides, 

herbicides and their break-down products. Most of them are known to have a high risk of 

groundwater contamination due to their high water solubility (e.g. Infopest (2014), APVMA 

(2008), Waugh and Padovan (2004)). Table 6 contains a summary of the characteristics of 

all six chemicals. 

Table 6. Description of chemicals detected in Darwin region springs 

Chemical 
name 

Description Examples 
of trade 
names 

Atrazine Atrazine is one of the main herbicides used in Australia. Used before and 
after planting of crops to control broad-leaved weeds and grasses in crops 
such as sorghum, sugar cane, maize and canola. Also used in turf and non-
agricultural sites such as lawns, industrial areas, rights-of-way and in 
orchards (APVMA 2008, US EPA 2014). Atrazine is a common 
contaminant of surface and groundwater in Eastern Australia (Shaw and 
Muller 2005) and has been banned in Europe after persistent 
contamination of groundwater was found (EC 2014)  

Farmozine 
Nutrazine 
Gesaprim 

Chlorpyrifos Commonly used pesticide for termite control and the control of other insect 
pests on fruits, vegetables and other crops. Bioaccumulation can occur 
(Infopest 2014).  

Lorsban 
Strikeout 

Diuron General herbicide used on hard surfaces. It only breaks down very slowly 
in water. It is toxic to fish and birds at higher concentrations.  

Diuron 
Diurex 

Imidacloprid Very commonly used systemic insecticide of the neonicotinoid class. Used 
on trees to control insect pests, and domestically to control termites, ants 
and cockroaches. High leachate risk. Highly toxic to aquatic invertebrates 
at higher concentrations than those found in this study.  

Confidor 
Premis 

Tebuthiuron A general herbicide that is commonly used to control weeds. It is slightly 
toxic to aquatic vertebrates and invertebrates at higher concentrations but 
has little potential to accumulate in the environment. 

Farmalinx 
Graslan 
Tebulan 

3,4-
dichloroaniline 

Breakdown product of diuron. More toxic to aquatic life than “parent” 
chemical. Very toxic to fish and invertebrates.  

N/A 

 

The herbicides atrazine, diuron and tebuthiuron have been available in the NT for more than 

40 years (Stuart Smith, DPIF, pers comm) and are still widely used today, while the  

insecticide Imidacloprid was registered more recently (<12 years ago). Chlorpyrifos was 

used extensively for domestic termite control for 10 years after 1995, when other 

termidicides were banned, (Stuart Smith p.c.) but is now mainly used to control pests in fruit 

and vegetable crops.  

Detailed information on the current use of agricultural chemicals in the Darwin region is not 

readily available. The Department of Primary Industries only keeps a record of Schedule 7 

chemicals that are considered the most toxic and require a permit for use. None of the 

pesticides detected in this study belong in that category. All other registered pesticides are 

freely available for purchase from agricultural suppliers and from supermarkets and 

hardware stores for domestic use. Based on retail figures, all the pesticides found, with the 

exception of imidacloprid, were listed as high use pesticides in the region by Waugh and 

Padovan (2004). 



In the absence of detailed usage data, land use information provides the best approximation 

of chemical use. Waugh and Padovan (2004) identified intensive land uses, i.e. urban and 

industrial areas and major infrastructure as the more likely source of pesticides in the 

environment. Intensive agricultural land uses that are often associated with high pesticide 

use exist in the region but constitute only a very small proportion of the total land above the 

Koolpinyah, Berry Springs and Palmerston dolomite aquifers (Table 1). The Palmerston 

aquifer that supplies Palm Creek is overlain by a much higher proportion of intensive land 

uses than the Howard East and Berry Springs aquifers. 

Subsurface groundwater flows during the dry season generally follow the surface contours of 

the land (see Appendix C and D for flow direction maps). In the Berry Springs region this 

means the main flow direction is from the south-east to the north-west (Appendix D). In the 

Palm Creek aquifer flow moves from the south to the north. In both areas, the springs 

therefore receive waters from the majority of the aquifer. In the Koolpinyah dolomite aquifer, 

groundwater flows are more complicated and move towards a low-lying area upstream of the 

Howard River or east towards the Adelaide River. Groundwater discharging from Howard 

Spring and Whitewood Jungle is likely to come from the south-eastern part of the aquifer, 

while Melacca Spring is fed by water from the more central Howard East area (Appendix C). 

Palm Creek, which receives waters from the most urbanised groundwater catchment, 

contained the highest number of chemicals found in this study.  A large change in 

conductivity over the dry season at Palm Creek indicates that flow was still influenced quite 

strongly by waters from the shallow aquifer during early dry season when the pesticide 

sampling was conducted. It is therefore not possible to determine with certainty, whether the 

pesticide contamination originated from the shallower laterite or the deeper dolomite system. 

Contamination of the shallow layers could occur more easily because of shorter travel times 

for contaminants that filter through from the surface. However, if the high nitrate levels found 

at the site later in the year are the result of nutrient contamination of the dolomite aquifer, 

this may point to the possibility that other contaminants, too, have made their way into these 

deeper layers.  

The only pesticide found at Berry Springs, chlorpyrifos, is an organophosphorus pesticide 

that is not usually considered to have a high leachate risk. However, it is moderately 

persistent in soil. In contrast, the herbicide diuron and its breakdown product 3,4-

dichloroaniline found at Whitewood Jungle, are highly water soluble.  

The age of the groundwater that is expressed through springs is also uncertain. It can take 

years or decades for water to travel from recharge sites to the spring discharge points. 

Layering of groundwater also occurs as more recent recharge is added to the top part of the 

aquifer every year. Age determinations of groundwater by carbon dating and other methods 

therefore represent a mixture of ages and layers of different ages are often present (S. 

Tickell, DLRM, pers comm). Hatton et al. (1998), estimated the age of surface water at the 

Howard East swamp to be approximately 10 years and aged groundwater from deeper sites 

at 20-25 years. 

On the other hand, there can be pathways in the aquifer through which water can travel very 

quickly, especially in highly porous karst systems. For instance, an experiment in the Tindall 

limestone aquifer in the Katherine region found that a non-toxic dye poured into a sinkhole 

could be detected in local domestic bore water supplies and in a spring 2.5 km away after 



only a few days (Karp 2005). It is therefore not possible to determine from the current study, 

whether pesticide contamination found in spring water today is the result of past or recent 

land management practices and chemical use.  

Pesticides are likely to be more persistent in ground water than in soil because there is a 

lack of microbes below the root zone and conditions are less conducive to chemicals being 

metabolised (Chilton et al. 1998). The break-down rates in soil that are commonly given for 

pesticides may therefore not apply once the substance has moved through the soil below the 

root zone. 

This study focussed on dry season spring flows to detect potential surface water 

contamination from groundwater discharge into creeks. There is currently only a negligible 

amount of contamination present in dry season spring flows of the region. Although the 

presence of pesticides is a reminder that the potential for contamination is real, the current 

levels are not a cause for concern about the ecological health of the spring systems.  

 

Nutrients 

Nutrient contamination of groundwater can be caused by the application of fertilisers to 

agricultural land, seepage from septic tanks or sewage effluent. Nitrate is often the primary 

nutrient of concern in groundwater because of its high solubility which allows it to travel 

easily through the soil and filter through to groundwater. Nitrate contamination of 

groundwater occurs around the world. For instance, in a nationwide survey in the US, 64% 

of bores tested exceeded background levels of nitrate (Dubrovsky and Hamilton 2010). 

Reactive phosphate can also be a common contaminant, especially in groundwater 

containing low levels of oxygen.  

There is very little historical information about nitrate or other nutrient concentrations in 

groundwater of the Darwin region. Although routine bore water testing for suitability of water 

for drinking does include nitrate, these tests are done at detection limits relevant to human 

health that are orders of magnitude higher than levels of interest for environmental studies.  

The springs in this study have not previously been sampled for nutrients, so that the current 

results cannot be compared to historical data. Background levels of nutrients in groundwater 

are also not currently known for the region because of a lack of available data. It is therefore 

not possible to determine, whether the concentrations measured in this study are natural or 

whether there is any anthropogenic influence. Rather, this study provides baseline data on 

current nutrient concentrations in spring flows.  

Nutrient concentrations in the springs and spring-fed creeks, in particular nitrate, filterable 

reactive phosphorus and total phosphorus were higher than those typically found in 

unimpacted freshwater creeks of the region (AHU 2010). However, flows in those creeks are 

generally of low conductivity and are not sourced from deep aquifer groundwater but mainly 

from surface runoff. Natural nutrient concentrations are therefore likely to vary between the 

two sources. It should be noted, though, that in a broader context the nutrient concentrations 

of both springs and other freshwater streams in the Darwin region are low. 



Of the springs sampled Palm Creek in particular had relatively high concentrations of all 

nutrients at the end of the dry season. Whether this was related to the increasing deep 

aquifer influence or other environmental factors affecting the creek is unclear. High total 

phosphorus levels, for instance, may have been associated with the high turbidity in Palm 

Creek which is most likely caused by terrestrial impacts such as disturbance by feral 

animals.  

The sampling program was not designed to detect the sources of contamination for either 

nutrients or pesticides. More extensive testing of groundwater directly from domestic and 

production bores in the region is necessary to provide a more comprehensive picture of 

groundwater quality within the three aquifers.  

6. Conclusion 

There is currently very little to no herbicide and pesticide contamination of spring water at 

the sites sampled during this study. The concentrations found were mostly close to the limit 

of detection by the methods used and were several orders of magnitude below the trigger 

values specified in the ANZECC and ARMCANZ (2000) guidelines. However, the fact that 

some chemicals were detected is a reminder that although the risk may be low, the potential 

for contamination is real. 

At the current scale, urban and industrial land use is more likely to be the source of 

groundwater contamination than rural and agricultural land uses.   

Nutrient concentrations in springs are low, although somewhat elevated compared to the 

surface water fed freshwater streams of the region. Further investigation is needed to 

determine whether the nutrient concentrations encountered are natural for groundwater-fed 

springs.  
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Appendix A: List of analytes for passive samplers 

Table 7. List of hydrophilic substances tested 

Desisopropyl Atrazine  Terbutryn Trifluoxysulfuron 

Imidacloprid  Flumeturon  Imazethapyr 

Desethyl Atrazine  Atrazine  Metsulfuron-Methyl  

Tebuthiuron  Diuron  Clopyralid  

Ametryn  Metolachlor  Picloram  

Hexazinone  3,4 Di Cl Analine  Terbuthylazine  

Bromacil  Metribuzin  Terbuthylazine desethyl  

Simazine  Imazapic   

Prometryn  Asulam   

 

 

Table 8. List of hydrophobic substances tested 

Is 1 Terbuphos Fipronil Propiconazol isomer 

Methomyl Diazinon Isophenophos Endosulfan sulphate 

Tep N-butyl benzene 
sulfonamide 

Chlorfenvinphos 
e+z isomers 

Ddt p,p 

Oxydemeton methyl Tcpp isomers Endosulfan lactone Hexazinone 

Sur1  2-nitro-m-xylene Phosphamidon peak1 
**200** 

Allethrin Dicofol o,p 

Is 2 Is4 Triadimenol 
isomers 

Diclofop methyl 

Methamidophos Anthracene-d10 Oxychlor Propagite 

Dichlorvos Chlorothalonil Heptachlor epoxide Tebuconazole 

Diuron bd  Disulfoton Fenthion ethyl Haloxyfop, 2-
ethoxyethyl 

Nicotine Chlordene Thiabendazole Sur4  
triphenylphosphate 

1-methyl-1h-
benzotriazole 

Etrimiphos Furalaxyl Piperonyl butoxide 

4-chloro-3,5-
dimethylphenol (dettol) 

Triallate Procymidone Bioresmethrin 

Mevinphos z+E HCH-d 1-hydroxy-2,3-
epoxychlordene 

Iprodione 

Acephate Pirimicarb Captan Tetramethrin isomers 

3,4-dichloroaniline Galaxolide Methoprene Bifenthrin 

2,6-di-t-butylphenol Musk xylene Haloxyfop methyl Phosmet 

1h-benzotriazole Tonalid Bromophos ethyl Methoxychlor 

Is3 Phosphamidon peak2 
**800**  

Methidathion Is5 

2,4-di-t-butylphenol Endosulfan ether Triclosan Dicofol p,p 

2,6-di-t-butyl-p-cresol 
(bht) 

Propanil Tetrachlorvinphos Phenothrin isomers 

Demeton-o-methyl Chlorpyrifos me Dde o,p Tetradifon 

Tebuthiuron Metribuzin Chlordane trans Cyhalothrin isomers 

Molinate Vinclozalin Triclosan methyl 
ether 

Azinphos methyl 

5-methyl-1h-
benzotriazole 

Transfluthrin Chlordane cis Amitraz 

DEET Parathion methyl Endosulfan alpha Pyrazaphos 



Omethoate n-
butyltoluenesulfonamide 

Fenamiphos Azinphos ethyl 

Propoxur Metalaxyl Sur3  pyrene -d10 Bitertanol isomers 

Demeton-s-methyl Ametryn Nonachlor trans Permethrin isomers 

Fluometuron Carbaryl Prothiophos Coumaphos 

Phosphate TRI-n-butyl Prometryn Bisphenol A Cyfluthrin isomers 

Ethoprop Fenchlorphos Profenophos Cypermethrin 
isomers 

Desisopropylatrazine Heptachlor Oxadiazon Sur5 
decachlorobiphenyl 

Trifluralin Pirimiphos methyl Dde pp Is6 

Desethylatrazine Chlordene epoxide Oxyfluorfen Fenvalerate isomers 

Bendiocarb Terbutryn Ddd o,p Fluvalinate isomers 

Monocrotophos Fenitrothion Fluazifop butyl Deltamethrin isomers 

Cadusaphos Bromacil Dieldrin Dimethomorph e,z 
isomers 

Phorate Malathion Endrin Temephos 

HCH-a Chlorpyrifos oxon Ethion Rotenone 

HCB Musk ketone Nonachlor cis Dicofol o,p  bd 

Demeton-s Metolachlor Endosulfan beta Flutriafol 

Dimethoate Chlorpyrifos DDD p,p Icaridin 

Simazine Fenthion methyl DDT o,p Praziquantel 

Atrazine Aldrin Moclobemide Benzenesulfonanilide 

Propazine Parathion ethyl Endrin aldehyde 2-benzyl-4-
chlorophenol 

TCEP Triadimefon Sulprofos Quintozene 

HCH-b Chlordene, 1-hydroxy TDCPP isomers  

Dioxathion Dicofol p,p  bd Famphur  

Lindane (HCH-g) Sur2  dibromobiphenyl Benalaxyl  

Terbuthylazine Pendimethalin Carbophenothion  

 



Appendix B: Water quality data 

Site_name Date 
Temp 
(oC) 

EC 
(µS/cm) 

pH 
 

DO 
(mg/L) 

DO 
(%) 

Turb 
(NTU) 

NH3_N 
(mg/L) 

NO2_N 
(mg/L) 

NO3_N 
(mg/L) 

PO4_P 
(mg/L) 

Total N 
(mg/L) 

Total P 
(mg/L) 

Berry Springs 27/05/2014 31.4 414 7.78 6.78 NR 0.8 0.003 0.002 0.021 0.006 0.050 0.010 

 25/06/2014 27.9 415 7.73 6.30 81 1.6 0.001 0.001 0.013 0.005 0.130 0.022 

 24/07/2014 25.7 428 7.46 5.54 70 0.6 0.007 0.001 0.006 0.009 0.050 0.02 

 25/08/2014 29.7 381 7.68 5.73 NR 0.7 0.007 0.001 0.025 0.008 0.120 0.026 

Howard Springs 27/05/2014 31.1 310 6.21 2.48 NR 0.5 0.001 0.001 0.001 0.014 0.020 0.030 

 25/06/2014 30.7 352 7.12 1.72 NR 0.4 0.004 0.002 0.003 0.017 0.010 0.029 

 24/07/2014 30.7 354 7.01 1.75 24 0.5 0.001 0.001 0.002 0.016 0.010 0.030 

 25/08/2014 31.1 338 7.31 1.81 24 0.3 0.002 0.001 0.003 0.014 0.010 0.030 

Melacca Springs 22/05/2014 24.1 289 7.21 4.51 59 1.2 0.007 0.004 0.027 0.006 0.080 0.010 

18/06/2014 28.4 310 7.39 4.43 57 3.0 0.006 0.003 0.03 0.005 0.100 0.012 

Palm Creek 27/05/2014 26.9 117 9.46 5.60 NR 9.1 0.020 0.005 0.021 0.006 0.170 0.020 

 25/06/2014 21.1 188 7.51 7.13 81 10.6 0.012 0.002 0.037 0.003 0.160 0.020 

 24/07/2014 21.8 270 7.5 7.09 81 8.6 0.026 0.002 0.053 0.013 0.220 0.035 

 25/08/2014 22.9 284 7.69 6.65 79 11 0.053 0.005 0.072 0.021 0.390 0.043 

Whitewood Road  28/05/2014 25.6 248 7.55 6.06 NR 2.7 0.009 0.004 0.001 0.005 0.120 0.010 

25/06/2014 19.9 291 7.67 8.13 90 2.1 0.001 0.001 0.001 0.003 0.090 0.009 

NR: not recorded 

 



Appendix C: Ground water flow direction Howard East 

 

  



Appendix D: Ground water flow direction Berry Springs 

 

 

 

 

 

 

 


