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Abstract 

 

The use of Cu-based fungicide can pose a risk to nearby surface water bodies due to the run-off 

of accumulated Cu from agricultural soils. In 2008, we conducted a reconnaissance survey of the 

presence and concentration of copper in sediments at 18 sites within the Yarra River catchment, 

an important horticultural production system in south-eastern Australia. Observed Cu 

concentrations in sediment samples from study sites (mean (95% confidence interval) 12.0 (10.6-

13.6) mg/kg dry weight) were similar to the concentrations present in the samples from the 

reference sites (mean (95% confidence interval) 12.0 (6.7-16.8) mg/kg dry weight). The data on 

Cu and other metals in the sediments suggests that that there is unlikely to have been wide spread, 

diffuse, off-site transport of Cu from the soils of horticultural properties to nearby surface 

waterways in the Yarra River catchment, and that that observed sediment metal concentrations 

are unlikely to pose an ecological risk to sediment dwelling organisms at the study sites. 
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Introduction 

 

Copper-based fungicides, e.g. copper sulphate, copper oxychloride, copper hydroxide, are 

amongst the most widely used pesticides in vineyards and orchards. The regular use of Cu-based 

fungicides results in an accumulation of Cu in surface soils (Wightwick et al. 2010a). For 

instance, Cu concentrations in the surface soils of vineyards with histories of Cu-based fungicide 

use have typically been reported to range from 130 to 1280 mg/kg in European vineyards, and 

from 24 to 159 mg/kg in Australian vineyards (Wightwick et al. 2008; Komárek et al. 2010). 

Applications of Cu-based fungicides have been linked to reductions in microbial function and 

changes in the structure of microbial communities of vineyard and orchard soils (Ranjard et al. 

2006; Diaz-Ravina et al. 2007; Wang et al. 2009; Fernández-Calviño et al. 2010). In addition to 

these more widely documented risks to soil organisms the use of Cu-based fungicide can pose a 

risk to nearby surface water bodies due to the run-off of accumulated Cu from agricultural soils 

(Fernández-Calviño et al. 2008; Ribolzi et al. 2002). For instance, Bereswell et al (2012) reported 

that surface water sediment Cu concentrations can be in the same range as those actually 

measured in cultivated vineyard soils in the Palatinate wine-growing region of south-west 

Germany. 

 

Copper is an essential micronutrient for most organisms. However, this metal has a rather limited 

range below which deficiency-induced disease results, and above which toxicity is observed e.g., 

herbage with less than 5 µg/g can lead to copper deficiency in sheep and cattle, but with greater 

than 10 µg/g toxicity will occur in sheep. Copper pollution can arise from mining and smelting, 

leaching from municipal waste disposal sites, or excess use of agrochemicals (Allinson et al. 

2000). Sediments are known long-term sources of secondary metal contamination for aquatic 

organisms due to their capacity to sequester and subsequently release metals (Luoma and 

Rainbow 2008). For pelagic organisms, exposure is through metals released into the water 

column; for benthic organisms, exposure occurs via both the water column and pore water, and 

via direct contact and/or consumption of contaminated sediments. Consequently, sediments are a 

key compartment that has to be taken into account in aquatic ecosystem risk assessments. 

 

Aquatic ecosystems rely on microbial communities for key ecosystem functions, such as nutrient 

cycling and litter decomposition, so any negative effects on sediment microbial communities 

caused by Cu-based fungicides could have significant implications for the long-term fertility of 

aquatic systems.  



This reconnaissance survey examined the presence and concentration of copper in sediments at 

18 sites within the Yarra Catchment, in south-eastern Australia. This study was undertaken as 

part of a broader study on the fate and potential ecological impacts of agricultural chemicals 

within the Yarra Catchment (Schäfer et al. 2011; Wightwick et al. 2012), in which sampling 

locations were selected to encompass a broad spatial spread of different land uses across the 

catchment (i.e. non-targeted sampling). In that context the sampling locations did not specifically 

incorporate areas of know point-source contamination due to Cu-based fungicide use, but still 

allowed us to address the objective of this study, which was to generate new data on copper 

residues in aquatic ecosystems in this important horticultural production system. 

 

 

Materials and methods 

 

 

 

Figure 1 Schematic diagram illustrating the 18 monitoring sites (indicated by the circles) in 

the Yarra catchment, Victoria, Australia 

 

 

 

 

Yarra catchment  

Melbourne 
 

 

Australia 
 

R 

R 

Mid Yarra 

Upper Yarra 

Melbourne  
Yarra catchment  



Study area 

 

The Yarra catchment (38°S, 145oE) is a large area (~7000 km2) that extends approximately 150 

km east/north-east from Melbourne, Victoria, Australia (Figure 1). The area has undulating 

terrain with elevation ranging from 50 – 400m. The soils on the northern side of the valley are 

grey to grey-brown loamy sands to clay loams whilst on the southern side red volcanic soils 

dominate. Across the catchment the soils are typically relatively acidic (pH 5.5 – 6.0) with total 

organic carbon contents in the range of 2 – 5 % (Wightwick et al. 2008). The mean annual 

maximum temperature is ~20oC and the long-term annual rainfall is 700 - 1000 mm (BOM 2010).  

 

Eighteen sites were investigated in this study, of which sixteen were in the Middle and Upper 

Yarra catchment area (Figure 1). The middle Yarra catchment (upstream of Yering Gorge) 

contains a variety of land uses, including residential, rural residential, industrial and a broad 

range of agricultural activities. According to Melbourne Water (2007) land use activities are 

production forestry (33.4%), grazing modified pastures (25.2%), rural residential (9.3%) and 

National Parks (6.2%). Horticulture production accounts for about 7 % of the land use, which 

includes irrigated vine fruits (2.7%), irrigated vegetable and herbs (0.6%), irrigated tree fruits 

(1.4%), irrigated seasonal horticulture (1.3%), irrigated flowers and bulbs (0.3%), and intensive 

horticulture (0.8%). These horticultural production systems represent the land uses in the 

catchment which have historically relied on Cu-based fungicide use. The catchment also includes 

small areas of intensive animal production (0.8%). In addition, there are three major sewage 

treatment plants in the catchment that discharge in Olinda Ck, the Watts River and the Yarra 

River downstream of Yarra Junction. Three sites were located on the Yarra River to reflect 

integrated impacts and six sites were located on the lower reaches of major tributaries. Eight sites 

were located in the Woori Yallock catchment where a wide variety of intensive agricultural 

activities operate. Two sites were reference sites located in forested water supply catchments that 

were closed to human access.  

 

Sediment sampling 

Sites were sampled in the spring (October 2008) via the collection of spot surface sediment 

samples. Spring is an important growing season for horticulture crops and represents a period of 

intensive fungicide use. For instance, in grapevines it is common practice to apply fortnightly 

preventative fungicide sprays during the growing season. Sediment samples were collected by 

using a dip net (360 µm mesh) to scoop surface sediments from the bottom of the stream/river 



bed. The sediment was then wet filtered on site through a 64 µm mesh net into a bucket and left 

to settle for at least 10 minutes. To prevent cross contamination between sites the buckets and 

nets were thoroughly rinsed after collection and then again prior to collection at the next site prior 

to collection. Supernatant (water) was decanted off and the wet sediment transferred into 1 L 

solvent-rinsed glass jars. After further settling in the laboratory, the remaining supernatant was 

decanted off, the sediment dried (40oC), and ground to <1 mm. Water and sediment samples were 

kept on ice during transportation to the laboratories where they were stored at 4oC prior to further 

processing.  

 

Analysis of copper and other metals in sediments 

Sediment samples were analysed to determine total concentrations of Cu and other metals (Cd, 

Co, Cr, Ni, Pb and Zn) that are of concern for aquatic ecosystems (ANZECC and ARMCANZ 

2000). Sediment samples were extracted using the microwave assisted reverse aqua-regia 

(3HNO3:1HCl) method (Wightwick et al. 2010b). Total concentration (mg/kg; dry weight (d.w.)) 

of metals in sediment samples were quantified by inductively coupled plasma mass spectrometry 

(ICP-MS; Ultramass ICP-MS, Varian, Mulgrave, Australia). Each of two standard reference soils 

was processed in duplicate. One of the standard reference soils (ISE 990) was from the 

Wageningen Evaluating Programs for Analytical Laboratories (WEPAL) (Wageningen 

University, Netherlands) whilst the other was an internal reference soil used in our laboratory 

(SCL 1000-6). Recoveries from the standard reference soils were, for the most part between 85 

and 105% of the stated values. In some instances lower recoveries (74 – 83%) were obtained for 

Cr, Co, Ni, Cu and Zn for ISE 990. Two randomly selected samples were processed in duplicate 

with CV% of the duplicate readings for the most part being <10%, and no greater than 15%. The 

method Limit of Reporting (LOR) for all elements was 0.4 mg/kg. 

 

Results and Discussion 

 

Copper-based fungicides have been used for many years on horticultural properties within the 

study catchment, particularly in vineyards and orchards, and this use is likely to have resulted in 

considerable accumulation of Cu in surface soils (as has been reported in vineyards within 

southern Australia; Wightwick et al. 2008). For example, Wightwick et al. (2008) estimated that 

over the past 20 – 40 years, 58 – 700 kg/ha of Cu has been applied to vineyards in the catchment 

resulting in accumulated Cu concentrations in surface soils of up to 223 mg/kg (mean 87 mg/kg).     

 



Table 1 Concentration of metals detected in sediment samples  

Metal Study Sites (n = 16) Reference sites (n = 2) ISQG a 

 Mean 95% CI Max Mean 95% CI Max Low High 

 mg/kg (dry weight) 

Cd <0.4 - <0.40 <0.4 - <0.4 1.5 10 

Cr 24.0 21.1 – 26.7 32.0 23.0 14.8 – 32.2 28.0 80 370 

Co 7.0 6.47 – 8.33 10.0 8.0 5.4 – 10.4 9.0 ND ND 

Cu 12.0 10.6 – 13.6 17.0 12.0 6.7 – 16.8 14.0 65 270 

Ni 11.0 9.25 – 12.1 15.0 10.0 5.4 – 15.0 12.0 21 52 

Pb 17.0 11.6 – 23.2 60.0 16.0 12.4 – 19.5 18.0 50 220 

Zn 67.0 52.5 – 81.4 121 57.0 31.7 – 81.7 69.0 200 410 
ISQG Interim Sediment Quality Guideline Value; a Values from, Australian and New Zealand Guidelines for Fresh 
and Marine Water Quality (ANZECC and ARMCANZ 2000); CI, confidence interval; ND, not determined. 
 

The accumulation of Cu in surface soils of farms may pose a risk to nearby surface waters if it is 

transported off-site due to run-off (Fernández-Calviño et al. 2008; Ribolzi et al. 2002). However, 

in this study it was found that the concentrations of Cu in the sediment samples sites were similar 

to the concentrations present in the samples from the reference sites (Table 1). Mean observed Cu 

concentrations at study sites were consistent with  median concentrations reported by Bereswell 

et al. (2012) in streams associated with German vineyards (~32 mg/kg d.w.), albeit that in this 

study the range observed (10.6 – 13.6 mg/kg d.w) was much less variable and very much at the 

lower end of the range reported by Bereswell et al. (range 7.3-117 mg/kg d.w.). Furthermore, 

concentrations of almost all measured metals (including Cu) in the sediments were below the 

interim sediment quality guideline values listed in the Australian water quality monitoring 

guidelines (ANZECC and ARMCANZ 2000; Table 1). The one exception was Pb (60 mg/kg 

d.w.), which exceeded the low (50 mg/kg) but not the high (220 mg/kg) sediment quality 

guideline value at one of the study sites (Table 1). Copper, Pb and Zn concentrations were 

generally lower than those reported by Marshall et al. (2010) in samples collected from the 

nearby, but more heavily urbanised catchment, Dandenong Creek (Cu, 7.0 - 59 mg/kg d.w.; Pb, 

12 - 75 mg/kg d.w.; Zn, 52 – 890 mg/kg d.w.). Overall, whilst there was no evidence of Cu 

accumulation in the sediments at the study sites, the broader study (Schäfer et al. 2011; 

Wightwick et al. 2012) did identify the presence of synthetic fungicide compounds in the same 

sediments, indicating that some agricultural chemicals are migrating from agricultural land 

towards surface waterways in the catchment.   

 

Sediments are known long-term sources of secondary metal contamination for aquatic organisms 

due to their capacity to sequester and subsequently release metals (Luoma and Rainbow 2008). 



Eleven of the study sites are used by the local water authority (Melbourne Water) for drinking 

water quality monitoring, although, unfortunately, not the two reference sites. Monthly water 

samples collected by the authority from these sites are analysed for a range of chemicals, 

including for Cu. Concentrations of Cu in 2008-09 in approximately 40 % of the samples from 

the study sites (mean 2.8 µg/L, 95 % C.I. 2.4-3.1 µg/L; Melbourne Water (2011) exceeded the 

Australian freshwater quality guideline for the protection of 95% of aquatic species (1.4 µg/L; 

ANZECC and ARMCANZ 2000), suggesting that Cu concentrations in the water column are 

high enough to pose an ecological risk to aquatic organisms.  

 

Conclusions 

 

Overall, the data on Cu and other metals in the sediments suggests that that there is unlikely to 

have been wide spread, diffuse, off-site transport of Cu from the soils of horticultural properties 

to nearby surface waterways in the Yarra catchment, and that observed sediment metal 

concentrations are unlikely to pose an ecological risk to sediment dwelling organisms at the study 

sites. It is possible that this is occurring at specific point sources in the catchment that were 

missed by the random sampling approach adopted in this study; further investigations would be 

needed to assess this (e.g. soil sampling to assess Cu accumulation at sites adjacent to surface 

waterways, sediment sampling to target likely point sources). The water quality data collected by 

the local water authority showed Cu concentrations in the water column to be high enough to 

pose an ecological risk to aquatic organisms. It is not possible to confirm that this latter 

observation is due to anthropogenic inputs of Cu to the waterways or to elucidate whether 

horticultural activities were a significant source of anthropogenic inputs of Cu. This represents a 

significant research gap, as many aquatic organisms are likely to be sensitive to copper-based 

fungicides, and further, integrated biological, ecological and chemical investigations in this 

economically and socially important Victorian catchment are required.  
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