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The use of sediments to assess environmental impact on a large coastal catch•
ment-the Hawkesbury River system 
G.P. Birch1, B.D. Eyre2 & S.E. Taylor l 

Sediment samples (140) acquired from the estuarine and fluvial sec•
tions of the Hawkesbury River between Windsor (130 km from the 
coast) and Broken Bay have been analysed for texture (gravel, sand, 
mud), heavy metals (Cd, Co, Cu, Fe, Mn, Ni, Pb, Zn) organochlorine/ 
pesticides (DDT, DOD, DOE, HCB, chlordanes, aldrin, lindane, 
heptchlor, H-epoxide, dieldrin) and nutrients (organic P, available P, 
inorganic P, total P, TOC, TKN). 

Generally low heavy metal and organochlorine/pesticide con•
centrations in the sediments of the main river channel reflect low 
intensity land use for the majority of the catchment, whereas 
impacted areas are related to urbanisation and increased industrial 
and recreational activity. High nutrient sediment concentrations 
are due to large sewage loads to some tributaries of this river. 

Contaminant sources are varied. Light industry and intense 
boating activities are the probable source of toxicants for the 
most contaminated area of the Hawkesbury River in southeast 
Pittwater in terms of heavy metals and organochlorine/pesticides. 
Elevated metallic and organic contaminant levels associated with 
a marina and water-related recreation facilities inside parkland 
(upper Cowan Creek) demonstrate the potential for such activi•
ties to affect pristine environments . Increased urbanisation and 
industrialisation in the upper Berowra catchment provide a source 
of heavy metals and nutrients, probably through a large sewage 
treatment plant, as well as via stormwater drainage. Sewage efflu-

Introduction 
Eighty-six per cent of Australians live in urbanised areas of the 
coastal zone (UN International Conference on Population and 
Development 1994, Arakel 1995, Cook 1995). Intense 
urbanisation and the concentration of industry have resulted in 
substantial environmental impact, including enrichment in 
metallic and organic contaminants and nutrients in waters and 
aquatic sediments in these areas (SPCC 1975, Roy & Crawford 
1984, Swaine & Irvine 1987). However, information on the qual•
ity of aquatic sediments in estuaries and rivers of coastal 
catchments is limited (Batley 1993, MacKay et al. 1992, Birch 
1996, Birch et al. 1996, Birch & Taylor 1999). Sediment data on 
the Hawkesbury River and estuary system are also restricted 
(Barnes et al. 1982, SPCC 1985, Parker 1992, Simons pers. 
comm. 1993, Thoms & Thiel 1995, Shotter et al. 1995). 
Sediments play an important role in environmental assessment, 
as they are the major carrier of contaminants, form a substantial 
repository of toxicants, and provide a long-term integrated record 
of source and dispersion (Forstner 1976). 

The Hawkesbury- Nepean River catchment (22000 km') is 
the largest of the four major river or estuary systems of the 
Sydney region (more than ten times the size of the second big•
gest catchment, the Georges River). Like the Port Hacking catch•
ment, land use is overwhelmingly rural or parkland, with only 
approximately 5% of its land surface being urban or industrial 
compared to 86% for Port Jackson and 42% for Georges River 
(PAB 1993). Instead of the environment reflecting this low 
impact land-use pattern, the Hawkesbury system is recognised 
as being under substantial stress (EPA 1993, Arakel 1995). 
Substantial and rapid urban expansion- population currently 
at 500 000 (Parker 1992)-in the catchment and plans to add a 
further one million people in the next two decades (Department 
of Planning 1995) will ensure that continual pressure is main•
tained on the system. 

Major contaminant sources have been identified as sewage 
treatment plants (STP), sewer overflows, quarrying and in-
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ent discharge from isolated urban areas (Berowra Waters and, to a lesser 
extent, Brooklyn) on the banks of Hawkesbury River results in enrich•
ment in metallic and organic contaminants and nutrients and illustrates 
the threat such developments can pose to the estuarine environment. 
These toxicants, especially in the upper reaches of the river, are chemi•
cally reactive and are, therefore, potentially mobile and bio-available. 
The flow of rivers draining large parts of the upper Hawkesbury catch•
ment (South and Cattai Creeks) is almost entirely industrial and do•
mestic effluent during periods oflow precipitation. However, sediments 
reflect minimal enrichment in heavy metals and organochlorines/pesti•
cides, owing to generally low industrial activity, but the high sewage•
derived organic content of the water results in marked enrichment in 
sediment nutrients and, importantly, the more bio-available fraction. 
The reservoir of such nutrients in bed sediments of these rivers may 
have important implications for the continual reoccurrence of algal 
blooms and eutrophication in the upper reaches of the Hawkesbury 
River. 

Sediments provide information on source and dispersion of 
contaminants and a long-term integrated assessment of environ•
mental impact in a large dynamic and complex ecosystem. The 
successful management of fluvial and estuarine resources requires 
consideration of water quality information and a more holistic 
view, including sediment information. 

stream extractive industries (EPA 1993). Of the 100 STPs in 
the catchment, 43 discharge directly into the river and, during 
low precipitation periods, >90% of flow can be urban and in•
dustrial effiuent (Thoms & Thiel 1995). Sewer overflows are 
designed to relieve the sewerage system when capacity is ex•
ceeded during periods of excessive precipitation. Although di•
luted , overflow from numerous structures in the catchment can 
exacerbate adverse effects on the receiving waters, owing to 
excessive nutrients (N and P), suspended solids, metals, etc. 
(EPA 1993). Other sewage sources are septic systems, and com•
mercial and pleasure craft discharging untreated sewage into 
the waterways. With high sewage loading, nutrient levels in 
water increase substantially during low flow periods, resulting 
in frequent algal blooms and eutrophication in some stretches 
of the river (EPA 1993, Arakel 1995). Intense urbanisation and 
industrial activity are restricted to the headwaters of the major 
tributaries (South, Cattai and Berowra Creeks; Fig. 2). 

This comprehensive investigation, the first into the geochem•
istry of bed sediments in the Hawkesbury system, was designed 
to test the response of aquatic sediments to a variety of land•
use distributions and mixed contaminant loads. The geochemi•
cal characteristics ofthe sediment were established to determine 
the controls on dispersion and storage potential, to assist in 
modelling, whereas background (pre-anthropogenic values) and 
base levels (current contaminant levels) were investigated to 
provide better tools for managing the waterway. 

Methods 
One hundred and forty sediment samples were retrieved from the 
Hawkesbury River, Broken Bay, and tributaries downstream of 
Windsor during August 1995. The top 1 cm of sediment collected 
with a stainless steel grab was subsampled for heavy metal, 
organochlorine and nutrient analysis. One sample per site was 
collected, except in the dynamic and complex fluvial environ•
ments of South, Cattai and Waitara Creeks, where five 
subsamples were aggregated to compensate for small-scale vari•
ability (Thoms 1987). Multiple sampling was also carried out at 
five localities to quantify small-scale spatial variance for the vari•
ous sedimentary facies in the estuary and tributaries (Fig. 2, Table 1). 
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For heavy metals, polycarbonate storage containers were 
cleaned in pyroneg and soaked for >24 hours in 10% nitric acid 
before repeated rinsing in deionised water. Sediment was stored 
at 4°C and samples were size-normalised to <63 J..lm by wet 
sieving with ambient water through a nylon sieve. Samples were 
digested in a 2:1 mixture ofHCl04 : RN03 and analysed for Cd, 
Co, Cu, Fe, Mn, Ni, Pb, Zn by flame atomic absorption spec•
trophotometry. Analyses were carried out on the <63J..lm and 
>63 J..lm fractions and total sediment concentrations were calcu•
lated (expressed as dry weight). Precision, calculated by repeat 
analysis of sediment of several facies, is better than 10% rela•
tive standard deviation (RSD) for all elements, and accuracy, 
determined using standard reference materials, was better than 

Figure 1. Location of study area. 

5% RSD. Blanks and internal standards were run with all batches 
of analyses. 

Extraction and clean up for organochlorine analyses were 
undertaken on 8 g total sediment, to which 10 g Na2S04 and 
50 mL hexane (20% acetone) were added and shaken overnight 
(H. Rose, Department of Crop Science, University of Sydney, 
pers. comm.). The sample was decanted through Na2S04 and 
100 mL collected. The extract was concentrated to approxi•
mately 7 mL, using two hexane exchanges in a Kuderna-Danish 
apparatus. The extract was poured through aluminium oxide 
and 3 g silic acid followed by 40 mL hexane. The eluate was 
collected for PCB and HCB analysis. Another 20 mL hexane 
(4% acetone) was poured through the same mixture for organo-
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chlorine analysis. Both fractions were concentrated to approxi•
mately 7 mL in a Kuderna-Danish apparatus and evaporated to 
3 mL, and 1 ilL of each fraction injected into a gas chromato•
graph. Recovery ranged from 60 to 90% and sensitivity is 5 and 
50 ng/gdry weight for organochlorines and PCB, respectively. 

Nutrient analysis was carried out on the <631lm fraction, 
separated by wet sieving with Milli-Q water. Total organic carbon 
(TOC) of the sediment was determined by wet oxidation 
(Walkley 1947). Total Kjeldahl nitrogen (TKN) of the sediment 
was determined by wet oxidation, using semi-automated 
Gerhardt Vapodest 5 digestion and distillation equipment and 
standard procedures (analytical error ± 1 0%) (Gerhardt 
Application Notes 86/87 and 87/87). Sediment P was separated 
into three fractions, using a series of chemical extractions. The 
first, termed Colwell P, represents phosphorus that is immedi•
ately bio-available; 0.3 g of sample was mixed with 30 mL 0.5M 

150' 50' 151 ' 00' 

35' 30' 

35' 40' 

NaHC03 adjusted to pH 8.5 with NaOH for 6 hours at 25°C 
(Rayment & Higginson 1992), and then centrifuged and the 
supernatant removed. The second fraction, termed inorganic P, 
represents phosphorus that is bio-available over a longer pe•
riod; the pellet from Stage I was mixed with 30 mL of 2M HCl 
at 20°C for 1 hour in a ventilated oven and then centrifuged and 
the supernatant removed (Eyre 1994). The third fraction, termed 
organic P, represents phosphorus that is potentially bio-avail•
able as a result of organic decomposition. The pellet from Stage 2 
was ashed at 550°C for I hour, mixed with 30 mL of2 M HCl at 
20°C for 1 hour, then centrifuged and the supernatant removed 
(Eyre 1994). All P analyses of extractants were carried out 
colorimetric ally with molybdate blue and ascorbic acid (Parsons 
et al. 1984) after 1:4 dilution (Colwell P) or 1: 10 dilution (HCl•
P; organic P). Standards were made in the same matrix as the 
extractant. 
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Figure 2, Sample locations and type of analysis undertaken, Small-scale spatial variance study is described in the text, 
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Results 
Texture 
The mud content of samples increases in the tidal section ofthe 
Hawkesbury River system, and the lower estuary tributaries 
are mantled in almost pure mud, e.g. Berowra, Mangrove, 
Mooney Mooney, Mullet and Cowan Creeks, as well as 
Pittwater. The sand content and coarse fraction grain size 
increases upstream, whereas sorting declines. Textural variation 
increases with environmental complexity and is most prom•
inent in the main channel upstream of Wiseman's Ferry and in 
fluvial tributaries. 

Table 1. Small and medium scale spatial variance. 

Cu Ph Zn Mud 

Site 1. Pittwater Mean 91.4 53.4 153.3 90.2 
estuarine mud (n=4) 

RSD 5.5 6.9 5.6 1.4 
Site 2. Pittwater Mean 47.9 38.5 121.4 13.1 
estuarine muddy sand 
(n=8) 

RSD 6.6 9.0 6.7 117.3 
Site 3. Hawkesbury Mean 27.9 38.6 148.0 7.9 
fluvio-tidal sand (n=4) 

RSD 9.7 8.1 15.3 65.2 
Site 4. Hawkesbury Mean 27.9 38.6 148.0 7.9 
fluvio-tidal muddy 
sand (n=4) 

RSD 11.3 10.9 6.7 269.8 
Site 5. South Creek Mean 36.6 47.8 147.2 53.8 
fluvio sand/mud (n=8) 

RSD 13.7 18.6 23.0 31.7 

Note. Heavy metals in ~g.g-l, mud in % 

to.o Gram Sediment 5.0 Gram Sediment 

Na2S0.v Hexane Extract 

Gas! Liquid Chromatography 

Heavy metals. 
One hundred and forty heavy metal analyses were carried out 
on the coarse and fine fractions of the sediment samples-33 
from tributaries (Waitara, Cattai and South Creeks) and 107 
from the main Hawkesbury River channel and estuary. Only the 
distribution of the major contaminant indicators (Cu, Pb and 
Zn) is discussed here and only the distribution of Cu is pre•
sented (Fig. 4). Small-scale spatial variance established for 
different sedimentary facies in various parts of the river pro•
duced relative standard deviations (RSD) of 5- 26% for the above 
elements (Table 2.). 

Heavy metal concentrations (dry weight) in the fine fraction 
«63 J..lm) ofthe sediment vary between 17 and 221 J..lg.g-1 Cu,22 
and 388 J..lg .g-1 Pb, and 54 and 680 J..lg.g-1 Zn, but the majority of 
the Hawkesbury main channel and estuary exhibit lower and 
more consistent values (17-36 J..lg.g-1 Cu, 25- 42 J..lg.g-1 Pb, 
and 82-153 J..lg.g-1 Zn; Table 2). Minor heavy metal enrich•
ment is evident at Berowra Waters, and heavy metal concentra•
tions are markedly elevated in the upper Cowan Creek and 
southeast Pittwater. Heavy metal concentrations in fluvial sedi•
ment from South, Eastern and Cattai Creeks are variable, but 
generally low, whereas the heavy metal content of sediment 
above and below Hornsby STP on the Waitara Creek is consid•
erably higher (Table 2). 

Heavy metal analysis of the coarse fraction was undertaken 
mainly to calculate total concentrations for comparison with 
established environmental guidelines (Long & Morgan 1990). 
However, values are low for all elements (Cu < 9 J..lg.g-1, 

Pb < 9 J..lg.g-1, Zn < 25 J..lg.g-1), except in regions rich in faecal 
pellets (muddy areas) and rock fragments (fluvial tributaries). 

Organochlorines/pesticides 
Organochlorine/pesticide analyses were undertaken on 73 sedi•
ment samples from the Hawkesbury River main channel and 
estuary and another 17 from the fluvial section of South, Eastern 

Kjeldahl Digest 

TXN 

Figure 3. Analytical stream for analyses of heavy metals, organochlorine/pesticide residues and nutrients 
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and Cattai Creeks (Table 2). In addition, 8 analyses from Waitara 
and Calna Creeks have been taken from Shotter et al. (1995). 

DDT was detected in only 7 sediment samples from the 
Hawkesbury main channel and estuary, and these are located in 
Brooklyn and Broken Bay, and in high concentrations in south•
east Pittwater (32 ng.g-1) and Mullet Creek (12- 19 ng.g-1). DDE 
was widespread in the estuary and tributaries, and high concen•
trations were found at Berowra Waters (29 ng.g-1), upper Cowan 
Creek (18 ng.g-1), Brooklyn (11 ng.g-1) and in southeast Pittwater 
(29 ng.g-1) (Table 2) (Fig. 5). DDD was also commonly detected 
(38 samples) and high concentrations were located in upper 
Cowan (9 ng.g-1) and Mullet (11 ng.g-1) Creeks and in southeast 
Pittwater (24 ng.g-1). DDT and DDD were not detected in the 
upper and middle Hawkesbury (Windsor to Brooklyn) and 
minimal DDE was detected in this section. DDT, DDD and 
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DDE were low in concentration «6, 3, 5 ng.g-1, respectively) 
in South, Eastern and Cattai Creeks, and below detection in 
Waitara and Calna Creeks. 

The majority ofthe samples contained <5 ng.g-1 total chlor•
dane, but high concentrations occurred in samples from Mullet 
(up to 13 ng.g-1) and upper Cowan Creeks (47 ng.g-1), Brooklyn' 
(8 ng.g-1), Berowra Waters (maximum 30 ng.g-1) and in south•
east Pittwater (up to 52 ng.g-1)(Fig. 6). Isolated, moderate con•
centrations « I 0 ng .g-1) occurred at the Cattai Creek•
Hawkesbury River confluence, between Cattai Creek and Colo 
River (up to 8 ng.g-1) and in the western embayments ofPittwater 
(maximum value 7 ng.g-1). Alpha and gamma chlordane were 
most abundant adjacent to Berowra Waters (up to 14 ng.g-1), 
upper Cowan Creek (up to 22 ng.g-1) and southeast Pittwater 
(up to 25 ng.g-1). The total chlordane content of samples from 
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Figure 4, Distribution of eu in the mud fraction «63f1m) of the sediment. 



Table 2. Summary of heavy metal, nutrients and O.C.s for regions of the Hawkesbury River. 00 
0 

Cu ?h Zn Av.? In.? Org.? Tot.? TOC TKN HCB Lind. Hep. Ald. H·epa tt- DDE DDD DDT Die!. 
chlar. 0 All Mean 42.9 47.1 140.4 72.2 665.7 191.0 929.0 3.2 0.2 0.6 0.5 0.32 12.0 0.2 7.4 7.6 3.1 1.6 3.5 ~ 

Hawkesbury tl:i 
Minimum 17.1 23.7 82.4 29.6 459.7 58.6 601.6 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ....., 

:>;i 
Maximum 221.1 174.3 297.3 160.1 1113.9 323.1 1483.1 7.4 0.4 4.1 13.3 7.1 390.5 6.3 51.8 29.3 23.5 32.2 38.0 (1 

Count 104 104 104 104 104 104 104 102 101 73 73 73 73 73 73 73 73 73 73 ::r1 
Hawkesbury Mean 27.5 35.3 126.3 69.9 672.9 160.5 903.3 2.7 0.2 0.6 0.8 0.2 6.9 0.0 3.9 4.6 1.4 1.0 2.2 
main channel 

Minimum 17.1 23.7 82.4 29.6 459.7 58.6 601.6 1.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Maximum 72.5 75.9 271.6 160.1 965.1 264.4 1333.2 4.1 0.3 3.4 13.3 7.1 247.1 0.0 13.0 24.6 11.1 19.7 23.4 
Count 65 65 65 65 65 65 65 64 63 43 43 43 43 43 43 43 43 43 43 

SE Pittwater Mean 158.4 88.8 201.6 55.1 649.5 215 .6 920.2 3.0 0.2 0.3 0.0 0.2 65.4 1.8 20.5 19.4 13.8 10.6 6.3 
Minimum 57.5 45.0 143.8 38.0 556.9 132.6 732.6 2.5 0.2 0.0 0.0 0.0 0.0 0.0 2.9 4.9 3.4 0.0 0.0 
Maximum 221.1 126.1 297.3 69.5 761.9 286.1 1031.5 3.9 0.3 1.7 0.0 0.9 390.5 6.3 51.8 29.1 23.5 32.2 13.1 
Count 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

Cowan Creek Mean 65.9 86.8 188.7 85.9 628.6 259.6 974.1 4.5 0.3 1.0 0.0 0.3 0.3 0.4 14.0 8.7 2.1 0.0 3.2 
Minimum 21.1 31.4 111.7 42.6 552.8 187.6 847.0 0.6 0.2 0.0 0.0 0.0 0.0 0.0 1.7 4.7 0.0 0.0 0.0 
Maximum 118.3 174.3 274.4 132.3 811.0 323.1 1177.3 7.4 0.4 4.1 0.0 3.0 2.9 2.3 46.8 18.2 9.0 0.0 12.2 
Count 16 16 16 16 16 16 16 16 16 10 10 10 10 10 10 10 10 10 10 

Berowa creek Mean 31.5 39.0 119.6 79.4 742.1 216.2 1037.7 3.9 0.2 0.3 0.0 0.0 28.1 0.0 13.2 13.2 2.1 0.0 8.5 
Minimum 19.4 24.2 91.5 36.4 539.5 164.0 749.0 2.0 0.2 0.0 0.0 0.0 0.0 0.0 2.5 3.1 0.0 0.0 0.0 
Maximum 60.3 77.7 173.3 152.5 1113.9 267.0 1483.1 7.4 0.3 0.7 0.0 0.0 168.8 0.0 30.0 29.3 5.1 0.0 38.0 
Count 9 9 9 9 9 9 9 9 9 6 6 6 6 6 6 6 6 6 6 

South and Mean 36.3 62.0 153.0 92.9 547.6 198.4 838.9 2.3 0.2 0.0 0.1 1.4 0.5 0.5 16.8 1.5 0.6 1.5 1.5 
Eastern 
Creek 

Minimum 21.7 21.8 53.6 15.8 256.7 28.3 324.9 0.8 0.1 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.2 
Maximum 64.9 315.2 409.7 370.2 733.7 922.3 1656.8 4.1 0.4 0.3 0.3 5.1 2.4 1.9 37.3 4.4 2.7 5.3 4.9 
Count 26 26 26 13 13 13 13 13 13 13 13 13 13 13 13 J3 13 13 13 

Cattai Creek Mean 35.5 61.0 171.6 98.2 601.1 283.2 982.5 4.0 0.3 0.0 0.1 1.3 0.3 0.5 9.9 1.0 0.3 0.7 1.1 
Minimum 22.3 44.2 65.9 23.6 272.9 28.3 324.9 3.1 0.2 0.0 0.1 0.5 0.1 0.0 4.9 0.6 0.3 0.3 0.2 
Maximum 44.0 85.9 377.3 151.2 770.4 922.3 1656.8 5.1 0.4 0.0 0.1 2.9 0.5 0.9 14.5 1.4 0.4 0.9 2.4 
Count 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

Waitara Mean 99.2 330.8 609.9 238.0 838.7 291.8 1368.5 6.1 0.6 
Creek 

Minimum 79.7 266.4 487.9 85.4 673.9 230.9 1058.1 3.8 0.4 
Maximum 115.3 388.0 679.9 411.3 1039.0 319.1 1768.7 8.3 0.7 
Count 4 4 4 4 4 4 4 4 4 

Note. Heavy metals and nutrients in ~g.g-l , O.C.s in ng.g-l 
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the lower section of South and Eastern Creeks was high 
(>30 ng.g- ') and decreased markedly upstream. Concentrations 
were lower for Cattai Creek samples (15 ng.g-' ) and values 
decreased downstream, whereas concentrations were very low 
(1 ng.g- ') or not detectable in Waitara and Calna Creeks. Similar 
distributions are evident for alpha and gamma chlordane in 
Eastern, South and Cattai Creeks, but no such data are available 
for Waitara and Calna Creeks. 

Most of the Hawkesbury main channel and estuary sedi•
ment contains minor or undetectable concentrations «5 ng.g- ') 
of dieldrin (Fig. 7). High dieldrin values were found adjacent to 
Berowra Waters (up to 38 ngK'), upper Cowan Creek (12 ngK'), 
and in southeast Pittwater (maximum value 13 ng.g- ' ). 
Detectable, but low (5 ngK') concentrations of dieldrin occur in 
sediments from South, Eastern, Cattai, Waitara and Calna Creeks, 
except for a singular sample from the lowermost South Creek 
(39 ng.g- '). HCB is below detection limits for most samples, 
except for a small number of isolated occurrences mainly in the 
lower central part of the estuary between Berowra Creek and 
Brooklyn and in Cowan Creek (maximum value 4 ng.g-' ). 

Aldrin, heptachlor, lindane and H-epoxide are below detec•
tion limits in the majority of sediments except for some high 
isolated concentrations. High, singular concentrations of aldrin 
occur at Berowra Waters (169 ng .g- ') , southeast Pittwater 
(391 ng .g- '), and between Windsor and Wiseman's Ferry 
(247 ng.g-'). Lower concentrations «20 ngK') were detected 
in the Brooklyn area, upper Cowan Creek and in Pittwater, as 
well as in the fluvial sections of South, Eastern, Cattai and 
Waitara Creeks. Heptachlor was detected downstream of Windsor 
and in Pittwater, and in minor quantities «5 ngK') in the pre•
viously mentioned creeks. Lindane is present in low «20 ngK') 
concentrations at several localities between Windsor and 
Wiseman 's Ferry and in Cattai Creek, but only in a small num•
ber of sites on South and Eastern Creeks, and is absent from 
Waitara and Calna Creeks. H-epoxide is present in the sediment 
in small concentrations «10 ng.g- ') in Cowan Creek, southeast 
Pittwater in the fluvial section of South, Eastern, Cattai, Waitara 
and Calna Creeks. Total PCBs were not analysed in the 
Hawkesbury main channel and estuary, but are ubiquitous in 
sediments of South, Eastern and Cattai Creeks, sometimes 
occurring in high concentrations (>50 ngK'); they were not 
detected in Waitara or Calna Creeks. 

Nutrients 
Inorganic P constitutes the major proportion of total P, making 
up on average 71% (48- 84%) of the concentration (Tables 2 
& 3). The main Hawkesbury channel has the lowest total P 
concentrations with levels generally increasing in tributaries 
heavily influenced by STPs (e.g. Berowra, Waitara, Cattai, South 
and Eastern Creeks). Colwell P concentrations further highlight 
this trend with very high bio-available levels (up to 411 Ilg.g-' ) 
in all tributaries of the Hawkesbury River (Fig. 8). The high 
Colwell P concentrations in Cowan Creek, where there are no 
STP discharges, are possibly associated with septic leakage and 
industrial discharges . Organic P is enriched in the deep mud 
basins ofBerowra, Cowan Creeks and in Pittwater, as well as in 
some sediments of South and Cattai Creeks (Fig. 9). 

TKN concentrations (Fig. 10) range from 0.14 to 0.74%, 
with a mean concentration of 0.23% and, in general, follow the 
distribution of TOC (Fig. 11). TOC and organic P concentra•
tions are highly variable, ranging from 0.5 to 8.3% and 28 to 
922 IlgK' with mean concentrations of 3.12% and 191 IlgK' , 
respectively. The lowest TOC and organic P concentrations are 
located in the main Hawkesbury channel , with the highest levels 
in the lower tributaries (Berowra, Cowan, and Waitara Creeks). 
The elevated organic P concentrations in Mooney Mooney and 
Mullet Creeks and the generally lower TOC and organic P levels 
in the upper tributaries (South, Eastern, Cattai Creeks) illus•
trate a minor influence of STPs and other anthropogenic 
discharges on these fractions. 

Forty-six parameters were determined for the majority of 
the 140 samples collected during the current investigation. Inter•
parameter relationships for the total matrix produced low 
correlation coefficients , because different contaminant asso•
ciations occur in different localities, depending on source type . 
However, correlations within each contaminant type are 
stronger (r2 = >0.5) and probably more meaningful in terms of 
geochemical processes. Within the metallic group of contam•
inants, Cu, Pb and Zn are strongly associated, as are Ni, Co and 
Mn. Chlordane is strongly correlated with DDT, DOD, DOE 
and H-epoxide, whereas for the nutrients, available P and inor•
ganic P and, therefore, total P are strongly associated, as is 
TKN, total P and TOC. 

Discussion 
Generally, heavy metal and organic contaminant concentrations 
are low for Hawkesbury River sediments relative to other central 
New South Wales estuaries, using comparative data (Irvine 1980, 
Birch et al. 1996, 1997, Birch & Taylor 1999). Isolated localities, 
i.e . Berowra Waters, upper Cowan Creek and Pittwater are 
exceptions; however, even these areas are not enriched in heavy 
metals to the same level as extensive parts of Port Jackson or 
the Georges River (Table 4). Enrichment over background (pre•
anthropogenic values) for the fine fraction as determined from core 
data (Shotter et al. 1995) is close to unity for the majority of the 
waterway except for the affected areas, which are enriched up to 
12 times for Cu, 18 times for Pb, and 12 times for Zn. On a total 
sediment basis, however, only restricted parts of southeast 
Pittwater exceed the adverse biological effects thresholds of Long 
& Morgan (1990). 

Because single samples were collected at most locations in 
the current study, multiple samples were analysed for heavy 
metals in a representative number of sedimentary facies to 
establish small-scale variance and to validate regional contaminant 
trends. Four sedimentary facies- estuarine mud (southeast 
Pittwater), sandy estuarine (Pittwater), fluvio-tidal (two sites 
between the Colo River and Wiseman 's Ferry), and complex 
fluvial (South Creek) were selected for repeated sampling (Fig. 2, 
Table I). Small-scale variance is lowest for estuarine deposi•
tional environments (RSD 5- 7%), slightly higher in the more 
complex tidal reaches of the main Hawkesbury River channel 
(RSD 8- 15%), and most pronounced in the fluvial environment 
(RSD 13- 23%). Small-scale spatial variance is similar to 
analytical variability (RSD 10%), except for upper parts of the 
fluvio-tidal and fluvial sections of the river. As results in the 
current study are for single samples, cognisance must be given, 
especially in the more complex fluvial environment, to this level 
of small-scale variance in interpretation of the data. 

The distribution of contaminants in fluvial and estuarine 
sediments is generally related to land use in the catchment 
(Forstner 1976, Thoms 1987). The comparatively low concen•
tration of metallic and organic contaminants in sediments in this 
part of the Hawkesbury River is due to most of the catchment 
being low-density urban, rural and national park, whereas high 
nutrient levels are related to excessive sewage-derived effluent 
discharge. 

Spatial distribution and source 
Generally, metallic and organic contaminants exhibit similar 
spatial distributions, i.e. the Hawkesbury main channel and 
estuarine sections have consistently low values, except for 
Berowra Waters, upper Cowan Creek and southeast Pittwater, 
which have elevated concentrations. Nutrients correspond 
spatially with some of the above contaminants, but individual 
species have separate distributions. The contaminant character•
istics of these areas are discussed below. 

In Berowra Creek, all contaminants display a similar distri•
bution pattern of gradually increasing concentrations from the 
Hawkesbury- Berowra Creek confluence towards Berowra 
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Waters and a subsequent declining trend to the headwaters of 
Berowra Creek. This distribution suggests that discharge at 
Berowra Waters is an important source of contaminants, with 
an additional source being the headwaters of Berowra Creek. 

Three areas in upper Cowan Creek exhibit elevated con•
taminant concentrations, i.e. Bobbin Head, Coal and Candle 
Creek and Smiths Creek. All contaminants increase in concen•
tration up Cowan Creek, and most attain a maximum enrich-

ment at Bobbin Head. This distribution suggests that the recre•
ational area and boating facilities at Bobbin Head are a major 
source of contaminants, with the upper catchment acting as an 
additional contributor. In Coal and Candle Creek, all contami•
nants increase in concentration towards the Akuna Bay boat 
facilities. This distribution corresponds well with more detailed 
metal trends of Shotter et al. (1995). Akuna Bay is the only 
development permitted in this part of the pristine Kuringai 

- - - -

Table 3, Average sediment phosphorus concentrations in a number of Australian estuaries ()!g,!f'), 

Estuary Bio-available Enorganic Organic Total Source of data 

Hawkesbury 87.2 ' 669.0 90.8 947 This study 
Moresby 55.4' 323.98 290 669.5 Eyre 1993 
Johnstone 6.03 568.0 346.8 92.4 Pall ies et al. 1993 
Johnstone 4.8-9'. 3.0-87.0 P. Moody pers. comm. 1995 
Peel 76.8 ' 35.0' 6.2 206.6 Hill et al. 1992 
Harvey 202.6' 309.5 ' 05.4 43.0 Hilletal.1992 
Leschenault 7.7' 234.0' 76.7 330.7 Hill et al. 1992 
Swan-Canning 537.0' 793.5 ' 44.5 877.0 Hill et al. 1992 

'Colwell ; ' Bray 30; 3Bray 7; 4NaOH; 'Sum of NaOH + HCI extractable phosphorus. 
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Figure 5, Distribution of DDE in the total sediment. 
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Chase National Park and is a good example of the impact such a 
facility can have on a sensitive estuarine environment. The source 
of moderate metallic and organic contaminant enrichment in 
Smiths Creek in the same park is more problematical, except 
that this is the venue for high-power boating and water skiing. 

Southeast Pittwater is the most contaminated region in the 
Hawkesbury system. One of the most extensive systems of 
marinas and boat moorings in New South Wales is located in this 
region (Murphy & Cardew 1987) and this may be a source of 
some of the metallic contaminants in this area. However, it 
would not account for the high concentrations of organic toxi•
cants, which indicate possible discharge from light industry in 
the immediate catchment. 

Some unexpected anomalies are revealed by the current study. 
The origin of organic contaminants in Mullet Creek, surrounded 
by pristine parkland, is unknown. The source of moderate 
enrichment in heavy metals in sediments adjacent to Gunderman 
on the main Hawkesbury River, which is not accompanied by 
high organic contaminants, is also unknown. Heavy metal con•
centrations in sediments of the main Hawkesbury River are 
reasonably uniform, except for Zn, which shows substantial 
enrichment at the confluence of the Colo River. This distribu•
tion is similar to the findings ofShotter et al. (1995), who showed 
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high Zn concentrations for sediments some distance up the Colo 
River. They suggested a source in the upper catchment of the 
Colo River. 

Table 4. Comparison of heavy metals in four Sydney 
estuaries. 

Estuary Cu (pg.g-I) Ph (pg.g-I) Zn (pg.g-I) 

Hawkesbury R. Mean 42.5 46.7 140.4 

n=108 Min. 17 24 82 
Max. 221 174 297 

Georges R.I Mean 70.4 155.4 393.0 
Botany Bay Min. 21 29 76 
n=260 Max. 415 827 2132 
Port Hacking Mean 62.0 123.9 183.0 
n=42 Min. 33 71 III 

Max. 140 291 367 
Port Jackson Mean 121.8 268.1 552.8 
n=208 Min. 14 26 46 

Max. 1078 1321 2243 
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Figure 6. Distribution of total chlordane in the total sediment. 
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Arakel (1995) presented heavy metal results aggregated 
according to stream order for the Hawkesbury River and tribu•
taries, making comparisons difficult. However, Arakel (1995) 
found the highest heavy metal concentrations were associated 
with sediments of high-order catchment streams, rather than the 
estuarine section of the river. The current data indicate a strong 
relationship between contaminant loading and source, irrespec•
tive of stream order. 

Comparison of average bottom-sediment P concentrations 
in the Hawkesbury River with a number of other estuaries from 
around Australia (Table 3) illustrates the high level of enrich•
ment; bio-available P, total P, organic P and inorganic P, in 
particular, can be directly compared, as similar analytical methods 
have been used to measure them. The Hawkesbury River has 
the highest average total P concentrations of the seven Australian 
estuaries. In terms ofland use, the Swan- Canning estuary is the 
most comparable to the Hawkesbury River, being located in the 
Perth metropolitan area and fed by rivers that drain agricultural 
land. The Swan- Canning estuary, which is considered eutrophic 
with the occurrence of regular algal blooms in the upper and 
lower reaches (Hill et a1. 1992), has similar sediment total P, 
organic P and inorganic P levels to the Hawkesbury River. The 
Peel Inlet and Harvey Estuary are also highly eutrophic, with 
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Figure 7. Distribution of dieldrin in the total sediment. 

nuisance accumulations of aquatic macrophytes and regular 
blooms of blue-green algae (Hill et a1. 1992), but they have 
considerably lower total P, organic P and inorganic P concentra•
tions than the Hawkesbury system. 

The regional distribution of nutrients and TOC displays 
some similarities with metallic and organic contaminants, but 
different species exhibit separate spatial patterns. For example, 
organic P, TKN and TOC have similar spatial distribution 
patterns, being most elevated at Berowra Waters and in the 
upper Cowan Creek, which is consistent with high heavy metals 
and organic contaminant concentrations. However, these com•
ponents are low in southeast Pittwater, where metallic and or•
ganic contaminant concentrations are high. Because of the 
frequent association of nutrients with STPs, spatial distribu•
tions and potential sources are discussed for the fluvial section 
in the following section. 

Influence of STPs on sediment quality 
A limited number (27) of streambed samples were taken from 
South, Eastern and Cattai Creeks to determine the influence of 
STPs on sediment quality. They show that heavy metal values 
are slightly higher downstream of some STPs than above them, 
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but other than for Zn, there is no evidence that metallic con•
taminants discharged from these rivers affect the main 
Hawkesbury River channel. There is also no consistent evidence 
of increased concentrations of any organic toxicant downstream 
from STPs. Organic contaminant concentrations, with the pos•
sible exception of chlordane (alpha, gamma and total), DDT 
and heptachlor, decline downstream in South, Eastern and Cattai 
Creeks such that at the confluence with the Hawkesbury River 
they are at the same level as the main channel. A similar study 
undertaken above and below an STP on Cattai Creek showed 
that heavy metals are elevated for only a small distance « 100 
m) downstream from the discharge point (Arakel 1995). A high•
density (139 samples) study ofthe fine fraction of South Creek 
bed sediments indicated a general enrichment of two to five 
times in heavy metals in the urban reaches of South Creek over 
the upper rural reaches (Thoms & Thiel 1995). Although samples 
were taken every 500 m, no relationship between metals and 
STPs is evident. 

Sediment samples taken from above and below the Hornsby 
STP on Waitara Creek are 5- 10 times enriched in heavy metals 
compared to background and to average concentrations for the 
main Hawkesbury channel and estuary. The same applies to 
sediment above and below the STP on the Calna Creek, except 
enrichment there is approximately 2- 5 times. Sediment samples 

150' 50' 151 ' 00' 

- 35'30' 

,.. .. 
0 
"0 .. 
" .<: 
~ 
iii 0 5 km ci ., , , 

~ 
~ 
Ii 
<II :z: ... 
~ 
~ ., 
'" 

from a nearby control river (Old Mans River, Fig. 2), unaffected 
by the Hornsby STP, have heavy metal concentrations close to 
background (Birch et al. 1998). Organic contaminants are absent 
or in very low concentrations in sediments ofWaitara and Calna 
Creeks. Data of Shotter et al. (1995) show that heavy metal 
concentrations decline rapidly downstream of the STP and prob•
ably do not affect sediments at the head of Berowra estuary. 

The effect ofSTPs on the bed sediment of the Hawkesbury 
River and its tributaries in terms of heavy metals and organic 
contaminants does not appear to be excessive, from the data 
acquired during the current investigation. The relatively high 
heavy metal concentrations in Waitara Creek and, to a lesser 
extent, Calna Creek, occur above and below the STPs; sedi•
ments downstream of the large number of STPs in the South, 
Eastern and Catttai Creek catchments show no marked eleva•
tion in heavy metals. High heavy metal concentrations were 
also found above and below STPs on Cattai Creek by Arakel 
(1995), and metal values decreased to base level within 50 m 
downstream of the STP. Organic contaminant concentrations 
from the South, Eastern and Cattai Creek catchments are incon•
clusive with regards to STP sourcing, and these toxicants are 
absent or in very low concentrations below the STPs on Waitara 
and Calna Creeks. 
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Figure 8. Distribution of available phosphorous in the mud fraction «63~m) of the sediment. 
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All nutrients and TOC, except inorganic P, are elevated 
below STPs on Waitara, South and Cattai Creeks; however, 
available P, organic P and TKN exhibit a strong association with 
STP discharge. Arakel (1995), likewise, found elevated TKN 
and TP concentrations in sediments downstream of STPs in 
Cattai Creek, but that enrichment declined to base level within 
50 m of the discharge point. The high TKN concentrations in 
most tributaries influenced by STPs suggest that some organic 
.nitrogen and ammonium may be supplied by anthropogenic 
sources. This combination of elevated bio-available P and TKN 
levels in Waitara, Berowa and Cowan Creeks highlights the 
sediment as a possible causative factor in the poor water qual•
ity associated with these water bodies (Williams & Callaghan 
1991, Savage pers. comm. 1992, James 1993). The relationship 
between nutrients and contaminants may also have implications 
regarding source. The absence of available P enrichment asso•
ciated with elevated metallic and organic contaminant concen•
trations in southeast Pittwater suggests a source other than STPs 
for these areas . 

Contaminant and nutrient storage 
Because most contaminants and nutrients are associated with 
the fine fraction of sediment (Forstner & Wittmann 1979, 
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Klamer et al 1990, Luoma 1990), potential storage is largely a 
function of sediment texture and hydrology. The Hawkesbury 
River is divisible into an upper fluvio-tidal reach, dominated 
by coarse sediments, and an estuarine section, which becomes 
increasingly muddy seawards. The upper fluvio-tidal channel 
does not appear to have the capacity for extensive fine-sedi•
ment storage and, according to Hughes (1995), it acts as a 'sedi•
ment transfer zone', where predominantly coarse sediment is 
temporarily stored. Moderately high heavy metal concentrations 
identified in flood plain sediments between Richmond and Cattai 
Creeks, especially in flood basins and levee toes (Parker 
pers.comm.1992, Simons 1993), may constitute an important 
potential storage in the upper reaches ofthe Hawkesbury River. 
These sediments may act either as a temporary storage between 
floods or a longer term sink for contaminants. The moderate 
heavy metal contents of fluvial channel sediment in the upper 
Hawkesbury River are easily erodable, but the significance of 
these deposits to store contaminants and act as a secondary 
source depends on their texture and lateral and vertical extent. 
The thick and extensive accumulations of contaminant-rich mud 
in the upper reaches oflower estuary tributaries may be erodable 
by tidal and fluvial processes (Taylor & Birch 1995) and may 
constitute a large secondary source of toxicants. 
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Figure 9, Distribution of organic phosphorous in the mud fraction «63Ilm) of the sediment, 
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Bed sediments in the upper tributaries of the Hawkesbury 
River appear to be acting as a sink for P discharged from ST.Ps 
and other anthropogenic sources. Phosphorus assocIated wIth 
freshwater discharges may be incorporated into bottom sedI•
ments in the tributaries by a number of processes, including 
coagulation or sorption onto particulate material, which i~ sub•
sequently removed through sedimentation (Eyre 1994), bIOlog•
ical uptake and sedimentation (Kemp & Boynton 1984), and 
flocculation and precipitation reactions with iron and humIc 
material (Bray et al. 1973, Sholkovitz 1976, Boyle et al. 1977, 
Smith & Longmore 1980). This benthic removal of P plays an 
important role, as it largely determines the system's ability to 
buffer changes in external P inputs (Van Raaphorst et al. 1992). 
However, accumulating P may have reached levels tha~ will cause 
the bottom sediments to act as a secondary pollutIOn source 
(Eyre & McConchie 1993) that significantly affects the overly•
ing water column. Whether sediment acts as a source or smk 
for P in the Hawkesbury River system will be determined by 
the depositional environment and associated early diagenetic 
reactions (Ruttenberg 1993). 
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Mobility and bio-availability 
The toxicity of heavy metals in oxic sediments from aquatic 
environments is more closely related to the free metal IOn ac•
tivity than to total concentrations. Extensive sequential parti•
tioning on oxic bottom sediments throughout the Hawkesbury 
River by Arakel (1995) gives an insight into the reacttvlty level 
and, hence, the potential bio-availability of contaminants in these 
river bed sediments. The data indicate that >50% of the total 
metal load is chemically reactive, especially in the upper catch•
ment streams and fluvio-tidal section, for Cu, Ni , Pb and Zn for 
both the upper, oxic, easily transportable material, as well as 
the underlying anoxic sediment. Moreover, the reacttvlty levels 
of Cd Cr Cu Ni and Pb in sediments collected downstream of 
STPs ~re :narkedly higher than in samples upstream of the point 
source. Arakel (1995) found Cu to be the main oxide-bound 
metal in the estuarine section, whereas Cd has the highest 
reactivity level and Pb is the only metal with a substantial 
association with organic matter. Work done during low-flow 
conditions, when sewage-derived effluent contributed >70% of 
runoff, on Cattai Creek fine sediments indicates a relatively hIgh 
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Figure 10. Distribution of TKN in the mud fraction «63Ilm) of the sediment. 
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reactivity level and mobility for Pb, Zn (>40%) and, to a lesser 
degree, Cd. The high organic loading of the sediments during 
these conditions may increase reactivity through the interplay 
of bottom dynamics and potential redox changes. 

Bio-available (Colwell) P is the fraction most applicable to 
considerations of water quality; however caution needs to be 
applied when comparing bio-available concentrations between 
estuaries (Table 3), as a number of different analytical pro•
cedures have been used. 1M NaOH was used to extract bio•
available P in the Peel, Harvey, Leschenault and Swan- Canning 
estuaries (Hill et al. 1992). This is a much stronger extractant 
than the Cowell extractant (bicarbonate) and, as such, extracts a 
much larger proportion of the total P. The highly bio-available 
P levels in the Moresby estuary are probably also an overesti•
mate, because a Bray extractant/sample ratio of 30: I was used 
instead of the standard 7: 1. The most comparable bio-available 
concentrations are those from the Johnstone estuary, which are 
significantly lower than those from the Hawkesbury River. An 
adequate soil for crop production has a Colwell-P concentration 
of about 30 Ilg.g-1 (P. Moody pers. comm. 1995), also signifi•
cantly lower than the average sediment concentration for the 
Hawkesbury River. Furthermore, many of the sediment samples 
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from the more polluted tributaries have bio-available (Colwell) 
P concentrations approaching or exceeding total P levels in the 
Peel, Harvey, and Leschenault estuaries. Clearly, elevated sedi•
ment P levels in the Hawkesbury system have the potential to 
significantly affect overlying water quality. 

Bottom sediments are an important source of nutrients for 
primary production in estuarine systems (e.g. Fisher et al. 1982, 
Kunishi & Glotfelty 1985, Seitzinger 1991). Phosphorus may 
be supplied to the water column via a number of mechanisms, 
including pore water diffusion, desorption and dissolution. These 
processes may regulate dissolved inorganic P (DIP) concentra•
tions in estuarine water columns in the approximate range of 
20-40 Ilg.L-1 (i.e. buffering mechanism) (litts 1959, Pomeroy 
et al. 1965, Froelich 1988). This buffering mechanism predicts 
that when DIP concentrations in the water column are low, DIP 
will be supplied from suspended material and bottom sediments, 
and when DIP concentrations are high, DIP will be removed 
from the water column. Clearly, this has important implications 
for management of the Hawkesbury system, since sediments 
with elevated P levels may still provide a significant supply of 
P to the water column when external sources, e.g. STPs, are 
regulated or removed. 
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Contaminant dispersion and accumulation 
The Hawkesbury River system is the least affected of the major 
central New South Wales estuaries in terms of metallic and 
organic contaminants, either because of a limited source or the 
hydrology and geomorphology of the river system. 

During low flow, the upper fluvio-tidal section of the 
Hawkesbury River is static, with neither fluvial nor tidal pro•
cesses able to mobilise substantial sediment, whereas in the 
lower estuary, large amounts of fine sediment are mobilised by 
tIdal processes (Hughes 1995). During flood events, fluvial pro•
cesses are responsible for transporting substantial material 
through the upper reaches into the estuarine section. Here, the 
predominant depositional morphology is muddy inter-tidal and 
subtidal point bars , tidal levees and backplain mangrove 
swamps. Residence times for surface water in the main drain•
age channels commonly exceed a period of weeks (ArakeI1995) 
and sediment flushing is probably restricted to times of flood•
ing. Estuarine tributaries (Berowra, Cowan, Mooney Mooney 
and Mullet) are not filled by marine or fluvial deltas, but thick 
deposits of mud from the upper reaches of the Hawkesbury River 
accumulate in these deep basins. 

The hydrodynamics and sedimentary characteristics of the 
upper and lower reaches of the river are fundamentally differ•
ent; however, on a size-normalised basis, sediment contami•
nant and nutrient concentrations are consistently low for the 
entire length of the main channel of the river, as well as in the 
deep mud basins of the lower tributaries . This is also true for 
cross-river distributions, where fine sediment from mid-chan•
nel, intertidal and mangrove mud flat environments have con•
sistently low metal concentrations (Shotter et al. 1995, Birch et 
al. 1998). These distributions are in contrast to steep contami•
nant concentration gradients at the heads of mud-filled tribu•
taries (Cowan and Berowra Creeks, and Pittwater) in the lower 
estuary and downstream of STPs in the fluvial section, where 
values decline to base level a short distance from the discharge 
pomt. 

Consistently low size-normalised contaminant and nutrient 
concentrations in the upper, vigorous reaches of the Hawkesbury 
RIver, steep contaminant gradients away from point sources in 
the lower depositional section, and minor impact of tributaries 
on sediments of the main channel all suggest that a limited 
source, rather than hydrodynamics or geomorphological fac•
tors, is the dominant control on contaminant and nutrient distri•
bution in the Hawkesbury system. 

Conclusions 
The generally low concentrations of metallic and organic con•
taminants for most of the Hawkesbury River and tributaries re•
flect the dominant land use of low-density urban, rural and 
parkland (5%) for the catchment. Isolated areas with high 
contaminant concentrations- Berowra Creek, upper Cowan 
Creek and southeast Pittwater- are associated with more intense 
land use. 

A concentration of marinas and intense boating activities, 
probably supplemented by local industry in the catchment, 
results in high concentrations of metallic and organic contami•
nants, but low nutrient loads in surficial sediments of southeast 
Pittwater. Maritime and recreational activities in pristine 
parkland in Cowan Creek produce similar contaminant load•
ing, and elevated nutrients suggest additional sewage input. 
Urbanisation and industrial activity in the Berowra Creek 
catchment are associated with high levels of contaminants and 
nutrients in sediments of the upper creek. Additional contami•
nants and nutrients are being introduced into the middle reaches 
ofBerowra Creek at an isolated urban development at Berowra 
Waters. 

Of particular interest to this study is the influence oflarge 
volumes of STP-derived effluent on bed sediments of the 
Hawkesbury River and estuarine system. Of primary concern 

in this regard are the catchments of South, Cattai and Waitara 
Creeks. Except for a few anomalies, the heavy metal content of 
sediments in South and Cattai Creeks is similar to that of the 
Hawkesbury River main channel and close to background, 
whereas organic contaminants are only marginally enriched 
relative to the Hawkesbury main channel. Heavy metal 
concentrations are substantially enriched below the Hornsby 
STP on Waitara Creek, but high values above the STP indicate 
a substantial contribution from stormwater drainage in the up•
per catchment and the STP contribution per se is problemati•
cal. Nutrient concentrations are substantially higher in all creeks 
supplied by STPs and in the case of South and Cattai Creeks 
nutrients affect the main Hawkesbury River channel sediments: 
This considerable reserve of readily available nutrient, as well 
as those in the upper Berowra and Cowan Creeks, needs to be 
recognised in understanding instances of algal blooms and 
eutrophication and in modelling of the river system. 

Although contaminants and nutrients from local sources 
affect some tributaries substantially, the main channel of the 
Hawkesbury River shows consistently low concentrations, ow•
ing to low contaminant loads rather than dilution or rapid dis•
persion. The use of metallic and organic contaminants as well 
as nutrients has helped differentiate the contribution of a num•
ber of different sources, e.g. marine activities (mainly heavy 
metals), urban/industrial output (organochlorines/pesticides and 
heavy metals) and the contribution of STPs (mainly nutrients 
with irregular metallic and organic contaminants). 

The results of this investigation emphasise the usefulness 
of sediments in environmental impact assessment, because they 
provide time-integrated information. This is a valuable comple•
mentary aspect to the dynamic and synoptic water quality data. 
The fact that there are few contaminant data presently available 
for aquatic sediments in Australia and no sediment quality guide•
lines should be of considerable concern to authorities manag•
ing Australian water resources. 
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