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FOREWORD

Taking a water quality sample is a complicated act. 
“No”, you rightly say, “surely anybody can look down 
a tube and estimate turbidity; it’s a bit harder to 
measure nutrients, but most people can be trained 
to do it competently. So what is complicated?”

It is what the sample means. Taking a water quality 
sample is to river health, what measuring a person’s 
temperature is to human health. Parents take a 
child’s temperature because it provides a surrogate 
for health. The parent may have only a vague idea 
why illness seems to lead to increased temperature, 
but they know that a temperature over 37oC could 
indicate sickness, perhaps an infection. This example 
provides some useful analogues for Waterwatch 
samplers. 

By Dr. Ian Rutherfurd

Director of Integrated River Health, 
Department of Sustainability and 
Environment
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1.  What is the question?  

2.  How good is the measure?  

3.   How does a result compare to the ‘standard’?  

4.  What does a change in a value mean from sample to sample?  

5.  When do we need to act on water quality measures?  

6.  How do my water quality measures relate to stream health?  
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Waterwatch Victoria is a community waterway monitoring and engagement program that connects local 
communities with river health and sustainable water management issues. Waterwatch coordinators and 
community volunteers have been collecting water quality data across Victoria for over 15 years, with a 
strong emphasis on data confidence and quality data since 2000. 

1

Microsoft Excel
Waterwatch 

Victoria Methods Manual (1999) Waterwatch Victoria Data Confidence 
Guidelines Data Confidence Plans and Equipment Manuals

E. coli

Rapid Bioassessment Methodology for 
Rivers and Streams.

 
Courtesy of Goulburn Broken Waterwatch.



6 Interpreting river health data

An ecologically healthy river is a river that retains its major ecological features and functioning similar to 
that prior to European settlement and which would be able to sustain these characteristics into the future. 
By this definition, an ecologically healthy river need not be pristine. For example, exotic species may be 
present or fish passage may be provided by fishways. However, overall, the major natural features, 
biodiversity and functions of a river are still present and will continue into the future.

2

Indicators of river health 

Waterwatch

Impacts on river health 

Climate change 
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3.2 Preliminaries

The questions 

Conceptual models 

 

 
Figure 3.1 Conceptual model for factors causing increased 
phosphorus concentrations.

3.1 Introduction

This section briefly describes approaches and methods that can be used to explore patterns in data and 
identify what those patterns may mean. Before looking at the data it is valuable to clearly state the questions 
you are seeking answers to. Often these questions are best formed through the development of conceptual 
models. These two aspects of data exploration are examined first. Important features of the data are also 
discussed, including the use of summary statistics, time series graphs and spatial graphs. The section 
finishes with an examination of the influences of environmental setting upon water quality indicators. 
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Figure 3.2 Conceptual model for algal bloom risk in a lowland 
river reach.

3.3 The Data

Calculating the mean

 

Calculating the median



9Interpreting river health data

3

Distribution 

 
Figure 3.3 Frequency Distribution, Median and Mean Values of  
a Hypothetical Data Set.

Summary statistics
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Using time series 

 
Figure 3.4 Turbidity time series 2000 to 2008 for Ovens River at Peechelba (VWQMN site no. 403241). 
Source: VWQMN Data Warehouse. Graph generated using Microsoft Excel.
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Figure 3.5 Total phosphorus time series and trend line for Bennison Creek at south Gippsland Highway (site no. BNN020).  
Source: West Gippsland CMA. Graph generated using Microsoft Excel.

 
Figure 3.6 Turbidity time series and trend line for Broken River at Gownagardie (site no. BAR010).  
Source: Goulburn-Broken Waterwatch. Graph generated using Microsoft Excel.
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Assessing water quality against objectives
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Figure 3.7 State Environment Protection Policy (Waters of Victoria) segments.
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Table 3.1 Water quality data and annual percentiles for 2007 for Bennison Creek at South Gippsland Highway. SEPP (WoV) Cleared 
Hills and Coastal Plain segment. (site no. BNN020) Source: West Gippsland CMA

Date  Electrical  pH  Total  Turbidity 
 Conductivity  (pH Units)  Phosphorus  (NTU) 
 (μS/cm)   (mg/LP)  

2 Mar 777 6.99 0.151 8 
6 Apr 591 6.72 0.035 3 
4 May 625 6.9 0.06 11 
25 May 680 7.16 0.021 6 
15 Jun 492 6.73 0.029 10 
6 Jul 290 6.68 0.053 25 
27 Jul 310 6.85 0.046 8 
17 Aug 253 6.9 0.038 12 
7 Sep 325 7.02 0.04 5 
28 Sep 304 7.06 0.049 8 
19 Oct 263 7.15 0.049 9 
2 Nov 328 7.1 0.057 5 
23 Nov 325 7.12 0.092 10

Annual 75th percentile 591 7.1 0.057 10 
Annual 25th percentile - 6.85 - -

WoV Objective  75th ≤ 7.7 
(annual percentile)  75th ≤ 500 25th ≥ 6.4  75th ≤ 0.045  75th ≤ 10

Risk-based assessment of ecosystem protection 
in ambient waters
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3.4 Interpreting the Data in terms of 
Environmental Setting

Relationships between indicators and other 
ecological components    

The surrounding catchment 

Site location within the catchment 

 

Weather conditions prior to sampling 
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Catchment land use

3

In-stream inputs and actions

 
Figure 3.8 Typical flow hydrograph after rainfall in a forested and a disturbed catchment.
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Courtesy of Goulburn Broken Waterwatch.

Looking for spatial patterns 
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Figure 3.9 Turbidity in Broken River and Broken Creek. Long term 75th percentiles (1996-2008). Data Source: Goulburn-Broken Waterwatch.
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PO PO

 
Figure 4.1 Conceptual model of common forms of phosphorus 
in water.

How is it measured?

th

4.1 Phosphorus
What is it?

Phosphorus is a naturally occurring element originating from minerals in rocks and is essential for animal 
and plant life. In natural circumstances, phosphorus usually enters waterways from the weathering of rocks 
(inorganic phosphorus) and the decomposition of plant and animal material (organic phosphorus).
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Courtesy of Corangamite Waterwatch.

Why monitor phosphorus?

Sources

Natural Variations
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Figure 4.2 Forms of nitrogen in response to environmental 
conditions.

4.2 Nitrogen

What is it?

Nitrogen is a naturally occurring element (chemical symbol ‘N’), originating from the atmosphere (chiefly 
as N2) and from minerals in rocks. Nitrogen is essential for all animal and plant life and is continually 
cycled through ecosystems. Few living things can use atmospheric nitrogen, and instead rely on 
compounds of nitrogen. 
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How is it measured?
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Figure 4.3 A phosphorus and nitrogen conceptual model for a healthy catchment.
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Figure 4.4 A nitrogen and phosphorus conceptual model for an unhealthy catchment.
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Courtesy of Corangamite Waterwatch.

Why monitor electrical conductivity?

Phragmites sp

How is it measured?

 

4

 

C

C

4.3 Electrical conductivity

What is it?

Electrical conductivity (EC) measures the flow of electricity in a solution. Conductivity in a solution 
increases as the amount of salts dissolved in the water increases. The relationship between conductivity 
and dissolved salt concentrations is used as a measure of salinity. The units of EC in water are usually 
expressed as micro Siemens per centimetre (μS/cm). 

Sources



25Interpreting river health data

4

 
Table 4.1 SEPP (WoV) objectives and typical levels in late summer and after a prolonged dry period (μS/cm @ 25oC).

Segment/region SEPP (WoV) objective Late summer levels Extreme levels after prolonged dry period 
 
Highlands (including the alps) 100 200 500

Forests 100 400 700

Cleared hills 500 1,000 3,000

Coastal plains 500 – 1,500 1,500 5,000

Murray plains 500 1,000 – 3,000 1,000 – 10,000

Western Victoria 1,500 2,000 – 10,000 6,000 – 40,000

 
Courtesy of Goulburn Broken Waterwatch.

Natural variation 
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4

4.4 pH

What is it?

The pH of water is a measure of its acidity or alkalinity. The actual component of the water being 
measured is its concentration of hydrogen ions (H+). In water, some of the H2O molecules will dissociate 
into H+ ions (also called protons) and OH- ions (hydroxide). These ions will be taken up differentially by 
other molecules through chemical and biochemical reactions. When there are more H+ ions than OH- ions 
the water will have a pH below 7 and is said to be ‘acidic’. Conversely, when there are more OH- ions than 
H+ ions the water will have a pH greater than 7 and is said to be ‘alkaline’. When the pH of a water body is 
7, the H+ concentration is the same as the concentration of hydroxide (OH-) ions and the water is said to 
be ‘neutral’. When the water is approximately neutral, it is called ‘circum-neutral’.

Why monitor pH?

How is it measured?

in situ

Influences on pH
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Natural variation 

th th

th th

 
Courtesy of Goulburn Broken Waterwatch.
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4.5 Turbidity

What is it?

Turbidity is a measure of the clarity of water. As suspended particulate matter including clay, silt, detritus 
and plankton in the water increases, the clarity decreases and the water takes on a muddy appearance. 
Turbidity does not measure the quantity of suspended matter in the water. This is measured as 
suspended particulate matter (SPM), also called suspended solids (SS). While turbidity is not a direct 
measure of SPM, they are highly correlated and turbidity can be used to indicate the likely effects of 
suspended matter. 

4

Why monitor Turbidity?

How is it measured?

Sources of turbidity
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4

Natural variation 

 
Table 4.2 SEPP (WoV) objectives - typical levels in healthy waterbodies and levels that may result in ecosystem damage.

Segment/region SEPP (WoV) objective Typical range in healthy Level which may cause 
 (75th percentiles) (NTU) waterbodies (NTU) ecosystem damage (NTU)

Highlands (including the alps) ≤ 5 ≤ 5 – 10 ≥ 20

Forests ≤ 5 ≤ 5 – 10 ≥ 25

Cleared hills ≤ 10 ≤ 10 – 20 ≥ 100

Coastal plains ≤ 10 ≤ 10 – 20 ≥ 100

Murray plains ≤ 30 ≤ 30 – 100 ≥ 200

Western Victoria ≤ 10 ≤ 10 – 20 ≥ 100

South western Victoria ≤ 10 ≤ 10 – 20 ≥ 100

 
Courtesy of Goulburn Broken Waterwatch.
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4

4.6 Dissolved oxygen

What is it?

Dissolved oxygen (DO) is a measure of the concentration of oxygen dissolved in water. 

Why monitor dissolved oxygen?

How is it measured?

Sources of oxygen demand
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4

Natural variation 
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Figure 4.5 Dissolved oxygen diurnal cycles and depth profiles.
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4

 

 
Table 4.3 SEPP (WoV) objectives - typical levels in healthy waterbodies and levels that may result in ecosystem damage.

Segment/region SEPP (WoV) objective  Typical range in healthy Level which may cause 
 (% saturation*) waterbodies (% saturation**) ecosystem damage  
   (% saturation**)

Highlands (including the alps) ≥ 95 
 ≤ 110 80 – 110 ≤ 60

Forests ≥ 90 
 ≤ 110 70 – 110 ≤ 60

Cleared hills ≥ 85 
 ≤ 110 60 – 110 ≤ 60

Coastal plains ≥ 85 
 ≤ 110 60 – 110 ≤ 50

Murray plains ≥ 85 
 ≤ 110 50 – 110 ≤ 40

Western Victoria ≥ 80 
 ≤ 110 50 – 110 ≤ 40

South western Victoria ≥ 85 
 ≤ 110 60 – 110 ≤ 40
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Figure 4.6 Salinity, pH, turbidity and dissolved oxygen conceptual model.
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4

4.7 Temperature

What is it?

Temperature is a measure of the amount of heat in the water, that is, how hot or cold a river is. It is 
measured as degrees Celsius (ºC).

Why measure it?

How is it measured?

Sources

Natural variation

 
Courtesy of West Gippsland Waterwatch.
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4

4.8 E. coli

What is it?

Escherichia coli (E. coli) is one of a group of coliforms called faecal coliform bacteria which are natural bacteria 
found in the gut of warm blooded animals. There are both pathogenic and non-pathogenic strains of E. coli. 
A non-pathogenic strain of E. coli is used as an indicator of human and animal faecal contamination in 
waterbodies. The presence of faecal contamination is indicated by the number of E. coli cells (measured as 
colonies) per 100 mL. 

Why measure it?

Vibrio cholerae Salmonella
Giardia Cryptosporidium E. coli 

How is it measured?

E. coli

E. coli

E. coli

Sources

Natural variation

E. coli

E. coli

E. coli. E. coli

E. coli

E. coli
Australian Drinking 

Water Guidelines

 
Courtesy of Corangamite Waterwatch.
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Courtesy of West Gippsland Waterwatch.

 
Courtesy of West Gippsland Waterwatch.
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1.  Assessment against SEPP (WoV) table

2.  Temporal changes

3.  Spatial changes

 
Courtesy of West Gippsland Waterwatch.
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Courtesy of West Gippsland Waterwatch.

 
Courtesy of West Gippsland Waterwatch.
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Water sampling and quality assurance

Contact the relevant Regional Waterwatch Coordinator for Regional 
Data Confidence Plans and Regional Methods Manuals

Water quality guidelines

Risk based 
assessment of ecosystem protection in ambient waters

Freshwater ecology and pollution impacts

Australian freshwater ecology 
processes and management

Biological indicators of freshwater pollution and 
environmental management

Water chemistry

Environmental chemistry th

Limnology: Lake and river ecosystems

Macroinvertebrates

Rapid bioassessment 
methodology for rivers and streams

Human health including E. coli:

Australian 
Drinking Water Guidelines

8
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Alkaline

Alkalinity

Blackwater event

Biochemical oxygen demand (BOD)

Circum-neutral

Condensed phosphates

Dissolved oxygen

Eutrophication

Nitrogen fixing

Organic phosphorus

Orthophosphates

Oxygen trough

Pass/ Fail objectives

Saturation

Snapshot monitoring

Step-wise impact

Suspended particulate matter (SPM)

Suspended solids (SS)

Trigger values

Turbidity






