
Application three: quantitative polymerase chain reaction 
(qPCR) monitoring for marine and fresh water pollution

Aquaculture of shellfish – predominantly oysters and mussels – is worth £8 
million per year to the Scottish economy. To fulfil the requirements of the 
European Shellfish Growing Water Directive and the Dangerous Substance 
Directive, SEPA’s Marine Science Unit currently uses an integrated approach 
of physical, chemical and biological measurements to monitor potential 
contaminants in the aquaculture industry.

Real-time/quantitative polymerase chain reaction (qPCR) is useful as a monitoring 
tool as it generates highly sensitive and specific responses to a variety of 
contaminants. It can assess a multitude of pressures simultaneously, and can be 
used as a screening tool prior to targeted analysis of contaminants, or to detect 
unexpected pressures.  

Mussels collected from sites affected by metals, polycyclic aromatic hydrocarbons 
and oestradiols were studied using qPCR. This allowed genes that were either up 
or down regulated, according to their reaction to exposure of the contaminants, 
to be detected and quantified. In the freshwater environment, the common 
three-spined stickleback was used. Fish were caught up and downstream of point 
sources of pollution and, as with the mussels, the up and down regulation of 
specific response genes quantified.

Both the freshwater and the marine work were funded through a NERC 
Knowledge Transfer project grant, and were carried out in co-operation with 
Glasgow Caledonian University.

Future applications
Genetic monitoring and assessment has the potential to support SEPA’s goal 
of protecting Scotland’s environment by characterising ecosystems, detecting 
threats, and assessing harm to the environment. It can also be an important tool 
for investigating the link between environmental quality and human health. 

Genetic methodology can offer a comprehensive, fast and cost-effective way of 
supplementing SEPA’s monitoring strategy and fostering co-operation between 
agencies and research establishments in Scotland.

Using genomic 
monitoring techniques 
at SEPA 



What is genomic monitoring?
Recent advances in genetic research mean that methods such as quantitative 
polymerase chain reaction (qPCR) and DNA fingerprinting are almost ready for 
use in environmental monitoring. SEPA has been involved in several projects to 
investigate and evaluate these techniques, with the aim of bringing them into 
business-as-usual.

Application one: bacterial source tracking 

Bacterial source tracking provides information about the different sources of 
microbial contamination that contribute to pollution at certain ‘at risk’ bathing 
waters. For example, it can identify whether the source of faecal bacteria is 
human or agricultural. SEPA, Scottish Water and other stakeholders can then use 
the results to select and apply measures that specifically target those sources of 
pollution and improve bathing water quality. 

Analysing the nucleic acids of indicator bacteria offers the most promise for 
samples that are currently collected for routine water quality monitoring, but 
sometimes show ambiguous results. The aim is to establish a procedure that 
reliably tells us which host group faecal contamination originated from. The 
microbiological source tracking method that uses Bacteroidetes species offers 
the most potential in this respect. This genomic investigative technique looks for 
unique DNA sequences from Bacteroidetes species bacteria that are host specific 
– i.e. from bacteria species that inhabit the guts of particular host groups such as 
humans, ruminants or birds. If the bacterial DNA found is mainly that associated 
with human host bacteroidetes, then a sewage source is indicated. If mainly 
ruminant, then an agricultural source is indicated.

Application two: new tool for monitoring phytoplankton 

Under the requirements of the Water Framework Directive (WFD), SEPA’s Marine 
Ecology Unit monitors phytoplankton to assess the ecological status of Scottish 
coastal waters. 

Phytoplankton analysis is a very time-consuming procedure, but EnPrint, 
a commercial venture from the Scottish Crop Research Institute (SCRI), has 
developed a tool that may make the process more efficient. 

The tool, which is based on the Terminal Restriction Fragment Length 
Polymorphism (T-RFLP) technique, is capable of quantitatively assessing major 
groups in marine phytoplankton communities. As well as being able to identify 
major phytoplankton groups within a preserved marine water sample, it also 
delivers a reliable quantification.

The benefit of introducing this molecular tool to our monitoring procedure 
will be its speed, accuracy and affordability. It will also offer additional analysis 
opportunities to our phytoplankton team and to partner organisations 
throughout Britain. 

We have supplied Enprint with coastal water samples and their associated 
phytoplankton data from across several years, so that they can develop 
and validate the tool. We hope that, in time, it may become a recognised 
and accepted technique to complement traditional methods of plankton 
identification within near coastal marine monitoring programs in the UK.
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