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Abstract 
Objectives: The Centre for Radiation, Chemical and Environmental Hazards (CRCE) Wales 
has undertaken a review of pollution incidents in the aquatic environment, reviewed the 
monitoring and detection marketplace and developed Water Rapid Assessment Tool (Water 
RAT) for the rapid risk assessment of monitoring data. The tool is designed for use in both 
alerting and response phases of by assessing data on key pollutants against health and 
environmental standards. The work undertaken for the Hazrunoff Project 
(http://www.hazrunoff.eu/) and funded by the European Union, aims to aid contingency 
planning and preparedness.  
Methods: A literature review for inland and coastal water in England and Wales was used to 
identify the most frequent types of pollution events and key chemical pollutants.  The results 
informed the specification and design of the Water RAT, adapting established methodologies 
used for air pollution incident response. Specifically, this defined key parameters for import 
from environmental monitors, appropriate exposure standards for assessment and algorithms 
for rapid data processing and visual representation of results.  
Results: Inland water events were associated with agricultural slurry, algae and pesticides. 
Oils, tars and waxes were frequently associated with coastal incidents. Key pollutants and 
proxies were identified as ammonia, hydrocarbons and general quality parameters, which 
could all be measured in-situ using commercially available sensors. Detection of diffuse 
organic pollutants at low concentrations was a potential limitation but monitors were 
identified applicable for this. The subsequent assessment tool enabled rapid data evaluation, 
aiding alerting and risk assessment. 
Conclusion: The Hazrunoff tool can contribute to rapid risk assessment of potential impacts 
from pollutants using real-time data, informing advice, analysis and response strategies. 

1. Introduction
During incident response it is important to have knowledge of the chemicals that have

been released to aid forecasting and inform the risk assessment to protect health and the 
environment. In view of the diversity of chemicals used in industry and transported on rivers 
and seas (EEA, 2011) it is not possible to have real time sensing for every chemical. As such 
this work is proposed to identify real-time sensing capabilities for the most common pollution 
incidents and to identify proxies that can be used as an initial means of detecting other types 
of incidents before using laboratory analysis to fully identify and quantify pollutants.  

To determine incident scale and impact it may be necessary to monitor the 
environment (such as air and water quality) at multiple locations utilising several types of 
monitoring equipment capable of monitoring a range of parameters (CEFAS, 2018). In an 
acute incident, concentrations of pollutants can vary considerably over a short time period, 
collecting data with a short averaging period generates volumes of data that require 
consideration and comparison to multiple standards quickly. 
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1.1 Objective 
To review pollution incidents in the aquatic environment and the monitoring and 

detection marketplace to allow the development of the Water RAT for the rapid risk 
assessment of monitoring data to be presented. Water RAT is designed for use in both 
alerting and response phases of incident management by assessing data on key pollutants 
against health and environmental standards. Water RAT will aid the rapid evaluation of 
monitoring data and inform the dynamic risk assessments during any event in which there is, 
or could be, exposure of the public to chemical substances needs to meet the key objectives 
of; 

• Rapid processing of raw data 
• Assessment against relevant standards 
• Production of clear visual outputs for rapid decision making on potential 

health and environmental impacts. 
 
1.2 Hazrunoff Project 

The work was undertaken for the Hazrunoff Project and funded by the European 
Union (DGECHO, 2018). The project is intended to fill the knowledge and technology gaps 
around early warning and detection, follow-up, and early response to different or combined 
types of flooding and hazmat pollution in inland and transitional waters  
(http://www.hazrunoff.eu/). The project commenced in January 2018, running for 2 years and 
includes a series of workstreams as illustrated in Figure 1 below.  

 

 
Figure 1: Illustration of Hazrunoff Project Work Packages (WPs) and lead partners 
 

The project has five separate but related Work Packages (WP). WP1 (Detecting, 
sensing and sampling) focusses on aspects related with data acquisition and measurements 
related with flooding and potential water contamination. WP2 (Modelling) comprises 
development of flood modelling in transitional areas, as well as fate and transport of 
pollutants. WP3 establishes the interface between measured and modelled data with 
stakeholders (decision makers /emergency responders, and citizens), through development of 
tools for situational awareness e.g. real-time dashboards and social media interactions. WP4 
focusses on planning and preparedness via training, exercising and contingency planning. 
The hazards prioritisation framework forms a deliverable in this package. WP5 relates to 
dissemination of deliverables, while WP0 covers management of the project.  
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The project comprises a consortium of 7 partners from the UK, France, Portugal and 
Spain and focusses on applying deliverables across 4 case study areas, one from each partner 
country. To demonstrate the framework, a prioritisation was undertaken for an area within the 
Bristol channel /Severn Estuary of the UK. This region represents one of the four European 
areas selected for study as part of the Hazrunoff project. 
 
2. Methods 

Incidents involving hazardous and noxious substances (HNS) in the coastal and 
riverine environment reported to UK public health bodies and environmental regulators 
(NRW, 2018), and to UK Maritime and Coastguard Agency (ACOPS, 2018) and 
international maritime bodies (EMSA, 2018) were reviewed for the period 2011-2018 and 
categorised by: 

• pollutant (type and substance) 
• location (river, lake, canal, port, marina, beach and coastal) 
• principal target of impact (human, environment), 
• scale (small, medium, large by estimate of release volume). 
Figure 2 identifies that for the incidents reviewed (n=194) in inland waters (rivers, lakes 

and canals) the most common contamination incidents involved “chemicals” (predominantly 
involving pesticides) (30%) and blue-green algae (BGA) (23%). 

 

 
Figure 2: Inland water incidents 
 

Figure 3 identifies that for the incidents reviewed (n=100) in maritime waters (coastal, 
ports/marinas, beach and estuaries) the most common contamination incidents involved oils 
(35%), beached tars / waxes and airborne (predominantly combustion) (20%).  

The overall review also demonstrates the prevalence of incidents in specific 
environmental locations, reflecting the priorities of the agencies recording the incidents and 
physico-chemical-biological characteristics the contamination. 

From the review of incidents, it was possible to identify 6 groups of pollutant incident 
type as the most frequent (Table 1). From these incident types, indicator species or proxy 
substances were identified that could be; monitored in the field, used to be representative of 
the presence and concentration of the pollutant and have an applicable exposure standard or 
guideline. 
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Figure 3: Maritime water incidents 
 

Table 1 Pollutants involved in incidents and potential indicators/proxies of 
contamination. 

Pollutant incident type Pollutant* Indicators/proxies* 
Agricultural slurry Ammonia, TOC  Ammonia, turbidity 
Oil Spill  TPH, VOC BTEX (Benzene) 
Chemical Various including pesticides pH, PAH, conductivity, DO 
BGA Toxin Cells, DO 
Palm Oil / Wax  VFA, TPH DO, BTEX, pH 
Flooding TOC, turbidity, salinity, 

metals 
pH, DO, turbidity, 
conductivity 

* (TOC – Total Organic Carbon, BTEX – Benzene, Toluene, Ethylbenzene and Xylene, DO - Dissolved 
Oxygen, TPH – Total Petroleum Hydrocarbons, VOC – Volatile Organic Compounds, VFA – Volatile Fatty 
Acids, PAH – Polyaromatic hydrocarbons.) 

 
2.1 Literature Review 

Outputs from a review of a range of literature sources helped to inform the 
development of the Water RAT. Key sources included a “Knowledge tool” developed within 
the EU Mariner project (DGECHO, 2017) which identified and listed past projects where 
detection and identification of HNS studies have been undertaken. In addition, reference was 
also made to recently developed UK guidance developed by CEFAS called PREMIAM 
(Pollution Response in Emergencies Marine Impact assessment and Monitoring) for 
monitoring pollution after an incident. This provides detailed practical information for the 
collection of samples and monitoring techniques (CEFAS, 2018). 
 
2.2 Review of Monitoring Technologies 

Real-time (or near real-time) environmental monitoring can be invaluable in the early 
stages of incident management to a rapid, clearer characterisation of the incident and to 
inform more detailed monitoring. However, such monitoring may be limited both in terms of 
the availability of equipment and the range of pollutants that can be monitored in real time 
(USEPA, 2003). 
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To identify capability and capacity within the monitoring marketplace, CRCE 
attended industry events, met with environmental regulators and equipment manufacturers 
and reviewed scientific papers, industry literature and earlier projects. A database of 
monitoring companies and their capabilities has been compiled to identify gaps in the current 
industry capability to provide real-time, in-situ monitoring of the indicator/proxy substances 
identified by the incident review. Identifying gaps in capability assisted in the selection of 
proxies to be used in the Water RAT.  For the study reported here, the work focussed on 
detection of pollution in water, although the same approach can be applied to pollutants air. 

 
2.2.1 Water Monitoring 

The review of incidents identified slurry/sewage, oil hydrocarbons, blue-green algae, 
other organic chemicals (largely pesticides) and solid tar/wax (Table 1.0) as the most 
frequently occurring substances reported. Potential proxy/indicator substances for these 
incidents were identified as ammonia, turbidity, BTEX, pH, PAH, conductivity and DO. The 
surveyed market currently supports real-time monitoring of all the proxy/indicator 
substances. Monitoring and identification can be achieved through equipment utilising 
optical, fluorescence, photometric, non-dispersive infrared sensor, mid infrared, 
electrochemical, microfluidic lab-on-chip and ion selective electrode methods. 
 
2.2.2 Air Monitoring 

The review of incidents identified the primary pollutants of concern as particulates 
and gases and potential indicator/proxy substances as PM10, NO2, SO2, CO2, CO, VOC, 
H2S, Dioxins and Furans. The market currently supplies the capability to undertake real-time, 
in-situ environmental monitoring for all the substances identified except dioxins and furans 
(EA, 2018). Detection techniques include light-scatter, electrochemical cells, photo-ionisation 
detectors, photo-metric infrared, UV scatter and light absorption techniques. 

 
2.2.3 Soil and Sediment Monitoring 

The review of incidents identified some substances released or mobilised incidents 
that have the potential to lead to land contamination such as hydrocarbons, pesticides, solid 
tars/waxes. Monitoring and identification can be achieved utilising the same methods as 
identified for water monitoring with alternative sample delivery and/or preparation. However, 
the market survey suggests suppliers support this application. 
 
2.3 Interpretation of Results – Application of Standards and Action Limits 

When monitoring for community exposure and assessing risk to the population, public 
health standards should be applied. In the absence of public health standards, health agencies 
may decide to derive conservative standards based on occupational health standards, 
toxicological data and situation. As occupational health standards are aimed at healthy adult 
workers standards derived from occupational limits will need to account for vulnerable 
population such as the elderly and children by incorporating uncertainty factors. 
 
2.3.1 Water Quality Standards and Guidelines 

Results are analysed and interpreted against standards, considering a range of 
impacting factors and based on the established conceptual model and human health standards 
and guidelines. It is important that data are in the right form for comparison to relevant 
standards i.e. to reflect the relevant averaging times used by the standards e.g. 24 hour means, 
running means etc. There are a range of standards suitable for application to chemical 
incidents where contaminants may reach concentrations detrimental to health.  The standards 
can be factored into emergency planning for protective actions, such as; do not consume 
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water or swim. Standards can also be used for longer term community / population effects 
when for example setting policy decisions. The drinking water standards and guidelines are 
more conservative and reflect chronic ingestion as the pathway of exposure. It is important 
that the derivation of guidelines and standards (and their averaging periods) are understood 
before their use. 

A range of water quality standards and guidelines were identified that can be applied 
to incident management. European standards and guidelines for drinking water quality are 
principally derived for the protection of health and are based upon chronic (lifetime) 
exposure as well as aesthetic factors. These are often based upon policy decisions and appear 
as national or international standards in member states (Europa, 1998). In addition, the WHO 
provides health-based guidelines for water quality based on chronic exposure (WHO, 2011) 
and in the UK suggested no adverse response levels (SNARLs), (developed commercially for 
the water supply industry) for acute risks from drinking water (WRC, 2018). Values are 
typically presented as milligrams or micrograms per litre of water. 

Standards are also derived for water as an amenity. Acute and sub-chronic guidelines 
are also produced for water quality including in the EU MAC-EQS (environmental quality 
standards - maximum allowable concentrations), EU AA-EQS (environmental quality 
standards - annual averages) (WFD, 2000). A summary of the standards for the 
proxy/indicator substances is presented in Table 2. 
 
2.3.2 Air Quality Standards 

Typically, air quality standards are expressed as 1 hour, 24 hour and annual average 
concentrations and are derived to be protective of the most vulnerable groups. The World 
Health Organisation provides a range of health based international air quality guideline 
values, derived for chronic exposure (WHO, 2005). As with water, guidelines also exist for 
acute exposure to harmful airborne substances. The US Environmental Protection Agency 
have produced acute exposure guideline levels (AEGLs) (USEPA, 2018). These define 
guidelines to be protective of human health from once-in-a-lifetime, or rare, exposure to 
airborne chemicals for short periods of between 10 minutes and 8 hours.  
 
2.3.3 Soil Quality Standards 

Standards for land contamination are covered by national and international policy 
based upon chronic human health risks or risks to ecosystems e.g. UK soil guideline values, 
Dutch soil and sediment intervention values and USEPA minimal risk levels. These are 
typically reported as mg/kg and derived using chronic exposure models often for specific 
end-uses and are dependent on background concentrations (DEFRA, 2012). 
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Table 2 Water quality standards and guidelines for use during incidents. 
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EU Drinking water standard 1* 0.1    0.5 
WHO drinking water guideline 10*      
EU Environmental Quality 
Standards AAs 

Inland surface waters 10*      
Other surface waters 8*      

EU Environmental Quality 
Standards MACs3  

Inland surface waters 50*      
Other surface waters 50*      

Private Water Supply 
Regulations (indicators) 
(UK, 2016) 

Max 
Min 

1*  2500 9.5 
6.5 

0.5*  

 
3. Results 
 The Water RAT was developed to rapidly review and assess data from water 
analysers during incidents. Based on an approach developed by Public Health England (EA, 
2018a) for air quality incident response and using commonly available software (Microsoft 
Excel) the tool takes data exported from water quality monitors and makes comparisons 
against health and environmental standards. Water RAT currently accepts data in .txt, .csv 
and .xls file formats. Water RAT was assessed against data exported from monitors deployed 
during incidents in the UK (Table 3). 
 
Table 3: Monitors used to test the beta Water RAT 
Manufacturer Device Technique Parameters* Source 
YSI YSI6000 and 

YSI EXO 
Electrochemical Conductivity 

pH 
Total dissolved 
solids 

NRW 

Chelsea 
Technology 

V-Lux Fluorometer Benzene 
Pesticides 
Polyaromatic 
Hydrocarbons 

Chelsea 
Technologies 

*further parameters can be determined using post capture data processing for the V-Lux 
device. 

 
Water RAT operates by automatically processing the most recent 7 days of raw data 

from a range of monitors. Providing a red, amber, green compliance indication with the most 
stringent standard identified and a graphical representation of the data aids the rapid 
interpretation of the data.  

There are currently two templates in the Water RAT; for inorganic parameters and 
organic. On processing, the tool will generate a new worksheet (which is named using the 
monitoring location details specified on the template page) recording who processed the data, 
with a date and time stamp. Several observations on the dataset are recorded: monitoring 
duration; maximum and minimum intervals between data points; and total number of data 
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points. The template will compare data to a range of standards and colour coded trigger 
values to indicate any potential pollution events. The user will need to select the appropriate 
standard to consider in their assessment, based on the environmental location of the sample 
(effluent, fresh water, saltwater) and the receptors (human, ecological). 

A graph of key pollutants will be automatically generated following the processing of 
data to show trends and flag any peaks for each parameter during the monitoring period.A 
data summary for the water parameters pH, conductivity and total dissolved solids has been 
presented, Figure 4. 

 

  
Figure 4: Water RAT summary of inorganic parameters. 
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Figure 5. Water RAT summary of organic parameters. 
 

The data processed by the Water RAT for organic pollutants (Figure 5) uses 
fluorescence as a measure of aromatic hydrocarbons (Benzene and PAHs). These parameters 
are used by the tool as a proxy for oil (fuel and crude) and aromatic pesticides where 
agricultural run-off may be an issue. The monitoring data presented by this technique is in the 
form of fluorescence units and requires the user to set a correction factor within Water RAT 
for the parameter of interest. The tool prompts users to select the parameter of interest from a 
drop-down menu and the correction factor is then automatically applied during processing. 

The templates (Figures 4 and 5) compare data to relevant standards and to colour 
coded alerts to indicate any potential pollution events. The user can select the appropriate 
standard to consider in their assessment, based on the environmental location of the sample 
(effluent, fresh water, saltwater) and the receptors (human, ecological). 

A graph of key pollutants is automatically generated following the processing of data 
to show trends and flag any peaks for each parameter during the monitoring period. 
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4. Discussion  
Water RAT is designed for reviewing raw monitoring data from a variety of 

monitors/analysers and to flag results which may be indicative of a pollution incident 
requiring further consideration. In this way, Water RAT is aimed at assessing data captured 
during the initial phases of a pollution incident and helping to inform subsequent actions. 
Water RAT is not designed to provide the user with a detailed risk assessment but to identify 
potential incidents and aid rapid response.  

Subsequent response may include issuing of alerts to response teams, to initiate 
management controls and further detailed sampling and analysis, issuing of advice to 
stakeholders that may be impacted such as industries, communities, recreational users etc. 
downstream of an incident, as well as regulators.  

The fluorimetry technique was identified as appropriate for incident response due to 
its capability to identify and quantify organics outside of a laboratory environment. The 
parameters are identified from a common signal using correction factors. In practice, the 
manufacturer reports that the measured fluorescence can be quenched by high turbidity, this 
is overcome by an algorithm applied by the device. We have considered this in the Water 
RAT to alert users for the need for further consideration within their risk assessment. 
 
5. Conclusions 

Oil, pesticides, sewage, blue-green algae and solid tars/waxes are the most prevalent 
substances reported during in-land and maritime water incidents reported to the agencies 
surveyed. By identifying indicator or proxy substances for these releases it is possible to utilise 
real-time in-situ monitors to determine the magnitude of the incident impact. 

The monitoring and sampling market provides capacity for water, air and land 
contamination. However, for dioxins and furans monitoring techniques currently in use rely on 
collection of a sample on a filter media and subsequent laboratory analysis and as such are not 
suitable for field deployment. 

 Based upon techniques used for the assessment of impacts from atmospheric releases, 
Water RAT was developed to rapidly assess potential pollution incidents in water 
environments. Water RAT can contribute to rapid risk assessment of potential impacts from 
pollutants using real-time data, informing advice, analysis and response strategies. Water 
RAT utilises existing standards and guidelines based on drinking water, bathing water and 
environmental quality standards and applies rapid visual alerts related to these. 

Water RAT is intended to provide a rapid assessment of water quality and identify 
potential pollution incidents enabling prompt response and management. In this respect the 
tool has been designed to be simple to use, to quickly provide results for several days of 
monitoring data and provide assessment of results against relevant standards and triggers. 
The design also enables users to easily review the data from visual colour coded and 
graphical outputs, helping to inform decisions. 

 
6. Recommandations 

Water RAT has been tested as a beta version with data supplied by UK regulatory and 
commercial organisations using standard monitoring techniques. While the tool is currently 
designed to receive data from specific monitors there is potential for it to be further 
developed to automate the processing of data from many more monitors and techniques and 
using data in a range of formats.  
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