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Executive Summary  
The purpose of this report is to provide an overview of the available evidence relating to 
the trophic status of the Milford Haven waterway and to recommend whether a case for 
designation as a Polluted Water (Eutrophic) should be made under the terms of the 
Nitrates Directive. The report reviews available data and compliance with other relevant 
European directives. The EC Nitrates Directive (91/676/EEC) requires that waters which 
are eutrophic due to nitrates derived from agricultural sources, or are at risk of becoming 
so unless preventative action is taken, must be identified as Polluted Waters (Eutrophic) 
and areas of land draining into these waters, and which contribute to their nitrogen 
pollution, must be designated as Nitrate Vulnerable Zones (NVZs).  
Opportunistic macroalgae, phytoplankton and nutrient data have been reviewed in this and 
previous studies undertaken for the Nitrates, Urban Waste Water Treatment and Water 
Framework (WFD) directives. Milford Haven waterway is at Moderate status and 
hypernutrified compared to WFD nutrient standards. Phytoplankton blooms do not occur in 
the waterway, but within the sheltered bays and inlets there is widespread and often dense 
growth of opportunistic macroalgae species, primarily Ulva sp.  
Evidence from WFD monitoring in the Milford Haven Inner water body shows that 
dissolved inorganic nitrogen (DIN) levels are Moderate and this is reflected in the 
opportunistic macroalgae classification, which also achieves Moderate status. Therefore, 
this transitional water body is currently failing to meet Good status, which is required for 
WFD compliance by 2027.  
The WFD DIN classification demonstrates that the waters of the Milford Haven Outer water 
body are also at Moderate status and are hyper-nutrified according to WFD standards, but 
assessments did not demonstrate failures of phytoplankton or opportunistic macroalgae 
quality elements at water body level.  
There is localised evidence of impacts from excessive macroalgal growth on eelgrass and 
saltmarsh habitats but this is not reflected in overall water body classifications for these 
elements, which achieve at least Good status in both water bodies. There are classification 
data available for benthic invertebrate communities, but these have been generated using 
sub tidal samples and hence are not from areas of opportunistic macroalgae growth so are 
not of relevance to this assessment.  
The vast majority of the DIN entering the waterway from the catchment area comes from 
agricultural land. Only ~8% of the DIN load is attributable to continuous point sources such 
as sewage treatment plants and industrial discharges, while other potential sources such 
as intermittent discharges and other urban sources are believed to be relatively 
insignificant. A higher proportion of the dissolved inorganic phosphorus (DIP) load (~42%) 
comes from continuous point sources. Previous modelling studies have indicated that both 
nitrogen and phosphorus concentrations may be important in controlling algal growth, 
depending on location within the waterway, time of year, weather and tidal state. However, 
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based on the observational data, it was suggested that, on balance, nitrogen limitation is 
more likely. There is no evidence of an increasing trend in nutrient (DIN or DIP) loads 
entering the waterway or nutrient concentrations within the waterway.   
Minimum data requirements for each parameter considered in this assessment have been 
achieved in all cases. On the balance of evidence available, there is evidence in all three 
categories for the designation of the Milford Haven Inner water body. For Milford Haven 
Outer water body, there is evidence of nutrient failures and more localised ñCategory IIò 
response parameter impacts, however these Category II impacts are not reflected in the 
overall classification for opportunistic macroalgae in the Outer water body. Evidence of 
Category III secondary response parameters to nutrient enrichment are present within both 
water bodies however it should be noted that this evidence is limited.  
There is also evidence of opportunistic macroalgal growth impacting upon water use 
including fishing activities and navigation. It should be considered that there is no 
quantifiable method for the analysis and reporting of such evidence and it is mostly 
anecdotal, however it is still of relevance and should be taken into account.   

Summary of available evidence 

 Milford Haven Inner  

Category I: Nutrient enrichment: WFD DIN failure 
Category II: Response Parameters: WFD Opportunistic Macroalgae failure  
Category III: Secondary response parameters: High percentages of anoxia in surface sediments; 
impacts of eutrophication on water use i.e. fishing activities, navigation and  cooling water 
processes at Pembroke Power Station, evidence of localised impacts to seagrass and pioneer 
saltmarsh; this is not reflected in water body level classifications.    

Milford Haven Outer  

Category I: Nutrient enrichment: WFD DIN failure 
Category II: Response Parameters: localised areas of opportunistic macroalgae blooms in 
sheltered inlets and embayments but this is not reflected in classification at water body level.  
Category III: Secondary response parameters: High percentages of anoxia in surface sediments; 
impacts of eutrophication on water use i.e. fishing activities and navigation, evidence of localised 
impacts to pioneer saltmarsh; this is not reflected in water body level classifications.  

 

It is recommended that a case for designation under the provisions of the Nitrates 
Directive should be made for the catchment area for the Milford Haven Inner water 
body.  This is supported by evidence in all three of the categories that this 
assessment is based upon, however it should be noted that Category III evidence is 
limited. For the Outer water body there is also evidence to suggest the waters are 
hypernutrified (it is failing for DIN) however the Category II evidence does not 
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support a case for designation as macroalgal growth is more localised in the Outer 
water body and it is not failing for opportunistic macroalgae or phytoplankton. It is 
therefore recommended that monitoring for the Outer water body is continued and 
the outputs are reviewed at the next 4-yearly review.  
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1. Introduction 
The aim of this report is to provide an overview of the available evidence relating to the 
trophic status of the Milford Haven waterway and to recommend whether a case for 
designation as a Polluted Water (Eutrophic) should be made under the terms of the 
Nitrates Directive. The report reviews available data and compliance with other relevant 
European Directives.  
The EC Nitrates Directive (91/676/EEC) requires that waters which are eutrophic due to 
nitrates derived from agricultural sources, or at risk of becoming so unless preventative 
action is taken, must be identified as Polluted Waters (Eutrophic) and areas of land 
draining into these waters, and which contribute to their nitrogen pollution, must be 
designated as Nitrate Vulnerable Zones (NVZs).  
The Milford Haven waterway is a ria estuary (drowned river valley) comprising a central 
waterway with numerous shallow embayments, tributaries and pills. It is the largest estuary 
in Wales and the catchment area comprises a large proportion of Pembrokeshire (Fig.1). 
For WFD purposes, the waterway is divided into two separate water bodies: Milford Haven 
Inner, a transitional water body, and Milford Haven Outer, a coastal water body. The entire 
Milford Haven waterway is within the Pembrokeshire Marine Special Area of Conservation 
(PMSAC), and has been afforded the highest legal protection currently available by 
achieving this status under the provisions of the Habitats Directive. It is considered one of 
the best areas in the UK for a number of habitats and species, all of which can be affected 
by diffuse pollution impacting upon water quality. Nutrient enrichment has been cited as a 
threat to the integrity of PMSAC.  
There are 71 WFD fresh water bodies adjudged to comprise the catchment area of the 
Milford Haven Waterway. Nutrient enrichment and morphological impact on fish 
communities are cited as the main problems affecting WFD compliance in these 
freshwater bodies (WFD Catchment Summary).  Agricultural land is considered to be the 
primary source of diffuse pollutants impacting upon water quality within the catchment 
area.  
There has been increasing concern over the existing problems around opportunistic 
macroalgal growth on the inter-tidal mudflats and sand flats within the sheltered bays and 
inlets of the waterway. This was first expressed in a report by CCW (2009a), which raised 
concern of evidence of eutrophication, particularly opportunistic macroalgal growth, and 
questioned whether impacts of excess nutrients had been overlooked in previous years. 
This report prompted the Environment Agency to consider whether a case for designation 
should be made under the terms of the Urban Waste Water Treatment Directive (UWWTD) 
and Nitrates Directive (ND), based on the evidence available at the time.    
The Milford Haven waterway was first reviewed as a candidate Polluted Water in 
2009.This review concluded that there was insufficient evidence to support a proposal for 
designation (Robinson, 2009a) but it was recommended that monitoring should continue 
and its candidacy reviewed again when further evidence was available.   
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Fig.1 Map showing the Milford Haven Inner and Outer water bodies and their catchment 
areas 
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In 2014, NRW produced a report entitled ñEnvironmental Pressures on the Milford Haven 
Waterwayò, which had a particular focus on nutrients. The report highlighted that the 
waterway contains elevated levels of nutrients originating from diffuse pollution within the 
catchment and that analysis of monitoring data demonstrated the waterway was 
hypernutrified compared to WFD nutrient standards. Based upon the evidence used to 
inform this report, it was subsequently decided that the Milford Haven waterway catchment 
area was to be considered further for designation as a Polluted Water (Eutrophic) under 
the provisions of the Nitrates Directive and stakeholders were notified of this risk later in 
2014.  
Eutrophication is defined as ñthe enrichment of water by nitrogen compounds, causing an 
accelerated growth of algae and higher forms of plant life to produce an undesirable 
disturbance to the balance of organisms present in the water and to the quality of the water 
concernedò. The meaning of the term ñeutrophicò is inferred from the definition of 
eutrophication set out in the Nitrates Directive.   
 

2. Overview of Eutrophication in EU 
Directives   
Eutrophication is addressed in several EU policies. The main anthropogenic sources of 
nutrient loadings were addressed in two directives implemented in 1991: The UWWTD and 
ND. The UWWTD (91/271/EEC) addressed the major point sources; the Nitrates Directive 
dealt with diffuse pollution of nitrogen from agriculture. Both directives provide measures to 
combat eutrophication. Neither directive has a specific framework for the monitoring and 
assessment of water quality.  
In 2000, the WFD (2000/60/EC) introduced a comprehensive ecological status assessment 
of all surface waters, based on a number of quality elements. The WFD provided the basis 
for a clear and detailed assessment of trophic status, and provided the potential for a more 
consistent and integrated approach to managing nutrient inputs to water taking fully into 
account the requirements of previous EU legislation (CIS, 2009).  
Additionally, the EU Marine Strategy Framework Directive (2008/56/EC) aims to achieve or 
maintain ñgood environmental statusò including the minimisation of eutrophication in 
marine waters.  
A number of EC directives require Member States to monitor parameters relevant to 
eutrophication, however only the UWWTD and ND have an explicit requirement to assess 
eutrophication; the former through the identification of ñsensitive areasò and the latter 
through the identification of ñpolluted watersò and subsequent designation of NVZs (CIS, 
2009). The WFD supports both these directives in its provisions for protected areas and 
additionally has a specific requirement to assess trophic status when classifying surface 
waters. Unlike the UWWTD and ND, the WFD has a specific framework for the 
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assessment of elements of water quality which has been formally consulted upon, and 
published. 
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Table 1, General Overview of requirements for EC directives regarding 
eutrophication. Adapted from CIS, 2009  
 
Directive 

 
Requirement to assess 
eutrophication 
 

 
Minimum monitoring 
requirements relevant to 
eutrophication 
 

WFD 
 
 
 
 
 
 
 
 
UWWTD 
 
 
 
 
 
Nitrates 
Directive  
 
 
 
Bathing 
Water 
Directive  
 
 
 
 
 
 
 
 
 
 
Marine 
Strategy 
Framework 
Directive 
 
 
 
 

Included in the classification of 
Ecological Status where nutrient 
enrichment affects biological and 
physic-chemical quality elements  
 
Protected Areas support and uphold 
requirements of UWWTD and 
Nitrates Directive 
 
In order to identify sensitive areas 
under Annex IIA(a) criteria (i.e. water 
bodies that are eutrophic or may 
become eutrophic in the near future if 
protective action is not taken) 
 
In order to identify ñpolluted watersò 
and  
to designate their catchment area as 
nitrate vulnerable zones 
 
As part of the obligations under this 
directive, bathing water profiles have 
to be established. When the bathing 
water profile indicates a tendency for 
proliferation of macro-algae and/or 
marine phytoplankton, investigations 
are undertaken to determine their 
acceptability and health risks and 
adequate management measures 
shall be taken, including information 
to the public. 
 
 
Included in assessment of 
environmental status based on 
ñgoodò environmental status concept 
 
Complementarity with WFD in 
ñcoastal watersò, hence no MSFD 
specific issues in those waters as 

Phytoplankton (6 months), aquatic 
flora (3 yrs), macro invertebrates (3 
yrs), fish (3 yrs) 
 
 
Physico-chemical quality elements 
(3 months) 
 
 
Review of the existing sensitive 
areas and designation of new ones 
at least every 4 years (Article 5 (6)) 
 
 
 
A review of the eutrophic state of 
fresh waters, estuaries and coastal 
waters should be made every four 
years. 
 
When establishing, reviewing and 
updating bathing water profiles, 
adequate use shall be made of data 
obtained from monitoring and 
assessments carried our pursuant to 
Directive 2000/60/EC. 
 
 
 
 
 
 
 
A monitoring programme will be 
established by each Member State, 
taking account of the information 
needs derived from their 
development of the earlier elements 
of their marine strategies (initial 
assessment, determination of good 
environmental status, identification 
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Habitats 
Directive 
 

regards assessment of 
eutrophication   
 
If threatening protected habitats or 
species  

of environmental targets and 
indicators) 
 
None  

 

Available guidance (CIS, 2009) states that the results of the WFD ecological status 
assessment should be considered in reviews of the designation of NVZs in accordance 
with the Nitrates Directive.  Ultimately, the assessment should lead to a comparable and 
consistent conclusion across the relevant Directives.  

 
 

3. Overview of Assessment Methodology 
While there is no specified methodology for assessing eutrophication in the context of the 
Nitrates Directive, eutrophication is determined according to criteria including nutrient 
concentrations together with direct effects (excessive algal growth and other biological 
parameters) and indirect effects (European Commission, 2009). The criteria are both 
quantitative and qualitative and reflect scientific understanding of the process and effects 
of eutrophication. They are broken down into the following three categories: 
 

I. Category I ïCausative parameters ïelevated nutrients 

II. Category II ïResponse parameters ï evidence of algal growth 

III. Category III ï Secondary and other effects ï evidence of undesirable 

ecological disturbance  

 

I. Category I ï Causative Parameters ï elevated nutrients  

In the context of the Nitrates Directive, a water body is only considered to be polluted if 
sufficient nitrate is present to promote eutrophication in addition to any phosphorus 
enrichment.  

Indicative thresholds for nutrients have been established based on where WFD DIN 
standards are exceeded in order to decide if waters are enriched by nutrients. 

Data on nutrient loads from different sources, derived by modelling and other methods, are 
also collated to confirm whether agriculture is making a significant contribution.  
 

II. Category II ïResponse parameters ï evidence of algal growth 
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The impacts of elevated nutrient concentrations on the plant life in waters are considered 
in this stage of the assessment. The changes assessed include: 

Å increased abundance and biomass of algae (phytoplankton and/or 
opportunistic macroalgae) and/or higher plants; 

Å Changes to species composition; 
Å exceptional algal blooms 

 
III. Category III ï Secondary and other effects ï evidence of undesirable ecological 

disturbance  

Criteria considered in this stage of the assessment include effects on other flora and fauna 
such as substantial changes in zoobenthos biomass and shifts in species composition, 
weed smothering saltmarsh/ eelgrass. These could include: 

 
Å the effects on other flora and fauna 
Å Formation of algal scums  
Å impacts of eutrophication on water use e.g. recreation, navigation, 
conservation value 

Å Oxygen deficiency  - anoxia in surface sediments  
 

A case for designation is considered to exist where it is found firstly that the Category I 
criteria are exceeded and some (or all) of the Category II and III criteria are exceeded, or 
may be exceeded, taking into account the influence of relevant environmental factors and 
considering the overall weight of evidence. Evidence in all three categories is normally 
required for a successful designation case. This requirement may be reduced for sites ñat 
riskò of eutrophication but good evidence of the risk would be required (Robinson, 2009a).  

The assessment is not possible with reference to absolute numeric criteria alone.  A 
number of symptoms are considered in order using a structured framework, to come to a 
judgement taking into account the weight of evidence, as to whether the water body is 
suffering an ñundesirable disturbanceò or may do so without preventative action.  
This report follows the assessment methodology as listed above in terms of assessing 
available information. WFD classifications for the relevant biological elements are taken 
into account in this report, as required. Data representative of the whole waterway has 
been considered where available. Data has been gathered over a long enough time period 
to avoid distortion due to particular climatic influences in any given year ï at least the 
minimum data requirement is achieved in all data sets used to inform this report (see Table 
1).  
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4. Trophic Status Assessment  

4.1. Nutrients  

4.1.1. Nutrient trends 

Temporal trends in nutrients data were analysed for all available data at the following 
monitoring locations, as shown in Fig 1: 

 

¶ 5 mid-channel monitoring locations in the Milford Haven Waterway, monitored from 
1998 to 2015  

¶ Western and Eastern Cleddau rivers near tidal limits, routinely monitored from 1992 
or earlier (see Table 2 for more details) 

 

Table 2. Long-term sampling points in the Western and Eastern Cleddaus 

 

 

As shown in Table 2, sampling stopped at sampling point 32401 (Eastern Cleddau at 
Canaston Gauging Station) in 2001 for health & safety reasons and was moved 
approximately 500m downstream to 88181 (Eastern Cleddau at Canaston Road Bridge). 
Data sets from these two sampling points were merged, given their close proximity and 
absence of any significant input between them.    
 
Note that the Western and Eastern Cleddaus contribute approximately 51% of the 
dissolved inorganic nitrogen (DIN) load and 32% of the dissolved inorganic phosphorus 
(DIP) load to the Milford Haven Waterway (excluding exchange with seawater). Other river 
inputs contribute 38% and 32% of the DIN and DIP loads respectively (see Section 4.1.2) 
and are therefore significant, but no other individual river input contributes more than 4% of 
either the DIN or DIP load, so long-term trends for these other rivers have not been 
assessed.  
 

Sample 

point Description Description/comments

32803 W.Cleddau at Prendergast Gauging Station Upstream of Pelcomb Brook. Data from 1976

120000 W Cleddau "Source" d/s Pelcomb Brook Potable abstraction point. Data from 1992

32804 W.Cleddau at New Bridge, H'west Data from 1992

32401 E Cleddau at Canaston Gauging Station Data from 1992 to 2001 (sampling moved to 88181)

88181 E.Cleddau at Canaston Road Bridge Data from 2001

120010 E Cleddau "Source" d/s Narberth Brook Potable abstraction point. Data from 1992
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All the above data were retrieved from the Environment Agency's water quality data 
archive (WIMS) and plotted in Microsoft Excel to identify any long-term trends in DIN and 
DIP.  
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Fig.2 sampling points used for trend analysis  
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Time series plots for the 5 sampling points in the Milford Haven waterway are shown in figs 
3 to 7. These plots did not indicate an overall linear trend in either DIN or DIP for any of the 
sampling points in the Milford Haven since 1998. However, there did appear to be a period 
of elevated DIN and DIP concentrations between 2007 and 2011 at all of these sites. DIN 
and DIP concentrations did not appear to drop as low during the summer months in those 
years, but this was at least partly due to higher laboratory detection limits during this 
period.   
 

 
 
Fig.3 Time series plot of DIN and DIP at Milford Haven Waterway sampling point 39658 (in 
Outer Haven water body ï see Fig.1) 
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Fig.4 Time series plot of DIN and DIP at Milford Haven Waterway sampling point 39659 (in 
Inner Haven water body ï see Fig.1) 
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Fig.5 Time series plot of DIN and DIP at Milford Haven Waterway sampling point 39660 (in 
Inner Haven water body ï see Fig.1) 
 
 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.000

0.500

1.000

1.500

2.000

2.500

D
IP

 m
g

/l

D
IN

 m
g

/l 

Axis Title

Sampling point 39660

DIN DIP








































































