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CLEAN AND SAFE : HAZARDOUS SUBSTANCES AND THEIR EFFECTS

Key message 

Metals inputs are broadly stable (2007-2017) across most of the Scottish 

Marine Regions (SMRs) with some increasing and decreasing trends in a 

small number of SMRs potentially related to local pressures. However, 

confidence in this assessment is medium-low due to uncertainties with 

input calculations and lack of data in some regions.

Background
Heavy metals have the potential to impact on 

an organism’s activity, growth, metabolism, 

reproduction and overall chance of survival. 

Mercury (Hg), cadmium (Cd) and lead (Pb) are 

on OSPAR’s list for priority action and are 

priority substances in the Water Framework 

Directive (European Commission, 2001) 

because of their high toxicity in the marine 

environment and, for mercury and cadmium, 

their potential to accumulate up the food chain.

Metals are released into the marine environment 

from both anthropogenic and natural inputs. 

They are derived from a number of sources 

including natural sources (e.g. volcanoes, forest 

For further information on this topic go to: https://marine.gov.scot/sma/assessment/concentration-contaminants-water-column

fires, geological processes), industrial processes 

(e.g. smelting, fossil fuel combustion, mining, 

metal recycling (Figure 1)), agricultural processes 

(e.g. fertilisers), and can be transported 

bound to fine particles in the atmosphere 

and in water. The main anthropogenic inputs 

of mercury are from fossil fuel combustion, 

metal production and cement production.

Due to their persistence, their potential to 

accumulate and their toxicity, monitoring of 

heavy metals (Cd, Hg and Pb) inputs into the 

marine environment is part of the OSPAR 

Riverine Inputs and Direct Discharge (RID) 

programme. To fulfil these commitments, 

monitoring is undertaken by the Scottish 

Environment Protection Agency (SEPA) of inputs 

of these three metals from riverine sources, as 

well as direct inputs (sewage and trade effluent), 

into the marine environment (Figure 1).

This assessment presents data on the 

input of these metals into each Scottish 

Marine Region (SMR) from 2007 - 2017.
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https://www.ospar.org/work-areas/hasec/chemicals/rid
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Results
There is no status assessment for metal inputs 

into the marine environment as there are 

no regionally set assessment thresholds.

Figure 1: 
Monitoring locations utilised in the metal inputs assessment

assessment 2018 (UKMMAS, 2019) and OSPAR 

Intermediate Assessment 2017 (OSPAR, 2017).

There were a small number of significant trends, 

both increasing and decreasing, in some of 

the SMRs . In general, significant trends are 

observed in SMRs with the lowest metal inputs.

For cadmium, there was a significant decreasing 

trend in Argyll and a significant increasing 

trend in the Orkney Islands. The trend in 

Argyll is non-linear and driven by higher 

inputs in 2007 and 2008 from a sewage 

source. The increasing trend in the Orkney 

Islands SMR is linear (Figure 2) and related to 

a trade effluent source (extended results).

The highest total inputs for all three metals 

were generally found in the regions that drain 

the largest urban areas. These included the 

Clyde, Forth and Tay, North East and Moray 

regions (Figure 1). Total inputs in more sparsely 

populated regions were often an order of 

magnitude lower e.g. North Coast, Outer Hebrides 

and Orkney Islands. A more detailed breakdown 

of these results, with source apportionment, 

is presented in the extended results.

Riverine Input Trend Assessment

At most sites there were no significant trends in 

metals, with inputs from aquatic sources being 

relatively stable over the period 2007 - 2017. 

These results reflect assessments at larger scales 

e.g. Marine Strategy Framework Directive (MSFD) 

Figure 2: 

SMRs with significant trends in aquatic cadmium input (Argyll uses a smoother as the trend is non-linear). Note different 
scales on the Y axis to show trend.



For lead, only the North Coast had a 

significant decreasing trend (Figure 3), which 

is related to decreasing river inputs (extended 

results).

Figure 3: 

North Coast significant trend in aquatic lead input.

For mercury inputs to the marine 

environment, there were three SMRs with 

statistically significant increasing trends: West 

Highlands, Moray Firth and the North East 

region. Figure 4 shows that these trends are 

linear.

Figure 4: 

SMRs with significant trends in aquatic mercury inputs. Note different scales on the Y axis to show trends.



In the SMRs where there are no significant 

trends, there are sometimes years that 

have higher metal inputs than others, even 

after flow normalisation (corrected to river 

flow) e.g. 2014 in the Moray Firth and West 

Highlands. The riverine input calculation 

includes all upstream sources of metals, so the 

likely sources of these higher metal inputs are 

not clear from this analysis.

It has not been possible to assess atmospheric 

inputs of metals to each SMR due to the scale 

of the assessment methodology. Results 

from the MSFD assessment show that for all 

three metals, atmospheric inputs represent 

the greatest input to the Greater North Sea 

(GNS) region. This is particularly the case for 

mercury, with around 15 times more mercury 

coming from atmospheric deposition than 

riverine sources. The MSFD assessment shows 

that, in general, trends from atmospheric 

sources have stabilised since a decline in the 

1990s.

Conclusion
Aside from year to year fluctuations, metal 

inputs to the SMRs were relatively stable over 

the period assessed (2007 - 2017). These results 

fit with results from assessments at larger 

scales e.g. OSPAR Intermediate Assessment 

(2017) and MSFD assessment (2018).

There were a small number of significant 

increasing and decreasing trends in some 

of the SMRs across all three metals. These 

appear to be related to localised issues with no 

single source type driving all of the trends.

This assessment must be considered within the 

context of relatively high uncertainties around 

the input calculations. In addition, there are 

data gaps for some years, including riverine 

concentration data, and therefore data were 

extrapolated for the purpose of the assessment. 

Atmospheric deposition data were not available 

at the SMR geographic scale. Confidence in 

this assessment is therefore medium-low.

Knowledge Gaps
Metal input information was only available 

from riverine sources where data were 

collected by SEPA. This aims to represent 

80% of major river flows. Whilst this strives 

to capture the majority of riverine input 

entering the marine environment, there 

are no riverine data in some SMRs.

In addition, it was not possible to ascertain 

atmospheric deposition data at the SMR 

scale as the EMEP models present data at 

the regional sea scale (Greater North Sea and 

Celtic Seas in Scotland). This presents a major 

gap as the OSPAR and MSFD assessments 

have shown atmospheric deposition to be 

the largest source of some of these metals.

https://moat.cefas.co.uk/pressures-from-human-activities/contaminants/metal-inputs/


Region assessed
Status with 
confidence

Trend with 
confidence

Argyll

Cadmium

Clyde

Forth and Tay

Moray Firth

Mercury

North Coast

Lead

North East

Mercury

Orkney Islands

Cadmium

Outer Hebrides

Shetland Isles

Solway

Western Islands

Mercury

Status and Trend Assessment
The other indicators that contribute to the 

overall hazardous substances assessment 

have been conducted at the scale of the 

four Scottish biogeographic regions. As 

the metal inputs assessment has been 

undertaken at the SMR scale, separate traffic 

light assessments have been produced.



Status assessment

(for Clean and safe, Healthy and biologically diverse assessments)

Trend assessment

(for Clean and safe, Healthy and biologically diverse and Productive assessments)

Many concerns No / little change

Some concerns Increasing

Few or no concerns Decreasing

Few or no concerns, but some local concerns No trend discernible

Few or no concerns, but many local concerns All trends

Some concerns, but many local concerns Confidence assessment

Lack of evidence / robust assessment criteria Symbol Confidence rating

Lack of regional evidence / robust assessment criteria, but no or few 
concerns for some local areas

Low

Lack of regional evidence / robust assessment criteria, but some concerns 
for some local areas

Medium

Lack of regional evidence / robust assessment criteria, but many concerns 
for some local areas

High

Status and trend assessment legend
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The Scottish Marine Regions (SMRs; S1 – S11) and the Scottish Offshore 
Marine Regions (OMRs, O1 – O10)

Key: S1, Forth and Tay; S2, North East; S3, Moray Firth; S4 Orkney Islands, 
S5, Shetland Isles; S6, North Coast; S7, West Highlands; S8, Outer Hebrides; 
S9, Argyll; S10, Clyde; S11, Solway; O1, Long Forties, O2, Fladen and Moray 
Firth Offshore; O3, East Shetland Shelf; O4, North and West Shetland Shelf; 
O5, Faroe-Shetland Channel; O6, North Scotland Shelf; O7, Hebrides Shelf; O8, 
Bailey; O9, Rockall; O10, Hatton.

Biogeographic, Charting Progress 2 (CP2) Regions. These 
have been used as the assessment areas for hazardous 
substances.

Scottish Sea Areas as used in Scotland's Marine Atlas 2011. 
These are sub divisions of the biogeographic, or Charting 
Progress 2 (CP2), Regions.

Assessment regions

Overal confidence
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