
Rationale for revisions to the Salmon Standard Indicators 2.2.3 and 2.2.4

The Rationale for these changes are that Principle 2 is intended to address potential impacts from
salmon farms on natural habitat, local biodiversity and ecosystem function. Specifically, the key
impact areas of benthic impacts, siting, effects of chemical inputs and effects of nutrient loading are
addressed within this principle.

The requirement to monitor N and P arises in connection with nutrient loading because they are
occur as essential plant nutrients in the water where enrichment with these nutrients causes
artificial blooms of phytoplankton with consequent reduction of water quality – the process termed
‘eutrophication’.

There have been concerns that intensive feeding and the high biomass of stock may increase the N
and P containing nutrients in the water sufficiently above the ambient to promote eutrophication.

Relevant N/P indicators

Two indicators have been formulated under the standard to assess the risks of such an impact within
Criterion 2.2: Water quality in and near the site of operation (Table 1). The indicators for N and P
assessment under criterion 2.2 and requirement are:

2.2.3 For jurisdictions that have national or regional coastal water quality targets,
demonstration through third-party analysis that the farm is in an area recently18 classified as
having “good” or “very good” water quality.

Yes

2.2.4 For jurisdictions without national or regional coastal water quality targets, evidence of
weekly monitoring of nitrogen and phosphorous levels on farms and at a reference site,
following methodology in Appendix I-5.

Yes

Intent and methods of indicators

Indicator 2.2.3

Some national and regional water quality regulations require the national authority to carry out
some degree of monitoring and to assess the ambient water quality against key benchmarks for a
variety of parameters including N and P concentrations and against these designate the water as of
good or less than good quality category overall.

If the water were detected to be enriched with N and P to the extent that the symptoms of
eutrophication were apparent, then that water could not be classified as ‘good’.

Hence if the water in which farms operate is classified as ‘good’ or ‘very good’ under, for example,
the  EU Water Framework Directive or equivalent classification from other authorised water quality
monitoring systems then the inference is that there can be no overall detrimental effect of the farms
on the ambient N and P concentrations in the water body.

To meet the requirement there should have been an official designation of the area within the
previous two years.



Indicator 2.2.4

Where there are no such national or regional regulatory requirements, Chile for example, then the
farm must monitor N and P concentrations weekly in the forms of Total N, NH4, NO3, Total P and
PO4 in the water column. Total N and Total P include also that portion of the element still bound up
in the organic debris which is yet to be mineralised by decomposition.

The specific instructions for sampling are given in Appendix 1-5 of the standard:

 The N and P sampling shall be conducted weekly at a depth equivalent to mid-cage depth
within and near the centre of the net pen array, at the same depth (5 meters) from the
outside edge of the net pen array along the predominant current direction, at the same
depth (50 meters) from the outside edge of the net pen array along the predominant
current direction and at a similar depth at a nearby reference site shown to be beyond the
influence of the farm (minimum separation distance of 500 meters from the net pen array).

 Samples should be taken using a VanDorn or Kemmerer type water sampler. 500 ml samples
should be placed in clear plastic bottles, placed on ice and in a cooler, and analyzed within
48 hours. Ideally, analyses shall be done by a private (third-party) laboratory following
standard methods. However, Hach field kits can be used.

 Clear and detailed records or the sampling frequency and analytical results must be kept.

The only requirement is that the monitoring is carried out as specified and the results, from point
three above, are transmitted to the ASC.

The method is quite proscriptive and requires a considerable commitment from the farmer
particularly in farms in remote regions where samples need to be airlifted to the nearest laboratory.

The intent behind this indicator was a concern by the SAD to try to show a link between N and P
production on farms and the occurrence of algal blooms for which the SAD had been able to find no
direct evidence (ASC Salmon standard 2012). This was in response to ‘the intuitive concern around
the effect of the cumulative anthropogenic nutrient load into coastal waters’. The fact there was no
limit set on allowable N or P, purely to record, was seen as a way by the SAD to collect evidence for
the link.

Comparative assessment of indicator relevance.

With respect to indicator 2.2.3, the intent is clear. If the overall categorisation of the prevailing
water quality falls over time in the farming area due to increased N or P then that would be
evidence, albeit indirect, that the farm outputs may be involved in reducing water quality. It is
looking at the cumulative effect over time.

For 2.2.4 however, this does not seem to be the clear objective. It is useful to compare this
monitoring exercise with that given in the new ASC Seriola and Cobia Standard (SCS) which has many
similarities with the salmon standard. Here, the samples only need to be taken at the edge of the
AZE and at a reference site 500m beyond the edge of the AZE and there should be no significant
difference between the concentrations at the edge of the AZE and ambient levels in overall water
body. The SCS does not prescribe a method for testing significance since it states that they want to



encourage innovative approaches by the producer.   The intent of this indicator is clearly to
demonstrate that the particular farm is having no direct effect on N and P levels in the wider water
bodies. It also recognises that fact of the AZE within which some effects are permissible.

There is no such demonstration in the present salmon standard indicator 2.2.4 as stated, yet the
data is being collected. If the requirement were similar to the SCS then the potential impact could be
directly tested. This comparison between parameter concentrations at the edge of the array or AZE
and a reference site is also used in other ASC standards across a range of parameters. In fact, within
the salmon standard and under the same criterion, with respect to oxygen the standard states “An
exception to this standard (for oxygen) shall be made for farms that can demonstrate consistency
with a reference site in the same water body.”

It seems as if a simple adjustment to the requirement for indicator 2.2.4, namely to check the N and
P levels between the edge of the AZE and the reference point for the overall water body 500m away,
would considerably improve its relevance. There is also a case for examining the sampling regime
again with relevance in mind.

Misalignment of N and P indicators and sampling procedure

Indicator 2.2.3 uses national or regional long term monitoring to classify the overall water quality
against a number of environmental variables. The acceptance by the standard of such
categorisation, which is based on longer term trends in the whole water body, means that the
impact of significant increases in N and P is assessed against any reduction in water quality
categorisation of the whole water body if this is due to enrichment with N and P outputs from the
farm within the region. If this happens then the risk the indicator measures is that enrichment may
produce eutrophication which is the intent of this indicator and the criterion.

In contrast, indicator 2.2.4 requires real time monitoring of several forms of N and P both inside and
outside the pens, including a reference sample, on a weekly basis. Sampling of this frequency would
normally be carried out when searching for sharp occurrences of short terms events. Farming
salmon is a progressive process with outputs of waste from metabolism and feeding continuing over
the whole production cycle rather than a series of events.

The SAD in the Salmon Standard noted that there was a shortage of research on the link between N
and P farm outputs and harmful algal blooms and thought that this would be a good opportunity to
collect some data which might be used to prove a linkage. However, this doesn’t test the stated
criterion objective of concern over the ‘effects of cumulative anthropogenic nutrient load on coastal
waters’ in a way that indicator 2.2.3 does. Since the effects need to be compared against the whole
water body the procedure for 2.2.4 mentioned in the previous section allows this. National
monitoring programmes behind the classification of water quality are normally based on annual or
quarterly sampling of a number of stations across the water body in question. Since it is based on
net annual effects, weekly sampling is not required or practical. This is the case for indicator 2.2.4
since the most significant measure is the significance of the difference between the output
concentrations beyond the AZE and those of the main water body. This is exactly the intent behind
the SCS indicator. If there is no significant increase in the N and P above the reference sample in the
main water body then any eutrophication cannot be attributed to the farm.



Practical application of the present standard

A data series has very been kindly provided by a producer in Chile around one of its farms which is
prepared for certification. The sampling regime included two samples including one 50m from the
edge of the pen array with a reference sample at 500m, for NO3 – N (Figure 1) and three samples
plus the reference indicator for PO4 – P (Figure 2). Samples were taken weekly as required.

Figure 1. Concentrations of NO3 – N mg/ltr in Chile production unit. M1 edge of array; M2 centre of
cage; ZPE500 reference sample at 500m.



Figure 2. Concentration of PO4-P mg/ltr in Chile production unit. E1 50m from array, E2 – edge of
array, E3 centre of cage, ZPE500 reference sample at 500m.

What comes across most clearly is that the major source of variance in both parameters is the
seasonal change rather than between the sites. The sites, indeed, are often co-incidental.

The great seasonal variation with substantial peaks in July and August demonstrate that, in
temperate seas, the plant nutrients peak in the winter when phytoplankton growth and biomass are
at their lowest due to the principal limiting effects of restricted light and lower temperatures. As
these increase during the spring the phytoplankton blooms and removes PO4 and NO3 from the
water to incorporate into their own biomass. The nutrient status of the water is thus best reflected
in the concentrations in the winter but, even so, these seasonal effects demonstrate the difficulty in
setting an absolute concentration in the water as a standard requirement.

The variation in total N (TN) and P (TP) and in NH4 in the analysis of the Chile data was rather
greater than for the oxidised forms. It could be said that the total content could be a good indicator
of the total addition of N and P to the water body. However, the fate of the different fractions of the
totals is also variable. For example, the total N and P includes a substantial portion which is
absorbed onto, or incorporated into, solid organic debris from feeing or faecal products. Some of
this sediments out to become part of the benthic system and some is abstracted from the water by
filter and deposit feeding benthic animals such as bivalves and polychaet worms or by filter feeding
zooplankton. Some maybe exported beyond the water body in question. Only the remainder will be
decomposed in the water column to produce those inorganic forms such as NO3 and PO4 which are
essential plant nutrients which may drive eutrophication. Since these are being captured in the
analyses, it is PO4 and NO3 which are the most direct indication of the potential to increase
eutrophication and the reduction in water quality associated with it.



There was insufficient data provided by the sampling regime to analyses the significance of the
difference between the samples at the edge of the AZE and the reference sight but they are so close
that it can be seen that the influence of the cage concentrations on the ambient levels in the water
body, at all times, is minimal.

Conclusion

The collection of weekly samples is not the right format for assessing the significance of N and P
production in the production unit upon the overall ambient N and P concentrations in the supporting
water body.

For optimum assessments samples should be taken four times a year, once during each of the
seasons, with three replicate samples at the edge of the AZE and three at the reference site 500m
downstream on each occasion. This would allow a test for significance to be carried out at the end of
the year on the differences between the sites.

The main parameters tested for should be NO3 – N and PO4 – P although total P and N may be
included as they often are in the standards. The problem with this is that the destinies of organically
bound N and P and their breakdown products are very varied and not confined to just the inorganic
forms used most directly as plant nutrients.

To provide a requirement, a significance test could be specified but the SCS very interestingly says
they were leaving this to the producer since they would prefer to encourage innovation. As a rule of
thumb you might say that if the AZE samples tend to be more 7% higher than the reference sample
over the year then this might be significant (p≤0.05) and trigger the use of a statistical test.

To set the background for the water body of the farm then for the first year monthly samples could
be taken to provide a seasonal baseline. Subsequent years could also be compared with this to see if
there is any upward trend in the average thus providing a check on the primary requirement for no
significant or noticeable difference. This approach is used in the Trout Standard.


