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OverviewOverviewOverview
• require a uniform method that produces site-specific 

indicative values for quantities of controlled 
chemicals unlikely to be of risk to the environment

• bath treatments
• chemical characteristics
• EQS and AZE
• appropriate modelling tools
• short-term model
• long-term model
• ‘tricky bits’
• reporting of results
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Bath TreatmentsBath TreatmentsBath Treatments
• topical application of 

anti-parasitic chemical
• shallow cage and 

enclose with tarpaulin
• dose with chemical
• ‘leave to cook for 1 hour’
• remove tarpaulin and 

return nets to full depth
• chemical released and 

dispersed
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Chemical CharacteristicsChemical CharacteristicsChemical Characteristics
• cypermethrin

• synthetic pyrethroid - CNS disruptor
• binds to solid particles readily
• removed from water column by sedimentation

• azamethiphos
• organophosphate - cholinesterase inhibitor, 

interferes with signal transmission across synapses
• remains in aqueous phase until decay
• decay half-life of 8.9 days; ∝ pH, T, light
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EQS and AZEEQS and AZEEQS and AZE
• Environmental Quality Standards derived from 

ecotoxicological studies
• typically LC50 of most susceptible species / safety 

factor (10-100)
• Allowable Zone of Effect

• concentration may exceed EQS up to MAC
• for aza. lower of: 0.5km2 or 2% of loch area

azamethiphos

MAC10072
EQS4072
EQS2503

ngl-1(hours)
standardvaluetimescale

cypermethrin

EQS163
ngl-1(hours)

standardvaluetimescale
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Modelling StrategyModelling StrategyModelling Strategy
• choose/devise tools appropriate to:

• chemical longevity
• complexity of processes involved
• balance of effort vs “accuracy”

• simple, short-term method - for < ebb or flood period
• for 3-hr EQS

• complex, long-term method - for > tidal ebb/flood cycle
• for 72-hr EQS/MAC
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Short-term Model IShortShort--term Model Iterm Model I
• elliptical patch spread by:

• longitudinal advection - mean u × t (3 hours)
• lateral dispersion - 4(2kyt)½; ky= 0.1m2s-1

• constrained by:
• mixing depth (d) - lower of: ½ depth or 10m
• shore (s)

v = ½.π.s.u.t.d

v = π.(2kyt)½.u.t.d

• consent mass = volume (v) × EQS concentration
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Short-term Model IIShortShort--term Model IIterm Model II
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Long-term Model ILongLong--term Model Iterm Model I
• modification of model by Turrell & Gillibrand (FRS#2/99)
• whole site treated with multiple releases
• each patch advected and dispersed

• advection by sinusoidally oscillating tidal flow
• advection by residual flow
• dispersion (2D) by Fickian diffusion; ky=0.1m2s-1

• ‘closed’ boundaries constrain dispersion
• uses method of ‘virtual sources’

• finite mixing depth - 10m
• logarhithmic decay of chemical
• grid resolution: 300m (long.), 100m (lat.)
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Long-term Model IILongLong--term Model IIterm Model II

• 3 topographies
• Open (or coastal water)

L

W
y

x
Rx,y

Ax,y

• domain length (L) from: run duration, tidal amplitude, 
residual current and distance from head of loch

• domain width (W) from:
• Open: 5km
• Strait: user input (<5km)
• Loch: area/length

• Loch (or voe)
• Strait
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Long-term Model IIILongLong--term Model IIIterm Model III
• site information:

• distance from shore and head of loch
• cage area & treatment depth
• number of cages

• treatment information:
• chemical concentration

• derive total quantity for site and per cage
• total number of treatments

• derive cages per treatment; = short-term result
• number of treatments per day
• interval between treatments; ≥ 3 hours
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Long-term Model IVLongLong--term Model IVterm Model IV
• test parameters

• EQS value that forms boundary of AZE (0.04 µgl-1)
• EQS period (72h); (+12 hours to catch relict peaks)

3 days

12 hrs

72h EQS applies
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Long-term Model VLongLong--term Model Vterm Model V
• function:

• release quantity of chemical from source at specified 
intervals until all cages treated

• track patches; advect, disperse and decay
• continue until specified period after final release

• output:
• display: area >EQS and peak concentration
• files:

• time-series of area >EQS and peak concentration
• set-up parameters, final patch positions & “display”
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Long-term Model VILongLong--term Model VIterm Model VI
• define domain, flow field, site info. & EQS parameters
• set initial treatment parameters = 3hr model result
• RUN model
• assess results against EQS/MAC/AZE tests

• FAIL? : redefine treatment parameters:
• ⇓ # treatments/day
• ⇑ interval between treatments
• ⇑ # treatments; i.e. ⇓ # cages/treatment
• ⇓ depth

• re-RUN with new treatment configuration
• PASS? : report maximum chemical in 24 hours

• assessment procedure:
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Long-term Model VIILongLong--term Model VIIterm Model VII

• Excel s/s tool that automates iteration: input file set-up and calls 
model code (BathAuto)
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Tricky Bits ITricky Bits ITricky Bits I
• choosing topography - loch, strait or open?

• determine maximum patch displacement (D)
• residual current × run time (days to treat + 3)
• amplitude of tidal oscillation

• examine map/chart of site
• where does D in residual direction put patch?

2+3 days

4km

5.2km

4+3 days
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Tricky Bits IITricky Bits IITricky Bits II
• how far away is the ‘head of the loch’?

• defines distance to closed boundary
• ‘upstream’ significant impediment to dispersion

• receiving water is littered with islands
• may enhance dispersion due to increased shear
• reduces available mixing area in loch/strait
• reduce loch area or strait width ∝ area of islands 

within domain
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Reporting ResultsReporting ResultsReporting Results
• short-term model (3h assessment of aza. & cyp.)

• mass of chemical
• print-out to include: mean u, shore distance, cage vol

• long-term model (72h assessment of aza.)
• mass of chemical
• ‘input.dat’ file
• area within EQS contour
• peak concentration
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