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L ecture outline

Overview of loads and internal processing

Point sources and assessment
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Internal processing and the Vollenweider model
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Particulates, eutrophication, and enteric bacteria
Xenobiotics

Synthesis



Loading and internal processing
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A mass balance approach may be used to calculate pollution effects.



Loading

Mass balance for loading:

dM,,
dt IN out

http://insightmaker.com/insight/5108

Use a sedimentation rate of zero for simulating conservative behaviour.


http://insightmaker.com/insight/5108

Loading to aguatic systems

Range of drivers (factories, urban waste, agriculture,
atmosphere)

Similar substances (nutrients, metals, persistent organics)

Discharge in different ways conditions how long a
substance is in a water body, and how diluted it becomes

Processing depends on factors such as residence time,
when compared e.g. to time required for a phytoplankton
bloom



Loading from a marine outfall

Surf zone

Submarine
outfall

Deep discharge may be used to promote water column dilution.



Estoril coast sewage treatment system
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Multi-municipal sewage . Estuary

mouth
system

Drainage basin: 22000 ha; Interceptor: 25km; Outfall: 2.7km, discharging at 40m depth



Finfish aquaculture
Dissolved and particulate loading
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A complex problem in space and time, with near - and far -field effects.



Short residence time 1 less internal processing
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Tidal circulation in the  Ria Formosa, Algarve (courtesy J.D. Lencart)



Point source input pathways

Methods for direct measurement - Variability

0 External factors
Market (e.g. seasonality, recessions/booms)
Production (e.g. Shift work, weekly production cycles)
Storage (effluent retention, use of tanks/septic
systems, unpredictable or irregular discharge)

0 Internal factors
Common collectors (e.g. streams)
Effluent separation
Tides (semi-diurnal, fortnightly spring-neap)
Freshwater flows and vertical stratification (variation
of dilution volume)

Point-source loading can vary due to a range of factors



Coefficients for indirect assessment of
urban wastewater

All data: kg per capita per year

Source BODS TSS DS N

Septic tank 19.7 44.0 36.5 3.3
(uncollected effluent)

Trunk sewer 2.0 4.4 - -

Treated effluent 2.0 4.4 36.5 1.7

Castanheiro, J., 1982, 1983. Report CNA/TEJO N°19

Uniform nature of animal metabolism allows constant values to be used.



Coefficients for indirect assessment of

iIndustrial wastewater

Industry/method Parameters
(kg unit1)

Alkalis, chlorine Pb -0.017; Hg- 0.0009
Tannery (chromium) Total dissolved solids T 351; Oils-

20; Total nitrogen i 15; Total Cr -

3.5; Sulphur i 7

Batteries Pb-62.4; Cd-62.4
Paper pulp TSS - 20.87; TDS - 33.11

Thermal power stations TDS T 110; Qil - 0.5; Zn - 0.012;
Ni -0.047; Total Cr - 0.006

Castanheiro, J., 1982, 1983. Report CNA/TEJO N°24

Variable nature of industry requires specific coefficients.

Units

Ton product
Ton raw materials

Ton product
Ton product
103 Mw h



Input pathways for diffuse pollution

[0 Measurement
Direct i almost impossible, due to the diffuse nature of

Inputs (non-point); indirect T in a few cases, such as
accumulative systems (e.g. streams, confined watersheds,
highways; great difficulty in associating atmospheric
deposition to sources.

0 Modelling
In practice this is the only approach that works; it relates

drivers to pressures; but only at a seasonal to annual
scale.

Simple models and complex models dbut no one can predict the weather



Non-point source pollution
Export coefficients

A Does not attempt to reproduce processes responsible for diffuse
pollution T establish relationships between some of the variables

A Uses simple equations, e.g. Universal Soil Loss Equation

(USLE - Universal Soil Loss Equation)
Loss (kg ha!ly?') = RKLSCP

R - Rainfall erosion K1 Type of soil (erosion constant K)
L - Length S - Slope
C - Cultural factor P i Protection (e.g. hedging

Simple method provides annual estimates of loss.



Export Coefficients Model (ECM)

A Uses land cover data maps to integrate the total annual basin nutrient
loads from the many unique watershed areas

A Adds other nutrient sources such as septic systems, wastewater
treatment plants, and precipitation

M
Ly =& [E A ]+s+w+P
i=1
L, : basin nutrient load (kg y?)

E. : export coefficient (kg hat y1) for land class i
A, : area of the watershed in land class I (ha)

S: septic load (kg y1)

W: wastewater load (kg y1)

P: precipitation load (kg y1)

Model does not include explicit simulation of hydrology.



Export coefficients Model (ECM)

Specific application to human waste

A Reflects the use of detergents and dietary factors in the local
population

A Adjusted to take account of any treatment of the wastes prior to
discharge

E. =D_H.M.BRC

E, : Export of N or P from human population(kg d-1)

D_, : Daily output of nutrients per person (kg d)

H: Number of people in the river basin

M: Coefficient for mechanical removal of nutrients during treatment (range 0.85 -

0.9, reflecting removal of 10 - 15 % of the nutrient load)

B: Coefficient for biological removal of nutrients during treatment (range 0.8i 0.9,

reflects removal of 10 - 20 % of the nutrient load)

R, : Retention coefficient of the filter bed (range 0.1 - 0.8, reflects retention of 20-
90 % of the nutrient load)

C: Coefficient for removal of P if phosphorus stripping takes place (range 0.11 0.2,
reflects removal of 80 - 90 % of the P load)

Multiply by 365 to obtain annual loading.



Eco-hydrological model

SWAT: Soil and Water Assessl

Hydrological Response
Units (HRUSs)
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SWAT domain
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Catchment

- Artificial surfaces
Agricultural areas
- Forest and seminatural areas
- Wetlands
Water bodies
& WWTPs
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Catchment: Nutrient Load

WWTP (project pop) N exports (kg/ha.yr)

Nitrogen:
AWWTPs: 590 ton N/yr
ADiffuse sources: 560 ton N/yr

Phosphorus:
AWWTPs: 85 ton Plyr
ADiffuse sources: 180 ton P/yr




