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AQUATIC EUTROPHICATION

Biological effects

Biodiversity lost

Phytoplankton 
growth

Turbidity

Algae growth

Light shortage 

Nutrient excess

Organic matter 
excess 

O2 consumption 
due to 

decomposition



AQUATIC EUTROPHICATION 

LCA evolution

Until end of  
90s

ÅGeneric 
characterization 
factors

End of  90s-
Present time

ÅTransport is 
introduced

ÅSpecific factors 
for Europe and 
North America

Future 
challenges

ÅDevelopment 
of  
characterization 
factors at a 
more detailed 
spatial scale



AQUATIC  EUTROPHICATION 

Case study: Galicia  (NW Spain)

One of  the European regions with higher risk of  
eutrophication (EEA, 2001):

1) Applicationof >100kg N from livestock
activities/agriculturalha(highlevel)

2) Additional applicationof 50-100 kg N by
fertilizers/agriculturalha(mediumlevel)

[NO3
-] in runoff watersin manyrural areashavechanged<2-3

ppmto 10-20ppm(Macíasetal., 2003)
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Regional factors for aquatic 

eutrophication
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Eqǳj: Equivalency factor, expresses in kg PO4
3- equivalents the potential 

eutrophication produced by substance j. 

ȉj,i: Effect factor of  substance j, portion of  the transported substance j 

that causes increased production of  biomass in a given water area i

Cj,i = ǥj,i·Ǫj,i·Eqǳj

REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Methodology

ä Ö=
=

n

1j
ji j,Eu ECI

Calculation of  aquatic eutrophication (IEu):

Cj,i: Characterization factor of  substance j  that will reach a given 

water area i (kg PO4
3- eq/kg substance j)

Ej: Emitted amount of  substance j (kg substance j)

Ȅj,i: Transport factor for substance j, portion of  the emitted substance j 

that will reach a given water area i
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REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Limiting nutrient

One nutrient limits the growth of  primary producers (and thereby 

indirectly affects the whole ecosystem) although there may be an 

excess of  all other nutrients

Ocean N-limited CFP= 0 

Freshwaters P-limited CFN= 0 

Coastal 
waters

Limited by N 
or P or both

CFN; CFP
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REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Principal sources of nutrients

Atmospheric deposition

Wastewaters

Inputs applied to the soil
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Űj = Fraction of  substance j present in the soil after plant uptake

ůj,i= Fraction of  substance j that reaches waterareai ( ocean+ rías)

REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Atmospheric deposition

Soil

Atmospheric deposition(N-NOx; N-NHx)

Ocean

+ Rías Freshwaters

Cj,air,i =(Ƿj,i +ǣ·Ǵj,freshwaters+Ƕj,soil·Űj·Ǳj,i)·Ǫj,i ·Eqǳ

Cj,i = ǥj,i ·Ǫj,i · Eqǳj

Ů= Removal by denitrification(30%) 
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ůN-NOx

CARMEN model for Spain

(Hauschild and Potting, 2005)
0.61

REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Atmospheric deposition (NOX)

Soil

AtmosphericDeposition(38,731 t N-NOx)

Ocean

+ Rías
Freshwaters

CN-NOx,air,mar.=(ǷN-NOx,mar.+ǣ·ǴN-NOx,fresh.+ǶN-NO,soil·ǲN-NOx·ǱN-NOx,mar.)·ǪN_NOx, mar. 

waters·EqǳN-NOx 

CN-NOx,air,mar.=(ǷN-NOx,mar.+0.7·ǴN-NOx,cont.+ǶN-NO,soil·ǲN-NOx·ǱN-NOx,mar.)·1·0.42

 0.55 
38,731

21,401
ɣ ==

21,401 t

Ǹ= 0.55
ű= 0.08Ȓ= 0.37

CN-NOx,air,marít.=(0.37+0.7·0.08+0.55·ǲN-NOx·ǱN-NOx,marit) · 1·0.42

ValueŰN-NOx (Hauschild and Potting, 2005)

Grassland
< 100 kg N -
NOx apl./ha

Grassland
> 100 kg 

N-NOx

apl./ha

Arable & 
Natural 

Land

Sand 0 0.15 0.25
Loam 0 0.10 0.18
Clay 0 0.05 0.10
Peat 0 0.01 0.05

Sand

Arable & 
Natural 

Land

0.25

CN-NOx,air,mar.=(0.37+0.7·0.08+0.55·0.25·0.61)·1·0.42= 0.21
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REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Principal sources of nutrients

Atmospheric deposition

Wastewaters

Inputs appliedto the soil
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N (water)
Ocean+ 

Rías

CN,wastewaters,ocean+rías= 

0.7·0.80·1·0.42 = 0.24

P (water)
Freshwaters+ 

Rías

CP,wastewaters,freshwaters+rías= 

1·0.87·1·3.06= 2.66
ȂP = 0.87

ȂN = 0.80

% removal of 
N and P by 
primary and 
secondary
treatment

% population
connected to 
primary and 
secondary
treatment

Anual 
production of 

N and P in 
Galicia

REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Wastewaters

Ocean 
+ Rías

Freshwaters

Urbanand industrial 

wastewaters(N y P)

Cj,i = ǥj,i · Ǫj,i · Eqǳj

Cj,wastewaters,i = (ǣ · Ȃj) · Ǫj,i · Eqǳ

Ȃj = Fraction of  substance j that remains in water after wastewater treatment
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REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Principal sources of nutrients

Atmospheric deposition

Wastewaters

Inputs appliedto the soil
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N (soil) Ocean+ Rías CN,soil,ocean+rías= 0.25·0.61·1·0.42 =0,24

P (soil)
Freshwaters+ 

Rías

CP,soil,freshwaters+rías= 0.10·0.03·1·3.06 

=0.01

REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Inputs applied to the soil

Inputs to the soil

(N y P)

Ocean

+ Rías
Freshwaters Soil

Cj,i = ǥj,i · Ǫj,i · Eqǳj

Cj,soil,i = (Űj · ůj,i) · Ǫj,i · Eqǳ
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REGIONAL FACTORS FOR AQUATIC EUTROPHICATION 

Normalization

Substance j

Characterization 

factor

(t PO4
3- eq./t subst. 

j emitted year )

Emission

(t sust. j 

emitida)

Normalization 

by substance j

(t PO4
3- eq./year)

Normalization 

total 

(t PO4
3- eq./year) 

N-NOx 0.21 38,731 8,134

35.549

N-NHx 0.19 57,735 10,970

N (water) 0.24 17,430 4,183

P (water) 2.66 3,031 8,062

N (soil) 0.06 99,303 5,958

P (soil) 0.01 24,248 242

Characterization 

factor

(t PO4
3- eq./t subst. j 

emitted year)

0.21

0.19

0.24

2.66

0.06

0.01

Emission 

(t sust.j

emitted)

38,731

57,735

17,430

3,031

99,303

24,248

Normalization by 

substance j

(t PO4
3- eq./year)

8,134

10,970

4,183

8,062

5,958

242

Normalization 

total 

(t PO4
3- eq./year) 

35,549
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