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Aquaculture activity and discharge of pollutants in the upstream of the
rivers bring various environmental impacts such as ecosystem toxicity and
eutrophication. Thus, it requires an integrated method for evaluating the
cumulative environmental impacts. This research presented a developed
method for analyzing the environmental impacts based on the analysis of
the inlet and outlet water quality of fish farms and used the coefficients of
the ReCiPe as a life cycle impact assessment (LCIA). In this framework,
water consumption was also included based on grey water footprint, along
with eutrophication and toxicity for 5 trout farming in various regions of
Iran. The results showed that total suspended solids was the leading water
quality parameter, water consumption had the highest impact in LCIA,
human health was relatively more vulnerable than the ecosystem, and total
damages increased 95 percent on average from inlet to outlet.
Nevertheless, factors like the inflow, ReCiPe background, and the
weighting coefficients were effective on results uncertainties. The
sensitivity analysis showed that changing ReCiPe background from
hierarchic to egalitarian had the greatest impact on the results of LCIA
with 35 percent damage reduction, while the increase in the pollution load
caused by the increase in flow or concentration of the dominant pollutant
in the grey water footprint can linearly increase the equivalent damages.
Therefore, it was suggested to use wastewater pretreatment systems to
control the spread of pollution beside managing and optimally using feed
in farms.
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Figure 1. Geographical location of selected trout farms in Iran
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Midpoint
Impact category Influencing factor  Coefficient (M) Unit
Toxicity-human health (non-cancer) Cu® 2.86 1,4-DCB' eq. emitted to urban air
Water consumption-human health GWF 1 m*
Toxicity - Terrestrial ecosystems Cu*? 1.01E-14 1,4-DCB eg. emitted to industrial soil
Water consumption - terrestrial ecosystems GWF 1 m*
Eutrophication - Freshwater ecosystems PO’ 0.33 kg P-eq. to freshwater/kg
Toxicity - Freshwater ecosystems Cu* 1.62E+02 1,4-DCB eq. emitted to freshwater
Water consumption -aquatic ecosystems GWF 1 m*
Toxicity - Marine ecosystems Cu* 1.93E+02 1,4-DCB eqg. emitted to seawater
NH,4 0.23
Eutrophication - Marine ecosystems NO, 0.09 kg N-eq to marine water/kg
NOs 0.07

* DCB= Dichlorobenzidine
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Table 2. Endpoint conversion coefficients and normalization of ReCiPe

Endpoint .
- - Normalization
Impact category Influencing Coefficient ;

_ factor (E) Unit factor (N)
I:rfc'ggy'h“ma” health (non- Cu®? 228E-07  DALY/KgL14-DCBemitted tourban aireq. ~ 2.08E-04
Water consumption-human health GWF 2.22E-06 ~ DALY/m® consumed 1.96E-04
Toxicity - Terrestrial ecosystems cu*? 1.14E-11 Spemes.ye;g{jlllfgtrliééll-sgf:e% emitted to 8.19E-04
Water consumption - terrestrial ; 3
ecosystems GWF 1.35E-08 Species.year/m® consumed 3.48E-06
Eutrophication - Freshwater 3 ;
ecosystems PO, 6.71E-07 Spe?les.year/kg Pto freshwat-er eg. 4.90E-07
Toxicity - Freshwater ecosystems Cu® 6.95E-10 Spemes.yeafrr/gs%&\};lt-eerg}B emitted to 1.75E-08
Water consumption -aquatic ; 3
ecosystems GWF 6.04E-13 - Species.year/m consur-ned 6.16E-10
Toxicity - Marine ecosystems Cu*? 1.05E-10 Species.year] kgv%/;tfér%gB emitted to sea 4.56E-09

icati ; NH
Eutrophication - Marine 4 : .
ecosystems Ngz 1.70E-09 Species.year/kgN to marine water eg. 6.12E-09
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Table 3. Mean concentrations and standard error of pollutants in trout farms in Iran

Pollutant Cin (mg/L) Cout (Mg/L) AC (mg/L) P-value
TSS 7.75+0.58 15.24+1.42 7.86 +1.438 0.000
COD 18.92+11.08 24.53+17.07 3.2+12.24 0.821
BOD 9.57+0.56 8.47+0.88 -1.26 +0.72 0.307
NO,-N 0.023+0.003 0.032+0.004 0.013 +0.005 0.033
NO;.N 0.8+0.07 0.98+0.07 0.217 +0.051 0.043
NH,-N 0.11+0.02 0.25+0.036 0.134 +0.029 0.003
TN 0.91+0.07 1.3+0.08 0.456 +0.078 0.001
DO 8.16+0.17 7.74£0.17 -0.4 £0.142 0.122
PO,-P 0.19+0.05 0.06+0.007 -0.12 +0.056 0.487
Cu*? 0.03+0.008 0.062+0.016 0.03+0.015 0.004
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Figure 2. Life cycle impact assessment results-midpoint indicators ReCiPe
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Table 4. Sensitivity analysis results
Senario Inflow+10% Weighting+10% Individualistic approach  Egalitarian approach
Change in results +10% +1.4% -4% -35%
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