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1. INTRODUCTION&OBJECTIVES

This work Is motivated by a sound understanding of the chemical
processes that affect the organic pollutants Iin an urban aquifer.
Urban aquifers may suffer pollution from different recharge
sources such as leakage from sewer and septic systems, seepage
from rivers, seawater Intrusion, and losses from water supply
network. As a result, a wide range of organic pollutants are found
In urban aquifers (Fig. 1). Since these pollutants reach
groundwater environment, thelr occurrence depends on
simultaneous transport and biogeochemical processes. However,
the quantification of these processes Is not an easy task.
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The objective of this work Is to propose an approach to quantify
the chemical processes that occurs when river water INfHtrates ;. 1. average concentrations

an aquifer.
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3. RESULTS&DISCUSSION

3.1 Identification of the recharge sources and selection of the appropriate species
v An EMMA analysis was carried out to identify the minimum number of river end-
members needed to account for the seasonal variability of the River Besos (Tubau et
al., 2014) (Fig. 3).

v Three river end-members were finally selected: Two from the dry season (D1 and
D2) and one to the wet season (W1).

v'The tracers selected were: ClI, SO,#, Na*, Ca?*, Mg+, K*,HCO,", NO;, NH,* TOC
and O,.
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Figure 3. Projection of the eigenvectors 1 and 2. The difference between the analysis and MIX_A and MIX_B is the variances assigned to the tracers of
the three end-members: W1, D1 and D2. (Modified from Tubau et al. , 2014).

3.2 ldentification of the chemical processes (Analysis MIX 1)

(R,) CaCoO, (s) + H" Calcite dissolution/precipitation

(R,) MgCO, (s) + H" <> HCO; + Mg**
4 2 1 2

(R,) CH,O+0O, — HCO, + H"

<> HCO; + Ca*”
Magnesite dissolution/precipitation

Denitrification
Aerobic respiration

3.3 Evaluation of mixing ratios including the chemical processes (Analysis MIX+RE)

v Apart from the three River Besos end-members , each reaction was included as a new
end-member (Table 1, Fig 4).

@ @ = Mixture of end-members + Reactions
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In the River Besos and in the aquifer for major and minor
lon, metals, redox indicators, pesticides, drugs of abuse (DAs, Jurado et al., 2012) and
pharmaceutical active compounds (PhACs, Loépez-Serna et al., 2013).

2 GHS, Institute of Environmental Assessment & Water Research (IDAEA), CSIC, Barcelona, Spain

| Canye 20"
Can J Choyel an © “~
0 ' 4 Gy o ¢ :
i 'parc d 45/
- “.g,‘* > AKX Sy : AN
i Q“A B o (‘—\‘ \ \ NS < 5 ) 7 \
& 2 - ‘ R l ADS-4\
%, el A NN \
’ oo NN\ / %ot
g \
e

The

following steps:

v' identification of the recharge sources
and selection of the species to be used

v"1dentification
processes

v evaluation of mixing ratios including
the chemical processes.
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This methodology has been applied In
the Besos River Delta aquifers (NE
Barcelona, Spain, Fig. 2) using the MIX
Code (Carrera et al., 2004)
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Table 1. River end-member initial concentrations and standard deviations assigned to the end-members and the observation
points for the analyses MIX. (river water mixing, Analyses MIX_1 and MIX_2) and MIX+RE (river water mixing and
reactions). “Rg: Average concentration at the groundwater observation points”, Ri: Average concentration at the river end-

members
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Figure 4. Plots of measured versus estimated concentrations at the river end-members and observation points considering:
river water mixing (analysis M1X_1) and river water mixing plus the reactions (analysis MIX+RE). The concentrations are
expressed in mg/L and the electrical conductivity in uS/cm.
The abbreviations are: “PREC: Precipitation”, “DIS: Dissolution”, “OM DEG: Organic matter degradation”, “DENITRIF:
Denitrification”, “AER RESP: Aerobic respiration”.
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Figure 2. Location of the study area and schematic description of the
hydrogeological conceptual model. The screen depths of the pumping wells and
the piezometers are also indicated.

4. CONCLUSIONS

JA methodology that has proved to be useful
not only to quantify mixing ratios but also
chemical reactions Is presented.

dThis methodology was applied in the Besos
River Delta aquifers where some chemical
processes occur when river water infiltrates the
aquifer (redox processes and dissolution of
carbonates).

 River water mixing was the most relevant
process (99.2%). Generally, dry river end-
members (71.5%) predominated over the wet
one (27.7%). In contrast, chemical reactions
accounted for less than 1 % of the composition
at the observation points. However, their
contribution to the better fit of the non-
conservative species was significant.

dThis methodology can be applied in any other
aquifer in a rapid, simple and effective way.
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