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Transport of conservative contaminants through groundwater systems (e.g. nitrate under oxidized conditions) is
significantly delayed when compared to movement of those contaminants through surface water compartments.
Characteristic time scales of groundwater movement may easily reach tens or hundreds of years. This results in
large lagtimes of contaminant transport in the subsurface. These lagtimes are particularly important when response
of river basins to measures aimed at recovery of good groundwater status is considered. Incorporating lagtime
principles into water quality regulations may result in more realistic expectations when such policies are designed
and implemented. The lagtime of contaminant transport in the subsurface with respect to transport through surface
and near-surface (drainage) runoff can be separated into two components: (i) the delay associated with travel time
of water (and contaminants) through the unsaturated zone, and (ii) the delay linked to time scales of groundwater
flow, from the recharge area down to the discharge zone (river). Thus, the travel time of water through unsaturated
and saturated zones can be considered a quantitative measure of the lagtime.

Lagtime in the unsaturated zone on the territory of Poland was assessed on the basis of the existing Groundwater
Vulnerability Map of Poland (GVMP) (Witczak et al., 2007; 2011). The adopted approach relies on MRT (Mean
Residence Time) of water in the strata separating the saturated aquifer from the land surface, as an integrated
vulnerability index. In the framework of GVMP, the MRT is calculated as turnover time of the infiltrating water in
the vadose zone. The piston-flow type of water movement through the unsaturated zone is considered. The lagtime
in the saturated zone (Tsat) can be approximated by travel time of water, flowing along the local hydraulic gradient
to the closest river. The lagtime of river systems with respect to changes in pollutant load on the catchment is a
sum of the travel time of water through the unsaturated zone (MRT) and the travel time associated with movement
of water in the saturated zone (Tsat). Preliminary assessments of total lagtime (MRT + Tsat) suggest that for the
territory of Poland the mean value of the total lagtime of conservative contaminant is in the order of 25 years, with
the range of 10 to 60 years corresponding to one standard deviation.
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