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Abstract
As part of a more general study on the applicability of the molar ratio R= rCl/Br as a tracer to identifty the
origin of groundwater salinity, some results related to the salinity of coastal aquifers are given after the
experience gained in Spain. Natural waters, whose salinity is related to the addition or presence of marine
water, have the value of R similar to that of sea water (655±4), with the uncertainty corresponding to
normal analytical errors plus the small effect of the freshwater component. The urban and industrial effect,
through the addition of wastewater or through the leaching of wastes, produces generally a clear increase
of R, up to more than 1000. Furthermore, the agricultural effect of pesticide use in some of the considered
areas of intensive agriculture means a decrease of R, atributed to the local addition of Br. Simple
evapoconcentration does not seem to cause changes in the value of R. In Canarian volcanic areas, a rise
in Cl tends to increase the value of R through still poorly known processes that probably involve chemical
fractionation of airborne salts in arid coastal areas with rough sea, and remnants of halite in altered
volcanics affected by seawater during the cooling process. There are cases in which the value of R for
coastal saline water has not been fully explained. In any case, a good analytical accuracy is needed in order
to obtain reliable results.
Keywords: Groundwater; coastal aquifers; chloride/bromide ratio; salinity; Spain

Introduction
Chloride (Cl) and bromide (Br) ions dissolved in water are tracers close to the ideal behavior (Custodio and
Llamas, 1983, cap. 12.2) due to their hydrophilic character and small ionic size. That means that the
physical processes that take place in the terrain (dilution, evaporation, mixtures) affect the absolute
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concentrations but do not modify the value of chloride to bromide ratio. These ions keep reasonable
memory of the soluble original matter. The likely processes that can affect Cl and Br ions, and their ratio,
are well-known (see Davis et al., 1998; Custodio and Herrera, 2000; Whittemore, 1988). However,
additional experience in real situations is needed. This was the subject of the Spanish Research Project
CICYT HID1999-0205 on “Analysis of the recharge to the Spanish aquifers through the hydrogeochemical
balance and application of minor components and environmental isotopes to characterize it”, leaded by
the second author, being the first one a grantee supported by the Geological Survey of Spain (IGME).
Several coastal aquifers in Spain have been selected for groundwater sampling and the accurate
determination of Cl and Br content. Their location is shown in Figure 1. The origin of salinity in these
aquifers is assumed to be well-known. Data from this survey and from other previous studies were
considered as a whole. A sampling network of the atmospheric bulk deposition was established in parallel,
in order to determine the saline input to the water recharge balance in the soil. The preliminarily results
from samples taken in selected areas of the coastal aquifers are discussed here. Some rainwater samples
taken in these places are also shortly described. More detailed results can be consulted in Alcalá and
Custodio (2003a).

Figure 1. Geographical location of the sampled coastal aquifers in Spain.
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Analitical methods
The chloride/bromide ratio is expressed as R = rCl/rBr = 2.25 pCl/pBr, being r the molar concentration and
p the weight concentration. The accurate measurement of the chloride ion concentration does not imply
special difficulties, except at very low concentrations (< 1 mg·L-1), which is not common in groundwaters.
Nevertheless, the bromide ion appears most often at concentrations of < 1 mg·L-1, and frequently at
< 10 µg·L-1, which means that improved analytical means are needed.
Diverse methods of Br analysis exist. Among them, it is usually necessary to discard the ion-selective
electrode method, due to variable interferences at the expectable values of R, and also ordinary
spectrometric methods for the accuracy level required here. The colorimetric method, in which the evolution
of a controlled reaction is halted at a precise time (here only carried out by the ATIL laboratory, Spain), and
the high performance liquid (anionic) chromatography (HPLC), have enough accuracy for water with
Cl > 0.1 mg·L-1. The HPLC method allows an efficient separation of Cl and Br peaks and an accurate
measure of Br concentrations lower than 5 µg·L-1. Also, the measure of Cl and Br in the same sample
cancels out the errors introduced by the likely need of original sample dilution; the errors are not a part of
the R value. This is the method used by the IGME and AGBAR laboratories (Spain), as well as the laboratory
of the University of Tucson (Arizona, USA).
The coefficients of variation (CV = standard deviation divided by the mean value) determined for the HPLC
method by IGME are < 0.03 for the chloride for concentrations > 0.5 mg·L-1, < 0.05 for bromide for
> 2 µg·L-1, and <0.06 for R around 650 (close to the marine value).

Bases for interpretation
The following values of R were obtained from Davis et al. (1998), Custodio and Herrera (2000) and
Whittemore (1988), and from several references included in these papers:
a) Non polluted marine water: 655±4
b) Continental rainwater: 50 to 650, sometimes < 50 in areas with atmospheric air seriously affected
by burning of automotion fuels.
c) Coastal rainwater: similar to or smaller than the marine value, although in arid areas with rough
sea it is possible that R > 650, or even > 1000.
d) Gases for killing nematodes (methyl-bromide type) used in agricultural practices (now forbiden)
may diminish the original value of R.
e) Halite dissolution (domestic use included) increases the value of R up to several thousands, but
potassium halides dissolution (carnalite, silvite) can produce small values of R relative to the marine
value.
f) Volcanic gases contribute halides, generally with R > 650, maybe up to 900, although a great
variability is observed.
A given water composition may be changed by mixing it with another water or by adding a solid solute.
This modifies the Cl and R values. If units are the same (in weight or molar) and I, F and A means initial,
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final and contributed water respectively, and S is the incorporated solid per unit water volume, and Cl, Br
and R represent the chloride, bromide and the Cl/Br ratio, and cl, br the fractions in the solid, with r=Cl/Br,
it can be established:
a) dissolution of a solid (Figure 2a):
, assuming there is no volume change

(1)

(2)

or
This is a lineal relationship in a plot of 1/R vs. 1/Cl, whose slope is
, and the intercept is 1/r.
b) admixture a fraction X of water A (Figure 2b):

(3)

Then, after substituting and rearranging the result:

(4)

(5)

This is a straight line in a plot

vs.

with slope M and intercept N. The admixing water A can be

either a contaminated inflow or seawater, or freshwater diluting seawater.
c) mixtures between marine and non marine waters (Figure 2b):
If: - CN, BN and RN: concentration of Cl, Br and Cl/Br ratio in non marine water (N)
- CM, BM and RM: concentration of Cl, Br and Cl/Br ratio in marine water (M)
- Cm, Bm and Rm: concentration of Cl, Br and Cl/Br ratio for their mixture (m)
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- X = weight fraction of non marine water; 1-X = weight fraction of marine water
all of them in the same units, weight or molar.
The mass conservation demands that:
(6)
(7)
(8)

Figure 2. a: Fresh water that dissolves salt with r > RI (line 1) or fresh water that incorporates saline water with
higher R (line 2) or with smaller R (line 3). b: Sea water that incorporates fresh water with R > Rsea (line 1) or R <
Rsea (line 2) or R = Rsea (line 3)

By writing

and clearing X from (1), the following equation is finally obtained:

(9)
In a 1/R versus 1/C graph, the mixtures between M water and N water plot following a line that connects
points M and N. In a plot of R versus C that line becomes a curve, whose slope does not change the sign.
This is the common form of preparing plots and the curves can be drawn from what is here presented.
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Main results obtained
The Cl/Br ratio was studied in 215 samples taken from nine Spanish coastal aquifers and dispersed areas
in the Canary Islands (Figure 1). The main hydrochemical characteristics and origin of salinity of these
aquifers are well-known in advance, and the persons in charge of taking the samples were instructed to
consider that the objective was measuring the R value in a given, known situation. The values of Cl and R
obtained in each aquifer are shortly discussed (a detailed discussion can be found in Alcalá and Custodio,
2003b).
In what follows, Cl is in mg L-1 and R = rCl/rBr refer to molar values, except if otherwise stated.

1. Detritic aquifer of Badalona (Barcelona)
In the coastal town of Badalona four geological-geographical domains can be distinguished:
a)
b)
c)
d)

Mountainous reliefs formed by granitic and metamorphic Palaeozoic rocks.
Tertiary detritical material parallel to the coast (altitude 50-100 m).
Coastal plain, formed by Quaternary detritical materials.
Ravines and extensive piedmont.

In the high granitic areas groundwater is of the calcium bicarbonate type. It becomes of the calciumsodium bicarbonate-chloride type toward the sea. Groundwater is of the sodium chloride type and presents
a high electric conductivity near the coast, due to marine water intrusion. High contents of NO3 and PO4
in groundwater from the urban area are observed. The samples show the following results (Figure 3):

Figure 3. Plot of rCl/rBr vs. Cl (mg L-1) in the detritic aquifer of Badalona. Curve 1 represents the mixing of local urban
waster water with local phreatic waters (R ~ 650). Curve 2 represents the dilution of seawater by urban water.
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a) Samples affected by marine intrusion: R hardly differs from the marine value, although it is slightly
higher (possible urban effect, see samples in c).
b) Water table samples taken next to two ravines which mainly collect runoff and some wastewater:
for Cl = 75-120 mg·L-1, R = 655±11, similar to the marine value, which is explained by the
contribution of airborne marine aerosol salinity to the rainfall.
c) Samples taken from the center of the town and affected by urban wastewater: they are
characterized by high contents in NO3 and PO4; for Cl = 85-150 mg·L-1, R = 1090±100. The town
water use in elevates R due to dissolution of halite utilized in food preparation.
d) A sample taken from an old well in what was a former hydrochloric acid factory using halite;
R = 6775, attributable to the residual halite dissolution in the ground.

2. Llobregat delta (Barcelona)
The Llobregat delta is formed by Quaternary fluviodeltaic materials over Pliocene materials (Marqués,
1984). Two main hydrogeological units exist inside the Holocene: the upper and the deep aquifers,
separated by a wedge of silty material (aquitard). These aquifers are connected at the edges, where the
aquitard does not exist (Llamas and Molist, 1967).
The current main recharge source to the system is the Llobregat river along the Lower Valley (value of
R = 740±20 for Cl = 200-350 mg·L-1) by infiltration in the river bed or as the result of irrigation water
application from canals. The Infanta's canal carries a high proportion of wastewater. Other local sources of
recharge are rainfall, contributions from small side-watersheds and the losses of the local supply and
sewage networks (Custodio, 1981; 1987). Discharge is mainly through pumping. The results of diverse
sampling campaigns are summarized in Figure 4 and yield the following comments:

Figure 4. Plot of rCl/rBr vs. Cl (mg L-1) in the Llobregat delta area. 1: Mixing line of wastewater with typical Lower
Valley groundwater; 2: Typical Lower Valley groundwater contaminated by seawater; 3: The same as line 2 but with
analylical bias in the white diamonds; 4: Addition of halite to local water in households
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a) Water affected by marine intrusion: R = 750±60, with a slight trend to decrease R while the Cl
grows. This group of samples show the different degree of mixture between sea water and
moderately man’s affected Lower Valley groundwater that causes a progressive systematic
deviation toward high values of R (750 for marine water instead of 655). A sample of local sea
water taken from Gavà beach gives a value of R = 647, which is very close to the expected sea
water range.
b) Two samples from local springs from tributary side-watersheds, taken at high-mid altitude, present
values of R = 600-625. The salinity comes mainly from the marine aerosol, although a moderate
influence of atmospheric deposition from the metropolitan area of Barcelona also exists. The bulk
deposition in Barcelona city has a mean value of R ~ 480 for Cl = 0.5-30 mg·L-1 (Alcalá and
Custodio, 2004).
c) Water affected by contamination of solid waste and/or urban wastewater: R = 1000-1400,
accountable through the incorporation of domestic and industrial halite. A sewage water sample
taken from a ravine shows a value of R ~ 1700.
d) Water from lateral contributions with moderate human influence shows a value of R = 620-900,
for Cl between 400 and 900 mg·L-1. The relative high salinity of these waters is due to the presence
of urban wastewater (partly transferred from the Lower Llobregat Valley), irrigation return flows,
industrial activities, and mainly to the presence of urban garbage.
e) A sample of marine origin water shows a value of R = 1864. This water is strongly anthropogenic
and presents signs of organic decay (reducing environment). There is no satisfactory explanation
for the R value.

3. Ebre delta (Tarragona)
Two samples were taken from a shallow sandy level over clayey-silt with abundant organic matter, in the
Ebre delta coastal fringe, below an irrigated agricultural field. The chloride contents is up to three times
the marine value (between 51 and 61 g·L-1). These samples are affected by evapoconcentration in areas
that were former marsh areas and then rice fields, and finally under-drained extensive orchards (Bayó et
al., 1997). Values of R = 620-660 were obtained, that slightly differs from the marine value. Some small
analytic inaccuracies could be expected from the determination of Br with the colorimetric method (ATIL
laboratory).

4. Alacant aquifers
A preliminary sampling in the Torrevieja Tertiary aquifer was carried out. This aquifer consists of Pliocene
sandstone and Triasic materials. It has an average thickness of ~ 70 m and a surface area of ~ 61 km2.
According to the IGME’s studies (internal report), the abstraction by pumping largely exceeds the recharge
taking place during a typical year. Two wells were sampled. They have different depths and are screened
in levels affected by marine intrusion. The value of R = 660-670 coincides with the typical marine value.
Two wells in Hondón de los Frailes and Torre Molina reverse osmosis desalination plants were also
sampled. Their salinity is associated to the dissolution of sulphate-rich Triasic evaporites belonging to the
aquifer at the middle and lower plain of the Segura river. R = 2700 for the Hondón de los Frailes well,
although Torre Molina well (R = 900) also receives water from a Quaternary alluvial aquifer affected by
human activities.
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5. Campo de Dalías-Sierra de Gádor aquifers (Almería)
The North-east subsystem of Campo de Dalías-Sierra de Gádor consists of a combined complex of aquifer
units, connected to each other and with the sea (Domínguez and González-Asensio, 1995; Domínguez and
Franqueza, 1988). There is an intensive groundwater development. The isotopically depleted precipitation
of Atlantic origin, which takes place at high altitudes in Sierra de Gádor, is the main recharge source
(Vallejos et al., 1997). Some subaquifers are affected by marine intrusion and/or by other types of
contamination, mainly of agricultural origin. The analyses carried out in samples taken by the IGME show
(Figure 5):

Figure 5. Plot of rCl/rBr vs. Cl (mg L-1) for the Sierra de Gádor-Campo de Dalías aquifers.

a) Samples with marine influence: for Cl > 400 mg·L-1 the value of R differs only slightly from the
marine value.
b) A sample somewhat affected by irrigation return flows (moderate content in NO3) gives a R value
slightly greater than the marine.
c) Samples from non polluted springs at high areas show values of R somewhat smaller than for
seawater (possible environmental effect of continental origin), while a sample accumulating the
rain of several days, taken at a low altitude near the sea, shows a value of R ~ 1300 (possible
aridity effect).
d) Samples from springs at low and mid altitude show a salinity that is conditioned by the
atmospheric deposition taking place at low altitudes in this arid region; R = 750-1400.

6. Almonte-Marismas aquifers (Doñana, Huelva)
The Almonte-Marismas aquifer is a Plio-Quaternary detritic aquifer with an impermeable base consisting
of sandy clays and sandy marls. Towards the N and W the aquifer consists of fluvio-marine and eolian sand
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formations. Toward the SE more detritic marine and fluvio-deltaic facies can be observed (IGME, 1992;
Salvany and Custodio, 1995; Custodio and Palancar, 1995). The fluvio-deltaic facies are covered by
estuarine clayey-silts and, more recently, by tidal and fluvial marsh deposits. There are several coastal dune
belts. At the foot of the continental boundary of each dune belt, phreatic lagoons may appear. Relict marine
waters can be observed in more distal, deltaic-marine deposits. Rainwater is the only recharge source.
Small river base flow, springs, oozing in the coast and in the marsh contour, and pumpings in the outer
boundary of the marsh are the main discharges.
The results of 39 samples, some of them at the same sampling point at different dates, were classified in
areas regarding the well-known origin of their salinity (Figure 6). Values of R below the marine ones were
obtained for rainwater samples; sometimes R = 570±50, and others R ~ 400. They are interpreted as an
anthropic effect of atmospheric Br contribution derived from agricultural practices (for instance disinfection
of sandy soils with methyl-bromide in the past) and/or industrial effects due to Huelva’s chemical factories
(under study).
The classification surface and groundwater samples, according to their content in chloride, produce the
following results (Figure 6):
a) Regional unpolluted phreatic water shows values of R between 330 and 700 for Cl = 15-30 mg·L–1.
The values of R = 600-700 correspond to groundwater with a relatively long residence time (tens
of years for old phreatic water) while some recent phreatic water affected by intensive agricultural
developments (high content in NO3) give values of R = 200-300. Recent phreatic water next to the
high/middle part of the Rocina creek (a main groundwater drainage), shows a high chloride
content due to recharge under more intense evapoconcentration conditions than in the rest of the
areas, as the result of more water retentive soils; R = 350-500.
b) Surface waters (included in the unpolluted phreatic waters group) from dune-related lagoon areas
fed by large transit time regional groundwater discharge show similar effects to that described for
the unpolluted phreatic water. The higher chloride content is due to evaporation; the value of R is
similar to the marine value due to the effect of airborne sea salts from the near-by coastal zone.
c) Brackish and salt groundwater has a marine origin due to the evapoconcentration of diluted or
marine water in marsh areas (inflow of estuarine water). The value of R = 630±25 may reflect the
prevalence of the marine effects showing certain dilution with freshwater (R <600) and then
evapoconcentration. Hypersaline evaporation water shows a R value that does not differ from
marine water. A sample taken in the marsh show an unexplained small value of R.
d) Phreatic water taken from an open well at an isolated farm has R ~1000. This value reflects the
normal anthropogenic effects caused by the use of halite for food preparation and for cattle
feeding.
e) A local sea water sample taken from Torre de la Higuera beach, in Matalascañas, shows a slightly
reduced salinity and a small value of R. The contamination by direct or indirect disposal of effluents
or local groundwater discharge may originate some dilution but it should not significantly affect
the value of R. Other processes leading to this result are not known. Some analytic problems are
likely to be a possible explanation, but data seem to be of very good quality.
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Figure 6. Plot of rCl/rBr vs. Cl (mg L-1) for Almonte-Marismas aquifers. 1: Tentative mixing line of wastewater with
unpolluted phreatic waters by the addition of halite. 2: Mixing line of water rich in Br with unpolluted phreatic
waters.

7. Betancuria massif, Fuerteventura, Canary Islands
The samples correspond to the central area of the Fuerteventura island (Herrera, 2001), where
sedimentary, volcanic and intrusive rocks reflect the geologic evolution from the Cretaceous until the
present (Demény et al., 1999). The tuffites and volcanosedimentary complex of submarine origin are
intruded by structures of basic and ultrabasic composition. Covering all this formation deeply eroded,
subaerial basaltic stratovolcanoes and recent lavas (malpaís) are found. Very low rainfall and climatic
aridity produce brackish water everywhere.
Herrera (2001) defined two hydrogeological units. In general, the Upper Unit receives some recharge and
is less saline than the Lower Unit. The latter unit includes a mixture between recharge water and relict
marine water with some salts from volcanic contributions (Herrera and Custodio, 2003). The following
processes are identified (Figure 7):
a) Samples from seeps with relatively low or moderate salinity (Cl < 500 mg/L) are associated to
recharge water with climatic effect and high airborne sea salinity, and few or no human effects;
R = 800-1100. More saline springs can include human and agricultural influence (NO3>20 mg·L–1)
or represent discharges from deeper levels that modify the original value of R to 650-800.
b) Recharge water slightly affected by human processes shows values of R = 660-800 for
Cl < 2000 mg·L-1.
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c) Semi-deep samples with agriculture effects (NO3 > 200 mg·L-1) have moderate salinity and values
of R between 600 and 900, inside the habitual range of R for the aquifer. Agriculture practices do
not seem to modify the R value.
d) Semi-deep samples from valleys, the malpaís (volcanic badlands) and alluvial deposits show the
typical conditions of moderate salinity of the Upper Unit, due to the climatic effect on rainwater
and human contamination; the values of R are between 700 and 800.
e) The Lower Unit show the effect of relict marine water, with Cl contents of 5-9 g·L-1 and R ~ 800.
The less saline samples present Cl = 3.5-5 g·L-1 and R ~ 655. Relict marine water remnants and
the mixtures with old island water may be affected by palaeothermal effects (Herrera and Custodio,
2003) that can have an unknown effect on R, but that presumibly increase it.

Figure 7. Plot of rCl/rBr vs. Cl (mg L-1) for Betancuria massif groundwaters. Data from Herrera (2001).

8. Amurga massif, Gran Canaria, Canary Islands
The Amurga massif is a wedge-shaped fonolitic formation on rhyolitic ignimbrites and Miocenic basalts,
belonging to the Canary volcanic shield. The surface area is ~ 125 km2; the highest point is at 1191 m
altitude; mean land surface slope is 6.6 %. It is a very rough area with deep valleys of almost vertical walls,
laterally limited by the Fataga and Tirajana deep valleys (canyons). In the latter, the old bed-rock might be
observed. Toward the coast the massif ends in cliffs and alluvial fans.
The origin of groundwater salinity is the result of saline concentration due to climatic effects, associated
to the scarce precipitations on the area (Custodio, 1993). Groundwater ages of up to 11 kyr are being
considered, which is coherent with the unsaturated thickness found in this aquifer system (Custodio and
Custodio, 2001). The salinity and chemical characteristics of water from Fataga valley wells and the Amurga
massif are different: the former are less saline (Cl between 320 and 450 mg·L-1) and with possible volcanic
contribution of deep CO2, and more saline (Cl between 1240 and 2520 mg·L-1) and without clear volcanic
contribution of CO2 for Amurga massif.
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The value of R = 700±15 taken from Amurga massif responds to the intense evapoconcentration of rain
incorporating marine aerosol generated in the near-by, windy coast, in this arid region. No clear
relationship with salinity shows up. The value of R = 830±15 in the Fataga valley indicates that a salinity
effect derived from a deep volcanic contribution of CO2 is added to that of the marine aerosol.

9. Gran Canaria, Tenerife and La Palma wells, springs and galleries, Canary Islands
Diverse samples taken in selected points according to the well-known origin of salinity have been studied
(unpublished data from S.N. Davis, A. Long and E. Custodio; Vegeer, 1991). The geology basically consists
in volcanic materials, mainly basaltic. They are from areas with an arid to humid climate and a deep
phreatic level, in general. The samples are plotted together for the three islands, grouped after similar
salinity origin and sampling altitude. The results, according to this approach, show the following
characteristics (Figure 8):

Figure 8. Plot of rCl/rBr vs. Cl (mg L-1) in Gran Canaria, Tenerife and La Palma wells, springs and galleries. 1: Mixing
of volcanic halides with the recharge waters in summit and halfhillside sites; 2: Contribution of sea water respect to
recharge waters in summit and halfhillside sites.

a) Recharge in summit areas is slightly saline (Cl = 4-20 mg·L-1) with values of R = 500±80, which
can be considered normal and expectable. The higher values of Cl correspond to low altitude
samples, near the sea. This is due either to increased contribution of marine aerosol in arid coastal
areas (with intense evapoconcentration), or by addition of a Br impoverished source of Cl, or by
both effets simultaneously. Groundwater with R values greater than marine values are frequent.
The origin of this chloride is speculative. It could be a chemical partition of marine aerosol in arid
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coastal areas with rough sea, or the result of residual halite caught in volcanites that are
geothermically altered by marine water.
b) Recent volcanism increases the value of R in recharge water and in a few saline marine samples.
R values between 800 and 1000 for samples not affected by other processes are common.
c) Simple agricultural contamination does not seem to have any effect other than
evapoconcentration, which does not affect the value of R. On the other hand, the addition of
agrochemicals, which may include bromide, can diminish the values of R to 300 and 500.

10. La Aldea aquifer, Gran Canaria, Canary Islands
La Aldea aquifer is located at the final valley of the large and deep erosional depression of Tejeda-La Aldea,
from the Centre to the West coast of volcanic Gran Canaria island, Canary Islands. Basically the geology is
composed by a coarse detritical Quaternary aluvial fan over a Miocene basaltic bed-rock (SPA-15, 1975).
Their hydraulic properties are clearly distinct (Muñoz et al., 1996), with average transmissivity of
1000–3500 m2·day-1 for the aluvial aquifer and 70 m2·day-1 for the upper basaltic materials.
There is intensive groundwater development and rapid water renovation time in the aquifer (even of some
months in dry years). Groundwater in the lower reaches of the alluvial aquifer is rather saline, up to several
g·L–1. Studies have shown that the origin of salinity is due to arid conditions in this coastal area and also
to evaporation in the numerous agricultural plots for intensive cultivation of vegetables. There is also the
possibility of eventual leaching of low permeability, hydrothermally altered volcanic formations that may
contain residual salts and even some halite (Cabrera et al., 2000). The results show that:
a) Samples from wells that exploit the detritic alluvial aquifer of La Aldea present values of
R = 760 ± 50.
b) Samples clearly affected by irrigation return flows when there is a small volume of water reserves
in the aquifer show R < 400.
c) Two samples assigned to the basaltic bed-rock present a value of R ~ 1060, which can be due to
local rain (recharge water), that varies between 1200 and 1400. The values are conditioned by the
significant presence of water from local recharge, while other alluvial points can incorporate
important proportions of inland water.

Discussion and conclusions
1. Brackish and salt water affected by the presence of marine origin water shows a typical value of R close
to 655±4 (Figure 9). A variation range larger than ±20 can be observed. The analytic accuracy and
fresh water dilution effects on less saline samples can explain this observation.
2. In general, for moderate saline water coming from a natural or anthropogenic origin, it is observed that
non-affected recharge water in coastal areas shows a value of R similar to the marine value, between
500 and 700 (Figure 9). If the climate is arid, the value of R = 700-1300; this is attributed to the
marine aerosol being formed by the partial evaporation of marine water, giving place to a preferential
precipitation of halite (Figure 9). In places far away from the coast along the rain-clouds path, the value
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of R is usually much smaller than that of the marine water, between 300 and 650 (Figure 9). These
values of R can then be modified if the recharge comes from infiltration of surface runoff incorporating
anthropic effects (increase by urban effects and decrease by certain agricultural effects) or undergoing
the effect of dry saline deposition in arid coastal areas (increase of R; Figure 9).
The dissolution of sulphate-rich evaporites that incorporate halides (ClNa) increases the value of R
between 1200 and 5400 (Figure 9).
The value of R is not affected by moderate processes of evaporation (Figure 9).
The addition of residual volcanic gases in formations of the Canary Islands increases the value of R
through some addition of volatile halides or weathering of the rock. The values of R are between 750
and 1100 (Figure 9).
The incorporation of urban wastewater usually increases the value of R between 900 and 1400, by
addition of domestic or industrial halite use (Figure 9). The leaching of garbage and urban solid waste
provide sources of salinity that increase the value of R between 750 and 1000 (Figure 9). The industrial
use of halite produces values of R between 4700 and 6700 (Figure 9), similar to the leaching of natural
halite. The use of soil disinfectants in intensive agriculture can bring R to decrease between 200 and
500, depending on the affection degree (Figure 9). The use of methyl-bromide as a pre-treatment of
sandy soils implies the volatilization of Br which is then taken by rainfall.

Figure 9. Plots of rCl/rBr vs. Cl (mg L-1) for different types of salinity described in some coastal aquifers and the
ranges of values for R and Cl concentration. The different types of salinity described have been included in groups of
groundwaters: water samples of marine origin; different types of recharge water; waters affected by leaching salts
and wastes and by dissolution of evaporites; samples with contribution of halides of volcanic origin and samples
with salinity from anthopogenic and urban origin.
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The correct interpretation of the results needs being sure that the calculated value of R is sufficiently
accurate, especially when the samples have low salinity. This is not always possible, due to unavoidable
systematic analytical errors and because samples cannot be reobtained. The value of R has not been not
fully explained in some cases, and further studies are needed.
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