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Abstract 

The bromide ion is a good indicator of marine intrusion since its 

presence in the aquifer is due to, essentially, the contributions of sea 

water. The ratio rBr/rCl is useful to differentiate between origins of 

salinity, since values superior to 2·10-3 prove the existence of waters 

enriched with bromide ion, joined to sectors of scarce circulation 

where marine intrusion is not the main contaminating agent. 

The strontium ion is partially brought by sea water, although the 

existence of a regional bottom in fresh water means an important 

restriction of its use as an indicator. It can only be used as an 

auxiliary ratio with the precaution of knowing, at least in an aproxima

te way, the distribution of the content of the bottom. 

Introduction 

It is not frequent to find analytical data on the bromide ion in natural 

waters, despite treating it with a good geochemical indicator (Anikeeva, 

1972) which has been used to differentiate origins of salinity (Piper et 

al., 1953), so as to characterize. b:rines (Carpenter, 1978; Kumar and 

Martinez, 1981), and to study the effect of coastal intrusion (Tadolini 

and Tulipano, 1975). 
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The concentration of the bromide ion in fresh waters is generally less than 

0.01 mg/1, even though it ~an be present in concentrations of 1 mg/1 in 

certain waters from deep origins or ~oastal regions. In sea water, the 

average concentration is from 65-68 mg/1 (Rankama and Sahama, 1950), 

although the analyses carried out in the area of study (Torreblanca) is 

of the order 24 mg/1. 

This di_fference between the. conte.nts in sea water and fresh water, 

because of its low chemical activity, converts the bromide ion into a 

good indicator of intrusion. 

The strontium ion, for its part, is a minority in natural waters due to 

the scarce presence and low solubility of its compounds which can be 

found in sedimentary rocks, among which can appear as celestite (SrS04) 

and more unusually as strontianite (SrC03). 

In sea water, the content of strontium ion is of the order of 9-14 mg/1. 

The strontium ion, with difficulty, is involved in processes of ion ex

chang<" (Davis and de Wiest, 1971) and in the phenomena of chemical 

precipitation; therefore, it can be an excellent tracer in water and, 

in a specified way in coastal aquifers, in which the sea water can bring 

this ion to it. 

2 Analytical methods 

For the determination of the bromide and strontium ions, the following 

methods have been used: 

in the presence of bromide ion, the red phenol changes from the 

colour yellow to a purplish blue in an interval of pH comprised 

between 3.2 and 4.6. The oxidation of the bromides and the change of 

the indicator to blue bromophenol takes places in the presence of 

cloramine.-T. The reaction is stopped by the addition of sodium thio

sulphate. The developed colour is measured by UV-V spectrophotometry 

at 590 nm, providing a light path of 2 em. The calibration curve is 

prepared with standards of KBr, with a linear measurement from 0.1 

to 1.0 mg/1 of Br-. (APHA, AWWA, WPCF, 1980). 

the strontium ion is determined by atomic absorption spectrophoto

metry, in air-acetylene flame. The readings of absorbance are carried 

out at 460.7 nm. The strontium ion is partially ionized at the flame; 
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and thus it is necessary to add, as much to the samples as to the 

standards, chloride of lantane to obtain a concentration of 0.1% of 

lantane. The analytical curve is prepared from the standards of 

Sr(N03)2, with a linear measurement of 0.1 to 5.0 mg/1 of Sr-. 

(APHA, AWWA, WPCF, 1980; Pinta, 1979; Rodier, 1981). 

Hydrogeology 

The study of the application of these ions as indicators of coastal 

intrusion has been carried out in the coastal aquifer of Oropesa -

Torre blanca (Castellon, Spain). This is an aquifer formed by conglmTterates 

and gravel, with lenticels of sand and clay, of plioquaternary age, which 

is edged with the aptien and cenomanien limestones. The geometry of the 

aquifer is a wedge which expands progressively from the interior to the 

coast line, where it o.~cCPPds a 100 metres of depth. 

The values of transmissivity of the aquifer are understood between 300 

and 2000 m2 per day; these decrease towards the coast with broad strokes, 

probably due to the fall in the permeability values with the major 

presence of the clay component. The piezometrical levels are normally 

situated between 0 and + 3 metres, except in the sectors of Torreblanca, 

Barranco Chinchilla and Oropesa, where they are normally found under the 

sea level. 

The recharge for the average year is of the order 25 hm3, of which 11 

correspond to the infiltration of useful rain, 4 hm3 of irrigation return, 

and the 10 hm3 remaining al lateral subterranean entries coming from the 

mesozoic aquifers. The discharge takes place, essentially, by pumping 

(20 hm3) and, in the lowest measurement, by springs (2 hm3) and sub

terranean exits to the sea (3 hm3). 

The rain is the essential regulator mechanism in this system, considering 

the pumping as a constant factor, so that the pluviometrical irregularity 

has an effect on the equilibrium entries-exits, giving rise, in dry 

periods, to strong piezometrical descents, with inversions of flow, which 

provoke the intrusion of sea water towards the aquifer. This process is 

progressive, as is proved from historical data, and is generalized to 

the whole aquifer. 

The chemical analyses carried out in 39 points of observation (Figure 1), 
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with trimestral periodicity during the year 1983, shows th~ intervals of 

of relative ionic contents, expressed in percentages of milliequiva1ents/ 

liter, are the following: chloride 50-80; bicarbonate 10-25; sulphate 

8-15; nitrate 0-10; sodium 40-60; calcium 20-35; magnesium 15-25, and 

potassium 0-1. The distribution of these ionic contents in the aquifer 

is coherent with the process of intrusion, in a way that they are in 

lower concentration when further away from the coast, with the exception 

of the bicarbonate ion which has an inverse zonation and the nitrate ion 

whose origin is related to agricultural activities and not to intrusion. 

0 2 3Km 
~liiiiiiiiiiil~ D Plioqu•tern•rv 

j ~;~I Miocene 

EIJ Late Cretaceous 

~ Lower Cretaceous 

[]]]] Jurassic 

Cl" < 1000 mg;l 

• Cl" > 1000 mg;l 

Figure 1. Geological map of the area, with the 

observations points 

632 



The minority ions, such as bromide and strontium, also show contents 

which, on first aproximation, depend on the degree of invasion of the 

sea water. 

Based on both hydrochemical data and straight mP.asurement, it has been 

dP.termined that the interface has diffuse and irregular geometry, with 

horizontal advances directed towards the sectors of intense pumping and 

of elevated transmissivity, and phenomena of upconing due to intense 

point abstractions. 

4 The bromide ion as indicator 

The concentrations of the bromide ion have been determined for the month of 

December 1983. The 39 observations made, gave results between l and 9 

mg/l (table l), with lower values further from the coastline, according 

to a zonation which suggests the existence of contributions of 

this ion by marine intrusion (Figure 2). 

Table l. Analytical data. Ionic contents in mg/1. 

NQ order 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Cl 

514.5 

1307.0 

1258.4 

292.0 

1181.9 

2085.7 

1098.5 

1418.3 

931.6 

1008.1 

625.7 

1035.9 

611.8 

1022.0 

1202.7 

813.4 

Br 

2.72 

5.85 

5.50 

l. 85 

5.43 

9.05 

5.35 

6.65 

4.64 

5.00 

2.78 

5.10 

3.11 

4.85 

5.50 

3.90 

Sr 

0.56 

0. 77 

0.95 

0.54 

l. 01 

1.38 

l. 07 

l. 28 

0.95 

1.08 

0.90 

0.87 

0. 77 

1.18 

l. 36 

1.18 

633 

rBr/rCl 

2.34 

l. 98 

l. 94 

2.80 

2.04 

1.92 

2.16 

2.08 

2.20 

2.20 

l. 97 

2.18 

2.20 

2.10 

2.03 

2.10 

rSr/rCl 

8.81 

4.76 

6.11 

14.97 

6.91 

5.53 

7.88 

7.30 

8.25 

8.67 

ll. 63 

6.79 

10.18 

9.34 

9.15 

ll. 74 



17 472.7 2.40 0.59 2.47 2.10 

18 1286.2 6.00 1.38 2.07 8.68 

19 702.2 3.39 0.74 2.12 8.52 

20 556.2 3.32 0.69 2.61 10.04 

21 410.2 2.40 0.69 2.60 13.61 

22 549.2 2.48 0.66 2.00 9.72 

23 1140.2 5.00 0.92 1. 94 6.53 

24 479.7 2.36 0.59 2.18 9.95 

25 1181.9 5.60 1. 23 2.10 8.43 

26 236.4 1. 30 0.41 2.40 14.03 

27 834.3 4.03 0. 92 2.12 8. 92 

28 1209.7 5.85 1. 08 2.14 7.22 

29 243.3 1.54 0.43 2. 77 14.30 

30 674.4 3.27 0. 72 2.15 8.64 

31 618.7 3.12 0.64 2.23 8.37 

32 778.7 3.93 0.74 2.24 7.69 

33 1174.9 6.15 1.18 2.32 8.13 

34 1425.2 6.55 1.05 2.04 5.96 

35 1779.8 8.05 1. 28 2.00 5.82 

36 1543.4 7.25 1.05 2.08 5.50 

37 292.0 1. 7 5 1. 05 2.65 29.08 

38 111.2 0.96 0.31 3.80 22.50 

39 709.1 2.90 0.61 1. 81 6.96 

The relation between bromide and chloride ions (figure 3) displays an 

elevated coefficient of linear correlation (r = 0.987), due to the 

common origin, and almost exclusively, of both ions from sea water; 

slight deviations observed could be due to other minority contributions, 

especially chloride ion, just as those coming from rain water in which 

contents up to 25 mg/1 have been determined, contribution from-the 

mesozoic aquifers (up to 50 mg/1), and, inclusive, dissolution of 

chloride compounds present in the aquifer. 

Therefore, at first approximation, the bromide ion can be considered as 

a good indicator of intrusion;even though the possibility of bromide ion 

contribution, not directly related to the process of marine intrusion, 

could be the reason for wrong interpretations. The detection of these 
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bromide ion (September, 1983) 
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Figure 3. Linear correlation between chloride and 

bromide ions 
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anomalouscontributions can be found by means of the utilization of the 

ratio rBr/rCl. When both ions come exclusively from sea water introduced 

into the aquifer, the relation rBr/rCl shows similar values to that of 

the sea water which is of the order 1.5- 1.7 · 10-3 (Custodio, 1976). 

In table 1 it can be seen that the values found in the aquifer of Orope

sa-Torreblanca are, generally, slightly superior than 2·10-3, without 

significant deviations, which proves that both ions follow a common g~o

chemical path and that, therefore, they respond in a direct way to the 

intrusion degree. 

When the ratio rBr/rCl shows values further than 2·10-3, it is necessa

ry to invoke the existence of salting processes undirectly joined to 

marine intrusion, which can go unnoticed with th~ sole use of the chlo

ride ion. Lower values must be related with the contributions of chlo

ride ion not joined to sea water; and on the contrary, higher values can 

correspond to waters enriched with the bromide ion, as occurs in brines 

or in water of enclosed basins, almost stagnant, in which the relation 

rBr/rCl is greater than in zones of active circulation (Schoell~r, 1975). 

In the southern sector of the studied aquifer, in the area around Orope

sa, th~ values of this ratio are kept constant about 2·10-3 throughout 

the whole year, with the exception of September when abnormally high 

values have been found, understood betw~~n 3 and 9.5·10-3. This anomaly, 

together with high concentrations of other ions, especially bicarbonate, 

sulphate and potassium, with respect to the hydrochemical norm at the 

aquifer, suggest the existence of som<c contaminating mechanism not du~ 

to marine intrusion, at l~ast, not exclusively. 

The justification of this mechanism must be related to the hydrogeologi

cal peculiarities of th~ sector, with low transmissivity values, whose 

recharge takes place, almost exclusiv~ly, by rainwater infiltration 

which has fallen on its own sector, as the lat<cral supply from the meso

zoic aquifer is made difficult by the existence of impermeable beds of 

gargasien age. 

In periods of overflow, with piezometrical levels situated slihgtly on 

the sea level, th~ pumped water in that sector shows physical-c:hP.Inir.al 

charact~ristics similar to th~ ;c~st of the <'-quifer, with concentra.tions 

of chloride ion understood between 500 and 1000 mg/1. In dry periods, 

with notable piezometrical depressions, despite the low volume of extrac

tions by pumping, th~ concentration of chloride ion only increases 
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slightly while that of the bromide ion increases with great proportion 

to values anomalously elevated of the ratio rBr/rCl. 

The origin of this differential contribution of bromide ion must be th~ 

presence of saturated layers of salt watec of a limited circulation, 

under the fresh water of overflow, which ~xistence has been proved by a 

deep drilling of which only is known the presence of very salty wat~r, 

difficultly explicable by marine intrusion, given its location, v~~y far 

away from the coast, in mesozoic materials with void extractions. 

5 The strontium ion as indicator 

The range of concentrations determined for the strontium ion in the 

aquifer is from 0.3 to 1.4 mg/1 (table l), without noticeable differen

ces throughout the year. 

The correlation with the chloride ion (figure 4) shows a remarkable 

grade of dependence (r = 0.858), even though the dispersion of the va

lues and the presence of appreciative concentrations in fresh water, 

reveal sea water is not the only source of this ion, but that contribu

tions from the aquifer at the shore must exist. There is, therefore, a 

regional bottom which does not appear to be homogeneous and which invol

ves a restriction of th~ utilization of the strontium ion as an indica-

tor of intrusion· 

The value of the ratio rSr/rCl in sea water is, approximately, of 

5.5·10-4. In the studied aquifer, values understood between 5.5 and 

l5·lo-4 (table l) have been found, with two observations in which the 

ratio is superior to 20·lo-4, corresponding to the aptien aquifer (n~ 

37 and 38). 

It is observed that in the saltiest waters the ratio approximates to 

the theoretical value of sea water, while for lower salinities increasing 

higher values are acquired so that the effect of the bottom on the value 

of the ratio is more intense. Consequently, the value of the ratio evol

ves in an inverse sense to the sali~ity; therefore, its distribution 

can provide a valid idea about the bydrochemical zonation (figure 5), 

even though the local variations of the contents of the bottom of the 

strontium ion can be the cause of distortions. These variations are due 

to the different lithologies of the aquifers from which supply is re-
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ceived; in general, the limestone of deep facies has a relative grea

ter content of stromtium ion than that of shallow facies (Llavador et al, 

1983), which must be related to the energy available (Aurenheimer, 1983). 

Another factor which influences the contents of strontium ion is dolomi-

tization (Veizer an Demovic, 1974), which lessens its concentration. 

Consequently, this ratio has only an auxiliary value,eventhoughitcanbe 

used for the control of advanced processes of intrusion, in which the 

relation between the ratio and the content of the chloride ion is made 

linear. On the other hand, determination of the bottom brought in by the 

aquifer can add validity to the r~tj_o, even though it must be used with 

precaution. 
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