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ABSTRACT
➢The aim of this study is the physicochemical and isotopic
characterization of surface and groundwater samples, to assess the
origin of water and contribute to the integrated management and
exploitation of water in the Luanda region;
➢In the physicochemical characterization, the parameters of pH,
electrical conductivity and temperature were measured on-site,
comparing them with the values recommended by the WHO and
knowing about the quality of these water sources to supply the
populations of this region;
➢Isotope characterization was performed by the laser isotope analysis
technique (LWIA), for the stable isotopes (18O e 2H), and by a Liquid
Scintillation Counter (LSC), for the unstable isotope (3H);
➢ For the 18O and 2H analyses, the samples were not prepared before
measurement, but were only filtered to remove residues. In the case of
3H the samples were distilled, enriched in Tritium (3H) Environmental
and neutralized, before measurement.

INTRODUCTION
In natural water there are many isotopes and based on them, one can
know the type of water, origin, its age, interconnection between the
aquifer systems and much more. And the isotope technique is a powerful
way to help us understand these things.
Water systems can be the result of mixing various water components with
different origins and chemistries. The values of 18O, 2H and 3H
characteristic of groundwater or surface water can be a consequence of
mixing between different water systems.
Each component (rainfall, surface and groundwater) has specific isotopic
and physicochemical characteristics, the final composition being
proportional to the percentage of contribution of each component.
Therefore, in this work we will use the combination of data from isotopes
(18O, 2H and 3H ) and also data from physicochemical analyzes to be able
to draw accurate conclusions about the integrated management of these
water systems.

METHODOLOGY
An inventory of water points in the region was carried out. 16 samples were
selected, of which 10 groundwater samples and 6 surface water samples. The
samples were collected in polyethylene bottles, 100ml for stable isotopes and
500ml for tritium analysis, with a double cap.
The 2H/1H and 18O/16O ratios were determined in the Liquid Water Isotope
Analyzer (LWIA), model 912-0008 in the Isotope Hydrology Laboratory, of the
National Technological Center (CTN) in Luanda/Angola. Results are
expressed as δ ‰ vs V-SMOW for oxygen-18 (18O) and deuterium (2H)
contents. The results are corrected to National standards and certified by the
Stable Isotopes Laboratory of the International Atomic Energy Agency (LIEIAEA).
For the Tritium analyses, the samples went through a treatment procedure
before the measurement, in order to increase the tritium concentration, which
involved 4 steps: Previous Distillation; Tritium enrichment by electrolysis;
Neutralization and Final Distillation; Sample preparation and counting. Tritium
concentrations were determined using a Liquid Scintillation Counting (LSC),
model Tri-CARB 3115 TR, in the laboratory of the Institute of Nuclear Science
and Technology (INST) in Hanoi/Vietnam. Results are expressed in Tritium
Units (TU).

RESULTS
Physicochemical characterization

Isotopic Characterization
Sample
ID
BL1
BL2
BL3
BL4
BL5
BL6
BL7
BL8
BL9
BL10
BL11
BL12
BL13
BL14
BL15
BL16

3H
δ18O δ2H
(‰) (‰)
(TU)
-2,45 -10,3
2,1
-3,88 -21,7
2,07
-3,82 -18,9
1,66
-3,18 -15,4
1,6
-2,82 -14,4
1,5
-2,96 -14,9
1,51
2,51
10,1
1,58
2,63
9,3
0,76
0,39
-2
0,5
-1,51
-6,7
0,64
-2,84 -13,7
0,66
-1,44
-6,2
2,4
-2,24 -10,4
2,64
-1,46
-7,1
1,71
-2,74 -12,6
1,78
-2,9
-12
2

DISCUSSION
Physicochemical characterization
➢ The collected waters have an average temperature value of 27,3 ºC. The temperature
of the water samples varies between 22,7 ºC (BL1) and 30 ºC (BL4 and BL6), but all
are within the admissible values (20 – 30 ºC), according to Word Clim;

➢ The electrical conductivity revealed that three (3) of the samples, namely BL7, BL8
and BL9, have values above the parametric values, defined by Directive 98/83/EC of
the Council of the European Union, of 2500 μS/cm, for drinking water human. It
should be noted that these three (3) samples are not considered supply points for the

populations of this region. The samples have an average conductivity of 1606,3
µS/cm. Samples BL2 and BL5 have a higher conductivity value, due to a greater
presence of dissolved ions, unlike samples BL1, BL3, BL4, BL6, BL10, BL11, BL12,
BL13, BL14, BL15, BL16, where the lowest is obtained conductivity value, 1000
μS/cm;

Physicochemical characterization
➢ The pH values in the collected samples vary in the range of values between 5,6 – 8,7.
With an average pH value of 7,26, on the Sorensen scale, only samples BL1, BL13 and
BL15 are below the VMR established by Directive 98/83/EC of the Council of the
European Union, of 6,5. The other samples are below the VMA established by WHO. It
would be expected that the water samples that supply the populations of this region would

remain below the VMR line, but this is not the case. The sample with the lowest pH value
is found to be BL1, 5,6 and the most basic pH value occurs in the BL7 samples, with 8,7
due to excessive evaporation. The pH values of the samples are within the range
stipulated by Directive 98/83/EC of the Council of the European Union and by the WHO.

Isotopic Characterization
➢ The δ2H values of the samples analyzed in the region vary between -21,7‰ (BL2)
and 9,3‰ (BL8), and the δ18O values vary between -3,88‰ (BL2) and 2,63‰ (BL8).
The samples show mean values at δ2H equal to -9.18 ‰ and at δ18O equal to 1,79‰. The higher contents in δ2H and δ18O, -18,7‰ and -3,5‰ respectively, in
sample BL8, may be a consequence of a greater evaporation in relation to the other
samples;
➢ In the projection of the isotopic values, it is verified that they are arranged in a main
spot, with the exception of samples BL7, BL8 and BL9 that move away from the other
points. Since the samples mentioned as an exception were collected in a shallow
(open-air) and shallow (22,4 m) system, it is likely that evaporation is more evident,
which justifies the higher values of δ2H and δ18O;

➢ The samples that come closest to GMWL are BL2, BL3, BL4, BL5 and BL6 which
correspond to the uptakes, BL1, BL13, BL14 and BL15 which correspond to open pit
handmade wells and BL10, BL11, BL12 and BL16 which correspond to the point
recharge and to rivers.

Isotopic Characterization
➢ Tritium values in samples BL14 and BL15 were similar and both lower than those in
sample BL16. The BL14 and BL15 samples may be communicating, while the BL16
sample may be being fed by another source;
➢ Points BL1 and BL2, located near the River Dande, have the same values as the
values obtained in the sample from Rio (BL12). This means that there is a direct
supply from the River Dande to these points;
➢ The BL3, BL4, BL5, BL6 and BL7 pickups have the same tritium values, which can be
understood as being interconnected and supplied by the same power supply;
➢ The tritium activity of the lagoons (BL8, BL9 and BL10) is lower than the values of the
River Dande, as in addition to the river, domestic wastewater is also brought in,
diluting the activity of tritium present in the lake water;
➢ The Dande and Bengo Rivers have different tritium values, with the Bengo River
having the highest values than the Dande River.

CONCLUSIONS
➢The study of the isotope ratios of δ18O and δ2H showed a good
approximation of the experimental values to the GMWL, which suggests
an origin in precipitation waters;
➢It was found that the increase in electrical conductivity of some
underground samples is not due to an invasion of seawater in the
system, but due to the fact that it is a limestone zone, with very high
mineralization, causing the water in its infiltration path removes these
minerals;
➢The effects of altitude and continentality are practically null and do not
significantly influence the values of the isotopic compositions obtained,
since the area under study is not only irregular, but the distance from
the analyzed points to the coast is small, around 6 – 45,2 km;
➢ The use of the method in evaluating the activity of tritium in aquifer
waters in the Luanda region provides us with information on the origin
and relationship between the waters in the aquifers but also with
monitoring values for radioactivity in the waters of this region.

