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ABSTRACT 
 
The International Atomic Energy Agency (IAEA), in collaboration with the Worldwide Meteorological 
Organization (WMO), for the last 50 years, has been keeping a network of Global Network of Isotopes in 
Precipitation (GNIP) stations. The main objective is to survey the content of oxygen and hydrogen isotopes in 
precipitation samples in order to allow the establishment of patterns of temporal and spatial variation of the 
environmental isotopes as result of natural processes that affect isotope fractionation. Since October/2008, 
CDTN, as a response to IAEA initiatives for reactivating the Brazilian GNIP program, has started collecting 
precipitation samples for environmental isotopes analysis. This paper aims to present the lessons-learned of the 
CDTN GNIP Station implementation process, as well as the results of the first year (2008-2009) of sampling. 
We present the sampling procedure in place at the CDTN GNIP Station, based on the IAEA sampling protocols, 
and an analysis of the temporal variation of the environmental isotopes in the rainfall in Belo Horizonte. It is 
also presented the results of a chemical survey of the 2010`s precipitation samples in order to assess the 
chemistry characteristics and quality of the Belo Horizonte precipitation in the CDTN`s region.   
 
 

1. INTRODUCTION 
 
The International Atomic Energy Agency (IAEA), in collaboration with the Worldwide 
Meteorological Organization (WMO), for the last 50 years, has been keeping a network of 
Global Network of Isotopes in Precipitation (GNIP) stations [1] with the main objective of 
surveying the content of oxygen and hydrogen isotopes in precipitation samples. Stations 
participating in the network collect monthly composite total rainfall, for tritium, deuterium 
and oxygen-18 analysis. By taking advantage of the isotopic fractionation in meteoric waters 
as a result of different natural processes, the isotopic concentrations can be used as a natural 
tracer for a variety of water cycle-related studies.  
 
The water molecule containing the heavier isotopes of hydrogen (1H, 2H, 3H) and oxygen 
(18O) is also heavier than the most common water molecule found in nature (1H2

16O) [2]. And 
the water molecules with different weights will be affected by physical processes in a 
different way, causing isotopic fractionation. The lighter water molecules will evaporate 
preferentially and the remaining water will become slightly enriched in the heavier ones. The 
opposite situation occurs when water condensates, leading the remaining vapour to become 
more depleted in heavier isotopes. This principle, when applied in large scale as occur in 
nature (both spatial and temporal scales), produces measurable isotopic fractionation.  
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Several natural processes can cause fractionation of hydrogen and oxygen isotopes in 
precipitation, mainly related to changes in temperature, humidity, consecutive cycles of 
evaporation/precipitation, etc [2,3]. Precipitation in higher altitudes are more depleted due to 
the lower temperatures (altitude effect); it is being reported variations of -0.1 to -0.5‰/100 m 
rise in altitude for 18O and -1 to -4‰/100 m for 2H [4].  The continental effect shows the 
increase in depletion in precipitation towards in-land direction and is also strongly related to 
temperature and topography [2]. Directly linked to the annual average temperature,      
isotopic depletion in precipitation also increases with the latitude (latitude effect), by -0.6‰ 
/degree of latitude in USA and Europe [2]. 
 
In order to capture the isotopic variability of the major natural climatic systems and 
climatically sensitive areas, the GNIP stations must be globally spread. Figure 1 shows the 
stations that have contributed to the GNIP database and Figure 2 shows the location of the 
Brazilian GNIP stations. However, the Brazilian GNIP stations operation was interrupted in 
the 80 and 90`s, as can be seen in the column "Last Record" in list of GNIP stations of Brazil 
(Figure 3). Since then, no continuous record of isotopic data in precipitation is available in 
the GNIP database, imposing problems for researchers when applying these data.  
 
In October/2008, CDTN, as a response to IAEA initiatives for reactivating the Brazilian 
GNIP program, has started collecting precipitation samples for environmental isotopes 
analysis ("Belo Horizonte-CDTN" GNIP Station in Figure 3). The station was implemented 
at the Meteorological Station of CDTN, in Belo Horizonte, since our station complies with 
IAEA requirements for the GNIP program, such as applying the sampling protocols 
previously defined by IAEA and gathering relevant complementary meteorological data 
(monthly average temperature and vapor pressure and accumulate precipitation rate).   
 

 
Figure 1.  Worldwide distribution of GNIP stations [5]. 
 
 



 

INAC 2011, Belo Horizonte, MG, Brazil. 
 

 
Figure 2.  Brazilian GNIP stations [5]. 

 

 
Figure 3.  List of the Brazilian GNIP stations [5]. 
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This paper aims to present the lessons-learned of the CDTN GNIP Station implementation 
process, as well as the results of the first year (2008-2009) of sampling. We present the 
sampling procedure in place at the CDTN GNIP Station, based on the IAEA sampling 
protocols, and an analysis of the temporal variation of the environmental isotopes in the 
rainfall in Belo Horizonte. It is also presented the results of a chemical survey of the 2010`s 
precipitation samples in order to assess the chemistry characteristics and quality of the Belo 
Horizonte precipitation in the CDTN`s region.   
 
 

2. THE CDTN GNIP STATION 
 
The CDTN GNIP Station was installed and become operational in late 2008 at the CDTN`s 
Meteorological Station. Operation since 1996, the CDTN`s Meteorological Station is 
equipped to continuously measure the following parameters: solar radiation, precipitation, 
evaporation, atmospheric pressure at 1.5 meters above ground level; temperature, humidity, 
wind speed and direction at 10 meters above ground level; and temperature and wind speed 
and direction at 40 meters above ground level.  
 
CDTN GNIP Station sampling procedure follows the standard procedure by the GNIP 
programme [6]. A standard Ville de Paris pluviometer was chosen as the rain collector, due to 
the altitude tropical climate of Belo Horizonte, with well defined rainy seasons (October to 
March). The pluviometer was installed following the standard procedures for this equipment. 
Kept constantly open, the lower end of the pluviometer was connected to a tube to drive the 
water to a tank to storage the collected water. Polyethylene containers with different 
volumetric capacities, according to the expected rain volume, are used as storage tanks and 
are stored inside a cooler to avoid direct sun exposition (Figure 4).  
 

  
Figure 4.  Rainfall collector installed in CDTN 
GNIP station. 

 
An essential objective of the sampling procedure is to avoid after-sampling evaporation and 
changes in isotopic composition of the samples. During the summer rainy season, a layer of 1 
cm of mineral oil is placed inside the collector`s containers and the container is replaced 
weekly or less, according to the sample volume. During the winter dry season, no oil is used 
since the amount of rain expected is very low and the oil volume can be larger than the 
collected water sample. In this case, the collected sample is removed from the sampler as 
soon as possible after each rain event.  
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After the removal of the storage container from the sampler, the water samples are transferred 
to a larger container for homogenization to the other samples from the same month. Since the 
final sampling for analysis must reflect the integral rain of the month, the container with all 
collected water is kept in refrigerator until the end of each month. After that, the integrated 
rain sample is homogenized and kept still until the complete separation between oil and 
water. The container has a faucet in the bottom to allow sampling the water while the oil is in 
the upper part of the liquid.  
 
Water samples are collected in a 50 mL glass or high-density polyethylene vial with cap for 
stable isotopic analysis. A larger volume of the monthly integrated sample is segregated in 
another tight container for the posterior production of two six-month composed samples 
weighted by the precipitation rate for tritium analysis. The tightness of both vial and cap must 
be assured to avoid evaporation during storage and shipping for analysis. Vials are 
immediately labeled with information about the month and year of sampling.  
 
Samples are shipped once a year to the laboratory, currently IAEA`s Isotope Hydrology 
Laboratory. Along with the samples, meteorological data of each month must be included: 
total precipitation rate, mean air temperature and mean vapour pressure. The later parameter 
is indirectly estimated by applying the mean air temperature (T, in oC) to calculate the 
saturation vapor pressure (e, in hPa or mb) through two alternative methods (Eq. 1 and 2): 

푒 = 푒푥푝[(16.78 ∗ 푇 − 116.9)/(푇 + 237.3)] (1) 
 

푒 = 6.107 ∗ 10( . ∗ /( . )) (2) 
 
Mean vapour pressure (p, in hPa or mb) is estimated by Eq. 3 applying the mean relative 
humidity (RH, expressed in %):  

푝 = 푒 ∗ 푅퐻/100 (3) 
 
 

3. RAINFALL ISOTOPIC AND CHEMICAL CHARACTERIZATION 
 
Figure 5 shows the stable isotopes (D versus 18O, in ‰ VSMOW) results of rainfall in 
CDTN GNIP Station between October/08 and December/09 (14 samples), as well as the 
regression line for this data. The good fitting of data to a line (R2 = 99.6%) are indicative that 
the sampling and storage procedure are effective to prevent after-sampling evaporation. The 
preliminary local meteoric line (LMWL) slope is similar to the global meteoric water line 
(GMWL; D = 8 18O + 10‰) and the deuterium-excess is a little higher (14‰). For 
comparison, Figure 6 shows the D – 18O diagram for the GNIP Station in Brasilia for the 
available data (monthly weighted means between 1961 and 1981), indicating a quite similar 
LMWL with respect to the CDTN GNIP Station`s LMWL. Despite the good results, the 
definition of the CDTN GNIP Station`s LMWL still requires more data over time and an 
adequate statistical treatment. Tritium results for the six-month composed samples of 2009 
are still not available.  
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Figure 5. LMWL of CDTN GNIP Station (between 
Oct/08 to Dec/09). 

 
 

 
Figure 6. Brasilia GNIP Station`s LMWL (monthly 
weighted means between 1961 and 1981). 

 
 
Fresh rainfall samples were collected in March 2010 for physical-chemical characterization. 
Obtained from three consecutive rain events, water samples were analyzed for pH and 
electrical conductivity as soon as possible after being collected. Results show, for pH and 
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electrical conductivity, respectively: 6.28 (0.14 of standard deviation) and 4.04 µS/cm (0.62 
µs/cm of standard deviation). Rainfall water is therefore lightly acid, with very low salt 
content.  
 
Chemical composition of the monthly rainfall samples for 2010 was determinate by 
inductively coupled plasma mass spectrometry (ICP-MS) [8]. In Figure 7, the concentrations 
for the analyzed elements are shown for each month. Due the fact that rainfall in dry months 
is often insignificant, there are no results for June, July and August. It is possible to observe 
that results were significant for Mg, Al, Mn, Cu, Zn, Rb, Sr, Ba and Pb. For the other 
elements, measured concentrations were bellow quantification limit for the method during the 
whole year. This result is highlighted in Table 1 that presents the statistics for all samples.  
 
For the nine selected elements, concentrations in each month sample are present in details in 
Figure 8. This figure shows clearly that the higher concentrations occur in the first rain events 
after the dry season (September). A possible reason could be the accumulation of 
contaminants in atmosphere during this period. Lead concentrations are the highest among 
the evaluated elements, with peaks occurring in March, September and November. It is well 
established that lead presence in air is related to vehicular emissions in large cities. On the 
other hand, zinc concentrations are consistently high in all months, resulting in the highest 
mean value (254 µg/L). The variation of element`s concentration along the year can also be 
related to different meteorological conditions (wind speed and direction, obstacles, etc).                
 
 

 
 
Figure 7. Concentration of each element for each 
month sample. 
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Table 1 – Annual statistics for concentration of each analyzed element (values in µg/L). 

 
Elements 

Li Be Mg Al V Cr Mn Co Ni Cu 
Mean <3.00* <0.20* 105.20 10.88 0.10 0.48 11.50 0.07 3.70 82,91 
Standard deviation -- -- 38.89 4.91 0.02 0.19 4.98 0.02 0.00 32,66 
Minimum -- -- 26.92 5.82 0.01 0.20 2.86 0.02 3.70 32,86 
Maximum -- -- 389.38 50.13 0.14 2.01 49.58 0.16 3.70 335,54 

 
Elements 

Zn Ga As Se Rb Sr Ag Cd In Cs 
Mean 254.24 0.33 <0.40* <1.80* 3.73 6.08 <0.30* 0.12 <0.02* 0,01 
Standard deviation 40.5 0.05 -- -- 2.23 1.34 -- 0.02 -- 0,00 
Minimum 144.36 0.20 -- -- 0.40 2.51 -- 0.10 -- 0,00 
Maximum 549.76 0.64 -- -- 21.21 13.50 -- 0.24 -- 0,04 

 
Elements 

Ba Tl Pb Bi U Mo Sb Th 

 

Mean 10.00 <0.05* 236.11 <0.10* 0.01 <0.25* 0.17 <0.01* 
Standard deviation 1.51 -- 96.48 -- 0.00 -- 0.02 -- 
Minimum 4.29 -- 26.00 -- 0.01 -- 0.10 -- 
Maximum 16.64 -- 864.00 -- 0.02 -- 0.35 -- 
* All values bellow the given quantification limit.  

 
 

 
 
Figure 8. Concentration of the selected elements 
for each month. 
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A measure of how representative the samples are and how good are the analytical results can 
be obtained by comparing concentration`s mean of six-months weighted by precipitation rate 
and the two six-month composed samples`s concentration (Figure 9). In general, both results 
agreed very well for most contaminants, with exception of lead results. The reasons for this 
discrepancy are still under investigation.    
 

 
 
Figure 9. Comparison between composed sample 
concentration and monthly weighted mean for 
each element. 
 

 
4. CONCLUSIONS 

 
After 20 years, the GNIP IAEA/WMO Program has restarted its activities in Brazil with the 
implementation of a GNIP Station in CDTN/CNEN (Belo Horizonte, MG) in late 2008. First 
results for stable isotopes have shown that the sampling and storage procedures being used in 
the CDTN GNIP Station are effective to prevent after-sampling evaporation. The preliminary 
local meteoric line (LMWL) slope is similar to the global meteoric water line (GMWL; D = 
8 18O + 10‰) and the deuterium-excess is a little higher (14‰). Physical-chemical 
characterization of fresh rainfall samples has indicated lightly acid, very low salt content 
water. Chemical characterization indicated significant results for Mg, Al, Mn, Cu, Zn, Rb, Sr, 
Ba and Pb, with higher concentrations occurring in the first rain events after the dry season, 
probably due to the accumulation of contaminants in atmosphere during this period. 
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