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BACKGROUND AND OBJECTIVE  

Increasing awareness of the importance of geological influence on the human health in 
Denmark as well as globally has resulted in initiation of a GEO-center project on “Iodine in 
the hydrological cycle in Denmark: implications for human health“. The project is running 
from 2011-2014 and comprises the iodine cycle from precipitation over soil water, 
groundwater and finally to tap water. 

Iodine is essential component of the thyroid hormones regulating the metabolic processes in 
cells and playing role in the early development of most organs. Low iodine intake, <150 
µg/day for adults and adolescents, can result in a variety of iodine deficiency disorders, for 
example, mental retardation, goitre, and hypothyroidism. On the other hand, chronically high 
intake can also cause health problems such as iodine induced hyperthyroidism, elevated 
goitre, and subclinical hypothyroidism [1]. 

In 1998 Denmark started a voluntary fortification program of table salt aiming to increase the 
average iodine intake of Danish citizens by 50 µg/day. After evaluation, it has been decided 
that the program has failed and from 2000 a mandatory fortification (13mg/kg) of the 
household salt and the salt used for commercial production of bread was implemented 
instead [2]. 

Rasmussen et al. [3] calculated that 25% of the iodine intake in the average Danish diet is 
derived from drinking water, coffee, tea and other beverages, based on data published in 
1996. However, iodine concentrations in the Danish drinking water are not measured 
regularly and consistently because iodine is not part of the monitoring programs of the 
municipal waterworks. As a consequence no historical data on a national level for the iodine 
content in the drinking water (tap water) exists. As part of some Danish endocrinological and 
dietary studies, national sampling campaigns have been executed and the results are 
reported in three papers [4], [3], and [5]. Additionally, the National Food Institute has 
published a list with iodine measurements from tap water samples taken from households at 
47 locations distributed throughout Denmark [6]. Based on these data it is known that iodine 
concentration in the drinking water varies from 0.7 to 140 µg/l. Both the highest and the 
lowest measured concentrations are found in Jutland, [4], [5], [6]. However there is one order 
of magnitude difference between the highest values reported by [4], [5], [6] and the ones 
found by [3].  

The objectively existing regional variation of the Iodine content in the Danish drinking water 
has not been studied in details from a geochemical point of view. The aim of the present 
project is to combine the medical and the geochemical aspect by studying the spatial and/or 
temporal variations in iodine bioavailability in groundwater and to evaluate the human health 
effects. In contrast to the drinking water data, historical iodine data mainly from groundwater 
monitoring program (GRUMO) exists and it is available in the Danish public nationwide 
geological and hydrological database (Jupiter) [7].  

As a first approach to study the geochemical aspects of Danish groundwater enriched in 
iodine, the iodine source in the sediments and the governing processes of its distribution and 
variations was investigated. In this study we tested two hypotheses: 1) Iodine enrichment is 



originating from marine deposits and infiltrating seawater nearby the present coastline, and 
2) Iodine enrichment is due to desorption of iodine from old, Cretaceous marine deposits.   

MATERIALS AND METHODS 

Historical groundwater data from the Jupiter data base was subjected to multivariate data 
analysis (Principle Component Analysis and Partial Least Squares Regression) and also 
illustrated by conventional traditional hydrogeochemical tools (i.e. elemental ratios). 
Multivariate analysis allows studying the interactions between different (more than two) 
elements, an aspect lacking in single-element studies. This may be important as 
geochemically similar elements may/will be correlated, and the study of physiology 
recognises that such correlated element behaviour can be synergistic or antagonistic [8]. The 
used Jupiter data includes information about all groundwater samples analysed for Iodine 
from 1933 to 2011 (2562 samples distributed in whole Denmark).  

RESULTS AND DISCUSSION 

Results of this initial study on the origin of iodine in Danish groundwater, as well some future 
plans, will be presented. 

The data structure and the correlation between Iodine and 19 other variables were examined 
with partial least squares regression, was revealed to be comprised by 3 clusters of samples 
(n=46), on the basis of which we found that Iodine and: 

 Barium, Bicarbonate, Bromine, Sodium and partially Iron are positively correlated; 
 Distance to coastline, distance to major faults, and pH are negatively correlated. 

Based on these findings, it is concluded that the important processes playing a role and 
explaining the variance in the water composition and the Iodine concentrations are: distance 
to the source, carbonate equilibrium, redox and ion exchange (Figure 1). 

 

Figure 1 Interpretation of the loading weights plot (result from the multivariate analysis) and the 
interpreted geochemical processes releasing iodine to Danish groundwater.  

CONCLUSION AND PERSPECTVES  

With this study we demonstrate how information about the groundwater origin and the 
processes which are governing its composition can be gathered by using combination of 
multivariate data analysis and traditional hydrogeochemical tools (i.e., elemental ratios). 
Crucial for the outcome of the analysis and its reliability is the quality of the input data. Using 



historical hydrogeochemical data is tempting (it’s public and easy to gather) but not always of 
the quality which is sufficient. 

Based on this study we cannot reject the two working hypotheses. Both release from old 
marine deposits (connate water) and sea water intrusion are governing the iodine 
concentration. It is possible that a third process is involved too – organic matter brake down. 
Based on the partial least squares regression model we found also that the distance to faults 
has an important role in the iodine concentration. This finding remains unexplained.  

The historical data study gave us the first inside information on the Danish groundwater and 
will help for the planning of our future work. Further studies will focus on planning and 
execution of a sampling campaign in three areas of interest (Ishøj, Randers, Skagen). Based 
on a firm experimental and sampling design, will allow an improved control over the data 
quality and will allow us to study the sources and processes explaining iodine in the 
groundwater and in drinking water on a smaller regional scale. The long term goal of our 
project remains with a focus on geo-science health issues connected to iodine.  
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