
SUMMARY 

 

Perchlorate has been identified as an environmental pollutant. Interest in perchlorate as 

potential substance affecting human health has increased since 1997, when the development 

of modern analytical methods enabled the detection of these compounds in the environment in 

trace amounts. The most important sources of perchlorate should involve applications in 

military purposes, space exploration, aviation and other industries as well as the production of 

fertilizers based on Chilean nitrate, contaminated with ClO4
-
. Commonly used salts, such as 

ammonium chlorate (VII) and sodium chlorate (VII), are characterized by low reactivity and 

good solubility in water, hence they can persist in the environment for many years. The flow 

and transport of perchlorate in the environment is illustrated in Figure 1 below. 

 

Figure 1. The flow and transport of perchlorate in the environment [Source: own elaboration 

based on Kumarathilaka et al. 2016]. 

Perchlorate has been classified as goitrogen, which disturbs the metabolism of thyroid 

hormones and consequently may lead to serious health issues. The effects of large doses of 

perchlorate are well known, however their impact on environmental, subclinical doses is still 

unclear. The role of these compounds in the etiology of various neuropsychiatric diseases, 

which may be associated with abnormal thyroid function, resulting in deficiencies of 

hormones necessary for the proper development of the nervous system, remains unknown. 

Pregnant and lactating woman as well as infants and toddlers are the most vulnerable 



subpopulations to perchlorate exposure due to dynamically occurring neurodevelopmental 

processes that may be disturbed. 

The present dissertation is composed of a series of thematically related scientific 

publications. The work consists of a comprehensive review of the properties, toxicology and 

health effects of exposure to these compounds, and three research articles on the presence of 

perchlorate in various environmental and clinical samples. The aim of the dissertation was to 

determine the content of ClO4
-
 in various environmental, food and urine samples. The clinical 

samples were collected from people with autism spectrum disorders (ASD). Additionally, 

a health risk assessment of perchlorate exposure in certain subpopulations was performed. 

The identification of potential relationships between the presence of perchlorate in urine and 

the occurrence of specific neuropsychiatric diseases was evaluated. Furthermore, a research 

methodology based on ion chromatography with conductivity cell detection (IC-CD) was 

explored. Finally, the work describes the sample preparation procedure using the solid phase 

extraction (SPE) technique. The specific goals of the dissertation were reached in the 

following stages: 

 Determination of perchlorate content in drinking, river, surface and pool water 

samples. The obtained results were compared with the current health advisory levels. 

In order to determine perchlorate level an IC-CD methodology was developed and 

optimized.  

 Determination of the perchlorate content in powdered infant formulas (PIFs) available 

on the Polish market. Health risk assessment of perchlorate exposure to children 

consuming modified milk was performed. Sample preparation method based on SPE 

was proposed and implanted in the research. 

 Analysis of urine samples collected from patients suffering from ASD and 

determination of iodine and perchlorate level. Then, the results were compared with 

the control group comprised of healthy volunteers. In order to determine the potential 

relationships between urinary iodine, perchlorate and plasma levels of thyroid 

hormones a multivariate statistical analysis was performed. In the statistics, gender 

and BMI values were taken into account. Furthermore, a methodology for the 

preparation of urine samples based on solid phase extraction (SPE) was offered. 

Based on the conducted tests and experiments, I have drawn the following conclusions: 

 The analysis of drinking water samples and environmental water samples collected 

from various areas showed that pollution and exposure to perchlorate through water 



consumption does not seem to be an urgent health problem. In the vast majority of 

analyzed samples, the concentration of perchlorate was below the detection limit (0.43 

μg/L). In the case of several environmental samples, the concentration of ClO4
-
 

indicates the possibility of contamination of the environment with these compounds. 

In order to fully assess the actual risk, it seems justified to implement monitoring of 

surface waters. 

 The sample analysis of powdered infant formulas available on the Polish market 

indicated that most (i.e. 66%) of the studied samples contained perchlorate in amounts 

above the detection limit of the applied analytical method (0.15 μg/L). Notably, 

merely 4 in 31 tested samples exceed the permissible level of perchlorate. The 

performed health risk analysis demonstrates that consumption of infant formulas 

containing an average determined amount of perchlorate does not pose a significant 

health risk, as the Tolerable Daily Intake (TDI) level is not exceeded. Acquired data 

has shown that perchlorate exposure from PIFs intake seems not to be an immediate 

health issue. Nevertheless, a significant excess of the TDI was found in children who 

consume infant formulas with the highest determined concentrations of ClO4
-
. This 

may pose a considerable risk of diseases related to endocrine system. 

 The analysis of urine samples in ASD patients showed that there is a relationship 

between increased levels of perchlorate and decreased levels of iodine in the urine and 

autism spectrum disorders. Both the study group and the control group of healthy 

participants did not show any abnormalities in the functioning of the thyroid gland (the 

serum levels of thyroid hormones and thyrotropin hormone were normal), which 

indicates the feasible existence of an independent mechanism of iodine and 

perchlorate function in the etiology of ASD. 

 The proposed methodology for the determination of perchlorate in environmental and 

clinical samples using ion chromatography with conductivity detection complies with 

relevant regulations of the European Commission. Hence, it can be used in research on 

the presence of perchlorate in environmental samples, as well as in food and body 

fluids analysis. 

To our knowledge, this is the first study delivering results on the presence of perchlorate in 

selected water samples and in powdered infant formulas from Poland. The pioneering 

research on the effects of perchlorate on severe neuropsychiatric disorders (ASD) may urge 



further studies in this field. Hopefully, this dissertation will contribute to the assessment of 

environmental factors, particularly in autism spectrum disorders.   

 

 

 


