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 This investigation reports the mineralogy and possible pathological 

significance of urinary stones removed from patients in Fars province, 

Iran. X-ray diffraction (XRD), scanning electron microscopy (SEM) and 

polarizing microscope (PM) techniques were used to investigate the 

mineralogical compositions of urinary stones. The identified mineral 

components include whewellite, weddellite, hydroxyapatite, uricite and 

cystine. These techniques revealed that the whewellite and uricite were 

the most common mineral phases. Platy-like/monoclinic whewellite, 

prismatic/monoclinic uric acid and hexagonal cystine crystals were 

revealed by SEM. Biominerals (calcium carbonate) and quartz were also 

identified in PM images. Of the variables determining the type of 

precipitated minerals, the effects of pH on depositional conditions 

proved to be the most apparent parameter, as shown by occurrences and 

relationships among the studied minerals. Our results revealed the 

importance of detailed knowledge of mineralogical composition in 

assessing the effects of age and sex. The highest incidence of urinary 

stones was observed in the 40–60 age group. Calcium oxalate and uric 

acid stones are more frequent in men than women. Finally, the study 

concluded that knowledge of the mineralogical composition of urinary 

stones is important as it helps the scientific community to explain the 

chemistry and the etiology of the calculi in the urinary system. 
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1. Introduction 

It is important to stress that physico-chemical principles fundamentally control the complex interactions of 

solutions, biomolecules, and minerals in the realms of the human body as well as in the natural geological 

environment [1]. Urinary stones are products of the pathological biomineralization processes in the urinary 

system [2]. The composition of urinary stones comprises two parts. The first part is an organic matrix 

containing mainly proteins, lipids, carbohydrates, and cellular components. The other part is the biomineral 

component [3]. Urinary stones are typically classified by their location in the kidney, urethra, and bladder. 
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Kidney stones are hard, rock-like crystals of varying sizes and shapes. They occur when salts in the urine 

precipitate and form solid materials [4]. About 40 components have been identified to form urinary calculi. 

The most common urinary stone types are calcium oxalates, magnesium and calcium phosphates, uric acid 

and their combinations [5]. The most frequent components are the calcium oxalates, whewellite and 

weddellite, as monohydrate (CaC2O4·H2O) and dihydrate (CaC2O4·2H2O). The occurrence frequency of 

whewellite is 78% and that of weddellite is 43% [6]. In addition to calcium oxalate, other calcium (Ca) 

compounds are also present in human urinary stones: calcium phosphate [Ca10(PO4)6·2H2O], calcium 

carbonate (CaCO3), brushite (CaHPO4·2H2O), gypsum (CaSO4·2H2O), and dolomite [CaMg(CO3)2] [7]. On 

the basis of major constituents, other types of kidney stones include magnesium ammonium phosphate 

(MgNH4.PO4·6H2O) or struvite stones, uric acid (C5H4N4O3) stones, and cysteine (C6H12N2O4S2) stones, but 

the percentages of these stones are 15%, 5%–10%, and 1%, respectively of the total kidney stones [8]. 

Struvite stones are commonly associated with urinary tract infections. Uric acid stones, associated with 

hyperuricosuric patients, are found in patients with gout, dehydration, and excessive purine intake. Finally, 

cystine stones are a rare form associated with inborn errors of metabolism resulting in abnormal absorption 

of dibasic amino acids in the small bowel and proximal renal tubule [9], [10]. Most human stones contain 

more than one crystalline component and hence are termed multicomponent stones. The presence of 

multicomponent stones suggests multiple physiological conditions that must be unraveled in the process of 

defining the optimal medical management and the avoidance of stone recurrence [11]. 

 

Because of the increased incidence of various diseases caused by abnormal mineral deposition, the 

aetiopathogenesis of diseases caused by pathogenic minerals has gained considerable research attention 

[15], [16]. Many theories and studies have attempted to clarify the mechanisms of formation and growth of 

calculi or stones. However, no satisfactory explanation has yet been put forward, and several questions 

remain unanswered [17]. Accurate knowledge of the composition of the stone is critical to elucidating the 

underlying etiology of the clinical disorder(s) that precipitated the stone disease [11]. Early studies on 

urinary stones have revealed some information on composition, mineralogy, structure, processes of 

formation and geo-environmental factors [18]. Therefore, accurate analysis of urinary stone composition is 

a key factor in choosing the most appropriate medical management [19]. In certain areas of the world, 

including the Middle East which is part of the Afro-Asian stone belt, a high incidence rate of urolithiasis is 

reported [20]. The Fars province of Iran (SW Iran) is located in this belt. The Fars province has high 

numbers of cases of urinary stones in the human population. Given this context, urinary stones can be 

studied by investigating their mineralogy from a medical geology viewpoint. As there were no data on the 

mineralogical composition of urinary stones of the Fars province population in Iran, this primary study 

focuses on the quantitative phase analysis and morphological characterization of constituent phases in 

urinary stones using the Rietveld-based refinement technique with powder X-ray diffraction (PXRD) data 

and scanning electron microscopy (SEM), respectively. We also interpret these data to determine the 

relationship between age and sex and the frequency of urinary stones in view of their mineral composition. 

The principles of methodology used for such analyses have also been discussed. 

 

2. Experimental 

Thirty-nine urinary stone samples were collected between April 2013 and August 2013 from patients 

undergoing surgery for the PCNL (percutaneous nephrolithotomy) procedure at Shahid Faghihi Hospital, 

Shiraz City. The removed stones were placed in polyethylene dry bottles and kept cool until analysis. All 

polyethylene bottles were labeled with the name, sex and age of the patient and the date of surgery. The 

types of urinary stones that were collected were 36 renal, 2 bladders, and 1 ureteral stone samples. Because 

gender and age are likely factors of urinary stones, they were considered during the sample collection. The 

patients were 25 males and 14 females ranging in age between 24 and 82 years. 
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3. Results and Discussion 

The QXRD method is demonstrably capable of providing accurate determinations of individual crystalline 

phases in urinary stones [21]. For an accurate quantitative analysis of constituent phases in urinary stones it 

is necessary to perform the Rietveld refinement using high quality X-ray powder diffraction data. During 

the Rietveld refinement, structure parameters, scale factor, unit cell parameters and background 

coefficients, along with the profile parameters describing the peak shapes and widths are varied through a 

least-squares procedure until the calculated powder pattern best matches the observed pattern. In order to 

get an improvement on the calculi phase analysis, a Rietveld refinement of 39 urinary stone samples was 

performed. The results of the mineralogical analysis of urinary stones are shown in Table 1. 

 

4. Conclusions 

The importance of mineralogy in the field of medicine lies in the application of mineralogical methods to 

study pathological mineral deposits in the human body. Therefore, this study underestimated real urinary 

disease prevalence, but for the aim of the study it was only necessary to verify a difference in the 

composition of urolithiasis and also verify the impact of age and sex on the distribution of the pathology in 

the Fars Province. The application of XRD, SEM and polarizing microscopic (PM) techniques enabled us to 

explain the detailed characterization of mineralogical composition of the urinary stones. The results of 

QXRD analysis indicated that the urinary stones had different mineralogical compositions. Uricite and 

whewellite minerals were the most frequently occurring. Minerals such as cystine, hydroxyapatite and 

weddellite occurred less frequently as urinary stones. SEM analysis results confirmed the XRD analyses. 

Platy-like/monoclinic whewellite, prismatic/monoclinic uric acid and hexagonal cystine crystals were 

revealed by SEM. Urinary stones studied by PM revealed biominerals such as whewellite, uricite and 

calcium carbonate. These minerals showed that formation of crystals in pathological mineralization follows 

the same principles as normal calcifications. Moreover, quartz was a very rare mineral component in 

uroliths, so more detailed investigation (such as Energy dispersive X-ray analysis and quantitative analysis 

by XRD) of the nature and origin of SiO2 in the sample will give a greater understanding of the formation 

mechanism. 

 

In addition, we found a relationship between age, sex and frequency of urinary stones according to their 

mineralogical composition. The highest incidence of urinary stones was observed in the 40–60 age group. 

Comparison of data related to the age group and mineralogy of urinary stones revealed a possible 

relationship between the age group and increase in frequency of calcium oxalate and uric acid minerals. 

Calcium oxalate and uric acid stones are more frequent in men than women. Thus, various forms of 

minerals present in the urinary stones can be helpful in identification of possible environmental (food habits 

and water quality) and metabolic factors. 
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