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QUALITATIVE ANALYSIS OF STONE SAMPLES TAKEN FROM SOME PATIENTS
WITH THE DISEASES OF URINARY SYSTEM USING X-RAY POWDER
DIFFRACTION METHOD
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ABSTRACT

The analysis of 45 stones, (34 renal, 8 urethral and 3 bladder) taken from 45
patients, were analized by using X-ray powder diffraction method. Use was made
of PDF files in order to identify the constituents of the samples.
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BAZI URINER SISTEM HASTALARINDAN ALINAN TAS ORNEKLERININ X-ISINLARI

TOZ KIRINIM YONTEMI iLE NiTEL ANALIZi

OZET

45 ayr hastadan alinan 34 bdbrek, 8 iireter ve 3 mesane taginin X- 1ginlari toz
kirmmm metodu ile nitel analizleri yapildi. Numunelerde yer alan maddelerin

tayininde PDF Kkiitiiklerinden yararlanildi.

Anahtar Kelimeler: Nitel Analiz, X-Isinlar1 Difraksiyonu

1. GIRIiS

X-Isinlar1 difraksiyonu kristal yapiya sahip maddeleri
analiz etmek i¢in kullanilan bir yontemdir ve diger analiz
yontemlerine gore bazi iistiinliiklere sahiptir. Bunlarin en
onemlisi bir cismi ayr1 ayri olusturan kimyasal elementler
cinsinden degil numune iginde bulundugu seckilde
aciklamasidir (1). Saf fazli bir materyal i¢in miimkiin olan
en iyi sartlar altinda deneysel olarak 6lgiilen siddet (I) ve
(20) difraksiyon agisindan belirlenen mesafe (d)
verilerinden olusur. Bu veri tipki bir insandaki parmak izi
gibidir. Clinkii mesafe (d) kristalin geometrisi tarafindan
sabitlenir. Siddet de elementlerin  kristal yapidaki
diizenlenmelerine  baghidir. Bu 6zelligi kullanarak
arastirmacilar yaptiklart analiz sonuglarinin d ve I
bilgilerini iceren Toz Difraksiyon Dosyasint  (PDF)
olusturdular ve verilerin kullanimini kolaylastirmak igin
bilgisayar kiitiiklerine aktardilar. Bdylece bilinmeyen
materyalden elde edilen d-I wverisi ile kiitiiktekiler
karsilastirilarak materyal tespit edilebildi (2).

Bu yontemin kristal yapiya sahip olan {iriner sistem
taglarinin analizine uygulanig1 ilk kez Prien ve Frondel
tarafindan 1963’te gergeklestirildi (3).

Ulkemizde yaygin olarak goriilen iiriner sistem tas
hastaliklar1 bir nedene baglanabilecek kadar basit bir olay
degildir. Fiziki, kimyevi, diyetik, bakteriyolojik ve
endokrinolojik gibi faktorlerle ilgilidir. Bu faktorlerin
daima birkag tanesi birlikte rol alir. Bu sebepten dolay1
giivenilir analizler etkili tedavi tanimlanmasinda yardime1
olacaktir.

2. MATERYAL VE METODLAR

Ankara Numune Hastanesi, Ankara ibni Sina Devlet
Hastanesi, Erciyes Universitesi Tip Fakiiltesi Hastanesi,
Hacettepe Universitesi Tip Fakiiltesi Hastanesi, Kayseri
Devlet Hastanesi, Kayseri Sosyal Sigorta Hastanesi,
Mersin Devlet Hastanesi ve SSK Ankara Egitim

1. INTRODUCTION

X-ray diffraction is a method used to analyze
substances with crystal structure, and it has some
advantages over other analytical methods. The most
important of these is that it identifies the sample not as the
chemical elements that constitute an object but as they are
found in the sample (1). Quantified experimentally under
the best conditions possible for a material with pure phase,
intensities (I) and the distances (d) determined from
diffraction angles (20), constitute our data. This data is
just like finger prints, in that the distance d is fixed by the
crystal geometry, and the intensity I depends on the
arrangement of elements in crystal structure. Using this
feature researchers formed Powder Diffraction Files
(PDF) containing the d and I data of the analyses they
perform and fed them on the computer to facilitate access.
Thus d-I derived from the known material was compared
with in files and the material was identified (2).

The application of this method to the analysis of
urinary system stones with crystal structure was first
realized in 1963 by Prien and Frondel (3).

Diseases of urinary system stones occurring commonly
in our country are not a simple problem which can be
attributed to a single cause. It is connected with factors
such as physical, chemical, dietetic, bacteriological and
endocronological. Several of these factors always act
together. For this reason, reliable analyses will help to
define effective medical treatment.

2. MATERIAL AND METHODS

Thirty four renal, 8 urethral, 3 bladder stones taken
from hospitalized patients in Ankara Specimen Hospital,
Ankara Ibni Sina State Hospital, The Medical Faculty
Hospital of Erciyes University, The Medical Faculty
Hospital of Hacettepe University, Kayseri State Hospital,
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Hastanesinde yatan hastalardan alman 34 bobrek tasi, 8
treter ve 3 mesane tagt agat havaninda 6giitiildi. EBI,
EB4 ve EBS8 kodlu bobrek taslarmin 6giitiilme sirasinda
kabuk ve ¢ekirdegi arasinda fiziksel olarak bazi farkliliklar
goriildiigli i¢in bu kisimlar ayrica 6giitlildii. Toz haline
getirilen numunelerin desenleri Erciyes Universitesi
Teknoloji Arastirma ve Uygulama Merkezi’nde bulunan
Bruker AXS D8 Advence marka X-igmlart toz
difraktometresinde ¢ekildi. Taslarin kirmim desenleri
XRD Evalution Programinda analiz edildi. Analiz iglemi
yapilirken agagidaki sira takip edildi.

1- Filtre kullanilmasina ragmen hala kiriim deseninde
mevcut olan Ko, dalga boylart azaltildi.

2- Numune i¢indeki kirlilikten, hazirlanmasi sirasinda
oksitlenmesinden = veya  diizlemlerin  kaymasindan
kaynaklanan fon maddeyi analiz etmeyi gii¢lestirdiginden
azaltild1.

3- Programda yiiklii olan PDF kiitiiklerindeki numunelerin
kirmimm desenleriyle bilinmeyen numunelerin kirinim
desenleri g¢akistirtlarak numunelerin i¢erdigi madde veya
maddeler tespit edildi. Bu islem her bir numune i¢in tek
tek yapildi ve her bir numune ile eldeki numunenin en
siddetli ii¢ 1s1maya ait olan d degerleri Hanawalt metoduna
gore karsilastirildi. Numune tek fazli ise dy, d,, d3 ¢izgileri
cakisti. Bilinmeyen numune ¢ok fazli oldugunda en
siddetli piklere ait d;, d,, d; degerlerinden her defasinda
biri ¢ikarilarak bilinen numune desenleriyle karsilastirildi.
Dogru numune bulunduktan sonra bosta kalan pikler igin
isleme tekrar baglanildi. Bu tekrar acikta hi¢ pik
kalmayncaya kadar yapild1 (4,5).

4- Yapilan islemin giivenilirligini kontrol etmeyi saglayan
Overlap programi igin d, % I/I, degerleri tespit edildi.

5- Overlap programinin 6zelliginden dolay1 Ortiisme
katsayist bulunurken yalmzca on pik karsilastirilabildi.
Ortiisme  katsayis1  degerinin  1'e  yakin  olmadig
durumlarda iglemler tekrar edildi (6).

Sekil 1 ve Cizelge 1’de EB2 kodlu bobrek tasinin
kirimim deseni ve analiz sonuglari verildi. Sekil 1’deki
kirmmim deseni c¢ekilen ilk desen olmayip yukaridaki
islemlerin tamami yapildiktan sonra elde edilen desendir.

Kayseri Social Security Hospital, Mersin State Hospital
and Social Security, Ankara Education Hospital were
grounded in agat mortar. As some differences were
observed between the shell and nucleous while grinding
the renal stones with EB1, EB4 and EB8 codes, these parts
were ground separately. Patterns of the powderized
specimens were run in Bruker AXS D8 Advence mark X-
ray Powder Diffraction device in the Technological
Research and Application Centre of Erciyes Universty.
Diffraction patterns of the stones were analysed on XRD
program. During the analysis the following order was
followed.

1-Wave lengths of K, which still remained in the pattern
although filter used was reduced.

2-The background resulting from the impurities in the
specimen, its oxidization during preparation, or shifting of
the planes was reduced since it made the analyses of the
substance difficult.

3-The substance or substances contained in the specimen
were identified comparing the diffraction pattern of the
substances to be identified with that of the substances
listed in the PDF files. This procedure was followed
individually for each specimen and the d values of the 3
strongest peaks of the unknown specimen were compared
according to Hanawalt method, with in the file. If the
specimen had one phase, then d;, d; and d; lines were
matched. When unknown specimen had multiple phase, it
was compared with the known specimen removing each
time one of the d;, d,, d; values, which belong to the most
intensive peaks. After correct specimens were found the
procedure was began again for the rest of peaks. This
procedure was repeated until there was not any peak left
isolated (4,5).

4-For overlap program which enables us to check the
reliability of the procedure done d, % I/I was determined.

5-While overlap coefficient was determined because of the
characteristic the overlap program only ten peaks could be
compared. If the coefficient was not close to 1, the
procedure was repeated (6).

Diffraction pattern and analyses results of renal stone
with EB2 code were shown in Figure 1 and Table 1. The
diffraction pattern in Figure 1 is not the first but one
obtained only after all the procedures above are repeated.
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Figure 1. Diffraction pattern of renal stone with EB2 code
Sekil 1. EB2 kodlu bébrek tagmin kirinim deseni
Table 1. Analyses Results of Renal Stone with EB2 Code
Cizelge 1. EB2 Kodlu Bobrek Taginin Analiz Sonuglari
JCPDS Card Numbers / JCPDS Kard Numaralari 36-1619 31-1982
Substances Determined / Saptanan Maddeler Calcium Urate / Uric Acid / Urik Asit
Kalsiyum Urat
Chemical Formulae / Kimyasal Formiiller C190HsCaNgOs CsH;N,O;
Diffraction Pattern Data of Sample /
Numunenin Kirinim Deseni Verileri d(A) /1, d(A) 1/1,
Peak 20(°) d(CukK,) (A) /1, % %
/ Pik %
No
1 13.720 6.44907 100 6.46000 27
2 28913 3.08498 96 3.09200 100 3.098800 100
3 18.200 4.87042 58.3 4.88000 45
4 28.140 3.16853 49.1 3.17900 75 3.18500 50
5 23.212 3.82890 46.2 3.83700 47 3.86000 55
6 27.400 3.25239 30.8 3.27600 17
7 15.942 5.55469 29.0 5.56000 24
8 15.097 5.86393 25.8 5.86000 64
9 31.259 2.85914 26.4 2.86600 32 2.86800 25
10 24.562 3.62142 21.1 3.62500 25
11 35.016 2.56050 14.5 2.56900 15 2.57000 16
12 41.460 2.17621 12.5 2.17900 6
13 40.380 2.23187 12.2 2.23600 20
14 18.779 4.72149 10.1 4.73000 8
15 38.319 2.34708 9.1 2.35000 16
16 32.160 2.78110 16.1 2.78200 35
17 36.159 2.48212 6.7 2.49100 8
18 37.301 2.40876 6.1 2.42100 4
19 50.643 1.80103 6.8 1.79880 6
20 50.862 1.79381 6.4 1.79550 5
21 51.061 1.78728 6.8 1.79600 5
22 55.308 1.65967 2.7 1.64200 2
23 59.661 1.54855 5.0 1.55500 6
24 45.960 1.97306 3.1 1.97200 8
25 46.981 1.93254 2.5 1.93300 5
26 57.0971 1.61185 4.2 1.61900 4
27 43.739 2.067%4 3.7 2.07000 4
28 34.242 2.61660 4.0 2.62300 3
29 56.205 1.63529 3.8 1.64200 2
30 57.839 1.59291 22 1.59500 4
Overlap Coefficients / Ortiisme Katsayilari 0.990 0.992
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Table 2. Analyses Results and The Overlap Coefficients of The Identified Substances
Cizelge 2. Analiz Sonuglar1 ve Saptanan Maddelerin Ortiisme Katsayilart

Codes of
No. the Stones Substances Determined / Saptanan Maddeler Overlap Coefficients /
/ Taslarmn Ortiisme Katsayilar
Kodlar1
1 EBI Uric Acid / Urik Asit Calcium Urate / Kalsiyum Urat Whewellite 0.969 0.959 0.807
2 EB1-I Uric Acid / Urik Asit Calcium Urate / Kalsiyum Urat Brushite 0.834 0.925 0.866
3 EB2 Uric Acid / Urik Asit Calcium Urate / Kalsiyum Urat 0.990 0.992
4 EB3 Weddelite Calcium Urate / Kalsiyum Urat 0.964 0.944
5 EB4 Whewellite Calcium Oxalate / 0.939 0.903
Kalsiyum Okzalat
6 EB4-1 Whewellite Ammonium Acid Urate / 0.854 0.953
Amonyum Asit Urat
7 EBS Whewellite Calcium Phosphate / Struvite 0.762 0.923 0.957
Kalsiyum Fosfat
8 EB6 Whewellite Struvite 0.968 0.907
9 EB7 Calcium Oxalate / Kalsiyum Okzalat Calcium Urate / Kalsiyum Urat 0,936 0,839
10 EB8 Calcium Oxalate / Kalsiyum Okzalat Calcium Urate / Kalsiyum Urat Whewellite 0.971 0.899 0.910
11 EBS-1 Calcium Oxalate / Kalsiyum Okzalat Calcium Urate / Kalsiyum Urat Uric Acid Dihydrate / 0.899 0.834 0.944
Urik Asit Dihidrat
12 EB9 Calcium Urate / Kalsiyum Urat Whewellite 0.809 0.984
13 EB10 Calcium Urate / Kalsiyum Urat Uric Acid / Urik Asit 0.983 0.982
14 EBI11 Struvite Whitlockite 0.919 0.951
15 EB12 Calcium Oxalate / Kalsiyum Okzalat Ammonium Acid Urate / Uric Acid / Urik Asit 0.879 0.836 0.827
Amonyum Asit Urat
16 EB13 Calcium Urate / Kalsiyum Urat Whewellite 0.977 0.964
17 EB14 Struvite Ammonium Acid Urate / Whewellite 0.987 0.785 0.831
Amonyum Asit Urat
18 EB15 Calcium Urate / Kalsiyum Urat 0.990
19 EB16 Calcium Urate / Kalsiyum Urat Struvite 0.944 0.964
20 EB17 Calcium Phosphate / Newberyite Sodium Phosphate Oxide / 0.969 0.931 0.969
Kalsiyum Fosfat Sodyum Fosfat Oksit
21 EB18 Whewellite Calcium Urate / Kalsiyum Urat 0.989 0.977
22 EBI19 Whewellite 0.990
23 EB20 Whewellite 0.961
24 EB21 Whewellite Calcium Urate / Kalsiyum Urat 0.979 0.979
25 EB22 Uric Acid / Urik Asit 0.957
26 EB23 Whewellite 0.969
27 EB24 Calcium Urate / Kalsiyum Urat 0.989
28 EB25 Whewellite 0.986
29 EB26 Calcium Phosphate Hydrate / Struvite 0.949 0.949
Kalsiyum Fosfat Hidrat
30 EB27 Calcium Phosphate Hydrate/ Struvite Uric Acid Dihydrate / 0.899 0.836 0.945
Kalsiyum Fosfat Hidrat Urik Asit Dihidrat
31 EB28 Whewellites 0.990
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32 EB30 Whewellite 0.998
33 EB31 Whewellite Calcium Urate / Kalsiyum Urat 0.985 0.810
34 EB32 Calcium Phosphate Hydrate / Struvite 0.997 0.997
Kalsiyum Fosfat Hidrat
35 EB33 Calcium Phosphate Hydrate / Calcium Urate / Kalsiyum Urat 0.987 0.982 0.994
Kalsiyum Fosfat Hidrat
36 EB34 Struvite 0.992
37 EB35 Calcium Phosphate Hydrate / Newberyite 0.934 0.932 0.966
Kalsiyum Fosfat Hidrat
38 EM1 Cholesterol / Kolesterol Cholesteryl Benzoate Calcium Oxalate / Whitlockite 0.945 0.929 0.951 0.961
Kalsiyum Okzalat
39 EM2 Calcium Phosphate Hydrate / Struvite Calcium Phosphate / 0.862 0.961 0.947
Kalsiyum Fosfat Hidrat Kalsiyum Fosfat
40 EM3 Calcium Urate / Kalsiyum Urat Whewellite 0.966 0.960
41 EU1 Calcium Urate / Kalsiyum Urat Whewellite 0.992 0.977
42 EU2 Calcium Urate / Kalsiyum Urat Whewellite 0.989 0.977
43 EU3 Sodium Phosphate Oxide / Calcium Urate / Kalsiyum Urat 0.969 0.969
Sodyum Fosfat Oksit
44 EU4 Sodium Phosphate Oxide / Calcium Urate / Kalsiyum Urat Uric Acid / Urik Asit 0.956 0.900 0.933
Sodyum Fosfat Oksit
45 EUS5 Calcium Urate / Kalsiyum Urat Whewellite 0.981 0.952
46 EU6 Sodium Phosphate Oxide / Calcium Urate / Kalsiyum Urat Weddelite 0.942 0.976 0.817
Sodyum Fosfat Oksit
47 EU7 Calcium Urate / Kalsiyum Urat Whewellite 0.934 0.881
48 EUS8 Calcium Urate / Kalsiyum Urat Newberyite 0.964 0.931
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3.SONUCLAR VE TARTISMA

Analiz sonunda yirmi iki farkli madde tespit edildi.
Belirlenen maddeler ve ortiisme katsa-yilar1 Cizelge 2 'de
gosterildi. Tlgili tabloda EB kodu bobrek tagini, EM kodu
mesane tasini, EU kodu iireter taglarini temsil etmektedir.
Analizi yapilan taslarin otuz dort tanesi bdbrek, sekiz
tanesi lireter, i¢ tanesi mesane tasidir. EB1, EB4 ve EBS
kodlu bobrek taslarinin 6giitiilmesi sirasinda kabuk ve
cekirdek kisimlari arasinda fiziki farkliliklar goriildigii
icin ayr1 ayri analizleri yapildi ve neticede farkli maddeler
tespit edildi. Taglarin otuz bir tanesi erkek hastadan, on
dort tanesi kadin hastadan alindi. En geng hasta on iki, en
yashi hasta altmis alt1 yasinda olup tiim hastalarin yas
ortalamasi kirk dokuzdur. Analiz sonuglar literatiirdeki
sonuglarla uyum igindedir (3,7). Cizelge 3 bulunan
bilesiklerin yiizde oranlar1 gosterildi. Taslarin yapisinda en
cok kalsiyumlu bilesiklerin oldugu tespit edildi.
Bulunanlarin 1s1ginda kalsiyum igeren yiyeceklerin tas
olusturma ihtimalinin digerlerine gore daha yiiksek
sonucuna varildi.

3. RESULTS AND DISCUSSION

At the end of the analysis, twenty two different
subtances were identified. The kind and overlap
coefficients of identified subtances were shown in Table 2.
In table given; EB, EU, EM were represented renal stones,
urethral stones, bladder stones, respectively. 34 renal
stones, 8 urethral stones and 3 bladder stones were
analysed. As physical differences were observed between
the shell and nucleous during the grinding of the renal
stones with EB1, EB2 and EBS8 codes these stones were
analyzed separately and as a result, different subtances
were identified. Thirty one of the stones were taken from
male patients, fourteen from female patients. The ages of
the patients ranged from 12 to 66 the mean being 49. The
results of analyses are in agreement with those in literature
(3,7). Percentages of compounds identified were shown in
Table 3. It was determined that the stones contained
mostly compounds of calcium. In the light of these
findings, it was concluded that the probability of calcium-
containing food to from stones was greater than that of
other foods.

Table 3. The Chemical Formulae of The Substances Identified, JCPDS Card Numbers and Their Frequencies
Cizelge 3. Incelenen Taslarin Kimyasal Formiilleri, JCPDS Kart Numaralari ve Bulunma Sikliklari

Substances / Maddeler Chemical Formulae / | JCPDS Card Numbers/ | Frequencies %
Kimyasal Formiiller | JCPDS Kart Numaralar1 | / % Frekanslar
Whewellite Ca(CO0), H,0 77-1160 0.94
Whewellite CaC,04(H,0) 75-1313 14.15
Whewellite C,Ca0,. H,O 20-231 7.55
Struvite MgNH,PO,.6 H,0 3-240 10.38
Calcium Oxalate / Kalsiyum Okzalat C,Ca Oy 18-296 5.66
Calcium Urate / Kalsiyum Urat C,9 Hg CaNg O4 36-1619 25.47
Uric Acid Dihydrate / CsHy Ny 05.2 H,O 19-1996 1.89
Urik Asit Dihidrat
Uric Acid / Urik Asit CsH,N,0; 22-2000 4.72
Brushite CaHPO, .2H,0O 72-713 0.94
Weddelite C,Ca0,4(H,0) 17-541 1.89
Ammonium Acid Urate / CsH;N5O3 21-1518 2.83
Amonyum Asit Urat
Calcium Phosphate / Kalsiyum Fosfat Ca,P,0, 2-647 0.94
Uric Acid / Urik Asit CsH,N,0; 31-1982 1.89
Whitlockite Ca;sMg,Hy(POy)14 70-2064 0.94
Whitlockite Ca;(PO,), 9-169 0.94
Cholesteryl Benzoate C35H;500, 39-1583 0.94
Newberyite MgHPO,.3H,0 35-780 3.77
Sodium Phosphate Oxide / NaPO, 2-436 4.72
Sodyum Fosfat Oksit
Calcium Phosphate Hydrate / Ca,P,0,.4H,0 22-537 8.07
Kalsiyum Fosfat Hidrat
Calcium Phosphate / Kalsiyum Fosfat CayP,0, 11-232 2.41
Cholesterol / Kolestrol C,7H 60 42-2178 0.94
Struvite MgNH,PO,.6 H,0 77-2303 0.94
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