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Abstract 
In this research chemical compositions (calcium, magnesium, and inorganic phosphorus 

ions) of kidney stones using quantitative methods were determined. Forty three calculi 

[14 from female (32.6%) and 29 of male (67.4%)] were investigated using visible 

spectrophotometry at different wavelengths. The analytical quantitative methods used for 

determination the concentrations of these metals were accurate, reliable and sensitive 

with linear range of (5-65), (0.05-0.5), and (1.5-13.5) μg/ml and standard deviation 

0.004596, 0.002390, and 0.000756 and low detection limit (L.O.D.) was 0.1120, 0.0177, 

and 0.1890 μg/ml while the (RSD) was 1.40%, 2.36%, and 5.04%  respectively.The most 

found kidney stones were either rigid  or soft with different shapes and colures. The 

stones were digested with three solutions [1N HNO3, 16.5N HNO3, and de-ionized water 

(D.I.W)], the highest concentrations of the Ca, Mg, and P were found at 16.5N HNO3 

digest solution. 
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 الطرق الكمية لتقدير محتىيات حصً الكلً لدي المرضً باستخدام التقنيات الطيفيه

 سن احمد حسنح           سين حسن خرنىبح           علي مؤيد عبد الىاحد 

 

 الخالصة
انكهٗ  نحصٗ)إَٚاث  انكانسٕٛو ٔانًغُسٕٛو ٔانفسفٕس انالعضٕ٘ ( فٙ ْزا انبحذ   حى حقذٚش انًكَٕاث انكًٛائٛت   

حصٗ يٍ انزكٕسٔ  29% ٔ  32.6بُسبت حصٗ يٍ االَاد  14حصٗ ) 43حى فحص  باسخخذاو  انطشٚقّ انكًٛت.

يخخهفت .انطشٚقّ انخحهٛهٛت انكًٛت انخٙ حى  % ( باسخخذاو يطٛافٛت انضٕء انًشئٙ عُذ اطٕال يٕجٛت67.4بُسبت 

(, 65-5كاَج راث دقت يٕرٕقت ٔحساسٛت  يع  يذٖ  خطٙ  ٚخشأح بٍٛ )ْزِ االَٕٚاث اسخخذايٓا نخقذٚش حشاكٛز 

(  ٔ)  0.002390( ٔ ) 0.004596قٛاسٙ)  ( ياٚكشٔغشاو /يم ٔبًذٖ اَحشاف1.5-13.5(,ٔ)0.05-0.5)

ٚكشٔغشاو/يم  بًُٛا االَحشاف ا( ي0.1890(  ٔ )0.0177ٔ) (0.1120) اَج(  َٔقطت حذ انكشف  ك0.000756

ٔيعظى حصٗ انكهٗ ٔجذث ايا  صهبت أ .% ( عهٗ انخٕانٙ 5.04% ( ٔ )2.36% (ٔ)1.40انقٛاسٙ انُسبٙ  كاٌ )

( 16.5( ٔ )1َاعًت ٔبأشكال ٔانٕاٌ يخخهفت. ْظًج انحصٗ بزالرت يحانٛم  ارُاٌ يٍ حايض انُخشٚك عٛاسٚت ) 

ٔانزانذ عباسة عٍ انًاء انخانٙ يٍ االَٕٚاث  حٛذ ٔجذ اعهٗ حشكٛز نهكهسٕٛو ٔانًغُٛسٕٛو ٔانفسفٕس عُذ يحهٕل 

 .16.5انٓضى بحايض انُخشٚك عٛاسٚت 

 الكلمات االفتتاحية : حصً الكلً ، الجهاز البىلي ، الطرق الكمية ، وقياس المطافية اللىنية
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Introduction 
Kidney stones are also called 

nephrolithiasis or urolithiasis, they are 

aggregation of materials or minerals and 

develop form a small stone or small 

crystals (crystalluria) in the kidney, 

urethra or bladder 
(1)

.Renal calculi also 

can be defined as the consequence of a 

variation in conditions of normal 

crystallization of urine in urinary system. 

In a healthy Peoples crystals do not form 

or are so small they are Extraction 

uneventfully (asymptomatic crystalluria) 

during urine passage in urinary tract. The 

rate of crystal nucleation is growth. 

Normal urine crystallization conditions 

change and may become a large crystals 

then cannot be easily eliminated according 

to the size. In some cases, change urinary 

conditions affecting crystallization are 

related to some diseases such as 

hyperparathyroidism and hypercalciuria
(2)

. 

Crystalluria becomes aggregation and then 

becomes stone when the urine becomes 

highly concentrated .In normal conditions 

crystalluria pass through the urinary tract 

without problems. Sometimes, if 

crystalluria become large enough, they 

may cause obstruction of the kidney 

drainage system which may result in 

severe pain, bleeding, infection or kidney 

failure. The obstruction sites of stone in 

the upper urinary system are located at 

the: 

1- Junction where the kidney meets 

the upper urethra. 

2- Mid portion of the urethra. 

3- Lower urethra at its entry into the 

bladder 
(3)

. 

Renal calculi also can be defined as a solid 

piece of material that forms in a kidney or 

other sites of urinary system when 

substances found in the urine become 

highly concentrated
(4)

. Risk factors 

responsible for contributing to stone 

formation have been identified, including 

environmental ,metabolic, dietary, racial, 

gender, obstructive uropathology and 

urinary tract infection
(5)

.Bacteria of 

urinary tract infections (UTI) play an 

important role in the synthesis of renal 

stone
(6)

.Renal stones are discover about 

7000 years ago and maybe earlier. The 

earliest recorded example is bladder and 

kidney stones detected in Egyptian 

mummies dating to 4800 years B.C. (a 

urinary stone belonging to a 16-year-old 

boy), urinary stone was found in a boy 

from 3000 years ago in America
(7)

.The 

existence of kidney stones has been 

recorded since the beginning of 

civilization, and lithotomic for the 

removal of stones is one of the earliest 

known surgical procedures
(8)

.There are 

several types of kidney stones according 

to the type of crystals and compositions of 

which they consist. The majority are 

calcium oxalate stones, followed by 

calcium phosphate stones and uric acid 

stones. More rarely, struvite stones are 

produced by urea-splitting bacteria in 

people with urinary tract infections, and 

people with certain metabolic 

abnormalities may produce cystine stones 
(9)

. Calcium salts, uric acid, cystine, and 

struvite (MgNH4Po4) are the basic 

constituents of most kidney stones in the 

western hemisphere. Calcium oxalate and 

calcium phosphate stones make up 85% of 

the total stones and may be Located in the 

same stone 
(10)

. 

Materials and Methods 

Samples 
Forty three of stones (14 from female 

percentage 32.6% and 29 of male 

percentage 67.4%) were collected from 

Anbar teaching hospital. They were 

recruited from September 2013 until 

March 2014. Samples were collected from 

surgeries and laparoscopic operations in 

Urology Department in Ramadi Teaching 
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Hospital and others of Anbar hospitals. 

After stone collected were cleaned  by 

distilled water and let it to dry then kept in 

plastic cup at room temperature and 

labeled to be used for qualitative and 

quantitative analysis .Information of 

patients and shape of stones listed in fig( 

1)  and table( 1).

 

 

 

Reagents 
1N HNO3, 16.5N HNO3, and deionized 

water 

 

Instruments 
UV/visible spectrophotometer ( mode 

l160) shimadzu/Japan with double beam. 

 

Quantitative determination of 

calcium by visible 

spectrophotometry: 
0.01 gm of powder was digested in 1 ml of 

1N HNO3, 1ml of 16.5N HNO3, and 1ml 

of deionized water. The concentration of 

calcium was determined in different digest 

solution applying spectrophotometric 

method using o-cresolphthalein 

complexone which yields a violet colored 

complex measured at 570 nm.  

Interference due to Mg
+2

 ions is 

eliminated by 8-hydroxyquinoline 
(11,12)

. 

Calibration curve for calcium was 

prepared using the same 

spectrophotometric method (fig2).To 

obtain the concentration of calcium in 

μg/gm the following relationship was 

used. The results are shown in table (2)
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Quantitative determination of 

magnesium by visible 

spectrophotometry  
0.01gm of powder was digested in 1 ml of 

1N HNO3, 1ml 16.5N HNO3, and 

1mldeionized water. The concentration of 

magnesium was determined in different 

digest solution using spectrophotometric 

method. The method based on the binding 

of calmagite which is a metallochromic 

indicator with magnesium at alkaline pH 

with absorption wavelength 510-550 nm 

of the complex 
(13)

. The intensity of the 

chromophore formed is proportional to the 

concentration of magnesium. Calibration 

curve for magnesium was prepared using 

the same spectrophotometric method 

(fig3).  To obtain the concentration of 

magnesium in μg/gm the same law of 

calculation in the previous method was 

used and the results are shown in table (3) 

 

Fig (3):- Calibration curve of Mg ion 

 

Concentration of calcium  =  

 

μg/ml)) 

Fig (2):- Calibration Curve of Ca ion 
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Quantitative determination of 

phosphorus by visible 

spectrophotometry: 
0.01 gm of powder was digested in 1 ml of 

1N HNO3, 16.5N HNO3, and 1ml 

deionized water. The concentration of 

phosphorus was determined in different 

digest solution using spectrophotometric 

method. In which inorganic phosphate 

reacts with molybdic acid to form a 

phosphomolybdic acid complex 
(14)

, and 

then reduced by ammonium iron 

(ll)sulphate to molybdenum blue, which 

measured at 690nm
(15,16)

. Calibration 

curve for phosphorus was prepared using 

the same spectrophotometric method 

(fig4). To obtain the concentration of 

phosphorus in μg/gm the same law of 

calculations in the previous relationship 

was used and the results are shown in 

table (4). 

 

 

Fig (4):- Calibration curve of P ion 

  

 

μg/ml)) 
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 * D.I.W: deionized water 

Results and Discussion 
In the current study table (1) gives the 

shape of stones showed in fig (1) which 

are mulberry stone, Jack stone, staghorn 

stone and other different shapes. The 

stones are different in color, dark in 

patients while pale in others. From data in 

table (1) the range of age between (23- 

73years) and only two cases were 3 years. 

Males always have higher weight of stone 

than females. The first cause of higher 

weight of stone in male is the nature of 

diet and the environmental factor. Stone 

with calcium and magnesium was more 

rigid than other stones. From patient's 

information there are 24 patients didn’t 

have pathological history while 11 

patients were under diabetic mellitus. 

Tables (2,3, and4)  show 40 stones( 

93.0%)  were content calcium while 3 

stones (7.0%) without calcium. 

Magnesium appeared in 10 stones (23.3%) 

and 33 stones without magnesium have 

percentage 76.7%. Patients with 

phosphorus were 16.3% while 83.7% of 

patients didn’t have it. The experimental 

work show the calcium determination is 

based on the reaction of calcium with o-

Cresolphthalein Complexone (scheme 1) 

that is to form a  Ca
+2

- o- Cresolphthalein  

complex with a violet color and by which 

the absorbance is measured , while  the 

role of 8-hydroxyquinoline (metal 

chelator) is to remove the magnesium ion 

from the solution by precipitated as a 

bis[8-hydroxyquinoline]magnesium(II) 

complex  to  avoid the interference with 

calcium ion measurement as shown in 

(scheme2) . Calmagite (scheme3) is a 

reagent for quantitative determination of 
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magnesium in the sample forms a red 

colored complex with the magnesium in 

this sample and the intensity of the color 

formed is directly proportional to the 

concentration of magnesium in the sample 

.Molybdenum blue formed in the 

determination of phosphorus is 

proportional to the amount of phosphorus 

present in the sample which is measured 

by the absorbance. Tables (2,3,and 4)show 

that 16.5N of digest solution was the best 

solution for releasing the compositions of 

stones more than other digestion solutions, 

while deionized water was slight low to 

release the compositions . The analytical 

quantitative methods used for 

determination the concentration of 

calcium, magnesium, and phosphorus ions 

were reliable and sensitive with standard 

deviation 0.004596, 0.002390, and 

0.000756 respectively. Lower detection 

limit (L.O.D.) were 0.1120, 0.0177, and 

0.189 mg/dl  while the (RSD) were 1.4%, 

2.36%, and 5.04 % for standard solutions 

of  calcium, magnesium, and phosphorus 

ions respectively.Finally, the reliable  

analysis of different kidney stones could 

definitely be helpful in the determination 

quantitatively the concentration of these 

ions . These chemical analysis methods 

are simple, fast, and precise.

 

 

                          

 

 

 

 

Scheme (1): o-CresolPhthalein Complexone                           Scheme (3): Calmagite  

                                                                                                         

 

 

Scheme (2): Suggested reaction of Mg
+2

 with 8-hydroxyquinoline to form Bis [8- 

hydroxyquinoline] magnesium (II) 2:1 complex 
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