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Abstract 

The determination of phosphate in human embryos' culture medium is the main targe of this manuscript using novel mixed 

reagents. This research also aimed to perform comparative evaluation of spectrophotometrically determined phosphate in 

synthetic and in actual human embryos' culture medium.The determination of phosphate in human embryos' culture medium 

under inestigation that used in our hospital in literature is scanty. It depents on the reaction of phosphate with mixed colorimetric 

reagents. Firstly, the reaction of sodium dihydrogen phosphate with ammonium molybdate was carried out in acidic solution to 

determine λmax of the blue product formed upon reduction of phosphomolybdic acid with ascorbic acid. The molybdenum blue 

formed attained a λmax of 825 nm and molar absorptivity of 2.190 x 103 L mol-1 cm-1. Color development took more than one 

hour and so, potassium hydrogen tartrate was added to reduce the time of reaction. The product of the reaction in case of adding 

potassium hydrogen tartrate to the reagent showed a λmax at 830 nm and the molar absorptivity of molybdenum blue was 2.833 

x 104 L mol-1 cm-1. Adding potassium hydrogen tartrate to the reagent increased the rate of reaction, but color development has 

been taken a long time. So, antimony potassium tartrate was added to the reagent to increase the reaction rate in order to be able 

to make determination at the maximum absorbance of the product and subsequently increase the sensitivity of the method. This 

reduced the time of reaction to 5−10 min and wavelength at the maximum absorbance was shifted to be 896 nm with molar 

absorptivity 1.797 x 104 L mol-1 cm-1. The intensity of the blue color was proportional to the amount of phosphate initially added 

into the standard solutions as indicated by the absorbance readings. Tracing the reaction between sodium dihydrogen phosphate 

and ammonium molybdate under the optimum conditions led to the construction of a calibration curve. The concentration range 

of the calibration graph was found to be 3.183−17.5 µg mL-1 and correlation coefficient of the data obtained was 0.999. The 

method was applied to a synthetic mixture containing some components of the human embryos’ culture medium without 

interference. This leads to the successful application of the suggested procedures to the spectrophotometric micro-determination 

of phosphate content in actual human embryos’ culture medium; which was in a good matching with the data of determining 

phosphate in the same media in literature. 

 

Keywords: Spectrophotometric Analysis, Phosphate, Molybdenum Blue, Culture Embryo Medium, Synthetic and Actual 

media.  
 

1. Introduction  

The role of embryo culture media in an assisted 

reproduction is to improve the quality of embryos 

developing in the laboratory [1]. The composition of 

embryo culture systems can be divided into the 

following components: Water, ions, carbohydrates, 

amino acids, vitamins, nucleic acid precursors, 

chelators, antioxidants, antibiotics, protein, hormones, 

growth factors, and a buffer system [2]. Inorganic salts 

are important component of all types of tissue culture 

media because they are the major components 

contributing towards maintenance of osmolality of the 

media [3]. It was reported that embryos developed in 

medium with phosphate concentration ranging from 0 

mM to 7.2 mM [4]. It was also revealed that, the 

absence of phosphate in culture media containing 

amino acids and glucose injures the development of 

embryos in vitro [5]. Culture media are different in 

composition, and also the storage and culture affect the 

concentrations of their components [6]. There are 

several methods reported for the determination of 

phosphate such as the volumetric method, quinolone 

molybdate method which involves the formation of 

phosphomolybdic acid followed by its precipitation as 

the salt of quinolone which is titrated with sodium 

hydroxide [7]. Phosphate was determined by 

thermometric titration, the principle is based on 

titration of phosphate ions with magnesium nitrate 
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solution to produce an insoluble precipitate at alkaline 

pH [8]. The ammonium phosphomolybdate method 

for determination of phosphate is based on the 

treatment of the sample at 45oC with an excess of 

ammonium molybdate solution in the presence of 

nitric acid then, the precipitated ammonium 

phosphomolybdate is washed with dilute potassium 

nitrate solution, dissolved in an excess of standard 

sodium hydroxide and titrated with standard 

hydrochloric acid [9]. Phosphate was determined by 

complexometric back titration where an excess of 

bismuth nitrate was added to the sample which results 

in precipitation of bismuth phosphate and the 

unreacted bismuth ions are titrated against EDTA [10]. 

A volumetric method for analysis of phosphates was 

described; which depends on the conversion of 

phosphate to the di-acid-ortho-salt and its precipitation 

as silver phosphate [11]. Determination methods of 

phosphate have been investigated by gravimetric 

quimociac technique by precipitation of phosphate as 

quinoline molybdophosphoric acid [12]. 

Determination of phosphate was performed by 

precipitation as insoluble uranyl salt [13]. 

Nephelometric had been suggested by using the 

nephelometric precipitant; which was a nitric acid 

solution of strychnine and molybdic acid [14]. 

Fluorescence reaction between thiamine and 

molybdovanadophosphate was applied to a 

determination of phosphate by measuring the intensity 

of fluorophore [15]. Amperometric detection of 

orthophosphate was described in the literature [16]. 

Phosphate ion selective electrode based on a cobalt 

matrix has been reported [17]. Electrochemical 

method for phosphate determination was described by 

fabrication of an electrochemical cell including 

electrochemical three electrode system, reaction zone, 

inlet and outlet to detect phosphate by sequential 

injection analysis [13]. Electrochemical sensors were 

adapted for phosphate determination in water samples; 

the recognition elements were classified as metal 

based electrodes, modified electrodes with polymers, 

metal complexes and a biological element [18]. 

Indirect electrochemical sensing of orthophosphates 

was performed using screen-printed graphite macro-

electrode [18]. A gold micro band array electrode for 

determination of phosphate was described; the 

working principle is based on the reduction of 

molybdophosphate complex using the linear sweep 

voltammetric method [19]. Detection of phosphate 

using amperometric was described and depends on the 

reduction of the phosphomolybdate complex at a 

carbon paste electrode versus Ag/AgCl [20]. Ion 

exchange methods using both carbonate / hydrogen 

carbonate and hydroxide selective columns in 

combination with self-regenerating membrane and 

solid-phase based suppressor enable determination of 

phosphate [21]. Phosphate was determined by gas 

chromatography via generation of phosphine from 

phosphate ion using sodium borohydride as a reducing 

agent [22]. Detergent phosphate was analyzed by ion 

chromatography using post-column reaction with 

ferric nitrate and UV detection [23]. Determination of 

phosphate in plant material by gas chromatography-

mass spectrometry and ion chromatography was 

reported [24].Three techniques for the colorimetric 

analysis of phosphorus are described in Standard 

Methods: the vanado-molybdophosphoric acid 

method [25], the stannous chloride method [26], and 

the ascorbic acid method [27].  Phosphate level was 

evaluated in water samples by molybdenum blue 

phosphorus method; hydrazine sulphate was used to 

reduce the phosphomolybdate complex [28]. 

Spectrophotometric determination of phosphate in 

water was reported [29]. Photometric method for 

determination of inorganic phosphate in liquid 

samples which make use of acid reagent and 

ammonium molybdate reagent was reported [30]. 

Phosphate in serum was determined by photometric 

procedure, the method was based on deproteinization 

of the fresh sample by trichloro acetic acid and the 

reaction of the protein free filtrate with ammonium 

molybdate reagent to produce phosphor molybdic acid 

which is reduced by fresh cuprous oxide to produce a 

blue colored complex which was measured at 670 nm 

[31]. Phosphate was determined calorimetrically by 

using a paired-emitted detector diode using the 

malachite green spectrophotometric method that is 

based on the formation of green molybdophosphoric 

acid complex, the intensity of which is directly related 

to phosphate concentration [32].  Phosphate was 

determined in water by flow Coulometry based on the 

formation of molybdophosphate and its subsequent 

one-electron electrolytic reduction [33]. Nevertheless, 

there are few reports about determination of phosphate 

in human embryos’ culture medium. In an attempt to 

analyze some of the commercially available culture 

media; phosphorus in the media was quantified using 

Roche Cobas chemistry analyzer and Roche Cobas 

reagents and spiked recovery of the analyte was 

performed [34]. Therefore it can be said that, the 

methods used in determination of phosphorous or 

phosphate in human embryos’ culture medium; 

especially spectrometric is scanty. This encourage us 

to develop and suggest spectrophotometric method 

using novel suggested mixed reagent in phosphate 

content determination in human embryos’ culture 

medium  

2. Experimental 

All chemicals used were of the highest purity 

available. They included potassium hydrogen tartrate, 

ascorbic acid, glycine, ammonium molybdate, 

glucose, and HCl which were provided by EL Nasr 

pharmaceutical chemicals. Potassium antimonyl 

tartrate was purchased from Oxford lab chemicals, 
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India. Tryptophan was supplied from WINLAB. 

Sodium pyruvate and KCl were purchased from 

MERCK, and sodium dihydrogen phosphate was 

obtained from Fluka. Human embryos’ culture 

medium (GLOBAL, TOTAL, W/HSA) supplied from 

LifeGlobal. 

2.1. Solutions 

 Ammonium molybdate solution (ammonium 

hepta molybdate tetra hydrate, MW=1235.86 g mol-1) 

was prepared by dissolving 7.5045 g in 250 mL 

distilled water; while heating over direct flame to get 

2.024 x 10-2 M solution and was kept in a dark bottle. 

To obtain 7.502 x 10-3 M solution of potassium 

hydrogen tartrate KC4H5O6 (MW=188.177 g mol-1); 

0.3434 g were dissolved in 250 mL distilled water. 

Stock solution of 1.020 x 10-2 M sodium dihydrogen 

phosphate (MW=156.01 g mol-1) was prepared by 

dissolving 0.3470 g of solid in the 250 mL of distilled 

water. The 4.04 x 10-4 M solution of NaH2PO4.2H2O 

was prepared by accurate dilution. Sulfuric acid 

solution (4.896 N) was prepared by diluting 34 mL of 

the concentrated acid (36 N) into 250 mL flask. A 

freshly prepared 25 mL of 3.009 x 10-1 M ascorbic acid 

solution (MW=176.12 g mol-1) was prepared by 

dissolving 1.3247 g in distilled water. A solution of 

7.300 x 10-3 M potassium antimonyl tartrate was 

prepared by dissolving 0.5930 g (MW=324.92 g mol-

1) in 250 mL of distilled water. The freshly prepared 

mixed reagent of components shown in Table 1 is 

prepared just prior to measurement.  

 

TABLE 1. Composition of the mixed reagent used to 

quantify phosphate. 

Reagent Volume  Final 

concentration 

Ammonium 

molybdate (2.428 x 

10-2 M) 

25 mL 4.837 x 10-3 M 

Sulfuric acid (5.0 N) 63 mL 2.510 N 

Ascorbic acid (3 x 10-

1 M) 

25 mL 5.976 x 10-2 M 

Potassium antimonyl 

tartrate (7.300 x 10-3 

M) 

12.5 

mL 

7.271 10-4 M 

Some components of the human embryos' culture 

media were selected to study the interfering possibility 

with the determination of phosphate using the 

prepared mixed reagent. Solutions of these 

components were prepared 10 folds more concentrated 

than the working phosphate solution. Table 2 shows 

weights needed to prepare 100 mL of 2 x 10-3 M 

solution of each component.  

TABLE 2. Weights needed to prepare 100 mL of  2x 

10-3 M mixture of each component used to study 

interference with phosphate determination. 

Component Weight needed (g) 

Glucose 0.0360 

KCl 0.0149 

NaHCO3 0.0168 

Sodium pyruvate 0.0220 

Glycine 0.0150 

Tryptophan 0.0408 

 

2.2.  Tools, Equipment and Instruments 

All glassware and sample containers were 

cleaned and dried followed by rinsing with 10% HCl 

and three rinses with deionized water before use. High 

precision micropipette (SCILOGEX) 100-1000 µL 

was used to get the accurate volumes.  

A single beam visible spectrophotometer, model 

Unico 1200, equipped with a 1.0 cm glass cell was 

used for all spectrophotometric measurements. 

2.3. Spectrophotometric Procedures 

2.3a. Selection of the Suitable Wavelength (λmax)  

The spectrum of the product of reaction 

between the mixed reagent (Table 1) and phosphate 

was checked for λmax. In 10 mL volumetric flask; 2 mL 

of phosphate solution (2.04 x 10-4 M); 2 mL of the 

mixed reagent were added and mixed thoroughly by 

stirring and then, the volume was adjusted to 10 mL 

with distilled water. After 10 min from addition of 

reactants; the development of color appeared to be 

completed and absorption spectrum of the final 

solution was scanned in the wavelength region 

(400−1004 nm) using water as blank. 

2.3b. Effect of Time on the Development of Color  

The mixed reagent (2 mL) was added to 3 mL 

of 2.04 x 10-4 M phosphate solution and the volume of 

the mixture was diluted to 10 mL with distilled water. 

Absorbance at λmax= 896 nm was recorded at 5 min 

intervals until it has almost stopped increasing for 

about 3 readings. 

2.3c. Validity of Beer's Law  

A series of 10 mL volumetric flasks were 

arranged. To each flask aliquots of 2.04 x 10-4 M 

phosphate solution, corresponding to 3.183−17.5 µg 

mL-1 (1.0−5.5 mL), and 2 mL of the mixed reagent 

were added to each flask. Then each solution was let 

at room temperature for 10 min. Absorbance of 

solutions were measured at λmax= 896 nm against water 

as a blank. The absorbance values obtained were 

plotted against phosphate concentration to check the 

validity of Beer's law and to construct a calibration 

curve. 

2.3d. Interference Effect  

A volume of 2 mL of the mixed reagent were 

added to 2 mL of 2.04 x 10-4 M of phosphate solution 

in a 10 mL measuring flask. In other separate flasks; 

were added the same previous mixture and mixed with 

2 mL of 10-folds molar excess of interfering materials 

(2 x 10-3 M of glucose, KCl, NaHCO3, sodium 

pyruvate, glycine and tryptophan). After 10 min, the 

mixtures were diluted to the mark with distilled water. 
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The absorbance was measured at λmax= 896 nm against 

water. The absorbance value of each mixture, 

containing a different interfering material, was 

compared with that of the mixture which does not 

contain any interfering component to examine the 

interference effect. 

 

2.3e. Validity of Beer's Law for Determination of 

Phosphate in Synthetic Embryos' Culture Medium 

Using the Mixed Reagent 

A volume of 0.5−6 mL of the synthetic 

mixture containing 3.183−19.1 µg mL-1 of phosphate 

in a 10-mL calibrated flask was mixed with 2 mL of 

the mixed reagent. After 10 min, the mixture was 

diluted to the mark with distilled water. The 

absorbance was measured at 896 nm against water as 

a blank. Absorbance was plotted against phosphate 

concentration in the synthetic mixture aliquots to 

check the validity of Beer's law and construct a 

calibration curve. 

 

2.3f. Determination of Phosphate in Actual Human 

Embryos' Culture Medium by Standard Addition 

Method  

In ten separate 10-mL volumetric flasks were 

transferred even aliquots of the culture medium (0.5 

mL in each flask). The first flask was then diluted to 

the mark with distilled water. A standard containing 

2.014 x 10-4 M of phosphate solution was then added 

in increasing volumes (1−5.5 mL) to the subsequent 

flasks and each flask was then diluted to the mark with 

distilled water. The absorbance was measured for all 

of the diluted solutions at 896 nm and the data was 

plotted with concentration of added standard. The 

concentration of analyte was determined by extending 

the line created down to the horizontal axis; at that 

point the response is zero. 

3. Results and Discussion 

3.1. Selection of the Suitable Wavelength (λmax)  

Reaction product of the mixed reagent with 

phosphate solution was scanned against water as a 

blank from 400−1000 nm (Fig. 1). The resulting 

spectrum shows that the product attains maximum 

absorbance at λmax= 896 nm with molar absorptivity (ε 

= 1.797 x 104 L mol-1 cm-1). 

 

 

Fig. 1.  Absorption spectrum of 4.08 x 10-5 M 

reduced phosphomolybdate complex formed 

using the mixed reagent reaction with phosphate 

solution; λmax= 896 nm). 

3.2. Effect of Time on the Development of 

Color  

 
Fig. 2. Effect of  time on the development of the color 

of the product of reaction of phosphate with the mixed 

reagent. 

It is clear from Fig. 2 that the reaction takes 5−10 min 

to be completed.  

3.3. Validity of Beer's Law for Micro 

determination of Phosphate in Pure Form 

Using the Mixed Reagent 

Spectrophotometric determination of 

phosphate was carried out under the favorable 

conditions of reagent components concentrations, 

acidity and wavelength. The data obtained are shown 

in Table 3. 

 

It is obvious from data presented in Table 3 

that, the calibration curve is rectilinear in the 

concentration range of 3.183−17.5 µg mL-1. Above 

this limit; a positive deviation is observed. The mean 

recovery values obtained are in the range of 97.66− 

104.7 %. The analytical parameters for the 

determination of phosphate in pure solution are listed 

in Table 4. The limit of detection (LOD) and 

quantification (LOQ) are found to be 0.0661 and 

0.2002 µg mL-1; respectively. The standard deviation 

values (SD) are in the range of 0.0005−0.01983 and 

the relative standard deviation values (RSD) are in the 

range of 0.006347−0.186614 %. The low values of the 

calculated standard deviation and relative standard 

deviation indicate the high accuracy and precision of 

the method. This is also supported by the calculated 

values of Sandell sensitivity that is 5.565 x 10-8 µg cm-

2; which indicates the high sensitivity of the method. 
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TABLE 3. Micro determination of phosphate in pure form using the mixed reagent. 

Analyte Weight 

taken (µg 

mL-1) 

Weight 

found  

(µg mL-1) 

Recovery 

(%) 

SD RSD (%) 

Phosphate 3.183 3.334 104.7 0.003578 0.107258 

4.774 4.766 99.83 0.00866 0.1819 

6.365 6.242 98.07 0.001732 0.027744 

7.957 7.878 99.00 0.0005 0.006347 

9.548 9.706 101.65 0.018099 0.186614 

11.14 11.02 98.92 0.008367 0.075936 

12.73 12.85 100.9 0.005 0.038903 

14.32 14.32 100 0.01983 0.132214 

15.91 15.85 99.62 0.009574 0.060396 

17.5 17.09 97.66 0.009574 0.056031 

TABLE 4. Analytical parameters for spectrophotometric determination of phosphate in pure form using the mixed 

reagent. 

Analyte Analytical Parameter Value 

Phosphate λmax (nm) 896 

[phosphate] (µg mL-1) 3.183− 17.5 

ε ( L mol-1 cm-1) 1.797 x 104 

SD 0.0005− 0.01983 

RSD (%) 0.006347− 0.186614 

Sandell sensitivity (μg cm-2) 5.565 x 10-8 

The straight line equation is  

Y = ax+ b 

a 0.1787 

b 0.031 

R2 0.999 

% recovery (%) 97.66− 104.7 

LOD (µg mL-1) 0.0661 

LOQ (µg mL-1) 0.2002 

The correlation coefficient of the data 

obtained is found to be 0.999. Finally it is concluded 

that, this spectrophotometric method can be applied 

successfully for the determination of phosphate in the 

concentration range mentioned above with a high 

accuracy, precision and sensitivity; as indicated by the 

values of SD and RSD. The successful application of 

the mixed reagent in micro determination of phosphate 

in pure form encourages the use of this procedure in 

analysis of sodium dihydrogen phosphate in synthetic 

embryos' culture medium. 

3.4. Interference Study 

The effect of interfering materials on the 

efficiency of phosphate determination using the mixed 

reagent was evaluated and the results obtained are 

depicted in Table 5. The interference effect is defined 

as the difference in the absorbance value between the 

solution containing phosphate alone as a reactant and 

that in presence of the other medium constituents of 

10-folds more concentrated than phosphate. The 

percent error is the difference in the absorbance value 

between the solution containing phosphate alone as a 

reactant and that in presence of the interfering 

materials divided by the absorbance value in presence 

of phosphate alone and multiplying the product by 

100. 

TABLE 5. Test of interference of synthetic embryos' 

culture medium components with the determination of 

[phosphate]= 4.08x 10-5  M. Absorbance of blank 

phosphate = 0.903 at λmax= 896 nm. 

Component Absorbance Interference 

effect 

Error 

% 

Glycine 0.908 ± 0.005 0.554 

Sodium 

pyruvate 

0.907 ± 0.004 0.443 

Glucose 0.940 ± 0.037 4.097 

KCl 0.916 ± 0.013 1.440 

NaHCO3 0.881 ± 0.022 2.436 

Tryptophan 0.906 ± 0.003 0.332 

It is clear from the data obtained (Table 5) 

that, no pronounced variations in the absorbance 

values due to the presence of other medium 

constituents. This non-interfering effect of embryos' 

culture medium constituents on phosphate 

determination using the mixed reagent encouraged the 

application of the method to determine phosphate in 

synthetic embryos' culture medium. 
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3.5. Spectrophotometric determination of 

phosphate in synthetic embryos' culture medium 

using the mixed reagent 

Under the optimized experimental conditions 

the calibration curve of phosphate solution was 

constructed. The data obtained are shown in Table 6 

and Fig. 3.  

TABLE 6. Micro determination of phosphate in synthetic culture medium mixture using the mixed reagent. 

Analyte Weight taken 

(µg mL-1) 

Weight found  

(µg mL-1) 

Recovery 

(%) 

SD RSD (%) 

Phosphate 3.183 3.197 100.4398 0.005715 0.178776 

4.774 4.857 101.7386 0.0035 0.072087 

6.365 6.402 100.5813 0.026432 0.413005 

7.957 8.09 101.6715 0.007659 0.094654 

9.548 9.625 100.8065 0.012884 0.133833 

11.14 11.19 100.4488 0.017078 0.152587 

12.73 12.75 100.1571 0.005 0.039208 

14.32 14.16 98.88268 0.05252 0.370837 

15.91 15.76 99.0572 0.092916 0.651278 

17.5 17.22 98.4 0.105987 0.611466 

19.1 18.73 98.06283 0.073485 0.392337 

 
Fig. 3. Micro determination of phosphate in synthetic 

culture medium mixture using the mixed reagent. 

The method exhibited a wide linear range 

(3.183−19.1 µg mL-1) and the coefficient of 

correlation (R2) was 0.999. The limit of detection and 

the limit of quantification were 0.1169 and 0.3543 µg 

mL-1; respectively. The standard deviation values (SD) 

are found to be in the range of 0.0035−0.105987 and 

the relative standard deviation values (RSD) are 

0.039208−0.651278 %. The low values of the 

calculated standard deviation and relative standard 

deviation indicate the high accuracy and precision of 

the method. This is also supported by the calculated 

value of Sandell sensitivity which is 6.150 x 10-8 that 

indicates the high sensitivity of the method. The molar 

absorptivity and regression equation for the analyte are 

listed in Table 7. 

 

TABLE 7. Analytical parameters for spectrophotometric determination of  phosphate in synthetic mixture using 

the mixed reagent. 

Analyte Analytical Parameter Value 

Phosphate λmax (nm) 896 

[phosphate] (µg mL-1) 3.183−19.1 

ε ( L mol-1 cm-1) 1.626 x 104 

SD 0.0035−0.105987 

RSD (%) 0.039208−0.651278 

Sandell sensitivity (μg cm-2) 6.150 x 10-8 

The straight line equation is  

Y = ax+ b 

a 0.1613 

b 0.0468 

R2 0.999 

% recovery (%) 98.06283−101.7386 

LOD (µg mL-1) 0.1169 

LOQ (µg mL-1) 0.3543 

All of the above data refer to a final 

conclusion that the method is feasible for micro 

determination of phosphate in synthetic embryos' 

culture medium. 

3.6. Determination of Phosphate in Human 

Embryos' Culture Medium by Standard 

Addition Method  
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The values of SD and RSD obtained for 

micro determination of phosphate in synthetic 

embryos' culture medium refer to the reliability of the 

method to determine phosphate in the complex matrix 

of culture medium. Determination of phosphate in 

Human Embryos' Culture Medium by Standard 

Addition Method considered a good way to reduce the 

error in determination of the unknown concentration 

of phosphate in culture medium. It involved a 

modification of the standard calibration curve to deal 

with the low absorbance value of the analyte and the 

complicated matrix effect. The standard phosphate 

concentration of 1.639 µg mL-1 were added to 10  

variable mL volumes of Human Embryos' Culture 

Medium and absorbance values of these solutions are 

plotted. As a result the standard addition plot as 

standard curve (Fig 4) intersects with the x-axis 

represents the concentration of phosphate (absolute 

value) in the 10-mL flask.  

Fig. 4 Show the plot of absorbance versus 

concentration of added standard phosphate.  

 
Fig. 4. Standard addition curve for determination of 

phosphate- in culture medium. 

The phosphate concentration determined by 

standard addition method in actual Human Embryos' 

Culture Medium is found to be 32.78 µg mL-1; which 

compared well with the average value of determining 

phosphate in the embryos’ culture medium (35.99 µg 

mL-1) which was previously published [35]. This is 

matching the data of determining phosphate in the 

same media in literature. 

3.7. Statistical evaluation of the obtained data by 

F-test 
The statistical evaluation of the obtained data by F-test 

is presented in Table 8. 

Table 8. Statistical evaluation of the obtained data 

by F-test  

 average N SD 

In pure form 33.36   5 0.0040 

In synthetic 

mixture 

31.97 5 0.00572 

In actual 

medium 

30.68 5 0.00420 

In literature 35.99 (35)  5 0.00420 

The standard deviations of the results of the 

application on the actual media and the determination 

of phosphate in the synthetic mixture were 0.0304 and 

0.0367 respectively (each obtained from five 

measurements). 

F = 0.0367 2 / 0.0304 2 = 1.457 

Taking the numbers of degrees of freedom of 

both numerator and denominator as 4, the critical 

value is F4,4 = 9.605. The calculated value is less than 

the tabulated one, so there is no significant difference 

between the two variances at the 5% level.    

 

  The standard deviations of the results of the 

application on the actual media and the determination 

of phosphate in the synthetic mixture were 0.00420 

and 0.00572 respectively (each obtained from five 

measurements). 

F = 0.00572 2 / 0.00420 2 = 1.854 

Taking the numbers of degrees of freedom of both 

numerator and denominator as 4, the critical value is 

F4,4 = 9.605 (36). The calculated value of 1.854 is less 

than the tabulated value of 9.605, so there is no 

significant difference between the two variances at the 

5% level. 

  The standard deviations of the results of the 

application on the actual media and the determination 

of phosphate in pure form were 0.00420 and 0.004 

respectively (each obtained from five measurements). 

F = 0.00420 2 / 0.004 2 = 1.103 

The critical value is F4,4 = 9.605 (36). The calculated 

value of 1.103 less than the tabulated value of 9.605, 

so there is no significant difference between the two 

variances at the 5% level. 

The standard deviations of the results of the 

application on the actual media and the determination 

of phosphate in previously published paper (35) were 

0.00420 and 0.00430 respectively (each obtained from 

five measurements). 

F = 0.00430 2 / 0.00420 2 = 1.048 

The calculated value of 1.048 is less than the tabulated 

value of 9.605 (36), so there is no significant 

difference between the two variances at the 5% level.  

Finally, checking the accuracy of the mixed reagent 

method in determination of phosphate by F-test shows 

the high precision of the method in determination of 

phosphate in actual culture medium and the good 

correlation between the results of the mixed reagent 

method and the published method.  

 

4. Conclusions:  
The determination of phosphate in human embryos' 

culture medium is the main targe of this manuscript 

using novel mixed reagents. This research also aimed 

to perform comparative evaluation of 

spectrophotometrically determined phosphate in 

synthetic and in actual human embryos' culture 

medium.The determination of phosphate in human 

embryos' culture medium under inestigation that used 

in our hospital in literature is scanty. It depents on the 

reaction of phosphate with mixed colorimetric 

reagents. The method was applied to a synthetic 

mixture containing some components of the human 
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embryos’ culture medium without interference. This 

leads to the successful application of the suggested 

procedures to the spectrophotometric micro-

determination of phosphate content in actual human 

embryos’ culture medium; which was in a good 

matching with the data of determining phosphate in the 

same media in literature. 
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