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Abstract 

An indirectly method is used to determine hydrogen peroxide. The method based 

on oxidation of chromium (III) ion by hydrogen peroxide in basic medium to form 

chromate ion which react with barium (II) ion to produce a yellow precipitate 

(BaCrO4). Under the optimum established conditions, the linear range of 0.50-25.00 

mmol L
-1

 along with  correlation coefficient (r) of 0.9992, Limit of detection (LOD) 

0.68 µg / 100 µL, precision expressed as relative standard deviation for  six 

replication measurements at 5.0 mmol.L
-1

 H2O2 of  less than 2% were obtained for 

hydrogen peroxide. The developed method was successfully applied for the 

estimation of H2O2 in three pharmaceuticals preparation of different companies 

using continuous flow injection or stop-flow injection technique. 
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Introduction 

Hydrogen peroxide was discovered in 1818 by French chemist Louis-Jacques Thenard finally 

succeeded in preparing the pure hydrogen peroxide, which named it “oxygenated water” and 

determined its density [1, 2]. For a long time it was believed that pure hydrogen peroxide is unstable, 

due to incapability to separate the hydrogen peroxide from the water. This was because traces of solids 

and heavy metal ions led to a catalytic decomposition or explosions of the hydrogen peroxide, 100% 

pure hydrogen peroxide was first obtained through vacuum distillation by Richard Wolffenstein in 

1894[3].  

Hydrogen peroxide is a clear, colorless liquid with a characteristic odour that it always exists in 

aqueous solution at different concentrations [4]. At high concentrations, hydrogen peroxide causes 

irritation to the eyes and skin and affects human health [5, 6]. Hydrogen peroxide plays a significant 

role in the chemical and pharmaceutical industries [7]. Further, the detection of hydrogen peroxide is 

an important task in many biological, medical and clinical studies [8]. Hydrogen peroxide is used as 

oxidant, disinfectant and bleaching agent in various industrial and household applications [9, 10]. 

Literature survey shows that various analytical methods have been reported for the determination of 

hydrogen peroxide due to the fact that hydrogen peroxide plays significant role in many fields 

including food, pharmaceutical, chemical, biochemical industries, clinical control and environmental 

protection [11, 12]. 

This paper describes a flow injection (FI) turbidimetric and nephelometric method for 

determination of hydrogen peroxide in some local pharmaceutical disinfectants. The method is based 

on oxidation of Cr (III) ion by hydrogen peroxide in basic medium to form chromate ion which react 

with Ba (II) ion to produce a yellow precipitate (BaCrO4). The precipitate is measured via the 

attenuation of incident light, also scattering of the incident light in +90
o
 and -90

o
 angle were measured.  

 

Experimental  

Chemicals 

All chemicals were used of analytical-reagent grade while distilled water was used to prepare the 

solutions. A stock solution hydrogen peroxide (35% H2O2, 34.01, Solvay, 2mol L
-1

) was prepared by 

diluting 97.46 mL in 500 mL of distilled water (standardized with standard KMnO4 solution). Sodium 

hydroxide solution (NaOH, 40, Fluka, 1 mol L
-1

) was prepared by dissolving 40g in 1L (standardized 

with HCl solution). A standard chromic chloride solution (CrCl3.6H2O, 266.46, BDH, 0.1 mol L
-1

) was 

prepared by dissolving 26.6460 g in 1L and a standard barium chloride (BaCl2.2H2O, 244.28, BDH, 

0.5 mol L
-1

) was prepared by dissolving 30.5350 g in 250 mL. 

 

Apparatus 
Peristaltic pump – 4 channels (Switzerland) an Ismatic type ISM796. A rotary 6- port injection 

valve (Teflon) ,(IDEX corporation, USA ).The response was measured  by   a homemade Ayah 4SW-

3D-T180 - 2N90 - Solar - CFI Analyser [13] ,which uses four white snow  LED  for irradiation of the 

flow cell at 2mm path length. Three solar cells were used as a detector for collecting signals via 

travelling of sample for 40 mm length. The readout of the system composed of x-t potentiometric 

recorder (KOMPENSO GRAPH C-1032) SIEMENS (Germany) or digital AVO-meter (auto range) 

(0.00-2000 mV) (China).  

 

Methodology 

The two lines manifold system Figure -1was used, the first line supplied by using Cr(III) (19 mmol 

L
-1

)  as the carrier (2.4 mL min
-1

) while the injected sample consist of mixture from hydrogen peroxide 

(0.025 mol L
-1

)  with hydroxide ion solution (0.1 mol L
-1

), the injected sample volume of H2O2 was 

used 200 µL that passes through reaction coil length (0, 10, 30 , 40, 50 and 60 cm) completion of 

reaction i.e. conversion of Cr (III) (green) to Cr (VI) (yellow) as chromate; while in turn mixes with 

Ba (II) ion(7.3 mmol L
-1

) (2.4 mL min
-1

)  at the junction point to form the yellow precipitate as shown 

in the written chemical equations (see below)[14]. Coil length of 50 cm (1570 µL) was most favorable 

choice for the completion of the conversion of Cr (III) to Cr (VI) as chromate ion CrO4
2-

. 
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Figure 1- Flowgram for hydrogen peroxide determination in two lines by using mixed solution (NaOH /H2O2) as 

the injected sample. 
 

Variable Optimization  
The chemical parameters (mainly concentration and pH of the reaction medium) as well as physical 

parameters (flow rate, sample volume, time purge, and intensity of incident light p
o
) were studied. 

Chemical Variables 

Chromium (III) Concentration  

A series of Cr(III) solutions (0.5-100.0 mmol L
-1

) as carrier stream (2.4 mL min
-1

) were prepared.  

0.025 mol L
-1 

of H2O2
 
was used, 200 µL   sample volume in basic medium (0.1mol L

-1 
of  NaOH) and 

second line 7.3 mmol L
-1

 of  Ba (II) at 2.3 mL min
-1

 flow rate and the intensity of incident light of  the 

total four LEDs is 1100 mV. The total results obtained were tabulated in Table-1 represented via four 

x-t potentiometric recorder (attenuation of incident light, scattering of light in two way and outcome of 

scattering light (electrical outcome). It can be seen that an increase in concentration of  Cr(III) ion  

causes an  attenuation of incident light due to accumulation and compactness of the precipitated 

particles causing obstruction of the incident light  which led to increase of attenuation of  the incident 

light while there is an increase at NL   due to the reflections of the light from particles surfaces , same 

behavior is observed in NR as shown in Figure -2A,  up to 19mmol L
-1 

Cr(III) concentration was 

chosen as the optimum concentration that used for further experiments. Figure -2B shows the response 

profile at optimum chromium (III) concentration. The concentration of Cr (III) larger than 19 mmol L
-

1
 cause to decrease of attenuation of incident light and reflection in two ways (±90

o
) and algebraic sum 

of them. It is probable that it could be due to the restriction of the passage of incident light due to the 

accumulation of precipitate particles in front of the detector. 
 

Table 1-Effect of chromium (III) concentration on the measurement of attenuation of incident light (turbidity) as 

well as reflection of light at two opposite positions and algebraic sum of them.   

[Cr(III)] 

mmol L-1 

Type of measurement ӯi±t0.05/2 σn-1/ n   (n=3)  (mV) 

Attenuation of incident 

light T(0-180
o

) 

Scattering of light  

(L )  

NL  (+90o) 

Scattering of light  ( 

R)  

NR   (-90o) 

Algebraic sum of the 

scattering of light N(L+R) 

(±90o) 

0.5 20±1.250 10±0.000 5±0.000 25±1.358 

10.0 80±1.056 18±0.000 16±0.739 36±0.547 

19.0 216±2.783 120±0.574 20±0.000 68±2.789 

50.0 152±1.784 92±0.666 16±2.082 56±3.143 

70.0 128±0.987 60±1.292 12±1.034 52±0.695 

100.0 88±0.507 30±0.000 10±1.533 20±0.000 
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Figure 2-Effect of chromium (III) concentration on; (A) Attenuation of incident light, scattering of light at two 

opposite directions and the algebraic sum of them, (B) Response profiles at optimum chromium (III) 

concentration(19mmol L
-1

). 

  

Barium (II) Concentration 

Effect of Ba (II) concentration was studied using 19 mmol L
-1

 of Cr (III); while maintaining other 

variables as in previous experiments are constant. Variable concentration (0.1- 15.0 mmol L
-1

) of Ba 

(II) ion was used. The results tabulated in Table-2 which shows that an increase on the attenuation of 

incident light, scattering of light in two way and outcome of scattering light (electrical outcome) 

(±90
o
) with increased Ba(II) concentration. A10 mmol L

-1 
was selected   as the optimum concentration 

that can give a better reproducible outcome. Figure-3A shows the effect of variation of Ba(II) 

concentration  on attenuation of light, scattering light (±90
o
) and the algebraic sum of them, Figure-3B 

shows the response profile at optimum Ba (II) concentration. 

 
Table 2-Effect of Ba(II) concentration on the measurement of attenuation of incident light as well as reflection 

of light at two opposite positions and algebraic sum of them. 200μL, 0.025 mol L
-1 

H2O2.  

   

[Ba(II)] 

mmol L
-1

 

Type of measurement ӯi±t0.05/2, n-1   σn-1/ n   (n=3)  (mV) 

Attenuation of 

incident light T(0-

180
o
) 

Scattering of 

light  (L ) 

NL  (+90
o
) 

Scattering of 

light  ( R) 

NR   (-90
o
) 

Algebraic sum of the 

scattering of light 

N(L+R) (±90
o
) 

0.1 220±2.130 20±0.437 6±0.000 12±0.566 

0.5 230±1.776 22±0.000 8±0.974 14±0.985 

1.0 250±3.052 26±0.567 10±2.241 16±0.000 

5.0 300±2.328 36±1.579 12±1.152 20±0.933 

10.0 316±1.652 40±1.383 14±2.781 24±1.391 

15.0 308±1.489 36±1.022 12±1.035 20±1.562 
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Figure 3-Effect of Ba (II) ion concentration on; (A) Attenuation of incident light, scattering of light at two 

opposite directions and the algebraic sum of them. (B) Response profiles at optimum Ba (II) 

concentration.  

 

Sodium Hydroxide Concentration 

The effect of the sodium hydroxide concentration on the sensitivity in general was studied. A series 

of solutions (0.05- 0.5 mol L
-1

) were prepared while keeping up other variables as in previous 

experiment are constant. Table-3 summarized the total results obtained which shows the effect of the 

increase of sodium hydroxide concentration on the sensitivity of response (up to 0.15mol L
-1

) to 

generate the Cr(OH)4
-
 complex ion  that  oxidize to CrO4

2-
. At more than 0.15mol L

-1
 NaOH an 

increase  BaCrO4 precipitate causing  obstruction of incident light leading to decrease of scattered light 

NL, NR and NL+R and cause to irregular response profile, i.e. 0.15 mol L
-1

 NaOH concentration was 

regarded as the optimum concentration and used for further work.  

 
Table 3-Effect of NaOH concentration on the measurement of attenuation of incident light as well as reflection 

of light at two opposite positions also algebraic sum of them, 200 µL, 0.025 mol L
-1

H2O2.   
 

[NaOH] 

mol L
-1

 

Type of measurement ӯi±t0.05/2, n-1   σn-1/ n   (n=3)  (mV) 

Attenuation of 

incident light T(0-

180
o

) 

Scattering of light  (L 

)  

NL  (+90
o
) 

Scattering of light  

( R)  

NR   (-90
o
) 

Algebraic sum of the 

scattering of light 

N(L+R) (±90
o
) 

0.05 60±2.532 10±0.000 4±0.000 8±1.321 

0.10 300±4.451 22±0.562 8±0.000 14±0.546 

0.15 332±3.259 30±0.000 15±1.221 20±0.000 

0.25 320±2.561 26±0.883 16±0.629 20±0.883 

0.50 360±1.980 24±1.406 18±0.564 23±1.117 

 

Physical Variables 

Flow Rate 
Using optimum chemical parameters and experimental physical parameters achieved in previous 

sections. A variable flow rate from 0.78 to 3.70 mL min
-1

 was studied. The results were tabulated in 

Table -4. It can be noticed that at low flow rate there is an increase in dispersion and dilution due to 

the increase of area of precipitate section in flow cell that causes a long time merging of precipitated 

section in front of detectors and an increase the attenuation and scattering of incident light and more 
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dispersion on profile response. While an increase of flow rate results in a decrease of sample section , 

in addition to compact of merged layers due to rashness of successive  travelled sample segment zones 

producing an effect similar to Doppler effect
 
[15]

 
 causing an increased effect of attenuation resulting 

output of energy transducer .  

  
Table 4-Effect of flow rate (two lines streams) on the measurement of attenuation of incident light as well as 

reflection of light at two opposite positions and algebraic sum of them.  
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Flow rate (mL/min) 

t  

(sec) 

Type of measurement ӯi±t0.05/2, n-1   σn-1/ n   (n=3)  (mV) 

Ba(II) 

stream 

carrier 

stream  

Attenuation of 

incident light  

T(0-180
o

) 

Scattering of 

light (L ) 

NL  (+90o) 

Scattering of 

light  

 ( R) 

NR  (-90o) 

Algebraic sum 

of the scattering 

of light N(L+R) 

(±90o) 

10 0.78 0.78 108 384±3.116 26±2.544 16±2.182 22±0.522 

20 1.48 1.55 48 318±2.931 22±0.977 12±3.463 20±0.000 

30 2.30 2.40 36 296±2.673 21±1.421 12±1.957 18±0.439 

40 3.00 3.15 24 298±1.137 20±0.000 11±1.081 17±0.951 

50 3.63 3.70 18 245±1.520 16±0.592 8±1.310 14±1.328 

t(sec.) : Arrival time of sample segment from injected valve reaching to  the measuring flow  cell depend on T0-

180
o
.  

 

Figure-4 shows 2.40 & 2.30 mL min
-1

 for that carrier stream and Ba(II) line respectively is the 

optimum flow rate which is chosen on the basis of better sensitivity and repeatability. At high flow 

rate a decrease in sensitivity responses of attenuation of incident light as well as reflection of light at 

two opposite positions due to the incomplete oxidation process for the formation of CrO4
2-

, which 

might cause to a decrease of precipitated particle formation. 
 

 
Figure 4- Effect of flow rate on attenuation of incident light, scattering of light at two opposite directions and 

the algebraic sum of them.  
 

Sample Volume 

 The injected volume of sample was varied from 40 to 200 μL by changing the length of the sample 

loop in the injection valve, while the other chemical and physical parameters were remained fixed. An 

increase in the injection volume led to a significant increase in sensitivity and more perceptible than 

low volumes as shown in Table -5 and Figure-5A, B which shows that the optimum sample volume be 

of 100 µL giving a regular responses of the attenuated light and scattering of light (±90). Using sample 

volume larger than 100 µL gave a good response with wider ΔtB of response. In addition, continuation 
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of the passage of carrier stream through the injection valve will cause an increase in the dispersion for 

the precipitated particles that cause a long duration of the precipitate in the flow cell and an increased 

exposure time in front of the detector.  
 

Table 5- Effect of sample volume on the measurement of attenuation of incident light as well as reflection of 

light at two opposite positions and the algebraic sum of them.   

length of 

sample 

loop(cm), 

i.d(mm) 

 

Sample 

volume 

(µL) 

t(sec.) 

Type of measurement ӯi±t0.05/2, n-1   σn-1/ n   (n=3)  (mV) 

                                       ΔtB (sec.) 

Attenuation of 

incident light 

T(0-180
o

) 

Scattering of 

light  (L ) 

NL  (+90o) 

Scattering of 

light   

( R) 

NR   (-90o) 

Algebraic sum of 

the scattering of 

light  N(L+R) 

(±90o) 

20.4 

(0.5mm) 
40 24 

60± 0.000                   

                         18 

8±0.632 

                 12                                                  

4±0.000  

                 6                             

8±0.000   

                    18                           

41.0 

(0.5mm) 
80 30 

276±1.006 

                        21 

36±3.425   

                 30                       

8±0.000   

                15                         

20±2.673  

                   20                            

51.0 

(0.5mm) 
100 39 

332±1.541 

                        30 

48±2.192   

                 33                        

10±0.460    

               18                       

24±1.661 

                   30                              

61.0 

(0.5mm) 
120 42 

300±2.315 

                      36 

40±2.839  

                 36                        

8±0.000   

               30                         

20±1.009  

                   33                             

45.3 

(0.75 mm) 
200 36 

270±0.992 

                        42 

20±1.792  

                 42                          

10±0.000  

               40                          

12±1.658   

                   42                            

t(sec.): Arrival time of sample segment from injected valve reaching to  the measuring flow  cell depend on T0-

180
o
.  

 

 
Figure 5-Effect of sample volume on; (A) Attenuation of incident light, scattering of light at two opposite 

directions and the algebraic sum of them, (B) Response profiles. 
 

Purge Time  

Allowed permissible time 10, 15, 20, 30, 40, 50 and 60 seconds were used for this study. The 

optimum physical and chemical parameters achieved in previous sections were kept constant at their 

values. All results were summarized in Table -6. The results show that 15 sec is the best purge time 

because it gave the highest response for the attenuation of incident light as well as the scattering of 

incident light at ±90
o
 (NL and NR)  and the algebraic  sum of them as shown in Figure- 6A,B. 
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Table 6- Effect of purge time on the measurement of attenuation of incident light as well as reflection of light at 

two opposite positions also algebraic sum of them. 

 

Purge Time  

(sec.) 

Type of measurement ӯi±t0.05/2, n-1   σn-1/ n   (n=3)  (mV) 

Attenuation of 

incident light T(0-180
o
) 

Scattering of light  

(L )NL  (+90
o
) 

Scattering of light  

( R)NR   (-90
o
) 

Algebraic sum of the 

scattering of light N(L+R) 

(±90
o
) 

10 555 ±1.102 45±1.091 6±0.000 24±1.258 

15 555±0.000 48±0.868 8±0.000 32±1.797 

20 555±0.561 49±0.763 8±0.000 28±0.000 

30 565±2.653 57±1.003 9±0.537 32±1.786 

40 586±2.002 68±1.372 12±0.968 40±2.276 

50 585±1.373 72±0.000 13±0.000 48±2.016 

60 558±1.863 76±0.995 14±0.000 48±1.902 
 

 

 

 
 

 
 

Figure 6- Effect of purge time on; (A) Attenuation of incident light, scattering of light at two opposite directions 

and the algebraic sum of them, (B) Response profiles. 

 

Incident Light Intensity 
          Intensity of light source was studied while maintaining other chemical and physical parameters 

fixed. Variable intensity of light source was used in the range of 0.49– 1.95 Volt by variation of light 

intensity channel in Ayah 4SW-3D-T180
o 

-2N90
o
 -Solar - CFI Analyser operation where read   by AVO-

meter. The results tabulated in Table -7 shows that an increase on the attenuation of incident light, 

scattering of light in two ways and outcome of scattering light (±90
o
) with increased intensity of 

source light.  The intensity of 1.74 Volt  was selected   as the voltage that can be supplied to give the 

best responses (negative response) due to attenuation of incident light at 0-180
o
, and a (+)ve response 

due to light scattering at ±90
o
(reflection from crystal surfaces and it’s shadow). Figure -7A, B shows 

the effect of variation of light intensity on attenuation of light, scattering light at ±90
o
 and the 

algebraic sum of them. 
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Table 7-Effect of incident light intensity on the measurement of attenuation of incident light (turbidity) as well 

as reflection of light at two opposite positions and algebraic sum of them. 

 

Incident light 

intensity   

 ( Volt) 

Type of measurement ӯi±t0.05/2, n-1   σn-1/ n   (n=3)  (mV) 

Attenuation of 

incident light T(0-

180
o

) 

Scattering of light  

(L ) 

NL  (+90
o
) 

Scattering of light  

( R) 

NR   (-90
o
) 

Algebraic sum of the 

scattering of light 

N(L+R) (±90
o
) 

0.49 224±3.025 20±1.345 4±0.000 8±0.000 

0.66 304±2.924 20±1.007 6±0.000 15±1.384 

0.74 312±1.051 32±1.872 6±0.000 16±1.057 

0.88 336±1.962 24±2.863 8±0.372 20±2.871 

0.97 312±1.489 36±3.621 8±0.000 22±3.164 

1.01 320±0.000 40±2.675 8±0.567 24±2.563 

1.11 340±1.327 46±1.345 9±0.965 32±0.942 

1.15 340±0.985 60±1.562 10±0.872 36±0.543 

1.22 280±2.452 80±3.675 12±1.855 40±2.341 

1.34 278±3.784 96±2.904 12±2.342 60±2.726 

1.43 280±2.675 120±0.875 12±0.758 72±1.435 

1.52 276±1.462 133±0.000 20±0.000 80±0.993 

1.63 284±1.435 252±0.563 24±0.000 100±0.873 

1.74 300±0.673 216±0.982 32±0.699 128±1.008 

1.95 292±1.391 296±1.136 40±0.984 168±1.231 

 

 
 

Figure 7- Effect of incident light intensity on; (A) Attenuation of incident light, scattering of light at two 

opposite directions and the algebraic sum of them, (B) Response profiles. 

 

Stop- Go - Flow Technique for Determination of Hydrogen Peroxide by System Cr (III) - OH
-
 

H2O2 - Ba (II) 

Using the same chemical and physical parameters for the continuous flow injection mode, the stop 

– go - flow analysis was studied by varying the time interval of passing the sample section from the 

injection valve to the oxidation coil. From 0.0-5.0 min were studied. 1.0 min was chosen while gave a 

good the sensitivity and repeatability of responses. Figure-8 represents the data obtained.   
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Figure 8- Effect of stop-go mode on attenuation of incident light, scattering of light at two opposite directions 

and the algebraic sum of them (two Y- axis were used, drawing for 0-180
o
 signal,  ±90

o
 and algebraic 

sum).  

 

Calibration Curves and Statistical Parameters 
Using the established optimum chemical and physical parameters, the calibration curves of 

continuous flow injection analysis and stop- flow via attenuation of incident light, scattering of light at 

two opposite positions method were constructed. A series 0.25-50 mmol L
-1

 H2O2 solution were 

prepared. The results obtained were tabulated in Table-8. It was noticed that at CFIA method, the 

attenuation of incident light measurement was most important at low concentration so that its range of 

calibration carve from 0. 5 mmol.L
-1

 to 25 mmol L
-1

 was achieved because at lower concentration the 

coagulated particles would be formed small while at higher concentration the import of scattering of 

incident light increased so that the range of calibration carve for 2N90± from 0.25 mmol L
-1

 to 30 

mmolL
-1

 was achieved because at high concentration of H2O2, it might lead to coagulate the 

precipitated particulate and increased interstitial spaces i.e., increase the scattering of incident light. 

Paired t-test [16,17] was used to compare among attenuation of incident light (T(0-180)), scattering of 

light at +90 direction (NL) and scattering of light at -90 direction (NR). The obtained results as shown 

in Table -9 indicated clearly that there is no significant differences between T(0-180) , NL and NR at 95% 

confidence interval as the calculated t-value is less than critical tabulated t-value. 

 
Table 8-Summary of linear regression equations

 
for estimate of H2O2 by CFIA and stop - flow method.  

T
y

p
e 

o
f 

m
et

h
o

d
 

T
y

p
e 

o
f 

m
ea

su
re

d
 

N
o

. 
o

f 

m
ea

su
re

m
en

t 

R
an

g
e 

o
f 

[H
2
O

2
] 

m
m

o
l 

L
-1

 

yᵔ(mV)=a± Sat+ b± Sbt[x] 

at confidence level 95%, n-2 

r 

r2% 

ttab at 95% 

confidence 

level, n-2 

2
cal

r1

2nr
t






. 

 

  
  

  
  

  
C

F
IA

 

T(0-180) 10 0.50-25 26.36±5.66+13.30±0.45[x] 
0.9992 

99.84 
2.306<<71.58 

NL 11 0.25- 30 25.75±17.05+7.79±1.17[x] 
0.9807 

96.17 
2.262<<15.04 

NR 10 0.50-30 4.20±2.61+1.07±0.17[x] 
0.9811 

96.25 
2.306<<14.32 

N(L+R) 10 0.25-25 14.94±9.51+3.79±1.01[x] 
0.9655 

93.22 
2.306<<10.49 

S
to

p
-f

lo
w

 

T(0-180) 11 0.25-30 36.51±6.03+13.01±0.41[x] 
0.9991 

99.82 
2.262<<70.72 

NL 12 0.25- 40 35.16±23.59+7.30±1.30[x] 
0.9693 

93.96 
2.228<<12.47 

NR 12 0.50-50 8.19±3.26+1.09±0.14[x] 
0.9832 

96.67 
2.228<<17.05 

N(L+R) 10 0.25-25 18.59±0.12+4.15±0.85[x] 
0.9691 

93.91 
2.306<<11.11 
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y^: Estimated response  (mV) for (n=3), [x] : [H2O2]. (mmol L
-1

), r: correlation coefficient, r
2
: coefficient of 

determination,  r
2
%:linearity percentage,  

ttab: t0.05/2, n-2 at 95% confidence level. 

 

Table 9-Paired t-test results for T(0-180) , NL and NR  to determine of H2O2 at range   0.5  -  25.0 mmol L
-1 

on 

CFIA method using 100 µL sample volume. 

Paired samples 

N
o

. 
o

f 
 

m
ea

su
re

m
en

t Paired samples 

correlations 
Paired differences 

Correlation 

coefficient 

(r) 

Sig. for 

( r) 

 

d 

Mean 

 

 

 

Paired  

   t-test 

d n / Sd 

df 

(n-1) 

S
ig

. 

(2
-

ta
il

ed
) 

Pair1: turbidity - scattering 

left 
9 0.974 0.00 49 51.68 2.845 8 0.022 

Pair 2:  turbidity - 

scattering right 
9 0.974 0.00 137 108.41 3.791 8 0.005 

Pair 3: scattering left- 

scattering right 
9 0.978 0.00 88 61.15 4.317 8 0.003 

    : Different standard deviation, df: degree of freedom   
 

From the results tabulated in Table-9 a hypothesis can be estimated as follow: 

Null hypotheses: There is no significant difference between the means obtained in all measured data 

i.e. T(0-180), NL(0-90),NR(0-90) 

                            i. e.   Ho: µT = µNR = µNL 

Against;  

Alternative hypothesis: There is a significant difference between the means of turbidity, scattering of 

light NR, and scattering of light at NL. 

                          i.e. Alternative  

                          A: µT ≠ µNR ≠ µNL  

At a significance level of α= 0.05 (confidence of 95%) any value <0.05 will reject Null hypothesis in 

favour of Alternative hypothesis any value of significant ˃0.05 will accept Null hypothesis and reject 

the alternative hypothesis. 

Since all values obtained are < 0.05; Null hypothesis will be rejected and will accept the alternative 

hypothesis. These mean that there is a significant difference between the measurements of the mean of 

the three methods used i.e. turbidity measurements, and the scattering of light at two opposite ±90
o
.  

This is clearly indicated in column no. 4 and 9 in Table-9: 

Note: since the incident light is constant therefore any change in turbidity measurement will definitely 

affect on the reflected light (+90
o
) as well as shadow light effect (-90

o
). This can be also noticed 

by excellent correction coefficient of all calibration graphs obtained i.e. a close linear 

relationship is obtained in the increase of turbidity combined with a decrease in scattered light 

effect. 

To know the relation that binds all these three measurements ( NL+R   was not taken into consideration 

due to it is an algebraic sum). Results of  stop - and –go mode was subjected to F- test. 

A summary of these results is tabulated in Table -10A. From the ANOVA- treatments, it was 

noticed that there is a significant difference between NR, NL and T0-180
o
 at α ˂ 0.05 was obtained. But it 

difficult to decide which method the difference comes from, and to know or specify where is the 

difference. Therefore another test should be carried out i.e.; Tukey & Scheffe test which indicate as 

shown in Table -10B column no.6 shows that 0.353 which is ˃ than 0.05 i.e., no significant difference 

between 1&2 .While there a significant difference (0.002˂ 0.05) between 1&3 i.e., turbidity and NR 

(scattered light at -90
o
) while It was very difficult to decide whether NL & NR differ significantly or 

not as the value of test of significant was (α=0.05).  

 

 

 

 

 

x
x

Sd

Sd
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Table 10A- ANOVA results of stop- flow method for determination of H2O2 to range  0.5  -  25.0 mmol L
-1

. 

Type of test 
Sum of Squares 

(SSq) 

Degree of 

freedom (Df) 

Mean Square 

(MSq) 
F -statistic Significant 

Between groups 139590.600 2 69795.300 
7.726 

 

0.002<0.05 

 Within group 243916.100 27 9033.930 

Total 383506.700 29 -- 

 
Table 10B-Post Hoc test to know where is significance difference between three methods. 

Type of test ( I) measurements ( J) measurements 
Mean difference 

(I-J) 
Std-Error Sig. 

Tukey HSD 

1 
2 

3 

59.70000 

165.00000 

42.50630 

42.50630 

0.353 

0.002 

2 
                    1 

3 

-59.70000 

105.30000 

42.50630 

42.50630 

0.353 

0.050 

3 
 1  

2 

-165.00000 

-105.30000 

42.50630 

42.50630 

0.002 

0.050 

Scheffe 

1 
2 

3 

59.70000 

165.00000 

42.50630 

42.50630 

0.386 

0.003 

2 
                    1 

3 

-59.70000 

105.30000 

42.50630 

42.50630 

0.386 

0.063 

3 
                    1 

2 

-165.00000 

-105.30000 

42.50630 

42.50630 

0.003 

0.063 

 (1): Turbidity measurement (T0-180
o
), (2): Scattering at +90

o 
(NL),  

 (3): Scattering at -90
o 
(NR), HSD: Honestly Significant Difference.   

 

Limit of Detection (L.O.D) 
A study was carried out to determine the limit of detection of H2O2 via successive gradual dilution 

of the minimum concentration in the linear range which was 0.5mmol L
-1

, a limit of detection was 

0.68 µg /injected sample volume (100µL). Limit of detection for H2O2 was calculated through three 

methods as tabulated in Table-11. 
 

Table 11-Limit of detection H2O2 at optimum parameters depend on T(0-180) . 

Theoretical based on the value 

of slope X=3SB/slope 

Theoretical based on the linear 

equation Ý=YB+3SB 

Practically based on gradual dilution 

for the minimum concentration 

7.67 µg/sample 3.77 µg/sample 0.68 µg/sample 

X: value of L.O.D based on slope, SB: Standard deviation of blank, YB: Average   response for blank. 
 

Repeatability 

The repeatability of measurements and the efficiency of homemade Ayah 4SW-3D-T180
o 

 -2N90
o
  -

Solar - CFI Analyser were studied at specified or constant concentrations of hydrogen peroxide 

(mainly two concentrations were used ) using the optimum parameters. Repeated measurements for six 

successive injections were measured and the obtained results are tabulated in Table-12. It can be seen 

that the value of the percentage relative standard deviation was less than 2% indicating a reliable 

measurement can be achieved using this method. Figure-9 is shown a response profile of repeatability 

at 5 and 15mmol.L
-1

 of H2O2 respectively. 
 

Table 12-Repeatability of H2O2 at optimum parameters by CFIA- method. 

[H2O2]   mmol.L-

1 

 

Type of 

measurement 

Average 

response ӯi(mV) 

(n=6) 

 

σn-1 

R
.S

.D
%

 Confidence interval of the average 

response 

( 95% confidence) 

ӯi±t0.05/2, n-1   σn-1/ n  

5 

     T(0-180) 92 0.321 0.348 92±0.337 

NL 92 1.225 1.332 92±1.286 

NR 9 0.139 1.544 9±0.206 

     N(L+R) 42 0.291 0.693 42±0.305 

15 

    T(0-180) 226 0.333 0.147 226±0.350 

NL 150 0.952 0.635 150±0.999 

NR 21 0.286 1.362 21±0.425 

     N(L+R) 70 1.321 1.887 70±1.387 

t0.05/2, n-1 = 2.571 , n=6. 
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Figure 9-Response profiles of repeatability of attenuation of incident light, scattering of light at   two opposite 

directions and the algebraic sum of them via reflection by CFIA method. 

 

Analysis of Pharmaceutical Preparations 

The CFIA  and stop- go method via turbidity (T(0-180)) and scattered light at two opposite positions 

(2N±90
o
) method using Ayah 4SW-3D-T180

o 
 -2N90

o
  -Solar - CFI Analyser   achieved in this work was 

used  for the analysis of  H2O2 in three different of pharmaceutical preparation (Baghdad  company, 

Al-Amire  company and Al- Areje company) have 25% , 20% and  7% concentration respectively  to 

evaluate the methods for estimating hydrogen peroxide . After standardization with KMnO4 solution, 

the concentration of those samples obtained as 9.45%, 1.74% and 1.24% respectively, these different 

on concentration may be bad storage or closures is not tight for these samples. The data practical 

concentration of H2O2 at T(0-180) , scattered light at two opposite positions (2N±90
o
) and outcome of 

them   by CFIA method and stop –go method  are tabulated in Table-13, results data is shown  

efficiency of methods for determination of hydrogen peroxide. 
 

Table 13-Results of hydrogen peroxide determination in pharmaceutical samples by CFI and stop flow method. 
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CFI 

Stop-go 

CFI 

Stop-go 

CFI 

Stop-go 

CFI 

Stop-go 

1 

Baghdad  

company 

(Iraq) 

(25%) 

7.35 mol L-1 

9.45% 

2.78 
0.72 

T(0-

180) 

290 

295 

19.80 

19.88 2.75 

9.45% 

 

 

2.76 

9.39% 

98.94% 

 

 

 

99.34% 

NL 
176 

173 

19.47 

18.17 

NR 
25 

28 

19.47 

18.86 

N(L+R) 
88 

99.2 

19.45 

19.45 

2 

Al-Amire 

company 

(Syria) 

(20%) 

5.88 mol L-1 

1.74% 

0.51 
3.92 

T(0-

180) 

288 

291 

19.79 

19.59 0.50 

1.71% 

 

 

0.49 

1.69% 

98.03% 

 

 

 

 

97.12% 

NL 
175 

173 

19.16 

18.87 

NR 
24.6 

29 

19.09 

19.07 

N(L+R) 
89 

99 

19.51 

19.39 

3 
Al- Areje 

company 

1.24% 

0.37 
5.40 

T(0-

180) 

281 

288 

19.15 

19.32 

0.355 

1.20% 

95.95% 
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(Iraq) 

(7%) 

2.06 mol L-1 

NL 
174 

170 

19.03 

18.87 

 

 

 

0.358 

1.22% 

 

 

 

98.13% 
NR 

24 

28.9 

18.54 

19.00 

N(L+R) 
87 

99 

    18.98 

    19.39 

 

Statistical Treatment of Analytical Data  
Two way ANOVA (F-test) treatment

 
[18, 19] was used for the results obtained using both method 

(CFIA & stop-go). Table-14A shows three types of measurements (T0-180, NL, NR). The ANOVA test 

was carried out at α=0.05 (95% confidence interval), Table -14B shows the summary of ANOVA test 

at 95% confidence interval which shown that; 

 
Table 14A-Summary of results for measuring samples in three type of measurement and two methods (CFI and 

Stop-Go). 
 

Type of 

measurement 

Type of method 

Practical  [H2O2] mmol L
-1

, (n=3) 

CFI Stop-go 

T(0-180) 19.80, 19.72, 19.15 19.88, 19.59, 19.32 

NL 19.28,19.26, 19.03 18.87, 18.87, 18.87 

NR 19.47, 19.09,18.54 18.16, 19.07, 19.00 

*Theoretical [H2O2] = 20 mmol L
-1

, n: number of samples 

 
Table 14B-Summary of ANOVA test for all methods & measurements. 
 

Source 

Sum of 

Squares 

(SSq) 

Degree of 

freedom 

(df) 

Mean Square 

(MSq) 

F -

statistic 
Significant 

Corrected Model 1.865 5 0.373 3.222 0.045 

Method of measurements 0.144 1 0.144 1.244 0.287 

Type of measurements 

(Turbidity or scattering left and 

right) 

1.614 2 0.807 6.967 0.010 

Method of measurement × 

Type of measurements 

(Turbidity or scattering left and 

right) 

0.108 2 0.054 0.466 0.639 

Error 1.390 12 0.116 -- -- 

Corrected total 3.255 17 -- -- -- 

 

Corrected model: it is given overview where equal to 0.045 which is nearest to 0.05, i.e. don’t have 

detected for the methods found significant different between CFIA and stop go method which used to 

measure T(0-180), NL and NR . 

While method of measurements given no significant difference between CFIA and stop - go 

methods. From type of measurements we can notice that significant difference exist between CFIA 

method and stop- go method. 

The relationship between the two method with type of measurement (T(0-180),NL and NR ) don’t have 

significant different where sig. value (0.639) is larger than  0.05. 

The conclusion that we have six ways for the treatment of results for the three samples  and we can 

used anyone from methods (CFIA and stop- go ) at the three type of measurements (T(0-180),NL and NR ) 

and depend on it to prepare the calibration carve as well as treatment the three samples. The post-Hoc 

test calculated to known the value of significant or the details of relationship between any types of 

measurement with other, as shown in Table-14C. 
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Table 14C- Summary of Post Host Test ANOVA test of multiple comparisons of all methods &measurement. 
 

Type of test 

(I) 

Type of measurements (Turbidity or 

scattering left and right) 

(J) 

Type of measurements (Turbidity or 

scattering left and right) 

Sig. 

Tukey HSD 

1 
2 

3 

0.035 

0.011 

2 
1 

3 

0.035 

0.803 

3 
1 

2 

0.011 

0.803 

Scheffe 

1 
2 

3 

0.044 

0.015 

2 
1 

3 

0.044 

0.819 

3 
1 

2 

0.015 

0.819 

 (1): Turbidity measurement (T0-180
o
), (2): Scattering at +90

o 
(NL),  

 (3): Scattering at -90
o 
(NR), HSD: Honestly Significant Difference.  

 

Conclusion 

The proposed indirect FIA method is a simple, rapid and sensitive for the determination of 

hydrogen peroxide based on oxidation of Cr (III) ion by hydrogen peroxide in basic medium to form 

chromate ion which react with Ba (II) ion to produce a yellow precipitate (BaCrO4). The precipitate is 

measured via the attenuation of incident light and it’s scattering in two opposite directions also the 

algebraic sum of them by using Ayah 4SW - 3D -T180
o 

- 2N90
o
 - Solar - CFI Analyser. An alternative 

analytical method is found through this research   work which was based on simple parameter 

conditions.  
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