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ABSTRACT 
A new simple arid rapid catalytic kinetic method for determination of trace amounts of chromium (110 is 
described. The method is based on the catalytic effect of chromium (III) on the reduction of Methylene blue by 
ascorbic acid in acidic media. The reaction monitored smectrophotomenically by measuring the decrease of 
absorbance at 664 nm at 25 C. The fixed-time method was used for the first 300 s. Under the optimum 
conditions, the amount of Cr(111) in the concentration range of 0.5 - 520.0 wg ml_dt  (III) can be determined with 
a limit of detection of 0.09 wg mL-  of chromium (111). The relative standard deviations of six replicate 
measurements are 2.8 and 2.1% for 50.0 and 500.0 wg rni.-1  of chromium (III), respectively. The effect of 
certain foreign species upon the reaction rate was investigated for the assessment of the selectivity of the 
method The proposed method was successfully applied to the determination of chromium (III) in real samples 
with satisfactory results. The new developed method was found to have fairly goad seleethity, sensitivity, 
rapidity, reproduceability and simplicity 
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INTRODUCTION 
Chromium (III) is one of the most important 
components of endocrine gland in vivo, which can 
catalyze the process of glucose and cholesterin 
metabolism. Lack of chromium (III) will result in 
turbulence in the metabolism of glucose and 
eholestedn, even atheroma On the other hand too 
much chromium (III) in environment will endanger 
soil, jeopardize plants and human kind HT 

The most common techniques used for direct 
determination of trace levels of chromium are atomic 
absorption spectrometry (AAS) employing flame or 
clectrothermal atomization [2-7] inductively coupled 
plasma mass 	spectrometry (1CP-MS) 	ES-11 1, 
inductively coupled plasma atomic emission 
spectrometery (ICP-AES) [12-151, inductively coupled 
plasma optical emission spectromemry (ICP-OhS) 
[16,171, ion chromatography [18-20] and X - ray 
fluorescence RH. All these analytical techniques 
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can only yield information on the total 
concentrations of chromium. There is a need for 
isolation and preconcentration of chromium, 
when the above mentioned techniques am used 
for determination of chromium in real samples. 
Solvent extraction methods [22] are lengths. 
needs large volumes of toxic and expensive 
organic solvents, time consuming and lacks 
sensitivity duc to much interference. It would be 
more interesting and significant to search for 
development of a new type of spectrophtomerric 
method for selective detection of chromium (III). 

A wide variety of reagents have been proposed 
for the spectrophotmenic determination of 
chromium. Some spectrophotometric methods 
based on the oxidation of organic compounds 
[23-37]. The catalytic methods are widely 
used because they have excellent sensitiva7 and 
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sufficient accuracy without using expensive or 
special equipment. It is believed that this method 
somehow is the most suitable for determination 
of trace elements in biological samples [38.39]. 

In the present work, a kinetic 
spectrophotomettic method for determination of 
trace amounts of chromium (ifi) is proposed. This 
method is based on the catalytic effect of 
chromium (I11) on the reduction of Methylene blue 
(MB) by ascorbic acid (AA) in acidic media. The 
reaction was followed spectrophotometfically by 
monitoring the decrease of absorbance of MB at 
664 tun with a fixed time between 0.5-5.0 minutes. 
It was found that in acidic solution, chromium (III) 
catalyzed reduction of MB. Thus, we developed a 
simple, sensitive and selective method for the 
kinetic determination of chromium OW. The 
resulting method, which has a detection limit of 
0.09 ssg mlfi l , has been successfully applied to the 
determination of chromium (III) in real samples. 

EXPERIMENTAL 
Reagents and chemicals 
All chemicals were of analytical reagent grade 
obtained from Merck, and were used without 
Thither purification. Double distilled water 
(conductivity about 0.6 pSi) was used throughout 
the experiment. Chromium (III) standard stock 
solution with concentration of 1000 0 kg m1-1  
was prepared by dissolving 0.5120 g of 
CrC13.6b120 in 100 m1 of water. Working 
solutions were prepared by appropriate dilution 
of the stock solution with water daily. 

Ascorbic acid solution of 2.0810 M was 
prepared daily by dissolving 0.2048 g of ascorbic 
acid in 100 mL of water 

MB (with empirical formula C16ll1aCIN3S) 
solution (2.0sI0 M) was prepared by dissolving 
0.0173 g of MB in an appropriate amount of 
water and was diluted to 250 nth in a volumetric 
flask. It was stored in the dark at 4©C and was 
replaced every month. 

Sulfuric acid solution (3.0 M) was prepared 
by careful dissolving 40.75 mL of concentrated 
sulfuric acid (a = 98 %, d = 1.84 kg/I) in 250 mL 
of water. 

Apparatus 
A Shimadzu spectrophotometer 160-A with 10 
mm glass cell was used for absorbance 

' 
measurements at a fixed wavelength. 	i 

Recommended procedure 	' 
To a series of 10 ml volumetric [Ivrea 0.5mL of 
3.0 M sulfuric acid, I mL of 2.98104  M MB 
solution and 2 nil of 10.0 krg mlfill  of cluomium 
(III) were added. Then 0.2 ml Of 2.0I& M 
ascorbic acid solution was added and the solution 
diluted to the mark with double distills:re water. 
After shaking. the solution was transferred into a 
1.0 cm cell of the spectrophotometer. The start of 
the reaction ([4) was taken as the moment at 
which the last drop of ascorbic acid salution had 
been added_ The variation of the absorbance of the 
dye was measured every 30 s from the time of 
addition of ascorbic acid during 300s. It was 
indicated that the absorbance is reduced constantly. 
The measured parameter was net absorbance 
versus time", the difference between sample and 
blank absorbance (AA= Aare - AA]) versus time, 
where Aft, and 4At, are the variation of the 
absorbances of sample and blank respatively. 

Procedure for real sample preparation 
For analysis of industrial effluents including 
chromium-plating effluent , tannery effluent and 
cement effluent, after filtering, chromium-plating 
effluent was diluted 20 times , tannery effluent 
was diluted 50 tames and cement effluent 
analyzed without dilution. Suitable aliquots of 
sample solutions were analyzed, after neutralizing 
them with dilute ammonia according to the 
procedure for determination of chromium (III). 

Natural water analysis was performed by 
filtering environmental water sample and 
analyzed for chromium (III) There were no sitm 
of chromium existence in the water samples. To 
these samples, known amounts of chromium (111) 
were spiked and analyzed by the proposed 
procedure. 

For soil analysis, 2.0 g of air • dried and 
homogenized soil sample, spiked with known 
amounts of chromium (111) was taken and fused 
with 10 g of anhydrous sodium carbon te in a 
silica crucible. The residue was dissolved in 
25mL of water and evaporated to dryn ss. The 
residue was dissolved again in water, filtered 
through Whatman No. 40 filter paper into a 50 
riff volumetric flask and neutralized wi h dilute 
ammonia. An aliquot of this solution was 
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analyzed for chromium (HI) according to the 
general procedure. All real samples were also 
analyzed according to the method explained in 
reference [40], for comparison of the results. 

RESULTS AND DISCUSSION 
MB is a well known redox indicator and is 
susceptible to reduction irreversibly by ascorbic 
acid in acidic media leading to the formation of a 
colorless product 
In order to find the optimum conditions, the 
influence of reagents concentrations and 
temperature on the reaction rate was studied 
based on fixed time method. The optimum 
conditions were chosen to obtain minimum 
absorbance variations for blank and maximum 
variations for the sample solutions. In the mean 
time, extended linearity, and short measuring 
time were considered in adjustments. Calibration 
graph was obtained under optimum conditions by 
plotting net absorbance "AA" versus chromium 
(III) concentration. 

Reagents Concentrations Opthniazation 

Effect of sulfuric acid concentration 
The effect of various acid types with the same 
concentration such as sulfuric acid, hydrochloric 
acid and phosphoric acid was studied. The results 
show that sulfuric acid gives greater sensitivity. 
The effect of sulfuric acid concentration on 
obtaining maximum sensitivity was investigated 
while, the concentration of MB was 2.0 x 10B  M, 
and that a AA was 4.05104  M for catalyzed and 
unealalyz d reaction (Fig, I). The results show 
that by increasing the acid concentration up to 
0.3 Ni, the sensitivity increased. On the other 
hand, big er acid concentration. cause a small 
decrease of the sensitivity (AAs -AAb). This 
maybe attributed to protonation of MB at higher 
acid cone ntrations. Therefore, 0.3 M of sulfuric 
acid was sed as the optimum concentration. 

Os 	  

0, 

(22  
02 0 3 	02 

Fig. 1.0pt mind-ion of acid conwnwhon ALB, I 0 ml„ 
(2.0 0  104  1110113.3), Crh 2 mL (100 Ag mL-1), A.scodoc 

and, 0.2 nut. (20 a 10 2  mol U'):2.5 5C 5.0 min, 

Effect of Methylene Blue Concentration 
The effect of MB concentration on the reaction 
rate was smdied with 0.3 M sulfuric acid and 
4.0z 1014  M ascorbic acid. The results show that 
by increasing the MB concentration up to 
1.0 /1015  NI, the sensitivity increases. Thus, 
I 051015  M of MB was selected as optimum 
concentration of MB (Fig. 2). 

5 

Ca 

02 
10 	20 	30 

(1.121/ IAA 

Fig. lop initiation of MB concentration. 512304, 1.0 
mL (2.0 mei LI): Cr, 2 mL (10.0 utg mkt); Ascorbic 

acid. 0. inl„ (2.0 le mei C), 25 t: 5.0 min, 

Effeect o Ascorbic Acid Concentration 
The influence of AA concentration on the 
maction rate was hided in th 	ge of 4.0 101  
to 2.8510 3 M under optimum conditions (Fig. 3). 
The-results show that by increasing the ascorbic 
acid concentration up to 1.2510)1  M, the 
sensitivity increased. Therefore, 1.231015  M of 
ascorbic acid concentration was selected for 
further studies. 

Os 

Os 

0 	1 	2 
(AN! 111M 

3. Op iminhon of Ascorbic acid concentration. 
H2SO4, I. W. (3.0 mot LI); MB. 0.5 mL (10 x 102  
mol L-1); Cr'', 2 mL (10.0 pg nil.2): Ascorbic acid. 

0A ml (2.0 10-2  me! IA): 25 °C and5.0 min. 

Effect of Ionic Strength 
The effect of ionic strength was studied by using 
3.0 M KNOt  solution under optimwn reagents 
concentrations 	With 	increasing 	KNO3  
concentration, the change in absorbance cleansed 
It maybe attributed to interaction between ions (IC 
and NOt) and catalyst or MB. Thus, we continued 
our study in the absence of KW)). 
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Effect of Temperature 
The influence of temperature on the sensitivity 
was studied in the range of 15 -35 t with the 
optimum reagent concentrations. The results 
show that with increasing temperature up to 25 
'C, the net absorbance increased and hence it was 
selected as optimum temperature for the rest of 
the work. 

Effect of Time 
Time effect was studied by measuring the 
absorbance and its changes during 0.5 - 5 min. 
The reaction rate increased up to 120 s. At still 
higher time, the change in absorbance was 
almost constant. Thus, 120 s was selected as 
optimum. The results are shown in (Fig.4). 

0.95 

0.65 

0 75 

0 65 
120 	240 	30 

(Is 

Fig. 4.0ptimizalion of tray. %SO, 1.0 inL (3.0 mol U 
A MB, 0.5 m4(2.0 x ffl mol l..4); Cr34 2 mL (10.0 kg 

nil I); Ascorbic acid.0 6 mL (2.0 xl0 mol EA 25 °C 
.and.5.0 min 

Calibration Graph and Detection Limit 
A calibration gyaph (Fig. 5) was obtained by 
applying the fixed time method under the optimum 
conditions and in the concenottion range of 0.5 - 
520.0 mg raL4  of chromium (El). The maximum 
absorbance wavelength of MB was at 664 nm 
According to our investigations, there was no 
interference by other ions at this wavelength, even 
for Cr (H). The linear regression equation, is given 
in MI, (I). 

AA 	0.003 ICC) +0.0562 022  - (i.9995, n - 6) (I)  

The experimental detection limit is 0.09 mg nildi  

(defined as three times the standard deviation of the 
blank divided by the slope of the calibration graph, 

3S5/m). Th relative standard deviations (R. D.%) 
for the determination of 50.0 and 500.0 -ognih (n 
n- 6) are 2. and 2.1%, respectively. 

1 8 
F 0.003x + 0.0562 

192  = 0 9995 	I  
1.2 

0.6 

200 	400 . 600 

IC(3.1 I pg 

Fig 5. Calibration cur-c. H2SO4.1.0 raL (3.0 mei Cy 
MB, 0.5 rn1, (2.0 s 104  mol EA Ascorbic a A, 0.6 

mL (2.0 x 104  mol Ul). 25 st and 1/20 . 

Effect of Interfering Ions 
In order to investigate the analytical applcability 
i.e. selectivity of the method, the effects of 
several foreign ions were examined by arrying 
out the determination of 50.0 svg midi  chromium 
(111). The results are listed in Table I. As it can 
be seen, most of cations even chromium ( 'I) and 
anions do not interfere in determina ion of 
chromium (III) by the present method. 

APPLICATION 
The chromium (III) contents of industrial 
effluents, natural water and soil determined by 
the proposed method, arc shown in Tables 2 and 
I respectively. Statistical test (F test) was used 
for confirming the precision of proposed method. 
As it can be seen, results of statistical t st have 
noticeable difference to critical value 

. 	I 
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Table I. Tolerance limit of foreign ions on the detemination of 50.0 vvg ml.di  of CP.  

Foreign species 	Tolerated limit of foreign ions to ehromium(II I) 
1000 

1000 
C031 , CH3CO2-, RP02111)PO4-, rot 	 woo 

Imo 
Ag- 	 800 

Hg 	 500 
MnR, Tld 	 100 
V(V), Mo(V1) 	 80 
Fe.3- 	 25 
C2042-, SCN 	 300 
ClOd, ClOd 	 0.1 
After masking with 3mL of 5% sulfamic acid. 

Table 2. Determination of chromium In industrial effluents 

• Mearthrandard deviation (n-6). 
b  Tabulated F-ealue for (5.5) degrees or freedom at P(0 95) is 5.05. 

Table 4. Most relevant spectrophotomettic method for chromium(111) determination 

Sample 

Chromium plating effluent)  
Cement industry effluent 
Tannery effluent d  

CfR  (nng 	 Statistical test 
Proposed method 	Ref method 

	
F test b  

_ 

	

35.7± 0.5 	36.1±0.7 
	

19 

	

486.1±0.6 	486.4±0.5 

•Meanistandard deviation (n=6). 
° Tabulated F-value for (5,5) degrees of freedom at P(0 95)18 5.05. 
` Solution diluted 20 times before analysis. 
° Solution diluted 50 times before analysis. 

Table 3. Chromium determination in soil and water samples  
OR  0.6 ml '). 	 Swanned. test 

Proposed method 	 Rd. method v 	n test h  
Add Found RecovennA Add Found Recovery%  

Soil 	 990 
500 	50.1 ± 03 	 1000 	2.2 

Mineral water 	 200 	20.1-)0.) 
2000 	200.2 d 0 2 	100.1 	200 110.4 

Sample 

22 

Analyte Dynamic range 
415 

Dynamic range Matra 

Cr'i Cr 0.03 - II, 0.003 -4 0.01. 0.001 Natural water 41 
Crv. Cry  On , 0.007.5 - 0.35 0.0075 Natural water 42 
Cr, Cry  Ox.. 1 - 50 0.01 Electroplating wastewater 44 

0 85 - 15,0.16 - 20 0.024,0.023 Pharmaceuhcal 24 
Crv. Cr6-  0.005 — 0.400, Red. 0.002 Automotive Industry 34 

. 43 Cr 2 - 39 Natural water 45 CrR  
(36  

0.010 — 0.027 
0 5 - 520 

0.001 
0.09 

Pharmaceutical 
Nartual water, imlu 4nal affluent 

This work 

Ox. 	Cr' must be oxidized and calculated from total chromium 
Red.: CrY  must be reduced and calculated from total chromium 
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CONCLUSION 
Most of the spectrophotometric methods for 
determination of chromium (III) ion have small 
linear dynamic range andfor low sensitivity 
(Table 4). In order to cope with these difficulties, 
the present method was proposed which has 
advantages such as wide linear dynamic range, 
reproducibility, sensitivity and high tolerance 
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