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ABSTRACT 
 

Two non-destructive methods were developed and validated for the determination of 
chromium salt concentrations in residual tanning liquors usually occurring in leather 
manufacturing processes: A spectrophotometric method and a derived colorimetric 
method. The methods were developed by analyzing the absorption-wavelength spectra of 
standard solutions prepared with the same commercial chemical reagents used by a 
currently operating tannery, over the UV-visible range (190-800 nm). Both methods 
satisfy the basic criteria required for method validation: proportionality (good linearity and 
good sensibility) within an appropriate range of chromium salt concentrations, usually 
found in spent tanning liquors; precision (good repeatability/reproducibility); accuracy (no 
statistical difference compared with official methods) and selectivity (good specificity for 
chromium salt). Both methods are practical because of their simplicity, low cost and 
rapidness. They require low cost equipments (a visible range-spectrophotometer or a 
hand-made colorimeter), use the same chemical reagents applied to usual tanning 
processes and they require neither special safety conditions nor specially trained 
personnel. Both methods can be utilized for control of direct recycling of pickling-tanning 
liquors, thus facilitating the adoption of this Cleaner Production technique by leather 
manufacturers, especially medium sized and small tanneries. 
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1. INTRODUCTION 
 
The manufacture of leather is becoming increasingly important to the Bolivian economy due to 
opening of external markets particularly the US leather market. Different types of leather are 
currently produced: the traditional bovine, sheep and goat leather and the new exotic llama and lizard 
leather. 60% of total production is commercialized as wet-blue to European, Asian, American and 
Australian markets. Manufactured products are exported mainly to Venezuela and USA [1]. 
 
Although the exact quantity of leather manufacturers can not be easily determined, there are 27 great 
and medium sized companies registered in 2001 by the Departmental Industry Chambers. Very few 
small tanneries participate as members of CADEPIAs (Cámaras Departamentales de la Pequeña 
Industria y Artesanía) through out the country. As an indicator of the large quantity of existing 
tanneries in Bolivia, it is estimated that nearly 2,000 small tanneries are currently operating in 
Cochabamba, including familiar and uni-personal enterprises [2]. 
 
The most known and applied process in Bolivia is chrome tanning, because other newly developed 
technologies are expensive, more complex and the chemicals involved are difficult (long purchase 
time) to obtain. For pH conditioning in pickling, formic acid is extensively used instead of sulfuric 
acid [3]. 
 
For several decades, direct recycling of spent tanning liquors has been considered as a process that 
provides a more complete approach to minimize the generation of high amounts of  chromium (III) 
residues in the tanning industry [4], compared with another techniques that improve chromium 
utilization: (a) simple modifications of process variables like time, temperature, pH and float length; 
(b)  the re-use of residual chromium by precipitation and subsequent re-solution and (c) the use of 



“high exhaustion” chrome tanning systems based on dicarboxilates added during tanning or 
incorporated to the tanning agent.  
 
This Cleaner Production process has been proved to be technically and economically feasible, 
especially for small tanneries, because it simply needs to separate residual solids by sedimentation 
and/or filtration of the spent chrome liquors before they are reused. The spent liquor is reconstituted 
by the addition of spent neutral salts and adequate amounts of acid before it is presented to the 
delimed/bated hide (pickling) and by addition of calculated decreased amounts of chrome reagent 
directly to the pickle float to give the usual total chrome offer. 
 
One of the difficulties that arises in direct-recycling of pickling-tanning liquors is the need for 
carrying out daily analytical determination of their ion concentrations, in particular Chrome (III). This 
measurement requires validated analytical assays in well equipped and installed laboratories, with 
instruments calibrated with chrome (III) standard solutions that utilize chemical reagents of pro-
analytical purity. Examples of official and non official methods include: Flame Atomic Absorption 
Spectrometry (FAAS)[5]; Electrothermal Atomic Absorption Spectrometry (GFAAS)[6]; Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS)[7]; Visible spectrophotometry [8] and a colorimetric 
assay that requires EDTA complexation of chrome (III) [9].  
 
These analytical methods measure very low concentrations of Cr(III) (0.01 to 1000 mg/l) and are 
based on destructive assays where the sample undergoes a series of physical and chemical treatments 
(acid-digestion, removal of interfering compounds, dilutions and others) to obtain a final solution 
whose concentration is measured by the instrument. The treatments introduce random and systematic 
errors that increase the uncertainty and diminish the method’s precision.  
 
All these aspects increase the analytical cost of routine/control measurements of liquors that 
essentially contain high Cr(III) concentrations (approximately 2 600 mg/l). Besides, appropriate 
installations, expensive qualified and trained personnel are needed, thus increasing operational costs. 
Alternatively, the tanning factories could use the services of specialized laboratories. Nevertheless, 
costs are expensive (9-12 $US/assay) and it is possible that the results would not be obtained with the 
necessary rapidness to control the pickling-tanning process. 
 
This situation might severely affect the economical feasibility of the application of direct recycling, 
specially in small tanning factories. To solve these difficulties, two non-destructive methods were 
developed for the measurement of Cr(III): A spectrophotometric method that requires a simple and 
cheap instrument and a derived colorimetric method which is much more practical and does not 
require neither special instruments nor trained personnel. In these methods, it is only necessary to 
separate solids contained in the liquor sample by sedimentation to eliminate turbidity interference.  
 
2. METHODS AND EQUIPMENT 
 
A UV-Vis spectrophotometer (Shimadzu, model UV-1601) with wavelength scanning device was 
used to measure the spectra of different working standard solutions and residual liquors obtained from 
the pickling-tanning processes carried out in a small tannery of Cochabamba, Bolivia, and the 
residual liquors of laboratory scale experimental runs, when direct-recycling was applied. The 
scanning range was 190 – 800 nm. 
 
A self constructed colorimeter, which is described later, was used for color comparison of the same 
working standard solutions with residual tanning liquors. 
 
Both methods are based on aqueous solution standards made by using the same chemical reagents 
(chrome salts and other chemicals) that are utilized in the preparation of usual tanning liquors in the 
factories. 
 



Primary standard solution: basic chromium salt containing 17.1% Cr (III), (6%); commercial NaCl, 
(8%); formic acid, (2%) and a CaCO3 based salt, (0.8%) dissolved in tap water. This composition 
corresponds to the 100% of the chromium offer (supply), before the pickling-tanning processes. 
 
Working standard solutions: The primary standard solution was diluted with tap water, to obtain 
working solutions that correspond to 14 to 36% of the total chromium offer. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Selectivity/specificity tests 
 
Spectra of working solutions (with all the reagents) and of solutions that lacked one of the chemicals 
(all corresponding to a 30% of the total chrome offer), were measured. The results are shown in 
Figure 1. As observed, spectra of chromium containing solutions are very similar in shape, no matter 
the kind of lacking salt. On the contrary, the solution without the chromium salt did not have any 
response on the wavelength interval. All solutions had a random response in the interval of 200 -260 
nm, which can be considered as measurement noise.  
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Figure 1 - Wavelength-absorbance spectra of solutions that lacked one of the chemical compounds 

used in liquors for pickling-tanning processes applied in leather manufacture. 
 

The different shape of the spectrum of the solution without formic acid (different values of 
absorbance at 560 and 420 nm) was attributed to the presence of turbidity generated by the un-
dissolved CaCO3 due to the high pH value. Furthermore, the spectrum of the solution that only 
contained the chromium salt, presented in Figure 2, shows the same shape as all discussed solutions. 
 
All these results indicate that the spectrophotometric measurement is selective for the chromium salts 
and that there is no interference of the salts that constitute the formulae of liquors currently utilized in 
pickling-tanning processes for leather production. 
 
3.2 Stability tests for spectra of chromium containing pickling-tanning liquors 
 
Figure 3 shows the time variation of spectra obtained for a working standard solution that contained a 
chromium concentration equivalent to 30% of total offer. It is observed that from 4th day until 4 
months after the solution was prepared, the spectra yield the same values of absorbance at any 



wavelength (thick line). Figure 4 shows the absorbance peaks at 576 nm, 420 nm and 285 nm, and the 
peak ratios of 576/420, 576/285 and 420/285 nm. It is clear that, from the fourth day on, the peaks 
have gained stability specially at 576 nm and 420 nm. On the other hand, the 285 nm peak shows 
significant variations. Furthermore, the ratio 576/420 is essentially constant from the fourth day on. 
Thus, these wavelengths could be used for method and instrument calibration. 
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Figure 2 - Wavelength-absorbance spectrum of solution containing only chromium salt. 
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Figure 3 - Stability of spectra for a working standard solution containing 30% of the total 

chromium salt offer. 
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Figure 4 - Stability of absorbance responses as a function of time, obtained from a solution 

containing 30% of the total chromium salt offer for leather tanning processes.  
 
3.3 Linearity Tests 
 
The 576 nm wavelength was chosen to carry out linearity tests to determine the range of absorbance 
values in which the instrument response is linear with chromium salt concentrations. Triplicate 
independent measurements on working standard solutions were used within the interval of 16% 
though 36% of the total chromium salt offer. Chromium salt concentrations in residual tanning liquors 
are expected to fall within this interval [10]. The results are presented in Figure 5 and Table 1. 
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Figure 5 - Linear range of concentration vs. absorbance for chromium salts contained in pickling-

tanning residual liquors. 
 
The Relative Standard Deviation (RSD) of Absorbance/Concentration response ratios, obtained for 
the different working standard solutions, Table 1, is 1.12%, a value that is less than the recommended 
5% [6]. Also, the slope of the calibration straight line in Figure 5 is very close to the average value of 
the response ratios, satisfying the criterion established for linearity tests [11]. Thus, it may be 
concluded that the method has a linear response within the experimented interval and it can be used 
for quantitative determination of chromium salt concentrations in pickling-tanning residual liquors. 

 

 



TABLE 1 - PRECISION OF CONCENTRATION/ABSORBANCE RES PONSE RATIOS. 

Chromium Salt 
Concentration Absorbance y/x 

16% 0.802 5.013 
16% 0.793 4.956 
16% 0.800 5.000 
20% 1.019 5.095 
20% 1.010 5.050 
20% 1.005 5.025 
24% 1.224 5.100 
24% 1.223 5.096 
24% 1.223 5.096 
28% 1.445 5.161 
28% 1.440 5.143 
28% 1.440 5.143 
32% 1.644 5.138 
32% 1.644 5.138 
32% 1.628 5.088 
36% 1.845 5.125 
36% 1.838 5.106 
36% 1.838 5.106 

Average  5.088 
Standard Deviation   0.0567 

RSD  1.12% 
 

3.4 Precision and Accuracy Test 
 
A repeatability test on a residual tanning liquor sample obtained from a local tannery was carried out 
to determine the method’s precision. The test consists in measuring a sample independently a certain 
number of times (9 measurements were done). The results are shown in Table 2. The obtained RSD is 
very small and less than the accepted value of 1-2% for the instrument and less than the accepted 
value of 2-3% for the method as a whole [12]. Kolthoff and Horwitz [13] recommend maximum 
permissible RSDs for different analyte concentrations (in this case, chromium salt), which vary 
between 0.0001% to 100%, recommending RSD values of 1% (Kolthoff) and 2.8% (Horwitz) for 
concentrations of 1%. According to this criterion, it can be concluded that the method is very precise. 
 

TABLE 2 - REPEATABILITY TEST RESULTS ON A 
TANNING RESIDUAL LIQUOR SAMPLE. 

N° of measurement Concentration, [%] 

1 28.925 
2 28.984 
3 28.955 
4 28.984 
5 28.984 
6 28.984 
7 29.067 
8 29.067 
9 29.011 

Average 28.996 
Standard Deviation 0.0442 

RSD 0.15% 



The reason for this good precision is that the sample does not undergo any previous physical and 
chemical treatment and that no dilutions are needed that would introduce systematic errors and 
increase uncertainties in the measurement. Only a sample filtration is necessary to remove turbidity 
interference. 
 
To determine the accuracy of the method, an inter-laboratory comparative test was carried out with 
another local laboratory. The method currently used by this laboratory is a Flame Atomic Absorption 
Spectrometry (FAAS), based on Standard Methods for the Examination of Water and Wastewater [5]. 
Concentrations of Cr (III) on 7 samples of residual tanning liquors obtained from a tannery that 
applies direct recycling were measured in both laboratories. The concentrations of Cr (III) were 
calculated considering that the chromium salt contains 17.1 % of Cr (III). The results presented in 
Table 4, show that RSDs between the concentration values measured in both laboratories are all lower 
than the recommended values of 4-5% [12] established for inter-laboratory comparison tests. Thus, it 
can be concluded that the present method is exact.  
 

TABLE 4 - RESULTS OF INTER-LABORATORY COMPARISON 

N° of sample of  
residual tanning liquor 

Concentration 
of Cr (III), 
UPB, [g/l] 

Concentration 
of Cr (III), 
UMSS, [g/l]  

Average 
value,  
[g/l] 

SRD between 
measurements  

Recycle 0 3.108 3.220 3.164 2.05% 
Recycle 1 2.217 2.230 2.223 0.34% 
Recycle 2 2.818 2.674 2.746 3.04% 
Recycle 3 2.221 2.340 2.280 3.02% 
Recycle 4 2.620 2.650 2.635 0.65% 
Recycle 5 2.431 2.550 2.491 2.76% 
Recycle 6 2.554 2.440 2.497 2.63% 

 
Considering the results obtained, it can be concluded that the present method satisfies the following 
basic criteria involved in method validation: Selectivity or specificity, precision, accuracy and shows 
linearity within an appropriate range for measuring the concentration of chromium salts and Cr (III) 
that usually occur in pickling-tanning liquid residues with statistical reliability.  
 
4. DEVELOPMENT OF A COLORIMETER BASED ON STANDARD S OLUTIONS 

CONTAINING CHROMIUM SALTS  
 
A reason why Bolivian small tanneries do not implant direct-recycling of residual chrome liquors is 
that they must control the pickling-tanning process through quantitative measurements of the different 
ions present, both in residual and recycle liquors, i.e. chlorides, sulfates, formates, ionic strength, pH 
and basic chemicals [14]. The concentration of sulfates and chlorides offer can be easily estimated by 
means of the liquid density, which is linearly dependent of the ionic strength [14]; pH value of the 
tanning liquors can be adjusted by appropriate amounts of formic or sulfuric acid solutions. What is 
troublesome is the measurement of chromium salt concentrations in residual liquors needed for 
determining the quantity required to prepare the tanning solution for next batches. 
 
This measurement requires the installation of a small routine laboratory, well controlled analytical 
methods and trained personnel. The cheapest spectrophotometer with visible range cost 
approximately 1000-2000 US dollars in Bolivia. These requirements are relatively expensive for 
small tanneries. Therefore, it is necessary to develop a more simple, economic and practical method 
that could be used by factories’ operators. 
 
The working standard solutions containing chromium salts and all the ingredients, present a gradual 
variation in color intensity that is proportional to concentration, as shown in Figure 6. This behavior 
allows their utilization for quantitative measurements in residual liquor samples by color comparison. 



 

 
Figure 6 - Working standard solutions containing chromium salts and all the ingredients. 

 
It must be noted here that there is a period of time of 4 days during which the color of the solutions 
develop and stabilizes, beginning from a greenish blue to end in a blue color. This development and 
stabilization period coincides with the period of variation of spectra commented before. Similarly, the 
tanning liquors present the same change in color during the tanning process that last approximately 16 
to 18 hours before discharge. At this time, the residual liquors present a slightly greenish blue color. 
 
There would be no problems in measurements if the residual solutions would be stored for more than 
four days (no interference of greenish tint). Nevertheless, in usual pickling-tanning processes, the 
period of time between direct-recycling batches lasts only a maximum of 48 hours. This means that 
concentrations of chromium salts must be measured within that period or less. 
 
The problem could be solved preparing working standard solutions and let them to stabilize for 24 
hours, every time a recycle is programmed. Nevertheless, even when the preparation of such solutions 
is not complicated and could be easily done by operators, there exists the possibility of committing 
systematic errors in the preparation itself. Thus, it is more convenient to design a color comparator 
that would reproduce the greenish tint the standard solutions have at 24 hours. 
 
To carry out the design, stabilized working standard solutions were used, attaching to each standard 
tube a yellow film of cellophane (easily available in local market). With this procedure, the necessary 
greenish tint was obtained to eliminate the interference in the comparison, as shown in Figure 7. 
 
Based on this approach, a colorimeter was constructed, Figure 8. The apparatus holds a fluorescent 
tube in the rear, which permits an even distribution of light. This system has the purpose of 
eliminating external light interference and, at the same time, it guarantees a reliable color comparison 
on similar conditions at any time of the day. 
 



 
Figure 7 - Colour comparison between a residual liquor sample and a standard solution in a 

tube attached by a yellow cellophane film. 
 

 
 

Figure 8 - Colorimeter. 
 

A series of measurements were done in comparison with the developed spectrophotometric method. 
The results are presented in Table 5. 

 
 
 
 



TABLE 5 - COMPARISON BETWEEN MEASUREMENTS DONE USIN G 
A SPECTROPHOTOMETER AND THE DEVELOPED COLORIMETER. 

N° measurement Concentration, [%] 
spectrophotometer 

Concentration, [%] 
colorimeter 

1 28.925 28 
2 28.984 30 
3 28.955 30 
4 28.984 28 
5 28.984 30 
6 28.984 28 
7 29.067 30 
8 29.067 30 
9 29.011 28 

Media 28.996 29 
Standard Deviation  0.0442 1.05 

RSD 0.15% 3.62% 

 
As shown, the agreement of results generated by the two methods is very close and there is no 
statistical difference between the average values. 
 
From the aforementioned results, it can be concluded that the developed colorimetric method is easy 
to use, inexpensive and practical, because it can be very easily implemented by small tanneries that 
are willing to apply direct-recycling of pickling-tanning residual liquors.  
 
 

5. CONCLUSIONS 
 
The non destructive developed spectrophotometric and colorimetric methods satisfy the fundamental 
criteria required for method performance applied to the determination of chromium salt 
concentrations in spent tanning liquors: reliability and practicability.  
 
They are reliable because they satisfy the basic criteria of method validation: good selectivity; good 
proportionality (good sensibility and linearity) within an appropriate range of chrome salt 
concentration values; good precision demonstrated by repeatability/reproducibility tests and good 
accuracy because it has no statistical differences compared with other official methods. 
 
They are practical because of their simplicity, low cost and rapidness. They require low cost 
equipments (a visible range-spectrophotometer or a hand-made colorimeter), they use the same 
chemical reagents applied to usual tanning processes and they do not require neither special safety 
conditions for performance nor specially trained personnel. 
 
Both methods can be alternatively implemented and applied by medium and small size tanneries 
currently operating in Bolivia, which are willing to implement direct recycling in the pickling-tanning 
of hides for leather manufacture. 
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