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Abstract - Chromium used in leather manufacturing can be oxidized from the trivalent to the hexavalent 
state, causing environmental concerns. In this study, the influence of Cr(III) from tanning, deacidification pH, 
fatliquors, chrome retanning and vegetable retanning on the formation of Cr(VI) in leather was analyzed by 
comparing natural and aged samples. In wet-blue leather, even after aging and in fatliquored leathers that did 
not suffer the aging process, the presence of Cr(VI) was always below the detection limit of 3 mg/kg. 
Considering the presence of Cr(VI), the supply of chromium during the retanning step had a more significant 
effect than during the tanning. In the fatliquoring process with sulfites, fish and synthetic fatliquor leather 
samples contained Cr(VI) when aged, and the highest concentration detected was 26.7 mg/kg. The evaluation 
of Cr(VI) formation led to recommendations for regulation in the leather industry. 
Keywords: Leather; Hexavalent chromium; Tanning process. 

 
 
 

INTRODUCTION 
 

The requirement for hazardous substance control 
in footwear, leather articles and consumer products is 
growing strongly (AAFA, 2010; ECHA, 2010; STC 
Group, 2010; SG, 2009; Adidas Group, 2009; Clarks, 
2009). The presence of hexavalent chromium in 
leather and leather products, which is not used in any 
step of the manufacturing process, has become a 
concern in the leather industry. The most common 
tanning agent used is trivalent chromium in the form 
of CrOHSO4 (Gutterres, 2008; BASF, 2004). 
Therefore, efforts are being made to identify the 
sources of oxidation of Cr(III) to Cr(VI) and to 
eliminate its presence in finished leather (Hauber, 
1999; Babu et al., 2005; Basaran et al., 2007 and Fuck 
et al., 2008b). This problem can be a strong barrier to 
the use of the chromium salt as a tanning agent and 

even cause restrictions in the trade market of leather 
articles because Cr(VI) is bioaccumulating, highly 
toxic, mutagenic and carcinogenic to humans 
(Kolomaznik et al., 2008) due to its high membrane 
penetration and strong oxidizing ability (Paustenbach 
et al., 2003). It is ranked as 18th on the Priority List of 
Hazardous Substances (ATSDR, 2010). According to 
Basaran et al. (2006), exposure to heavy metals occurs 
not only through ingestion of food but also through 
contact with any object or article of clothing that 
contains them. 

In 2006, the Institute of Shoes from Primasens 
analyzed 8488 leather samples and measured Cr(VI) 
concentrations values between 3-10 ppm in 4% of the 
samples and above 10 ppm in 3% of the samples 
(Ollenhauer-Ries, 2007). In experiments performed by 
Fuck et al. (2008a), the presence of Cr(VI) was 
detected in just two out of eighteen leather samples 
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collected from tanneries, but only after aging (the two 
Cr(VI) concentrations being 3.9 and 4.7 mg/kg). 
However, for the majority of the leather samples, 
Cr(VI) was not detected, even under more stringent 
conditions, indicating that tannery practices are 
attaining the tanning requirements. According to Palop 
et al., (2008 a,b), the leather fatliquoring has a strong 
influence on the formation of chromate in leather from 
the trivalent chromium used in the tanning. The 
greatest effect is realized by fatliquoring with sulfated 
and sulfited fish oils and substances with simple or 
multiple unsaturated fatty acids (free or esterified).  

According to Sammarco (2004), by incrementing 1, 
2, 4, 6 and 8% of basic chromium salt (25% Cr2O3 - 
33.33 Schorlemmer basicity) supplied in the leather 
tanning step and fatliquoring with sulfited fish oil, the 
oxidation of Cr(III) to Cr(VI) increased, resulting, 
respectively, in Cr(VI) concentrations of 9, 10, 11, 15 
and 18 mg/kghide after aging by heat treatment. In 
general, Hauber (1999) found that the Cr(VI) content 
of air-dried leathers was below the detection limit; 
however, after heating at 80°C for 24 h, the ammonia- 
or sodium bicarbonate-treated samples contained 
chromate. On the other hand, vegetable tanning or 
retanning agents, such as mimosa, quebracho, chestnut 
and tara, appeared to prevent chromate formation, 
even when the leathers were exposed to extreme 
conditions, such as heat and UV radiation (Hauber, 
2000). To prevent the transformation of Cr(III) to 
Cr(VI), it is recommended to avoid the use of 
ammonia to promote dye diffusion (Font et al., 2006). 
The use of 1 to 3% of vegetable extract tannins in the 
retanning process is sufficient to ensure that the leather 
submitted to accelerated aging does not form Cr(VI). 
When the use of vegetable tannin is not possible due to 
its color interference, a mixture of phenol and 
antioxidants can be applied. Gong et al. (2010) studied 
a new method to avoid the oxidation from trivalent to 
hexavalent chromium in leather that uses specific 
compounds, mainly sulfocompounds with valences of 
4 or lower and metal chelating agents containing two 
or more carboxyl groups; with this method Cr(VI) was 
not found even when the leathers were aged with 
intense UV light and high temperature for 72 h. 

Therefore, the aim of this work was to study the 
conditions of Cr(VI) formation due to the oxidation 
of Cr(III) to Cr(VI) in leather in order to provide 
recommendations to avoid this problem in the leather 
industry. The factors studied in these experiments 
were the amount of chromium supplied in the 
tanning step and the following influences on the 
steps of wet finishing: the type of oil used in the 
fatliquoring step, the pH of deacidification, the 
effects of chrome retanning and vegetable retanning. 

Leather samples were tested both in the natural stage 
and after the aging treatment. 
 
 

EXPERIMENTAL 
 

After the tanning step, the finishing of the leather 
is carried out to improve the characteristics of the 
leather and ensure the specifications of the articles, 
such as color, resistance (physicomechanical and 
physicochemical) and softness. The leather finishing 
system includes the wet-finishing, pre-finishing and 
finishing steps. The wet-finishing step includes 
deacidification (in which the leather pH is adjusted 
to promote the diffusion of the subsequent agents 
into the leather), retanning, dying and fatliquoring. 
The usual chemicals used in the retanning step are 
chromium salts, vegetable tannins and synthetic 
tannins. Commercial fatliquor preparations are 
mixtures of oil emulsions known as lickers. The 
most important group of fatliquor agents includes 
anionic products, such as sulfated, sulfited and 
sulfoclorated oils (Gutterres, 2003).  

In the experiments, tanned hide samples were 
submitted to wet-finishing and aging of the obtained 
leather samples was conducted to simulate the 
possible chromium oxidation over time by exposure 
to high temperatures. 
 
Tanning of the Hide Samples 
 

This work began with tanning in the laboratory of 
two whole bovine hides acquired from a tannery in 
the pickled stage (acidified to pH 2.5-3.0). The hides 
were tanned separately using different basic trivalent 
chromium salt contents: one with a supply of 6% and 
another with 9% (calculated based on the mass of the 
hide). The variation of the chromium was tested to 
examine whether the presence of a higher chromium 
content would lead to higher hexavalent chromium 
formation in the leather due to an eventual 
nonfixation of the excess chromium in the collagen 
structure. At the end of the tanning process, 1% 
magnesium oxide was added to promote chromium 
fixation in the collagen structure. After the chrome 
tanning, the leather is called wet-blue leather. 
 
Wet-Finishing Tests 
 

Wet-blue leather samples were treated according 
to the experimental study structured as shown in 
Figure 1. For each test, three 200 cm2 pieces of 
leather were taken from different regions of the 
leather.  
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The leather samples tanned with 6% and 9% 
chromium (III) salt were retanned (with a 4% supply 
of chromium salt), deacidified to a pH of 5.5, 6.0 or 
6.5 (with sodium formate and sodium bicarbonate), 
fatliquored (with 6% of one type of oil, base oils or 
commercial oils, as shown in Table 1), naturally 
dried (without heating) and aged (in 1, 2 or 3 days at 
70°C according to NBR 12830:2005). Initially, the 
wet-blue leather samples were tested in the natural 
and aged state as blank tests to characterize the 
increment of the Cr(VI) concentrations under the 
tested conditions.  

The influence of the pH deacidification (pH= 5.5, 
pH = 6.0 and pH 6.5) and vegetable retanning (with 
a 5% supply of vegetable tannin - acacia mimosa) on 
chromium oxidation was tested only for wet-blue 
leather samples tanned with 9% basic chromium salt 
followed by fatliquoring with 6% of each available 
commercial oil. For all the other experiments, the 
deacidification pH was fixed at 5.5. 

The influence of time was tested by accelerated 
aging of wet-blue leather tanned with 6% and 9% 
chromium salt and fatliquored with base oils and the 
samples were analyzed after 1, 2 and 3 days of aging 
performed in an air-circulating oven at 70°C. For all 
the other experiments, the aging conditions were 
fixed at 3 days at 70°C.  
 
Reagents 
 

The chromium salt used in the tanning and 
chrome retanning was basic chromium sulfate 
(Chromosal B from LANXESS) with 26% chromium 
oxide and a basicity of 33% Schorlemmer. During 
the tanning and wet-finishing process, the base oils 
and ordinary commercial preparations available in 
the leather industry were used. Only analytical-grade 
chemicals were used in analyses. The oils employed 
were characterized and the results are presented in 
Table 1. 

 
 

 
*applied only to the wet-blue leather samples tanned with 9% Basic Chromium Salt 

Figure 1: Flowchart of the experiments  
 

Table 1: Characterization of fatliquoring oils 
 

Type of oil Description of the oil pH Ash 
[%] 

Volatile matter 
[%] 

Water content 
[%] 

Sulfited fish oil 5.2 4.4 15.5 14.7 
Sulfited neatsfoot oil 5.3 1.5 35.8 34.9 Base oils 
Synthetic oil 6.8 6.0 57.3 56.2 
Fish and synthetic fatliquor  6.0 2.6 37.7 30.4 
Synthetic fatliquor 7.9 1.7 21.2 23.3 Commercial oils 
Sulfited fatliquor 5.1 2.3 38.5 26.5 
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Analyses 
 

The analyses performed on the samples were the 
quantification of total chromium, hexavalent 
chromium content and volatile matter. The samples 
were analyzed in both the natural (dried at room 
temperature) and aged states.  

The qualitative and quantitative method of detection 
of the concentration of Cr(VI) in leather was performed 
according to the international standard EN ISO 
17075:2007. This method consists of Cr(VI) extraction 
from the leather with a buffer solution (K2HPO4.3H2O) 
at pH 8.0 under an inert atmosphere. The Cr(VI) in 
solution reacts with 1,5-diphenylcarbazide forming a 
red-purple complex, which can be photometrically 
measured at 540 nm. The highest accepted Cr(VI) 
concentration for leather is 3 mg of Cr(VI) per 
kilogram of dry leather (AAFA, 2010; STC Group, 
2010; SG, 2009; Adidas Group, 2009; Clarks, 2009). 
This number is above the detection limit of the method; 
below this value, it is considered to be undetectable. In 
this work, the UV - VIS spectrophotometer used was a 
Varian model Cary 1-E equipped with deuterium and 
halogen lamps. 
 
 

RESULTS AND DISCUSSIONS 
 
The study results are described below. 
 
Characterization of Wet-Blue Leathers 
 

The chemical characteristics of the wet-blue leather 
are shown in Table 1. According to the specifications 
of the standard ABNT-NBR 13525:2005, the wet-blue 
and semifinished/finished leather samples should be 
within the minimum content (in dry basis) of 2.5% and 
3.5% of chromic oxide content, respectively, and the 
volatile matter should be above the minimum range of 
50-60% for the wet-blue samples and 13-18% for the 
semifinished/finished leather samples. According to 
ABNT-NBR 11029, volatile matter is the mass lost by 
the skin or leather when dried (102 ± 2)°C until a 
constant weight is reached.  During the aging of the 

wet-blue leather, there was a loss of volatile matter 
from the tanned collagen structure. As shown in Table 2, 
the parameters for the chromic oxide and volatile 
matter contents were in accord with the specifications. 
 
Quantity of Reacted Chromium in Leather 
 

From the total amount of chromium used in the 
tanning and retanning steps, part of the chromium was 
reacted into the hide and part remained in the bath 
(wastewater of the tanning), as shown in Table 3. The 
residual chromium value in the bath was determined by 
calculating the difference between the reacted and 
added amounts.  

During the tanning process, the chromium oxide 
is fixed into the hide, which varies with the supply of 
chromium salt, the kinetic conditions and the 
mechanical action. There are considerable amounts 
of chromium in wet-blue leathers tanned with 6% 
basic chromium salt and after chrome retanning. 
Upon basification of the chromium compound at the 
end of the tanning process with magnesium oxide, 
there is a reaction between the chromium complex 
formed and the collagen protein in which the 
chromium binds directly to the carboxylic group of 
the collagen. After the retanning with basic 
chromium salt, the amount of chromium increased in 
relation to the 6% and 9% tanned leather.  

In wet-blue leathers tanned with 9% and then 
chromium retanned, there was a greater amount of 
reacted chromium. However, higher amounts of 
chromium should remain in the tanning bath. The 
chromium content in the tanned leather increased 
with the amount supplied because the maximum 
reaction of chromium with the collagen structure had 
not yet been reached under the previous condition of 
6%. An excess of the tanning agent remained in the 
residual bath or was present in the collagen structure, 
but was not chemically linked to the collagen 
(existing as soluble chromium in leather).  

As expected, even after aging, the concentrations 
of Cr(VI) were always below the limit of detection 
for wet-blue leather. The same was true for all the 
leather samples after chrome retanning.  

 
Table 2: Characterization of the wet-blue leathers and chrome retanned leathers 

 
Leather Sample  State leather Chromic oxide content in leather 

[%] 
Volatile matter  

[%] 
Natural 3.5 66.05 Leather A Aged 3.02 17.04 
Natural 4.89 68.42 Leather B Aged 4.84 11.79 
Natural 7.00 19.70 Leather C Aged 6.44 14.97 
Natural 7.21 18.56 Leather D Aged 7.08 15.17 

Leather A: tanned with 6% basic chromium salt; Leather B: tanned with 9% basic chromium salt  
Leather C: tanned with 6% basic chromium salt and chrome retanned; Leather D: tanned with 9% basic chromium salt and chrome retanned. 
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Table 3: Chromium content in wet-blue leathers and retanned leathers 
 

Concentration of total 
chrome supply 

Concentration of  total chrome in 
leather (dry weight) 

Concentration of Cr 
(VI) in leather Leather Sample State of leather 

[mgCr/kg hide] [% ] [mgCr/kghide] [mgCr(VI)/kg hide] 
Natural 3.20 21894.8 n.d. Leather A Aged 31439.4 3.02 20663.2 n.d. 
Natural 4.89 33457.9 n.d. Leather B Aged 50698.3 4.84 33115.8 n.d. 
Natural 7.00 47894.7 n.d. Leather C Aged 38555.2 6.64 44063.2 n.d. 
Natural 7.21 49331.6 n.d. Leather D Aged 57814.1 7.08 48442.1 n.d. 

Leather A: tanned with 6% basic chromium salt; Leather B: tanned with 9% basic chromium salt; Leather C: tanned with 6% basic chromium salt and 
chrome retanned; Leather D: tanned with 9% basic chromium salt and chrome retanned; n. d.: not detectable. 

 
 
Fatliquoring with Base Oils and Aging Time 
Influence 
 

The influence of the type of base oil and the 
aging time on the formation of Cr(VI) in leathers 
tanned, respectively, with 6% and 9 % basic 
chromium salt, deacidified at pH 5.5 and fatliquored 
with base oils is shown in Tables 4 and 5. As shown 
in the tables, there was no formation of Cr(VI) in the 
fatliquored and non-aged leather samples, even with 
an increased supply of chromium.  

With 6% chromium salt (Table 4), aging caused 
the formation of Cr(VI) in fatliquored leather with 
sulfited fish oil and sulfited neatsfoot oil and, with a 
low tendency (after only 2 days), synthetic oil. The 
leather with sulfited fish oil had the highest Cr(VI) 
concentration on the first day and lower values on 
the second and third days. For leather treated with 
sulfited neatsfoot oil, the Cr(VI) concentration 
detected was lower on the first day and higher on the 

second and third. 
With 9% chromium salt (Table 5) and fatliquored 

with sulfited neatsfoot oil, the highest Cr(VI) 
concentrations were detected on the first day and 
decreased slowly thereafter. The wet-blue leather 
fatliquored with sulfited fish oil showed 
approximately the same Cr(VI) results for all the 
periods analyzed. The wet-blue leather fatliquored 
with synthetic oil had Cr(VI) concentration values 
that could be detected only after the second and third 
days of aging. In the wet-blue leather with 9% salt, 
there was a higher formation of Cr(VI) than in the 
wet-blue leather with 6% salt for the three oils 
because there was more chromium to be oxidized. 

The use of sulfite and fish oils can lead to the 
oxidation of chromium in leather due to the amount of 
unsaturated fats in their chemical composition. The 
synthetic oil has saturated chains that do not form 
peroxide radicals, thus preventing the oxidation 
process. 

 
Table 4: Influence of aging time on the formation of Cr(VI) in hide samples tanned with 6% basic 
chromium salt and fatliquored with base oils 
 

Cr(VI) concentration results [mg/kg] Type of oil Natural 1 day aged at 70°C 2 days aged at 70°C 3 days aged at 70°C 
Synthetic oil n.d. n.d. 3.8 + 0.6 n.d. 
Sulfited fish oil n.d. 19.5 + 1.5 11.6 + 0.9 10.6 + 0.2 
Sulfited neatsfoot oil n.d. 11.6 + 0.2 16.6 + 0.9 17.5 + 0.9 

n. d.: not detectable 
 
Table 5: Influence of aging time on the formation of Cr(VI) in hide samples tanned with 9% basic 
chromium salt and fatliquored with base oil 
 

Cr(VI) concentration results [mg/kg] Type of oil Natural 1 day aged at 70°C 2 days aged at 70°C 3 days aged at 70°C 
Synthetic oil n.d. n.d. 6.9 + 0.8 6.3 + 0.2 
Sulfited fish oil n.d. 19.7 + 0.9 19.4 + 1.6 17.7 + 0.6 
Sulfited neatsfoot oil n.d. 26.4 + 0.9 24.7 + 1.3 20.4 + 1.7 

n. d.: not detectable 
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Fatliquoring with Commercial Oils, Evaluation of 
pH and Retanning 
 

The Cr(VI) concentration results for the natural and 
aged hides tanned with 6% (Leather A) and 9% 
(Leather B) basic chromium salt and fatliquored with 
commercial oil preparations, are shown in Table 6. 
There was no detection of Cr(VI) for the naturally 
dried fatliquored leather. After aging with heat, 
leathers A and B fatliquored with commercial fish and 
sulfited oils showed Cr(VI), with the sulfited oil 
resulting in a slightly higher Cr(VI) content. The 
leather A fatliquored with synthetic oil resulted in no 
detection of Cr(VI), whereas for leather B fatliquored 
with the same oil, Cr(VI) could be detected.  

Table 7 shows the Cr(VI) concentration results for 
chromium retanned and fatliquored leather. Again, it is 
observed that there was no detectable Cr(VI) 
concentration for leathers C and D when naturally dried. 
When aged, there was a higher Cr(VI) formation in 
fatliquored leather with sulfited oil, followed by fish oil, 
with a lower amount for synthetic oil. The Cr(VI) 
concentration results were quite similar for leathers C 
and D when fatliquored with fish oil or with sulfited oil. 

For the hide samples tanned with 9% basic 
chromium salt, the influence of the deacidification 
pH before fatliquoring with commercial oils on the 
formation of Cr(VI) is shown in Table 8. For leathers 
without aging, there was no formation of Cr(VI) for 
the three pH values tested for all types of oil, but 
after aging Cr(VI) was formed. It should be noted 
that the deacidification pH values employed, which 
are the most recommended in the leather industry to 
achieve a good distribution and deep penetration of 
fatliquors, resulted in high Cr(VI) concentrations 
with no large variations. 

For the hide samples tanned with 9% basic 
chromium salt and deacidified with pH 5.5, the 
results for the formation of Cr(VI) in the retanning 
using 5% vegetable tannin (Acacia mimosa) before 
fatliquoring with commercial oils are shown in Table 9. 
The retanning with vegetable tannin showed a 
beneficial effect, preventing the oxidation of 
chromium, even under the most favorable conditions 
considered in this study (fatliquoring with fish and 
sulfited oils, neutralization pH above 5.5 and aging). 
Therefore, the formation of Cr(VI) can be offset to 
some extent by the use of vegetable tannin. 

 
Table 6: Influence of chrome tanning and fatliquoring with commercial oil on formation of Cr(VI) in leather 

 
 Cr(VI) concentration results [mg/kg] 
Type of oil Leather A Leather A Leather B Leather B 
 Natural Aged Natural Aged 
Synthetic oil n.d. n.d. n.d. 5.9 + 1.0 
Fish oil n.d. 9.2 + 0.4 n.d. 10.3 + 0.9 
Sulfited oil n.d. 11.3 + 0.4 n.d. 12.7 + 0.6 

Leather A: tanned with 6% basic chromium salt; Leather B: tanned with 9% basic chromium salt; n. d.: not detectable. 
 
Table 7: Influence of chrome tanning, retanning and fatliquoring with commercial oil on the formation of 
Cr(VI) in leather 
 

 Cr(VI) concentration results [mg/kg] 
Type of oil Leather C Leather C Leather D Leather D 
 Natural Aged Natural Aged 
Synthetic oil n.d. n.d. n.d. 5.4 + 0.3 
Fish oil n.d. 15.9 + 0.4 n.d. 12.4 + 0.8 
Sulfited oil n.d. 23.5 + 0.8 n.d. 26.7 + 0.5 

Leather C: tanned with 6% basic chromium salt and chrome retanned; Leather D: tanned with 9% basic chromium salt and chrome retanned; n. d.: not 
detectable. 

 
Table 8: Influence of deacidification pH on the formation of Cr(VI) in hide samples tanned with 9% basic 
chromium salt and fatliquored with commercial oils  
 

Cr(VI) concentration results [mg/kg] Deacidification pH Type of oil Natural Aged 
Synthetic oil n.d. 5.9 + 1.0 
Sulfited oil n.d. 12.7 + 0.6 5.5 
Fish oil n.d. 10.3 + 0.9 
Synthetic oil n.d. 4.0 + 1.0 
Sulfited oil n.d. 9.2 + 0.9 6.0 
Fish oil n.d. 9.4 + 0.3 
Synthetic oil n.d. 4.5 + 0.4 
Sulfited oil n.d. 9.1 + 0.3 6.5 
Fish oil n.d. 12.7 + 0.4 

n. d.: not detectable. 
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Table 9: Influence of vegetable retanning on the formation of Cr(VI) in hide samples tanned with 9% 
basic chromium salt and fatliquored with commercial oils  
 

 Cr(VI) concentration results [mg/kg] 

Type of oil Without 
vegetable tannin 

Without 
vegetable tannin 

With 
vegetable tannin 

With 
vegetable tannin 

 Natural Aged Natural Aged 
Synthetic oil n.d. 5.9 + 1.0 n.d. n.d. 
Fish oil n.d. 10.3 + 0.9 n.d. n.d. 
Sulfited oil n.d. 12.7 + 0.6 n.d. n.d. 

n. d.: not detectable. 
 
 

CONCLUSIONS 
 

The preliminary findings of this research were 
that EN ISO 17075:2007 is effective in detecting 
concentrations of hexavalent chromium above 3 ppm 
in leather and that there are some conditions of the 
wet-finishing process that can lead to chromium 
oxidation from the trivalent to the hexavalent form in 
leather, since wet-blue leather did not contain 
Cr(VI), with or without aging. An increase in the 
supply of chromium during tanning and retanning 
showed a tendency toward an increase in the 
formation of Cr(VI); therefore, the chromium 
quantities employed in the tanning processes should 
be controlled and optimized. The use of chromium in 
the retanning step caused a more pronounced effect 
than that of tanning itself. The type of oil used is an 
important factor influencing chromium oxidation.  

It is considered that pH 5.5 is sufficiently high for 
deacidification because it influences the formation of 
Cr(VI). It would be advisable to work with a pH 
below 4.5, which is not easily realizable in practice. 
The retanning with vegetable tannin has a beneficial 
effect by preventing the oxidation of chromium. 

The concern with the presence of hexavalent 
chromium in leather should not be considered as a 
definitive barrier to chrome tanning. The oxidation 
of trivalent chromium can be avoided by carefully 
controlling the oxidizing factors.  
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