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1.  INTRODUCTION 
 
The globalization of the leather industry means that all tanners face the same problems of 
minimizing the environmental impact of processing and selling into the global market. 
Regulatory pressures oblige tanners to make continuous improvements in the processing 
operations. The authorities concerned and consumers look more closely whether hazardous 
substances such as certain preservatives, some azo dyes and Cr(VI) are present in leather and 
leather products.  
 
The presence of potentially harmful substances attract attention of public media with the risk 
of developing unfavorable perception about health safety of leather products. In that context 
materials imported from developing countries are especially critically judged in some reports. 
 
Closer monitoring of this aspect has revealed that leather and leather products sometimes 
contain some hazardous substances like Cr(VI) although only chromium compounds in the 
form of Cr(III) were used in the tanning process. It has been concluded that this might be 
result of some undesired reactions in leather itself but the cause was unclear.  
 
In this paper, in a very brief form, some results of the investigations about conditions 
conducive to or inhibiting generation of Cr(VI) in leather are summarized. Also, the results of 
a series of tests carried out on leathers received from several countries included in UNIDO 
Regional Programme of Pollution Control in the Tanning Industry in South-East Asia are 
presented. 
 
The Cr(VI) content of all the leather samples was analyzed photometrically according to DIN 
53 314 using the reaction between Cr(VI) and 1.5-diphenylcarbazide giving a measurable 
coloured compound. The leathers were analyzed in: 
 

C dried air-off state; 
C after heating at 80EC for 24 hours in a drying chamber; 
C after being exposed to UV lighting for 48 hours in a Xenotest apparatus. 

 
It should be noted that the conditions created by heating and UV radiation are extreme and 
unlikely to be happen in normal use of leather products; they are a kind of simulated ageing 
of the  material.  
 
 
2.  FINDINGS FROM INVESTIGATIONS 
 
2.1.  Neutralization 
 
Oxidation of Cr(III) into Cr(VI) normally occurs in presence of strong oxidation agent in acid 
environment but it can also take place in presence of mild oxidation agents at high pH. In 
leather processing neutralization is a stage when such conditions are created. 
  
Comparing the neutralization of wet blue for upholstery crust, clothing and water resistant 
shoe-upper leather carried out conventionally (with sodium formate and sodium bicarbonate) 
with neutralization when a reducing auxiliary agent is used, no relation could be established 
between the chromate reduction potential of the float and the Cr(VI) content of the leather 
produced. No relation could be established between the pH and the Cr(VI) content of the 
leather produced either. The results of the Cr(VI) analysis were below 3 mg/kg dry substance 
that means below the detection limit. In some cases, when conventional neutralization was 
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applied and following extreme treatment – heating at 80EC for 24 hours, presence of Cr(VI) 
was detected. 
 
Partial replacement of conventional neutralization agents by a reducing auxiliary was found 
to reduce chromate formation.  

 
2.2.  Use of wetting back agents before dyeing  
 
The influence of wetting back agents like ammonia, sodium bicarbonate, cationic auxiliary or 
a reducing auxiliary was investigated in dyeing crust for upholstery, clothing and water-
resistant shoe-upper leather. In general it was found that the Cr(VI) content of the air dried 
leathers was below the detection limit. After heating at 80EC for 24 hours the ammonia or 
sodium bicarbonate treated samples contained chromate. Even using ascorbic acid for 
acidification (fixation) at the end of the dyeing process could not help avoiding formation of 
chromate (despite the well-known reducing ability of ascorbic acid) when the samples were 
subsequently heated at 80EC. 
  

     The use of a reducing auxiliary prior to dyeing instead of ammonia or other stronger alkaline 
wetting back agents is recommended. 

 
2.3. Fatliquors 
 
Fatliquoring has a heavy influence on formation of chromate in leather. The greatest effect is 
shown by the classical sulfated and sulfited fish oils and products with simple or multiple 
unsaturated fatty acids (free or esterified). Natural or synthetic fatliquoring agents without the 
above mentioned substances do not lead to chromate formation.  

 
2.4.  Polymers or synthetic retanning agents 
 
Polymers or synthetic retanning agents have no negative effect. However, they cannot 
suppress chromate formation under drastic conditions. 

 
2.5.  Vegetable retanning  
 
Water resistant shoe-upper leather in the form of crust or dyed leather did not contain Cr(VI) 
even after being subjected to extreme treatments. This leather was retanned with mimosa. In 
general vegetable retannage plays a significant role in avoiding chromate formation. Besides 
mimosa quebracho, chestnut and tara also showed a positive influence even when the leathers 
were exposed to extreme conditions like heat and UV radiation. Tara is particularly effective, 
on some leathers an offer below 1% was sufficient to suppress chromate formation.  
 
2.6. Mechanical processes 
 
No chromate formation was detected in leather which is Cr(VI) free before buffing in the 
production of nubuck. With detectable chromate present a slight increase is possible. 
During vacuum drying there is a short heat application but no chromate formation occurs in 
leathers which are Cr(VI) free. 
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3.  STUDY OF OCCURENCE OF HEXAVALENT CHROMIUM IN SAMPLES 

OF  LEATHERS COLLECTED FROM TANNERIES IN SOUTH-EAST ASIA 
 
3.1.  First series  
 
Samples of wet blue, crust and finished leather collected from different tanneries (code I to 
VII) were analyzed for occurrence of hexavalent chromium according to the photometric 
method DIN 53 314. The samples which included cow, buffalo, goat and sheep leathers were 
analyzed: 
  

C in air dried state 
C after heating at 80EC for 24 hours 
C after exposure to UV radiation for 48 hours in a 

Xenotest apparatus.  
 
The results of analysis are presented in Table 1. 

 
   mg Cr(VI)/kg d.s.  

Code Sample Air dried After heating 
at 80EC 

After exposure 
to UV-light 

I Cow, wet blue n.d. n.d. n.d. 
II 
II 

Buffalo, wet blue 
Buff calf, wet blue 

n.d. 
n.d. 

n.d. 
n.d. 

n.d. 
n.d. 

III 
III 
III 

Goat, wet blue 
Goat, crust 
Goat, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

IV 
IV 
IV 

Cow, wet blue 
Cow, crust 
Cow, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

V 
V 
V 

Cow, wet blue 
Cow, crust 
Cow, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

VI 
VI 
VI 

Cow calf, wet blue 
Cow calf, crust 
Cow calf, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

VII 
VII 
VII 

Sheep, wet blue 
Sheep, crust 
Sheep, finished leather 

n.d. 
49,0 
3,7 

5,2 
67,9 
37,1 

13,9 
62,2 
34,7 

 
n.d. = not detectable = < 3 mg Cr(VI)/kg dry matter 
Table 1: Cr(VI) content in leathers collected from different tanneries 
 
None of the analyzed leather samples from cattle, buffalo and goat contained detectable 
amounts of Cr(VI). Sheep leather, especially as crust, contained chromate even without 
drastic treatment, i.e. in the air dried state. The chromate content was less when the crust was 
converted into finished leather. Since Cr(VI) was present in leather even in the air dried state, 
it is not surprising to find much more chromate after drastic treatments like heating or UV 
lighting.  
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For appropriate interpretation of the findings it would be necessary to know more details 
about the recipes used for leather producing, e.g.: 
 

C What kind of chrome tanning agent was used 
C What kind of neutralization agent was used 
C Which pH was reached at the end of the neutralization 
C What kind of retanning agent was used 
C What kind of fatliquor was used  

 
It appears that for producing wet blue from cattle, buffalo and goat hides and skins, chrome 
tanning agent with 33% basicity in an offer of 7-8% was used. In one case extract and 
recycled chrome tanning agent was used. In some cases basification was carried out with 
sodium formate and sodium bicarbonate until a pH of 3,8-4,0 was reached.  
 
For the neutralization of the wet blue in most cases sodium formate and sodium bicarbonate, 
sometimes with addition of neutralizing syntans, was used. 
 
For transforming wet blue to crust, in three of the investigated five samples vegetable tanning 
agents like wattle, quebracho or gambir were used. In one case seems unlikely that vegetable 
tanning agent was used but a synthetic fatliquor was added in the dyeing/fatliquoring process.  
 
For the analyzed leather samples produced from cattle, buffalo and goat the findings from 
investigations – namely the positive effect of vegetable retanning agents and the neutral 
effect of synthetic fatliquors – can be confirmed. 
 
For the sheep leather no details have been made available. 

 
3.2. Second series 
 
In order to verify the findings a second set of samples of wet blue, crust and finished leather 
was collected and analyzed for Cr(VI). No sample of sheep leather could be collected as there 
was no production in the tanneries which supplied the previous samples. 
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Table 2 contains the results of testing on presence of hexavalent Cr in the samples. 
 

   mg Cr(VI)/kg d.s.  
Code Sample Air dried After heating 

at 80EC 
After UV-
lighting 

I Cow, wet blue n.d. n.d. n.d. 
II Buffalo, wet blue n.d.  n.d.  n.d.  
III 
III 
III 

Goat, wet blue 
Goat, crust 
Goat, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

IV 
IV 
IV 

Cow, wet blue 
Cow, crust 
Cow, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

V 
V 
V 

Cow, wet blue 
Cow, crust 
Cow, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

VI 
VI 
VI 

Cow calf, wet blue 
Cow calf, crust 
Cow calf, finished leather 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

 
n.d. = not detectable = < 3 mg Cr(VI)/kg dry matter 

 Table 2: Cr(VI) content in leathers collected from different tanneries. 
 
The results of the first series could be confirmed, none of the samples contained Cr(VI) in a 
detectable amount. 
Testing sheep leather on presence of chromate was repeated when samples from the same 
sources were made available. For the chemical analysis Cr(VI) has to be eluated from the 
sample. The eluatum of the second set was much stronger coloured than that of the first one. 
It had to be diluted prior to the analytical determination and it had to be discoloured by 
addition of 200 mg activated carbon and/or Dionex tubes.  
 
Results found are summarized in table 3. 
 

   mg Cr(VI)/kg d.s.  
Code Sample Air dried After heating 

at 80EC 
After UV-
lighting 

VII Sheep, wet blue n.d. n.d. n.d. 
VII Sheep, crust n.d. n.d. n.d. 
VII Sheep, finished leather n.d.  3,0 3,4 
 
n.d. = not detectable = < 3 mg Cr(VI)/kg dry matter 
 
Table 3: Cr(VI) content in sheep leather  
 
For the second set of samples it is mentioned that a normal chrome tanning agent with 33% 
basicity was used and the basification was done with sodium formate and sodium bicarbonate 
to a pH of 3.8/4.0. Retanning was done with syntans and fatliquoring was based on synthetic 
and vegetable oil fatliquors. 
Compared to the first set of samples in the second set Cr(VI) is only found in the finished 
leather. The Cr(VI) content is negligible especially if the difficulties in the analysis caused by 
the black colour of the extract are taken into account. It is not known whether the recipe was  
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changed and it is not possible to give any explanation for the high Cr(VI) content in the first 
series of samples.  
 
 
4.  METHOD USED FOR THE DETERMINATION OF Cr(VI) 
 
The German DIN method for the determination of Cr(VI) content in leather is based on 
leaching soluble Cr(VI) from the sample at pH 7.5 to 8.0 under inert gas. The Cr(VI) in 
solution oxidizes 1,5-diphenylcarbazide to give a red/violet complex with chromium which 
can be quantified photometrically at 540 nm. The same principle is used in the IUC method 
(IUC 18). 
A disadvantage of this method is that strongly coloured leather extracts may interfere with the 
determination. In such cases cleaning the extract with the help of activated carbon or Dionex 
tubes is helpful. Some specialists question the reliability of this method, however 3 mg 
Cr(VI)/kg dry substance can be determined without any doubt.  
 
 
5.  ANNEXES 
 
C Determination of Chromium(VI) Content (IUC 18) 
C Testing of leather – Determination of chromium(VI) content in leather, DIN 53 314 
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DETERMINATION OF CHROMIUM VI CONTENT 
 
1 Scope 
 
This International Standard specifies a method for determining 
chromium VI in solutions leached from leather under defined conditions. 
 
Note 
Strongly coloured leather extracts may interfere with the determination. 
 
2 Normative references 
 
This method makes reference to the following SLTC and ISO methods. If no 
date is quoted, the most recent edition is applicable. 
 
SLC 1 - Sampling and of leather 
SLC 2 - Preparation of sample by grinding 
SLC 3 - Determination of volatile matter 
ISO 3696:1987 - Water for analytical laboratory use 
 
3 Principle 
 
Soluble chromium. VI is leached from the sample at pH 7.5. to 8.0 under 
inert gas. The chromium VI in solution oxidizes, 1,5-diphenylcarbazide 
to 1,5-diphenylcarbazone to give a red/violet complex with chromium 
which can be quantified photometrically at 540 run. 
 
4 Definitions 
 
For the purpose of this standard the following applies: Chromium VI content 
is the amount of chromium VI in leather determined by this method after 
extraction with an aqueous salt solution at pH 7.5-8.0.  Chromium VI 
content is reported as chromium VI in mg/kg based on dry matter. 
 
5   Chemicals 
 
All reagents used shall have an analytical grade purity. 
 
5.1 Extraction solution: 22.8 g dipotassium hydrogen phosphate 
K2HPO4.3H20 dissolved in 100 ml water, adjusted to pH 
8.0+0.1 with phosphoric acid (5.3). 
 
5.2 Diphenylcarbazide  solution:  1.0  g 1,5-diphenyl-carbazide 
CO(NHNHC6H5)2 is dissolved in 100 ml acetone (CH3)2C0 and made acidic with 
one drop of glacial acetic acid CH3COOH. The solution should be kept in a 
brown glass bottle. The shelf life is up to 14 days at 4º. 
 
5.3 Phosphoric acid solution: 700 ml 0-phosphoric acid d=1.71 g/ml, made 
up to 1000 ml with distilled water. 
 

109 
(SLO 22: 1 of 6: issue Feb 1997) 
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5.4 Chromium VI stock solution: 2.829 g potassium dichromate 
(X2Cr207)(5.8), is dissolved in water in a volumetric flask and made up to 
1009 ml with water. 1 ml of this solution contains 1 mg of chromium. 
 
5.5 Chromium VI standard solution:  1 ml of solution 5.4 is pipetted in 
to a 1000 ml volumetric flask and made up to the mark with distilled water. 
1 ml of this solution contains 1µg chromium. 
 
5.6 Argon or nitrogen, oxygen free (see annex 6). 
 
5.7 Distilled water (ISO 3696: 1987). 
 
5.8 Potassium dichromate (K2Cr207), dried for 16±2 h at 102±2ºC. 
 
6 Apparatus 
 
6.1 Suitable mechanical shaker, 50±10 min-1. 
  
6.2 Conical flask, 250 ml. 
 
6.3 Aeration tube and flow meter.  
 
6.4 pH meter with glass electrode.  
 
6.5 Membrane filter, 0.45 µm pore size (Teflon or Nylon). 
 
6.6 Volumetric..flask 50 ml, 100 ml, 1000 ml. 
 
6.7 Pipettes, nominal volumes 0.5/l.0/2.0/5.0/l0/20/25 ml. 
 
6.6 Spectrophotometer of filterphotometer, wavelength 540 nm. 
 
6.9 Photometric cell, quartz, 2 cm length or any other suitable cell 
length (see annex 3). 
 
6.10 Glass bottle with screw cap, 100 ml. 
 
7 Procedure 
 
7.1 Sampling and preparation of samples. Sample in accordance with SLC 1 
and grind leather in accordance with SLC 2. 
 
7.2 Preparation of analytical solution. Weigh 2 g 0.01 g of ground 
leather to the nearest 0.001 g. Pipette 100 ml of degassed solution (5.1) 
into a 250 ml conical flask 6.2 and add the leather. Displace oxygen by 
passing oxygen free argon (or nitrogen, see annex 6); into the flask for 5 
min   (50±10 ml/min). Remove the aeration tube and close the flask with a 
stopper of glass, polyethylene or teflon. 
  The leather powder is extracted by shaking for 3 h ± 5 min on a 
mechanical shaker. 
 
Note 
The settings of the shaking apparatus shall be as such that the leather 
powder is in smooth circular movements without adhering to the wall of the 
flask. Too fast a movement shall be avoided. 

110 (SLC 22: 2 of 6: issue Feb 1997) 
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After 3 h of extraction check the pH of the solution. The pH of the 
solution shall be between 7.5 and 8.0.  If the pH of the solution is not 
within this range the complete procedure shall be started again (see also 
annex?). 
 Immediately after the extraction is completed the content of the 
conical flask is filtered through a membrane filter into a glass bottle 
with screw cap. 
 
7.3 Determination of chromium VI in the solution obtained from the 
extraction procedure. 10 ml of the solution obtained in 7.2 is pipetted 
into a 50 ml volumetric flask. The solution is diluted to 3/4 of the 
flask's volume with distilled water. 1 ml of diphenylcarbazide solution 
(5.2) is added followed by 1 ml of phosphoric acid (5.3). The content of 
the flask is mixed and made up to 50 ml with distilled water. 
 Allow to stand for 15±5 min. 
 Measure the extinction of the solution at 540 nm in a 2 cm cell  (see 
annex 3) against 'the blank solution 7.4.  The extinction obtained is 
registered as E1. 
 
 Another 10 ml aliquot of the solution is pipetted into a 50 ml 
volumetric flask and treated as described above but without the addition of 
the diphenylcarbazide solution.   The extinction of this solution is 
measured and registered as E2. 
 
7.4 Blank solution. Three quarters fill a 50 ml volumetric flask with 
distilled water, add 1 ml of diphenylcarbazide solution (5.2) and 1 ml of 
phosphoric acid (5.3) make up to the mark and mix well. This solution shall 
be stored in a dark and cool place. 
 
7.5 Calibration.  Calibration solutions are prepared from the standard 
solution (5.5). The chromium concentration in these solutions should cover 
the expected range of measurements.  
 The calibrating solutions are prepared in 50 ml volumetric flasks. 
 A suitable calibration curve may be plotted by using 
0.5/1.0/3.0/5.0/8.0/10.0/15.0/20.0 ml of the standard solution (5.5). This 
would cover a range of 1.25 to 50 mg/kg based on leather. The given volumes 
of standard solution (5.5) are pipetted into 50 ml volumetric flasks, 1 ml 
diphenylcarbazide solution (5.2) and 1 ml of phosphoric acid (5.3) is added 
to 
each flask. Make up to volume with distilled water, mix well and allow to 
stand for 15±5 min. 
 The extinction of the solutions is measured in a 2 cm cell at 540 nm 
against the blank obtained in 7.4. 
 
 The chromium VI concentrations in mg/50 ml are plotted against the 
extinctions measured. The chromium VI concentration is plotted on the x 
axis, the extinction on the y axis. 
 
7.6 Determination of the recovery rate. The determination of the recovery 
rate is important to provide information about possible matrix effects 
which can influence the results. 
 Pipette 10 ml aliquot of the solution obtained in 7.2, into a 50 ml 
volumetric flask. A suitable volume of standard solution 5.5 is added to 
double the content of the chromium VI concentration of the extract (±125%). 
 
 

111 (SLC 22: 3 of 6: issue Feb 1997) 
 



 11
  
 
Example 
 
chromium VI content of the leather:  5.0 mg/kg  
 
mass of leather:     2.008 g  
 
chromium content in 10 ml of the extract: 0.001 mg Cr VI  
 
Volume of standard solution 5.5 necessary 
to double the content:    1.0 ml  
 

After the addition of the standard solution;  1 ml of 
diphenylcarbazide solution 5.2 and 1 ml of phosphoric acid 5.3 is added and 
the solution is mixed. 
 After 15±5 min the extinction of the solution is measured at 540 nm 
against the blank solution 7.4.  The obtained extinction is registered as 
E3. 
 The extinction of the solution must be within the range of the 
calibration curve, otherwise the procedure is repeated by using a smaller 
aliquot (eg, 5 ml). 
 
8 Calculation and expression of results 
 
8.1 Calculation of chromium VI content 
 
 

CCrVI = (E 1 - E 2) x105 X D 
A x M1 X F 

 
CCrVI  = Soluble CrVI in leather in mg/kg, based on dry matter 
E1    = Extinction of sample solution 
 
E2 = Extinction ot sample solution without DPC 
F = Gradient of calibration curve 
A = Aliquot taken from eluate (ml) 
M1 = Original mass of leather taken (g) 
D = Factor for conversion to dry matter 
 

D =  100___     
  100 – w 
 

W = Volatile matter determined using IUC 5 
  
8.2 Recovery rate 

RR =  (E 3 - E 1) x 100 
    M2 X F 

 
HR   = Recovery Rate in % 
M2 = Mass of chromium VI added in my 
F = Gradient of calibration curve 
E3 = Extinction after adding chromium VI 
E1 = Extinction before adding chromium VI 
 
8.3 Expression of results. The Chromium VI content is given in mg/kg 
rounded to the nearest 0.1 g based on dry matter. The water content (SLC 3) 
is given in % rounded to the nearest 0.1%. 
 

112    (sLe 22: 4 of 6: issue Feb 1997) 
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9 Accuracy 
 
Range studied: 1 mg/kg to 50 mg/kg 
 

Precision data 
  
Chronium VI-Content1 Reproducibility Comparability  Recovery 
 mg    mg/kg     mg/kg    rate % 
 
 36.4 3.9 6.1 99 
 10.6 1.0 3.9 99 
 14.2 1.3 2.7 98 
 3.0 0.7 0.9 95 
 
1Mean values 
 
 
10  Test report 
 
The test report shall include the following information: 
 
a) a reference to this International Standard 
b) a description of the type of leather tested 
c) cell length used 
d) the results obtained to 1 decimal place in mg/kg based on dry matter 
e) water content of the leather in % 
f) recovery rate in % 
g) details of any deviations from the procedure. 
 
Annex 
 
1) The results obtained from the described method are very dependent 
on the extraction conditions. Results obtained by using other extraction 
procedures (extraction solution, pH, extraction time, etc) are not 
comparable with the results produced by the procedure described in this 
standard. 
 
2) The conditions described in this procedure are suitable for most 
leathers. In some cases it may be necessary to use a lower or higher cell 
length or another sample to eluent ratio. 
 
3) The described procedure may not be suitable for all kinds of 
leathers.  Strongly coloured extracts can interfere with the determination. 
The procedure is normally applicable up to an extinction (E2) of the 
extract of 0.600 (determined in a 2 cm cell at 540 nm). In some such cases 
a dilution of the extract and the use of photometric cells with higher or 
lower cell length may 
solve these problems. Interlab tests have shown that in most cases a 2 cm 
cell normally produces the best results. 
 
4) The recovery rate is an indicator whether the procedure works or 
whether matrix effects are effecting the results. Normally the recovery 
rate is more than 80%. 
 
5) If added chromium VI can not be detected this may be an indication 
that the leather contains reducing agents. In some cases, after intensive 
considerations, this may lead to the conclusion that this leather has no 
chromium VI content (below detection limit). 
 

 113    (SLC 22: 5 of 6  issue Feb 1997) 
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6) Preference has to be given to Argon as inert gas instead of nitrogen 
because Argon has a higher specific weight than the air while nitrogen has 
a lower one and leaves the flasks if they are opened. 
 
7) Some very acidic wet blues may lower the PH of the eluent below 7.5.  
It may also happen in single cases that the pH is higher than 8.0. In 
such cases the sample weight shall be reduced, so that the pH of the 
extract is within 7.5-8.0. 
 
8) A general detection limit can not be given because the detection 
limit depends also on the intensity of the colour of the extract. In 
interlab tests it was possible to detect 3 mg/kg without reaching the 
detection limit. 
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