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SANOGENETIC ANALYSIS OF HAZARDOUS SUBSTANCES 
IN LEATHER USED IN FOOTWEAR MANUFACTURING 

Mirela PANTAZI1 

Footwear is a complex product, comprising various materials which are 
made using a wide range of chemicals. Some of these chemicals are hazardous for 
health and for the environment. Converting raw hides into finished products 
requires a number of complex treatments, for which large amounts of chemicals and 
water are used. 

The purpose of this study is to provide information on the harmful substances 
in various types of leather used in footwear manufacturing. 
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pentachlorophenol 

1. Introduction 

The leather industry generates large amounts of wastewaters rich in 
organic compounds which are large consumers of degradation oxygen, salts and 
various other chemicals. It also generates solid wastes in the form of sludge from 
wastewater treatment and leather wastes which pollute the environment [1]. Some 
of the chemicals used in processing remain in the leather, and therefore, in the 
footwear. Footwear is a complex product made of different materials whose 
manufacturing process requires various chemicals. Eventually, the finished 
product contains a cocktail of chemicals. Throughout the lifecycle, from leather 
processing to the finished footwear, the resulting wastes and chemicals contained 
by some of them may be hazardous for health and for the environment. [2]. In 
footwear, chemicals can be found in the form of constituents of materials, 
adhesives and dyes or used as additives, to provide a material with specific 
improved properties such as resistance, stability etc. 

Footwear comprises various types of materials, such as: leather, leather 
substitutes, rubber, textiles etc. Chemicals are added often to these materials to 
improve certain properties (for instance, emollients, dyes and fireproof 
substances), which may contain toxic substances such as salts of metal ions of Cr, 
Hg, Zn, Pb, Cu etc. [3], azo dyes [4], contaminants and residues from chemicals 
used in the manufacturing stages, such as formaldehyde, vinyl chloride [5]. 
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Materials used in footwear manufacturing and compounds entering their 
composition come into contact with the skin of the foot and may influence its 
comfort and health state, causing sweat, allergic reactions, microorganism 
development [6] etc. 

The skin is usually an effective barrier against metal absorption. However, 
metals may cause negative reactions, such as: irritations and allergic contact 
dermatitis, rash, granuloma and systemic toxicity. Cutaneous penetration of 
metals is influenced by several factors, namely: oxidation, molecular weight, 
liposolubility, reactivity and nature of metal compounds (salts) [7]. 

All forms of mercury (Hg) are absorbed through the biological 
membranes, including the mucous membrane and skin [8, 9]. Mercury 
accumulates in the body and reacts with groups of sulfhydryl proteins, which 
affect both enzyme activity and the structure and function of membranes [10]. 
Mercury allergy is relatively common, due to the widely used mercury-containing 
products (drugs, disinfectants based on mercury salts) [7,11]. 

Lipophilic organic compounds of lead (Pb) easily penetrate skin, while the 
inorganic form is weakly absorbed due to its capacity to bind to proteins. In vitro 
penetration of Pb oxides in the human and animal skin has not been proved [12]. 

In contact with the skin, cadmium (Cd) has the ability to bind to epidermal 
keratin which may explain the insignificant values of in vitro human skin 
penetration [13, 14, 15]. However, its potential percutaneous hazard has been 
proven in animals, but the absorbed amount is unknown [16]. Evidence of 
cadmium contact sensitization in humans is inconclusive, because most of the 
patients showing a positive reaction to performed tests did not have any proof of 
direct contact of skin with any material containing this metal. Also, most of the 
positive reactions did not occur upon retesting [17]. No evidence of allergenicity 
was found [18]. 

Copper (Cu) is very reactive with biological tissues [19]. Copper 
absorption was noticed even after accidental depositions of finely divided metal 
on the skin [20]. Topically applied, lipophilic copper compounds significantly 
penetrate the skin and have anti-inflammatory and anti-arthritic activity; the 
presence of Cu(II) in these complexes is considered essential for their 
effectiveness [21, 22]. It rarely causes hypersensitivity [18]. 

Currently, 80-85% of leather used in footwear manufacturing is chromium 
tanned (total Cr) [23] and it is not surprising that trivalent chromium (CrIII) is  
found in high concentrations in footwear. In the case of leather footwear, the 
finished product must not contain chromium VI [24]. Human skin penetration by 
both chromium III and chromium VI was proved [18, 25]. Low levels of Cr(VI) 
can cause allergic contact dermatitis. Patients with allergy to Cr(VI) may react to 
a single exposure of 1 mg/kg-3mg/kg of Cr(VI) [26, 27]. The effect of chromium 
ions released from leather is influenced by conditions of wearing, such as 
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humidity, pH, microbiological contamination and pre-existing skin diseases. This 
means that even footwear with low levels of Cr(VI) may show, under certain 
conditions, risk to chromium allergy. People who have already developed allergy 
to Cr(VI) may be so sensitive that they react to Cr(VI) values below the detection 
level, and the higher the allergen dose, the higher the risk of allergy. 

Azo dyes can penetrate human skin and, similar to skin cells, they have azo 
bonds reducing enzymes, which can lead to the formation of carcinogenic 
aromatic amines [28]. Similar enzymes have also been found in skin bacteria [29]. 
Azo dyes can be dissolved from leather through sweat, which facilitates cutaneous 
absorption [30]. Azo dyes producing carcinogenic aromatic amines must not be 
present in any consumer good. 

The contact of formaldehyde with the skin is the most significant way of 
exposure for sensitization [31, 32]. In Europe, 2-3% of patients suspected of 
having contact dermatitis have positive reactions to testing, and in USA, 8-9% 
[33]. There are cases of allergic contact dermatitis caused by formaldehyde 
residues in clothing, after chemical finishing [34, 35]. The amount of free and 
hydrolyzed formaldehyde in footwear components must not exceed, for leather, 
the amount of 150 mg/kg [24]. 

Pentachlorophenol in contact with the skin may have respiratory [36] and 
hematologic [37] effects. Also, dermal effects may appear (redness and pain as a 
result of immersing hands in a pentachlorophenol 0.4% solution for 10 minutes) 
[38]. Numerous central nervous system toxicity signs were reported in case 
reports of patients exposed to high levels of pentachlorophenol in contact with 
skin and inhalation exposure. Effects such as delirium and intermittent 
convulsions [39] and irritability [36, 40] were noticed. 

This paper aims at characterizing five samples of materials used in the 
footwear in terms of content of metal ions, azo dyes, pentachlorophenol and 
formaldehyde, as follows: Cr tanned leather (PCr), vegetable tanned and retanned 
leather (PTan), Ti-tanned and vegetable retanned leather (PTi-Tan), Ti-tanned and 
Al-retanned leather (PTi-Al), and synthetic leather (PS), and studying the effect of 
these substances upon direct contact with the skin of the foot. 

 
2. Materials and Methods 

 
Five types of materials were analyzed in this study: Cr tanned leather 

(PCr), vegetable tanned and retanned leather (PTan), Ti-tanned and vegetable 
retanned leather (PTi-Tan), Ti-tanned and Al-retanned leather (PTi-Al), and 
synthetic leather (PS).   

Analyses performed to characterize leather and leather substitutes and the 
methods used are presented in Table 1.  
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Table 1 
Analyses performed to characterize leather and leather substitutes 

No. Parameter Method used Equipment used 
1 Volatile matter SR EN ISO 4684–2006 gravimetric  
2 Ash SR EN ISO 4047–2002 gravimetric  
3 Total nitrogen SR ISO 5397-1996  
4 Dermal substance SR ISO 5397–1996  
5 Chromium oxide SR EN ISO 5398/1–2008  
6 Hg directly from solid samples Moilestone DMA-80 model 

Hg analyzer 
7 Pb  

 
from ashes Control AA 700 Analytik 

Jena 
8 Cd  from ashes Control AA 700 Analytik 

Jena 
9 Cu from ashes Control AA 700 Analytik 

Jena 
10 Cr(total)  from ashes Control AA 700 Analytik 

Jena 
11 Chromium VI  SR ISO 17075:2008. Spectrophotometer UV/VIS 

V-550 
12 Azo dyes  SR EN ISO 17234-1:2010, test 

sample prepared according to  
SR EN ISO 4044:2008. 

High-Performance Liquid 
Chromatography with 
Diode-Array Detection 
(HPLC/DAD). 

13 Pentachlorophenol  SR EN ISO 17070:2007. test 
sample prepared according to 
SR EN ISO 4044:2008. 

Gas Chromatograph Focus 
GS- Mass Spectrometer 
DSQ II 

14 Formaldehyde SR EN ISO 17226-1:2008 test 
sample prepared according to 
SR EN ISO 4044:2008. 

High-Performance Liquid 
Chromatography with 
Diode-Array Detection 
(HPLC/DAD). 

 
The sanogenetic study consisted in the following procedure:  
The study was performed on a number of 17 children, 8 girls and 9 boys 

aged 3-7. For the study, PCr and PTi-Tan leather footwear was used, in 2 models 
as wearing samples.  

Initially, foot anthropometric data were acquired with the 3D scanner in 
order to correctly size lasts for each subject, which leads to a good design and 
manufacture of customized footwear for test subjects. After creating the lasts, the 
compatibility between foot and last was checked in terms of dimension (i.e. the 
positioning of the foot inside the shoe - inconsistency between the shape and inner 
dimensions of the shoe lead to erosions, bursitis and calluses, redness etc.), using 
the LAST – MAKER software (Fig. 1). The correct correspondence of the foot 
shape and the last shape was noticed, and then wearing samples were created and 
distributed to children (Fig. 2). 

 



Sanogenetic analysis of hazardous substances in leather used in footwear manufacturing     149 

 
Fig. 1. Compatibility between foot and last in terms of dimension 

 
Subjects were asked to wear the shoes daily (for a two-month period), for 

8 hours, without socks.  
 

 
Fig. 2. Distribution of footwear samples for wearing 

 
Checks were done according to the characterization sheet of footwear 

worn. The sheet comprises a series of data on the conditions of wearing (climatic 
conditions: cold and warm, dry and humid weather (spring, summer), outdoors 
and indoors; wearing period: 8 hours wear, 16 hours rest, as well as data resulting 
from observations on wearing (wearing sensation, health state of the foot etc.). 

3. Results and Discussions 

Characterization of leather samples, in terms of composition of specific 
substances, is presented in Table 2. 

Table 2 
Characterization of leather in terms of composition of specific substances 

Characteristics, 
MU 

Measured values 

PCr PTan PTi-Tan PTi-Al PS 

Volatile matter, % 47.70 12.78 12.20 14.89 14.30 

Ash, % 9.37* 1.00* 10.60* 13.55* 4.29* 

Total nitrogen, % 16.08* 11.61* 9.76* 13.55* 15.27*

Dermal substance,% 90.37* 65.25* 54.85* 76.15* 85.82*

Chromium oxide, % 5.62* - - - - 
* Values obtained are reported to dry substance content. 
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Content of toxic heavy metals, Cr, Cd, Pb, Hg, Cu and Zn present in the 
various leather samples is listed in Table 3. 

Table 3 
Content of metal ions 

Characteristics,  
MU 

Limit value,
EN 71- 
3:1995 BS

Measured values 

PCr PTan PTi-Tan PTi-Al PS 

Hg, mg/kg 60  45.13 91.06 144.96 34.25 12.09 

Pb, mg/kg 90  1.53 0.90 3.63 12.85 <0.43 

Cd, mg/kg 75  <0.57 <0.57 <0.57 <0.57 <0.57 

Cu, mg/kg  - 11.49 12.99 3.99 4.47 1.86 

Zn, mg/kg - <Lap 2.96 <Lap <Lap 8.39 

Cr (total), mg/kg  60  458,98 35.59 143.58 36.82 9.73 

Cr(VI), mg/kg 0,02  n.d. 
(<3) 

n.d. 
(<3)

n.d.  
(<3)

n.d. 
(<3)

n.d. 
(<3) 

Values obtained are reported to dry substance content. 
 
Limit values are imposed by BS EN 71-3:1995 standard, Safety of toys. 

Specification for migration of certain elements - this part of this European 
Standard specifies requirements and test methods for the migration of the 
elements antimony, arsenic, barium, cadmium, chromium, lead, mercury and 
selenium from toy materials and from parts of toys except materials not 
accessible. 

Cadmium content was lower than the limit value of 75 mg/kg [41] and 
moreover, it is known that there is no conclusive evidence of sensitization upon 
contact determined by this element in humans [18]. Lead content was lower than 
the limit value of 90 mg/kg in BS EN 71-3. For copper and zinc there are no limit 
values imposed yet in BS EN 71-3. As they rarely cause hypersensitivity [18], we 
can assume that these substances, in measured concentrations, are not hazardous 
for health.  

The metal with the highest concentration was chromium. The highest total 
chromium value is that of chromium-tanned leather, 458.98 mg/kg, followed by 
the vegetable tanned and titanium-retanned leather, 143.58 mg/kg. Both exceed 
the limit value of 60 mg/kg [41]. In contrast, chromium content in synthetic 
leather was only 12.09 mg/kg. Regarding chromium allergy, there are few studies 
on the threshold levels identified for Cr(III). In the study of Nethercott et al. 1994, 
only 1 of 54 patients have reacted to Cr(III), which corresponds to a threshold 
concentration of 33 μg/cm2 (1100 mg/kg) [42]. Quantitative analysis shows that  

Cr(VI) content did not exceed the limit of 3 mg/kg for any type of 
analyzed leather, therefore the risk of allergy is low. However, people who have 
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already developed allergies to Cr(VI) can be so sensitive that they react even to 
values of Cr(VI) below the detection level. 

The limit value in BS EN 71-3 for mercury concentration in children's 
shoes coming into contact with skin is 60 mg/kg. In the study, mercury 
concentration in the vegetable tanned and titanium-retanned leather is higher than 
the limit value provided in BS EN 71-3.  

Content of toxic organic substances is given in Table 4. 
 

Table 4 
Content of toxic organic substances  

Characteristics, MU Limit value,  
BS EN 71- 

9 :2005+A1 :2007

Measured values 

PCr PTan PTi-Tan PTi-Al PS 

Azo dyes, mg/kg 10 n.d. 
(<30) 

n.d. 
(<30)

n.d. 
(<30) 

n.d. 
(<30) 

n.d. 
(<30) 

Pentachlorophenol,  
mg/kg 

5 n.d. 
(<0.1)

n.d. 
(<0.1)

n.d. 
(<0.1) 

n.d. 
(<0.1)

n.d. 
(<0.1) 

Free formaldehyde, 
 mg/kg 

30 
 

n.d. 
(<15) 

n.d. 
(<15)

n.d. 
(<15) 

n.d. 
(<15) 

n.d. 
(<15) 

Values obtained are reported to dry substance content. 
 
Limit values are imposed by BS EN 71-9:2005+A1:2007 standard, Safety 

of toys. Organic chemical compounds. Requirements -  this Part 9 of the document 
EN 71 for safety of toys specifies requirements for the migration or content of 
certain hazardous organic chemical compounds from/in certain toys and toy 
materials 

As a result of analyses, it is found that values of azo dye concentrations are 
below the detection limit (30 mg/kg), which corresponds to EC requirements, but 
the limit according to standard BS EN 71-9 :2005+A1 :2007 is 10 mg/kg [43]. 
Pentachlorophenol concentrations, in all types of leather are both below the 
detection limit, of 0.1 mg/kg, and below the limit value in BS EN 71-
9 :2005+A1 :2007, of 5 mg/kg [43]. No values have exceeded the detection limit 
of 15 mg/kg for formaldehyde, extremely allergenic and carcinogenic compound. 
The limit value according to standard BS EN 71-9 :2005+A1 :2007 is 30 mg/kg 
[43]. 

 
Results of testing footwear by wearing 
 
Analyzing the remarks of subjects after about 2 months of wearing the 

footwear, it was found that the shoes gave good results, maintaining both their 
shape and hygiene and comfort characteristics. It is particularly noticed that while 
wearing, the sensation is that of comfortable shoes, and the climate inside the 
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shoes is dry, without abundant sweat. The health state of the foot: no wearing 
wounds, no wounds before wearing, no wounds after wearing, normal sweat. 
Regarding natural leather lining, it corresponds in terms of sanogenetic 
characteristics, and subjects have responded negatively, throughout the wearing 
period, to allergies caused by hazardous substances in leather. 

  
4. Conclusions 
 
The study focused on identifying hazardous substances in various types of 

materials used in footwear manufacturing, which come into contact with the skin 
of the foot. It is extremely important that the materials contain no harmful 
substances at all or, if that is not possible, only a small amount of such substances. 
Analyzing the values of toxic substance concentrations in the studied samples and 
the results obtained when testing the footwear by wearing, we can conclude that 
the five types of leather are recommended for footwear manufacturing, as they do 
not have negative effects on health (they do not contain hazardous substances in 
harmful concentrations). However, it is recommended that, in order to avoid easy 
absorption of harmful substances, people wear socks, as they constitute a barrier 
against the direct contact of human skin with the leather surface of footwear. 
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