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INTRODUCTION

Leather tanning is the process of transforming 
skins into stable and imputrescible products. The 
technique of skin tanning is a complex process 
that consists of multiple processes and technolog-
ical operations, including: beamhouse operation, 
tanning proper, retanning and finishing (Lofrano 
et al. 2013, Cooman et al. 2003).

Beamhouse includes the following processes: 
soaking, liming, chemical or mechanical removal 
of hair, degreasing and pickling. Then the raw 
materials are tanned. Two methods are adopted 
for tanning of raw hide, vegetable tanning and 
chrome tanning (Durai et al. 2011).

Retanning and wet finishing processes give 
the tanned hide special or desired characteristics. 
Finishing includes all operations performed on 
the hide after fat liquoring and includes the en-
hancement of colour resistance to stains and abra-
sions, smoothing and stretching the skin, drying, 
conditioning, staking, dry milling, buffing and 
plating (Lofrano et al. 2013).

Tannery wastewater is characterized by high 
contents of organic compounds which can leach 
from the skin (such as fats and proteins), inor-
ganic compounds including chromium, sulphide, 
nitrogen (Chowdhury et al. 2013). Organic pol-
lutants (proteic and lipidic components) originate 
from skins (it is calculated that raw skin has los-
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es 30% of organic material during the working 
cycle) or they are introduced during processes 
(Lofrano et al. 2013). Acids, bases and salts of 
chromium (III), sulphide, and many other com-
pounds which are used in the process of raw skin 
conversion into leather remain in the wastewater.

With traditional methods of tannery waste-
water neutralization such as physicochemical 
processes [Song et al. 2004, Kowalik et al. 2009, 
Chowdhury et al. 2013], chemical processes 
[Naumczyk et al. 2005, Ramashraya et al. 2011] or 
biological processes [Kotulska et al. 2006, Durai 
et al. 2011, Mendrycka et al. 2012], it is becom-
ing increasingly difficult to treat the wastewater 
to the level of current requirements for the quality 
of waste water discharged into the environment. 
For this reason, well-known wastewater treat-
ment methods are constantly improved or new so-
lutions are sought. In many cases, to achieve the 
required end results, several methods [Song 2001, 
Mandal et al. 2010, Ayoub et al. 2011] or treat-
ment of separated waste streams need to be used. 
This allows for the pre-treatment of highly con-
centrated waste water, which especially applies 
to wastewater containing sulphides, chromium or 
organic compounds. It is often easier and more ef-
fective to treat higher-concentration wastewater.

An alternative to conventional tannery waste-
water treatment methods can be Advanced Oxida-
tion Processes, including Fenton’s reaction [Man-
dal et al. 2010], which utilize the high oxidation 
potential of generated hydroxyl radicals at 2.8 V 
[Schrank et al. 2005, Ramasharya et al. 2011, Ab-
del-Aal et al. 2015]. 

The effectiveness of pollutants removal from 
the wastewater with these methods depends 
mainly on the type and amount of organic com-
pounds that undergo oxidation and on the pres-
ence of organic and mineral compounds that 
stimulate or inhibit the formation of hydroxyl 
radicals OH*, as well as doses of reactants, Fe2+/ 
H2O2 (iron ions) ratio in the case of the Fenton’s 
process [Cesaro et al. 2013]. Oxidation of the 
compounds in this method is most effective in the 
pH range of 2 to 4, because in this range catalytic 
decomposition of H2O2 results in the formation 
of hydroxyl radicals OH* [Neyens and Baeyens 
2003]. The mechanism of the reaction involves 
many steps and these are mainly radical reactions 
[Barbusiński 2009].

The main discrepancies in the results are 
related to the type of tannery wastewater used 
in the study but also to the dosage of the reac-

tants, i.e. iron sulphate, used, often expressed 
as Fe2+ and hydrogen peroxide used to remove 
organic compounds. 

The research discussed in the paper by Abdel-
Aal et al. [2015] indicate that organic compounds 
designated as COD are removed in 90.1% when 
the process is carried out using 0.8 g of Fe/dm3 
and 30 g of H2O2/dm3. The authors of the paper 
by Mandal et al. [2010] report that COD removal 
efficiency even at the highest dose of FeSO4 (6g/
dm3) and 111g/dm3 of H2O2 did not exceed 46%. 
Removal of COD during the same process with 
the same dose of FeSO4 but H2O2 dose increased 
to 266.6 g/dm3 was 68%. 

The application of the coagulation process pri-
or to the enhanced oxidation with Fenton reagent 
contributes to increasing the organic compounds 
removal efficiency, as outlined by Schrank et al. 
[2005] and Naumczyk et al. [2005]

Fenton oxidation is one of the most effective 
methods for removing pollutants from sewage. 
Moreover, the advantage of Fenton’s reaction is 
that in addition to oxidation processes coagula-
tion of pollutants occurs [Xing et al. 2006].

Another very important issue in the tanning 
industry is the removal of sulphides generated 
during processes called liming and dehairing 
from wastewater. In these processes, sodium sul-
phide or sodium hydrosulphide is used to treat 
the hides. The presence of sulphides in sewage 
is a hazard because of the possibility of the hy-
drogen sulphide emission, whose toxic properties 
are determined already at the content in air above 
1 ppm [Kociołek et al. 2012a]. One of the most 
efficient methods for removing sulphides is oxi-
dation. It involves the oxidation of sulphides into 
products of lesser nuisance, mainly to elemental 
sulphur and sulphates (VI), but also to thiosul-
phates and sulphates (IV) [Kociołek et al. 2012b]. 
Classical oxidants such as oxygen, ozone, hydro-
gen peroxide and chlorine and its compounds are 
used to oxidize sulphides. Chemistry of oxidation 
processes and the type of products produced are 
complex and depends mainly on the molar ratio 
of the reactants or the pH of the environment. It 
is also possible to remove sulphides in the pro-
cess of catalytic oxidation with oxygen from the 
air in the presence of manganese, because in the 
sewage separated after the purification process 
a sulphide content of 2 to 10 mg S2-/dm3 is ob-
tained, for a recommended amount of manganese 
from 100 to 200 mg/dm3 [BAT, 2013]. Using this 
method for general sewage can reduce the con-
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centration of sulphides 3.5 times and additionally 
reduce the content of organic compounds by only 
6–9% [Rameshraja et al. 2011]. 

The purpose of the research was to determine 
the possibility of purifying separated sewage 
streams generated during the processing of hides. 
Determining the optimal dose of Fe2+ and H2O2, 
the Fe2+ to H2O2 ratio used in the Fenton method 
for the resulting purification efficiency was car-
ried out for general sewage from tannery where 
hide pre-treatment processes were not carried out. 
On the other hand, catalytic oxidation with man-
ganese sulphate was carried out on wastewater 
containing significant amounts of sulphides de-
rived from liming and dehairing processes. The 
purpose of the study described was to determine 
the optimum manganese dose and oxidation time 
to simultaneously remove the sulphides and or-
ganic pollutants expressed as COD.

MATERIALS AND METHODS

Fenton’s oxidation process

The research was carried out on real sewage 
from the tannery located in Mazowieckie Prov-
ince. The process of enhanced oxidation with 
Fenton reagent was carried out in 2 dm3 glass 
vessels using FeSO4×7H2O and H2O2 reactants 
dosed into tannery wastewater in the form of 1m 
FeSO4×7H2O/dm3 and 10 mH2O2/dm3 solutions. 
The study was conducted for an optimum pH val-
ue of 3. Such values were also presented as opti-
mal in the works of Cesaro et al. [2013], Lofrano 
et al. [2013] and Abdel-Aal et al. [2015]. For 
studies conducted by Przywara [2017] for a pH of 
3, the removal efficiency of organic compounds 
was increased from 75 to 81%. Hydrochloric acid 
at a concentration of 1 m/dm3 was used to adjust 
the pH of the wastewater.

The study was conducted according to the 
following variants: 
•• variant 1: reactants introduced at 0.45 g of Fe/

dm3 and H2O2 with a Fe2+/H2O2 ratio of 1:5, 
1:6 and 1:7,

•• variant 2: reactants in the amount of 0.56 g 
Fe2+/dm3 and H2O2 were introduced, maintain-
ing a 1:5, 1:6, 1:7 ratio.

For rapid distribution of the reactants, rapid 
stirring was carried out for 5 min followed by 
slow stirring for 30 min. For another 30 min. 

waste samples were subjected to a sedimentation 
process. After 30 min. of sedimentation samples 
were taken for analysis from supernatant liq-
uid. The effectiveness of physicochemical pro-
cesses of tannery wastewater treatment was de-
termined mainly on the basis of changes in the 
value of organic pollutants i.e. chemical oxygen 
demand (COD). All physicochemical determina-
tions were made according to the methodology 
outlined in APHA [2005].

Catalytic oxidation 

The study used the beamhouse wastewater 
generated during the production of leather from 
animal hides in tanneries located in the southern 
part of the Poland. Samples were taken in trip-
licate. All experiments were performed in three 
independent series at room temperature.

The testing was carried out in glass vessels 
with a volume of 2L with the use of sulphate (VI) 
manganese (II). Sulphate (VI) manganese (II) hy-
drate (MnSO4∙ּH2O) used as source of analytical-
grade Mn (II) purchased from Merc. Different 
doses of manganese (II) ranging from 100 mg/L 
to 600 mg/L in the form of manganese (II) sul-
phate (VI) hydrate (MnSO4∙ּH2O), at increments 
of 100 mg/L, were used to optimize the processes.

The physical and chemical parameters in-
cluding pH, electrical conductivity (EC), chemi-
cal oxygen demand (COD) and concentrations 
of sulphide (S2-) of untreated and treated sample 
were measured.

The experiments proceeded with rapid mix-
ing of wastewater sample at 100 rpm for 5 min, 
followed by slow mixing at 50 rpm for 60 min, 
180 min and 24 h and simultaneous aeration. 
After 60 min of settling, the supernatant was 
withdrawn for pH, sulphide and COD was deter-
mined. The analysis of sulphides (S2-), chemical 
oxygen demand (COD) was carried out accord-
ing to the standard APHA protocol (2005). Sam-
ples for measurements of COD, S2- were filtered 
through a 0.45 µm membrane (Advantec GC 50) 
prior to analysis.

The optimization of process of sulphides re-
moval depends on the type reagent, its dose, and 
time (Abdel-Aal et al. 2015, Lofrano et al. 2010, 
Lofrano et al. 2013). Finally the optimization 
of process duration was determined by analys-
ing the removal efficiencies for each parameter 
after 1, 3 and 24 h.
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RESEARCH RESULTS AND DISCUSSION 

Fenton’s oxidation process

The research was carried out on real waste-
water from tannery, where the technological pro-
cess starts with the processing of semi-finished 
product, i.e. so-called “wet-blue” hide. Thus, in 
the process of hides tanning there are no process-
es, such as liming and dehairing, in which sulphur 
compounds, i.e. sulphides, are used in processing. 
On the other hand, in the technological opera-
tions, organic and inorganic acids, alkaline salts, 
tanning agents and fungicides are used to obtain 
better-performing hides. Tannery wastewater in-
clude, among others. solubles, suspensions, resi-
dues of tanning compounds, organic substances 
designated as COD or BOD. The characteristics 
of tanning wastewater used in the studies are 
presented in Table 1. 

The tannery wastewater used for the study 
was characterized by a reaction of approx. 4, 
conductivity in the range of 4100 to 5300 μS/cm. 
COD values ranged from 2500 to 5620 mg O2/
dm3, and chromium concentrations from 21 to 47 

mg Cr/dm3, ammonium nitrogen from 24 to 65 mg 
N-NH4/dm3. The COD values obtained were close 
to the values reported by Cooman et al. [2003], 
Naumczyk et al. [2005], Kotulska et al. [2006], 
Mandal et al. [2010] and Chowdhury et al. [2013].

In the first variant the study was conducted 
for a dose of Fe2+ an amount of 0.45 g/dm3. Hy-
drogen peroxide was added in an amount of 2.21 
g/dm3, 2.72 g/dm3 and 3.23 g/dm3 to assure the a 
Fe2+/H2O2 ratio of 1:5, 1:6 and 1:7, respectively. 
The efficacy of the Fenton process as measured 
by the COD reduction for these doses was 69%, 
72% and 75%, respectively (Fig. 1).

Based on the studies conducted in this variant, 
it was found that an increased dose of hydrogen 
peroxide guarantees better efficiency in the treat-
ment of tannery wastewater, which corresponds 
to the results reported by Naumczyk et al. [2005].

By introducing  reactants in an amount of 0.56 
g of Fe2+/dm3 and H2O2 maintaining the Fe2+/H2O2 
ratio of 1: 5, 1: 6 1: 7 in the second variant of the 
study, the organic compounds expressed as COD 
were removed in 72 to 80%, as presented in Figure 2. 

The maximum COD removal value of 80% 
was obtained for a sample with the following 
amounts of reactants: 0.56 g Fe2+/dm3 and 4.08 
g H2O2/dm3. It was found that the increase in the 
efficiency of removal of organic compounds des-
ignated as COD increases with the increase in the 
amount of reactants added. However, it should 
be noted that 75% efficiency was obtained not 
only for the Fe2+ dose of 0.56 g/dm3 and the Fe2+/
H2O2 ratio of 1: 6, but also for the first variant of 
the study with 0.45 g of Fe2+/dm3 and the Fe2+/
H2O2 ratio of 1: 7. A similar situation occurred 
in studies using Fe2+ in the amount of 0.45 g/l 

Table 1. Physicochemical characteristics of the tan-
ning industry wastewater

Parameter Unit Range of values

pH – 3.90 – 4.50

Conductivity µS/cm 4100 – 5300

COD mg O2/dm3 2500 – 5620

Chromium mg Cr/ dm3 21.00 – 47.00
Ammonium 
nitrogen mg N-NH4/dm3 24.00 – 65.00

Figure 1. The effect of Fe2+/H2O2 ratio on COD removal for Fe2+ dose of 0.45 g/dm3
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and 0.56 g/l and Fe2+/H2O2 ratio of 1: 6 and 1: 5, 
respectively. For both cases a COD reduction of 
72% was obtained. 

Naumczyk et al. [2005] investigated the Fen-
ton process for tannery wastewater with an ini-
tial COD value of 2720 and 2417 mg of O2/dm3. 
For significantly higher doses of Fe2+ reactants 
at a level of 1 g Fe2+/dm3, almost twice as much 
as those described in the present paper, and 4 g/
dm3 of H2O2, only 54% of COD reduction was 
obtained. Similarly, Mandal et al. [2010] have 
shown that in the treatment of tannery wastewater 
using Fenton’s reagent, only partial removal of 
maximum 68% of COD can be obtained using 6 
g Fe2+/dm3 and 266 g/dm3 of H2O2. Schrank et al. 
[2004], on the other hand, achieved a significantly 
better oxidation efficiency of organic compounds 
expressed as COD at a level of 90%.

Catalytic oxidation

The beamhouse wastewater is characterized 
by an alkaline pH between 8.60 – 9.42, resulting 
from the chemicals used in leather processing, 
such as lime. Wastewater with similar pH charac-
teristics was found by Lofrano et al. (2013). Un-
treated wastewater also contained high concen-
tration of organic matter, measured as COD, and 
high sulphide content as well. The value of COD 
varies in a wide range (6 320 ÷ 14 000 mg/L) 
and sulphide concentrations were in the range of 
55.4 – 59.6 mg/L. Sodium sulphide and sodium 
hydrosulphide are normally used during liming-
unhairing operation. Both COD and sulphide 
concentration values of tannery correspond with 
the results presented by Cooman et al. (2003), Lo-
frano et al. (2010, 2013).

The effect of manganese (II) sulphate (VI) 
dose on the removal efficiency of sulphide, are 
shown in Figure 3. The graphs show a common 
trend, where the removal percentage (%) of sul-
phide is initially increased with the increase of the 
dose until the effectiveness reaches the maximum 
and then is decreased as the dose increases. The 
maximum sulphide removal percentage (%) was 
obtained for the 500 mg/L dose of manganese (II).

The highest removal efficiencies for different 
time of reactions achieved were 80% (1h), 84% 
(3h), 99% (24 h). After the addition of manganese 
(II) at the concentration of 400 mg/L the sulphide 
concentration decreased by 60%, 80% and 99% 
for time reaction 1h, 3h, 24 h respectively.

Another advantage of using catalytic oxy-
genation with manganese is the removal of or-
ganic substances, which are important pollut-
ants in wastewater too. After the addition of the 
manganese (II) at a concentration of 100 mg/L, 
the COD decrease by 12, 18 and 21% for 1h, 3h 
and 24 h time of reaction, respectively. Figure 4 
shows the effect of COD removal. The percent-
age of COD removal increased when the dose of 
manganese (II) was raised. 

The maximum percentage of COD removal 
was about 65% (for 500 mg/L manganese (II) 
dose). As the manganese (II) dose increased 
to 600 mg/L, the percentage of COD removal 
dropped significantly. This observation is in 
line with the study of Abdel-Aal et al. (2015) 
and Song et al. (2001). 

The impact of initial pH between 8.5 and 9.5, 
for manganese (II) dose of 400, 500 mg/L, on sul-
phide removal from wastewater was investigated.

Figure 2. The effect of Fe2+/H2O2 ratio on COD removal for Fe2+ dose of 0.56 g/dm3
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The initial pH values of wastewater were ad-
justed with 0.1 M Ca(OH)2 or 0.1 M HCl, as re-
quired at the beginning of the experiment.

The initial pH values of the wastewater had a 
great impact on the efficiency of sulphide remov-
al at a manganese (II) concentration of 400 mg/L. 
Low pH (8.5) enables to achieve more effective 
sulphides removal than high pH (9.5). Higher 
amounts of sulphide are removed when the pH 
decreases: 53–66% of sulphide was removed at 
pH 8.5, while 40–44% at pH 9.5. For manganese 
(II) addition at a concentration of 500 mg/l the 
solution pH is not a significant factor in sulphide 
removal. The percentage of sulphide removal was 
83% on average for both pH 8.5 and 9.5.

The impact of pH on the percentage of sul-
phides removal from tannery wastewater by 
means of manganese (II) is shown in Figure 5.

The presented results indicate that the reac-
tion time has an effect on sulphides and COD re-
moval. The rate of sulphides removal and COD 
reduction with respect to time are shown in Fig-
ure 6 and Figure 7, respectively

Small changes were observed in the sulphide 
elimination rates between 1h and 3h, while sig-
nificant ones, in the range of 30% to 40%, were 
noted between 3h and 24 h.

The results of the oxidation after 3 h were in-
sufficient to achieve adequate removal efficiency 
for sulphides and COD. The values exceeded the 
limits which did not allow a direct discharge of 
wastewater to the receiver or sewage treatment 
plants. Thus, the recommended reaction time for 
obtaining high sulphide and COD removal was 
24 h. Similar observation on COD removal was 
made by Chowdhury et al. (2013).

Figure 3. Effect of manganese (II) dose on sulphide removal

Figure 4. Effect of manganese (II) dose on COD removal
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Figure 5. Effect of pH on percentage of sulphides removal

Figure 6. Effect of time on removal percentage of sulphides

Figure 7. Effect of time on removal percentage of COD
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COD removal remains constant as the reac-
tion time of tanning wastewater treatment in-
creases. The results obtained for duration of treat-
ment between 3h and 24 h did not vary consider-
ably – the increase was below 10%.

The catalytic oxidation with manganese (II) 
to a great extent contributes to the removal of sul-
phides from tannery wastewater. However, the ef-
ficiency of the process depends on time and dose 
of manganese (II). Using high doses of manga-
nese (II) and a 24-hour-long process is costly and 
not economically feasible.

Despite the obtained results, this process can-
not be used to remove the sulphides to the level 
required for the discharge of wastewater directly 
to the receiver or sewage treatment plants. This 
process can be used as a preliminary process for 
tannery wastewater treatment. Since sulphides 
are a high nuisance parameter of the wastewater 
tested, even their partial removal is advisable.

CONCLUSIONS

The results of the discussed studies indicate 
that none of the analysed techniques allows for 
the complete elimination of pollutants from the 
separated sewage streams. The highest removal 
efficiency of organic compounds does not ex-
ceed 80% and is characterized by the Fenton 
reagent process. 

The catalytic oxidation process in the pres-
ence of manganese (II) greatly contributes to the 
removal of sulphides from tannery wastewater up 
to 99%. However, the effectiveness of the process 
depends on the duration and manganese dose. Us-
ing high doses of manganese at the level of 0.5 
g/dm3 and more and conducting the process for 
24 hours is costly and not economically feasible. 
Despite the obtained results, the process cannot 
be considered as an option to remove sulphides to 
the level required for the discharge of waste water 
directly to the receiver or wastewater treatment 
plant. This process can be used as a process sup-
porting tannery wastewater treatment, and due to 
the fact that sulphides are a high nuisance param-
eter of the wastewater tested, their even partial 
removal is advisable.

The analysis of the study results for various 
wastewater streams allowed us to formulate the 
following conclusions:
1.	The highest efficiency of tannery wastewater 

treatment in Fenton process was obtained for 

Fe2+/H2O2 reactant dosages of 0.56/4.08 g/dm3 
corresponding to Fe/H2O2 ratio of 1:7. The ef-
ficiency of this process, expressed by COD re-
duction, was 80%. 

2.	Increasing the dose of Fe2+ from 0.45 g to 0.56 
g/dm3 and H2O2 respectively to achieve a 1:5, 
1:6 and 1:7 Fe/H2O2 ratio, increased COD re-
moval by an average of 4%.

3.	Using the process of catalytic oxidation with 
0.1 g to 0.6 g/dm3 of manganese and a reaction 
time of 1, 3, 24 h, the sulphides were removed 
in the range of 50 to 99% and organic com-
pounds in 12 to 65%.

4.	A manganese dose of 0.4 g/dm3 for wastewater 
treatment in the catalytic oxidation process is 
optimum, as the simultaneous removal of sul-
phides (80–99%) and organic compounds ex-
pressed as COD (40–50%) occurs.

5.	By using manganese in an amount of 0.1 g/
dm3, 50% of sulphide removal can be achieved 
within 1 hour.

6.	The process of tannery wastewater treatment 
by use of manganese (II) is useful for the pre-
treatment of tannery wastewater in order to re-
duce the content of sulphide.
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