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INTRODUCTION

One of the many industries that rely on chemi-
cal compounds to function is the tanning industry. 
The processes use acids and alkaline compounds, 
and as a result, the reaction environment changes, 
improving the processes. The treated leather it-
self is also changed. The name of the tanning in-
dustry has its connection to one of the processes 
carried out, which is tanning proper. It is a short 
process, but the most important one. Tannins are 
then used, usually chromium-inorganic tannins 
but also organic plant tannins, which are com-
pounds capable of transforming raw leather into 
leather with usable properties [Michalak 2021, 
Karanam Sai Bhavya et al. 2019, Hassan et al. 
2020, Bharadwaj et al., 2020]. It has a place in 
the processes of wet workshops. It is the last of 
the processes before the upcoming machining, 
which prepares the leathers for the final form 
of finishing [Bartkiewicz et al. 2010, Bien et al. 
2019]. Chemical compounds, used in significant 

amounts and at almost every stage of production, 
affect the accumulation of pollutant loads in the 
resulting wastewater, especially after wet work-
shop processes [Ascón-Aguilar et al. 2019]. Tan-
nery wastewater can be treated together with mu-
nicipal wastewater after mixing (with the excep-
tion of chromium wastewater). The disadvantage 
is that some substances can be broken down more 
effectively in special wastewater treatment plants. 
Tanning wastewater can also be treated directly 
at the plants in their own wastewater treatment 
facilities [Rydin et al. 2013].

METHODOLOGY

The most general division of processes is their 
separation into wet and dry workshops consisting 
of a series of chemical reactions and mechani-
cal processes [Chmielowski, 2019]. The first of 
these is the wet workshop, in which hides are sub-
jected to numerous processes using water baths. 
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Furthermore, in the dry workshop, the operations 
carried out are mainly based on mechanical pro-
cessing affecting the shape, thickness, or smooth-
ness of the hide. Hides processed in tanning facil-
ities are classified as a byproduct of the slaughter 
of cattle, pigs, or sheep, from which face hide or 
fur hide is obtained. Depending on its final desti-
nation, the hide is subjected to further processes 
that improve its aesthetic or functional qualities. 
Hide processing can be divided into [Ayele et al. 
2021, Santos et al. 2006, Drioli et al. 2023]:
 • preliminary operations: cleaning, trimming, 

sorting, storage;
 • wet workshop: soaking, demeating, liming, 

defuring, decalcification, etching;
 • tanning proper: pickling, tanning;
 • post-tanning operations: wringing, splitting, 

and scraping;
 • wet finishing: neutralizing, additional tanning, 

dyeing, greasing, wringing, drying;
 • dry finishing: softening, pressing, painting, 

mechanical finishing.

The raw material delivered to the plant is 
subjected to cleaning and removal of fragments 
that will not be suitable for further processing. 
Depending on production and storage capacity, 
hides can be subjected directly to tanning pro-
cesses or preserved with salt for later use. Hides 
that undergo leaching start their processes with 
soaking. It is a process designed to clean them 
of dirt, blood, and salt, as well as any free dirt on 
their surface. Soaking also promotes the hydra-
tion of the hides and restores their elasticity. The 
cleansed and soaked hides are then subjected to 
demeating. It is a mechanical process. As a result 
of the rotary movement of the knife roller, excess 
subcutaneous tissue is removed so that the hide 
loses unnecessary thickness and becomes much 
lighter. It carries dual advantages, both in terms 
of easier processing and the reduced amount of 
chemistry that will have to be used in the pro-
cesses, especially when selecting the weight of 
the raw material entering the stage. The demeated 
hides return to the bath, where the first treatment - 
liming - is designed to alkalinize them. Increasing 
their thickness expands the hair follicles, which 
allows the fur to be released from the surface of 
the hide. Once they are removed, the reverse pro-
cess, known as decalcification, is carried out. It is 
aimed at sliming – that is, reducing the thickness 
of the hides to their preprocess state. Alkaline 
compounds are then washed out, the pH of the 

hides is lowered, and they are prepared for tan-
ning. The etching that follows successively pro-
motes an increase in the properties of the hides 
in terms of elasticity and softness [Santos et al. 
2006]. Enzymatic proteolytic compounds are 
used for this purpose.

These processes are followed by the part re-
lated to tanning proper. First, during pickling, 
using salt and acids, the pH of the bath solution, 
and thus the hides, is lowered to prepare them 
for tanning. Tanning involves the infliction of a 
tannin, usually chromium, whose action is much 
faster than in vegetable tanning. Chromium tan-
nins are used in the vast majority of plants around 
the world. Through this process, hides become re-
sistant to biological decomposition, are protected 
from rotting, and, unlike their raw state, will not 
spoil. A well-executed process contributes to the 
good quality of the final product.

After tanning, hides left to cure for one day 
are subjected to mechanical operations. First, due 
to wringing, excess water accumulated in them is 
removed, making them much lighter. Then, they 
can be subjected to splitting. This process af-
fects the separation of one piece into two halves: 
the face, on the bristle side, and the flesh, on the 
inside. Each of them can be a separate product 
and participate further in other production lines 
depending on the desired effect. Their thickness 
can be uneven across the surface, which is leveled 
by scraping. Similar to deskinning, this machine 
aims to remove the excess thickness of the hide to 
its preset value, leveling its surfaces.

Hide prepared in this way goes back to wa-
ter baths and wet finishing in processes including 
dyeing and greasing, where it obtains the desired 
final color or the suitable base, for example, spray 
painting. The use of suitable hydrophobic fats 
makes it possible to provide water repellency to 
hides, which affects their value and gives them 
an additional feature. Tanned hides are similarly 
wrung after tanning, removing excess water. Fur-
ther drying is carried out in dryers and with the 
use of vacuum machines to extract the water ac-
cumulated inside. The dried hides are subjected 
to softening and pressing, followed by the ap-
propriate finishing processes for the final prod-
uct through all the steps related to the effect to 
be obtained. Many of the processes here can be 
intertwined and repeated.

This series of all the steps to which raw hides 
are subjected at the outset allows them to be giv-
en various characteristics, colors, but above all, 
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strength and resistance. Despite the chemicals 
used, these are still natural products.

Of the chemical compounds used in the pro-
cesses, many are not used in their entirety, and 
as a result, they end up in wastewater [Kubala 
and Przywara, 2015]. All of these factors conse-
quently affect the degree of wastewater pollution 
and the content of individual substances. Flush-
ing waters are also included in the total volume 
of wastewater. Although they affect the dilution 
of the concentration of wastewater contaminants, 
they increase the volume of wastewater signifi-
cantly since, in some processes, the volume of 
rinse water is more significant than that used in 
the process. Estimates state that of the total vol-
ume of chemicals used, as much as 85% ends up 
in waste or wastewater [Rydin et al. 2013]. Gen-
eral wastewater is characterized by a considerable 
variation in parameters relative to each process 
[Dymaczewski, 2011].

Wastewater is characterized by the presence 
of pollutants such as COD, BOD5, chlorides, sul-
fides, tannins, acids, alkalis and salts, dyes and 
solvents, proteins, hair, solid waste, and odors 
[Famielec 2015, Zhao et al. 2022].

Due to the contamination and use of chro-
mium in plants, postprocess wastewater is man-
aged in such a way that leads to its separation into 
general and chromium wastewater. This form of 
accumulation makes it possible to approach them 
individually and use separate methods of treat-
ment. In the case of accumulated mixed wastewa-
ter, free of chromium, it can be treated together 
with municipal wastewater in its on-site treatment 
plants or pretreated before entering municipal 
treatment plants [Rydin et al. 2013]. Due to the 
toxic nature of chromium, chromium wastewater 
requires treatment before entering the environ-
ment [Malovanyy et al. 2020]. Its concentration 
in wastewater can reach 4950 mg/dm3 [Lofrano 
et al. 2013]. According to the current regulation 
of the Minister of Maritime Affairs and Inland 
Navigation dated July 12, 2019. (Dz.U. 2019 
poz.1311), maximum chromium concentrations 
are specified, which cannot exceed 0.05 mgCr/
dm3 for chromium Cr(VI) and 1.0 mgCr/dm3 for 
total chromium. These are values for the tanning 
industry only. Comparing these data with the 
obtained values in wastewater, the concentra-
tion of total chromium is several thousand times 
higher than the permissible limit. This requires 
an absolute individual approach for this type of 
wastewater. However, there are cases that require 

these concentrations. An example is the Lesiow 
treatment plant, which had requirements for in-
coming wastewater, and in which the chromium 
concentration could not be lower than 2 gCr/dm3 

[Bartkiewicz et al. 2010]. For this type of waste-
water, some technologies allow the recovery of 
chromium. This element is used in excess in the 
processes, and thus, its volume in the wastewa-
ter is significant, which is equal to the fact that 
its secondary use is also possible in the form of 
chromium wort discharged after the previous 
process. A bath prepared in this way may require 
only a small portion of fresh chromium, limit-
ing its consumption. The used wort can be used 
for the pickling or tanning process. In the case 
of recycling for tanning, it is possible to reduce 
the fresh chromium dose by 25%, for cattle hides, 
and the chromium content of the effluent can be 
reduced by 60% [Rydin et al. 2013]. The develop-
ment of gutting technology and water and waste-
water management in plants should be one of the 
priority activities and goals of such plants striv-
ing for the best possible development and protec-
tion of the environment [Rüffer H. et al. 1998]. 
Technological limitations are responsible for the 
significant increase in the time needed for proper 
development and investment [Bień et al. 2017].

RESULTS

The results of the study in Table 1 were based 
on the analysis of wastewater generated during 
technological processes at a small tanning plant. 
Five samples, each from the processes, were tak-
en periodically:
 • wetting,
 • liming,
 • decalcification,
 • tanning,
 • mixed.

Wastewater was sampled directly after the 
processes during the bath drainage and, in the 
case of mixing, directly from the general waste-
water tank. Samples were filtered before determi-
nation, and determinations were made using the 
methodology of [Łozowicka et al. 2016, Ignato-
wicz 2009, 2011, Manjushree 2015]:
 • suspension – a method of filtration through 

quantitative medium sieves, previously 
weighed, dried and weighed again;
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 • pH – potentiometric method, HQD probe with 
INTELLICAL sensors, according to PN-EN 
ISO 1053:2012;

 • conductivity – conductivity method, HQD 
probe with INTELLICAL sensors, according 
to PN-EN 27888:1999 standard;

 • COD – bichromate spectrophotometric meth-
od, Hach thermoreactor, Merck Pharo 300 
spectrophotometer, Merck cuvette tests, ac-
cording to PN-ISO 15705:2005;

 • BOD5 – manometric (electrochemical) meth-
od, OxiTop Standard system, WTW TS 606/2 
thermostatic cabinet, according to PN-EN 
1899-2:2002 standard;

 • ammonium nitrogen – spectrophotometric 
method, Merck Pharo 300 spectrophotometer, 
according to PN-ISO 7150-1:2002 standard;

 • chromium – by flame atomic absorption spec-
trometry on a Thermo Scientific™ iCE™ 3500 
apparatus, after digestion of wastewater with a 
BUCHI K-425 block digester in a mixture of 
concentrated nitric acid and hydrogen peroxide.

The chromium concentration was deter-
mined in chromium wastewater, the average 
value of which was 2.95 g Cr/dm3. The tan-
ning process and the use of chromium tannins 
directly influence this amount. Compared to 
Kavitha (2015), the chromium concentration 
varied between 1.5 and 4.0 g Cr/dm3. A similar 
value was presented by Dziadel (2022) for an-
other plant, where an average of 2.2 g/dm3 was 
obtained after tanning processes. 

The effluent pH was lowest for chromium ef-
fluent, ranging from 4.07 to 4.15, and the highest 
value of 12.26 was obtained with liming effluent. 

In mixed wastewater, the pH ranged from 5.48 
to 5.67. Similarly, data presented by Manjushree 
(2015) show the highest pH after the liming pro-
cess at 12.5 and the lowest after tanning at 3.8. 
Similarly, Kavitha (2015) reported the highest pH 
after the liming process, ranging from 10 to 12.8, 
and the lowest for tanning, with values ranging 
from 2.5 to 4.0. The extreme pH ranges are a re-
quirement and a result of the processes carried out 
and the chemicals used. Liming requires alkaline 
baths, while tanning requires acid baths. This is 
evidenced by the repeatability of test results. As 
a consequence, however, the general wastewater 
is mixed together with the liming wastewater, and 
thus the overall pH is altered. This pH and wet 
environment, affects the life of especially metal 
parts that can corrode. 

The highest conductivity value, averaging 
78.06 ± 2.95 mS/cm, was reported for chromium 
wastewater, and the lowest in mixed wastewater 
was 27.8 ± 1.97 mS/cm. In the data presented by 
Manjushree (2015), the highest conductivity was 
also shown in chromium wastewater, but it was 
almost four times higher than their own results, at 
295 ± 15 mS/cm. The lowest, on the other hand, 
was determined for decalcification wastewater, 
amounting to 12 ± 1 mS/cm. 

Ammonium nitrogen in the highest amount 
was shown in the wastewater after tanning, av-
eraging 111.8 ± 5.02 mg N-NH4/dm3. A slightly 
lower concentration was determined for mixed 
wastewater, for which it was 98.0 ± 4.23 mg 
N-NH4/dm3. The last, on the other hand, was 
shown in the sample from liming, obtaining 0.8 
± 0.07 mg N-NH4/dm3. For the decalcification 

Table 1. Composition of wastewater from individual leather tanning production processes in a small plant

Wastewater 
from the 
process

Parameter

Suspension pH Conductivity Ammonium 
nitrogen COD BOD5 Chromium

g/dm3 – mS/cm mg N–NH4/dm3 mg O2/dm3 mg O2/dm3 g Cr/dm3

Wetting
1.52 – 2.01 8.21 – 8.24 69.1 – 71.7 5.1 – 5.7 7057 – 7854 4708 – 5017

–
1.83 ± 0.197 70.3 ± 0.93 5.4 ± 0.22 7471.2 ± 316.40 4856.2 ± 134.1

Liming
2.28 – 2.78 12.25 – 12.26 38.1 – 42.2 0.7 – 0.9 10548 – 11673 2517 – 2948

–
2.60 ± 0.208 40.6 ± 1.50 0.8 ± 0.07 10899.20 ± 466.39 2753.0 ± 158.86

Decalcification
0.19 – 0.26 7.17 – 7.21 40.1 – 43.0 0.8 – 1.0 5139 – 5711 4790 – 5150

–
0.24 ± 0.029 41.62 ± 1.21 0.9 ±0.10 5423.4 ± 214.08 4932 ± 134.98

Tanning
0.47 – 0.57 4.07 – 4.15 74.1 – 81.3 107 – 117 4228 – 4513 37 – 48 2.81 – 3.11

0.52 ± 0.046 78.06 ± 2.95 111.8 ± 5.02 4348.4 ± 118.06 40.6 ± 4.34 2.95 ± 0.12

Mixed
0.77 – 0.83 5.48 – 5.67 25.0 – 30.2 93.8 – 105 4136 – 4299 2310 – 2515

–
0.79 ± 0.025 27.8 ± 1.97 98.0 ± 4.23 4215.0 ± 57.71 2400 ± 94.67

Note: Min-max/mean ± standard deviation.
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process, an equally low value equal to an average 
of 0.9 ± 0.1 mg N-NH4/dm3 was obtained, while 
Dziadel (2022) determined an ammonium nitro-
gen content of 33.20 ± 1.88 mg N-NH4/dm3 for 
a sample from the same process. The significant 
difference may be due to the different production 
methods or alternative agents used in the process 
according to the expedition methodology. 

The highest values for suspended solids were 
obtained after soaking processes of 1.83 ± 0.197 
g/dm3 and liming of 2.60 ± 0.208 g/dm3. This is 
due to the washing of impurities from the skins in 
the first process, during which they are cleaned. 
In the second, bristles are removed, which, due 
to insufficient dissolution, are discharged as sus-
pended solids. Suspended solids are not separated 
from the general wastewater before being sent 
for treatment, and the simplest way to separate 
them is by sedimentation. The lowest value was 
obtained in the effluent from decalcification, av-
eraging 0.24 ± 0.029 g/dm3. According to data re-
ported by Manjushree (2015), the highest amount 
of suspended solids occurred in the liming pro-
cesses of 11.0 ± 0.0045 g/dm3 and decalcification 
at 11.0 ± 0.001 g/dm3, and the lowest occurred 
after the tanning process, averaging 1.0 ± 0.002 
g/dm3. Kavitha (2015), on the other hand, reports 
the smallest amount of suspended solids after the 
pickling process of 1 to 3 g/dm3 – similar after the 
tanning process of 1 to 2.5 g/dm3, while the high-
est value was determined for liming ranging from 
6 to 18 g/dm3.

Determined as COD, chemical oxygen de-
mand was determined in all of the samples. Av-
erage values ranging from 4215.0 ± 57.71 mg 
O2/dm3 to 10899.20 ± 466.39 mg O2/dm3 were 
obtained, the lowest for mixed wastewater and 
the highest for wastewater after the liming pro-
cess. Kavitha (2015) reported the COD param-
eter highest for the liming process in the range 
of 10000 to 25000 mg O2/dm3 and the lowest for 
the tanning process between 1000 and 2500 mg 
O2/dm3. Manjushree (2015), on the other hand, 
obtained the lowest value for the decalcification 
process, equal to 4200 ± 10.5 mg O2/dm3, and the 

highest value for the tanning process amounting 
to 49000 ± 40 mg O2/dm3.

Another of the parameters is BOD5, which de-
termines the biological oxygen demand. The low-
est value was obtained for the tanning process, 
with a mean value of 40.6 ± 4.34 mg O2/dm3. The 
highest occurred for the effluent after the decal-
cification process and was 4932 ± 134.98 mg O2/
dm3. Kavitha (2015) reported a BOD5 value of 
350 to 800 mg O2/dm3 after tanning processes, 
which was the lowest value, and the highest value 
was determined for wastewater from the liming 
process, amounting to 5000 to 10000 mg O2/dm3. 
The trends presented by Manjushree (2015) are 
the opposite. The highest value was obtained for 
the wastewater after the tanning process, where it 
was 2000 ± 0.1 mg O2/dm3, and the lowest for the 
liming process, 700 ± 7.5 mg O2/dm3 and decalci-
fication 700 ± 10 mg O2/dm3. Low BOD5 param-
ters after tanning, are typical of these processes.

The discrepancies that exist between the in-
house and comparative results are directly related 
to the production technology and method of gut-
ting at each plant. The source of the samples ref-
erenced by Kavitha (2015), Manjushree (2015) 
and Dziadel (2022) is the Vellore district area in 
India, the Hazaribagh industrial zone in Bangla-
desh and tanneries from central and northeastern 
Poland. Despite such distant locations between 
the sites studied, some of the results are similar 
which, in addition to the differences, indicates 
similarity in processes.

The ratio of BOD5 and COD parameters 
compared to each other provides the possibility 
to determine the susceptibility of wastewater in 
terms of biological decomposition, as shown in 
Table 2. As the ratio decreases, the susceptibility 
to biological decomposition decreases, and there 
are more substances in the wastewater that are 
undegradable by activated sludge microorgan-
isms. The unfavorable ratio of these parameters 
is strongly influenced by industrial wastewater 
[Karamus, 2017]. Based on this and the results 
obtained for the mixed wastewater, since these 
final wastewaters with averaged parameters 

Table 2. Evaluation of the biological degradation of chemical compounds [Karamus, 2017]
BOD5/CODCr Decrease in CODCr% Susceptibility to biological decomposition

>0.5 >90 readily decomposable

0.4 – 0.5 50 – 90 moderately decomposable

0.2 – 0.4 10 – 50 slow decomposable

<0.2 <10 undecomposable
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will be subjected to treatment, it is possible to 
conclude that based on the accumulated values 
of BOD5 = 2400 mg O2/dm3 and COD = 4215 
mg O2/dm3, the ratio of BOD5/COD is equal to 
0.57. It means that mixed tannery wastewater 
is a readily biodegradable load. Analyzing the 
data presented by Kavitha (2015), in mixed 
wastewater for average values of BOD5 = 2100 
mg O2/dm3 and COD = 5250 mg O2/dm3, the 
BOD5/COD ratio is 0.4. also demonstrates the 
biodegradability of tannery wastewater. And it 
is possible to treat it, for example, using plant 
treatment methods. This is also demonstrated by 
Zapan (2020) on a model hydrophytic treatment 
plant. Two-stage treatment was given to tan-
nery wastewater pretreated with physicochemi-
cal treatment, introduced to the first treatment 
stage – a horizontal subsurface flow bed with 
the plant Isolepis cernua. The second treatment 
stage was a free-flow bed and the Nasturtium 
aquaticum plant. Despite the small scale, such 
a treatment method is a feasible alternative for 
treating tannery [Zapana, 2020].

CONCLUSIONS

Using water and wastewater management, in-
volving the separation of two wastewater streams 
and making attempts to reduce the amount of wa-
ter used, for example, by changing the character-
istics of the processes, are already steps toward 
tangible pro-environmental benefits. Separate 
collection of chromium wastewater with appro-
priate technology allows its secondary use, and 
general wastewater without chromium can be 
treated at municipal treatment plants where local 
infrastructure allows. Since this wastewater has 
a high ratio of BOD5 to COD in mixed wastewa-
ter, it is also possible to treat it using hydrophytic 
methods. It does not apply to wastewater after 
tanning processes since the high chromium con-
tent indicates its toxicity, and in this case, as in 
many tanneries, the concentration of chromium in 
the wastewater was 2.95 g Cr/dm3.
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