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OSADY Z FIZYKOCHEMICZNEGO PODCZYSZCZANIA ŚCIEKÓW  
Z INSTALACJI MAŁOTONA ŻOWYCH PRODUKCJI 

Abstract:  The results of the assessment of sludge generated in the processes of physicochemical treatment of 
processing effluents from low-tonnage productions in the installations dedicated to the disposal of such type waste 
are presented here. It was selected two typical installations of wastewater physicochemical pretreatment of similar 
instrumental and processing configuration, on which sludge were generated and evaluated. These systems 
consisted of a storage-averaging tank equipped with belt scrapers light liquid fractions, processing reactor and 
pressure dewatering units of sludge in chamber filtering presses. Physicochemical pretreatment on these 
installations were conducted with the use of neutralization, chemical precipitation and coagulation with final 
thickening using bentonites and/or flocculants. In view of significant differentiations of wastewater types 
introducing onto the installations in question and the composition of their loads, the obtained sludge were 
characterised by heterogeneity and different susceptibility to dewater. This study presents the results of a leaching 
procedure TCLP made for selected sludge samples and the risk assessment using the RAC code. On the basis of 
chemical analyses, it was found that in the process of selecting the methods of physicochemical pretreatment the 
effluents one has also to take into consideration the quality of sludge generated as the result of wastewater 
processing, i.e. the leachability levels of metals from them should be relatively minimal, and the sludge generated 
and dewatered should be of the lowest risk according to the RAC classification. 

Keywords: processing effluents, low-tonnage production, physicochemical wastewater pretreatment, sludge, 
TCLP, fractional composition, heavy metals, risk assessment code (RAC) 

Introduction 

In Poland, there are economic operators which the essence of their activities is based 
on the provision of services for the collection and disposal of liquid post-processing wastes 
like industrial wastewaters from various industrial branches and sectors. The construction 
of physicochemical pretreatment plant is inextricably bound up with a significant financial 
efforts and often the lack of solutions in range of the relevant methods of disposal and the 
appropriate configuration of the equipment providing the so-called ecological effect [1-3]. 
It should be also be taken into account that in the case of a unique raw batch for the 
production where the wastewater is expected to be generated, the process of selecting and 
developing an appropriate technology may take a long time. For instance, in many 
innovative methods of production, the so-called new technologies or new generation 
technologies, there are also used specific and innovative batches of raw materials, which 
entails specific load pools of pollutants addressed to the aqueous phase of wastes. For this 
reason for issue of the presence of heavy metals in the pollutant load, a wider spectrum of 
them should be taken into account as far as it is possible and check analytically for the 
presence of other metals, not only of this popular scope:  Cd, Cr, Cu, Hg, Mn, Ni or Pb - 
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sometimes referred to as the basic industrial metals, but also it should be checked the ability 
to be occurred of one of the group of rare earth metals, e.g.: Ce, Er, Eu, Dy, Gd, Ho, La, Lu, 
Nd, Pm, Sc, Sm, Tb, Tm, Y and Yb [4-6]. In the case of such technologies, it is necessary 
to consider and check optionally the analytical presence of e.g.: Bi, Co, Ga, Ge, Hf, In, Mo, 
Re, Ta, Te W and Zr which are identified as common name - strategic metals [7-9].  
In particular, due to their increasing use in a very strongly growing sector of new 
technologies and fast promotion of a new generation products in different areas, especially, 
in processing and service sectors [5, 8, 10]. The advance indication of a possible presence 
in the effluent a representative of the mentioned groups of metals is a knowledge of the 
composition and the expected its presence in the batch of raw materials or in auxiliary 
reagents used in the substantial process of production. It should also be borne in mind  
a possibility of the presence in effluents of almost non-recognisable, mobile and/or labile 
coordination forms of these metals with practically not used organic compounds and/or 
non-metals generating non-typical ligands. It may involve the need of specific testing 
identification at the stage of preparation and selection of the methods of physicochemical 
pretreatment of technological effluents from such productions [11, 12]. An important issue 
is also the knowledge of the structure and properties, including leachability and speciation 
forms showing a tendency to migrate in aquatic environment from sludge generated on the 
basis of the pollution loads of non-recognised composition containing the previously 
mentioned groups of components [13, 14]. In the not-only domestic practice applied in 
conventional solutions of process installations for physicochemical pretreatment of the 
effluents, there are applied the methods based mainly on the use of: neutralisation, chemical 
precipitation and coagulation, different variants of sorption on activated carbon or 
aluminium oxides, or on the use of bentonites or zeolites [15-17]. This type of solutions 
generate post-processing sludge containing in its mass substantial fractions of reagents (or 
products of their hydrolysis) added to produce certain effects of the pollution load  
reduction [2, 3].   

The aim was to estimate a risk on the basis of an analysis of the fractional composition 
of heavy metals such as: As, Cd, Cr, Cu, Ni, Mn, Pb or Zn from the selected for this 
assessment pressure dewatered sludge from physicochemically pretreated industrial 
wastewaters. The assessment was made on the basis of leachability tests TCLP 
(Toxicological Characteristic Leaching Procedure) and fractionation. The research was 
carried out for sludge dewatered in chamber filtering presses; the sludge were generated in 
two installations as a result of physicochemical treatment of industrial wastewater from 
low-tonnage productions from passivation of metal products and acid proof constructions, 
electropolishing or electroplating of products made of acid proof steels and copper, from 
the chemical nickel plating of surfaces of copper products. 

Experimental part 

Basic characteristics of the place of post-processing sludge generation and sampling 

The sludge from physicochemical treatment of processing effluents from the 
designated industrial productions were generated in two full scale installations of daily 
capacity up to 30 m3 (installation I) and 40 m3 (installation II) (Table 1). These installations 
designed and made for the purpose of the pretreatment of technological wastewaters from 
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various industrial branches and sectors using: firstly the separation of light liquids with tape 
scrapers and then neutralization, chemical precipitation, coagulation and final thickening 
with dosing bentonites and/or flocculants.  

 
Table 1 

Basic characteristics of pretreatment installation I and II 

No. Installation Installation setup and pretreatment method a) 
1 I The installation included: a ground storage basin for collecting delivered raw effluents 

and for averaging them, equipped with two tape scrapers to remove light liquids, a tube 
reactor onto which processing reagents were metered under turbulent conditions, 
a central cylindrical-tapered processing reactor equipped with a slow-speed frame 
agitator, stations for metering the reagents, and a unit for dewatering the sludge - 
a thickening tank (to which the 2.5 % solution of bentonite S 11 was optionally metered) 
and a pressurized frame filtering press.  
The course of physicochemical pretreatment: 
● the averaged wastewater after separation of light liquids under the conditions of 
continuous mixing were pumped through the tube reactor while metering the reagents 
(PIX® 113 or PIX® 122 and then lime milk, or metered in the reverse sequence) in doses 
that enabled the precipitation of dispersed fractions (colloids and suspensions) and 
induced the chemical precipitation if the effluents contained the components susceptible 
for such phenomena; the doses of reagents were controlled to obtain the maximum 
precipitation of present pollutants; 
● the flocculation was carried out by metering directly onto the central reactor 0.3 % 
solution of flocculant (different flocculant were applied depending on a type of the 
supplied batches of industrial origin effluents to be pretreated);  
● sludge thickened by sedimentation in the central reactor was directed onto a vertical 
thickening tank equipped with a slow-speed agitator, to which 0.3 % aqueous solution of 
flocculant was dosed to thicken the sludge in the central reactor (optionally, before the 
flocculation stage, the bentonite S 11 solution was added, too); 
● the sludge thickened was drained off onto the set of open bag filters to dewater them 
by pressure (Tables 2 and 3). 

2 II The installation included: two storage-averaging tanks for raw sewage (the first was the 
catchment basin for taking over of the supplied industrial effluents) provided with 
pumps for circulating wastewater between these tanks and each of them was equipped 
with tape scrapers of light liquids, a preliminary tube reactor to which reagents were 
metered, a central cylindrical-tapered processing reactor equipped with a low-speed 
frame agitator (the conical volume of the  reactor functioned as a thickener with a direct 
dosing of sludge onto the pressurized dewatering set), reagent metering stations and a set 
for dewatering the post-processing sludge. 
The course of physicochemical pretreatment: 
● the averaged raw wastewater after the separation of light liquids were pumped through 
the tube reactor, to which coagulating-precipitating and then neutralizing reagents were 
metered under turbulent flow of effluents (or coagulating-neutralising agent, e.g. alkaline 
SAX® or acidic PIX®) was added to the central cylinder-tapered reactor to stabilise the 
reaction environment;  
● if necessary, the correction and/or stabilising the level of final reaction (pH) after the 
physicochemical wastewater treatment was made by dosing directly 30 % aqueous 
solution of NaOH or 30 % aqueous solution of H2SO4 onto the central reactor; 
● after the stage of stabilizing the final pH, 0.3 % solution of flocculant was metered 
directly onto the central reactor (the flocculants were chosen according to a type of 
generated sludge) and when clarified, the pretreated oversediment phase was discharged 
into the intermediate tank (from it next the effluents were discharged into the sewer 
piping system) and sludge collected in the tapered volume were thickened by slow 
rotational mixing with the frame agitator while metering another portion of 0.3 % 
solution of the flocculant;  
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● the sludge thickened in the tapered volume of the reactor were pumped directly onto 
the set of pressure dewatering of frame chamber press - the dewatering set was not fitted 
with an intermediate thickening tank, this function was realized by the tapered volume of 
central processing reactor. 

a) the planned output was calculated for individual installations, respectively, at the level up to: I) 30.0 and  
II) 40.0 m3/day 
 

Table 2 
Basic characteristic of raw wastewaters directed on installations I and II 

Installation Acronym. Origin of wastewater Characteristic a) (original compound)  (median)  b) 
I PP(KO). Wastewaters from the process 

of the passivation of KO steels 
products - containing HF, HNO3, 
H2SO4 and H3PO4. 
 
 
 
PEa(KO). Wastewaters from the 
processes of the electroplating of 
metalwork of KO steels products - 
containing acids: HNO3, H2SO4, 
H3PO4, HF and N(C2H5)3. 
 
 
 
 
PEb(Cu). Wastewaters from the 
electropolishing of copper products - 
containing H3PO4. 
 

pH < 1.0, 
TSS = 97.9-202.7 (116.3), TP (H3PO4) > 10 000, 

F– (HF) > 5 000, N-NO3– (HNO3) > 3 000,  
Fe = 38.9-177.2 (53.9) c), 

Cr = 10.9-57.9 (16.2), Ni = 8.7-60.9 (19.3), 
Cu = 1.7-14.6 (7.7), Mn = 2.1-14.7 (8.3). 

 
pH < 1.0, 

TSS = 102.9-1371.9 (255.7), 
TP (H3PO4) > 8 000, F- (HF) > 3 000,  

N-NO3
– (HNO3) > 5 000,  

TN (N(C2H5)3) = 297.9-1202.7 (617.3), 
Fe = 85.6-309.7 (109.4) c) , Cr = 2.5-18.5 (10.4),  

Ni = 8.3-42.0 (30.6),  Cu = 1.3-15.9 (4.1),  
Mn = 6.6-29.4 (12.7), COD > 3 000 . 

 
pH < 1.0,  

TSS = 164.9-602.0 (293.7),  
TP (H3PO4) > 10 000, 

Cu = 605.1-2603.8 (1080.2). 
II NiCh(Cu). Effluents from the chemical 

process of nickel plating of copper 
products in alkaline bath - containing 
NiCl2, NH4Cl, NaH2PO2, 
C3H4(OH)(COONa)3. 
 
PEb(KO). Wastewaters from the 
electropolishing of KO steels products 
containing mainly - HF and H3PO4. 

pH = 8.6-9.5, 
TSS = 11.2-29.8 (15.9), TP (NaH2PO2) > 5 000,  
Cl– (NiCl2, NH4Cl) > 10 000, Cu = 0.6-3.2 (1.1),   

Ni = 209.9-429.8 (255.1), COD > 5 000  d). 
 
 

pH < 1.0, 
TSS = 97.9-202.7 (116.3), F– (HF) > 5 000, 

TP (H3PO4) > 8 000, Fe = 70.7-208.7 (107.2) c), 
Cr = 7.4-60.1 (19.2), Ni = 26.9-77.9 (44.7), 

Cu = 3.9-50.1 (27.8), Mn = 2.7-39.0 (19.4). 
a) the parameters are presented in [mg/dm3] and they were determined acc. to standards, respectively: pH (EN ISO 
10523:2012 [18]), TSS (PN-EN 872:2007 [19]), TN (ISO 11905-1:1997 [20]), TP (EN ISO 6878:2006) [21],  
F- (PN-C-04588-03:1978) [22], N-NO3 (PN-82/C-04576.08) [23], N-NH4 (PN-ISO 7150-1:2002 ) [24], COD  
(PN-ISO 15705:2005) [25] and heavy metals (HMs) (EN ISO 11885:2009E [26]) 
b) median (‘middle’ value (m1/2) of the order ½) 
c) Fe concentration in wastewaters determined using standards PN-ISO 6332:2001P [27] and PN-ISO 
6332:2001/Ap1:2016-06P [28] 
d) high COD level resulted from the use of C3H4(OH)(COONa)3 in the bath 

 
In these two technical solutions, the industrial raw sewage was transported to  

storage-averaging tanks (Table 2) where the averaging was carried out by means of pumps 
with bypasses. With averaged composition and after both pH stabilising and the separation 
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of light liquids using tape scrapers, the effluents were pumped through the tube reactors 
into central processing reactors. In each case the central reactor was represented by  
a cylindrical-tapered process system equipped with a low-speed gate agitator. The 
precipitated and thickened sludge was pumped onto the pressure dewatering units - 
chamber filtering presses. In the case of installation II the dewatering unit consisted only of 
a chamber filtering press no intermediate tank for thickener post-processing sludge. This 
function was fulfilled by the tapered part of the central processing reactor. The dewatered 
groups of sludge sampled for tests were marked for the individual pretreating plants with 
indices given in Table 1.  

 
Table 3 

Origin and accepted designations of sludge obtained on the installations I and II 

Installation Types of wastewater and used reagents for pretreatment a) Acronym 
I PP(KO). Wastewaters from the process of the passivation of KO steels 

products - containing HF, HNO3, H2SO4 and H3PO4. 
Process reagents and the order of dosing them: 
1. 5.0 % lime milk [CaO + Ca(OH)2], 
2. PAX® 18 (for correction and the stabilization of the final reaction), 
3. bentonite S11b), 
4. 0.5 % flocculant Stockhausen 2340 BC. 
 
PEa(KO). Wastewaters from the processes of the electroplating of metalwork 
of KO steels products - containing acids: HNO3, H2SO4, H3PO4, HF and 
N(C2H5)3. 
Process reagents and the order of dosing them: 
1. 5.0 % lime milk [CaO + Ca(OH)2], 
2. PIX® 113, 
3. 0.5 % flocculant Stockhausen 851 BC. 
 
PEb(Cu). Wastewaters from the electropolishing of copper products - 
containing H3PO4. 
Process reagents and the order of dosing them: 
1. 5.0 % lime milk [CaO + Ca(OH)2], 
2. PIX® 113 (for the final revision of the reaction), 
3. bentonite S11b), 
4. 0.5 % flocculant Stockhausen 855 BC. 

(I) PP(KO) 
 
 
 
 
 
 
 

(I) PEa(KO) 
 
 
 
 
 
 
 

(I) PEb(Cu) 

II NiCh(Cu). Wastewaters from the process of chemical nickel plating of 
copper products. 
Process reagents and the order of dosing them: 
1. PIX®  116 (dosed for getting the pH ca 5.5), 
2. SAX® 18 (alkaline Na2Al2O4 dosed by the pH ca 5.5 up to the pH ca 8.5), 
3. 0.3 % flocculant Stockhausen 4886 BC. 
 
PEb(KO). Wastewaters from the electropolishing of KO steels products. 
Process reagents and the order of dosing them: 
1. 5.0 % lime milk [CaO + Ca(OH)2], 
2. PAX® 16 (for correction and the stabilization of the final reaction), 
3. 0.5 % flocculant Stockhausen A 130 BC. 

(II) NiCh(Cu) 
 
 
 
 
 
 

(II) PEb(KO) 
 
 

 

a) sludge were being get with commercial coagulants of the class Kemipol Sp. z o.o., Eko-chemia, Węglostal Sp.  
z o.o. or Brenntag Poland Sp. z o.o. about the detailed given characterization in the positions 
[29-32] 
b) detailed characterization of the bentonite S 11 given in the position [33]. 
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Specimens were sampled directly after pressure dewatering in chamber filtering 
presses. The collected specimens of sludge were submitted to procedures of leaching  
5-stage sequential extraction acc. to Tessier's methodology [34] and TCLP [35] and the 
determination of concentrations of selected heavy metals. 

Procedure of TCLP leaching tests 

The assessment of sludge dewatered in chamber filtering presses of installations I and 
II from "non-anhydrous” samples were made using TCLP methodology in accordance with 
the procedure of US EPA Method 1311 [30], determining the leachable forms of metals 
such as: As, Cd, Cr, Cu, Mn, Ni, Pb, Ti and Zn. Final determinations in the extracts were 
made using Jobin Yvon EMISSION JY 38S ICP-OES emission spectrometer and the 
standard for the determination of metals: EN ISO 11885:2009 [26]. The proceedings used 
in TCLP leaching procedure included steps presented and characterised in our  
studies [36-39]. 

The analysis of fractional composition of selected metals according to Tessier's procedure  

Sludge dewatered in chamber filtering presses, generated in installations I and II, were 
submitted to sequential extraction consisting in determining five fractions in accordance 
with Tessier's basic procedure specified in item [29]. For the extraction from each sampled 
specimen, 100.0 g of "non-anhydrous" sludge in two replications was used. The conditions 
of the sequential extraction carried out were standard and are described in our  
studies [36-39]. 

Results and discussion 

In terms the management of industrial wastewaters, especially from low-tonnage 
production, the solution of local or territorial plants of effluents physicochemical 
pretreatment is interesting and enabling the development of different industrial sectors. It 
may be dedicated, especially for small and newly established companies and sectors of new 
technologies for which appropriate methods of pretreatment and treatment of wastewaters 
and properly configured installations should be configured. In such cases the pretreatment 
methods plant are often optimized or sometimes even developed bottom-up after 
completing the technological stages of commissioning. When the start-up wastewater is 
able to discharge onto the already existing installations in order to dispose them, it may 
actually help developing the procedures of technological regime and to minimize the costs 
and time necessary to implement the new technology.  

The installations functioning in practice that are of small daily outputs were the subject 
of our attention considering the quality of post-processing sludge that are formed due to the 
acceptance and pretreatment of industrial effluents using physicochemical methods. In the 
analysed case, the applied methods of wastewater pretreatment were designed for the 
preliminary treatment of effluents generated in chemical and electrochemical preparation of 
metal surfaces - mainly for products made of acid proof steel and copper. A characteristic 
feature of processing wastewater from such processes is a simple chemical composition in 
which bath ingredients used for passivation, electropolishing or chemical galvanising are 
dominating, and metals as well which are released during these processes into the bath 
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environment. In the analysed case, the wastewaters are the exhausted baths which had to be 
pretreated before their movement for further processing stages. Therefore, operations and 
processes carried out should be regarded as a stage of effluent pretreatment consisting 
mainly in neutralization and chemical precipitation, a secondary effect of which are the 
sludge which were a subject to assess within the framework of this study. 

 
Table 4 

Recorded concentrations of leachable metal pools after applying TCLP procedure  
for "non-anhydrous” pressure dewatered post-processing sludge from physicochemical pretreatment  

of industrial effluents in installations I and II a) 

Samples                          (pH) a) 
TCLP [mg/dm3] c) 

As Cd Cu Cr Ni Mn Pb Zn 
Installation I 
(I) PP(KO)                      (7.7 ±0.3) 
(I) PP(KO)                    (10.1 ±0.2) 
(I) PP(KO)                  (8.9 ±0.2) b1) 
(I) PEa(KO)                    (7.2 ±0.3) 
(I) PEa(KO)                    (9.3 ±0.4) 
(I) PEb(Cu)                     (8.8 ±0.5) 
(I) PEb(Cu)                   (10.8 ±0.2) 
(I) PEb(Cu)                 (9.1 ±0.2) b2) 
(I) PEb(Cu)                 (9.6 ±0.2) b3) 

 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 
1.303 
0.103 
0.012 
2.499 
0.912 
ND 
ND 
ND 
ND 

 
5.076 
1.884 
0.518 
0.299 
0.231 
1.792 
0.909 
0.629 
0.408 

 
8.774 
1.309 
0.022 
2.977 
0.994 
1.942 
1.204 
0.166 
0.060 

 
2.994 
0.053 
ND 

0.099 
0.106 
0.277 
0.102 
0.094 
0.037 

 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 
ND 
ND 
ND 
ND 

0.010 
0.243 
0.305 
ND 
ND 

Installation II  
(II) NiCh(Cu)                  (7.1 ±0.5) 
(II) NiCh(Cu)                  (8.8 ±0.4) 
(II) NiCh(Cu)                (10.3 ±0.3)  
(II) PEb(KO)                   (9.2 ±0.3) 
(II) PEb(KO)                   (9.9 ±0.3)   

 
ND 
ND 
ND 
ND 
ND 

 
ND 
ND 
ND 
ND 
ND 

 
7.210 
1.734 
3.008 
6.402 
3.884 

 
1.854 
0.012 
1.604 
2.705 
0.992 

 
106.522 
39.631 
47.810 
70.044 
36.801 

 
0.031 
0.955 
0.743 
1.130 
0.370 

 
ND 
ND 
ND 
ND 
ND 

 
0.152 
ND 

0.095 
ND 
ND 

Standard EPA d) 5 1  5   5  
a) the pH of filtrates, measured during dewatering the batches of sludge from which the test specimens were 
sampled 
b) with application of bentonite S 11 in doses b1) 2.5, b2) 2.8 and b3) 2.4 kg calculating per 1.0/m3 of aqueous raw 
sludge 
c) ND - not detected 
d) standard US EPA - details were described in the position [35] 

 
Table 4 presents an example of the data achieved from the TCLP procedure for 

pressure dewatered sludge collected from physicochemical pretreatment of wastewater 
produced in the processes of passivating and electropolishing products made of acid proof 
steel or in nickel plating surface of copper products. In the case of assessed dewatered 
sludge, for no sample there was found concentrations of As, Cd and Pb above the limit of 
determination used in the quantitative analysis of metals. The leachability of Zn in small 
quantities (within the scope of 0.15-0.30 mg/dm3) was found for some of the sludge 
specimens of wastewater from surface treatment of copper products - electropolishing. 
Whereas the other metals such as Cu, Cr and Ni were leachable at varying levels of 
concentrations and specific for each type of sludge.  

An important aspect that is visible qualitatively in the data listed in Table 4 is also the 
influence of the process configuration of the stage of preparing the sludge before their 
pressure dewatering. In two different cases: (a) with a conventional intermediate thickening 
tank (installation I), (b) without a thickening tank and with transferring its functions onto 
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the tapered volume of central reactor (installation II), significantly different results of 
leachability levels of metals were achieved. The installation without intermediate 
thickening tank generates sludge which, after their pressure dewatering, have their final 
features more prone to leaching of higher concentrations of metals. It should be noted that 
in the mass of mixed sludge, the reactions leading to enhance the level of metals 
precipitabilities or their co-precipitabilities, fixation of mobile forms in sorption processes 
and other secondary effects, important in view of the desired reduction of their leachability. 
The list in Table 4 also indicates a noticeable impact of bentonite S 11 added in the form of 
2.5 % suspension directly into the tank thickening the sludge before their discharge onto the 
chamber press. The introduction of that mineral in dosages from 2.4 to 2.8 kg per 1.0 m3 of 
aqueous raw sludge resulted in lowering the recorded level of leachability of Cr, Ni or Mn 
within around 20-40 %. 

The conclusion is that the sludge quality is determined not only by the selection of 
appropriate reagents and optimizing the level of significant parameters of wastewater 
pretreatment but also the relevant processing of the precipitated sludge at the stage of their 
thickening, for example by a deliberate adjustment of rH (redox) potential, the addition of 
reagents binding the metals such as bentonites, zeolites etc. or the relevant process 
configuration and thickening technique before the final stage of their dewatering. 

The uncomplicated composition of fractional composition of leached metals may 
facilitate considerably the further proceedings with wastes of this kind and accelerate the 
decisions concerning the selection of a final way of the proceedings. It should be pointed 
out that in the realities of the operational practices of such installations the quality of the 
generated sludge is not an important issue - the fractional composition of leachable heavy 
metals is usually not analysed. This is an important issue in view of a risk of the generation 
of secondary problems of different nature, but relating to a final disposal of post-process 
sludge. It seems to be legitimate the development of a technological compromise that 
would consist in the elimination of frequently encountered situation of the solution of one, 
main issue at the cost of generating secondary - derivative one. In the operation of such 
installations, a primary focus is made on the efficiency of physicochemical pretreatment of 
effluents considering the parameters that limit the defined level of ecological effect, but not 
on the quality of the generated post-process sludge. The quality of sludge cannot be  
a negligible issue and transferred with all their difficult specificity farther on, for example 
on the entities carrying out the disposal of wastes of industrial origin.  

In the case of solutions that consist in industrial wastewater physicochemical 
pretreatment plants, the activity domain of which is to provide the services of the receipt 
and disposal of liquid wastes by their pretreatment, it seems to be a rational solution the 
installations dedicated for specific sectors and branches of industry. Such installations may 
have their configurations on which the unit operations and processes would be applied on  
a high levels of repeatability of physicochemical processing sequences while pretreating the 
wastewaters from various sources but of similar nature of their loads. It would facilitate the 
pretreatment of sludge in order to give them features deciding about a minimum 
leachability of heavy metals after a final mechanical treatment of the sludge.  
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Table 5 
The contents [%] of each fraction for selected metals from 5-step sequence extraction carried out  

on the basis of Tessier’s methodology for specimens of pressure dewatered sludge from the pretreatment  
of industrial wastewater on installations: I and II a) 

Metals Sample                                 (pH) F1 F2 F3 F4 F5 F1+F2 RAC c) 
Cu Installation I 

(I) PP(KO)                    (7.7 ±0.3) 
(I) PEa(KO)                  (7.2 ±0.3) 
(I) PEa(KO)                  (9.3 ±0.4) 

 
81 
68 
54 

 
1 
1 
1 

 
 
1 
2 

 
 

29 
33 

 
18 
1 
10 

 
82 
69 
55 

 
VHR 
VHR 
VHR 

Installation II 
(II) NiCh(Cu)               (7.1 ±0.5)  
(II) NiCh(Cu)               (8.8 ±0.4)  
(II) NiCh(Cu)             (10.3 ±0.3) 
(II) PEb(KO)                (9.2 ±0.3) 
(II) PEb(KO)                (9.9 ±0.3)    

 
60 
53 
47 
78 
70 

 
2 
3 
1 
 
1 

 
 
 
1 

 
27 
25 
30 
1 
2 

 
11 
19 
21 
21 
27 

 
62 
56 
48 
78 
71 

 
VHR 
VHR 
HR 

VHR 
VHR 

Ni Installation I 
(I) PP(KO)                    (7.7 ±0.3) 
(I) PEa(KO)                  (7.2 ±0.3) 
(I) PEa(KO)                  (9.3 ±0.4) 

 
69 
60 
43 

 
2 
4 
2 

  
1 
37 
47 

 
28 
1 
10 

 
71 
64 
45 

 
VHR 
VHR 
HR 

Installation II 
(II) NiCh(Cu)               (7.1 ±0.5)  
(II) NiCh(Cu)               (8.8 ±0.4)  
(II) NiCh(Cu)             (10.3 ±0.3) 
(II) PEb(KO)                (9.2 ±0.3) 
(II) PEb(KO)                (9.9 ±0.3)    

 
77 
70 
61 
73 
70 

 
2 
1 
1 
1 
1 

  
18 
23 
27 
1 
1 

 
3 
6 
11 
25 
28 

 
79 
71 
62 
74 
71 

 
VHR 
VHR 
VHR 
VHR 
VHR 

a) individual speciation fractions marked appropriately: F1 (exchangeable), F2 (carbonate), F3 (Fe-Mn oxides 
bound), F4 (organic) and F5 (residual) 
b) with application of bentonite S 11 in doses given in the reference mark b) to Table 4 
c) with HR - high risk (31-50 % of F1+F2), VHR - very high risk (> 50 % of F1+F2) 

 
It is pointed out that the relationship between the concentrations of heavy metals in raw 

wastewaters and the results of their leached concentrations using TCLP procedures and 
Tessier's methodology for dewatered sludge obtained in the physicochemical pretreatment 
of the effluents was not analysed. Some metals such as Mn or Zn may form numerous 
complex compounds or other bonds of high mobility, and at the same time the 
concentrations of these metals are recorded in the extracts of sludge in amounts that are 
non-proportional with reference to the original raw wastewaters. By analysing the fractional 
composition of metals, it can be noted (Table 5) that it is not complex and generally the 
forms contained in the pools of F1 and F4 are dominating. This is mainly due to the 
composition of the baths used for surface treatment of metals - mineral acids (e.g.: HF, 
HNO3, H2SO4 or H3PO4) (Table 2) that decide about the amount of the total pool of loads in 
the effluents, and indirectly about composition of the pool of F1 from Tessier's 
proceedings. Whereas the organic components such as e.g. triethylamine or citrate imply 
the volume of fraction F4. From the obtained data it results that the analytically assessed 
post-processing sludge, pressure dewatered in the units of chamber presses, are 
characterised by high risk ranges according to risk assessment code (RAC) criteria for each 
type of analysed sludge (Table 5). For the most of samples, the RAC parameter was at 
levels typical for HR (31-50 % of F1+F2) and VHR (> 50 % of F1+F2) in the case of Cu 
and Ni that were leached at their highest concentrations. This can be interpreted by more 
availability of mobile forms of metal formed with a significant contribution of chlorides, 
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fluorides and sulphates originally contained in raw effluents. This results in a higher level 
of leachability, probably as the result of the creation of leachable coordination forms of 
type: [M(Cl)x]

(+n – x), [M(F)y]
(+n – y) or [M(SO4)z]

(+n – 2•z) (where: x, y and z - number of 
ligands: chloride, fluoride or sulphate, n - metal valence). The higher leachability level of 
mobile forms was noticeable when ammonia nitrogen (originating from the primary 
component of NH4Cl in the bath for chemical nickel plating) was present in the raw 
effluents and, after alkalising and precipitation of sludge, it was probably partly 
transformed into a form of type [M(NH3)α]

+n (where α - number of amine ligands). 
The pool of organic compounds in the tested effluents includes, apart from the 

components used in the process of basic metal surface treatment such as triethylamine 
(electropolishing) or citrates (chemical nickel plating), compounds applied to protect the 
original metal surface against its passivation and used at the stage of degreasing metal 
surfaces (class: Aquatic Chronic 4, H 413 acc. to the EC Regulation 1272/2008/EC [40]). 
That last group in the raw effluents forms mainly the fractions of light liquids disposed 
using tape scrapers out of the storage-average tanks at the beginning of the line of their 
physicochemical pretreatment. The rest of liquid waste amounts are disposed in the 
processes of aggregates of precipitated fractions in the central reactors and form a part of 
organic pools in post-sedimentary sludge, probably generating an essential part of F4 
fraction determined with Tessier’s procedure. For the analysed sludge, the determined 
analytically pool of F4 fraction is at varied level of contents in the general fractional 
composition. Its amount is probably a result of mainly the presence of organic components 
used to treat surfaces and to generate leachable coordination forms of metals of a general 
formula: [(M(R)A)](+n - A•a) (where: R - e.g. the ligand of organic type N(C2H5)3 [41] or 
H2Cit2– and/or H3Cit- [42-45], A - number of binding organic ligands, a - valence  
of ligand R). 

Conclusions 

On the basis of the assessment of pressure dewatered sludge generated in installations I 
and II, as a result of the physicochemical pretreatment of the selected group of industrial 
wastewaters generated in the surface chemical processing the metals, it was found that: 
- a definitely higher concentrations of leachable metals were characteristic for sludge 

from the installation that was not equipped with a thickening tank for sludge before 
their discharging onto the pressure set of chamber press (installation II); 

- the tapered volume of central reactor does not meet its function of effective thickening 
sludge in such a way that when they are pressure dewatered, the leachability level of 
heavy metals is minimal, as it is in the case for the use of a separate, intermediate 
thickening tank; 

- the use of bentonite S 11 as a thickener for post-processing sludge also results in 
lowering the concentrations of leachable forms of heavy metals from dewatered 
sludge; 

- high concentrations of leachable forms of metals are characteristic for sludge from 
physicochemical pretreatment of wastewater generated during electropolishing or 
passivation of e.g. acid proof steels (mainly Cr, Ni and Mn), or electroplating  
e.g. copper products undergoing chemical nickel plating; 



 

 
 

 The sludge from physicochemical wastewater pretreatment of low-tonnage production installations 

 

 

73

- there is an evident impact of the reaction (pH) of the final treatment and the method of 
treatment of these sludge in the thickened volumes to the leachability level of heavy 
metals; 

- F1 is a dominant fraction in the leachable pool of metals from the dewatered sludge. 
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OSADY Z FIZYKOCHEMICZNEGO PODCZYSZCZANIA ŚCIEKÓW  
Z INSTALACJI MAŁOTONA ŻOWYCH PRODUKCJI  

Wydział Technologii i Inżynierii Chemicznej, Uniwersytet Technologiczno-Przyrodniczy, Bydgoszcz 

Abstrakt:  Przedstawiono wyniki oceny osadów generowanych w procesach fizykochemicznego podczyszczania 
ścieków przemysłowych z małotonażowych produkcji na instalacjach dedykowanych do unieszkodliwiania tego 
rodzaju odpadów. Dwie wytypowane instalacje fizykochemicznego podczyszczania o podobnej konfiguracji 
aparaturowo-procesowej, na których generowano osady poddane ocenie, składały się ze zlewnych zbiorników 
magazynująco-uśredniających zaopatrzonych w zbieraki taśmowe frakcji cieczy lekkich, reaktorów procesowych 
oraz zespołów ciśnieniowego odwadniania osadów na komorowych prasach filtracyjnych. Fizykochemiczne 
podczyszczanie na tych instalacjach prowadzono z zastosowaniem neutralizacji, strącania chemicznego  
i koagulacji z końcowym zagęszczaniem bentonitami i/lub flokulacyjnie. Z uwagi na znaczące zróżnicowanie 
rodzaju ścieków kierowanych na przedmiotowe instalacje i zawartych w nich ładunków również uzyskiwane 
osady charakteryzowały się niejednorodnością oraz różną podatnością do odwadniania. W pracy przedstawiono 
wyniki z przeprowadzonej procedury wymywalności TCLP dla wytypowanych próbek osadów oraz ocenę ryzyka, 
stosując kod RAC. Na podstawie wykonanych analiz stwierdzono, że w wyborze metod fizykochemicznego 
podczyszczania należy również kierować się jakością uzyskiwanych osadów poprocesowych w takim wymiarze, 
aby poziomy wymywalności z nich metali ciężkich były relatywnie minimalne, a generowane i odwodnione 
odpady klasyfikowane jako najbardziej bezpieczne według kodu klasyfikacji RAC. 

Słowa kluczowe: ścieki technologiczne, małotonażowe produkcje, fizykochemiczne podczyszczanie, osady, 
TCLP, skład frakcyjny, metale ciężkie, kod oceny ryzyka (RAC) 


