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PART 2. SLUDGE FROM TWO-STAGE PRETREATMENT 

OCZYSZCZANIE ŚCIEKÓW Z PRODUKCJI CHEMII BUDOWLANEJ.  
CZĘŚĆ 2. OSADY Z DWUSTOPNIOWEGO PODCZYSZCZANIA 

Abstract: The need for two-stage physicochemical pretreatment resulted out of necessity changes of the 
BOD5/COD, COD(BOD5)/TN, COD(BOD5)/TP and TN/TP ratios on beneficial in streams directed at final 
treatment with biological methods. Hense also in pretreatment at the second stage was carried out with the use of 
oxidation or deep oxidation methods, which was reflected in the composition of sludge being subject to 
assessment in this part of research. Wastewaters came mainly from the line of different-tonnage producing fugal 
mass and sealing coatings, gypsum surfacers and putties, self-levelling compounds and grouts, paints for façades 
of concrete structures and interiors, cements and glazes, protective and decorative plasters. The first stage 
pretreatment on installations was being led applying coagulation methods based on the application of iron sulphate 
coagulants of PIX® category or the aluminium ones of ALS® category. At the second one - oxidation with the use 
of KMnO4 or Fenton’s system were applied. Sludge for the assessment were being allocated as a result of 
dewatering them on pressurized sets of chamber presses. For generated in this way sludge the TCLP 
(Toxicological Characteristic Leaching Procedure) procedure and the risk assessment with the use of risk 
assessment code (RAC) was made. It was found that dewatered by pressure mixed sludge present low risk (LR) in 
case of Cd, Cr, Cu, Ni, Pb and Zn and the moderate risk (MR) concerning Mn, in case of application of potassium 
permanganate at the second stage of pretreatment. In case of application of Fenton’s system at the second stage of 
pretreatment, the mixed sludge presented low risk (LR) concerning all analysed heavy metals. In accordance with 
TCLP criteria, mixed sludge from two-stage physicochemical pretreatment of process wastewaters from 
manufacturing of the selected products of construction chemicals were classed as non-toxic wastes. 

Keywords: construction chemicals manufacturing, process wastewaters, two-stage pretreatment, physicochemical 
pretreatment, sludge, TCLP procedure, risk assessment code (RAC) 

Introduction 

The necessity of double-stage physicochemical pretreatment of post-production 
effluents from manufacturing construction chemicals results from the need of their 
preliminary preparation before final biological treatment [1, 2]. After eliminating mainly 
the dispersed phases at the first stage, the second stage includes a treatment of soluble 
pollution load. Usually there are the oxidation or advanced oxidation processes to regulate 
basic indicative ratios: BOD5/COD, COD(BOD5)/TN, COD(BOD5)/TP and TN/TP towards 
achieving the values that enable the biological decay using e.g. the methods of activated 
sludge in several variants of technical solutions [1, 3-6]. While manufacturing the 
construction chemicals, technological wastewater is generated during cleaning appliances 
and production surfaces. The wastewater contain two essential categories of pollution load: 
the contaminants of dispersed pool and the contaminants of dissolved pool [1, 2].  
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The composition of pollution load and the size of several load pools in the effluents are 
generally determined by the nature and purpose of manufactured products [1, 2].  

Wastewater pretreatment, single- and double-stage one, is applied according to the 
requirements outlined by a final recipient or in case of the use of final biological methods in 
the same production facility that generates the industrial wastewater. In literature described 
until now, the pretreatment of wastewater from the production of construction chemicals is 
carried out using coagulation methods, mostly by applying a single-stage coagulation with 
pH correction and final flocculation. The separation of precipitated phases is conducted 
using gravity thickening and/or on filtration units [1, 2]. Coagulation methods belong to 
relatively effective ways of eliminating the dispersed phases (colloids and suspensions)  
at the first, physicochemical stage of wastewater treatment. However, they do not allow to 
eliminate the loads of the following dissolved pools: COD and BOD5 and the nitrogen ones 
(TN and AN), as well as to reduce effectively the general toxicity of the pretreated 
wastewater caused mainly by the residues of biocidal substances. This results in relatively 
low values of BOD5 with reference to COD and the ratio BOD5/COD, and to the other 
parameters (TN and TP) [7]. After the single-stage coagulation, it is not always possible to 
apply further, direct biological treatment due to the unfavourable values of the following 
relationships: BOD5/COD, COD(BOD5)/TN and COD(BOD5)/TP in physicochemically 
pretreated wastewater, hence there is a need for additional pretreatment using oxidation or 
advanced oxidation processes (AOP) [3-6].  

The aim was to estimate a risk on the basis of the analysis fractional composition of 
selected heavy metals and TCLP (Toxicological Characteristic Leaching Procedure) 
leachability tests of a mixture of post-processing sludge from two-stage physicochemical 
pretreatment of technological effluents. In the research, it was focused on the analysis of 
fractional contents of such heavy metals such as: Cd, Cr, Cu, Ni, Mn, Pb and Zn. As a part 
of this research, it was also compared the results obtained with TCLP method with the 
values determined for risk assessment code (RAC) for the sludge generated after applying 
KMnO4 at the second stage of the wastewater pretreatment. 

Experimental part 

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

Sludge from the first and second stage of physicochemical pretreatment were 
generated in the full technological scale installations, two-stage pretreatment of processing 
effluents of technical characteristics presented in Table 1 and in daily flow capacities up to 
30 m3 (installation D) and up to 25 m3 (installation E) [7]. These installations were 
designed for the needs of mixed processing effluents from different tonnage production 
divisions of building industry chemicals, including the production of water-based pains and 
silicone plasters for the façades of concrete structures and interiors, protective and 
decorative plasters, gypsum surfacers and putties, as well as self-levelling compounds and 
sealing coats. The raw processing effluents of basic characteristics shown in Table 2 were 
flown down gravitationally to the first ground retention basin, in which their averaging was 
conducted with pumps and bypasses, and then the pretreatment was carried out according to 
the sequences given in Table 1. Sludge precipitated and thickened by flocculation after the 
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first and second stage, were pumped into a common vertical thickening tank and then, after 
metering additional doses of flocculant and thickening, onto the pressurized sets of plate 
and frame chamber filter presses. Pressure dewatered groups of sludge were marked for the 
individual installations of double-stage pretreatment with indices, respectively, shown in 
Table 3. 

 
Table 1 

Basic characteristics of double-stage wastewater pretreatment installations 

No. Installation Installation setup and pretreatment method [7] 
1 D The installation included: 

a)  the first stage: a coupled unit of vertical tube reactor with a central  
cylindrical-tapered processing reactor equipped with a low-speed frame agitator, 
stations metering the reagents which were the following coagulants: iron(III) 
sulphate based PIX® or aluminum based ALS® and 0.3 % aqueous solution of 
flocculant 8398 Optifloc Cytec Industriec Inc. Kemipol Sp z o.o.; 

b)  the second stage: the cylindrical-tapered oxidation reactor fitted with a low-speed 
frame agitator, stations metering the reagents (30 % aqueous solution of H2SO4,  
3.5 % aqueous solution of KMnO4 and 30 % aqueous solution of NaOH).  
The dewatering set of post-processing sludge was common and included:  
a vertical thickening tank to which a flocculant was metered, and a pressurized 
chamber press. 

The course of physicochemical pretreatment: 
● the raw sludge averaged in the ground basin were pumped through the 1st stage 

cylindrical-tapered reactor directly onto the reactor with metering the acidic 
coagulant (PIX® 113 or PIX® 122 or ALS®) into the tube reactor in doses that 
enable the treatment environment obtaining a set value of the reaction at the level 
of pH = 7.8-8.5 under the conditions of circulation of the effluents within the 
volumes of these reactors; 

● the flocculation was conducted by metering 0.3 % solution of flocculant  
(8398 Optifloc Cytec Industriec Inc. Kemipol Sp z o.o.) directly onto the 
cylindrical-tapered reactor; 

● after sedimentary separation of the sludge phase from the over-sedimentary phase, 
the recent one was pumped onto the 2nd stage oxidation reactor to which 3.5 % 
aqueous solution of KMnO4 was metered, previously acidifying the environment 
with 30 % aqueous solution of H2SO4 to obtain the reaction level within  
pH = 3.5-4.0; 

● after oxidation, the neutralization was made by metering 30 % solution of NaOH in 
doses to enable the reaction to achieve pH = 8.0-8.5; 

● the flocculation of dispersed phases was conducted by metering 0.3 % solution of 
flocculant (8398 Optifloc Cytec Industriec Inc. Kemipol Sp. z o.o.) directly onto 
the reactor; 

● thickened in the two stages of the pretreatment were discharged onto the vertical 
thickening tank equipped with a low-speed frame agitator, to which  
0.3 % aqueous solution of flocculant (8398 Optifloc Cytec Industriec Inc. Kemipol 
Sp. z o.o.) was metered and then, after additional thickening by flocculation the 
sludge were supplied onto the pressurized dewatering set. 

2 E The installation included: 
a)  the first stage: a coupled unit of vertical tube reactor with a central  

cylindrical-tapered processing reactor equipped with a low-speed frame agitator, 
stations metering the reagents which were the following coagulants: iron(III) based 
PIX® or aluminium based ALS® and 0.3 % aqueous solution of flocculant  
8398 Optifloc Cytec Industriec Inc. Kemipol Sp. z o.o.; 

b)  the second stage: the cylindrical-tapered oxidation reactor fitted with  
a low-speed frame agitator, stations metering Fenton’s reagents (acid solution of 
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No. Installation Installation setup and pretreatment method [7] 
FeSO4 in H2SO4, 30 % solution of H2O2 and 30 % solution of NaOH).  
The dewatering set of post-processing sludge was common and included:  
a vertical thickening tank to which a flocculant was metered, and a pressurized 
chamber press. 

The course of physicochemical pretreatment: 
● at the 1st stage of the pretreatment, all operations and elementary processes were 

conducted in the same way as for installation D; 
●  when sedimentary separation of sludge phase from over-sediment phase was made, 

the recent phase was pumped onto the 2nd stage oxidation reactor to which the 
acidic solution of FeSO4 was metered in doses to obtain  
pH = 2.5-3.0, then 30 % aqueous solution of H2O2 was metered; 

●  after oxidation, the neutralization was made by metering 30 % solution of NaOH in 
doses to enable the reaction to achieve pH = 8.0-8.5; 

●  the flocculation of dispersed phases was conducted by metering 0.3 % solution of 
flocculant 8398 Optifloc Cytec Industriec Inc. Kemipol Sp. z o.o., directly onto the 
reactor; 

●  the sludge thickened by sedimentation in the two stages of pretreatment were 
supplied onto the vertical thickening tank equipped with a low-speed frame 
agitator, to thicken them finally by flocculation in directed to the pressurized 
dewatering set. 

   

 
Table 2 

Basic characteristics of raw effluents treated in the installations D and E 

No. Installation Effluent origin Characteristics a, b) (median) c) 

1 D 

Mainly from low-tonnage production of paints 
and silicone plasters the façades of concrete 
structures and interiors, as well as decorative 
gypsum finishing agents and putties. In lower 
volume fraction from high-tonnage production 
of cements and glazes, as well as self-levelling 

compounds and grouts. 

pH = 9.2-12.1 (10.3) 
TSS = 975.9-4622.3 (3244.7) 

COD = 1109.0-4082.9 (2892.3) 
BOD5 = 283.9-620.3 (407.3) 

TN = 20.4-202.5 (98.7) 
TP = 6.6-40.2 (13.7) 

2 E 

Mainly from the low-tonnage production of 
water-based paints and silicone plasters for the 

façades of concrete structures and interiors, 
cements and glazes, protective and decorative 

plasters. In lower volume fraction from medium-
tonnage production of gypsum surfacers and 

putties, as well as self-levelling compounds and 
sealing coats. 

pH = 8.9-11.7 (10.8) 
TSS = 670.4-6048.0 (4804.9) 

COD = 1870.9-4803.9 (3772.0) 
BOD5 = 209.6-503.8 (345.9) 

TN = 32.5-122.0 (78.9) 
TP = 2.2-26.8 (17.4) 

a) parameters TSS, COD, BOD5, TN and TP were given in [mg/dm3] 
b) determined acc. to the following standards, respectively: pH (PN-EN ISO 10523:2012) [8], TSS (PN-EN 
872:2007) [9], COD (PN-ISO 15705:2005) [10], BOD5 (PN-EN 1899-1:2002) [11], TN (PN-EN 12260:2004) [12] 
and TP (PN-EN ISO 6878:2006) [13] 
c) median (“middle value”) (m1/2) of the order: ½ 

 
Test specimens of sludge were sampled after pressurized dewatering (up to 12 atm.) 

using frame chamber filtering presses. The sludge specimens were submitted to the 
procedures of fractionation by 5-step sequential extraction acc. to Tessier’s methodology 
[14] and TCLP [15], and then the determination of concentrations of selected heavy metals 
was made. Table 3 presents the established indices of markings for the individual  
post-processing sludge categories. 
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Table 3 
The genesis and the markings of sludge dewatered by pressure, generated in the installations: D and E 

No. Installation Reagents used in the pretreatment stages a - c) Marking of mixed sludge 

1 D 

a) The 1st stage: 
● coagulants: PIX® 113 or PIX® 122, or ALS® 
b) The 2nd stage with oxidation: 
● oxidiser 3.5 % aqua solution of KMnO4 
● 30 % solution of NaOH 

DC(PIX 113) - Ox(KMnO4) 
DC(PIX 122) - Ox(KMnO4) 
DC(ALS) - Ox(KMnO4) 

2 E 

a) The 1st stage: 
● coagulants: PIX® 113, PIX® 122, or ALS® 
b) The 2nd stage with deep oxidation: 
● Fenton system (FeSO4 in H2SO4 and 30 % H2O2) 
● 30 % NaOH 

EC(PIX 113) - Ox(Fs) d) 
EC(PIX 122) - Ox(Fs) d) 
EC(ALS) - Ox(Fs) d) 

a) the sludge were obtained using commercial coagulants made by Kemira Kemipol Sp. z o.o., of detailed 
characteristics given in [16] 
b) at 1st stage, only acidic sulphate coagulants were used to reduce a risk of molecular chlorine generation and  
a synthesis of chloro derivative compounds at 2nd oxidation stage of the pretreatment 
c) in each case, the same 0.3 % solution of flocculant 8398 Optifloc Cytec Industriec Inc. Kemipol Sp. z o.o. was 
used to thicken the precipitated dispersed solid phases 
d) Fs - Fenton system (used at the 2nd stage of the pretreatment) 

Procedure of TCLP leaching tests 

The evaluation of mixed and pressure dewatered sludge from double-stage 
physicochemical pretreatment of the post-production wastewater from “non-anhydrous” 
samples were performed according to TCLP methodology of USEPA Method 1311 [15] by 
the determination of leachable forms of metals such as: Cd, Cr, Cu, Mn, Ni, Pb 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 [17]. The proceedings used in TCLP leaching procedure included steps 
presented and characterised in Table 4 of the part one of this study. 

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

Sludge dewatered by pressure in chamber presses, mixed in the thickening tank, were 
submitted to sequential extraction consisting in determining five fractions in accordance 
with Tessier’s basic procedure specified in item [14]. For the extraction 100.0 g of  
“non-anhydrous” samples of sludge were used in two replications. The conditions of the 
sequential extraction were the same as given in our studies [18-21].  

Results and discussion 

The necessity of the use of double-stage physicochemical pretreatment of processing 
effluents from the production of construction chemicals results from the need to prepare the 
wastewater flow of the remaining and dissolved pollution load after the first pretreatment 
stage which has to be biodegradable to possibly the highest degree at a final stage of 
biological treatment. This applies, in particular, to the wastewater from the manufacture of 
the products of more complex chemical composition and a significant participation in the 
total pollution load of the pool of compounds and/or substances soluble in the aqueous 
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phase. The processing wastewater from the manufacture of a very wide range of 
construction chemicals in the total pollution load, to simply put, include primarily the 
dispersed particles of different type basic substances and the so-called additives and 
admixtures from the production lines such as from the production of paints for different 
purposes, varnishes and cleaning agents, adhesives for tiles and styrofoams, grouts, 
primers, floor underlays, waterproof membranes, silicones, impregnating agents etc.  
[22-25]. Another composition can have the wastewater from the production of all kinds of 
plasters and mortars [26-30]. Still another types of pollutions may their origin in 
manufacturing admixtures and additions for concretes and waterproof, anti-freezing, 
colouring renders, retarding or accelerating the setting of cement paste [22]. The general 
and processing effluents from such productions usually contain predominant amounts of 
colloids and suspensions of varying stability degree [1, 31]. This group contains generally 
mineral fillers: chalk, dolomites, titanium white, talcum, kaolin, silica dust and mica  
[32-35]. This group of chemical compounds and substances is mainly separated at the 1st 
stage of wastewater pretreatment and does not form any essential part of the effluent 
dissolved load. At the level of much lower concentrations but significant in the aspect of 
the choice an optimal wastewater pretreatment method are the substances the origin of 
which is from plasticisers, e.g. sodium and/or magnesium lignosulphonates [36]. The group 
of super plasticisers may include sulphonaned naphthalene and melamine polycondensates, 
starch hydrolyzates and polycarboxyethers, that occur in a pool of dissolved load [37, 38]. 
From the quick-set admixtures: calcium nitrate and calcium chloride, and from the 
hydrophobizing agents: calcium stearate [39, 40]. From the group of air-entrainers: 
synthetic tensides and modified root resins that enrich the dissolved load of pollutants in the 
processing effluents [41]. Colouring admixtures (pigments) are the source of heavy metals 
(e.g., Cr, Cu, Ni, Ti) originating mostly with the use of these metals. Biocides protect 
construction chemicals, but in the effluents they significantly increase their general toxicity 
[1, 42]. In the total pollutants load may also be residues of non-reacted resins: acrylic, 
epoxy, epoxy-polyurethane, polyurethane, polyester or vinyl [43]. 

For evaluated pressure dewatered groups of sludge, the analytically determined 
leachability level of metals was recorded at low threshold of the values, and the contents of 
e.g. Cd, Cr and Pb was below the determination limit of the method used to make analyses. 
At the same time, the concentrations of randomly selected samples of raw effluents were 
recorded only in a few cases at trace levels, i.e. below 0.2 mg/dm3. Pigments constituted the 
main source of heavy metals in the investigated wastewater. Their contents in the total mass 
of dispersed fractions was at trace level, which was observed by the recorded low levels of 
concentrations or the levels below the determination limit of analytical method used for 
quantitative determination. The results of the procedure made acc. to TCLP methodology 
[15] indicate the manifestly more stable mixed sludge that were obtained using Fenton’s 
system at the 2nd oxidation stage of the pretreatment. The leachability recorded for some of 
analysed samples, was at the level not exceeding 0.2 mg/dm3, and the concentrations 
determined above the limit of determination for Cr, Cu, Ni or Zn, were stated for  
post-processing sludge, for which pH values of filtrates determined during sampling were 
within the range 7.0-7.5. The higher pH of the mixed sludge in the thickener favours 
bonding these metals in the mass of sludge and, at the same, minimizes their leachability 
from the dehydrated sludge in the filtering presses. Practically, it should be aimed to 
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maintain higher pH in the tank designed to thicken the sludge before their discharge onto 
the set of pressure dewatering. In the case of using Fenton’s system, the dewatered sludge 
of a significantly lower total leachability level of heavy metals were achieved. The use of 
this system at the 2nd stage of the pretreatment results in the occurrence also some amount 
of residual hydrogen peroxide in the thickening tank. Its presence in the mass of mixed 
sludge can generate the forms of metals more oxidised and more prone to precipitate in this 
processing volume, reducing their leachability from the after-filtering sludge cakes. This 
phenomenon may include some of the analysed metals and the transformations with the 
participation of H2O2 can be shown with the following simplified scheme:  
M+ɷ + H2O2 → M(+ɷ + x), where: M+ɷ: Cu+, Ni+2, Mn+2 or Pb+2, whereas x - means a numeric 
increase in the oxidation state under the effect of H2O2. In the case of Cr this phenomenon 
can be reversed and may result in the occurrence of more difficultly precipitable forms of 
Cr6+, and thus more leachable ones.  

 
Table 4 

Examples of concentrations of leachable metals on the basis of TCLP procedure for pressure dewatered mixed 
sludge generated as the result of two-stage, physicochemical pretreatment of effluents discharged from the selected 

production of construction chemicals 

Samples (sludge type) 
Results of TCLP [mg/dm3] a) 

Cd Cr Cu Ni Mn Pb Zn 
1. DC(PIX 113) - Ox(KMnO4) 

2. DC(PIX 113) - Ox(KMnO4) c1) 
1. DC(PIX 122) - Ox(KMnO4) c2) 
2. DC(PIX 122) - Ox(KMnO4) 
1. DC(ALS) - Ox(KMnO4) 
2. DC(ALS) - Ox(KMnO4) 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
0.037 
0.008 
0.062 
ND 
ND 

ND 
0.067 
0.059 
ND 
ND 
ND 

0.017 
0.088 
0.083 
ND 
ND 

0.064 

4.85 
9.88 
7.03 
5.81 
2.89 
1.63 

ND 
ND 
ND 
ND 
ND 
ND 

ND 
0.11 
0.101 
0.107 
ND 
ND 

1. EC(PIX 113) - Ox(Fs) d1) 
2. EC(PIX 113) - Ox(Fs) 

1. EC(PIX 113) - Ox(Fs) d2) 
2. EC(PIX 113) - Ox(Fs) d3) 
1. EC(PIX 122) - Ox(Fs) d4) 
2. EC(PIX 122) - Ox(Fs) 
1. EC(ALS) - Ox(Fs) d5) 
2. EC(ALS) - Ox(Fs) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

0.017 
ND 

0.11 
ND 

0.101 
0.069 
0.044 
ND 

0.027 
ND 

0.019 
ND 

0.031 
ND 
ND 
ND 
ND 
ND 

0.09 
ND 
0.11 
0.08 
ND 
ND 
0.16 
0.05 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

0.069 
0.063 
ND 

0.011 
ND 

a) ND - below the method determination threshold for Zn, Pb, Cu and Ni 
b) Fs - Fenton system (used at the 2nd stage of the pretreatment) 
c) the reactions (pH) of filtrates after the press were recorded at levels, respectively: c1) 7.14 and c2) 7.37 
d) in those specimens after the oxidation with Fenton system, no neutralisation was made and the acidic sludge 
were directed into the thickening tank before the pressure dewatering, whereas the pH of the filtrate was measured 
during sampling and was as follows: d1) 7.11, d2) 7.30, d3) 7.18, d4) 7.03, and d5) 7.46 

 
High concentrations of manganese in the extracts occurred in the mixed sludge that 

were generated as the result of the application of KMnO4 at the 2nd stage of the oxidation 
pretreatment. Recorded concentrations of leachable forms may be a result of coordination 
of Mn at it state (II) by ligands present in the environment, e.g. mineral ligands from pool 
F1, mainly sulphate ions ([Mn(SO4)m](+2 – 2·m), where: m - number of binding sulphate 
ligands) and carbonate ions ([Mn(CO3)n]

(+2 – 2·n), where: n - number of binding carbonate 
ligands), which are the result of oxidation and mineralisation of organic fractions to CO2 
and the generation of the coordination forms of HCO3

-, particularly CO3
2–, that form the 
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essential part of pool F2. The organic ligands, being a part of pool F4, were probably  
a source of the generation of low-molecular products as a result of the oxidation of organic 
components in the dissolved part of the load discharged from the 1st stage onto the further 
stage of their treatment. In view of the finding the presence of manganese at +2 oxidation 
state, the coordination forms of this metal in pool F4 may have their general complexion of 
([Mn(R)μ]

(μ·α + 2), where: R - organic ligands that are the products of oxidation by KMnO4,  
μ - number of binding ligands R, α - valency of ligand R). In these two processing volumes 
there are generated various coordination forms of the following type: [Mn(Ra)A](A·α1 + 2) and 

[Mn(Rb)B](B·α2 + 2), where: A and B - number of binding ligands, respectively, Ra and Rb,  
α1 - valencies of organic ligands from group Ra, generated in the oxidation reactor,  
α2 - valencies of organic ligands from group Rb, generated in the thickening tank. 
Transformation products of the stages of wastewater physicochemical pretreatment that 
may be formed at the final phases of sludge processing are probably generated in 
accordance with the following simplified schemes (1) and (2): 
a) in the 2nd stage oxidation reactor: 

 MnO4
- + OFs → OPs (including the forms from Ra group) + MnO2(s) (1) 

where: OFs - organic fractions of the load after the 1st stage of physicochemical 
pretreatment, OPs - oxidation products of organic fractions; 
b) in the thickening tank (where the residual reduction of MnO2(s) occurs to obtain Mn2+ 

in the mixed sludge), before dewatering in the press: 

 ψMn2+ + ARa + BRb → [Mn(Ra)A](A·α1 + 2) + [Mn(Rb)B](B·α2 + 2)  
 + (ψ – (A + B)) Mn2+· (F1 + F2)  (2) 

where: ψ, A and B - numbers resulting from the rules of stoichiometry for Mn(II), binding 
ligands Ra and Rb, Ra - fractions which are oxidation products using KMnO4 at the 2nd 
stage of pretreatment, Rb - fractions that are the products of transformations in the mixed 
sludge occurring in the thickening tank, Mn2+· (F1 + F2) - manganese(II) contained in 
fraction pools F1 and F2. 

The group of oxidation products Ra and the group of transformations in the thickening 
tank Rb may be a significant part of the determined pool of fraction F4 of manganese 
leached from the sludge mixed in the thickening tank and separated when KMnO4 (Table 5) 
was applied at the 2nd physicochemical stage of the wastewater pretreatment.  

In a typical proceeding to assess the potential risk, the quantity of metals bonded in 
mobile fractions, i.e. the total of exchangeable and carbonate fractions are taken into 
account instead the total contents of metals which are listed in Table 5 for the investigated 
sludge samples [44, 45]. The nature of waste toxicity in accordance US EPA is determined 
by the level of Pb concentration and on this basis a waste category is defined. In all samples 
of the analysed groups of sludge: DC - Ox(KMnO4) and EC - Ox(Fs) no exceedance of 
limit value for leachable Pb (5.0 mg/dm3), decisive of toxicity in accordance with US EPA 
criterion, was analytically found. This not only an argument for the effective 
physicochemical processing wastewater treatment technology, but also demonstrates 
acquiring the post-processing sludge of a low leachability level. It also indicates  
an opportunity to consider a further use of them for the purposes of commercial nature. 
Therefore, in this case, the speciation forms determined using fractional analysis are 
essential to estimate a potential lability, mobility and toxicity of analysed metals.  
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The quantitative distribution in different fractional pools, determined using sequential 
extraction in accordance with Tessier's procedures, provides an estimate for their 
availability and informs about the risk associated with the potential migration of metals into 
the aquatic environment.  

 
Table 5 

Fraction content [%] of manganese determined using Tessier’s procedure in pressure dewatered mixed sludge 
from the 2nd stage processing effluent pretreatment from the production of construction chemicals and the risk 

assessment code (RAC) assumed for the case when the oxidation using KMnO4 was applied a) 

No. Sludge type b) F1 F2 F3 F4 F5 ∑F1+F2 RAC c) 

1 
1. DC(PIX 113) - Ox(KMnO4) 1) 
2. DC(PIX 113) - Ox(KMnO4) 2) 

6 
2 

10 
9 

ND 
2 

13 
17 

71 
70 

16 
11 

MR 
MR 

2 
1. DC(PIX 113) - Ox(KMnO4) 3 
2. DC(PIX 113) - Ox(KMnO4) 4) 

7 
9 

11 
9 

1 
3 

8 
17 

73 
62 

18 
18 

MR 
MR 

3 
1. DC(PIX 122) - Ox(KMnO4) 5) 
2. DC(PIX 122) - Ox(KMnO4) 6) 

7 
3 

9 
4 

9 
ND 

6 
16 

69 
77 

16 
7 

MR 
LR 

4 
1. DC(PIX 122) - Ox(KMnO4) 7) 
2. DC(PIX 122) - Ox(KMnO4) 8) 

11 
7 

8 
7 

2 
4 

10 
16 

69 
66 

19 
14 

MR 
MR 

5 
1. DC(ALS) - Ox(KMnO4) 9 

2. DC(ALS) - Ox(KMnO4) 10) 
12 
4 

8 
14 

5 
2 

7 
15 

68 
65 

20 
18 

MR 
MR 

6 
1. DC(ALS) - Ox(KMnO4) 11) 
2. DC(ALS) - Ox(KMnO4) 12) 

2 
13 

11 
7 

ND 
ND 

18 
8 

69 
72 

13 
20 

MR 
MR 

a) individual fractions were marked, respectively: F1 (exchangeable), F2 (carbonate), F3 (Fe-Mn oxides bound),  
F4 (organic) and F5 (residual) 
b) adopted indices: DC(PIX 113) - Ox(KMnO4), DC(PIX 122) - Ox(KMnO4) or DC(ALS) - Ox(KMnO4), mean respectively 
the mixed sludge obtained: using the coagulation at the first stage with acidic sulphate coagulants: PIX® 113 or 
PIX® 122, or ALS® and oxidation at the second stage using KMnO4 in the acidic environment 
c) adopted indices mean, respectively: MR - medium risk and LR - low risk 
1 - 12) the reaction (pH) of filtrates directly after the press, measured during the sampling of sludge for tests was as 
follows: 1) 8.7 ±0.2, 2) 7.9 ±0.1, 3) 8.3 ±0.1, 4) 8.4 ±0.2, 5) 8.6 ±0.1, 6) 8.4 ±0.2, 7) 9.1 ±0.1, 8) 9.4 ±0.2,  
9) 9.5 ±0.1, 10) 8.8 ±0.1, 11) 9.0 ±0.1 and 12) 9.4 ±0.2 

 
The results compiled include the assessment of sludge from double-stage 

physicochemical pretreatment of processing effluents from the production of selected 
construction chemicals and are a part of a scope of values that was recorded in an actual 
system when mixed general and technological wastewater made streams from different 
tonnage productions in the most part, such as: protective and decorative plasters, gypsum 
surfacers and putties, self-levelling compounds and grouts, paints for façades of concrete 
structures and interiors, cements and glazes. The results presented here should be regarded 
as the orientation level that is obtained for sludge being a secondary effect of 
physicochemical treatment of processing effluents from the production of construction 
chemicals - the assortment group that is poorly described in literature. The double-stage 
pretreatment is a complex way of processing and it is operated in the developed 
installations. The reagents used, apart from the history of which they introduce to the 
stream of wastewater, e.g. in a form of anions of used coagulants, undoubtedly generate 
considerable fractions of sparingly soluble products of hydrolysis with a developed surface 
and sorption properties of metals, which may also affect the final level of leachability 
results. It should be noted that an important aspect for practice that determines the 
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leachability level is the control of pH of mixed sludge in the thickening tank before their 
pumping onto chamber filtering presses. 

Conclusions 

The sludge mixed in the thickening tank, generated as the result of two-stage 
physicochemical pretreatment of effluents from the production of construction chemicals 
and dewatered in pressurized chamber filtering presses, are particularly characterised by: 
- very low leachability levels of heavy metals in the case of application of Fenton’s 

system at the second stage of effluent pretreatment; 
- elevated leachability level of Mn in the case of using potassium permanganate at the 

second stage of effluent pretreatment; 
- minimally increased tendency of metal detectability, in particular: Cr, Cu, Ni and Zn, 

in cases where neutralization was not applied after the phase of the oxidation with 
Fenton’s system at the second stage of wastewater pretreatment. 
It should be noted that an important aspect is to monitor the reaction (pH) of mixed 

sludge in the thickening tank before their pumping onto the chamber filtering presses in 
order to maximally precipitate them and to conduct other residual reduction processes,  
e.g. using sorption and ion exchange of the residual quantities of heavy metals after the 
operations of neutralisation and coagulation. 

Mixed streams of post-processing sludge might be classified in accordance with the 
risk assessment code (RAC) as not involving risk in respect of determined metals while 
using Fenton’s system at the 2nd stage of the physicochemical wastewater pretreatment, 
and of a low risk for aquatic ecosystems against Mn in the case of using potassium 
permanganate at the 2nd, oxidation stage. 

References 

[1] Nasr FA, Doma HS, Abdel-Halim HS, El-Shafai SA. Chemical industry wastewater treatment.  
The Environmentalist. 2007;27(2):275-286. DOI: 10.1007/s10669-007-9004-0. 

[2] Nasr FA, Doma HS, Abdel-Halim HS, El-Shafai SA. Chemical industry wastewater treatment. J Eng Appl 
Sci. 2005;52(4):697-713. 

[3] Bernardo-Bricker AR, Singh SK, Trovó AG, Tang WZ, Tachiev G. Biodegradability enhancement of mature 
landfill leachate using Fenton process under different COD loading factors. Environ Process.  
2014;1:207-219. DOI: 10.1007/s40710-014-0016-8. 

[4] de Morais JL, Zamora PP. Use of advanced oxidation processes to improve the biodegradability of mature 
landfill leachates. J Hazard Mater. 2005;123:181-186. DOI: 10.1016/j.jhazmat.2005.03.041. 

[5] Wang F, Smith DW, El-Din MG. Application of advanced oxidation methods for landfill leachate treatment 
- a review. J Environ Eng Sci. 2003;2(6):413-427. DOI: 10.1139/s03-058. 

[6] Oller I, Malato S, Sánchez-Pérez JA. Combination of advanced oxidation processes and biological 
treatments for wastewater decontamination - A review. Sci Total Environ. 2011;409(20):4141-4166. DOI: 
10.1016/j.scitotenv.2010.08.061. 

[7] http://www.projprzemeko.pl/realizacje/oczyszczanie-sciekow-przemyslowych.html. 
[8] EN ISO 10523:2012. Water quality - Determination of pH. https://www.iso.org/standard/51994.html. 
[9] PN-EN 872:2007. Water quality - Determination of suspended solids - Method by filtration through glass 

fibre filters. http://sklep.pkn.pl/pn-en-872-2007p.html. 
[10] PN-ISO 15705:2005. Water quality - Determination of the chemical oxygen demand index (ST-COD) - 

Small-scale sealed-tube method. http://sklep.pkn.pl/pn-iso-15705-2005p.html.  
[11] PN-EN 1899-1:2002. Water quality - Determination of biochemical oxygen demand after n days (BOD) - 

Part 1: Dilution and vaccination method with the addition of allyl thiourea. http://sklep.pkn.pl/ 
pn-en-1899-1-2002p.html.  



 

 
 

 Construction chemicals production wastewaters treatment. Part 2. Sludge from two-stage pretreatment 

 

 

61

[12] PN-EN 12260:2004. Water quality - Determination of nitrogen - Determination of bound nitrogen (TNb), 
following oxidation to nitrogen oxides. http://sklep.pkn.pl/pn-en-12260-2004e.html. 

[13] PN-EN ISO 6878:2006. Water quality - Determination of phosphorus - Ammonium molybdate spectrometric 
method (ISO 6878:2004). http://sklep.pkn.pl/pn-en-iso-6878-2006p.html.  

[14] Tessier A, Campbell P, Bisson M. Sequential extraction procedure for the speciation of particulate trace 
metals. Anal Chem. 1979;51(7):844-851. DOI: 10.1021/ac50043a017. 

[15] USEPA. Test methods for evaluating solid waste. Physical/chemical methods. Method 1311. Toxicity 
characteristic leaching procedure (TCLP), EPA Publ. SW-846. 3rd ed. Vol. 1A. Office of Solid Waste and 
Emergency Response, USEPA, Washington, DC, 1992. https://www.epa.gov/hw-sw846/ 
sw-846-test-method-1311-toxicity-characteristic-leaching-procedure. 

[16] http://www.kemipol.com.pl/products. 
[17] PN-EN ISO 11885:2009E. Water quality - Determination of selected elements by inductively  

coupled plasma optical emission spectrometry (ICP-OES) (ISO 11885:2007). 
https://pzn.pkn.pl/kt/info/published/9000128836. 

[18] Rauckyte-Żak T. Comparison of the sequential extraction methods for soil subjected to the long-term effect 
of sewage. Proc ECOpole. 2015;9(2):489-497. DOI: 10.2429/proc.2015.9(2)057. 

[19] Żak S, Rauckyte-Żak T, Laurinavičius A. The influence of treated oleo-chemical wastewater applications on 
the metal speciation forms in soils. J Environ Eng Landsc. 2013;21(2):85-95. DOI: 
10.3846/16486897.2013.773259. 

[20] Rauckyte-Żak T. Assessment of sludges from rail freight car wash wastewaters. The primary sludges. Proc 
ECOpole. 2017;11(1):77-86. DOI: 10.2429/proc.2017.11(1)008. 

[21] Rauckyte-Żak T., Żak S. Wastewaters treatment from rail freight car wash. Assessment of physicochemical 
treated sludges. Proc ECOpole. 2017;11(1):87-96. DOI: 10.2429/proc.2017.11(1)009. 

[22] Ramachandran VS. Concrete Admixtures Handbook. Properties, Science and Technology. 2nd ed. Ottawa, 
Canada: National Research Council Canada; 1996. 

[23] Kabdasli J, Tun̈ ay O, Konuk K, Etcǐoglu G, Kocabas E. Treatability of wastewaters originating from  
water-based paint production with latex binder. Fresen Environ Bull. 2012;21(10A):3122-3126.  
https://www.prt-parlar.de/download_feb_2012/. 

[24] Tünay O, Kocabaş E, Olmez-Hanci T, Kabdaşh I. Characterization and treatability of latex and PVA  
based paint production wastewaters. Fresen Environ Bull. 2010;19(9):1884-1888.  
https://www.prt-parlar.de/download_feb_2010/.  

[25] Hansson H, Kaczala F, Marques M, Hogland W. Photo-Fenton and Fenton oxidation of recalcitrant 
wastewater from the wooden floor industry. Water Environ Res. 2015;87(6):491-497. DOI: 
10.2175/106143015X14212658614559. 

[26] Eremektar G, Goksen S, Babuna F, Dogruel S. Coagulation-flocculation of wastewaters from a water-based 
paint and allied products industry and its effect on inert COD. J Environ Sci Health A.  
2006;41(9):1843-1852. DOI: 10.1080/10934520600779018. 

[27] Ramesh K, Tock RW, Narayan RS, Vallabhan CVG. Property evaluation of silicone elastomers used in 
tension-adhesion joint. J Mater Sci Lett. 1995;14(13):964-967. DOI: 10.1007/BF02427478. 

[28] Kumar S. A perspective study on fly ash-lime-gypsum bricks and hollow blocks for low cost housing 
development. Constr Build Mater. 2002;16(8):519-525. DOI: 10.1016/S0950-0618(02)00034-X. 

[29] Kumar S. Fly ash-lime-phosphogypsum hollow blocks for walls and partitions. Build Environ. 
2003;38(2):291-295. DOI: 10.1016/S0360-1323(02)00068-9. 

[30] Kumar S. Fly ash-lime-phosphogypsum cementitious binder: A new trend in bricks. Mat Struct. 
2000;33(1):59-64. DOI: 10.1007/BF02481697. 

[31] Schrader GA, Zwijnenburg A, Wessling M. The effect of colloid stability of wastewater treatment plants 
effluent on nanofiltration performance. Water Sci Technol. 2005;52(10-11):345-357. 
http://wst.iwaponline.com/content/52/10-11/345. 

[32] El-Awady MH, Sami TM. Removal of heavy metals by cement kiln dust. Bull Environ Contam Toxicol. 
1997;59(4):603-610. DOI: 10.1007/s001289900522. 

[33] Uysal M, Sumer M. Performance of self-compacting concrete containing different mineral admixtures. 
Constr Build Mater. 2011;25(11):4112-4120. DOI: 10.1016/j.conbuildmat.2011.04.032. 

[34] Sahmaran M, Christianto HA, Yaman IO. The effect of chemical admixtures and mineral additives on the 
properties of self-compacting mortars. Cement Concrete Comp. 2006;28(5):432-440. DOI: 
10.1016/j.cemconcomp.2005.12.003. 



 

 
 

 Terese Rauckyte-Żak and Sławomir Żak 

 

 

62

[35] Puerta-Falla G, Kumar A, Gomez-Zamorano L, Bauchy M, Neithalath N, Sant G. The influence of filler type 
and surface area on the hydration rates of calcium aluminate cement. Constr Build Mater. 2015;96:657-665. 
DOI: 10.1016/j.conbuildmat.2015.08.094. 

[36] Syarki MT, Kalinkina NM. Assessment of the effect that sodium lignosulfonate, the main component of 
wastewaters of pulp and paper industry, has on the state of natural and laboratory cladoceran populations. 
Inland Water Biol. 2010;3(4):369-374. DOI: 10.1134/S1995082910040115. 

[37] Burgos-Montes O, Palacios M, Rivilla P, Puertas F. Compatibility between superplasticizer admixtures and 
cements with mineral additions. Constr Build Mater. 2012;31:300-309. DOI: 
10.1016/j.conbuildmat.2011.12.092. 

[38] Voitovich VA. Cement-polyvinyl-acetate adhesives: An alternative to dry mortar. Polym Sci Ser D+. 
2009;2(2):88-91. DOI: 10.1134/S1995421209020051. 

[39] Lin CL, Tsai MC. The effect of different calcium compound additives on the distribution of bottom ash 
heavy metals in the processes of agglomeration and defluidization. Fuel Process Technol. 2012;98:14-22. 
DOI: 10.1016/j.fuproc.2012.01.021. 

[40] Bayo J, López-Castellanos J, Martínez-García R, Alcolea A, Lardín C. Hydrocyclone as a cleaning device 
for anaerobic sludge digesters in a wastewater treatment plant. J Clean Prod. 2015;87(1):550-557. DOI: 
10.1016/j.jclepro.2014.10.064. 

[41] Shi C, Qian J. High performance cementing materials from industrial slags - a review. Resour Conserv 
Recycl. 2000;29(3):195-207. DOI: 10.1016/S0921-3449(99)00060-9. 

[42] Ahmed NM, Selim MM. Innovative titanium dioxide-kaolin mixed pigments performance in anticorrosive 
paints. Pigm Resin Technol. 2011;40(1):4-16. DOI: 10.1108/03699421111095883. 

[43] Causin V, Marega C, Marigo A. When polymers fail: A case report on a defective epoxy resin flooring. Eng 
Fail Anal. 2007;14(7):1394-1400. DOI: 10.1016/j.engfailanal.2006.11.007. 

[44] Singh KP, Moham D, Singh VK, Malik A. Studies on distribution and fractionation of heavy metals in 
Gomti river sediments - a tributary of the Ganges, India. J Hydrol. 2005;312:1427. DOI: 
10.1016/j.jhydrol.(2005).01.021. 

[45] Min XB, Xie XD, Chai LY, Liang YJ, Li M, Ke Y. Environmental availability and ecological risk 
assessment of heavy metals in zinc leaching residue. Trans Nonferrous Metal Soc China.  
2013;23(1):208-218. DOI: 10.1016/S1003-6326(13)62448-6. 

OCZYSZCZANIE ŚCIEKÓW Z PRODUKCJI CHEMII BUDOWLANEJ.  
CZĘŚĆ 2. OSADY Z DWUSTOPNIOWEGO PODCZYSZCZANIA  

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

Abstrakt:  Potrzeba fizykochemicznego podczyszczania dwustopniowego wynikała z konieczności zmiany relacji 
BZT5/ChZT, ChZT(BZT5)/N, ChZT(BZT5)/P i N/P na korzystne w strumieniach kierowanych do końcowego 
oczyszczania metodami biologicznymi. Stąd też w podczyszczaniu na drugim stopniu zastosowano metody 
utleniania lub głębokiego utleniania, co znalazło swoje odzwierciedlenie w składzie osadów poprocesowych 
poddanych ocenie w niniejszej części pracy. Ścieki pochodziły głównie z linii różnotonażowego wytwarzania mas 
fugowych i powłok uszczelniających, gładzi gipsowych i szpachlowych, zapraw samopoziomujących, 
wodorozcieńczalnych farb i tynków silikonowych do elewacji konstrukcji betonowych i wnętrz, zapraw klejących 
i glazur, tynków ochronnych oraz ozdobnych. Na instalacjach podczyszczanie pierwszego stopnia prowadzono, 
stosując metody koagulacyjne oparte na wykorzystaniu siarczanowych koagulantów żelazowych klasy PIX® lub 
glinowych klasy ALS®, na drugim natomiast utlenianie za pomocą KMnO4 lub układem Fentona. Osady do oceny 
wydzielano w wyniku ich odwadniania na zespołach ciśnieniowych pras komorowych. Dla tak generowanych 
osadów przeprowadzono procedurę TCLP oraz wykonano ocenę ryzyka, stosując kod RAC. Przyjęto, że 
ciśnieniowo odwodnione osady mieszane wykazują niskie ryzyko (LR) względem Cd, Cr, Cu, Ni, Pb i Zn oraz 
umiarkowane (MR) wzgledem Mn w przypadku stosowania nadmanganianu potasu na drugim stopniu 
podczyszczania. W przypadku stosowania układu Fentona na drugim stopniu mieszane osady charakteryzowały 
się niskim ryzykiem (LR) względem wszystkich analizowanych metali ciężkich. Zgodnie z kryteriami TCLP 
mieszane osady z dwustopniowego fizykochemicznego podczyszczania ścieków technologicznych z produkcji 
wytypowanego asortymentu chemii budowlanej sklasyfikowano jako odpady nietoksyczne. 

Słowa kluczowe: produkcja chemii budowlanej, ścieki technologiczne, dwustopniowe podczyszczanie, 
podczyszczanie fizykochemiczne, osady, test TCLP, kod oceny ryzyka (RAC) 


