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Abstract
The effectiveness of the “T”-brand coal processing sludge, technical pyrocarbon, and their mixture as adsorbents for the decontamination 
of drainage water from organic pollutants has been investigated. The contaminated water samples were collected from the ordinary car 
filling/service station’s drainage system and then treated with the adsorbents. Water absorbance and chemical oxygen demand (COD) 
were controlled as the water quality and decontamination effectiveness parameters.
A 4:1 mixture of coal refinery sludge and technical pyrocarbon was used as the most efficient adsorbent for mixed petrochemical and 
mechanical pollution agents. It has been found that this composition effectively decontaminates water from mixed organic pollutants. 
The water cleaning cartridges filled with this composition of adsorbents showed high decontamination performance eliminating about 
85 % of petrochemical water pollution agents. This performance does not degrade much, and a 4 kg adsorbent load should be sufficient 
to treat an amount of wastewater formed at the car filling station for at least one month.

Introduction
A significant part of the total water contamination comes 

from various low-capacity sources such as isolated local dra-
inage systems, car filling, washing and service stations, indu-
strial and agricultural storage facilities, and other objects not 
connected to the centralized sewage system. The impact of 
each such facility may not be serious as it does not produce 
a significant amount of pollution, but when several of them 
discharge their waste/drainage water into the same small ri-
ver or stream, the cumulative effect can be devastating [1–3]. 
Oil-containing wastewaters are especially dangerous, and the 
irregular character of their discharge additionally increases 
their environmental threat. 

Small enterprises like car filling stations usually are not 
equipped with the specific water treatment units to catch or 
clean the oil components and, as a result, their wastewater 
and/or drainage water are discharged to the local household 
sewage system or even to the nearby water bodies without any 
specific treatment. Many small urban rivers and ponds turned 
into dead water bodies because of this practice [4, 5]. 

It should be noted that mixing and dilution of the drainage/
wastewater can bring the content of toxic compounds close to 
or within the sanitary standards; however, this approach does 
not decrease the total amount discharged to the river or stream 
nor does it ease the anthropogenic load. Small rivers bring pol-
lutions to the larger rivers they merge with and, as the transport 
network develops, this problem becomes more and more acute.

Typical car service/filling/washing station discharges 0.7–
1.2 m3 of untreated wastewater per day with the content of su-

spended particles 800–3000 mg/L (up to 0.3%) and 500–900 
mg/L (up to 0.09%) of oil products. The maximal permissible 
concentration (MPC) of these agents in the treated wastewa-
ter before discharging should be under 0.75 and 0.3 mg/L, re-
spectively [6]. Full-scale water treatment equipment cannot 
be effective for cleaning such a small amount of wastewater, 
while smaller mobile water treatment modules can be consi-
dered as a better solution. Given the nature of typical water 
pollution agents, the mosaic surface coal-like materials sho-
uld be effective adsorbents for such modules. High adsorption 
effectiveness of various coal-like materials was reported for 
some individual organic pollutants [7, 8] and mixed petro-
chemical pollutions [6, 9, 10]. As found previously [6], a 4:1 
mixture of coal refinery sludge and technical pyrocarbon is 
quite effective in various applications designed to extract 
organic water contamination agents. Both components are 
readily available as by-products from the coal refinery and 
organic waste incineration facilities [11]. It should also be 
noted that petrochemical pollution agents are traditionally 
considered to be poorly soluble in water components, which 
are found in the surface layer. However, rather a significant 
solubility may be reached due to other chemicals present in 
the mixture. As a result, part of the petrochemical pollutants 
can be transferred into the bulk of the liquid phase. This pro-
cess can be realized by the “bridging” of organic compounds 
adsorbed on the adsorbent’s surface from a non-aqueous pha-
se and then desorbed to the aqueous phase [12]. Besides, the 
solubility of petrochemicals can be increased because of some 
detergents and surfactants co-present in the mixture, which 
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cause the emulsification or solubilization of petrochemicals 
and result in the formation of an aqueous colloidal solution. 
All these reasons should be taken into consideration while se-
lecting the most effective adsorbent, which must combine the 
hydrophobic and hydrophilic surface spots. 

Based on the above, a 4:1 mixture of coal sludge and tech-
nical pyrocarbon was used in this work to investigate its effec-
tiveness and the ways of its possible application to the decon-
tamination of low-scale wastewater discharges from small car 
filling/washing/service facilities. The adsorption effectiveness 
of both individual components was also checked to compare 
it with the effectiveness of the 4:1 mixture. 

Materials and experimental methods
The investigation was done with the surface water sam-

ples taken from a small river of Kalichanka near its confluence 
with a larger river of Prut and from the Prut within the city li-
mits of Chernivtsi, Ukraine. A scheme of the sampling points 
is shown in Fig. 1. All samples were taken in the dry weather 
from the surface water in such a way as to avoid their additio-
nal pollution with the river mud and other similar materials. 

The sludge with an ash content of 43.1% and a moisture 
content of 15.3% obtained after refining the “T” brand coal 
was used as a mosaic surface (hydrophilic/hydrophobic areas) 
component, and technical pyrocarbon with an ash content of 
28% and a moisture content of 1.6% obtained after pyrolysis 
of mixed organic polymer waste was used as a hydrophobic 
component of the adsorption composition. The component’s 
(sludge/pyrocarbon) mass content in the mixture was 4:1.

The components were ground individually or as a mixture 
in a ball mill with a standard set of steel grinding ball ele-
ments. Then a mixture of the particles ranging in size from 
0.5 to 50 μm was sieved out and used in further experiments. 

Since the petrochemical pollutants and suspended par-
ticles are expected to be the most influential water conta-
mination agents, we measured the COD and absorbance of 
the samples to evaluate the effectiveness of water deconta-
mination.

The absorbance (1) and COD (2) of the samples were me-
asured by the following procedures. 

(1) A water sample was poured into a 10 mm cuvette, and 
then its absorbance was measured by the KFK-3 photocolo-
rimeter by LOMO at the wavelength 540 nm against distilled 

water. If some adsorbent had to be added, it was poured into 
the water then the mixture was kept for 30 min at periodical 
stirring to reach the adsorption equilibrium. Finally, the ad-
sorbent was filtered out, and the absorbance of the filtrate was 
measured as described above.

(2) – expressed method. A water sample was filtered thro-
ugh the paper filter, and then 5 mL of the filtrate was poured 
into a 250 mL thermal-proof flask. Then we added 5 mL of 
a 0.1 N aqueous solution of potassium dichromate, stirred 
the mixture, and, drop by drop, added 15 mL of concentrated 
sulfuric acid at constant stirring. The solution was kept for 5 
min with constant stirring, then cooled to 20°C. Finally, it was 
diluted with 50 mL of distilled water and titrated by a 0.1 N 
solution of Mohr’s salt against the ferroin indicator. The same 
procedures were performed with a control sample containing 
distilled water instead of the filtrate. 

The following formula was used to calculate COD:

where V0 and V – amounts (mL) of a Mohr’s salt solution used 
for the titration of the samples of control and working solu-
tions, 0.1 – normality of a Mohr’s salt solution, 8 – the chem-
ical equivalent of oxygen, α – water sample amount (mL), 1.2 
and 18.5 – correcting coefficient to agree the results of this 
expressed and the standard arbitration experimental mea-
surements of COD.

Table 1 represents the average COD values for all sam-
pling points.

No significant changes in the pollution agents’ concen-
trations were found in samples taken in dry weather during 
spring-autumn seasons. The COD of the samples varied within 
± 15% at every particular sampling point. On the other hand, 
it was found that petrochemicals and suspended particles are 
rather persistent agents affecting the entire area of investiga-
tion. COD does not decrease much even in 2000 m downstre-
am from the point of discharge (compare the COD of samples 
2 and 3, Table 1). The influx of the Kalichanka into the Prut has 
a serious negative impact, causing an increase in COD from 7.2 
to 12.5 mg O/L. It should be noted that the maximal permissi-
ble value of COD in an open freshwater body must be below 5 
mg O/L. So, it was exceeded even upriver from the confluence, 
but downstream it became more than twice higher.

Fig. 1. Sampling area scheme: Point 1 – 50 m upriver from the car filling station (CFS) wastewater/drainage water discharge point; 2 – 20 m 
downriver from the discharge point; 3 – 2000 m downriver from the point of discharge; 4 – water of the river of Prut upriver from the point of 

confluence; 5 – 30 m downriver from the confluence
Rys. 1. Schemat obszaru pobierania próbek: Punkt 1 – 50 m w górę rzeki od punktu zrzutu ścieków/ wód drenażowych na stacji paliw; 2 – 20 m w 
dół rzeki od punktu zrzutu; 3 – 2000 m w dół rzeki od punktu zrzutu; 4 – wody rzeki Prut w górę rzeki od punktu zbiegu; 5 – 30 m w dół rzeki od 

zbiegu



47Inżynieria Mineralna — Lipiec – Grudzień 2023 July – December — Journal of the Polish Mineral Engineering Society

The following experiment was taken to evaluate the effec-
tiveness of water cleaning with a mixture of adsorbents. Ten 
liters of contaminated water were placed in a plastic canister 
connected to the cartridge filled with 1 kg of the mixture. 
Then the water was passed through the cartridge with a flow 
rate of 1 L/min. Control samples of the treated water were 
taken after the cartridge and then analyzed to determine their 
absorbance and COD, as described above.

Results and Discussion
As seen from the data above, the river of Kalichanka is si-

gnificantly contaminated with organic pollutants providing ad-
ditional anthropogenic load on the river of Prut. Waste/draina-
ge water discharge from the local CFS negatively contributes to 
total river water contamination. Therefore, some approaches to 
wastewater decontamination should be considered.

Since the absorbance of a sample depends on the content 
of suspended particles, this parameter can be used to charac-
terize the effectiveness of extraction of suspended pollutants 
from water. Fig. 2 represents the dependence of the samples’ 
absorbance on the added amount of various adsorbents. 

The COD of a water sample depends mainly on the con-
tent of organic (mostly petrochemicals) pollutants. The de-
pendence of the samples’ COD on the added amounts of the 
adsorbents is shown in Fig. 3. In this case, the performance of 
the adsorbents mixture is also better than that of the indivi-
dual components.

As seen from Fig 2 and 3, a 4:1 composition of coal refi-
ning sludge and technical pyrocarbon is more effective than 
the individual components. Therefore this composition sho-
uld be used in water-cleaning cartridges. 

It is more convenient to realize any adsorption cle-
aning technology in a dynamic mode when the wastewater 
to be treated is collected in some kind of pond and then is 
discharged continuously through the water cleaning equip-
ment than to do that in a static mode when the wastewa-
ter is poured in some technological tank, treated, and then  
discharged.

Results of the flow decontamination of water are shown 
in Table 2. They embrace only the first three liters because 
no changes in the water absorbance and COD were determi-
ned after passing three liters through the filtration cartridge. 
It can be seen that this water cleaning method is effective 
in the elimination of petrochemical water pollution agents. 
COD decreases by eight times, and absorbance drops by six 
times. It means that about 85% of the petrochemical pollution 
is extracted from treated wastewater. 

The water decontamination performance of the cartridges 
slightly degrades as wastewater passes through – mostly in the 
context of COD. However, within the amount of water used 
in this investigation, this degradation is not crucial and does 
not exceed 10% of the initial water cleaning effectiveness. The 
suspended particle elimination ratio remains almost stable. 
This parameter depends mostly on the mechanical fixation of 
the suspended pollution inside the adsorbent layer, which has 
a much higher filtration capacity than its adsorption capacity, 
which is important for the elimination of dissolved petroche-
micals.

Since the maximum adsorption capacity of petrochemi-
cals on the mixed adsorbent reported in [6] is 0.15 kg/kg, and 
taking into account that an average daily drainage/wastewater 
discharge of such car filling/service facility is about 1000 L, 
it can be seen that 30000 L of the monthly-formed wastewa-
ter consisting of 0.09% of petrochemicals will bring about 27 
kg of petrochemical pollution agents to be adsorbed. Taking 
into account its adsorption capacity (see above), it is obvious 
that such an amount of pollutants requires only about 4 kg of 
the adsorbent mixture per month. Therefore, a small pond or 
underground tank can be established to collect the technolo-
gical wash-offs and drainage/wastewater from a typical CFS. 
It should be equipped with a filtration cartridge filled with 4 
kg of the mixed adsorbent. Filtration of the water with a flow 
rate of not more than 1 L/min ensures extraction of mixed 
suspended particles and organic pollutants, which leads to an 
85% decrease in the COD. The expected operation time before 
cartridge replacement is not shorter than one month.

Tab. 1. COD of the water samples (average statistical deviation less than ± 15 %)

Fig. 2. The dependence of the samples’ absorbance on the added amount of various adsorbents. ◆ – coal refining sludge; ■ – technical pyrocarbon; 
 – 4:1 mixture of the sludge and pyrocarbon

Tab. 1. ChZT próbek wody (średnie odchylenie statystyczne poniżej ± 15%)

Rys. 2. Zależność absorbancji próbek od dodanej ilości różnych adsorbentów. ◆ – muł z rafinacji węgla; ■ – pirocarbon techniczny;  – mieszanina 
4:1 mułu i pirocarbonu
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Conclusion
A 4:1 mixture of the “T” brand coal refining sludge and 

technical pyrocarbon proved its effectiveness in the deconta-
mination of wastewater from petrochemical pollutants and 
mixed mechanical suspensions. Up to 85% of petrochemi-
cals can be extracted from the aqueous phase by filtration of 
the regular car filling/service station’s wastewater through a 
cartridge filled with this mixture. The water decontamina-
tion performance of a cartridge filled with 4 kg of adsorbing 
mixture should remain sufficient for at least one month. Then 

the waste adsorbent can be utilized by adding to the solid 
coal-based fuel mixtures for thermal power stations or other 
similar facilities. 

This ecofriendly solution requires only solid industrial 
waste materials allowing an enhancement of the water quality 
condition in the small urban rivers often suffering from the 
low-tonnage and numerous uncontrolled discharges of dra-
inage/wastewater from car filling/washing/service stations 
and other similar service points. 

Tab. 2. Effectiveness of wastewater treatment by the coal sludge/pyrocarbon cartridges

Fig. 3. The dependence of the samples’ COD on the added amount of various adsorbents. ◆ – coal refining sludge; ■ – technical pyrocarbon;  – 4:1 
mixture of the sludge and pyrocarbon

Tab. 2. Skuteczność oczyszczania ścieków przez wkłady z mułu węglowego i węglowodorów ropopochodnych

Rys. 3. Zależność ChZT próbek od ilości dodanych różnych adsorbentów. ◆ – szlam z rafinacji węgla; ■ – pirocarbon techniczny;  – mieszanina 4:1 
szlamu i pirocarbonu
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Skuteczność niektórych kompozycji mineralnych na bazie węgla w dekontaminacji i ochronie śro-
dowiska wód małych rzek miejskich

Zbadano skuteczność szlamu z przeróbki węgla marki "T", pirocarbonu technicznego i ich mieszaniny jako adsorbentów do odkażania 
wody drenażowej z zanieczyszczeń organicznych. Zanieczyszczone próbki wody zostały pobrane z systemu odwadniającego zwykłej 
stacji obsługi samochodów, a następnie poddane działaniu adsorbentów. Absorpcja wody i chemiczne zapotrzebowanie tlenu (ChZT) 
były kontrolowane jako parametry jakości wody i skuteczności dekontaminacji.
Jako najskuteczniejszy adsorbent dla mieszanych zanieczyszczeń petrochemicznych i  mechanicznych zastosowano mieszaninę 4:1 
szlamu z rafinerii węgla i pirocarbonu technicznego. Stwierdzono, że kompozycja ta skutecznie odkaża wodę z mieszanych zanie-
czyszczeń organicznych. 
Wkłady do oczyszczania wody wypełnione tą kompozycją adsorbentów wykazały wysoką skuteczność odkażania, eliminując około 
85% petrochemicznych zanieczyszczeń wody. Wydajność ta nie ulega znacznemu pogorszeniu, a 4 kg adsorbentu powinno wystarczyć 
do oczyszczenia ilości ścieków powstających na stacji benzynowej przez co najmniej miesiąc.

małe rzeki miejskie, woda zanieczyszczona olejem, adsorpcyjne uzdatnianie wody, mieszane adsorbenty węglowe, 
pirocarbon
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