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Abstract: In this study coal tar from the coking process was exposed to acid rain water at various solid/liquid 

ratios, temperatures and time. It was found that a ratio of 5/95 suitable for maximum mobilization of PAHs; 

although there was no consistent trend of the effect temperature, it was however, evident that better mobilization 

of PAHs was achieved above room temperature (25℃); the maximum mobilization of PAHs was achieved at 

45℃. Naphthalene was the most abundant PAH in the leachate while Benzo(a) pyrene which is one of the most 

toxic PAH was easily mobilized in more dilute solution. It is therefore proven in this study that the extent of 

mobilization of PAHs from coal tar in receiving water and hence the impact on the environment will depend on 

the physico-chemical properties of the water; high temperature and dilution of coal tar are most likely to 

promote the mobilization of PAHs and their dispersion in the environment 
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1. Introduction  

Natural security and amendment of ecological issues are significant inquiries for a compelling change of life 

quality and for feasible improvement [1, 2, 3, 4]. Shortage of fresh water has been an overall worry for a long 

time [5, 6, 7, 8, 9, 10, 11, 12]. It has been reported in the literature (UN Environmental program report) that by 

2019, populations will live submerged or focused on conditions. The Department of Water Affairs and Forestry 

[13] in South Africa reported that the country is a semi-dry nation having a normal precipitation, which is 52% 

of the world normal. In the course of the last few decades, expanding mechanical exercises have brought about 

an expansion in the release of organic contaminations into the water condition [14, 15, 16]. Consistently 230 000 

t of PAHs achieved the marine condition and are pervasively disseminated around the world [17, 18]. The 

investigation of these compounds is of great scientific interest, since most of them demonstrate high cancer-

causing and mutagenic activities [19, 20, 21, 22] and are also known to affect the skin as well as the 

immunological and hepatic systems [23]. 
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Pyrolysis of fossil fuels leading to atmospheric deposition has been reported as the main source of 

anthropogenic PAHs in the environment [24, 25, 26, 27]. Several processes including gasification of coal for 

fuel and chemical production, coal coking for iron production process as well as underground coal for syngas 

and energy production are likely to produce coal tars which are likely to contribute to PAHs release in the 

environment when not properly controlled. The PAHs concentration originating from human activities is very 

high compared to the PAHs concentration due to natural processes [28]. In this study the potential release of 

PAHs from coal tar exposed to acid rain is investigated considering the impact of physico-chemical parameters. 

2. Methodology 

2.1. Chemicals 

• Nitric acid (HNO3) 55% purity 

• Sulphuric acid (H2SO4) 98% purity 

2.2. Sample collection 

Coal tar generated from the coking process at Arcellor Mittal South Africa, Vanderbijlpark branch, was 

collected in 5 L container, transported in the laboratory and stored in a dark area at ambient room temperature 

(approximately 25℃). 

2.3. Preparation of synthetic acid rain 

Rainwater was prepared to simulate the acidic rain in the Mpumalanga area. The pH of the rainwater in 

Mpumalanga is below 4.3 due to the high release of Sulphur dioxide in the area. S. Rain was made by mixing 1 

L of deionized water with 0.911 µL of H2SO4 and 2.86 µL of HNO3 to achieve a pH of 4.3 according to our 

previous protocol [29]. 

2.4. Leaching experiment 

Optimum solid liquid ratio 

This study aimed to test the leachability of PAHs from coal tar into water sources. Before investigating other 

factors that can enhance the release of PAHs from coal tar, it is of importance to first determine how the leaching 

solution volume affects the process. An optimum ratio of coal tar to leaching lixiviant obtained was used for the 

rest of the experiments. To determine an optimum ratio, the ratio of coal tar to leaching solution was varied in 

this way: first, a ratio of 5/95 weight per cent (wt.%) was used, and then 10/90 wt.% and finally 15/85 wt.%. 5 g, 

10 g and 15 g of tar were weighed and transferred into three different 250 mL sealable jar containing the 

corresponding volume of the prepared synthetic acid rain. The experiments were carried out in duplicate. All the 

samples were placed in the platform shaker for 12 hours. The shaker speed and temperature were set at 250 rpm 

and 55°C, respectively.  The ratio that resulted in a higher amount of PAHs in the leachate was taken as the 

optimum ratio. For all the experiments, the maximum leaching time was set to 6 hours. 

 

 

 

 

 

 

 

 

 

Fig.1 Mixture of coal and acid rain in batch system 
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Effect of time and temperature on coal tar leaching 

A batch test utilizing AMD, S. AMD, S. Rain, River and pure water as leaching solutions was used in this 

study. Coal tar and leaching solution were added into a 250 mL sealed jar. 5 g of coal tar was weighed in a 250 

mL sealable jar, and 95 mL of lixiviant was added into the jar. The sealed jars were placed in a platform shaker 

at 250 rpm. Jars in the shaker were allowed to shake for different times. The shaking times of jars were varied in 

this way: 30 minutes, 1 hour and half, 3 hours and 6 hours. The resultant leachate was collected at each time 

interval. This step was carried out while also changing the temperature of the Platform shaker. The experiment 

was run at 25°C, 35°C, 45°C and 55°C. Each experiment was carried out in duplicate. The control samples 

consisted of water as leaching solution. They were prepared by weighing 5 g of coal tar in a jar and adding 95 

mL of pure distilled water. All the samples were kept in the fridge at a temperature of 0-6°C before analysis. 

2.5. Data analysis 

The collected leachate from both batch and column leaching was analyzed for PAH content at UIS organic 

laboratory using UISOL-T-020 method. 

3. Results and discussion 

Effect of time and temperature on the leaching of PAHs from coal tar 

The leaching of coal tar in the prepared synthetic acid rain at various temperature and time resulted in the 

release of PAHs into solution (Fig 2). It was however observed that there was no defined trend of the release of 

PAHs over time and with the increase of temperature. Although the concentration of PAHs at 25℃ increased 

with time, the opposite was observed at 35℃; while at 45 and 55℃ there was inconsistency with regard to PAHs 

release over time. This could be due to the fact PAHs could bind on the side of the bottle which was cover with 

oily coal tar. With regard to the effect of temperature an increase of PAHs release with temperature was almost 

evident at 90, 180 and 360 min. Overall it could be observed that the highest concentration of PAHs was 

released after 30 min at 45℃. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Concentrations of PAHs released from coal tar under the effect of time and temperature. 

Effect of temperature on the type of PAH released from coal tar 

The toxicity of PAHs varying between PAHs, it was important to determine the type of PAHs released at 

each temperature. It was observed (Figure 3) that most of the PAHs were released at 25℃ and Dibenz(a, h) 

anthracene was exclusively released at this temperature. Benzo(g, h, i) perylene and indeno(123-cd) pyrene were 

both released only 25 and 35℃; it is likely that these three PAHs are thermolabile and therefore degrade easily at 
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higher temperature. On the other hand, all the other PAHs considered in our analysis were released at all the four 

temperatures. 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Proportion of PAH released from coal tar at various temperatures 

Effect of solid liquid ration on the release of PAHs from coal tar 

Effect of solid to the liquid ratio on the mobility of PAHs is a vital parameter to assess, given the variation of 

such parameter in the environmental scenario. Figure 4 displays the leachability behaviour of PAHs when the 

solid to the liquid ratio is varied. From the observation on Figure 4, the leaching volume does influence the 

mobility of PAHs. The maximum leaching is achieved in the presence of a larger volume of liquid. This 

behaviour is observed with all the PAHs. This implies that in the environment higher dilution of the coal tar in 

the receiving water will promote the risk of contamination with PAHs. Similar results were found in the study 

done by [30]. Naphthalene is found to be easily released from the coal tar compared to other PAHs. 

 

 

 

 

 

 

 

 

 

 

Fig 4 Concentration of PAHs released from coal tar at various solid liquid ratio 

“Float over text” should not be selected. 

4. Conclusion 

The aim of this study was to assess the potential of PAHs release from coal tar in acid rain at varied 

temperature, time and solid liquid ratio. It was observed that the leaching time did not consistently affect the 

release of PAHs from coal tar, while the PAHs release increased with an increase of temperature; however, some 

of the PAHs where likely to be thermolabile as they were not identified in the leachates at higher temperature. 

The room temperature was observed to be most conducive for the leaching of PAHs. The effect of solid ratio 

was found to play a role in the release of PAHs from coal; in fact higher dilution of coal tar was conducive for 

PAHs release. Further study is required to better understand the leaching kinetic of PAHs from coal tar. 

https://doi.org/10.17758/HEAIG11.H0922228 42



5. Acknowledgements  

The authors acknowledge the financial support from the Water Research Commission. Project No: 

K5/2974//3. 

References  

[1] COLE RJ (2004) Changing context for environmental knowledge. Building Research & Information 32(2) 91-109. 

https://doi.org/10.1080/0961321042000211396 

[2] REMMEN A (2007) Life cycle management: a business guide to sustainability. UNEP/Earthprint. 

[3] VANDERHEIDEN S (2008) Atmospheric justice: A political theory of climate change. OUP  USA. 

https://doi.org/10.7551/mitpress/9780262220842.001.0001 

[4] DE RODRIGUES CS (2013) Textile dyeing wastewater treatment by single and integrated processes of coagulation, 

chemical oxidation and biological degradation. Universidade do Porto (Portugal). 

[5] SMITH K, BARRETT CB and  BOX PW (2000) Participatory risk mapping for targeting research and assistance: with 

an example from East African pastoralists. World Development 28(11) 1945-1959. 

https://doi.org/10.1016/S0305-750X(00)00053-X 

[6] FOSSO-KANKEU E, MULABA-BAFUBIANDI A, MAMBA BB, BARNARD TG (2009) Mitigation of Ca, Fe, and 

Mg loads in surface waters around mining areas using indigenous microorganism strains. Journal of Physics and 

Chemistry of the Earth 34 825-829. 

https://doi.org/10.1016/j.pce.2009.07.005 

[7] FOSSO-KANKEU E, MULABA-BAFUBIANDI A, MAMBA BB, MARJANOVIC L, BARNARD TG (2010) A 

comprehensive study of physical and physiological parameters that affect biosorption of metal pollutants from aqueous 

solutions. Journal of Physics and Chemistry of the Earth 35 672-678. 

https://doi.org/10.1016/j.pce.2010.07.008 

[8] FOSSO-KANKEU E, MULABA-BAFUBIANDI AF, MAMBA BB and BARNARD TG (2011b) Prediction of metal-

adsorption behaviour in the remediation of water contamination using indigenous microorganisms. Journal of 

Environmental Management 92(10) 2786-2793. 

https://doi.org/10.1016/j.jenvman.2011.06.025 

[9] FOSSO-KANKEU E, MULABA-BAFUBIANDI AF and BARNARD TG (2014) Clayey materials in river basin 

enhancing microbiological contamination of river water. Journal of Physics and Chemistry of the Earth 67-69 236-241. 

https://doi.org/10.1016/j.pce.2013.10.001    

[10] MAYS LW (2010) Water resources engineering. John Wiley & Sons. 

[11] CLIFFORD MJ (2011) Pork knocking in the land of many waters: Artisanal and small-scale mining (ASM) in Guyana. 

Resources Policy 36(4) 354-362. 

https://doi.org/10.1016/j.resourpol.2011.09.004 

[12] MITTAL H, FOSSO-KANKEU E, MISHRA S and MISHRA AK (2013) Biosorption potential of Gum ghatti-g-poly 

(acrylic acid) and susceptibility to biodegradation by B. subtilis. International Journal of Biological Macromolecules 

62 370-378. 

https://doi.org/10.1016/j.ijbiomac.2013.09.023 

[13] DEPARTMENT OF WATER AFFAIRS AND FORESTRY (1996) South African Water Quality Guidelines, Vol 1, 

1st Edition. The Government Printer, Pretoria, South Africa. 

[14] JYOTI K and PANDIT AB (2001) Water disinfection by acoustic and hydrodynamic cavitation. Biochemical 

Engineering Journal 7(3) 201-212. 

https://doi.org/10.1016/S1369-703X(00)00128-5 

https://doi.org/10.17758/HEAIG11.H0922228 43

https://doi.org/10.1080/0961321042000211396
https://doi.org/10.7551/mitpress/9780262220842.001.0001
https://doi.org/10.1016/S0305-750X(00)00053-X
https://doi.org/10.1016/S0305-750X(00)00053-X
https://doi.org/10.1016/j.pce.2009.07.005
https://doi.org/10.1016/j.pce.2009.07.005
https://doi.org/10.1016/j.pce.2009.07.005
https://doi.org/10.1016/j.pce.2010.07.008
https://doi.org/10.1016/j.pce.2010.07.008
https://doi.org/10.1016/j.pce.2010.07.008
https://doi.org/10.1016/j.jenvman.2011.06.025
https://doi.org/10.1016/j.jenvman.2011.06.025
https://doi.org/10.1016/j.jenvman.2011.06.025
https://doi.org/10.1016/j.pce.2013.10.001
https://doi.org/10.1016/j.pce.2013.10.001
https://doi.org/10.1016/j.resourpol.2011.09.004
https://doi.org/10.1016/j.resourpol.2011.09.004
https://doi.org/10.1016/j.ijbiomac.2013.09.023
https://doi.org/10.1016/j.ijbiomac.2013.09.023
https://doi.org/10.1016/j.ijbiomac.2013.09.023
https://doi.org/10.1016/S1369-703X(00)00128-5
https://doi.org/10.1016/S1369-703X(00)00128-5


[15] FOSSO-KANKEU E, WAANDERS F and FOURIE C (2016a) Adsorption of Congo Red by surfactant-impregnated 

bentonite clay. Desalination and Water Treatment doi: 10.1080/19443994.2016.1177599, 1-9. 

[16] FOSSO-KANKEU E, WEBSTER A, NTWAMPE IO, and WAANDERS FB (2016b) Coagulation/flocculation 

potential of polyaluminium chloride and bentonite clay tested in the removal of methyl red and crystal violet. Arabian 

Journal for Science and Engineering DOI 10.1007/s13369-016-2244-x. 

[17] DINAR A (1995) Restoring and protecting the world's lakes and reservoirs. World Bank Publications. 

https://doi.org/10.1596/0-8213-3321-6 

[18] WITT G (1995) Polycyclic aromatic hydrocarbons in water and sediment of the Baltic Sea. Marine Pollution Bulletin 

31(4-12) 237-248. 

https://doi.org/10.1016/0025-326X(95)00174-L 

[19] LIPIATOU E and SALIOT A (1991) Fluxes and transport of anthropogenic and natural polycyclic aromatic 

hydrocarbons in the western Mediterranean Sea. Marine Chemistry 32 (1) 51-71. 

https://doi.org/10.1016/0304-4203(91)90025-R 

[20] MUKWEVHO N, FOSSO-KANKEU E, WAANDERS F, GERICKE G and BUNT J (2016) Synthesis and 

characterization of ZnO nanoparticle and application in the photodegradation of organic pollutants in effluents from 

coal power station. International Conference on Advances in Science, Engineering, Technology and Natural Resources 

(ICASETNR-16) Nov. 24-25, 2016, Parys – South Africa. ISBN: 978-93-84468-79-8. 

[21] MUKWEVHO N, FOSSO-KANKEU E, WAANDERS F, KUMAR N and RAY SS (2017) Synthesis and properties of 

ZnO/Ag/graphene oxide composites photocatalyst. 9th Int’l Conference on Advances in Science, Engineering, 

Technology & Waste Management (ASETWM-17). 27-28 November 2017, Parys, South Africa. Editors: F. Waanders, 

E. Fosso-Kankeu, B. Topcuoglu, M. Plaisent, Y. Thaweesak. ISBN: 978-81-934174-6-1. Pp. 49-52. 

[22] MUKWEVHO N, FOSSO-KANKEU E, WAANDERS F, KUMAR N, RAY SS and MBIANDA XY (2019) 

Evaluation of the photocatalytic activity of Gd2O2CO3.ZnO.CuO nanocomposite used for the degradation of 

phenanthrene. Springer Nature Applied Sciences 1(10) https://doi.org/10.1007/s42452-018-0012-0. 

[23] SAMIMI S, RAD RA and GHANIZADEH F (2009) Polycyclic aromatic hydrocarbon contamination levels in 

collected samples from vicinity of a highway. Journal of Environmental Health Science & Engineering 6(1) 47-52. 

[24] LIPIATOU E and ALBAIGÉS J (1994) Atmospheric deposition of hydrophobic organic chemicals in the northwestern 

Mediterranean Sea: comparison with the Rhone River input. Marine Chemistry 46(1-2) 153-164. 

https://doi.org/10.1016/0304-4203(94)90052-3 

[25] BOULOUBASSI I, FILLAUX J and SALIOT A (2001) Hydrocarbons in surface sediments from the Changjiang 

(Yangtze river) estuary, East China Sea. Marine Pollution Bulletin 42(12) 1335-1346. 

https://doi.org/10.1016/S0025-326X(01)00149-7 

[26] RAVINDRA K, SOKHI R and VAN GRIEKEN R (2008) Atmospheric polycyclic aromatic hydrocarbons: source 

attribution, emission factors and regulation. Atmospheric Environment 42(13) 2895-2921. 

https://doi.org/10.1016/j.atmosenv.2007.12.010 

[27] KHETHANE TC, FOSSO-KANKEU E, WAANDERS F and BUNT J (2017) PAHs content of tar produced from 

Fischer assay of medium rank C bituminous South African coal. 9th Int’l Conference on Advances in Science, 

Engineering, Technology & Waste Management (ASETWM-17). 27-28 November 2017, Parys, South Africa. Editors: 

F. Waanders, E. Fosso-Kankeu, B. Topcuoglu, M. Plaisent, Y. Thaweesak. ISBN: 978-81-934174-6-1. Pp. 161-164. 

[28] LEE RF and RYAN C (1983). "Microbial and photochemical degradation of polycyclic aromatic hydrocarbons in 

estuarine waters and sediments. Canadian Journal of Fisheries and Aquatic Sciences 40(S2) s86-s94. 

https://doi.org/10.1139/f83-314 

https://doi.org/10.17758/HEAIG11.H0922228 44

https://doi.org/10.1596/0-8213-3321-6
https://doi.org/10.1016/0025-326X(95)00174-L
https://doi.org/10.1016/0025-326X(95)00174-L
https://doi.org/10.1016/0304-4203(91)90025-R
https://doi.org/10.1016/0304-4203(91)90025-R
https://doi.org/10.1016/0304-4203(94)90052-3
https://doi.org/10.1016/0304-4203(94)90052-3
https://doi.org/10.1016/S0025-326X(01)00149-7
https://doi.org/10.1016/S0025-326X(01)00149-7
https://doi.org/10.1016/j.atmosenv.2007.12.010
https://doi.org/10.1016/j.atmosenv.2007.12.010
https://doi.org/10.1139/f83-314
https://doi.org/10.1139/f83-314


[29] Fosso-Kankeu E, Barlow B, Lemmer N and Waanders F (2017) Geochemical speciation of metal ions in the leachate 

of tailings treated with synthetic rain water. 9th Int’l Conference on Advances in Science, Engineering, Technology & 

Waste Management (ASETWM-17). 27-28 November 2017, Parys, South Africa. Award winning paper. Editors: F. 

Waanders, E. Fosso-Kankeu, B. Topcuoglu, M. Plaisent, Y. Thaweesak. ISBN: 978-81-934174-6-1. Pp. 19-23. 

[30] CAI T, DING Y, ZHANG Z, WANG X and WANG T (2019) Effects of total carbon content and leaching water 

voulme on migration of Polyclic aromatic hydrocarbons in soils by colunm leaching. Environmental Pollution 254 

112981. 

https://doi.org/10.1016/j.envpol.2019.112981 

 

Prof Elvis Fosso-Kankeu is a Distinguished Professor in the College of Science Engineering and Technology (CSET) 

at the University of South Africa. He is the recipient of several research and teaching Awards nationally and 

internationally. He is the editor of several books. He is the inventor for several patents. He has published more than 

200 papers. 

https://doi.org/10.17758/HEAIG11.H0922228 45

https://doi.org/10.1016/j.envpol.2019.112981
https://doi.org/10.1016/j.envpol.2019.112981
https://doi.org/10.1016/j.envpol.2019.112981



