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Abstract—In this study, water samples were collected from a
borehole upstream of the Sewage Purification Plant (SPP) and from
three boreholes at the municipal dumping sites in Felophepa near
Potchefstroom and analyzed with consideration of parameters such as
pH, conductivity, temperature, turbidity, metal ions and chemical
oxygen demand (COD). There was a concern with regard to the quality
of water which contained toxic metals such as uranium and lead,
relatively high values of turbidity, TDS and COD especially at the
sampling point C located in the landfill site at Felophepa. The control
sample which was the water from the borehole upstream of the SPP
was less polluted, while the sample from point C was the more
polluted. Such investigation is encouraged to predict ground water
pollution and give feedback to the municipality for proper
management of the solid waste disposal at the Felophepa waste

dumping site.
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I. INTRODUCTION

The nature of solid wastes at the municipal waste dumping
sites varies significantly, as they originate from a number of
sources including domestic, industry, hospital, agriculture etc. It
is estimated that several tons of solid wastes are dumped at these
sites every day around the world. In South Africa, following
political change and national inclusion in the 90s, resulting into
significant increase of municipal solid waste requiring
collection; from 42 million cubic meters in 1997, general waste
generation rose to 67 million cubic metres in 2008 [1]. The
number of municipalities performing solid waste management
functions therefore increased by 16% from 2005 to 2009; from
226 in 2005, the number of municipalities servicing around 8.4
million households rose to 239 [1]. It therefore ensues that the
population and economy growth has resulted in large volume
and complexity of waste, making the management of MSW
more challenging. The complexity of the waste increases the
chances for biochemical and chemical reactions that can result
in the leaching of organic and inorganic pollutants into ground
water [2].
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It has been previously reported from several countries that
leachates from these municipal dumping sites (MDS)
significantly contribute to the contamination of ground water
[3]. Ground water which is stored in pores and fracture of rock
strata constitutes an important part of available fresh water and
should not be disregarded, especially in country such as South
Africa where water scarcity is worsened by pollution [4-12].
The nature, concentration of pollutants in leachates from MDS
and the degree of impact on ground water pollution will depend
on the nature of solid wastes, the age of MDS as well as the
stages of waste degradation at the dumping site [13]. Proper
monitoring of the possible impact of MDS leachates on the
ground water requires installation of wells and regular
collection of samples for physical, chemical and biological
analyses. The present study focuses on the evaluation of
physicochemical contaminants in the wells from MDS in the
city of Potchefstroom in South Africa.

Il. METHODOLOGY

A. Sampling Area

Two different sampling sites were considered for this study.
The borehole used as control was located upstream of the
Sewage Purification Plant (SPP) within the premises of the
Potch Animal Welfare Society (PAWS) where borehole water is
used for domestic purposes and to run the business which
consists of taking care of pets. The coordinates of this borehole
is 26°44°84.1”S- 27°05°50.3”E. The landfill, which was
previously the site of the Farm Hartbeeskop, is situated
approximately 3.5 Km west of Promosa and approximately 10
Km west of Potchefstroom city centre in a remote location
called Felophepa becomes operation between 2002 and 2003.
The site lies near the watershed between tertiary catchments of
the Vaal River Catchment and flanks the boundary between
Water Management Areas ‘Upper Vaal’ and ‘Middle Vaal’. The
site is approximately 20 Km north of the Vaal River and
approximately 11 Km west of the Mooi River which are the
main rivers around Potchefstroom.

B. Water Sampling

Water samples were collected in the Winter season or dry
season from the main borehole upstream of the Sewage
Purification Plant (control, sample A) and from three



9th Int'l Conference on Advances in Science, Engineering, Technology & Waste Management (ASETWM-17) Nov. 27-28, 2017 Parys, South Africa

monitoring wells (samples B, C and D) at the landfill site in
Felophepa near Potchefstroom. Samples in the 500 mL plastic
bottles were analysed in situ to determine physicochemical
parameters such as pH, Redox potential (mV), electrical
conductivity (mS/cm) and temperature (°C). A portable pH
meter with the appropriate probes (Hanna Instruments Inc.,
USA) was used for these analyses. The water in the 500 mL
polyethylene bottles was then transported in the cooler box and
stored between 4 and 8 °C in the main water laboratory at the
School of Chemical and Minerals Engineering of the
North-West University.

C. Water Analysis

Stored water samples were then sent to accredited
laboratories for analysis of physicochemical parameters such
metal ions, total dissolved solids, total organic carbons (TOC)
and chemical oxygen demand (COD). Suspected organic
pollutants such as semi volatile organic compounds and
organochlorine pesticides were also analyzed.

I1l. RESULTS AND DISCUSSION

A. Physico-Chemical Quality of Boreholes Water

The results in Table 1 show that as expected water quality of
sample A was relatively acceptable, while samples B, C and D
collected from the wells at the landfill site exhibited poorer
quality; although the pH was quite acceptable, the turbidity was
high especially in sample C, which also had the highest value of
total dissolved solid (1142 mg/L).

TABLE 1 PHYSICO CHEMICAL PARAMETERS VALUES OF WATER

Sampling H ORP EC Temperature  Turbidity DS
points P (mV) (mS'cm) O (NIT) (mgL)
A 724 31 1802 236 07 527
B 6.64 20 103 26.8 81 234
C 6.68 17 3632 293 116 1142
D 772 38 022 266 13 116

Table 2 shows the concentrations of selected metals in the
various samples; it can be observed that sample C contained the
highest concentrations of metals, but does not contain lead. The
presence of uranium at all the sampling points is of concern,
although the concentration did not exceed the recommended
value of 0.03 mg/L for drinking water by the World Health
Organization [14], while relatively high concentrations of Ca
and Mg in samples may contribute to water hardness, affecting
the suitability of water for various purposes.

TABLE 2 SELECTED METALS VALUES OF WATER

Sampling Ca Mg Pb

points (mg/L) (mg/L) (mg/L) U (mg/L.)
A 75 62 0.002 0.02
B 48 25 nd 0.011
C 130 98 nd 0.013
D 11 nd 0.002 0.008
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B. Organic Contaminants in Water

Water samples were tested for the presence of a wide range of
organic pollutants belonging mainly to the groups of semi
volatile organic compounds and organochlorine pesticides;
however, none of these compounds was detected in the water
samples. As shown in Table 3, no detectable values of COD and
TOC were recorded in samples A and D, while the highest
values were found in sample C.

TABLE 3: INDICATORS OF ORGANIC POLLUTANTS

Sampling points COD (mg/L) TOC (mg/L C)
A nd nd
B 38 5
C 101 20
D nd nd

C. Discussion

Sample A collected upstream of the Sewage Purification
Plant did not have any influence of waste disposal and was
therefore considered as a control in this study; the results
therefore confirm little to no inorganic or organic contamination
in that water. While samples B, C and D which were collected at
the landfill side show a varied level of contamination by
inorganic and organic pollutants. The difference of pollutants
concentration may be due to the different spatial characteristic
of waste, the difference of stages of biodegradation of waste as
well as the possible difference of the level of water table at each
collection point [13]. Among these three sampling sites, the pH
was found to be relatively low at sampling points B and C,
implying that more acetogenic activities are likely to take place
at these points compared to point D [3]. According to the
literature the volume of waste water that infiltrates the landfill
significantly influences the composition of the leachate as well
as the quantity of pollutant released from the waste [2]; in this
study the water samples were collected toward the end of the
Winter season which is a dry season; that will probably explain
why relatively low values of COD were recorded. Furthermore,
previous authors [15, 16]( Chang, 1989; Chen, 1996) have
reported that higher values (more than 10000 mg/L) of COD
must be recorded from leachates of young landfills, while for
landfills older than 10 years, lower values (below 3000 mg/L) of
COD are expected. Concerns with high uranium values and
hardness have been previously reported in the area of
Potchefstroom where the Mooi River is loaded with calcium and
magnesium originating from the dolomite rocks upstream [17,
18].

IV. CONCLUSION

Wastes dumped at the landfill contain a host of pollutants of
different nature that can considerably affect the quality of our
underground water. This preliminary study has shown that there
is a reason of concern when considering inorganic pollutants
such as metals and the possible presence of organic pollutants
not yet identified in the leachates from dumped wastes at the
Felophepa landfill near Potchefstroom; further investigations
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are therefore required to identify the exact organic pollutants in
the leachates.

ACKNOWLEDGMENT

The authors are grateful to the sponsor from the North-West
University and the National Research Foundation in South
Africa.  Any opinion, findings and conclusions or
recommendations expressed in this material are those of the
authors and therefore the NRF does not accept any liability in
regard thereto.

REFERENCES

Department of Environmental Affairs. “ South Africa Environment
Outlook. Chapter 9: Waste Management”. Draft 2 Version 3. Pp 1-52,
April 2012.

D. Kulikowska and E. Klimiuk E. “The effect of landfill age on
municipal leachate composition”. Bioresource Technology. Vol. 99, pp
5981-5985, 2008.

M. El-Fadel, E. Bou-Zeid, W. Chahine and B. Alayli. “Temporal
variation of leachate quality from pre-sorted and baled municipal solid
waste with high organic and poisture content”. Waste Management. Vol.
22, pp 269-282, 2002.

E. Fosso-Kankeu, A. Mulaba-Bafubiandi, B.B. Mamba, L. Marjanovic
and T.G. Barnard. 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, Vol
35, pp 672-678, 2010.

E. Fosso-Kankeu, A.F. Mulaba-Bafubiandi, B.B. Mamba and T.G.
Barnard. “Prediction of metal-adsorption behaviour in the remediation of
water contamination using indigenous microorganisms”. Journal of
Environmental Management, Vol. 92, no. 10, pp 2786-2793, 2011.

E. Fosso-Kankeu, A.F. Mulaba-Bafubiandi and T.G. Barnard. “Clayey
materials in river basin enhancing microbialogical contamination of river
water”. Journal of Physics and Chemistry of the Earth. Vol. 67-69, pp
236-241, 2014.

E. Fosso-Kankeu, H. Mittal, S.B. Mishra and A.K. Mishra. “Gum ghatti
and acrylic acid based biodegradable hydrogels for the effective
adsorption of cationic dyes”. Journal of Industrial and Engineering
Chemistry. Vol. 22, pp 171-178, 2015..

E. Fosso-Kankeu, F. Waanders and E. Maloy. “Copolymerization of ethyl
acrylate onto guar gum for the adsorption of Mg(Il) and Ca(Il) ions”.
Desalination and Water Treatment. Vol. 57, no. 55, pp 26484-26493,
2016.

E. Fosso-Kankeu, F. Waanders and C.L. Fourie. “Adsorption of Congo
Red by surfactant-impregnated bentonite clay”. Desalination and Water
Treatment. Vol. 57, no. 57, pp 27663-27671, 2016.

E. Fosso-Kankeu, F. Waanders and M. Geldenhuys. “Impact of
nanoparticles shape and dye property on the photocatalytic degradation
activity of TiO2”. International Journal of Science and Research. Vol. 5,
no. 11, pp 528 — 535, 2016.

E. Fosso-Kankeu, A. Manyatshe and F. Waanders. “Mobility potential of
metals in acid mine drainage occurring in the Highveld area of
Mpumalanga Province in South Africa: Implication of sediments and
efflorescent crusts”. International Biodeterioration and Biodegradation.
Vol. 119, pp 661-670, 2017.

E. Fosso-Kankeu, F.B. Waanders and F.W. Steyn. “Removal of Cr(VI)
and Zn(ll) from an aqueous solution using an organic-inorganic
composite of bentonite-biochar-hematite”. Desalination and Water
Treatment. Vol. 59, pp 144-153, 2017.

K. Sormunen, M. Ettala and J. Rintala. “Internal leachate quality in a
municipal solid waste landfill: Vertical, horizontal and temporal variation
and impacts of leachate recirculation”. Journal of Hazardous Materials.
Vol. 160, pp 601-607, 2008.

WHO. (2011) Guidelines for drinking water quality, fourth edition.
World Health Organization,
http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.
pdf (accessed 20.05.15)

(1]

(2

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

https://doi.org/10.17758/EARES.EAP 1117031

100

[15] J-E. Chang. “Treatment of landfill leachate with an upflow anaerobic
reactor combining a sludge bed and a filter”. Water Science and
Technology. Vol. 21, pp 133 — 143, 1989.

P.H. Chen. “Assessment of leachates from sanitary landfills: Impact of

age, rainfall and treatment”. Environ. Int. Vol. 22, pp 225 — 237, 1996.

[17] A. Manyatshe, E. Fosso-Kankeu, D. van der Berg, N. Lemmer, F.
Waanders and H. Tutu. 2017. “Metal retention potential of sediment and
water quality in the Mooi River, South Africa”. Desalination and Water
Treatment. Vol. 66, pp 346-357, 2017.

[18] A. Manyatshe, E. Fosso-Kankeu, D. van der Berg, N. Lemmer, F.
Waanders and H. Tutu. “Dispersion of inorganic contaminants in surface
water in the vicinity of Potchefstroom”. Physics and Chemistry of the
Earth. Vol. 100, pp 86-93, 2017.

[16]

The corresponding author is currently an Associate Professor in the
School of Chemical and Minerals Engineering at the North-West University
(Potchefstroom). He is an NRF rated researcher who has published journal
articles, book chapters and book.

Prof Elvis Fosso-Kankeu has been the recipient of several merit awards.


http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf
http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf



