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This research aimed to develop suitable methods for analysis of persistent and pseudo-persistent 

organic contaminants in urban rivers in South Africa and characterise their distribution within the 

catchments studied. The Witwatersrand catchment is a highland area consisting of two major river 

systems, namely the Jukskei River which drains water in a northern direction into the Hartbeespoort 

Dam catchment as well as the Klip River which drains water in a southward direction into the Vaal 

River. The Witwatersrand area is the most densely populated and highly industrialised area in South 

Africa. As a result, there is a significant stress on the water resources with significant impacts on 

water quality and quantity. The uMngeni River Estuary lies downstream of an expanse of 

agricultural, municipal and industrial land as well as a large wastewater treatment plant. It pours 

into the Indian Ocean. This study also aimed to characterize the distribution and sources of 

ubiquitous organic pollutants in water resources which would assist water resource managers to 

establish a baseline for monitoring in the future as well as in planning and decision making. 

In Chapter 2, PCDD/Fs were selected for study as they are seldom monitored in the South African 

environment. The analytical methods were designed to assist analytical chemists in the South 

African environment to confidently achieve capability for analysis of dioxin-like compounds using 

inexpensive instrumentation and methods. Seven PCDDs and ten PCDFs with dioxin-like toxicity 

were analysed from sediments, using GCxGC-µECD, an alternative method to the reference method 

GC-HRMS. A DR-Luc reporter gene assay was utilised for a rapid quantitative assessment of the 

dioxin-like potency of a sample. All sediment samples from the Jukskei, Klip and Vaal River tested 

positive for dioxin-like activity with total activity ranging from 16 to 37 pg WHO-TEQ g-1 dw for the 

Jukskei River catchment and 1.5 to 22 pg WHO-TEQ g-1 dw for the Klip/Vaal River catchment. GCxGC-

µECD was used for a congener-specific analysis of the most toxic PCDDs and PCDFs. The highest 

concentration of 2,3,7,8-TCDD in the Jukskei River was found at the Midrand site, recording 2.5 pg g-

1, compared with 1.2 pg g-1 at the nearby upstream point of Buccleuch and 1.6 pg g-1 at Marlboro 

Point further upstream. The highest concentration of 2,3,7,8-TCDD in the Klip/Vaal catchment of 5.7 

pg g-1 was recorded at the Alberton site in Klip River. The results indicate that dioxin concentrations 

in South Africa are relatively low at the moment.  

With South Africa’s goal, along with the rest of the Stockholm Convention signatories of eliminating 

PCB containing equipment by 2025 and implementing environmentally sound PCB waste 

management practices by 2028, it is important to identify PCB point sources, particularly in the 

Gauteng Province which is highly industrialised. In Chapter 3, analysis of 31 PCB congeners in Jukskei 

and Klip River sediment samples was conducted to identify the contaminating patterns. The study of 

the distribution of PCBs in sediments across the Witwatersrand waters identified Aroclor 1254 and 



1260 as possible sources of the PCB levels found. PAHs are contaminants originating from pyrogenic 

and petrogenic sources. Fossil fuel combustion processes are in particularly important as South 

Africa is heavily reliant on coal combustion for energy. With more and bigger coal fired power 

stations coming online, it is important to establish the distribution and trends of PAHs in the 

environment and determine the impact of anthropogenic processes. In Chapter 3, it was established 

that fluoranthene, pyrene and phenanthrene are the most abundant PAH’s in both the Jukskei and 

Klip River sediments due to a combination of pyrogenic and petrogenic PAH sources within the 

Witwatersrand catchment. 

Historically, the most prominent contaminants in the Hartbeespoort Dam and Witwatersrand 

catchments are triazine herbicides. In Chapter 4, the seasonal variation of chloro-s-triazines was 

studied using GC-MS as well as LC-MS/MS for triazine metabolites which are not GC-amenable. Eight 

triazine herbicides and seven atrazine and terbuthylazine metabolites were analysed from lake, river 

and groundwater samples from the Hartbeespoort Dam catchment which lies downstream of the 

Jukskei River (Witwatersrand catchment). In the Hartbeespoort Dam, ∑triazine herbicide 

concentrations were in the order atrazine > simazine > terbuthylazine > propazine > ametryne > 

prometryn. Atrazine could be detected in groundwater at concentrations >130 ng L-1 in all seasons 

except spring. Triazine compound bioaccumulation in catfish (Clarias gariepinus) and carp (Cyprinus 

carpio) muscle was negligible. With Hartbeespoort Dam groundwater ∑triazine herbicide 

concentrations ranging between 527 and 367 ng L-1, and Hartbeespoort Dam surface water ∑triazine 

concentrations of >2000 ng L-1, the triazine concentrations in the Hartbeespoort Dam catchment 

may be a cause of concern.  

Atrazine toxicity was tested empirically in Chapter 5, with exposure of male adult frogs (Xenopus 

laevis) and tadpoles to environmentally relevant sub-chronic atrazine concentrations of 0.01, 200 

and 500 µg L-1 in water for a 90 day period. This was done to establish survival rates, growth and 

male gonad development. The growth rate in terms of mass of the 500 µg L-1 exposed tadpoles was 

significantly lower than the control,  0.01, 200 µg L-1 exposed  frogs (p <0.05). Tadpole mortality rates 

were 0, 0, 3.3 and 70% for the control, 0.01, 200 and 500 µg L-1, respectively after 90-day atrazine 

exposure. The average testicular mass and volume of the adult frog control (0.193 g and 0.178 cm3, 

respectively) and 0.01 µg L-1 exposed frogs (0.167 g and 0.123 cm3 respectively) were higher than the 

200 µg L-1 exposed frogs (0.083 g and 0.11 cm3 respectively) and 500 µg L-1 exposed frogs (0.095 g 

and 0.1 cm3 respectively). The average testicular mass of the 500 µg L-1 exposed frogs was slightly 

higher than that of the 200 µg L-1 exposed frogs. Differential staining using hematoxylin and eosin 

(H&E) and Van Gieson staining techniques revealed gonadal atrophy, significantly reduced 



seminiferous tubule diameter, seminiferous tubule structure damage and formation of extensive 

connective tissue around seminiferous tubules of frogs exposed to 200 µg L-1 and 500 µg L-1 atrazine 

concentrations. Transmission electron microscopy (TEM) revealed that higher atrazine 

concentrations led to higher incidences of mitochondrial damage in Sertoli and Leydig cells. The 

damaged mitochondria were characterized by swollen appearance, presence of vesicles and double 

membrane rapture. Biochemical analysis of adult frog serum for testosterone revealed lower 

testosterone levels associated with increasing atrazine exposure concentrations. 17-β estradiol and 

17-α estradiol in serum were below the limit of detection after derivatising hence could not be 

detected. Desisopropylatrazine (DIA) and deethylatrazine (DEA) were recorded as the highest 

metabolite concentrations in both frog serum and liver. Atrazine desisopropyl-2-hydroxy (A-2OH) 

could only be detected in serum and hydroxyatrazine (HA) could only be detected in liver.  

In Chapter 6, a study of APIs in the Hartbeespoort Dam and Witwatersrand catchments revealed the 

presence of relatively high concentrations of nevirapine, efavirenz, carbamazepine, methocarbamol 

and venlafaxine (hydrochloride) in water samples. In the Hartbeespoort Dam and Witwatersrand 

catchments, nevirapine concentrations ranged from 6 to 71 ng L-1 for all sites except the furthermost 

upstream point of Marlboro where there was no nevirapine detected and efavirenz recorded 

concentrations ranging from 2 to 354 ng L-1 in all sites tested. Rampant raw sewage outflows from 

townships and informal settlements are the leading cause of API contamination in the Jukskei River. 

In the Jukskei River, ∑11EP concentrations were generally in the order Midrand>Marlboro> 

Buccleuch>Kyalami>N14. In the Hartbeespoort dam, the Crocodile River point had the highest 

contribution of emerging pollutants to the Hartbeespoort Dam, indicating that the Jukskei River 

contributes the greatest emerging pollutant concentrations in the Hartbeespoort Dam. Water and 

sediment samples were sampled from the uMngeni River estuary after an assortment of 

pharmaceutical waste had been discovered to be washed into the river estuary in May 2016. 

Efavirenz was found in the highest concentration of 138 ng L-1 in water samples and carbamazepine 

and nevirapine were also detected at high concentrations of 94 and 68 ng L-1. On analysis of 

sediments, nevirapine was found at the highest concentration of 81 ng g-1, 700 m upstream of the 

uMngeni River mouth and 11 ng g-1, 250 m upstream of the uMngeni River mouth. An emerging 

contaminant candidate list for monitoring consisting of nevirapine, efavirenz, carbamazepine, 

methocarbamol and venlafaxine (hydrochloride) was therefore proposed. 

The Witwatersrand and Hartbeespoort Dam catchments are adversely affected by anthropogenic 

pollution in the form of pesticides, industrial pollutants and pollutants from petrogenic and 

pyrogenic sources. Informal settlements with no municipal sewage facilities along the Jukskei River 



are significant sources of emerging organic pollutants and adversely diminish the water quality. The 

analytical methods developed and utilised in this study were successful in determining target 

analytes. However, it is recommended that more sensitive analytical instrumentation such as 

GCxGC-HRMS be utilised for analysis of dioxin-like compounds. HRMS may also be utilised with liquid 

chromatography for the identification of more emerging pollutants such as APs in the future. The 

main outcome of this study is that better land use management, particularly in the proximity of the 

Jukskei and Klip River needs to be implemented to improve the water quality in the Witwatersrand 

and Hartbeespoort Dam catchments. Both industrial and domestic wastes significantly contribute to 

the further deteriorating water quality in these two catchments. 

 


