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Health risk assessment of pesticides in drinking water from two DWTPs along Berg
River in South Africa applying QCRA

Master’s Thesis in Master’s Programme Infrastructure and Environmental
Engineering

MIA ENGMAN
MALIN PETTERSSON

Department of Architecture and Civil Engineering
Division of Water Environment Technology
Chalmers University of Technology

Abstract
Pesticides are applied to a broad extent within the South African agricultural sector.
The sector lack clear regulations regarding the amount applied or which pesticides
are legally permitted to use. Exposure to pesticides has been recognized as one of the
main chemical threats to human health globally. Watercourses are often surrounded
by agricultural land and the spread of pesticides from these lands poses a risk to the
aquatic environment. Berg River is a watercourse located in an agricultural area
in the Western Cape, South Africa. The river is used as raw water source for the
two drinking water treatment plants, DWTPs, Piketberg and Withoogte. Hence,
pesticides may pose a risk to the quality of the drinking water. Consequently, this
thesis aims to investigate if long-term exposure to pesticides in drinking water poses
a human health risk.

A quantitative chemical risk assessment, QCRA, was conducted to evaluate the
health risk. The pesticides atrazine, imidacloprid and simazine were analysed for
different population groups; infants, children and adults, and three different scenar-
ios in the DWTPs. These scenarios included normal operation, lack of treatment
and normal operation with the addition of a granular activated carbon filter, GAC-
filter. Field studies were conducted at both DWTPs where raw water and drinking
water samples were collected. The remaining input for the QCRA-model was com-
piled through a literature study. A sensitivity analysis was performed to evaluate
which input affected the result the most.

There were detectable levels of all studied pesticides in the raw water and the drink-
ing water. However, the study concluded that there is no human health risk for
long-term consumption of drinking water from Piketberg DWTP and Withoogte
DWTP for any of the scenarios. Infants that are formula-fed was the population
group that was prone to the highest health risk when exposed to simazine. Adding
a GAC-filter resulted in lower concentrations of pesticides in drinking water.

Keywords: QCRA, Pesticides, Atrazine, Imidacloprid, Simazine, Berg River, Piket-
berg, Withoogte, South Africa, Sensitivity analysis, Health risks, Water treatment
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Hälsoriskanalys av bekämpningsmedel i dricksvatten för två dricksvattenverk längs
Berg River i Sydafrika med verktyget QCRA

Masteruppsats inom masterprogrammet Infrastruktur och miljöteknik

MIA ENGMAN
MALIN PETTERSSON

Institutionen för Arkitektur och samhällsbyggnadsteknik
Avdelningen för Vatten miljö teknik
Chalmers tekniska högskola

Sammanfattning
Bekämpningsmedel används i stor utsträckning inom den sydafrikanska jordbrukssek-
torn. Detta görs utan tydliga bestämmelser om tillåten mängd eller vilka bekämp-
ningsmedel som är lagligt tillåtna att använda. Exponering för bekämpningsmedel
har erkänts vara ett av de största globala kemiska hoten mot människors hälsa. Vat-
tendrag är ofta omgivna av jordbruksmark och därmed utgör spridning av bekämp-
ningsmedel från dessa marker en risk för vattenmiljön. Berg River är ett vatten-
drag som omges av jordbruk i Western Cape, Sydafrika. Floden används som
råvattenkälla för två vattenverk: Piketberg och Withoogte. Därför kan bekämp-
ningsmedel utgöra en potentiell risk för kvaliteten på dricksvattnet. Följaktligen
syftar denna avhandling till att undersöka om långvarig exponering för bekämpn-
ingsmedel i dricksvattnet utgör en hälsorisk för människor.

För att utvärdera hälsorisken genomfördes en kvantitativ kemisk riskbedömning.
Bekämpningsmedlen; atrazin, simazin och imidakloprid analyserades för olika be-
folkningsgrupper; spädbarn, barn och vuxna, och inom tre olika scenarier i vatten-
verken. Dessa scenarier inkluderade normal drift, avsaknad av rening och normal
drift med tillägg av granulärt aktivt kol filter, GAC-filter. Fältstudier utfördes vid
båda vattenverken där råvatten- och dricksvattenprover samlades in. Återstående
indata för modellen sammanställdes genom en litteraturstudie. En känslighetsanalys
gjordes för att utvärdera vilken indata som påverkade resultet mest.

Det fanns detekterbara halter av alla bekämpningsmedel i råvattnet och dricks-
vattnet. Studien kom till slutsatsen att det inte finns någon långsiktig hälsorisk
för människor när man konsumerar dricksvatten från vattenverken i Piketberg och
Withoogte för något av scenarierna. Spädbarn som förtär mjölkersättning var den
befolkningsgrupp som var utsatt för den högsta hälsorisken när de exponerades
för simazin. Scenariot där GAC adderades resulterade i lägre koncentrationer av
bekämpningsmedel i dricksvattnet.

Nyckelord: Kvantitativ kemisk riskbedömning, Bekämpningsmedel, Berg River, Piket-
berg, Withoogte, Sydafrika, Känslighetsanalys, Hälsorisker, Vattenrening
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1
Introduction

This chapter presents background on pesticide usage in the agricultural sector and
its e�ect on drinking water quality in South Africa. Quantitative Chemical Risk
Assessment, QCRA, will be introduced followed by the aim, research questions and
limitations of the thesis.

1.1 Background

Contamination of watercourses poses major problems for the society since the conse-
quences could cause long-term e�ects on human health (Borrull et al., 2021). These
pollutants are often referred to as contaminants of emerging concerns, CECs (Borrull
et al., 2021; Cantoni et al., 2021). According to Sauvé and Desrosiers (2014) these
compounds are persistent, toxic and may have implications for human metabolism.
Furthermore, regulatory criteria to safeguard human health is lacking due to the gap
in the information associated with the risks of CECs. Di�erent types of chemicals
such as pharmaceuticals, industrial chemicals and pesticides may be classi�ed as
CECs (Borrull et al., 2021; Cantoni et al., 2021).

Exposure to pesticides has been identi�ed as one of the main chemical threats to hu-
man health globally and pesticides are an especially important subject for discussion
in countries that rely on agriculture (Degrendele et al., 2022). The use of pesticides
within the global agricultural sector has increased from 2.3 million tonnes in 1990 to
4.1 million tonnes in 2018 (FAO, 2021). South Africa relies heavily on agricultural
production for export and food security (Quinn et al., 2011). Various types of crops
(cultivated plants that are grown commercially) are produced for domestic use and
export, such as maize, wheat, sugar cane, citrus and sub-tropical fruits. Over the
last �ve years, South Africa has produced around 15 million tonnes of maize per year
which makes them the main maize producer in the Southern Africa Development
Community, SADC (International Trade Administration, 2021). As a result, a wide
range of pesticides serve as input to this sector and consequently South Africa is
the largest consumer of pesticides in sub-Saharan Africa (Dabrowski et al., 2014;
Gwenzi & Chaukura, 2018). Despite this, South Africa does not have any publicly
available information on the use of pesticides e.g. spray records (Dabrowski et al.,
2014).
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1. Introduction

The bene�ts of using pesticides are clear, as they enhance output from agricultural
production and prevent or mitigate pests which results in higher quality and quantity
of crops (Ansara-Ross et al., 2012; Horak et al., 2021). However, the implications
that follow have to be investigated further. The case of South Africa is especially
interesting as the control of current pesticide compounds is limited (London, Dalvie,
et al., 2005). The two most recent pesticide studies based on human health were
developed by Dabrowski et al. (2014) and by Dalvie et al. (2009). London, Dalvie,
et al. (2005) further explain that the insu�cient regulatory standards for pesticides
in water are ascribed to the lack of data to serve as support for policy making. Fur-
thermore, regulation of pesticides is not an economic priority nor is there a technical
framework for how to analyse pesticides. In addition, enough laboratories with the
acquired competence are also missing.

Water pollution by pesticides is an extensively discussed topic as the use of toxico-
logical pesticides can harm aquatic environments and the health of living organisms
and humans (Horak et al., 2021; London, Dalvie, et al., 2005; Quinn et al., 2011).
The South African water quality guidelines regarding aquatic ecosystems for pes-
ticides are found in DWAF (1996). However, Dabrowski (2011) claims that only
the pesticides atrazine and endosulfan are being supervised. As a result, scholars
such as Dalvie et al. (2003), Fuhrimann et al. (2021), and London and Bailie (2001)
call for policies in South Africa aimed at successful reduction of pesticide contam-
ination. Exposure to pesticides causes chronic health e�ects and several currently
used pesticides are also recognized to be biomagnifying, carcinogenic, neurotoxic or
associated with adverse growth e�ects, disruption of the endocrine system and res-
piratory problems (Colosio et al., 2003; Degrendele et al., 2022; Quinn et al., 2011).
These investigations are not based on long-term exposure through drinking water,
which is a �eld that is not investigated enough. Rather the studies explore exposure
from labour within the agricultural sector.

Berg River is a watercourse potentially polluted by pesticides. The river is located
in the province Western Cape, close to Cape Town, see Figure 1.1, and its catchment
area consists of 53% dryland crops and 7% irrigated crops (DWAF, 2004). Piket-
berg and Withoogte are the two main drinking water treatment plants, DWTPs,
along Berg River. Both the DWTPs employ conventional treatment. Conventional
treatment, which includes coagulation, �occulation, sedimentation and rapid gravity
sand �ltration, with the addition of disinfection is not designed to remove endocrine
disrupting compounds such as pesticides (Vieno et al., 2007; Westerho� et al., 2005).
As of today, neither Piketberg DWTP nor Withoogte DWTP measures the concen-
trations of pesticides in their produced drinking water in their routine measurements.
However, measurements of micropollutant levels are conducted once or twice yearly
(C. Swartz, personal communication, February 28, 2022).

The DWTPs are using surface water from Berg River as raw water source. To
ensure su�cient quality and evaluate potential health risks, a QCRA can be per-
formed. This form of assessment may be conducted on the raw water to evaluate
whether pesticides from agriculture may pose a health risk to the consumers of the

2



1. Introduction

drinking water from the DWTPs. As the residents around Berg River include in-
fants, children and adults and they respond di�erently to ingestion of pesticides, it
is important to account for di�erent population groups. Earlier studies have been
conducted on the health risk posed by pharmaceuticals in Berg River (Andersson
& Svärd, 2021). The authors developed a QCRA-model that used raw water data,
health data and treatment e�ciencies of the DWTPs as input. This thesis will apply
that model to evaluate health risks caused by pesticides from agriculture. Moreover,
the thesis will be performed in collaboration with Chris Swartz and Cordi Lourens
at the consultant company Chris Swartz Water Utilization Engineers, located in
Durbanville, South Africa.

Figure 1.1: Location of Berg River, marked in blue (AfriGIS (Pty) Ltd, 2022).

1.2 Aim

The aim of this project is to evaluate the human health risk caused by long-term
exposure to the pesticides atrazine, imidacloprid and simazine through drinking
water from two DWTPs, Piketberg and Withoogte, along Berg River, South Africa.
The area surrounding Berg River is dominated by agricultural activity, thereby the
pesticides are assumed to originate from agriculture. The potential health risks
will be evaluated for four population groups; infants formula-fed, infants breastfed,
children and adults. By performing a QCRA, a health risk assessment will be
conducted. The QCRA will include a sensitivity and uncertainty analysis using
Monte Carlo simulations for three potential treatment scenarios for the DWTPs.
The thesis will include a �eld study of the two DWTPs along Berg River where 20
raw water samples and four drinking water samples will be collected and sent for
analysis. The four drinking water samples are collected to evaluate the accuracy of
the QCRA-model. The thesis will suggest further treatment steps in the DWTPs if
the simulation proves that there is a health risk for the consumers.
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1.2.1 Research Questions

The following research questions have been identi�ed and will be answered to achieve
the aim of the thesis:

ˆ At which concentrations do atrazine, imidacloprid and simazine result in a
human health risk for long-term exposure by consuming drinking water?

ˆ Does the drinking water from Piketberg DWTP and Withoogte DWTP pose a
health risk to the consumers concerning the analysed pesticides during normal
operation (as of today)?

ˆ Is there a risk for human health with regard to pesticide concentration if the
DWTPs are lacking treatment due to technical or human error?

ˆ Is the risk for human health with regard to pesticide concentration reduced if
the DWTPs have an additional treatment step in the form of granular acti-
vated carbon �lter, GAC-�lter?

ˆ Which input factor has the largest impact on the �nal drinking water con-
centration, the drinking water equivalent level and the hazard quotient and
thereby contribute to uncertainty for each of the three treatment scenarios?

ˆ How accurate is the QCRA-model and its input data?

1.3 Limitations

The following limitations have been identi�ed:

ˆ The sort and number of laboratory analyses that were available to perform by
the University of the Free State in Bloemfontein.

ˆ The thesis does not consider any risks or e�ects altering the raw quality caused
by external impacts. The study only covers the stages of the water cycle from
raw water in Berg River to drinking water from the DWTPs.

ˆ The aim of the study is to only consider three identi�ed pesticides from agri-
culture along Berg River and their potential risk to human health. However,
it can not be guaranteed that the three pesticides analysed only originate from
agriculture along Berg River.

ˆ The removal e�ciencies of Piketberg DWTP and Withoogte DWTP are as-
sumed to be equal and correspond to the results found in the literature.
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Theory

The following chapter will provide information regarding Berg River followed by the-
ory on agriculture and pesticide use in South Africa. The characteristics and health
e�ects of the pesticides atrazine, imidacloprid and simazine will be provided. Fur-
thermore, the chapter will explain how a general DWTP operates and the technical
background regarding GAC-�lter. Di�erent standards of health risk assessments will
be presented and lastly, a description of how to perform a QCRA will be described.

2.1 Description of Berg River

According to the IWMI (1996), South Africa is one of the countries that will en-
dure physical water scarcity where freshwater availability will be below 1 000 m3

per capita by 2025. Hence, water resources in South Africa are limited and have
to be managed accordingly. Pesticide runo� from agriculture has a negative e�ect
on water quality in surrounding aquatic environments. The state of the raw water
quality will have an impact on human health as it is used for drinking water pro-
duction (Almberg et al., 2018). In addition, even though the drinking water is of
good quality, there is a fraction of South Africans who do not have access to drinking
water and have to rely on raw water from rivers and boreholes for daily consumption
(STATSSA, 2012). The authority further explains that the di�erences between the
provinces are major while Western Cape has one of the best drinking water accesses
in South Africa. Hence, good raw water quality is of great importance. One river in
Western Cape that serve as raw water source is the Berg River (C. Swartz, personal
communication, October 15, 2021).

Berg River, see Figure 2.1 is located in the Western Cape, which is a province in
South Africa that sits in the Mediterranean climate zone and acquires winter rain-
fall (Cullis et al., 2019; Zwane, 2019). The climatic circumstances in the province
provide favorable conditions for agriculture. The river begins in the mountains of
Franschhoek where the raw water reservoir Berg River Dam is located, see Figure
2.2. The river continues to �ow northwest towards Wellington and proceeds towards
the western direction of Piketberg and discharges in St Helen Bay on the west coast
(DWAF, 2004). The catchment areas of the river serve as a major water supply to
the city of Cape Town, provide water for agriculture and serve regional towns with
water (Cullis et al., 2019; Görgens & De Clercq, 2006). Berg River, with its length
of 300 km, runs through six local municipalities and the catchment area is estimated
to 9 000 m2 (Cullis et al., 2019). The authors further state that rapid urbanisation
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