
 

Abstract— We report for the first time the concentrations of 

perfluoroalkyl compounds in water sources of the Western 

Cape. Recently, perfluorooctanoate (PFOA) and 

perfluorooctane sulfonate (PFOS) were detected in sediments 

from a South African environment, particularly for the largest 

catchment areas of the Western Cape, South Africa, an area 

associated with the largest agricultural sector. A liquid 

chromatography/tandem mass spectrometer (LC/MS/MS) was 

used to analyze the PFCs. From the results, five different PFCs 

(i.e. PFHpA, PFDoA, PFNA, PFUA, and PFDeA) were 

detected in raw water. PFHpA was detected with the highest 

concentration (27.13 ng/L) from Steenbras WTP, followed by 

Faure and Wemmershoek WTPs (24.19 ng/L and 22.671 ng/L, 

respectively). The average concentrations of other PFCs were as 

follows: PFDoA - 4.415 ng/L, PFNA – 1.880 n/L and PFDeA – 

2.744 ng/L, all for Faure WTP; and PFUA – 4.488 ng/L for 

Wemmershoek WTP. PFOA and PFOS were below the limit of 

detection (LOD). 
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I. INTRODUCTION 

Water plays a major role in our lives and our water resources 

must be managed in a manner that ensures its sustainability. 

South Africa is a country that regularly faces water shortages, 

especially in the townships. A study by Smith [1] predicted that 

with the current rate of water consumption, the existing system 

of water supply is likely to run-out within a few decades. 

Additionally, the quality of water, whether intended for drinking 

or irrigation, is of significant importance to human health 

worldwide, in both developed and developing countries. The 

state of water quality can have a major impact on human health 

when it is not properly managed, as poor quality water can result 

in outbreaks of water-borne diseases. In addition to the 

pathogenic micro-organisms that affect the state of our water, 

perfluoroalkyl compounds (PFCs) have been proven to be one 

of the chemicals that intoxicate water sources and have a 

detrimental effect on human health, living organisms and plants. 

  (PFCs) are persistent, bio-accumulative and toxic 

fluorine-based chemicals [2]. They do not occur naturally, they 

are used in man-made fluorinated compounds in consumer and 

industrial applications [3]. In other words, they are synthetic 

organic compounds and have been manufactured worldwide 

since the 1950s. They are present in the environment because 

they are used in various applications such as textiles, clothes, 

carpets, cosmetics and fire-fighting foams [4]. The common 

route of exposure to humans is through the consumption of 

PFC-contaminated water and foods [5[, [6]. As water usage and 

consumption is the basis of everyday human activity and as a 

result of the resistance of the PFOA and PFOS to hydrolysis, 

biological breakdown and metabolism by vertebrates due to the 

strength of the carbon-fluorine bond; these fluorine-based 

organic compounds can be easily consumed, thus 

bio-accumulate in the body [7]. 

 Several studies have been done worldwide with results 

showing widespread presence of PFCs in the environment: for 

example, they have been detected in environmental and tap 

water [4], [5], [8]; in human semen [3]; and in human sera [2], 

[9]-12]. Furthermore, high levels of PFC contamination have 

been detected in various media globally, such as in drinking 
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water treatment plants, landfills and living organisms [11] and 

in food [13]. However, in South Africa, the study of PFC 

contamination in drinking water sources has never been 

reported, except that perfluoroalkyl compounds were detected 

for the first time in maternal serum and cord blood of pregnant 

women at 1.6 ng/mL for perfluorooctane sulfonate (PFOS) and 

1.3 ng/mL for perfluorooctanoic acid (PFOA) [9], and river 

water and suspended solids [14].  

Based on the results obtained from various PFC 

contamination studies, some countries determined a need to 

develop regulatory limits as guidelines for acceptable PFC 

levels in drinking water for human consumption based on 

human health effects [15]. There is limited existing national 

legislation that defines specific limit values for all PFCs, 

particularly in South Africa. In 2009, the USEPA issued 

drinking water provisional health advisory, but only for PFOA 

and PFOS, with a maximum limit of 400 ng/L and 200 ng/L for 

both compounds, respectively [16]. However, in South Africa, 

PFC regulation is non-existent and therefore devoid of 

regulatory guidelines. The SABS (SANS 241), which governs 

drinking water quality, issued drinking water specifications for 

the different parameters as found in SANS 241: 2005. 

Microbial, physical, organoleptic, and chemical safety 

requirements are all specified in the guidelines with no mention 

of any of the perfluorinated chemicals (PFCs). Prior to the 2010 

FIFA World Cup, the Department of Water Affairs and Forestry 

(DWAF) conducted audits on the drinking water quality 

management evaluations to comply with current Blue Drop 

Certification requirements. During the audit, common 

microbiological and chemical analyses were performed, but 

again with no mention of PFC contamination [17]. In addition, 

the new SANS 241:2011 still does not have guidelines for any 

PFCs. The question that arises from this information is that if 

PFCs have been proven toxic and detrimental to human health, 

what must be done in South Africa to closely monitor PFC 

contamination and prevalence in order to implement treatment 

strategies thus preserve the quality of our already scarce water 

resource. 

 As a result of this alarming void of regulations which 

governs the maximum PFC limits in South Africa, the greatest 

concern is that the South African population may be 

unknowingly exposed to high levels of PFCs via drinking water. 

As these compounds are water soluble, conventional water 

treatment systems and processes may not eliminate these 

compounds completely [7]. From the reviewed literature, more 

than 70% of the published research primarily reports on the two 

abundant PFCs, namely PFOA and PFOS, with much less 

attention given to other perfluoroalkyl compounds. 

Furthermore, although other PFCs have been studied and 

detected in water sources by some researchers, the USEPA only 

issued drinking water guideline limits for PFOA and PFOS, 

with no mention of the other PFCs. However, these other PFCs 

have the same properties as PFOA and PFOS and therefore it is 

logical to hypothesize that they have the same detrimental health 

effects to humans as PFOA and PFOS. This study, then, focused 

on the detection of several other PFCs in drinking water sources 

of the Western Cape, including PFOS and PFOA. 

This study reports on the prevalence and concentrations of 

perfluoroalkyl compounds in raw water from the drinking water 

treatment plants (DWTPs) of the Western Cape, South Africa, 

with an extensive focus on treatment works with a theoretical 

treatment capacity exceeding 100 mL/day. 

II. MATERIALS AND METHODS 

A. Sample collection 

Samples used in this study were collected from the following 

drinking water treatment plants (DWTPs): Atlantis, Blackheath, 

Brooklands, Faure, Steenbras, Voelvlei, and Wemmershoek. 

Several batches (n = 4) were collected from the DWTP to 

ascertain consistency in PFC prevalence for a period of three 

months (October to December 2012) – when access to the 

DWTPs was given without restrictions). All samples were 

collected in duplicate in 2L Polypropylene bottles with screw 

caps. Sample bottles were then filled in such a manner that no 

air bubbles were entrapped. Sample blanks were prepared in 

duplicate with organic-free water (water filtered through 

activated carbon and HLB cartridges) prior to shipping the 

sample bottles to the sampling site and were shipped along with 

the sample bottles from the sampling site back to the laboratory.  

B. Sample preparation and extraction 

The sample bottles, extraction flasks and volumetric flasks 

including ancillary materials were rinsed with analytical grade 

methanol, which was passed through a Hydrophilic-lipophilic 

balance (HLB) cartridge to remove any traces of PFCs. After 

the rinse, materials were air dried and then placed in an oven at 

105°C for 1 hour and then allowed to cool. Samples and the 

blanks were stored as a set in the refrigerator at ±4°C for a 

period of 48 hours to 1 week (maximum) prior to analysis.  

Prior to sample extraction, each cartridge (Supel-Select HLB 

SPE cartridges - 500 mg solid phase, 12 mL tubes) was rinsed 

with 15 mL of analytical grade methanol followed by 18 mL of 

Milli-Q water, without allowing the water to drop below the top 

edge of the adsorbent packing material. The solid phase was 

kept wet for optimal extraction and also to avoid cracking of the 

packing material. At this stage, it was important to ensure that 

the packing material did not go dry at any of the conditioning 

steps. If the cartridge did go dry during the conditioning phase, 

the conditioning was redone. The sample extraction was 

performed according to a modified EPA method 537-31: i.e. 

about 500 mL each of spiked Milli-Q water and collected water 

(source or raw) samples were transferred into methanol rinsed 

1L polypropylene beakers. During extraction, the vacuum was 

adjusted so that the approximate flow rate ranged between 8.93 

to 12.5 mL/min. It was important to ensure that the cartridge did 

not go dry before the entire sample has passed through the 

cartridge during the extraction. After the 500 mL sample had 

passed through the cartridge, the beaker was rinsed with 10 mL 

of Milli-Q water and the resultant residual water was transferred 

into the cartridge. Thereafter, air was drawn through the 

cartridges for 10 minutes at high vacuum (10 to 15 in Hg) to 

ensure that the entire sample has been removed from the 
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cartridge. This process was repeated for each of the duplicate 

samples. Subsequently the cartridges were eluted with 8 mL of 

analytical grade methanol, after which a gentle stream of high 

purity nitrogen gas was used to reduce the volume of eluents to 

~1 mL. The final extract was then transferred into a properly 

labelled sample vial and stored in the refrigerator until analysis 

(LC/MS/MS).  

C. Sample analysis and calibration chromatographs 

The PFC analysis was performed in accordance with EPA 

method 537-31 using the LC/MS/MS. Operating parameters are 

shown in Table 1, while Figure 1 illustrates the chromatographs 

for the seven PFCs detected with their retention times. The 

mean of two injected samples was used for all the samples. 

D. Method modification, validation and quality control for 

perfluoroalkyl compounds 

Water sample volume used for the extraction process 

was increased from 250 mL to 500 mL. Each extraction 

cycle was duplicated to ascertain the concentration and 

consistency in the extraction process for PFCs for each 

sample. For quality control, blank samples of Milli-Q 

(de-ionized water) were used with each extraction batch 

to confirm that potential background contaminants were 

not interfering with the identification or quantitation of 

method analytes. Analytes (PFDoA and PFUA) in the 

blank samples were only detected in one batch only of the 
three batches that were analysed for PFCs and the 

concentrations were negligible. Calibration standards were 

analysed at the beginning of each analysis batch. The final 

analyte concentration was determined as follows: (i) The 

concentrations of the analytes detected in the blank samples 

were subtracted from the concentration of the respective 

analytes detected in the samples. (ii) The final concentration 

was calculated as follows: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE I: SUMMARY OF LC/MS/MS OPERATIONAL PARAMETERS USED 

Operational parameters Description 

1. SPE cartridge elution 

conditions, injection 

volume and final 

extracts volume 

Elution from SPE cartridge procedure 

employed in this study was in accordance with 

that described in USEPA Method 537-31, 

although with some modifications. The details 

of this procedure are provided under the 

sample extraction section above 

2. LC/MS/MS model used 

and supplier 

HPLC Model: Ultimate 3000 Dionex HPLC 

system 

HPLC Supplier: Dionex Softron, Germering, 

Germany  

MS model: Amazon SL Ion Trap 

MS supplier: Bruker Daltonik GmbH, 

Bremen, Germany 

3.  MS/MS operational 

conditions and Ion mode 

MS Interface: ESI 

Dry Temp: 350C 

Nebulizing pressure: 60psi 

Dry Gas Flow: 10L/min 

Ionisation mode: negative 

Capillary voltage: +4500V 

End plate offset: -500V 

MS/MS using auto MS(n) 

4.  Guard column used, 

characteristics and 

supplier 

No guard column used. 

 

5.  Separation column used, 

characteristics, supplier, 

temperature(i.e. 

operational parameters) 

Separation mode: reversed phase 

chromatography 

Column: Waters Sunfire C18 column 5 μm; 

4.6  × 150 mm  

Supplier: Waters, Dublin, Ireland 

Column Temperature used: 30C 

6.  Mobile phase 

constituents, 

concentration, flow rate, 

and gradient operational 

parameters: 

Mobile phase: Solvent B: 100% Acetonitrile; 

solvent C: 5mM CH3COONH4 

Flow Rate: 0.8mL/min 

Gradient : T1 (0.00 min) = 3 6% Acetonitrile ; 

T2 (12.00 min) = 56% Acetonitrile ; T3 

(13.00 min) = 99% Acetonitrile ; T4 (13.10 

min) = 36% Acetonitrile ; T5 (20.00 min) = 

36% Acetonitrile 

7.  Calibration standards 

used, concentration, 

range used, and supplier: 

Calibration standards consist of the following 

levels, namely: 0, 0.1, 0.2, 0.5, 1.0, 2.5 and 5.0 

ppm (for other PFCx), while the calibration 

levels for PFOA and PFOS consist of: 0, 0.2, 

0.4, 1.0, 2.0, 5.0 and 10 ppm. 

All standards were supplied by 

Sigma-Aldrich. 
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Fig 1. LC/MS/MS chromatograms for Perfluoroheptanoic acid 

(PFHpA, RT = 5.3 min, m/z 362.7), Perfluorooctanoic acid (PFOA, 

RT = 7.2 min, m/z 412.7), Perfluorononanoic acid (PFNA, RT = 9.3 

min, m/z 462.8), Perfluorodecanoic acid (PFDeA, RT = 11.5 min, m/z 

512.8), Perfluorooctane sulfonate (PFOS, RT = 12.8 min, m/z 498.8), 

Perfluoroundecanoic acid (PFUA, RT = 13.7 min, m/z 562.9), and 

Perfluorododecanoic acid (PFDoA, RT = 15.1 min, m/z 612.9). 

E. Method modification, validation and quality control for 

perfluoroalkyl compounds 

Water sample volume used for the extraction process 

was increased from 250 mL to 500 mL. Each extraction 

cycle was duplicated to ascertain the concentration and 

consistency in the extraction process for PFCs for each 

sample. For quality control, blank samples of Milli-Q 

(de-ionized water) were used with each extraction batch 

to confirm that potential background contaminants were 

not interfering with the identification or quantitation of 

method analytes. Analytes (PFDoA and PFUA) in the 

blank samples were only detected in one batch only of the 
three batches that were analysed for PFCs and the 

concentrations were negligible. Calibration standards were 

analysed at the beginning of each analysis batch. The final 

analyte concentration was determined as follows: (i) The 

concentrations of the analytes detected in the blank samples 

were subtracted from the concentration of the respective 

analytes detected in the samples. (ii) The final concentration 

was calculated as follows: 

 

 

III. RESULTS AND DISCUSSION 

A. Perfluoroalkyl compounds (PFCs) in raw water sources  

  of the Western Cape, South Africa 

The average PFC concentrations detected in this study are 

presented in Table 2. Important to note: (1) The PFC results 

reported here are from analysis performed in raw water from 

seven DWTPs, and tap water was not analysed; and (2) the 

study of health effects of these PFCs and the background study 

on the areas were beyond the scope of this study. For the 

purpose of this study, the limit of detection (LOD) was set at 0.2 

ppm (200 µg/L) for PFOA and PFOS and at 0.1 ppm (100 µg/L) 

for other PFCs, with the reasoning that any PFCs detected above 

these limits would indicate a widespread public health concern. 

The foundation for this is based on the literature reviewed. From 

the studies performed on PFCs and as seen in more than 70% of 

the literature reviewed during this study, most researchers 

focused on PFOA and PFOS, their presence in water sources 

and their detrimental health effects to humans and living 

organisms with substantially less attention given to the other 

PFCs.  
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Fig. 2. Concentrations of perfluoroalkyl compounds detected in raw 

water sources of the Western Cape, South Africa 

 

From the results obtained in this study (Table 2 and Figure 2), 

five different PFCs (i.e. PFHpA, PFDoA, PFNA, PFUA and 

PFDeA ) were detected in raw water above the limit of detection 

of 0.1 mg/L (100 µg/L). Perfluoroheptanoic acid (PFHpA) was 

the highly detected PFC at maximum average concentration of 

27.13 ng/L for Steenbras raw water source (i.e. Steenbras lower 

dam), followed by 24.19 ng/L for Faure raw water source (i.e. 

Riviersonderend and Palmiet rivers) and 22.67 ng/L for 

Wemmershoek raw water source (i.e. Wemmershoek dam). 

However, PFHpA was detected below LOD in four DWTPs raw 

water sources. PFDoA (perfluorododecanoic acid) was detected 

in all the samples at concentrations ranging from 0.384 ng/L for 

Blackheath to 4.415 ng/L for Faure raw water sources, PFNA 

(perfluorononanoic acid) and PFDeA (perfluorodecanoic acid) 

were detected in four DWTPs raw water sources, followed by 

PFUA (perfluoroundecanoic acid), which was detected in three 

DWTPs raw water sources; all concentrations were below 5 

ng/L (for PFNA, PFDeA and PFUA). The highly researched 

and reported Perfluorooctanoic acid (PFOA) and 

Perfluorooctane sulfonate (PFOS) were not detected in any of 

the evaluated raw water sources because their concentrations 

were below the LOD of 200 µg/L. Overall, for Faure and 

Wemmershoek raw water sources, all five PFCs were detected 

above the LOD. 

 

 

 

 

 

TABLE II: CONCENTRATIONS OF PERFLUOROALKYL 

COMPOUNDS DETECTED ABOVE THE LOD (100 µG/L) IN WATER 

SOURCES OF THE WESTERN CAPE. PERFLUOROHEPTANOIC ACID 

(PFHPA); PERFLUORODODECANOIC ACID (PFDOA) 

 

 
 

 

IV. CONCLUSION 

The main objective of this study was to detect and identify 

perfluoroalkyl compounds that are present in water sources of 

the Western Cape, South Africa. From the results obtained, five 

PFCs were detected in raw water sources in seven DWTPs of 

the Western Cape, South Africa above the limit of detection of 

0.1 mg/L. These compounds are reported for the first time from 

water sources in the Western Cape and this results highlights the 

predominance of most PFCs in water sources, such that future 

studies should not only focus on PFOA and PFOS, particularly 

in South Africa. Once more, the WHO and the SABS must 

consider establishing guideline values for these PFCs for 

continuous monitoring.  
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