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Abstract

Phthalate ester plasticizers were determined in rivers and dams of the Venda region, South Africa. Liquid-liquid extraction, 
column chromatographic clean-up and capillary gas chromatography were the methods used for the quantitative analyses. 
Levels of phthalates in water samples from the rivers and dams ranged from 0.16 mg/ℓ to 10.17 mg/ℓ and varied between 
0.02 mg/kg and 0.89 mg/kg in sediments. Generally, the highest concentrations of phthalates were found as DBP and 
DEHP, which is consistent with their common use in plastic materials and other industrial chemicals. The phthalate levels 
found in the water samples were much higher than the criterion of 3 µg/ℓ phthalates recommended by the United States 
Environmental Protection Agency (USEPA) for the protection of fish and other aquatic life, and higher than the Suggested 
No-Adverse Effect Levels (SNAEL) of 7.5 to 38.5 µg/ℓ for drinking water. The health risk-assessment studies on the phtha-
lates found in the water systems suggested potential carcinogenic and other toxic effects they may pose to communities 
downstream which might be exposed either through drinking untreated water from the rivers, through dermal absorption or 
by using the freshwater sources to water their vegetable gardens. DEHP posed the highest risk potential of all the phthalates 
and the water use or exposure pathway that appeared to pose the highest potential health risk for carcinogenic as well as 
toxic effects was vegetable watering. The results for phthalates in the water samples give cause for environmental concern 
as people’s health downstream is at stake if rural populations use this water. 

Keywords: capillary GC, phthalates, freshwaters, potential carcinogens 

Introduction

Phthalates are among the most widely used industrial chemi-
cals in existence. They are used principally as plasticizers, 
to impart flexibility, workability, and durability to polymers, 
but they can also be found in products such as adhesives, 
inks, and cosmetics, munitions, industrial and lubricating oil, 
as well as solvents in perfumes and paints and additives in 
hair-sprays and insect repellent (Shanker et al., 1985; Ling et 
al., 2007; Huang et al., 2008). To provide flexibility phthalate 
esters are not chemically bonded to resin and therefore are 
easily released (Yuan et al., 2008). The most commonly used 
phthalate plasticizers are di-2-ethylhexyl phthalate (DEHP) 
and di-n-butyl phthalate (DBP) with the others used only for 
selective applications (ATSDR, 2006).

There has been growing interest in the unusual ubiquity of 
phthalates in the environment (Fatoki and Vernon, 1990; Fatoki 
and Ogunfowokan, 1993a) and their wide range of toxicologi-
cal characteristics (Blount et al., 2000). Phthalates have possible 
tetratogenic and carcinogenic effects (Blount et al., 2000; Tomita 
et al., 1982; Huff and Kluwe, 1984). DEHP has been included in 
Class B2 (probable human carcinogens) (Alatriste-Mondragon, 

et al., 2003). They are also suspected endocrine disruptors 
(Fredricsson et al, 1993). A study by Colon et al. (2000), in 
which Puerto Rican girls with premature breast development had 
higher levels of blood phthalates compared to other girls, sug-
gested an association between phthalate exposure and abnormal 
reproductive development. Testicular toxicity of phthalates has 
been documented. Studies have indicated that these chemicals 
may affect sperm cells, sperm mobility, chryptorchidism and 
hypospadias, in laboratory animals (Imajima et al., 1993; Poon et 
al., 1997; Arcadi et al., 1998).

A main route of exposure to phthalates is via water use as 
these chemicals find their way into the water system through 
effluent discharges and leaching from waste dumps, and 
through several diffuse sources (WHO, 2003).

Several attempts have been made to determine levels of 
phthalates in the aquatic environment by gas liquid chroma-
tography with electron capture detection (Ritsena et al., 1989) 
and FID (Fatoki and Noma, 2002). Other methods include the 
use of GC-MS (Jeng, 1986; Yuan, et al. 2002; Li, et al., 2006) 
and differential pulse polarography (Tanaka and Takeshita, 
1984). Extraction techniques include liquid-liquid extraction 
with clean-up technique (Fatoki and Ogunfowokan, 1993b), 
solid-phase extraction methods (Fatoki and Noma, 2002; Li et 
al., 2006) and micro solid-phase extraction (Li et al., 2006). 
A major problem in the analysis of environmental samples is 
the reduction of background contamination to levels below 
that of the very low levels generally present in the samples. 
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This problem of background contamination is more serious in 
trace analysis of phthalates than other pollutants (including the 
chlorinated hydrocarbons) because phthalates are present in 
almost all equipment and reagents used in the laboratory (Giam 
and Wong, 1972).

This study assessed the levels of phthalates in freshwater 
systems of Venda, South Africa and investigated the potential 
health effects of the chemicals in the water systems. The Venda 
region of South Africa is mostly rural and indiscriminate dis-
posal of plastic materials is common. In addition, waste manage-
ment practices are simple thus leaving room for possible gross 
pollution of the rivers by these chemicals. Many of the rivers and 
dams serve as primary domestic freshwater resources for the 
rural communities downstream, which exposes them to these 
chemicals, with potential health consequences.

Materials and methods

Instrument

Analysis was undertaken using the Perkin Elmer Clarus 500 
Gas Chromatograph, with FID detector and capillary column 
(Col-Elite 5 to 30 m, 0.25 µm to 0.25 mm) supplied by Perkin 
Elmer SA (Pty.), Ltd., Cresta, Johannesburg, South Africa. The 
gas chromatograph had an auto-injection, dual column system 
for both FID and ECD. The chromatograms were handled by 
a total Chrom Work Station supplied by Perkin Elmer, South 
Africa.

Optimising GC conditions

GC conditions like oven inlet temperatures, carrier gas flow, and 
detector temperature were optimised as follows: oven (initial 
temperature of 180oC, ramp rate of 12oC/ min, final temperature 
of 280oC with 2 and 7 min hold time, respectively), injector tem-
perature of 180oC, carrier gas set point of 2.00 mℓ/min. 

Retention times and response factors

The phthalate esters determined were dimethyl phthalate 
(DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP) and 
di-(2-ethylhexyl) phthalate (DEHP). The internal standard used 
was n-butyl benzoate. The esters and the internal standard 
were obtained from SUPELCO and Fluka AG, South Africa. 
The stock solution (1 000 mg/ℓ) for each ester was prepared 
in a 20 mℓ volumetric flask with methanol (analytical grade), 
diluted as appropriate and stored at 4oC. All stock preparations 
were prepared using glass containers. Using the optimised GC 
conditions the retention times (min) were obtained. Using a 
mixture of the phthalate esters and internal standard (n-butyl 
benzoate) at 100 mg/ℓ concentration with 10 replicate injections 
(1 µℓ), the response factors were calculated as follows: area of 
the peak of phthalate ester/area of the peak internal standard.

Detection limits of the GC system for the phthalate 
esters

The detection limits were determined for the phthalate ester plas-
ticizers using the method described by Miller and Miller (1984).

Quality assurance studies

Water samples of 500 mℓ (distilled and de-ionised water) were 
pre-extracted in triplicate with 3 x 20 mℓ dichloromethane 

(DCM) in a glass separator funnel. They were then respec-
tively spiked with 1 mℓ of 10 mg/ℓ mixtures of the phthalates. 
Each spiked water sample was extracted with 3 x 20 mℓ DCM 
after acidification with 5 mℓ H2SO4 and salting out with 50 g 
NaCl. Sediment samples of 10 g, air-dried and sieved (0.45 µm, 
pore size), also in triplicate, were pre-extracted in a Soxhlet 
extractor with about 120 mℓ DCM. The pre-extracted sediment 
samples were spiked with standard phthalate ester and again 
extracted with 120 mℓ DCM in a cleaned Soxhlet extractor. 
The extracts were left to dry at ambient temperature in a glass 
container and reconstituted with about 2 mℓ DCM. 

Column chromatographic clean-up

A glass column was packed with about 5 g silica gel (Kieslgel 
Merck 60, 230 to 400 mesh) in 20 mℓ of hexane with a 0.5 
to 1.0 mℓ top layer of anhydrous Na2SO4. The reconstituted 
phthalate residues from both water and sediment extracts, were 
run separately through the column and then eluted successively 
with hexane and about 20 mℓ benzene ethyl acetate mixture 
(95:5) (Fatoki and Ogunfowokan, 1993b). The benzene/ethyl 
acetate eluants were allowed to dry separately and then re-
dissolved in hexane with internal standard and then run on the 
GC using the optimum conditions described above. The eluants 
were left to dry at room temperature respectively in a glass 
container to form a residue.

GC analysis

The benzene/ethyl acetate eluant residues were reconstituted 
with 0.5 mℓ n-butyl benzoate (internal standard) solution and 
transferred into the GC glass sample vials for analysis using the 
GC conditions described above.

Determination of blank levels for water samples

DCM extracts from un-spiked distilled de-ionised water 
samples were processed as described above for extracts from 
spiked water samples to establish blank levels.

Routine analysis of water and sediment samples

Water samples in about 1 ℓ glass containers were collected 
from major rivers and dams in Venda. They were immediately 
acidified with about 5 mℓ conc. H2SO4 to preserve the sam-
ples and stored in a refrigerator at 4oC until time of analysis. 
Sediment samples were collected from the same water sources 
in glass containers and also stored at 4oC in a refrigerator until 
time of analysis.

Water: Each 500 mℓ of water sample was salted with 50 g 
NaCl in a 1ℓ separatory funnel. The sample was then extracted 
with 3 x 20 mℓ DCM. The combined extracts were left to stand 
until dry at room temperature. The dried extract was reconsti-
tuted with 2 mℓ DCM and run on the chromatography clean-up 
column and GC was determined as described previously.

Sediment: 10 g air-dried and sieved (0.45 µm pore size) sam-
ples were Soxhlet-extracted for 10 h with 120 mℓ DCM. After 
extraction the extracts were left to stand in a clean glass con-
tainer in a fume cupboard at ambient temperature until dry. 
The extracts were then diluted with 2 mℓ DCM to prepare them 
for column chromatography clean-up and GC was determined 
as described previously. 
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Health risk assessment of phthalates in the river 
water

The general human health risk assessment process consists of 4 
distinguishable but interacting phases, generally referred to as:
• 	 Hazard identification
• 	 Dose-response assessment
• 	 Exposure assessment 
• 	 Risk characterisation (NRC, 1983)

Hazard identification involves substantial evidence that 
the chemical constituent is found in the water. Combined 
with occurrence information, there should be evidence of 
potential or actual toxicity of the chemical constituent. 
Based on this, potentially hazardous chemicals are divided 
according to their effects and response (mode of action). 
For risk-estimation purposes, chemicals are divided into 3 
main groups: toxic chemicals, carcinogens and endocrine 
disruptors (WHO, 2003).

Exposure assessment is a key phase in health risk 
assessment, because without exposure even the most toxic 
carcinogenic compound is not hazardous. Exposure assess-
ment involves the identification of potential receptors, 
exposure pathways, exposure media and receptor behav-
iour, which affects exposure duration (NRC, 2003). For 
human health risk assessment, the receptors are generally 
members of the public who may be exposed to hazardous 
substances. In this case, the study would focus on resident 
communities in the area making use of the various water 
sources for domestic purposes as well as watering home-
grown vegetables.

The Health Risk Assessment Programme (Risk*AssistantTM, 
1995) was used to calculate the potential exposure concentra-
tions. The exposures considered in the assessment include:
• 	 Ingestion via drinking of untreated water
• 	 Dermal absorption due to daily washing/bathing activities 

in river water 
• 	 Watering of vegetables with untreated water

In a quantitative health risk assessment, numerical estimates of 
human exposure to toxic effects are expressed in terms of aver-
age daily dose (ADD), which is the amount of substance taken 
into the body on a daily basis during the exposure period and is 
calculated as:

ADD = (Cmedium x IR x ED x Fc) /BW x AT (mg/kg∙d),

where:
ADD is the average daily dose 
Cmedium is the concentration in the contaminated water 
IR is the daily intake rate 
ED is the exposure duration 
Fc, the fraction contaminated
BW is the body weight 
AT is the lifetime averaging time 

For risk of carcinogens for exposures that last less than life-
time, the dose is adjusted using the formula:

LADD = ADD x (ED/Lft) 

where: 

Lft is lifetime

Exposure parameters used to calculate exposure 
estimates

The dose (or exposure concentration) values presented in this 
assessment reflect not only the concentrations of contami-
nant in various environmental media and exposure pathways 
selected for analysis, but also the specific numerical parameters 
applied to each exposure scenario. Different pathways can lead 
to varying degrees of selectivity severity in health effects. 

The following table summarises the exposure parameters 
used in this assessment.

Table 1
Exposure parameters used to generate 

exposure dose estimates
Specific parameters Unit
Body weight 70 kg
Lifetime 70 yr
Exposure period 30 yr
Drinking water 350 events/yr; 2 ℓ/event; 100% 

fraction contaminated
Dermal absorption 350 events/yr; 12 min/event; 

2 300 cm2 skin surface
Vegetab le watering Daily 40 % of 0.2 kg/event

 
Tran-media concentrations: calculations

For some exposure scenarios a contaminant concentration 
specified in one environmental medium must be converted to a 
concentration in another medium to which a person is exposed. 
For instance, crops in soil polluted with DEHP or irrigated with 
DEHP-polluted water may contain increased concentration 
concentrations (WHO, 1996). The equation in Risk* AssistantTM 
(1996) was used in this assessment to predict such cross-media 
contaminant, specifically to calculate the concentrations in veg-
etables. The equation in US-EPA (1992) was used to calculate 
the absorbed dose of chemical per square centimetre of skin per 
event for the dermal absorption calculations. 

Risk characterisation

Risk was calculated for exposure to phthalates assuming that 
people were making use of the river water as their sole source 
for domestic purposes as well as for watering home-grown 
vegetables.

For chemicals that cause cancer, risk was calculated as a 
function of oral potency factor or slope (β) and dose. This is 
approximated by the equation (Risk AssistantTM, 1995):

 	 Risk = β x LADD; the risk estimates represent the 
theoretical excess cancer risk.

This is the risk of developing cancer in addition to the back-
ground cancer incidence, e.g., if the cancer risk is described as 
1∙e-5 which is 0.00001 or 1/100 000, then it can be said that there 
is an excess risk of developing cancer of 1 in 100 000. WHO 
(2003) defines the acceptable risk level as ‘an estimated upper-
bound excess lifetime cancer risk of one additional cancer per 
100 000 of the population ingesting water containing the sub-
stance at the set guideline value for 70 years (life expectancy)’. 
Regulatory authorities should, however, make an informed deci-
sion based on collected risk estimation information and decide 
on an acceptable risk level for local circumstances.
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For toxic chemicals, a hazard quotient (HQ) is calculated, 
which compares the expected exposure to the agent to an 
exposure that is assumed not to be associated with toxic effects. 
For oral or dermal exposures, the average daily dose (ADD) is 
compared to a reference dose (Rf D). The risk is approximated 
using the formula: 

 	 Risk (hazard quotient) = ADD/Rf D; A risk estimate of 
more than 1 is considered to be unacceptable. 

The chemical concentrations in Table 2 were used in the risk 
calculations based on waters analysed.

Results and discussion

The phthalates were eluted from the gas chromatographic 
column in the order DMP, DEP, DBP and DEHP. The retention 
times (minutes) for phthalate esters using the optimised GC 
conditions were DMP - 2.2, DEP - 3.0, DBP - 5.7 and DEHP - 
9.0 (Fig. 1). The detection limits of the GC system for the esters 
were DMP - 20 ng/ℓ, DEP - 10 ng/ℓ, DBP - 4 ng/ℓ and DEHP 
- 1 ng/ℓ. 

The recoveries obtained from triplicate spiking experi-
ments and elution with 95:5 ratio (v/v) of benzene/ethyl 
acetate were DMP - 82.14±1.32 %, DEP - 89.72 ±0.52 %, DBP 
- 86.47±0.39 % and DEHP - 90.70±0.32 % for water samples. 
The recoveries for spiked sediment samples were DMP - 
89.08±0.51 %, DEP - 89.95±0.34 %, DBP - 88.72±0.55 % and 

DEHP - 89.04±0.48% (Table 3). This was judged acceptable for 
the quantitative determination of phthalate esters in water and 
sediment samples. 

The blank determination with distilled de-ionised water gave 
a clean background with no contamination by phthalate esters.

Numerous methods have been described for the clean-up 
of phthalate esters prior to analysis by gas chromatography 
(Fatoki and Vernon, 1990; Giam et al., 1975; Fatoki and 
Ogunfowokan, 1993a; Tanaka and Takeshita, 1984). The most 
commonly used solid phases for separation /clean-up of envi-
ronmental samples were deactivated florisil, (Giam et al., 1975), 
alumina and silica gel (Fatoki and Ogunfowokan, 1993a). The 
eluting solvents used for phthalates were diethyl ether in petro-
leum (Giam et al., 1975) and benzene in ethyl acetate (Fatoki 
and Vernon, 1990; Fatoki and Ogunfowokan, 1993a). 

All of the selected rivers are perennial and Luvuvhu, 
Mutale, Dzindi, Mutshindudi, and Nzhelele are the main river 
channels. Lotanyanda and Xikundu are the tributaries but 
many of the rivers serve as primary and/or secondary domestic 
water sources for several communities located downstream.

The levels of phthalates found in the water samples and 
sediments from the rivers and dams are shown in Tables 4 
& 5. The measured levels of phthalates in the rivers varied 
between 0.16 mg/ℓ, DEP in Xinkudu River and 10.17 mg/ℓ, 
DBP in Mutale River). Levels in the dams ranged from 0.30 
mg/ℓ, DEHP in Marais Dam to 5.70 mg/ℓ, DBP in Rietvlei Dam 
(Table 4).

DMP was not detected in all the water samples. The DEP 
concentrations varied between 0.16 mg/ℓ (Mutale River) and 
4.04 mg/ℓ (Vley) while levels of DBP ranged from 3.08 mg/ℓ 
(Nzhelele River) to 10.17 mg/ℓ (Mutale River). The levels of 
DEHP also varied between 0.33 mg/ℓ, DEHP in Xinkudu River 
to 2.78 mg/ℓ (Channel).

The concentration of phthalates in sediments varied 
between 0.02 mg/kg for DEHP in most of the sediment samples 
to 6.50 mg/kg, DBP (Channel). DMP was detected in only one 
of the sediment samples, at 0.16 mg/kg (Table 5). DEP levels 
ranged from 0.16 mg/kg in many of the samples to 0.32  
mg/kg (Channel) and DBP levels varied between 0.19 mg/kg  
in Nzhelele River to 6.50 mg/kg (Channel). The concentration 
of DEHP ranged from 0.02 mg/kg in many samples to  

Table 2
Levels of phthalate ester plasticizers in water 

samples (mg/ℓ) used for risk calculation
Sample site DEHP DBP DEP
Marais Dam 0.3 4.16 3.25
Rietvlei Dam 0.43 4.44 3.4
Lotoyanda River 1.89 6.04 3.56
Xinkundu River 0.33 7.07 0.16
Nzhelele River 1.3 3.83 3.27
Mutshindudi River 0.96 5.99 3.53
Mutale River 2.18 10.17 3.31
Luvuvhu River 0.69 3.42 3.33
Dzindi River 0.84 5.44 3.19

Figure 1
Gas chromatogram of phthalate ester standards (IS - n butyl 

benzoate; 1 - dimethyl phthalate; 2 - diethyl phthalate; 3 - dibutyl 
phthalate; 4 - diethyl hexyl phthalate)

Table 3
Percentage recoveries of phthalate ester from 

spiked pre-extracted water and sediment samples
Phthalate esters Water Sediment
Dimethyl phthalate (DMP) 80.54 89.65

82.08 88.42
83.77 89.18

Average % recovery (DMP) 2.14±1.32  89.08±0.51
Diethyl phthalate (DEP) 90.05 89.84

88.98 90.41
90.12 89.60

Average % recovery (DEP) 9.72±0.52  9.95±0.34
Dibutyl phthalate (DBP) 86.11 88.71

86.29 88.04
87.02 89.04

Average % recovery (DBP) 86.47±0.39  88.72±0.55
Di-(2-ethylhexyl) phthalate (DEHP) 90.74 88.44

91.08 89.07
90.29 89.61

Average % recovery (DEHP) 90.70±0.32 89.04±0.4
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1.12 mg/kg in Mutshindudi River sediment. Generally, the 
levels of phthalates in sediments are consistently higher than 
those in water samples. This is expected because of possible 
accumulation of phthalates in sediments as they could act as a 
‘sink’ for phthalates.

The ubiquity of phthalate esters has been widely reported 
in various environmental samples in developed and devel-
oping countries. Their occurrence has been reported in 
the Greater Manchester River (Fatoki and Vernon, 1990), 
in Philadelphia drinking water (Suffet et al., 1980) and in 
tap water from the Municipal Institute of Environmental 
Sciences, Shinike, Japan (Shinohara, et al., 1981). They 
were found in the water, fish, and other aquatic organisms 
of the Gulf of Mexico (Giam et al., 1975) and in sediments 
and bivalves from the Crouch River estuary (Waldock et 
al., 1983). Freshwater studies have also revealed detectable 
concentrations in river water samples in Nigeria (Fatoki and 
Ogunfowokan, 1993a) and the Eastern Cape Province of 
South Africa (Fatoki and Noma, 2002). 

The levels of phthalate esters reported in this study for the 
water in rivers and dams are higher than the US Environmental 
Protection Agency (USEPA) criterion of 3 µg/ℓ for the protec-
tion of fish and aquatic life in rivers (USEPA, 1980). Canada 
has interim standing water quality guidelines limiting these 

compounds to such levels as 1.0 µg/ℓ for DEHP and 19 µg/ℓ for 
DBP, for the protection of freshwater aquatic life. California 
EPA’s office of Environmental Health Hazard Assessment has 
set a public health goal for drinking water of 12 µg/ℓ for DEHP 
(Krantz et al., 2000). Although South Africa does not have 
any regulatory standard for phthalates in its water systems, the 
Great Lakes Water Agreement lists phthalates among priority 
pollutants and calls for water standards of: 6 µg/ℓ DEHP, 4.0 
µg/ℓ for DBP and 0.2 µg/ℓ for other phthalates for the protec-
tion of aquatic life in the Great Lakes basin ecosystem (Krantz 
et al., 2000).

Our results for the freshwaters in this study are higher than 
those reported elsewhere, even for rivers polluted with industrial 
chemicals. For example, in the Delaware River, USA, 0.3 to 50 
µg/ℓ for DBP and DEHP was recorded (Sheldon and Hites,. 1979) 
and in the rivers Irwell and Etherow in the Manchester area, 
UK, 0.2 to 33.5 µg/ℓ (Fatoki and Vernon, 1990) was recorded 
for the phthalates detected in the rivers. The results reported in 
our study are also higher than those reported for the Ronnebyan 
River (0.32 to 3.10 µg/ℓ) and Svartan River (0.30 to 1.98 µg/ℓ), 
Sweden, (Thuren, 1986). They are, however, comparable to the 
values recorded for phthalate esters in the rivers of south-western 
Nigeria (Fatoki and Ogunfowokan, 1993a) but lower than the 
levels reported for rivers in the Eastern Cape Province of South 
Africa (Fatoki and Noma, 2002).

Table 4
Variation of phthalate esters (mg/ℓ) in freshwater 

samples (1 = representative concentrations of 
phthalates used for risk calculation; ND = not 

detectable)
Sample
 No 

 Sampling ‘point Date DMP DEP DBP DEHP

1. Marais Dam1 15/9/04 ND 3.25 4.16 0.30
2. Marais Dam 17/01/05 ND 3.33 5.12 0.58
3. Marais Dam 22/03/05 ND 3.16 5.48 0.79
4. Marais Dam 28/07/05 ND 3.44 4.64 0.55
5. Channel 15/09/04 ND 3.53 4.69 0.64
6. Channel 23/11/04 ND 3.19 4.78 0.86
7. Channel 17/01/05 ND 3.21 3.84 0.42
8. Channel 22/03/05 ND 3.63 4.97 2.78
9. Channel 28/07/05 ND 3.23 5.30 0.58
10. Rietvlei Dam 15/09/04 ND 3.91 4.89 0.51
11. Rietvlei Dam 23/11/04 ND 3.23 5.70 0.33
12. Rietvlei Dam 18/01/05 ND 3.18 3.93 0.46
13. Rietvlei Dam 22/03/05 ND 3.77 5.29 1.33
14. Rietvlei Dam 26/05/05 ND 3.78 3.99 0.58
15. Rietvlei Dam 28/07/05 ND 3.27 4.78 0.37 
16. Rietvlei Dam1 - ND 3.4 4.4  0.43
17. Nzhelele River 09/08/08 ND 3.17 3.99 1.04
18. Nzhelele River - ND 3.27 3.83  1.3
19. Nzhelele River 27/08/05 ND 3.28 4.41 1.47
20. Nzhelele River 23/09/05 ND 3.36 3.08 1.39
21. Mutshindudi River 09/08/05 ND 3.40 6.27 1.12
22. Mutshindudi River1 - ND 3.53 5.99 0.96
23. Mutshindudi River 23/09/05 ND 3.28 6.80 0.72
24. Mutshundudi River 27/09/05 ND 3.86 8.28 1.08
25. Dzwerani River  09/04/05 ND 3.24 5.15 0.43
26. Lotanyanda River1 09/04/05 ND 3.56 6.04 1.89
27. Xikundu River1 09/04/05 ND 0.16 7.07 0.33
28. Mutale River1 27/08/05 ND 3.31 10.17 2.18
29. Luvuvhu River1 24/09/05 ND 3.33 3.42 0.69
30. Dzindi River1 24/09/05 ND 3.19 5.44 0.84

Table 5
Variation of phthalate esters (mg/kg) in sediment 

Sample 
no

Sampling point Date DMP DEP DBP DEHP

1 Marais Dam 14/9/04 ND 0.17 0.72 0.20
2. Marais Dam 23/11/04 ND 0.16 0.23 0.03
3. Marais Dam 17/1/05 ND 0.18 0.26 0.05 
4. Marais Dam 22/03/05 ND 0.18 0.30 0.60
5. Marais Dam 28/07/05 ND 0.16 0.27 0.04
6. Channel 15/9/04 ND 0.17 0.40 0.06
7 Channel 23/11/04 ND 0.16 0.26 0.03 
8. Channel 17/1/05 ND 0.32 6.50 0.61
9. Channel 22/03/05 0.16 0.17 0.40 0.04
10 Channel 26/05/05 ND 0.17 0.20 0.02
11. Channel 28/07/05 ND 0.17 0.20 0.02
12. Rietvlei Dam 15/9/04 ND 0.17 0.40 0.02
13. Rietvlei Dam 23/11/04 ND 0.16 0.23 0.02
14. Rietvlei Dam 26/05/05 ND 0.20 0.26 0.02
15. Vley Dam 15/09/04 ND 0.17 0.64 0.09
16. Vley Dam 23/11/04 ND 0.16 0.21 0.02
17. Vley Dam 17/01/05 ND 0.27 0.34 0.16
18. Vley Dam 22/03/05 ND 0.16 0.71 0.02
19 Vley Dam 26/07/05 ND 0.16 0.28 0.02
20. Vley Dam 28/07/05 ND 0.16 0.29 0.09
21. Nzhelele River 09/08/08 ND 0.16 0.19 0.05
22. Nzhelele River 27/08/05 ND 0.16 0.33 0.03
23. Nzhelele River 23/09/05 ND 0.16 0.53 0.03
24. Mutshindudi River 09/08/05 ND 0.17 0.89 1.12 
25. Mutshindudi River 23/09/05 ND 0.32 0.29 0.03
26. Mutshundudi River 27/09/05 ND 0.17 0.75 0.07
27. Dzwerani River 09/04/05 ND 0.16 0.22 0.04 
28. Lotanyanda River 09/04/05 ND 0.12 0.32 0.02
29. Xikundu River 09/04/05 ND 0.17 0.31 0.02
30. Mutale River 27/08/05 ND 0.16 0.29 0.06
31. Luvuvhu River 24/09/05 ND 0.22 0.20 0.02
32. Dzindi River 24/09/05 ND 0.16 0.36 0.02
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DEHP has generally been recognised as the most com-
monly used phthalate plasticizer for PVC, at least until recently 
(Allisorpp et al., 2000). On the contrary, the general pattern 
emerging from this study was that DBP, used primarily as a 
plasticizer but which also has a wide variety of non-plasticizer 
use, such as ingredients in paints, inks, glue, nail polish, 
hairspray and insect repellents, was found to be the most 
predominant phthalate ester in the water systems. According 
to Allisorpp et al. (2000), results like this are an indication 
of a market shift away from DEHP towards the use of other 
phthalates, e.g., the much more poorly characterised isomeric 
phthalates. He further indicated that this shift may be a con-
sequence of serious concerns relating to the suspected health 
effects of DEHP. Moreover, it is not surprising that DBP was 
found to be much higher than DEHP in this study because 
similar work done in the US by Blount et al. (2000) concluded 
that phthalate exposure is both higher and more common than 
previously expected, especially for DEHP and DBP as well as 
other phthalates.

The state of the South African environment regarding 
phthalate ester plasticizer pollution is currently generating 
interest. The South African Water Research Commission 
(WRC), in cooperation with the national Department of Water 
Affairs and Forestry, launched the endocrine disrupting 
chemicals(EDCs) monitoring programme of which phthalate 
esters are an EDC subgroup; these have been monitored in 
water resources countrywide (Burger et al., 2003). This step 
highlights the level of concern these chemicals are generating 
in the South African environment. 

Globally there is significant concern for the ubiquitous 
presence of phthalates in the environment, and scientists, clini-
cians and regulatory agencies currently debate their potential 
for causing adverse health effects in humans (NRC, 1983; 
Kavlock et al., 1996; Hileman, 1996; Patlak, 1996; ATSDR, 
2006). Several agencies, including the USEPA, have labelled 
some phthalates esters, such as DEHP, a probable human car-
cinogen. One recent study found a strong correlation between 
testicular cancer and exposure to PVC in workers who make 
PVC products (US EPA, 1987; WHO, 2003). It was suspected 
that PVC may have played a significant role in their findings 
(Cray, 1998). Presently in South Africa, there is a paucity 
of data on the occurrence and fate of phthalate esters in the 
aquatic environment and on their possible health effects; hence 
this study in about the most rural part of South Africa. 

Table 6 gives a summary of the carcinogenic as well as 
toxic risks posed by the various phthalates via different expo-
sure routes for the 9 sampling sites used for the risk assessment 
study.

DEHP was the only chemical classified as a carcinogen 
present in the water sources investigated (WHO, 2003). Figure 
2 clearly shows that people, who are using untreated water from 
any of these sources, are exposed to an unacceptable risk of 
developing cancer (4 x 10-3) when, compared to an acceptable 
cancer risk level of 1 x 10-5 as declared by the WHO (2003). 
DEHP in water poses a serious risk of cancer in humans, espe-
cially when using the water for the irrigation of home-grown 
vegetables, followed by dermal absorption and drinking pur-
poses (Fig. 5). 

Based on the concentration of the hazardous chemicals 
found in the water sources, water from Mutale River posed the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

  Figure 3: Summary of toxic risks for all exposure routes from all nine water sources 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 5: DBP toxic risk via all water uses at nine water sources

Figure 2
DEHP cancer risk per water use at various water sources

Figure 3
Summary of toxic risks for all exposure routes from all 

nine water sources

Figure 4
DEP toxic risk via all water uses at nine water sources

Figure 5
DBP toxic risk via all water uses at nine water sources
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highest human cancer risk for all exposure routes followed by 
Lotoyanda River.

Figure 3 summarises the toxic health risks posed to 
human health via all exposure routes when using water pol-
luted with DEP, DBP and DEHP from all 9 water sources. 
From the figure, it is clear that DEHP posed the highest risk 
of all the chemicals. Figures 4 to 6 separate the toxicity posed 
by each chemical. The acceptable risk level or exposure 
threshold below which no adverse health effects are expected, 
is indicated with a solid line (HQ = 1). From Fig. 4, it is clear 
that DEP concentrations found in any of the 9 water sources 
did not pose a risk of toxic effects to humans (HQ = < 1). 

Figures 5 and 6 showed that vegetable watering is the water 
use (exposure route) that exposes people to the highest risk 
(also see carcinogenic health risk of DEHP (Fig. 2)). DEHP 
and DBP posed a probable risk of toxic health effects at all 
the water sources when used for vegetable watering. The only 
exception to this was DBP in the Mutale River. DBP did not 
pose a toxic risk for any water use from the Mutale River. 
DBP, however, posed a probable toxic risk when consum-
ing untreated water from any of the other 8 sources. Dermal 
absorption of DBP posed a potential toxic risk at all sources 
except for the Mutale and Levuvhu Rivers. 

Interestingly, the opposite was seen for the concentra-
tions of DEHP found in the Mutale River. DEHP concen-
trations from the river posed the probable highest toxic 
risk for all the water uses with vegetable watering having 
a hazard quotient of 31 times higher than the acceptable 
risk limit (HQ = 31) (Fig. 6). DEHP concentrations at all 
9 water sources posed potential toxic effects when irrigat-
ing home-grown vegetables with untreated water. Except 
for the Mutale River, DEHP constituted a potential toxic 
risk based on dermal absorption at 4 other sources. These 
include the Nzhele, Mutshindudi, Levuvhu and Dzindi 
Rivers.

Although endocrine disruption effects are of serious con-
cern, the data necessary to apply a quantitative risk assessment 
are unavailable at this stage. One can, however, assume that 
at the levels detected, some endocrine disruption would occur 
as toxic and carcinogenic effects are observed at levels higher 
than endocrine disruption.

 

 

 

 

 

Figure 6: DEHP toxic risk via all water uses at nine water sources
Figure 6

DEHP toxic risk via all water uses at nine water sources

Table 6
Carcinogenic and toxic risks as a result of exposure to phthalates via 

different routes of exposure
Water source Water use/exposure 

route
Cancer 

risk
DEHP

Toxic 
Risk
DBP

Toxic 
Risk

DEHP

Toxic 
Risk
DEP

Marais Dam Drinking
Dermal absorption
Vegetable watering

5.00E-05
1.00E-04
5.00E-04

1.14
1.00
4.60

0.40
0.90
4.30

0.11
0.01
0.01

Rietveli Dam Drinking
Dermal absorption
Vegetable watering 

7.00E-05
2.00E-04
7.00E-04

1.20
1.10
4.90

0.60
1.30
6.00

0.10
0.01
0.02

Lotoyanda River Drinking
Dermal absorption
Vegetable watering

3.00E-04
7.00E-04
3.00E-03

1.70
1.50
6.70

0.30
0.60
2.70

0.12
0.01
0.02

Xikundu River Drinking
Dermal absorption
Vegetable watering

5.00E-06
1.00E-04
6.00E-04

1.90
1.70
7.80

0.50
1.00
4.70

0.01
0.00
0.00

Nzhelele River Drinking
Dermal absorption
Vegetable watering

2.00E-04
5.00E-04
2.00E-03

1.00
0.90
4.20

1.80
3.80
18.60

0.11
0.01
0.02

Mutshindudi River Drinking
Dermal absorption
Vegetable watering

2.00E-04
3.00E-04
2.00E-03

1.60
1.50
6.60

1.30
2.80
13.70

0.12
0.01
0.02

Mutale River Drinking
Dermal absorption
Vegetable watering

4.00E-04
8.00E-04
4.00E-03

0.12
0.10
0.50

3.0
6.40
31.00

0.10
0.01
0.02

Luvuvhu River Drinking
Dermal absorption
Vegetable watering

1.00E-04
2.00E-04
1.00E-03

0.90
0.80
3.80

1.00
2.00
10.00

0.10
0.01
0.02

Dzindi River Drinking
Dermal absorption
Vegetable watering

1.00E-04
3.00E-04
1.00E-03

1.50
1.30
   6

1.20
2.50
12

0.11
0.01
0.01
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Uncertainty analysis

All risk estimates involve some degree of uncertainty and 
uncertainty exists at numerous levels. Uncertainty regarding 
exposure has 2 primary sources: uncertainty about contami-
nation including concentrations of chemicals to which the 
potential population may be exposed over the duration of the 
exposed period, and uncertainty about exposed population. In 
this study both of these were significant. The exposed popula-
tion could not be studied and the health risk is based solely on 
hypothetical exposure scenarios. Therefore, uncertainty in the 
results may be substantial (Risk AssistantTM, 1995). 

Uncertainty in dose-response (carcinogenic and toxicologi-
cal) data also exists. The reference doses used have uncertainty 
factors of 1 or 2 orders of magnitude. The various assumptions 
used (e.g., lifetime of 70 yr, body weight of 70 kg, etc) increases 
the uncertainties involved in the assessment process (Risk 
AssistantTM, 1995).

Thus the results provided in this study are merely an 
indication of the potential health risk associated with potential 
exposure to river waters if used for domestic and other pur-
poses. It is possible that these risks predicted may be an under-
representation of health risks as they only portray the risks 
if a population is exposed to these particular phthalates. No 
other chemicals were included in the study, but the likelihood 
of other chemicals being present in the river waters is high. 
Therefore health risk may in fact be greater than what is repre-
sented in this paper (Risk AssistantTM, 1995).

Conclusion

Phthalate ester plasticizers determined in the freshwater sam-
ples were found at elevated levels which give cause for concern. 
Based on the concentrations found in the rivers at the 9 water 
sources and the assumptions used, DEHP posed the highest 
potential risk potential of all phthalates (both toxic and carcino-
genic). The water use or exposure pathway that posed the high-
est potential health risk for carcinogenic as well as toxic effects 
was vegetable watering. This further emphasises the need for 
proper monitoring of the levels of these chemicals in the South 
African water systems in order to promote human health and 
the ‘health’ of the ecosystem, if this does not presently exist.
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