Phthalate ester plasticizers in freshwater systems of Venda,
South Africa and potential health effects
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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 phthalates 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.
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Introduction
Phthalates are among the most widely used industrial chemicals 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 toxicological 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,
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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, suggested 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 chromatography 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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