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ABSTRACT

Environmental pollution with persistent organic chemicals and inorganic trace metals is

an increasingly important issue. Recently, a variety of chemicals are introduced in a very large

scale on the surface water network. The main pathway of these pollutants into the environment

was identified as wastewater treatment plants (WWTPs). The extended use of chemicals in many

product formulations and insufficient WWTPs has lead to an increase in the levels of the detected

micro-pollutants wastewater effluents. The majority of these compounds are characterized by a

rather poor biodegradability. A large spectrum of pollutants present in waste as traces has been

reported to exert adverse effects on human and wildlife. Even though compounds are found in

wastewater in a very small amount, they may have the undesirable capability of initiating health

effect on various high forms of life.

This survey constitutes the first study in the City of Cape Town to report data for a

variety of priority substances (phenols and phthalate esters) in WWTP effluents and receiving

rivers. These results are of critical importance since the data generated are used to generate

potential health risk associated with both the organic and inorganic compounds analyzed. A gas

chromatography-mass spectrometric (GC-MS) method was successfully developed to

simultaneously analyze 17 environmental Endocrine Disrupting Chemicals (EDCs) after initial

derivitization of the phenolic congeners. Heavy metals (Cd, Hg, Pb and Zn) and metalloid (As)

were analyzed using ICP-MS.

Chemical analysis by GC-MS revealed the presence of DEP, POH, PCP, DEHP, DBP,

BBP, 2,4-DMP and 2-NP as the most abundant of the phthalate esters and phenolic congeners. In

respect to the organic congeners, Zandvliet WWTP is the most polluted, followed by Stellenbosch

WWTP as they received as wastes from the largest informal settlement and leachate from landfill

site, respectively. Generally, concentration ranged from below limit of detection (LOD) for most

of the congeners to 34.520 mg]"! for DBP at Zandvliet WWTP. Also, statistical analysis showed

that there is correlation between levels of congeners in effluent and downstream water samples,

an indication of point source pollution from the WWTP.

The level of congeners in the river systems were generally higher than values reported in

the effluents water from the WWTPs, an indication of non-point sources of water pollution. From

the monitoring exercise, data obtained for most compounds analyzed showed that they are

effectively removed (approximately 80 to 100%) with the exception of 2-nitro phenol that was

poorly removed. The production of 2,4-DMP is also noteworthy in the final effluent of

investigated treatment plants.
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The influent metal concentrations ranged from 3.95 ± 0.31 to 43.76 ± 5.06 ugl";

1.07 ± 0.17 to 17.99 ± 0.55 ugl'; 18.3 ± 2.00 to 282.59 ± 21.60 ugl"; 0.60 ± 0.03 to

14.5 ±5.10 ugl"; 380.20 ± 14.80 to 5128.30 ± 10.20 ugl' for arsenic, cadmium, lead, mercury and

zinc, respectively, while it ranged from 1.12 ± 0.06 to 5.69 ± 0.47 ugl"; 0.52 ± 0.23 to

2.50 ± 0.59 ugl'; 7.5 ± 0.6 to 40.8 ± 18.20 ugl"; 0.1 ± 0.01 to 3.9 ± 0.31 ugl' and 133.7 ± 13.4 to

909.4 ± 23.1 ugl" in the effluent for the metals in corresponding order for influent.

The sewage sludge from the wastewater treatment plants acted as sink for the influent

metal concentration. The concentrations of metals in the sludge samples are generally within the

limits set by South Africa, United State of America and the European Union, however, lead and

arsenic exceeded the limits and could pose health risk if used as agricultural fertilizer.

Metal concentrations in the river systems showed that arsenic and cadmium are within the

South Africa target water quality guideline for human consumption and livestock watering for

most of the sampling period, nevertheless, all the metals and arsenic in most cases exceeded the

sustainable aquatic life protection guidelines of the republic of South Africa and Canadian

Council of Ministers for the Environment (CCME) standards. In the sediment samples, arsenic,

mercury and zinc exceeded the interim sediment quality guidelines by CCME, while cadmium

and lead are within the probable interventions limits.

The organic congeners responsible for the risks include DEHP and to a lesser extent,

DBP. DEHP was found to be the major contributor of risk of developing cancer in this screening

health risk assessment. The highest potential risks were observed at Kirstenbosch botanical

garden. The potential risk through the use of this water is if it were used to irrigate vegetables.

Toxic risks could be anticipated resulting from exposure to both DEHP and DBP with individual

exposure concentrations predicted at up to 14 times that considered to be safe for a lifetime

exposure. The doses calculated for possible exposure to arsenic and cadmium showed that it may

be twice that considered safe for arsenic, whereas cadmium was measured at concentrations

considered to be safe. The reference dose for arsenic is much more certain than that for the

phthalates.

Keywords: Phthalates; phenols; heavy metals; arsenic; wastewater treatment plants; HPLC;

GC-MS, health risk assessment; Cape Town.
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CHAPTER ONE: INTRODUCTION

1.1 Background

The endocrine system is also known as the hormonal system. It is found in all mammals,

birds, fish, and many other types of living organisms (Ying et al., 2004). It is one of the body's

main systems for communicating, controlling and coordinating the body's activities. It works

with the nervous system to regulate essential body functions ranging from body energy level,

reproduction, growth and development, internal balance of the body systems, stress and injury,

metabolism, puberty, a woman's menstrual cycle, bone growth among others (Vogel, 2004; Ying

et al., 2004; Burger and Moolman, 2006; Bornman et al., 2007; Dowshen, 2007).

Endocrine system disorder happens when one or more of the functional units in a living

organism is not functioning very well and consequently leading to diseases like diabetes, growth

hormone deficiency, osteoporosis, birth defects, altered or reduced sexual behaviour, infertility

and several underdevelopments (Vogel, 2004; Ying et al., 2004). Environmental pollution by

bioactive chemicals such as pesticides, persistent pollutants and pharmaceutical residues are

suspected to display endocrine disrupting effects in animals and humans (Scrippo et al., 2004;

Moder et al., 2007). Endocrine disrupting chemicals have become an issue of concern because

they are not readily or are slowly degraded and due to their effects on human, animals and

environment (Mohamed et al., 2008). Examples include derivatives of persistent organohalogens

and herbicides (Vogel, 2004; Campbell et al., 2006).

Acording to World Health Organization (2002), "Endocrine Disrupting Chemicals

(EDCs) are defined as exogenous substances or mixtures that can alter function(s) of the

endocrine system and may cause health effects in an intact organism, or it progeny." EDCs have

a high residence period and may cause serious problems when they are bio-accumulated.

Industrial, agricultural, domestic and municipal wastes most often contain EDCs at high

concentration which when exposed to environmental organisms can result in biological effect

(Fattahi et al., 2007). These compounds sometimes are able to pass through wastewater treatment

plant system into receiving water system.

Research had shown in the USA and some part of Europe that male fish held in

wastewater or rivers below wastewater treatment plants gave signs of prononuced increase of

estrogen-dependent plasma vitellogin concentration (Folmar et al., 1996; McArdle et al., 2000;

Lavado et al., 2004; Diniz et al., 2005). EDCs have been reported to have a multitude of

deleterious effects on wildlife and humans, that include, dermal toxicity, immunotoxicity,

carcinotoxicity, reproductive and teratogenic effects, as well as neuro-behavioural and endocrine
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malfunctioning (Kim et al., 2000; Scrippo et al., 2004; Vogel, 2004; Segner, 2005;

Hjelmborg et al., 2006; Gelbke et al., 2007).

Because EDCs are part of complex effluents, they exist as mixtures. Each chemical

within the mixture vary in the estrogenic potency and may interact with each other in an

unpredictable manner. Determing the concentrations of EDCs present in water or solid phases

typically involves extraction and analysis steps. It is important to develop effective methods that

can extract wide range of EDCs simultaneously from water samples. Solid-phase extraction

(SPE) is commonly used extraction method for trapping targeted analytes in water samples. In

situation where analytes concentration may vary with time, it is often advisable to extend the

sampling time and increase the number of samples within the time frame.

1.2 Statement of research problem

Heavy metal contamination of aquatic ecosystems have been recognized and accepted as

a pollution problem in the City of Cape Town (Odendaal and Reinecke, 2004;

Jackson et al., 2007; Shuping et al., 2008; Ayeni et al., 2010). In addition to metal contamination,

there has been evident cases of endocrine disrupting chemicals in South African environments,

for example, p-Nonyl phenols (p-NP) has been reported in water and sediment (Burger and

Moolman, 2006), leaching of p-Nonyl phenols (p-NP) from plastic wraps into food (De Jagel et

al., 1998), polychlorinated biphenyl (PCBs)4, 1,1, l-trichloro-2,2-bis (p-chlorophenyl) ethane

(DDT) and its metabolites have also been reported in rivers and sediment samples (Barnhoorn et

al., 2003; Fatoki and Awofulo, 2003; Burger and Moolman, 2006).

Despite the evident cases of EDCs and heavy metals in some quarters of the South

African environment, currently, there are no studies that address the removal efficacies of EDCs

(phenol, phthalates and heavy metals) in different technologies of wastewater treatment plants in

Cape Town in particular and South Africa in general. Within this context, this present research,

present analytical approaches using HPLC and GC-MS for organic compounds and ICP-MS for

heavy metals and metalloid analysis to address the levels of analytes in selected wastewater

treatment plants (WWTPs) and receiving river sytems in Cape Town. Furthermore, health risk

assessment of EDCs (phthalate and phenols) and heavy metals (cadmium, lead, arsenic and

mercury) in water samples have not been previously investigated in the City of Cape Town.

2



1.3 Research questions

1. Are suspected endocrine disrupting chemicals (phenols, phthalate esters and EDMs)

present in wastewater and freshwater systems of the City of Cape Town?

2. If yes, at what concentrations are they present in wastewater and freshwater systems?

3. Are their availability and distribution in river systems associated with wastewater

treatment plants?

4. Are there any seasonal and spatial differences in organic compounds and heavy metal

concentrations in wastewater treatment plants and river systems?

5. Are EDCs (organic, metals and metalloid) and concentrations significant enough to pose

a human health risk?

1.4 Research objectives

1.4.1 Broad objective

The broad objective of this study was to assess the concentrations and potential human

health risk that phenols, phthalate esters and heavy metals in wastewater and receiving river

systems could pose in the City of Cape Town.

1.4.2 Specific objectives

1. The first objective was to develop a robust technique for the extraction and simultaneous

analysis of the endocrine disrupting chemicals (phenols and phthalates) in wastewater and

freshwater with good recovery.

2. To apply the optimal conditions of extraction and analysis for the identification and

quantification of selected phenols and phthalates from river water and wastewater

effluents.

3. To assess the seasonal variation in the concentration and distribution of heavy metals and

organic compounds in wastewater treatment plants and receiving river systems.

4. To determine the efficiency of selected wastewater treatment plants at removing

phenols, phthalates and heavy metals from the wastewater stream.

5. To assess the health risk posed by prevalent phenols, phthalates and EDMs in the

selected WWTPs and the river systems in the City of Cape Town.
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1.5 Delineation of the research

Wastewater and water samples were collected from six treatment plants (Athlone, Bellville,

Kraai fontei n, Potsdam, Stellenbosch and Zandvliet) and receiving rivers, namely: KuiIs River,

Vygekraal River, Mosselbank River, Veldwachters River and Diep River. These rivers were

chosen to reflect the possible impact of wastewater treatment plant effluent on the concentration

of phenols, phthalates and heavy metals.
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CHAPTER TWO: LITERATURE REVIEW

2.1 The endocrine system

The endocrine system is one of the body's main systems for communicating, controlling

and coordinating the body's activities in mammals, also called the hormonal systems

(Ying et al., 2004). It works with the nervous system to regulate essential body functions. These

body functions include energy metabolism, reproduction, growth and development,

osmoregulation and homeostasis. The endocrine system also regulates reproductive processes and

skeletal development (Vogel, 2004; Ying et al., 2004; Burger and Moolman, 2006; Bornman et

al.,2007).

Endocrine disrupting chemicals (EDCs) consist of many natural and synthetic organic

compounds, mostly man made products such as alkylphenols, alkylphenols-ethonylates,

polychlorinated biphenyls (PCBs). Others include polychlorinated dibenzo-p-dioxins,

polychlorinated dibenzofurans, organochlor pesticides, dichlorodiphenyl, dichl oroethyl ene,

nonylphenols, steroid hormones and phthalates (Hjelmborg et al., 2006; Mauricio et al., 2006;

Arditsoglou and Voutsa, 2008). EDCs are able to cause abnormalities in invertebrates, fish, birds,

reptiles and mammals (Hjelmborg et al., 2006; Mauricio et al., 2006; Peng et al., 2006;

Moder et al., 2007; Ferraz et al., 2007; Arditsoglou and Voutsa, 2008).

There has been scientific debate for and against the occurrence of EDCs in humans,

which has been politically in some quarters. However, there are increased incidences of

abnormalities in human sexual and cognitive development in some societies with speculation that

it is caused by EDCs exposure (Matthiessen, 2000; Solomon and Schettler, 2000; Campbell et al.,

2006; Falconer et al., 2006; Suliman et al., 2006). These abnormalities include low sperm count

and decrease in sperm quality (Van Wyk et al., 2003), immunological and neurological effects

(Patandin et al., 1999).

Over the last two decades, there has been increasing concern about the likely impacts of

exposure to chemical compounds with endocrine disrupting activity in the environment (Segner,

2005; Sumpter, 2005; Game et al., 2006; Mauricio et al., 2006; Xue and Xu, 2006; Moder et al.,

2007; Shin et al., 2007; Hecker and Giesy, 2008). Endocrine disrupting effects of chemicals were

first documented in the 1930s but research was only accelerated in the late 1970s and early 1980s

along two initially isolated pathways, Le. human health effects and wildlife biology (Matthiesen,

2000; Vogel, 2004; Trenholm et al., 2006; Moder et al., 2007). The endocrine system's glands,

hormones and their respective functions are listed in Table 2.1, while Table 2.2 shows some

EDCs with their common utilization, target hormones and animals affected.
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Considering that many of these compounds can elicit estrogenic response at very low

concentrations (parts per billion to parts per trillion), there is need for concern as many of the

these compounds (phthalates, phenols and heavy metals) have been found at measurable

concentrations in wastewater effluents, sludge, surface waters, sediments, groundwater and even

in drinking water in many countries (Cai et al., 2003; Cortazar et al., 2005; Sha et al., 2007;

Huang et al., 2008).

Table 2.1: Endocrine system's glands, hormones and their function

Gland Hormones Functions
Hypothalamus Releasing hormones
Pituitary Trophic (stimulating) hormones

Thyroid Thyroid hormones

Stimulate pituitary activity,
Stimulate thyroid, adrenal,
gonadal and pancreatic activity
Regulate metabolism, growth and
development, behaviour and

puberty
Adrenal Corticosteroid hormones Regulate metabolism and

Pancreas
Gonads

behaviour
Catecholamines
Insulin and glucagons
Sex steroid hormones (estrogens
and androgens)

Regulate blood sugar levels
Regulate development and growth,
reproduction, immunity, onset
of puberty and behaviour.

Adapted from Bornman et al., 2007

2.2 Mechanisms of endocrine disruption

Endocrine disruptors initiate their disruption activities using one or more of the following

mechanisms:

a) By binding to receptors and mimicking or antagonizing the effects of the endocrine

hormones (Barcelo and Kettrup 2004; Vogel, 2004; Sumpter, 2005; Burger and

Moolman, 2006; Jiao and Cheng, 2008).

b) By affecting the concentration of hormones through the altering of the synthesis or

metabolism of natural hormones (Bradlow et al., 1995; Toppari et al., 1996; Rice et al.,

2003; Ying et al., 2004; Sumpter, 2005).

c) By interfering with the signal between the different components of the hypothalamus-

pituitary-endocrine gland axes (Dawson, 2000; Clotfelter et al., 2004; Kitano et al.,

2006).

d) By modifying the number of hormone receptors in cells (Welch et al., 1969; Soto et al.,

1995; Lascombe et al., 2000; Rajapakse et al., 2001).
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Table 2.2: Endocrine disrupting chemicals, their uses, associated target hormone and animals affected
Compound Common usage Target hormone Animals affected

Organochlorine
Pesticides"
-DDT, DDE, Chlordane Insecticides
-Deldrin, Heptachlor,
Lindane, Endosulfan
Oxychlordane etc.
Heavy metals"
Cadmium, Mercury Batteries, paints
Lead

Industrial chemicals
-Bisphenol Ab,
-PCBs,
-PCP, PCDFs
-Dioxins,

Phthalates"
-BBP, DEHP
D-n-BP
Alkylphenols"
-p-Nonylphenol

Other phenols"
Phenols,
Chlorophenols
Nitrophenols

Plasticizer Mammals, Birds, Fish
Reptiles, Amphibians

Thyroid, Cortisol
Estrogensflame retardants

unintended
by-products during
incineration

Plasticizer Estrogens Mammals, Birds, Fish
Reptiles, Amphibians

Plasticizer Estrogens Mammals, Birds, Fish
Reptiles, Amphibians

Wood preservation,
production of pesticides
intermediates, herbicides

Fish, rats

Estrogens
& Androgens

Mammals, Birds, Fish
Reptiles, Amphibians

Adrenaline, Estrogens Mammals, Birds, Fish

2.3 Routes of exposure of EDes to humans and animals

Human beings can be exposed to endocrine disrupting chemicals via water, air, soil or

food through ingestion (i.e. oral), inhalation and dermal absorption (US EPA, 1992; Rice et al.,

2003; WHO, 2003). The major route of exposure ofEDCs to young infants and children is via the

oral route by direct ingestion of the chemicals, breast milk, infant formula, cow's milk,

contaminated media like water, food, surface and carpet dust, toys and medical devices

(Rice et al., 2003; Huang et al., 2008; Sathyanarayana, 2008).

Animals are also exposed to EDCs in the air, water and in their food (Clotfelter et al.,

2004; McKinlay et al., 2008). EDCs enter animal bodies through the skin, gills and even via

the mother in utero or in ova. Because EDCs are lipid-soluble, they tend to accumulate in animal

body fat tissues. This problem is further aggravated by the process of biomagnification, in which

chemical concentrations increase at higher trophic levels (Huang et al., 2008; McKinlay et al.,

2008). In aquatic birds, contaminant concentrations are often 100 times greater in body tissue

• Hili et al., 2001
b Zala and Penn, 2004
C Renberg et al., 1983
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than in the surrounding water. In the case of marine animals, significant bioaccumulation has

been observed in several species (Alatriste-Mondrageon et al., 2003). Top predators are essential

for maintaining the integrity of food webs, thus, biomagnification of EDCs can affect entire

ecosystems by harming species at the highest trophic levels (Clotfelter et al., 2004). The most

common routes of human and animal exposure to EDCs are given in Figure 2.1.

Some of the chemicals used as pesticides remain as residues in fresh and processed food

(Vogel, 2004; Bornman, et al., 2007). The effects of EDCs on the human body differ

substantially: poisoning or toxic exposure which could cause cancer, physiological birth defects,

gene mutation, cell damage or acute health effects (Sharpe and Skakkabaek, 1993; Vogel, 2004;

Campbell et al., 2006). The health effects ofEDCs may be pervasive throughout the planet due to

fast and universal transport of chemicals through the world's atmosphere and oceans. Endocrine

disruption may take effect over long time spans, or selectively during certain stages of

development, or only in later generations for the effects to manifest (Vogel 2004; Falconer et al.,

2006; Juvancy et al., 2008).

2.4 Routes of exposure of EDes to the aquatic environment

There is growing concern regarding water quality, consequently industries around the

world are faced with the challenge of ensuring a sustained and safe supply of drinking water from

various sources. However, population growth, urbanization, industrial development and

associated changes in agricultural and land-use practices, have contributed significantly to

reducing water quality through naturally occurring and anthropogenic contamination (Falconer et

al., 2006; Suliman et al., 2006).

Surface water contaminants include metals, carcinogens, synthetic chemicals,

pharmaceuticals, veterinary and illicit drugs. Others are ingredients in cosmetics, personal care

products, food supplements together with their respective metabolites and transformed products

(Brasher and Wolff, 2004; Cortarzar et al., 2005; Falconer et al., 2006). Some of these

compounds and their metabolites are endocrine disrupting chemicals and get into water through

direct discharge of pharmaceuticals, chemicals, households, agricultural and industrial wastes.

EDCs also get into water through accidental spills and indirect sources such as storm water runoff

(Falconer et al., 2006; Huang et al., 2008).
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Figure 2.1: Exposure routes ofEDC's to humans (Adapted from: McKinlay et al., 2008)

Drinking water sources can be contaminated due to flow of water through agricultural

areas where agrochemieals are extensively used to improve crop yield (Falconer et al., 2006).

EDCs are not only concentrated in the environment through biogeochemical processes but are

also scavenged from water through sorption onto suspended materials and deposited to be part of

the bottom substrate. Aquatic wildlife appears to be particularly at risk since the aquatic

environment is usually a sink for many hormonally active chemicals including, industrial

chemicals, pesticides, organochlorides, pharmaceuticals, natural and synthetic estrogens or

phytoestrogens (Luks-Betlej et al., 2001; Yuan et al., 2002; Alatriste-Mondragon et al., 2003;

Segner, 2005; Li et al., 2006; Suliman et al., 2006; Xue and Xu, 2006).

Many aquatic ecosystems are faced with spatially or temporally alarming levels of

persistent complex mixtures of EDCs as a result from pollution with industrial chemicals

(Schmidt et al., 2005). The aquatic environment is susceptible to pollution partly because there is
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very considerable intentional release of chemicals into rivers, lakes and the sea, also partly

because it receives a lot of accidental releases of chemicals through spills, runoff, waste effluent

from wastewater treatment plants and atmospheric deposition (Luks-Betlej et al., 2001; Sumpter,

2005; Sanchez-Avila et al., 2009).

The main sources of endocrine disrupting chemicals in rivers and lakes of Europe and

North America are sewage effluents and agricultural chemicals runoff. In the developing

countries, like Africa and Asia, uncontrolled domestic and industrial discharge to waterways

contribute tremendously to high levels of EDCs in aquatic environments (Falconer et al., 2006;

Peng et al., 2006). The pressure of waste dumping or accidental spills has recently been on the

increase with growing population. The increasing use of water by people has contributed to the

spatial and temporally alarming levels and complex mixtures of these chemicals (Schmidt et al.,

2005; Sumpter, 2005; Falconer et al., 2006).

EDCs are introduced into the environment as by-products of various technological

processes. In the aquatic environment, the mobility of EDCs is increased when associated with

fulvic or humic acids and particulates, which are often deposited in sediments, which often

determines their rates of transformation (Sun et al., 2006; Huang et al., 2008). They are

transported through the food chain via benthic algae and invertebrates, which thereafter, can be

eaten by fish or birds. They may also undergo a series of processes such as biodegradation,

dilution and photolysis once in waterways; activities that contribute to their elimination from the

environmental water (Czaplicka, 2001; Petrovic et al., 2001; Brasher and Wolff, 2004; Cortazar

et al., 2005). However, this creates potential routes of exposure of endocrine disrupting chemicals

to terrestrial and aquatic wildlife.

Phthalates, heavy metals and phenol and its derivatives have been included in the list of

priority pollutants by United State Environmental Protection Agency (USEPA) and European

Union due to their health effects on aquatic and terrestrial life (L1ompart et al., 2002).

2.5 Selected endocrine disrupting chemicals (phthalate esters and phenols)

2.5.1 Phthalates

2.5.1.1 Background information on phthalate esters

Phthalates esters (PEs) are diakyl or alkyl esters of 1,2 benzene carboxylic acid (Luks-

Betlej et al., 2001; Alatriste-Mondragon et al., 2003; Adeniyi et al., 2008). They are formed when

methanol, ethanol or other alcohols react with the carboxyl groups on the benzene ring of phthalic

acids. The corresponding esters are formed with different alkyl chains, e.g. dimethyl phthalate

(DMP), dibutyl phthalate (DBP) and di(2-ethylhexyl) phthalate (DEHP). PEs are hydrophilic in
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nature and vary in structure (Figure 2) and in composition. Generally, the molecular weight of

phthalates range between 194 and 396 with a low melting point ranging between -4.6 °C to 5.5 °C

(Table 2.4).

Globally, several millions of phthalate esters are produced and used annually as primary

additives to polyvinyl chloride (PVC) based plastics (Alatriste-Mondragon et al., 2003;

Ling et al., 2007; Adeniyi et al., 2008; Yuan et al., 2008; Rudel and Perovich, 2009). PEs migrate

into environmental components during production and distribution processes, usage and disposal.

Ways of entering environment are aqueous leaching from plastics and waste, incineration of

plastic waste, volatilization from resin matrices and wet deposition from the atmosphere

(Muszkat et al., 1997; Luks-Betlej et al., 2001; Polo et al., 2005; Ling et al., 2007; Rudel and

Perovich, 2009).

Phthalates have been detected in water (Fatoki and Venon, 1990; Fatoki and Noma, 2002;

Fatoki et al., 2010). They have also been found in foods, especially fatty food, as they migrate

from food packing materials (Gartner et al., 2009). Some phthalates are suspected of disrupting

the endocrine system especially by mimicking estrogens (Harris et al., 1997).

2.5.1.2 Application of phthalates Esters

PEs have been widely used as plasticizers in the production of polyvinyl chloride (PVC)

base plastics, which include rubber, cellulose film, styrene, adhesives, coatings, pulp and paper

manufacturing (Yuan et al., 2002; Cortazar et al., 2005; Huang et al., 2008; Rudel and Perovich,

2009). Other important usages of PEs are plumbing, pesticides formulation, non-ionic surfactants,

construction materials, vinyl upholstery, table cloths, shower curtains to improve mechanical

properties of the plastic resin, particularly its flexibility and softness (Luks-Betlej et al., 2001;

Yuan et al., 2002; Alatriste-Mondragon et al., 2003; Cortazar et al., 2005; Kayali et al., 2006;

Ling et al., 2007; Huang et al., 2008; Yuan et al., 2008; Rudel and Perovich, 2009).

This component makes up 10 to 60 % of plastic products to provide flexibility; the

phthalate plasticizers are not chemically bonded to resin and therefore are easily released or

leached during the life cycle of plastic products (Adeniyi et al., 2008; Yuan et al., 2008).

Phthalates occur as components of plastics that are used for major domestic and industrial

purposes. Such include teething rings, pacifiers, soft squeeze toys, plastic bottles, food containers

and medical equipment. They are also parts of laboratory products (tubes, caps, gas

chromatography septa, vinyl gloves), cosmetics and industrial solvents that are made from

plastics (De Jager et al., 1998; Alatriste-Mondragon et al., 2003; Kayali et al., 2006; Adeniyi et

al., 2008; Huang et al., 2008).

11



2.5.1.3 Phthalates as EDes

Since PEs are ubiquitous in our environment, the major sources of their exposure to man

are shown in Table 2.3. Studies have revealed detectable levels of phthalate esters in samples of

foodstuff, human mother's milk, dust, environmental samples (water, soil, sediment) and textiles

with di (2-ethylhexyl) phthalate (DEHP) and di-n-butyl phthalate (DBP) as the most abundant.

Generally, phthalates are of low acute toxicity with short biologic half lives of approximately 6-

12 hours (Duty et al., 2005). They are metabolized and eliminated within 48 hours of exposure to

vertebrates and are therefore not highly bioaccumulative in the system (Van den Berg et al.,

2003). However, the frequent use of phthalates-containing personal care and consumers products

along with the frequent detection of metabolites in random population samples suggests that

phthalate exposure is continuous and ubiquitous.

Consequently, endocrine disrupting nature of some phthalates is potentially responsible

for adverse effects on human reproduction and development. Based on previous human and

animal studies, phthalates have been classidied according to their impact strength. DEHP has

been included in class B2 and has been shown to be embryotoxic and teratogenic (Altriste-

Mondragon et al., 2003; Kayali et al., 2006; Latini et al., 2009), while butyl-benzyl phthalate

(BBP) is in class C (possible human carcinogen) and di-n-butyl phthalate (DBP), di-ethyl

phthalate (DEP) and dimethyl phthalate (DMP) were included in class D (not yet classified as

human carcinogens (Altriste-Mondragon et al., 2003).
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Table 2.3: Sources of exposure for phthalate parent compounds
Phthalate parent compound Potential sources of exposure
Di-2-ethylhexyl phthalate (DEHP) PVC containing medical tubing, blood storage bags, medical

devices, food contamination, food packaging, indoor air,
plastic toys, wall coverings, tablecloths, floor tiles, furniture
upholstery, shower curtains, garden hoses, swimming pool
liners, rainwear, baby pants, dolls, some toys, shoes,
automobile upholstery and tops, packaging film and sheets,
and sheathing for wire and cable.

Diethyl phthalate (DEP) Cosmetics, nail polish, deodorant, perfumes/cologne, lotions,
aftershave, pharmaceuticals/herbal coating, insecticide.

Di-butyl phthalate (DBP) Nail polish, make-up, aftershave, perfumes, pharmaceuticals
or herbal coating, chemiluminescent glow sticks.

Di-n-octyl phthalate (DnOP) Children's toys

Butyl benzyl phthalate (BBzP) Vinyl flooring, adhesives, sealants, food packaging, furniture
upholstery, vinyl tile, carpet tiles, and artificial leather and is
also used in certain adhesives

Di-methyl phthalate (DMP) Insecticides, indoor air, adhesives, hairstyling products,
shampoo, aftershave.

Adapted from Swan, 2008
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Figure 2.2: Chemical structures of phthalates

Dioctyl phthalate
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2.5.1.4 Levels of phthalate esters in environmental samples

A simple solid-phase microextraction (SPME) coupled with gas chromatography flame

ionization detection (GC-FID) method was developed by Li et al. (2006) to determine phthalate ester

in water samples. Polyaniline (PANI) used as coating materials for the SPME fiber was developed

through the process of polymerization of aniline because of its conductivity and thermal stability. The

PANI-SPME fiber was optimized by investigating parameters such as ionic strength, pH, extraction

and desorption times and temperature for spiked water samples. This was compared with

commercially available polyacrylate (PA) fiber. The detection limit of PANI-SPME was lower than

0.24 ugl". The method demonstrated the feasibility of using PANI-SPME-GC for monitoring

phthalates in water samples. When compared to PA, PANI fiber exhibits a wider range and lower

detection limit than PA when used for raw water samples.

Yuan et al. (2002) determined the concentrations and microbial degradation of eight

phthalates in 14 surface water and six sediment samples from Taiwan. Samples were extracted with

Soxhlet extraction method and analyzed using GCIMS. The recovery percentage ranged between

85.5 % and 99.5 %, while detection limit was in the range of 0.6 to 1.0 ugl'. For degradation

determination, sediments were extracted with hexane on rotating shaker followed by analysis using

GC-ECD with DB-5 capillary column. The percent recovery range from 89.1 % to 98.1 %, while the

detection limit ranges between 50 and 100 ugl".

In another study Cai et al. (2003) developed solid-phase extraction for five phthalate ester

from water samples using polytetrafluoroethylene turning packed column as SPE adsorbent material.

The analytes were sorbed on polytetrafluoroethylene turning initially pre-conditioned with 5 ml

acetonitrile and lOml of Milli-Q purifies water, from which they were eluted with 5ml of Milli-Q and

lOml acetonitrile and analyzed by HPLC-UV. Effects of desorption volume of eluent, flow rate of

sample solution and volume of sample solution were investigated. Detection limit was in the range of

3.1 - 5.8 ugl" and percent recovery was in the range of92.1 -127.5 % for the phthalates ester spiked

samples.

Fatoki and Noma (2002) used solid phase extraction method coupled to capillary gas

chromatography - flame ionization detection for the determination of four phthalate esters in

freshwater and harbour water samples. The eluent (methanol and dichloromethane) volume was

optimized by varying the percentage of each of the component of the mixture and phthalate esters

extracted using Envi Cl8 SPE cartridge pre-conditioned with deionized water followed by 2 ml

methanol. The limit of detection ranged between 27.2 ng)"!and 60.6 ngl" while percentage recovery

ranged from 83 ± 0.09 % to 94 ± 0.4 % for phthalate esters in spiked deionized water. Analysis of real

water samples revealed the presence of phthalate esters in the range of 0.03 to 2309 ± 0.9 ugl".
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Luks-Betlej and co-workers (2001) used six different solid phase microextraction (SPME)

fibers to extract phthalate esters from water samples for analysis by gas chromatography-mass

spectrometry single ion monitoring (SIM) mode. The extraction efficiency and repeatability of the

fibers were determined using spiked water. Extraction was carried out at 22°C by intensive agitation

of the liquid (1000 rpm) with magnetic stirrer. Limit of detection was in the range ofO.015 to 0.06

ugmlland reproducibility was below 8.5 %. The efficiency of fibers ranged between 2.5 and 60 %

and phthalate esters were best extracted with DVB-Carboxen-PDMS fiber. The fiber was then used

for water sample analysis from Poland and Germany.

Trace levels of diethylhexylphthalate in water sample was studied by Kayali et al. (2006)

using SPMEIHPLC. PDMS/DVB 60 urn fiber was used along with seven other fibers. Conditioning

of the fiber, extraction time, extraction temperature, agitation method, sample volume desorption time

and the nature of the desorption solvent was investigated and optimized. The fiber was thermally

conditioned for 12hr at 200°C and 0.2 bars under nitrogen stream and introduced into 1000 ml vessel

containing 500mL afwater sample. The sample was stirred magnetically while rotating the fiber from

the other side. The optimized condition was used to analyze for phthalate esters in four different

drinking water, MilliQ-water and water sample packed in plastic bag. The MilliQ-water and water

sample packed in plastic bag were discovered to contain 22 and 9 ugl" while phthalate was not

detected in other water sample. This was attributed to the detection limit of the instrument.

In a recent study by Ling et al. (2007) cloud point extraction coupled with HPLC-UV was

used for the quantification of phthalate esters in environmental water samples. Extraction efficiency

parameters such as concentration of Triton X-114 and Na2S04, equilibration temperature,

equilibration time and centrifugation time was investigated and optimized. The cloud point extraction

was achieved by adding 0.25 % Triton X-114 and 0.4 moIlL Na2S04 to lOmlof the sample in

thermostatic bath at 45°C for 60 min followed by centrifugation for 5 min at 3500 rpm. Back aqueous

phase was removed and 20 III of the surfactant injected into the HPLC for analysis. The detection

limit ranged between 1.0 to 3.8 ngml' while percent recovery ranged between 85.8 ± 4.5 % and 103.2

± 10.3 % for spiked water samples. The method was adopted for real water sample from waste water

treatment plant but no phthalate ester was detected.

Huang et al. (2008) investigated the occurrence of phthalate compounds in sediments and

fishes of 17 Taiwan's river using accelerated solvent extraction with GCIMS- SIM (selected ion

monitoring mode). Sediment and fish samples were extracted by spiking with 10 III dibenzyl

phthalate as surrogate standard and placed in incubator at 100°C. Sample was purged with 6 ml of

ethyl acetate at initial flow rate of 9 ml min'] for 10 min and changed to 2 for 50 min. 6 ml of ethyl

acetate was collected and concentrated with N2 and 5 III of benzyl benzoate spiked into the extraction
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and volume was adjusted to lrnl using hexane. Recoveries for sediment and fish samples ranged from

77.1 % to 102.5 % and 79.1 % to 109.1 %, respectively. DEHP was found to be higher in both

sediment and fish samples investigated.

PEs in suspended particles, sediment and water from main river and tributaries of yellow

river, China was analyzed by Sha et al. (2007) using a cleanup column (prepared by inserting silicon

alkylation glass wool at the bottom with about 1 cm of anhydrous sodium sulfate above it and 109

activated dry silica gel with small amount of distilled water 3mV100g) with GC-FID. PAEs in

sediment and particulate were extracted by adding 80 ml of carbon bisulfide (CS2) and shaken

vigorously on mechanical shaker for 30 minutes (200 rpm). The clean-up of the extract was achieved

by pre-conditioning the column with 20 ml hexane and 2 ml of the extract added and rinsed with 40

ml hexane at a flow rate of 2 ml min-I. The eluate was discarded and PAEs extracted with 80 ml of

hexane/ether (volumetric proportion 7:3). Eluate was concentrated by rotary evaporator to 2 ml and

analyzed by GC-FID. PAEs in water, sediment and particulate samples ranged from 3.99 x 10-3 to

45.45 x 10-3mgkg", 40.56 to 94.22 mgkg', and 30.52 ± 0.83 to 63.96 ± 4.65 mgkg", respectively.

Levels of phthalate ester and heavy metals were assessed at Muledane open dump site,

Thohoyandou, Limpopo province, South Africa by Adeniyi et al. (2008). Soil samples were extracted

using Soxhlet extractor with 120 ml dichloromethane (DCM) for 10 br. The extracts was left to dry

on standing at ambient temperature, reconstituted with 2 ml of DCM and cleaned-up with silica gel

column using 20 ml of benzene/ethyl acetate mixture (95:5). The extract was allowed to dry at room

temperature and reconstituted with 0.5 ml butyl benzoate (internal standard) from which 1 ml was

injected into GC-FID for analysis. Levels of PAEs and percentage recoveries from spiked samples

were reported to be in the range ofO.031 ± 0.01 to 0.31 ± 0.12 mgkg' and 88.72 ± 0.5 to 89.95 ± 0.34

percent, respectively.

Microwave-assisted extraction for the determination of nonphenols and phthalate ester in

sediment sample was compared with pressurized solvent extraction by Cortazar et al. (2005). The

clean-up step was optimized using C-18, 60 and 200mg oasis and LiChrolut cartridges. The four

cartridges were conditioned with 4 ml of MeOH at a flow rate of 4 ml min-I. MeOH was spiked with

17 ugml' of standard stock solution of the nonphenol and phthalate and 1 ml of spiked MeOH was

then passed through each of the cartridges, rinsed with 1 ml H20:MeOH (3:1) and cartridge C-18

rinsed with 5 ml of MeOH, Oasis cartridges rinsed with 5 ml of MTBE:MeOH (9: 1) and LiChrolut

cartridge rinsed with 5 ml of ethyl acetate. All the cartridges were then rinsed with 5 ml DCM. All

eluates were blown to dryness with N2, re-constituted in 1 ml MeOH after addition of the internal

standard and analyzed with GC-MS. Extraction of sediments MAE was optimized by varying the

composition of extraction solvent mixture (n-hexane, MeOH and acetone), pressure and time of
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extraction. The extract was filtered with PTFE filter (13 mm, 0.45 urn), blown to dryness, re-

dissolved to 0.5 ml and cleaned-up using the optimal clean-up step. For PSE, sediments were

extracted for 5 min at 100°C and 10,000 KPa with MeOH. The extracted analytes were purged for 90s

with pressurize N2, the extracts were blown to dryness, re-constituted to 0.5 ml in MeOH and clean-

up with optimal clean-up method. The extract from MAE and PSE were subjected to GC-MS-SIM

and HPLC-DAD-UV-FLD. The optimized procedures was used for analysis of sediment, it was

reported that there was no significant difference between MAE-GC-MS and MAE-HPLC-DAD-UV-

FLD, however, result obtained with PSE-GC-MS were comparable with MAE-GC-MS but not for all

the compounds.

Levels and risk assessment of DEHP in surface water and sediment of Thailand was reported

by Sirivithaya and Thuyviang (2010). Water and sediment samples from river receiving effluent from

industrial estate were analysed using solid-phase micro extraction techniques (SPME). DEHP was

analysed using GC-MS equip with capillary column. The detection limits were 1.1 ugl' and 8.4 ugg'

for water and sediment respectively. DEHP ranged from below detection to 8.64 ugl' in water while

it was not detected in sediment as concentration was below detection limit.

2.5.2 Phenols

2.5.2.1 Background information 00 phenols

Phenol and its derivatives are aromatic molecules containing hydroxyl (OR), methyl (CH3),

amide (NH2) or sulphonic groups (McNeely et aI., 1979) attached to the benzene ring structure

(Huang et al., 2007; Tonioio et al., 2007). Phenols are widely present in the environment and occur in

nature as building blocks for plant (Baltussen et al., 1999; Santana et al., 2005; Santana et al., 2009).

They are formed naturally from decomposition of leaves and wood as well as through human activity

like water purification processes (Schmidt-Baumler et al., 1999; Santana et al., 2005; Santana et al.,

2009).

Phenol and its methyl derivatives show a stronger tendency to adsorb onto solid matrices and

some have been found to be toxic to fish and other aquatic life,. The compounds at very low

concentration have adverse effects on taste and odour of water and fish (Baldwin and Debowski,

1988; Schmidt-Baumler et al., 1999; Czaplicka, 2001). The compounds are introduced into rivers,

ground waters and soil directly through industrial effluents or indirectly through natural or synthetic

chemicals (Ribeiro et al., 2002; Bagheri et al., 2004; Suliman et al., 2006). They are considered major

environmental risks, with speculations of being suspected endocrine disruptors or carcinogens

(Bagheri et al., 2004; Suliman et al., 2006).
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2.5.2.2 Application of phenols

Industrially, phenol and their derivatives are used in several useful products. They are used to

manufacture chemicals such as pesticides, explosives, dyes, pulp bleaching with chlorine, wood

preservatives, insecticides, herbicides, antioxidants, adhesives, plastics and synthetic intermediates

(Baldwin and Debowski, 1988; Czaplicka, 2001; Ribeiro et al., 2002; Ozkaya, 2005; Santana et al.,

2005; Cledera-Castro et al., 2006; Suliman et al., 2006; Hartung et al., 2007; Santana et al., 2009).

Globally, the production of phenolic compounds is over 300,000 tons per annum. They have

been widely used in the last 40 years as components of detergents, emulsifiers, dispersants and anti-

foamers (Schmidt-Baumler et al., 1999; Petrovic et al., 2002; Gabriel et al., 2007). Phenol is also

used in the pharmaceutical industry for the production of aspirin (Suliman et al., 2006). Sixty percent

of phenolic compounds that are introduced into sewage are released into the environment with 85%

being in the form of potentially estrogenic degradation products (Petrovic et al., 2002). Phenolic

derivatives are among the most important pollutants that are widely present in the environment. These

compounds are used in several industrial processes. The major routes of phenolic compounds into the

environment are presented in Table 2.5.

Table 2.5: Routes of phenolic compounds to the environment

Compounds sources references

Chlorophenols Wood distillation, disinfection of drinking

water, wood pulp bleaching, paper production

Grynkiewicz et aL, 2002

Sirvent et al., 2004

Luttke et al., 1997

Minero et al., 2007

Sirvent et al., 2004

Galceran and Jauregui, 1995

Santana et al., 2005

Renberg et al., 1983

Schummer et al., 2006

Santana et al., 2005

Vidal et al., 2004

Phenol Car exhaust gases

Methylphenols Wood impregnation

Nitrophenols Combustion processes of motor vehicles

Hydrolysis/photolysis of nitrite/nitrate

Production of dyes, pigments etc
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OH OH OH OH
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Phenol (PH) 2-Chlorophenol (2-CP) 2,4-Dichlorophenol 2-Nitrophenol (2NP)

OH OH
OH

Cl Cl ~
Cl Cl

Cl Cl

Cl N~ Cl N~

Pentachlorophenol (PCP) 2,4-Dinitrophenol (2,4-DNP) 2,4,6- Trichlorophenol (TCP) 4-Nitrophenol (4NP)

OH OH OH

(4,6-DNOC)

CH3

2,4-Dmethylphenol

(2,4-DMP)

Cl

4,6-Dinitroorthocresol 4-Chloro-3 methyl phenol

(4-C 3MP)

Figure 2.3: Chemical structures of the investigated phenolic congeners

21



tl.Il() " "0
-e -e- ......

I:l 0
io 1,0 ...... 0\~- o C") "<t ......_ I:l

V") N co " "
I I~ .- e I I

C") C") 00 o 0

~~ N (")
0\

V") V") 0 0\ 0\
"<t N co "<t "<t 1,0

.êo-:.cu:Ic>-0
~M-s.. ~~-~'
~~

J:>oe

......
00

........

<.>
V")=o

<.>............
N

oo
:i
U

./:J
CO
io
N~..-

'"oo
£
U

ë5c:
11)
..c:
0..

'b
..c:
11)

Ei
I

C")
Ieo

:::ë
U..,;.

"V")
oe)
N

"V")
r-

oo
:£
CJ

]
..c:
0..eo
d
I

N

"o......
N

o
No
3

<.>
1,0......
N

"~............

<.>
00
or--:

-e
C")............

1,0
o
~
00

Ol......
oe

1,0
00
0\

o
V")



2.5.2.3 Levels of phenols in environmental samples

Suliman et al. (2006) used simple, sensitive and rapid reversed-phase high-performance

liquid chromatography (RP-HPLC) method for the analysis of phenols in water with Coumarin-ó-

sulphonyl chloride (C6SCI) as a fluorescence-labeling reagent. The compound was reacted with

0.5 ml of phenol standard solution within 20 min under mild conditions (ambient temperature, pH

9.0) to give sulphonates that was separated by RP-HPLC employing fluorescence detection

(DAD). The optimum conditions for fluorescence, derivatization and chromatographic separation

was established and detection limits in the range 0.1-0.9 ug r' were obtained for the studied

compounds.

In another study by Bagheri et al. (2007), solvent-minimized sample pretreatment was

developed for pre-concentration of phenols from aqueous sample. A micro aliquot of butyl

acetate (internal standard) was introduced into the sample solution for a preset time by immersing

the syringe. The drop was retracted into syringe, syringe cleaned with tissue and injected into

GC-MS for analysis. Various parameters affecting the SME like type of solvent, stirring rate,

extraction time, temperature of sample solution and ionic strength were optimized. The optimized

method was adopted for analysis of some phenols in water samples. The detection limit was in

the range of 5 to 22 ngl".

Hartung and co-workers (2007) studied the reductive degradation of polychlorinated

phenols in water using palladium on charcoal as catalyst and sodium formate as reducing agent

The method optimized by first using 4-chlorophenol and 2,4,6-trichlorophenol by adding sodium

formate to the reaction mixture at a definite time interval to maintain the production of H2 and

CO2• GC-MS (SIM) mode was used for the analysis. Result showed that >99.9 % of the

chlorophenols were converted to phenols and subsequently, the method was applied to more

chlorinated phenols and result compared with Il other methods. Result of comparison with other

methods showed that the developed method is acceptable.

The isoeratic HPLC method for the determination of phenol and nitrophenols was

developed and validated by Cledera-Castro et al. (2006) by suing 2-chlorophenol as internal

standard and monolithic column in tap water samples. The method was optimized for by using

methanol and acetonitrile as organic modifier, pH and flow rate using chromolith RP-I8e column

and extraction solvent volume. The recoveries of test samples were in the range of90-112 %. The

method was applied to waste water sample and several industrial samples.
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Bestamin (2005) investigated chlorophenols in leachate from landfill and aerobic

composting plants. Toxic derivatives of chlorophenols were identified using polyacrylate (PA)

0.85 urn fiber coupled with GC-flame ionization detector. Phenols were detected in the range of

0.01 to 40 ugl' in the landfill leachate but not in the aerobic composting leachate.

Phenol and chlorophenols in bottom sediment were studied by Czaplicka (2001) using

ultrasonic extraction with GC-MS. Bottom sediment samples were extracted with methylene

chloride in an ultrasonic field for 15 min (3 times). 0.1 M of sodium hydroxide was added to the

extract to raise the pH > 11 and derivatized with by adding 3 ml of 0.1 M K2C03 and 2 ml of n-

hexane containing 100 III of acetic anhydride. The extract was dried, concentrated and analyzed

with GC-MS. Percentage recovery of phenol varied from 81.1 % to 95.0 %, while chlorophenol

varied from 89.9 % to 96.0 %. Analysis of estuary samples showed that phenols vary from 4.0 to

21.7 IlgKg"l, while 3-methylphenol content varies from 25.0 to 76.5 IlgKg"I.·

In another study, SPME-GC-MS analysis of 13 chlorophenols and phenol in leachate was

investigated by Ribeiro et al. (2002). Experimental conditions were optimized (extraction time

and temperature, pH, salt addition, extraction mode and desorption time in the GC). Polyacrylate

(PA) fiber used for the extraction was conditioned prior to analysis in GC injector for 1hr at

250°C. Optimized experimental condition obtained were immersion sampling at 40°C for 60

min, 85 urn PA fiber, saturated salt condition and sample pH < 2. The optimal conditions were

applied to environmental samples and percentage recovery was >80 % and detection limits

ranged between 0.005 to 2.4 Ilg)"l.

Simultaneous determination of endocrine-disrupting phenols and steroid estrogens in

sediment by gas chromatography-mass spectrometry was investigated by Peng et al. (2006).

Pre-extracted sediments were spiked and extracted using ultra-sonication, mechanical shaking

and soxhlet extraction. The extract was cleaned-up with activated silica gel and derivatized with

pentafluropropionic anhydride, and gas chromatography-mass spectrometry (GC-MS) in selected

ion monitoring mode (SIM). Satisfactory recoveries were obtained for phenolic, xenoestrogens

and steroid estrogens. The method applied for the determination of targets compounds in

sediments collected from river estuary. Nonylphenol and bisphenol-A (BPA) were detected in the

range from 204.2 to 664.5 ngg" and 0.6 to 4.0 ngg', respectively. None of the estrogens were

found in the sediment samples.

Arditsoglou and Voutsa (2008) reported the determination of phenolic and steroid

endocrine disrupting chemicals in environmental matrices. Water samples was extracted using

Oasis SPE catridges while marine sediment samples were ultrasonically extracted, cleaned up and

extract derivatized with BSTFA at 70°C for 60 minutes. The silylated derivatives were analysed
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by GC-MS. The method detection limits ranged from 1.91 to 13.9 ngl' and 4.2 to 13.3 ngg' for

water and sediment, respectively. The limit of quantification ranged from 6.1 to 24.3 ngl' and

13.5 to 42 ngg" for water and sediment, respectively.

Four phenolic compounds were investigated in surface water and industrial wastewater

from Beijing, China by Ge et al. (2010). C-18 SPE cartridge was conditioned with 2 ml each of

acetonitrile and methanol prior to extraction of 1,000 ml of water sample after fortification with

twenty gram of sodium chloride. Sample was eluted with 2 ml of Isopronal and n-hexane, eluent

was blown to dryness, reconstituted with 1ml of acetonitrile and subjected to HPLC analysis. Out

of the 102 samples collected for analysis, phenols were detected in 19 samples at different levels

ranging from 0.8 to 26.1 ugl".

In another study in west Ukraine, Sprynskyy et al. (2007) investigated the occurrence of

phenolic compounds in surface water of the Dniester River basin. Phenolic compound

concentrations in water was determined using spetrophotometric method. Phenol was extracted

using octanol or nonanol after re-extraction to akali with fraction of potassium phenolate. The

extract was measured at 235 nm using Perkin-Elmer-402.

Barrico et al. (2006) investigated sources of phenolic compounds in two catchments of

southern Portugal. Using SPE cartridges initially conditioned using 2 x 3 ml of tetrahydrofuran.

500 ml of water was aspirated through the SPE column, eluted with 3 ml oftetrahydrofuran. The

eluent was concentrated and analysed using HPLC. 2,4-DNP was the most prominent of all the

phenolic compounds in water and leachate sample analysed with concentration range of 0.6 to

3.49 mgl",

Kovacs et al. (2008) reported method developed for the simultaneous determination of

phenols and chlorophenol as trimethylsilyl derivatives using gas chromatograph-mass

spectrometry. Six phenols and 19 chlorophenols were simultaneously determined after initial

derivatization with trimethyl-N, N-dimethyl carbamate (TMSDMC). Derivatization was carried

out at room temperature. Percentage recovery of spiked samples was higher than 75 % while

analytes were detected in tbe range of 0.1 to l O ngl" for phenols and 10 to 75 ngl' for

chlorophenols.
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2.6 Methods for the detection and monitoring of EDCs

Established analytical methods are available for many of the compounds designated as

EDCs. Most developed countries like the USA and the European countries have established

regulatory authorities and requirements for chemical and biological analytical procedures for

testing pesticides, metals, industrial chemicals and PCBs in food and environmental matrices.

Despite the institutional frameworks for the analysis of the designated compounds (hormones,

drugs and personal care products) suitable instrumental techniques or standard methods of

analysis are lacking. Different methods used to assess the occurrence, distribution and

characterization of phthalates and phenolic compounds in the environment matrices and human

samples in different countries around the world are summarised in Table 2.6.

2.6.1 Extraction of EDCs in liquid samples

Extraction of EDCs from liquid samples are based on liquid-liquid extraction (LLE)

which is often followed by column chromatography cleanup and gas chromatography (GC) or

high performance liquid chromatography (HPLC) determination using array of detectors (Cai et

al., 2003; Zhou et al., 2005; Ling et al., 2007). LLE is a well developed, efficient and precise

method, it requires time and consumption of large volume of organic solvent (Santana et al.,

2005; Zhou et al., 2005; Santana et al., 2009). EDCs often vary in concentration with different

ecological risks in different environmental compartments. LLE has remained the preferred

extraction methods for liquid samples because it is cheap compared to other method like SPE,

SPME and MAE (Piug and Barcelo, 1996; Polo et al., 2005; Santana et al., 2005). However, use

of large amounts of generally toxic and inflammable organic solvents, formation of emulsions

and losses during cleanup are still curtailing the use ofLLE.

The procedure is thus becoming less popular with the introduction of the solid phase

extraction (SPE) technique. SPE is currently used in sample preparation for determination of trace

EDCs in environmental, drugs and biological samples. It offers a faster and easier manipulation,

higher concentration factors and requires smaller amounts of organic solvents (Zhou et al. 2005;

Eberlin and Cesar de Silva, 2008). Disposable cartridges for SPE have been in used for more than

20 years.

The desire to decrease the use of organic solvent especially dichloromethane which is

suspected to be carcinogenic has encouraged the requirement of solvent-free procedures. This has

greatly contributed to the rapid growth in the demand for this method at the expense of LLE.

Selection of SPE cartridges with particular sorbent materials also plays a key role in the

achievement of high and reproducible recovery of analytes in environmental samples. Most
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sorbent used in SPE are porous silica particles-bounded with C-18 or other hydrophobic alkyl

group such as strene-divinylbenzene. Recovery of organic compounds by SPE is highly

dependent on the polarity of the eluent (Patrolecco et al., 2004).

2.6.2 Gas Chromatography - Mass Spectrometry (GC-MS) method

Phenols and phthalate esters have been determined in environmental matrices through the

use of different analytical techniques, e.g. high-performance liquid chromatography (HPLC) with

ultraviolet, fluorescence, electrochemical, or mass spectrometric (MS) detection, as well as gas

chromatography (GC) coupled with sensitive and specific detection systems (Liu et al., 2004;

Huang et al., 2008; Zeng et al., 2009). GC-MS has been widely used in the determination,

analysis and monitoring of phthalates and phenolic compounds (Rompa et al., 2003; Liu et al.,

2004; Psillakis et al., 2004; Zhao et al., 2009). EDCs with hydroxyl group are usually derivatized

for GC analysis.

It is well known that oxygen atom possessed by hydroxyl has a weak nuclephilicity

owing to its low electron density. Therefore, the derivatization procedures for hydroxyl

compounds need either high temperature or long reaction period, which makes the derivatized

compounds convenient to be analyzed on GC with ECD or MS. The high polarity of phenols

affects their chromatographic resolution and usually results in broad and tailed peak heights

(Heberer and Stan, 1997; Rompa et al., 2003; Santana et al., 2009; Schummer et al., 2009; Zhao

et al., 2009). These problems are often overcome by derivatising free phenols to less polar

compounds, more volatile and thermally stable, and to giver larger and more selective analytical

response through the use of derivatising reagents (Helaleh et al., 2001; Rompa et al., 2003;

Santana et al., 2009; Schummer et al., 2009; Zhao et al., 2009).

Phenol and other phenol ic compounds are usually derivatized either before or after

extraction, or with an on column reagent in the GC-injector (Rompa et al, 2003; Helaleh et al.,

2001). Derivatization reactions used in GC analysis of phenolic compounds are in four categories,

i.e. acylation, alkylation, esterification, and silylation (Helaleh et al., 2001; Rompa et al, 2003;

Moghadam et al., 2008). In derivatization reactions, methylation by diazomethane is slow and

carcinogenic while esterification by acetic hydride does not sufficiently improve the separation

and derivatization of mono-nitro compounds (Heberer and Stan, 1997). Silylation of all the

derivatization has shown to improve chromatographic parameters such as accuracy,

reproducibility, sensitivity and resolution by suppressing tailing, rugged and enhancing thermal

stability (Li and Park, 2001; Saraji and Bakhshi, 2005).
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Different methods of extraction and analysis of levels of phthalates and phenols have

been reported in different countries of the world. Analyzing different environmental matrices,

researchers had reported pollutants at alarming concentration that could trigger health

complications. To mention a few, Table 2.7 gives an insight into levels of phenols and phthalate

esters found in different biological, environmental matrices (water, sediment and soil) and

countries.

2.7 Heavy metals and metalloid (Arsenic)

Metals are elements that may occur naturally in rocks, soils and water (Khairiah et al.,

2002; Bornman et al., 2007; Horng et al., 2009). Some metals at low doses are essential for

growth and development of some plants (e.g. Cu, Zn, Cr, Ni) but at high doses may cause

metabolic disorders and growth inhibition for plant species (Goyer, 1997; Chojnacki et al. 2005;

Bornman et al., 2007). Metal pollution of the environment can result from direct atmospheric

deposition, geological weathering, coal combustion, discharge of agricultural, municipal,

residential or industrial wastes (Fatoki et al., 2004; Demirak et al., 2006; Oymak et al., 2009).

Pollution of the aquatic environment by metals and their accumulation in fish and other aquatic

life has posed so much environmental concern in recent years (Krishnamurti and Naidu, 2000;

Guo et aI., 2006; Dural et al., 2007). Build up of metals in sediment has significant implication

for local communities as well as river quality (Awofolu et al., 2005; Demirak et al., 2006).

Elevated levels of metals have been reported in different environmental and biological samples

(Ikem et al., 2003; Demirak et al., 2006; Dural et al., 2007; Horng et al., 2009).

High concentrations of these metals in sediments, sludge, soils, water, groundwater,

plants and biomagnification in the food web through trophic transfer may have a negative effect

on animal and human health as they are considered non-essential but rather toxic to body growth

and development (Horng et al., 2009; Kazi et al., 2009; Oymak et al., 2009). Consumption of

heavy metals through soil-crop-food chain have been proposed as the major source of human

exposure to potentially toxic metals (Horng et al., 2009; Jing et al., 2009, Kazi et al., 2009). The

endocrine disruptive properties of these metals have been reported in different experimental

works (Lafuente et al., 2000; Choe et al., 2003; Handy, 2003).
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2.7.1 Arsenic (As)

Arsenic (As) is a naturally occurring element widely distributed in the earth crusts (Duker

et al., 2005; Bornman et al., 2007) and is one of the toxic metalloids of global environmental

concern (Bauer et al., 2008; Reyes et al., 2009; Wang et al., 2009). It has an atomic weight of

74.92 with several oxidation states including elemental (0), trivalent (-3, +3) and pentavalent (+5)

(Rodriguez et al., 2003; Duker et al., 2005; Wang et al., 2006). The natural sources of arsenic are:

As sulphide or realgar (As2S2), As tri-sulphide or orpiment (As2S3) and arsenopyrite or mispickel

or ferrous As sulphide (FeAsA2) (Hossain, 2006; Wang and Mulligan, 2006), enargite,

arsenopyrite, tennantite, smaltite, domeykite, safflorite, rammelsbergite, cobaltite, niccolite and

loellingnite (Mandai and Suzuki, 2002).

Inorganic arsenic is often found in two oxidation states, namely arsenate [As(V)] and

arsenite [As(III)] in soil, groundwater and aquatic environments (Duker et al., 2005; Baskan and

Pal a, 2009; Liao et al., 2009; Reyes et al., 2009; Wang and Zhao, 2009). However, As species

may be methylated into monomehtylarsonous acid [MMA(III)], monomehtylarsonic acid

[MMA(V)], dimehtylarsinous acid [DMA(III)], dimehtylarsinic acid [DMA(V)] and

trimethylarsine oxide (TMAO) by microorganisms, humans and animals (Mandai and Suzuki,

2002; Rodriguez et al., 2003; Duker et al., 2005; Wang and Mulligan, 2006; Liao et al., 2009), a

pathway for its detoxification mechanism which may however triggered its activation (Rodriguez

et al., 2003).

Natural sources of arsenic to the environment includes: volcanic rocks, manne

sedimentary rocks, hydrothermal ore deposits and associated geothermal waters and fossil fuel

(Wang and Mulligan, 2006). The environmental prevalence is triggered by human activities such

as the application of pesticide primers on cotton plants, rodenticides and fungicides (Matschullat,

2000; Duker et al., 2005; Bornman et al., 2007), wood preservatives, mining and smelting

operations, coal combustion, burning of sawdust, domestic and industrial wastes and fossil fuel

processing (Wang and Mulligan, 2006; Bornman et al., 2007; Wang and Zhao, 2009; Cuypers et

al., 2009). Other includes growth promoter and bacteria and parasitic diseases suppressor (Duker

et al., 2005; Yao et al., 2009) hardening of alloys to produce glass, semiconductors and pigments

(Matschu liat, 2000; Duker et al., 2005), depilatories, cosmetics and poisons (Rodriguez et al.,

2003).

Inorganic arsenic species As(III) and As(V) have been classified as human carcinogens

(Pandey et al., 2002; Bhattacharya et al., 2007; Reyes et al., 2009) and the methylated forms, e.g.

monomehtylarsonic acid (MMA) and dimehtylarsinic acid (DMA) have been labeled as cancer
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promoters (Reyes et al., 2009). The chronic effect of Arsenic is mainly observed from exposure

to drinking water with ppb levels of inorganic arsenic (Liao et al., 2009). High concentrations of

arsenic in drinking water have been reported all over the world with India and Bangladesh being

the most threatened countries (Baskan and Pala, 2009). Oral exposure to arsenic occurs through

the consumption of contaminated seafood, e.g. fish and shellfish (containing arsenobetaine and

arsenocholine) (Rodriguez et al., 2003; Reyes et al., 2009).

Arsenic is known to be completely stable and does not break down, thus leading to its

accumulative levels in soil, sediments in lakes and rivers often affect living organisms over a

period of time (Rodriguez et al., 2003; Bornman et al., 2007;). Epidemiological studies have

shown that oral ingestion of inorganic arsenic is associated with a range of health effects which

include lung, bladder, liver, prostate and kidney cancers, dermatitis, hyperkeratosis, melanosis

and vascular diseases (blackfoot disease (BFD) and hypertension), cardiovascular, neurological,

heamatological, renal and respiratory diseases (Pandey et al., 2002; Duker et al., 2005; Halim et

al., 2009; Liao et al., 2009).

The permissible concentration set by USEPA and WHO standards for arsenic in drinking

water is 10 ugl" (Mandal and Suzuki, 2002; Liao et al., 2009). Levels of arsenic have not been

well reported in the South African environment, especially in rivers in Cape Town. Various

concentrations of Arsenic in different environmental compartment reported in different countries

around the world are presented in Table 2.8.

Table 2.8: Arsenic contents in soil of various countries
Country Types of soil/sediment Number of samples
India Sediments 2235
Bangladesh Sediment 10
Argentina All types 20
China All types 4095
France All types
Germany Berlin type
Italy All types
Japan All types

Paddy
All typesMexico

South Africa

2
20
358
97
18
2
2
52
1215

Switzerland
United States Various states

Tiller
Adapted from Mandai and Suzuki, 2002.
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Range (mgkg-l) Mean (mgkg-l)
10-196
9.0-28 22.1
0.8-22 5
0.01-626 11.2
0.1-5 2
2.5-4.6 3.5
1.8-60 20
0.4-70 Il
1.2-38.2 9
2-40 14
3.2-3.7 3
2-2.4 2.2
1.0-20 7.5
1.6-72 7.5



2.7.2 Cadmium (Cd)

Cadmium is a non-essential, widely distributed metal that is extremely toxic to living

organisms even at relatively low concentration (Jones et al., 1987; Das et aI., 1997; Brzoska and

Moniuszko-Jakoniuk, 2001; Limei et al., 2008). Cd has an atomic number weight of 112.4 gmol'

is a silver-white malleable metal, soft with a oxidation state of +2 and chemically similar to zinc

(DWAF, 1996; Hays et aI., 2008). The naturally occurring isotopes are 106, 108, 110, Ill, 112,

113, 114 and 116 (Hays et al., 2008). Cd is a transitional metal belonging to the group lIB of the

periodic table which is present at concentration ranging from 0.06 to 0.5 mgkg' in the earth crust

(Das et al., 1997; Safarzadeh et al., 2007; Hays et al., 2008; Lalor, 2008; Joseph, 2009; Szollosi

et al., 2009). It is ranked 67th in abundance among the 90 naturally occurring elements on earth

(Joseph, 2009).

Cd is introduced into the environment both by natural and anthropogenic sources with the

later accounting for 3 - 10 times more than the former. Natural sources are volcanic activity,

fossil fuel combustion, forest fires and transportation of contaminated particles by wind (Joseph,

2009). It has several industrial applications with the world production at 20,000 metric tons in

2005 (Joseph, 2009). The increase in Cd concentrations in agricultural soil are from human

activities, e.g. application of phosphate fertilizer, sewage sludge, wastewater and pesticides,

mining and smelting of metalliferous ores with high Cd content as well as atmospheric deposition

(Cabrera et al., 1994; Limei et al., 2008; Yang et al., 2009; Wang et al., 2009).

Cadmium occurs mostly in association with zinc ores where it substitutes for Zn in the

structure of sphalerite or wurtzite (Safarzadeh et al., 2007) and is also found as the mineral

Greenockite (cadmium sulphide). The ratio of Cd to Zn varies considerably and in most minerals

and soil ranges from 1:100 to 1:1000 (Safarzadeh et al., 2007). It is widely used in electronic,

electroplating, pigments, paints (as a stabilizer), welding, Ni-Cd batteries, solar battery,

metallurgical and photographic products, synthetic chemicals, ceramics, metal coating and some

metal alloys (Safarzadeh et al., 2007; Hays et al., 2008; Joseph, 2009; Kumar et al., 2009;). Cd

compounds consist of acetate, sulfide (yellow pigment), sulfoselenide, selenium sulfide (red

pigment), stearate, oxide, carbonate, sulfate and chloride (Hays et al., 2008).

Cadmium is generally classified as a 'soft' metal that is more likely to form covalent

linkages with electron-donating ligands where Zn is classified as intermediate in softness

(Brzoska and Moniuszko-Jakoniuk, 2001). Cadmium has a low solubility under conditions of

neutral or alkaline pH and is highly soluble under acidic conditions, where toxic concentrations

can easily arise from the dissolution of cadmium from cadmium-plated materials (Hays et al.,
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2008; DWAF, 1996). Many organic Cd compounds are soluble in water, e.g. Cd acetate, chloride

and sulfate Cd and its compounds are highly toxic and carcinogenic in nature (Kumar et al.,

2009). The basis of cadmium toxicity is its negative influence on the enzymatic systems of cells

by substituting other metals ion e.g. Zn2+,Cu2+, Ca2+in metalloenzymes (Brzska and Moniuszko-

Jakoniuk, 2001).

Cd is one of the most readily absorbed and accumulated elements in plants grown on

contaminated soil (Yang et al., 2009; Zang et al., 2009). Cadmium chloride and cadmium

carbonate usually occurs in freshwater systems and the Cd2+ is readily taken up by aquatic

organisms (DWAF, 1996). Cadmium binds strongly to sulphydryl groups, hence, the

pronounced tendency of cadmium to bioaccumulate in the food chain (Jones et al., 1987).

Cadmium is strongly adsorbed by soil clay minerals and coprecipitated with iron and manganese

oxides and oxy-hydroxides (Wang et al., 2009). Soil pH, temperature, ionic strength plays a

major role on the reactivity, mobility, bioavailability and toxicity of cadmium in the soil solution

and solubility decreases with increasing pH (DWAF, 1996). Contaminated drinking water thus

may expose people and have adverse effects on human health (DWAF, 1996).

Cadmium has a long biological half-time that makes it to bioaccumulate as toxin in living

organism (Waalkes, 2000; Bi et al., 2009). Population exposures to Cd are principally from food

and tobacco smoking, ingestion of high doses of Cd can result in stomach irritation (Hays et al.,

2008). The organs that store Cd include liver, kidney, testis, spleen, heart, lungs, thymus, salivary

glands, epididyms and prostate (Waalkes, 2000; Joseph, 2009; Yadav and Khandelwal, 2009).

The most severe form of chronic poisoning is known as Itai-itai disease (Limei et al., 2008).

Cadmium has been designated as a probable human carcinogen (Bl), mutagens and

teratogens based on limited evidence of carcinogenicity in humans but sufficient evidence of

carcinogenicity in animals (Waalkes, 2000; Fatoki et al., 2002). Cadmium has been linked with

many clinical conditions including: anosmia, cardiac failure, cancers, cerebrovascular infarction

emphysema, osteoporosis, proteinuria, glucosuria, and cataract formation in the eyes (Lalor,

2008; Edwards and Prozialeck, 2009). The deleterious effect of cadmium on plants include:

oxidative stress, chlorosis, biomass reduction, root elongation reduction, inhibition of DNA repair

enzymes (Jones et al., 1987; Das et al., 1997; Yadav and Khandelwal, 2009; Zang et al., 2009).
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2.7.4 Lead (Pb)

The primary industrial sources of Pb contamination include metal smelting and

processing, secondary metals production, lead battery manufacturing, pigment and chemical

manufacturing, and lead-contaminated wastes. Widespread contamination due to the former use

of lead in petrol is also of concern. Lead released to groundwater, surface water and land is

usually in the form of elemental lead, lead oxides and hydroxides, and lead metal oxyanion

complexes (Smith et al., 1995). Lead occurs most commonly with an oxidation state of 0 or +II.

Pb(II) is the more common and reactive form of lead and forms mononuclear and polynuclear

oxides and hydroxides. Under most conditions Pb2+ and lead-hydroxy complexes are the most

stable forms of lead. In water bodies, a significant fraction of lead is undissolved and occurs as

precipitates (PbC03, Pb20, Pb(OH)2, PbS04), sorbed ions or surface coatings on minerals, or as

suspended organic matter. Lead carbonate solids form above pR 6 and PbS is the most stable

solid when high sulfide concentrations are present under reducing conditions. The primary

processes influencing the fate of lead in soil include adsorption, ion exchange, precipitation, and

complexation with sorbed organic matter. These processes limit the amount of lead that can be

transported into the surface water or groundwater (Evanko and Dzombak, 1997).

Lead is a "probable carcinogen" based on animal studies. Toxic effects of lead can cause

neurological impairment in foetuses and young children causing behavioural changes and

impaired mental performance. ATSDR, RIVM and U.S.EPA have evaluated the noncaneer oral

toxicity data for inorganic lead. ATSDR did not derive any minimal risk levels (MRLs) for lead

because a clear threshold for some of the more sensitive effects in humans has not been

identified. Subtle neurobehavioral effects in children may occur at very low blood lead levels.

2.7.5 Mercury (Hg)

Mercury is a naturally occurring element in environment with a fixed amount on earth

(Moore, 2000; Zahir et al., 2005), which can be mobilized through both natural and

anthropogenic processes (Wong et al., 2006). Mercury is a heavy, silvery-white liquid with three

oxidation states that pose different health impact (Moore, 2000; Bornman et al., 2007) with no

beneficial biological function (Oehmen et al., 2009). It is a global pollutant that is present in all

environmental compartments. It is circulated through complex biogeochemical cycles and can be

found in the atmosphere, water, soil, sediments, plants, animals and other biota. (Zahir et al.,

2005; Kuban et al., 2007). Important forms of mercury are elemental mercury (RgO), with high

vapour pressure and relatively low solubility in water at room temperature (Bornman et al., 2007;
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Kuban et al., 2007), mercurous (H~ 2) and mercuric (Hi+) in organic cation with better

solubility and affinity for inorganic and organic ligands (Kuabn et al., 2007). Also, mercury binds

with organometallic compounds with one or two alkyl or aryl substituents to form alkylated or

arylated mercury species (Kuban et al., 2007).

The major ore of mercury is cinnabar (HgS) and from by-products from other metals

(Wong et al., 2006). Natural sources of mercury emissions include: outgassing of earth's crust,

evasion from surficial soils, water bodies, vegetation surfaces, wild fires, volcanic activities and

geothermal processes while anthropogenic sources are: combustion of fossil fuel, non-ferrous

metal production, pig iron and steel production, cement production and waste disposal primarily

from incineration (Wong et al., 2006). It is hazardous environmental contaminant and thus listed

as a priority pollutant by international agencies (Mirlean et al., 2003; Wang et al., 2004). Mercury

has found extensive application in industry (Arabab-Zavar et al., 2003; Oehmen et al., 2009). The

major applications of mercury despite the ban on its usage can be found in electrolytic production

of chlorine and caustic soda in chIor-alkali plants, amalgamation in gold production and

production of electrical and electronic devices (Wong et al., 2006).

Exposure to elemental, inorganic and organic forms can lead to long-term and severe

environmental and health effects e.g. erethism, tremor, psellism, respiratory, and renal failures,

cardiac arrest and cerebral oedema, behavioural and cognitive dysfunctions, neurological disorder

and teratogenic effects causing poisoning of fetus with severe consequences such as development

delays, mental retardation, coordination disturbance, limb deformation (Wong et al., 2006),

interferes with many cell metabolic processes e.g. respiration, photosynthesis, lipid biosynthesis

and enzymes inhibitions (Jones et al., 1987). The most toxic form of mercury is methyl mercury

(MeHg), which is mainly produced by microscopic organisms in water and soil and it builds up in

the tissues of fish. Mercury enters water and soil from natural deposits, disposal of wastes and

volcanic activity.

2.7.6 Zioc (Zo)

Zinc is a metallic element. The stable oxidation states of zinc are the metal (0) and the

+ll, oxidation state, which is the form found in nature. The carbonate, hydroxide and oxide forms

of zinc are relatively resistant to corrosion and therefore zinc has many industrial applications

which include coating and corrosion protection components (DWAF, 1996; Heijerick et al.,

2002). Environmental levels of zinc are currently increasing due to increased industrial emission

and association with automobiles materials (Flinn et al., 2005). The presence of zinc in domestic
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water arises mainly from the leaching of galvanized plumbing and fittings. Zinc is an essential

nutritional trace element for plants and animals. The adult human body contains about 2 - 4g of

Zn (Maret and Sandstead, 2006; Jansen et al., 2009). Humans have a high tolerance level to

elevated zinc concentrations, while fish are highly susceptible to poisoning. Zinc is the fourth

most abundant trace essential metal critical for the function of over 300 enzymes (Salgueiro et al.,

2002; Flinn et al., 2005; Haase et al., 2008; Jansen et al., 2009).

Zinc has diverse functions that include biological functions, enzymatic catalysis, redox

regulation, cellular signal transduction, immune systems, nervous systems, milk production

during lactation, bone formation (Haase et al., 2008; Salgueiro et al., 2002), while zinc deficiency

consists of the following: retardation of growth and development in children, retarded genital

development, dermatitis, weakened resistance to infectious and early death, hypogonadism,

cirrhosis (Salgueiro et al., 2000; Maret and Sandstead, 2006; Haase et al., 2008; Jansen et al.,

2009). The most common mineral form of zinc is the sulphide (sphalerite). Zinc is also found as

a carbonate, oxide or silicate and may occur in association with many other metal ores such as

copper and arsenic. The chloride, sulphate and nitrate salts of zinc are highly soluble in water, but

at neutral and alkaline pH they hydrolyse to form relatively insoluble hydroxides which tend to be

associated with sediments (DWAF, 1996).

Zinc and zinc salts are used in many industrial processes. Zinc itself is extensively used in

galvanising processes and in alloys. Zinc salts are used in paint pigments, in cosmetics and in the

manufacture of pharmaceuticals, dyes and insecticides. Zinc strongly interacts with cadmium, to

which it is chemically very similar (Synergistic interaction). Zinc is an essential nutritional micro-

element of relatively low toxicity, whereas cadmium, which is not essential, is highly toxic to all

higher organisms. Metabolically, zinc interacts with copper. As is the case with all metals, the pH

of the water determines the concentration of soluble zinc.

2.7.10 Levels of EDMs in environmental and biological samples

Dural et al. (2007) investigated the concentrations of metals (Cd, Pb, Cu, Pb, Zn and Fe)

in muscle, gill, liver and gonad of three fish species over two seasons. Fish samples were digested

with concentrated nitric acid and perchloric acid (2: 1 v/v) at 60°C for 3 days and samples diluted

with distilled water. Fe and Zn were determined in air-acetylene flame while Cd, Cu and Pb were

analyzed in a graphite furnace. Highest level of Zn (99.8 ugg" dw) was found in the liver in

winter and Cd (1.59 ugg' dw) and Pb (6.75Ilgg'] dw) was detected in the gill in spring. Highest
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Cu (12.03 ugg" dw) and Fe (383.7Ilgg·1 dw) was found in the liver in autum and winter,

respectively.

Effects of sediment-bound Cd, Pb and Ni on growth, feeding and survival of Capitella sp.

1 was studied by Homg et al. (2009). Capitella sp. 1was exposed to different concentrations of

metals in sediment prepared from CdCh, NiCh and PbCh stock solution. Growth rate, ingestion

rate, and percent survival were estimated in three separated experiments. Sediment metal

concentration was determined by digesting 3-g of the sediment with 21 ml concentrated HCI and

7 ml concentrated HN03, incubated for 1611,heated on hot plate until dried. The dried sample was

washed with 0.5 M diluted HN03, filtered and analyzed with GFAAS. The growth and feeding

of the worms were sensitive to even the lowest concentrations of each metal added to the

sediments. The lowest observable adverse effect levels for Cd, Ni, and Pb were 0.03, 1.59, and

0.41J.LlTIolg-I sediment, respectively. Growth rates decreased drastically with elevated metal

contamination. Capitella sp. I was most sensitive to Cd, followed by Ni and Pb, which had

similar effects. Sediment productivity remained unchanged at different contamination levels ofNi

and Pb, but was drastically reduced at 4.75 umolg " Cd in the sediment.

The concentrations of trace elements in water, sediment and fish (Micropterus salmoides)

samples were investigated by Ikem et a!. (2003). Water sample was analyzed by adding 15 ml

concentrated nitric acid to 45 ml of the water sample and digested with microwave. Sediment

samples was analyzed using ICP-OES after sequential extraction while fish sample (muscle,

vertebral column, gills and liver) was digested with 15 ml of nitric and subjected to microwave.

Level of metals in sediments ranged from 0.2 ± 0.1 to 37 ± 28.3 with lead having the highest

concentration. Concentration in fish ranged from not detectable to 244.57 ± 95.61. The potential

risks to human health for heavy metals in fish were all below the recommended value.

Levels of heavy metals (Cd, Co, Cu, Fe, Mn, Ni, Pb, Zn) were measured in muscle, gill

and liver samples of two fish species (Leuciscus cephalus and Lepomis gibbosus) by Yilmaz et al.

(2007). Tissue samples were digested with concentrated nitric acid on hot plate by varying the

time and temperature of digestion. After digestion, 10 ml of 1N HN03 was added to the solution,

filtered through 0.45 urn filter and analyzed with ICP/OES. The mean concentrations (ugg" wet

weight) of heavy metals in tissues of Leucis cephalus were 0.010 and 172 for Cd and Fe,

respectively, while concentrations in Lepomis gibbosus were 0.008 and 125.00 for Cd and Fe,

respectively. Ni was not determined in all organs studied. The results show similarities in metal

accumulation in tissues of the both Leuciscus cephalus and Lepomis gibbosus concentrations are

below the limits for fish as proposed by FAO.
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Usero et al. (2003) investigated the level of heavy metals in the muscle and livers of three

species of fish (Solea vulgaris, Anguilla anguilla and Liza aurata), water and sediment in Odei

reservoir and bay of Cadiz. Fish samples were digested with HN03 and H202, while sediment

samples were digested with HN03 and HCI04 using AMDS. Water samples was filtered with

0.45 11mmembrane, acidified with 2 ml of concentrated HN03, stored at room temperature until

analysis. All samples were analyzed for heavy metals with AAS except for Hg and arsenic were

analyzed by GFAAS. Heavy metals (mgkg') in sediment ranged from 0.7 ± 0.1 for Hg to

_ 55,500 ± 4700 for Fe at Odei reservoir, while it ranged from 0.3 ± 0.1 for Cd to 7600 ± 290 for Fe

at Cadiz bay. In water, concentration of metal ranged between 0.1 for Hg and 60 ± 3 for As at

Odei reservoir and 0.1 for Hg and 2.6 ± 0.2 for Ni at Cadiz bay. The concentrations of metals

were generally high in the livers than in the muscles.

2.8 Wastewater treatment plants as sources of EDes

Increased living standards, rising population level, agricultural and industrial

development have put pressure on the existing scare water resources in many countries.

Consequent upon the upsurge, there is urgent need to treat, recycle and reuse available water

resources. To complement scare water resources, there has been increase in the number of

wastewater facilities in many countries. This is to forestall the outbreak of environmental

pollution and spread of diseases, remove conventional pollutants (such as ammonia and

phosphate), and to maintain and restore the biologic integrity of surface waters (Wang et al.,

2005; Sun et al., 2008). Domestic and industrial wastewaters are significant sources of EDCs to

the receiving surface, coastal waters and regional environments (Ahel et al., 1994; Abel et al.,

1996; Ying et al., 2002; Vethaak et al., 2005; Voutsa et al., 2006; Zuccato et al. 2006).

A number of investigations suggested that final effluents of wastewater treatment plants

(WWTPs) were mainly responsible for the increasing estrogenic activity in many aquatic

environments (Sprynskyy et al., 2007). Removing microconstituents in a wastewater treatment

plant can be important in many ways. The effluents from WWTPs are usually discharged into

surface waters, such as rivers. Contaminants from the treated wastewater have been shown to

adversely affect surrounding wildlife and the aquatic environment. Processes such as

transformation and biodegradation may remove a large fraction of EDCs in WWTPs, physical

processes like coagulation, sedimentation, filtration and membrane separation might result in

EDCs accumulation in sludge that might require further treatment (Fiali-Meknassi et al., 2004).
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Removal rate of EDCs from the effluent of WWTPs vary greatly due to plant location

and physico-chemical parameters of the contaminants (Lazier and Mackay, 1993; Leusch et al.,

2006). Generally, fate of organic compounds and heavy metals in a water cycle is greatly

dependent on their ability to interact with particulates. These can include clay, sediments, colloid

coated with organic material and microorganisms. The fate is often not well understood, however,

is dependent on particulate contaminant interactions (Filali-Meknassi et aI., 2004).

2.9 Evidence and monitoring of EDes (phenols and phthalate esters) in the South
African environment

South Africa has experienced rapid industrial and urban growth, especially increase in the

number of small scale industries (Mahomed et al., 2008). South Africa is known to have used and

abused most chemicals listed by developed and developing countries as endocrine disrupting

chemicals (Burger and Nel, 2008). The presence of EDCs has been reported in the South African

environment, therefore exposing human and wildlife to possible health problems (Fatoki and

Noma, 2002; Burger and Moolman, 2006; Mahomed et al., 2008; Aneck-Hahn et al., 2009).

Many water bodies in the country receive significant inputs of natural and synthetic chemicals

(from both point and diffuse source) which often act as EDCs, thus constituting a threat to

reproductive health of aquatic organisms (Burger and Moolman, 2006; Govender et al., 2007).

South Africa as an emerging world economy depending largely on agriculture, chemical

industries and mining still faces challenges in the area of proper waste disposal from a number of

industrial and agricultural sources (Fatoki et al., 2004; Bornman et al., 2007; Mahomed et al.,

2008; Aneck-Hahn et al., 2009). An audit of wastewater in Pretoria (Mahomed et al., 2008) and

water, sediment and serum samples (Bornman et al., 2007) confirmed the presence of EDCs in

water, sediment and serum samples analyzed. This weight of evidences gathered on EDCs in the

South African environment has posed a huge challenge to water resources management. South

Africa is faced with the problems of limited water resources with most rural and urbanized

settlements depending on the available resources for their consumption, industrial and agricultural

usage (Fatoki et al., 2001).

In addition, most research in South Africa on EDCs is centered on estrogenic compounds

such as 17-p estradiol, p-Nonyl phenol, PCBs, estrone, estriol, organochlorine pesticides and

heavy metals (Van Wyk et al., 2003; Barnhoorn et al., 2004; Mahomed et al., 2008; Aneck-Hahn

et al., 2009). It is evident from various studies that EDCs are capable of initiating various health

disorders in aquatic organisms. Van Wyk et al. (2008) reported the testicular effects of some
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EDC compounds and metals on Clarias gariepinus. The impact of 17-a estradiol to stimulate

vitellogenin (VTG) on Xenopus laevis has also been reported (Bamhoom et al., 2004).

Though significant concentration of phthalates have been reported in some environmental

samples in the country (Fatoki and Noma, 2002; Adeniyi et al., 2008; Fatoki et al., 2010), there

has been paucity in research on phenols on the priority list not until recently (Abboo and

Pletschke, 2010). Concentrations of some of the compounds have been reported in drinking

water, lakes and swimming pools, as well as their inhibitory effects on ~-D-galactosidase and ~-

D-glucuronidase (Abboo and Pletschke, 2010). Assessing the potential ecological and health

impacts of EDCs (phenol and phthalate esters) in the country's environment requires

investigation of level and distribution in both aquatic and terrestrial systems.

Areas of significant importance that have been neglected in the monitoring ofEDCs in the

South African environment are treated wastewater from municipal wastewater treatment plants

and landfill sites. Though wastewater from household and industries are usually treated before

they are released into the river systems or used for irrigation purposes, studies have shown that

they often contain EDCs. Also, leachates from landfill sites are always treated before onsite

application, a process that can result in contamination of the water table by EDCs and heavy

metals.

2.10.1 The risk assessment framework

In recent decades, the interest about environmental issues has increased very quickly. Not

only scientists, but also other active members of the society (politicians, industrialists and the

general public), have paid much attention in all aspects related to the environment, in general, and

environment protection, in particular. In this context, environmental pollution has been one of the

fields where more efforts have been aimed to control. Because of the lack of environmental

consciousness and technical capacity, many industries released toxic substances into the air, water

and soil, for a number of years. As a first consequence, levels of pollution in areas surrounding

industrial sites became much higher than background (unpolluted) zones. Recently,

implementation of legislative measures carried out by public administrations has obliged to

companies to improve their production processes in order to reduce the pollutant emissions.

However, even though these measures are sometimes quantitatively quite restrictive, they

are only focused on reducing the impact of an individual source of contamination, rather than

aimed to control the integral state of the environment. It must be taken into account that industrial

companies are rarely located isolately. Usually, they are in industrial sites together with many
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other facilities. Thus, these industrial complexes may include a large variety of potential sources

of pollution which altogether can mean a significant entrance pathway of pollutants into the

environment. On the other hand, in developed countries industries tend to be located close to city

suburbs, so pollution may pose a potential risk for the population living near these facilities.

The concern resulting from the potential exposure to contaminants was the starting point

to develop methodologies in order to evaluate the consequences that those might have over both

the environment and human health. Among these methods, risk assessment has been one of the

most widely used. Risk assessment is a formalized process for estimating the magnitude,

likelihood, and uncertainty of environmentally induced health effects (Sexton et al., 1995). In

1983, the US National Research Council (NRC), in the so-called "Red Book", defined a series of

principles to be considered for human health risk assessment, and defined it as a process in which

information is analyzed to determine if an environmental hazard might cause harm to exposed

persons and ecosystems (NRC, 1983).

In addition to definition, NRC proposed a framework for human health risk assessment,

which involved 4 basic steps (NRC, 1993). The four steps of the process are:

1) Hazard identification

2) Dose-response assessment

3) Exposure assessment and

4) Risk characterization.

2.10.2 Hazard identification

This step can be defined as the qualitative determination of whether or not a particular

hazardous agent is associated with health effects of sufficient importance to warrant further

scientific investigations. Different kinds of tools (QSAR, short-term toxicity test, etc.) are used in

order to estimate the chemical damage of a single substance. When establishing the hazard from

industrial sources, the chemicals are also identified according to measurements of amount and

typology of emissions.
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2.10.3 Dose-response assessment

This component is focused on examining quantitative relationships between the

magnitude of the exposure (or dose) and the probability of occurrence of adverse effects in the

population. Usually, dose-response assessment is based on extrapolations from data about

laboratory animals, to which have been given high-doses of toxicant.



2.10.4 Exposure assessment

Exposure assessment may be defined as the quantitative determination of the extent of

exposure of the population to the hazardous agent in question. Since they provide a real

knowledge of the state of pollution of an area, data obtained in the environmental monitoring are

commonly used as a starting point. Factors that need to be considered include frequency and

duration of exposure, rates of uptake or contact, and rate of absorption (NRC, 1993). Other

factors in assessing exposure include release patterns, cumulative versus non-cumulative

exposure, persistence, failure of exposure controls, quality of data and quality of models.

2.10.5 Risk characterization

This fourth component can be defined as the description of the nature and magnitude of

the risk, expressed in terms which are comprehensible to decision makers and the public.

Information acquired in the previous 3 steps is integrated in order to communicate the overall

meaning of, and confidence in, the hazard, exposure, and risk conclusions. Risk is expressed as a

probability of suffering a particular kind of harm from a hazard to a specified group of population

(Bennion et al., 2005). Moreover, qualitative and quantitative uncertainty related to risk must be

also supplied.

As it has been seen, environmental monitoring is basic in order to carry out a correct

evaluation of the exposure. Its aim is to quantitatively determine the concentration of pollutants in

different media as a way to assess the impact of potential sources of contamination. Two

approaches can be distinguished: biological and environmental monitoring. On one hand, human

biomonitors, such as human milk, hair, adipose tissue, plasma and urine, may be used in

surveillance programs. Although these may provide in a very realistic and direct way how

population is exposed to pollution, they are very variable and highly dependent on personal

characteristics, such as dietary habits, smoking and weight rather than on low-level environmental

exposures (Paustenbach et al., 1997).

In contrast, the chemical analysis of the pollutant concentrations In different

environmental compartments (i.e., air, soil, vegetation, sediment) may be an interesting indirect

methodology for human health risk assessment. Human exposure may be considered to occur

through 2 routes: direct and indirect. Direct exposure is the sum of exposure to pollutants by

direct pathways, such as air inhalation, dermal absorption or soil ingestion (US EPA, 1989a). In

tum, pollutants can ultimately reach humans after crossing one or several paths, and they have
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been released by at least one intermediate (Rikken and Lijzen, 2004). For instance, contaminants

can deposit in vegetation and, following the food chain, be ingested by animals. Finally, they can

reach humans as a final step, through dietary intake, which should be considered consequently an

indirect pathway of exposure. In fact, different studies have reported that food intake is the main

exposure route to several pollutants for non-occupationally exposed populations (Capdevila et al.,

2003; Hellstrom et al., 2004).

As it has been noted, it is imperative to adequately characterize variability and

uncertainty in all the steps of risk assessment process. In fact, this qualitative and quantitative

characterization becomes critical in the fourth paradigm. Uncertainty and variability are related to

heterogeneity inherit in the population and lack oftotal knowledge of the same, respectively (US

EPA, 2001). Consequently, risk assessment must be performed since a probabilistic point of

view, rather than by considering deterministic aspects. Monte-Carlo analysis has been

increasingly used to adapt the necessity of including these aspects. This method has the advantage

of allowing the analyst to account for relationships between input variables and of providing the

flexibility to investigate the effects of different modeling assumptions (US EPA, 1997).

Risk assessment has been marked really as a procedure to link scientific information

about potentially hazardous substances to the decision-making process, through which human

exposures to these substances are regulated. A clear differentiation between the role of scientists

(risk assessors) and decision makers (risk managers) in the evaluation process must be carried out

(Williams, 2004). Risk assessment is just a part of risk analysis, which comprises 2 further steps:

risk communication and risk management. Risk management is the subsequent stage where

social, cultural, economic, and political issues are taken into account, and integrated to the

evaluation process of risk. Finally, risk communication is the interactive exchange of information

and opinions among individuals, groups and institutions.
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CHAPTER THREE: MATERIALS ANDMETHODS

To prevent the introduction and contamination by congeners of interest from the

materials used especially during phthalate esters determination, materials used were thoroughly

cleaned in accordance with laid down experimental protocols and contact with plastics for

organic sample collection, samples processing and analysis were avoided.

3.1 Cleaning of glassware

All glassware were washed with soapy water, cleaned with tap water and subsequently

soaked in 10 % nitric acid. They were then soaked in acetone for at least 30min, then rinsed with

hexane, and dried at 200 °C for at least 4 hours in an oven before rising with triple distilled

pesticide-grade acetone just before use. This is to prevent phthalate contamination. The caps or

lids of all sample bottles, jars and vials were lined with PTFE.

3.2 Study areas

Six wastewater treatment plants namely; Athlone, Bellville (which consist of the Old and

New plants), Kraaifontein, Potsdam, Stellenbosch and Zandvliet) were investigated for the

occurrence of heavy metals and seventeen organic compounds (eleven priority phenols and six

phthalate esters) and for the effectiveness of the wastewater treatment plants in removing them

from waste stream. Five of these WWTPs were located in the City of Cape Town, while one is

located in Stellenbosch. Rivers associated with each treatment plant are: Athlone - Vygekraal

River; Bellville - Kuils River; Kraaifontein -Mosselbank River; Potsdam - Diep River; Zandvliet

- Kuils River and Stellenbosch -Veldwachters River. The plants and rivers investigated are

presented in Figure 3.1. For heavy metal analysis, six points were sampled at each wastewater

treatment plant (Fig 3.2): raw water (RW), primary settling tank water (PST), secondary settling

tank water (SST), primary sludge (PS), secondary sludge (SS) and final effluents (FE), while

samples for organic compounds were only collected from raw and final effluents of the

investigated plants. All the sampled WWTPs receive wastewater from both domestic and

industrial effluents, except kraaifontein that receives mainly (about 90 %) domestic wastewater.

In addition to samples from water treatment plants, water and sediment samples were collected

from rivers that receive the final effluent from the WWTPs. Samples were taken at the point of
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discharge, as well as upstream and downstream from point of discharge (about 1-2km) to evaluate

the possible impact of effluent on heavy metals and organic compounds load on the aquatic
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Figure 3.1: Map showing five of the six wastewater treatment plants (Department of Water

Affairs).
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environment. The geographical location, population equivalent and treatment processes of the

investigated treatment plants are presented in Table 3.1. The plant configuration and operational

parameters is described in Section 3.2.1 through to 3.2.6

3.2.1 Athlone WWTP

3.2.1.1 Plant configuration and operating parameters

Athlone WWTP is a nitrification-denitrification biological excess phosphorous removal

(NDBEPR) plant with a design capacity to treat approximately 120 ML effluent per day. The

plant houses six identical bioreactors named from A to F, which operate in a University of Cape

Town (UCT) configuration with diffuse aeration. The raw influent consists of approximately

70 % industrial effluent and 30 % domestic effluent. Influent to the primary settling tank (PST)

consists of raw influent as well as the liquid component from the digesters and thickeners. The

plant operates at dissolved oxygen (DO) concentration of 2.5 to 3 mgl', anaerobic mass fraction

of 15 %, anoxic mass fraction of 29 % and aerobic mass fraction of 56 %.

Supernatant stream

Influent Final
Effluent

aAI).'r-+----___.-~-_:_:---:--' OAS
Activated Sludge, AS

Primary Sludge, PS
ars

~---- ... _...., - 1.-..1 \.......I I......l Rnal Sludge, FS
Sludge Homogenisation Dewatering

Digestion
Figure 3.2: Schematic diagram of wastewater treatment system. Key: RW- raw water, PSE-
primary sedimentation effluent, SSE-secondary sedimentation effluent, PS-primary sludge, AS-
Activated secondary sludge

3.2.2 Bellville WWTP

3.2.2.1 Plant configuration and operating parameters

The three industrial bioreactors (named North, Center and South), at Bellville have the

capacity to treat approximately 60 ML effluent per day. The configuration is the Modified

Ludzack-Ettinger (MLE) and the method of aeration is diffuse. The influent consists of raw,

unsettled influent of industrial origin that is supplemented by the primary sludge from the PST of
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the nearby domestic WWTP. The plant operates at a dissolve oxygen of 1-2 mgl", an anoxic mass

fraction of20 % and an aerobic mass fraction of80 %.

3.2.3 Kraaifontein WWTP

3.2.3.1 Plant configuration and operating parameters

Kraaifontein is a relatively small NDEBPR WWTP for the treatment of domestic

wastewater. The configuration of the plant is classic OCT and surface aeration is employed.

There is only one bioreactor and the aerobic, anoxic and anaerobic mass fractions are 59 %, 30 %

and 11 %, respectively and the average dissolved oxygen concentration is 2.8 mgl'. Influent is

first settled in PST's before entering the bioreactor.

3.2.4 Potsdam WWTP

3.2.4.1 Plant configuration and operating parameters

Potsdam WWTP uses both activated sludge bioreactors and fixed medium (stone)

trickling filter systems to treat the influent. This influent consists of primarily domestic waste

with an industrial component. The trickling filter system is ageing and function is poor. The plant

is presently being upgraded to increase both capacity and efficiency. Approximately half of the

influent is treated in the two identical bioreactors after undergoing primary settling. The plant

operates in the OCT configuration with surface aeration. Potsdam WWTP experiences

intermittent scum problems, mainly in winter and during periods of overloading.

3.2.5 Stellenbosch WWTP

3.2.5.1 Plant Configuration and operating parameters

Stellenbosch WWTP uses both activated sludge bioreactors and fixed medium (stone)

trickling filter systems to treat the influent. This influent consists of primarily domestic waste

with a huge industrial component. The trickling filter system is ageing and function is also poor.

The plant is presently being upgraded to increase both capacity and efficiency. Approximately

half f the influent is treated in the two identical bioreactors after undergoing primary settling.

The plant operates in the OCT configuration with surface aeration. Potsdam WWTP experiences

intermittent scum problems, mainly in winter and during periods of overloading.
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3.2.6 Zandvliet WWTP

3.2.6.1 Plant Configuration and operating parameters

Zandvliet WWTP uses extended aeration activated sludge with gas chlorination of

effluent. There is no maturation pond, so impact of process upset is immediate. Several standby

generators on site can supply entire works except for sludge dewatering. Secondary sludge is

mechanically dewatered and removed off-site for application to agricultural land. Design capacity

of 59 Mid'] at 700 mg!"]Chemical Oxygen Demand equivalent to 338 000 population equivalents.

Presently treating - 56 Mid'] (95 %) equivalent to 400 000 population equivalents (93 %).

3.2.7 Kirstenbosch Botanical Garden (Control site)

Kirstenbosch was established in 1913 to promote, conserve and display the extraordinarily

rich and diverse flora of southern Africa (http://www.sanbi.org). The geographical co-ordinates is

E 18°26'06.48" 33°59'15.76" S Long 18.43209 Lat -33.99039. The Garden covers 36 hectares in

a 528 hectare estate that contains protected mountainside supporting natural forest and fynbos

along with a variety of animals and birds. Kirstenbosch lies in the heart of the Cape Floristic

Region, also known as the Cape Floral Kingdom. The site was chosen as the control site on the

assumption that the site will be less contaminated compared to WWTP and the freshwater

systems investigated.

3.3 Method development on HPLC

This method was developed only for eleven priority phenol. This is to allow for their

determination in drinking water prior to the combined method development for phenols and

phthalate esters on GC-MS.

3.3.1 Chemicals

Phenols were obtained from the following sources: phenol (99 %), 2-rutrophenol (99 %),

4-chloro-3-methylphenol (98 %), 2-chlorophenol (98 %), 2,4-dinitrophwnol (99%),

pentachlorophenol 2,4-dimethylphenol (99 %), 2,4,6-trichlorophenol (99 %), 2,4-dichlorphenol

(99 %), 2-methyl,4,6-dinitrophenol (99 %), from Sigma Aldrich (South Africa); 4-nitrophenol

(99 %), 2,4,6-tribromophenol (99 %) from Separations (South Africa), phosphoric acid 85 %

Sigma Aldrich, 2,4,6-tribromophenol (99 %) from Dr. Ehrenstorfer (Germany). Methanol and
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acetonitrile gradient-grade were purchased from Sigma Aldrich and Merck (Germany), respectively

and were futher purified through distillation. Standard solutions of phenols, (1000 mgl") were

prepared in methanol; aliquots of the standard solution were further diluted with methanol to prepare

the working solutions.

3.3.2 Columns and cartridges

C 18-E cartridges (strata) containing 500 mg! 6 ml of adsorbent (Separations, South Africa)

and a newly launched kinetex C18-100A column (150 mmx-l.ó mm i.d., 5 )lID particle size) from

Phenomenex (Torrance, CA, USA) were used.

3.3.3. Instrumentation

Instrumentation and software analyses were performed using a Agilent 1100 series high-

performance liquid chromatography equipped with a quaternary pump, a vacuum membrane degasser,

an automatic autosampler, an automatic injector and connected "on-line" to a Agilent photodiode

array detector (DAD). A gradient mobile phase of 0.1 % phosphoric acid in acetonitrile/water was

used for the chromatographic separation flow-rate of 1.0 mlmin". The optimized gradient programme

is shown in Table 3.2. A Supelco Visiprep SPE vacuum manifold (South Africa) was used for the

elution of SPE columns. Detection was conducted at 280 nm for all the target analytes.

3.3.4. Water samples/extraction optimization studies

Mili-Q water was used as the matrix for al1 the recovery experiments. Blank experiments

showed that phenols were undetectable in this water. The water pH was adjusted to 2 using sulphuric

acid. All solvents and solutions prepared for LC were filtered through 0.22 )lID cellulose acetate disk

filters (Millipore) before use. AH water samples were col1ected in glass bottles and stored in a

refrigerator at 4 °C prior to extraction. Water samples were filtered using a vacuum system through

0.45 urn and 0.22 urn to remove particulate matter. The phenolic compounds were concentrated on

SPE as described below.

3.3.5 Chromatographic conditions

Mobile phases were water (0.1 % phosphoric acid) and acetonitrile (0.1 % phosphoric acid).

AH solvent and mobile phases were firstly filtered under vacuum through 0.45 urn nylon filters and

degassed using a vacuum degasser. The chromatographic system was conditioned by passing the

solvents through until a stable baseline signal was obtained. Once the chromatographic system was

conditioned with mobile phases, the chromatograms were obtained by injecting 20 III of appropriate
".---

mixture of phenols. For optimization purposes, mobile phase methanol/water (1% acetic acid) and

acetonitrile/water (0.1% phosphoric acid) was used. The flow rate was in the range of 0.6 mlmin" to
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1.2 mlmin" while the temperature was maintained at 25°C. The eluent condition varied from 70%

water (5 min isocratic) to 100% of organic modifier (gradient) in 15 min at 1 mlmin". The UV was set

at 280 nm. After use, 50:50 (v/v) water-acetonitrile mixtures (0.75 mlmin') for 30 min

(Table 3.2) washed the column.

Table 3.2: Chromatographic parameters used for the analysis of phenols on HPLC

Chromatograph
Detector
Column (length x internal cliarneter x particles)
Injection volume
Mobile phase

Flow rate
Gradient elution

Temperature
Data collection

Agilent Technologies 1100 series
DAD
Kinetex 100 C-18 100A (150 mm x 4.6 mm x 2.6 urn)
20 JlI
A: water with 0,1% H3P04

B: Acetonitrile with 0,1% H3P04

1 ml/min
Time %A %B
o min. 70 30
5 min. 60 40
10 min. 30 70
15 min. 0 100
Ambient (25°C)
Chemstation D-7000 HPLC System Manager
(HSM) Software (Version 3.0)

3.3.6 Extraction procedures

3.3.6.1 Strata C18 SPE cartridge

Prior to extraction, cartridges were washed with 2 ml of acetonitrile to remove impurities.

They were then conditioned with two 5 ml portions of methanol and left to soak for 1 min before

methanol was drawn off; excess of methanol was subsequently displaced with 2 ml of MilliQ water at

pH 2. Air contact with the column was avoided until sample extraction had been completed. The

water sample was pumped through the column by a vacuum pump, connected by PTFE tubing, with

the vacuum adjusted to give a flow-rate of 7-8 mlmin'. After passage of the water sample, the

cartridge was dried by vacuum suction for 1 min. The analytes were eluted from the cartridge with 1.5

ml of acetonitrile and concentrated to 0.5 ml under gentle flow of dry nitrogen and 20 ul was injected

for LC analysis.

3.3.7 Real water analysis on HPLC

Potable water samples were either purchased or collected from taps, while freshwater

were collected from dam, pond and swimming pool from the Bellville campus of Cape

Peninsula University of Technology (CPUT). Purchased bottle water were classified as Brand
/

. water 1 (BDl), Brand water 2 (BD2) and Brand water 3 (BD3), while tap water were
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collected from Postgraduate Residence and Food Technology Laboratory from CPUT and

from selected informal settlements namely; Khayelitsha, Langa and Guguletu in Cape Town.

Water samples were collected in triplicates on monthly basis over a three month 'period.

Water samples were stored on ice from the point of purchase or collection and kept at 4°C in

the fridge until analysis. The samples were extracted, treated and analyzed as outlined in

section 3.3.6.

3.3.8 Quality assurance and quality control (QAlQC)

Spiked procedural blanks with the surrogate standards, solvent blanks and control samples

were included in each batch of analyses. Blanks and controls were treated in the same manner as the

samples were always analyzed after every sample injection. A calibration standard solution of

2.5 ngul' was injected in duplicate to monitor the instrumental sensitivity and reproducibility every

time before sample analyses.

3.4 Method development on GC-MS

Seventeen organic compounds (phenols and phthalate esters) were determined in wastewaster

and fresh water samples on GC-MS collected on seasonal basis from six wastewater treatment plants

and five Rivers after initial instrument optimization.

3.4.1 Chemicals and reagents

Analytical grade phenol (PH) 99.9 %, 2-nitrophenol (2-NP) 99 %, 4-nitrophenol (4-NP)

99 %, 2,4-dinitrophenol (2,4-DNP) 99.7 %, 4,6-dinitro-2-methylphenol (DNMP) 98 %,

2,4-dimethylphenol (2,4-DMP) 98 %, 2-chlorophenol (2-CP) 99.8 %, 4-chlorophenol (4-CP) 99 %,

2,4-dichlorophenol (2,4-DCP) 100 %, 4-chloro-3-methylphenol (4-C-3MP) 99 %, pentachlorophenol

(PCP) 99.6 %, dimethyl phthalate (DMP), diethyl phthalate (DEP) 99 %, benzybutyl phthalate (BBP)

98 %, dioctyl phthalate (DOP) 99 %, diethylhexylphthalate (DEHP) 99 %, dibutyl phthalate (DBP) 99

% were purchased from Superleo (Bellefonte, PA USA). Helium (99.999 %) is supplied by Afrox gas,

South Africa, Potassium Carbonate, acetic anhydride were supplied by Separations (South Africa).

The solvents (methanol, n-hexane, acetone and acetonitrile) were of analytical grade from Sigma

Aldrich and were further purified by distillation. Separate stock solutions (1000 mgl') of individual

congeners were prepared in methanol A working mixture containing each compound at 10 mgl' was

also prepared and stored at 4°C in the dark. MiIIi-Q water used was from apparatus Millipore

(Bedford, MA, USA).
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3.4.2 Instrumentation

An Agilent 6890N gas chromatograph/5975 mass selective detector system operating at 70

eV with ion source temperature set at 230°C was used for this study. The gas chromatograph was

equipped with a DB-5MS fused silica column (phenyl methyl siloxane) (30 m x 0.25 mm i.d.; 0.25

!-UTI film thickness). The injector temperature and GC-MS interface temperature were maintained at

260 and 280°C, respectively. The sample was introduced into the gas chromatograph in splitless

mode and the helium carrier gas flow rate was set at 1.0 ml/min. The oven temperature of the GC was

set at 80°C for I min, increased to 150°C at 5°C/min and finally increased to 280°C at 12°C/min and

held for 7 min. The post run temperature was set at 300°C for 2 min to clean up the column before the

next injection. The ramped oven temperature programmes optimized for GC-MS is presented in Table

3.3, while the best instrumental conditions of GC and MS used for sample analysis are tabulated in

Table 3.4.

Table 3.3: Ramped oven temperature programmes optimize for GC-MS

Oven Temperature
programme

Analysis time
(min)

Injector
temp (0C)

Carrier gas
flow rate (ml/min)

100°C (1 min) to 150°C
@ 10°C (7min), to 280°C,
@ 15°C (20m in)
100°C (1 min) to 150°C
@ 30°C (Irnin), to 205°C,
@ 3°C, to 260°C @JOoC
(7min)
100°C (1 min) to 150°C
@ 30°C (Irnin), to 205°C,
@ 3°C, to 260°C @JOoC
(7min)
80°C (1 min) to1S0°C
@SoC (1 min), to 280°C
@ ]2°C (7 min)

260 35.67

250 34.50

260 35.00

260 1 33.83

Table 3.4: Gas Chromatography and Mass Spectrometer Parameters

Gas chromatography Mass spectrometer

GC-MS
Capillary Column

Carrier gas

Injector parameters

Oven temperature

Agilent 6890N
DB-5MS, 30 m x 0.25 mm i.d.
(0.25 urn film thickness)
Helium, purity: 99.999%

5975
Ion source Electron impact

ionization, 70 ev
230°CIon source

temperature
Inlet temperatureI ul, splitless, injection

temperature 260°C
80°C (1 min) -5°C min-I
150°C held for I min,
then to 280°C at 12°C (7 min),
carrier gas flow rate: 1.0 mL min"
Post run temperature: 300°C (2 min)

Transfer line
Scan mode (mlZ)

280°C
50-450
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3.4.3 Derivatization procedure

Some EDCs such as phenols with hydroxyl group within the molecule have to be derivatized

with N-Methyl-N- (Tert-Butyldimethylsilyl) trifluoroacetamide (MTBSTFA), which results in the

formation of tert-butyltrimethylsilyl (TBMS) derivatives. The high polarity of the phenolic

compounds gives rise to poor chromatographic performance and as a consequence derivatization was

carried. The phenol-silylate tends to be more volatile and affords a better detection limits when using

GC. The detection limits observed after derivatization on GC-MS was better than when phenols were

determined using HPLC.

3.4.3.1 Acetylation procedure

For acetic anhydride derivatization, 1 ml of standard mixture was added to 3 ml of 0.1 M

K2C03 followed by the addition of 2 ml of n-hexane containing 100 uL of acetic anhydride. The

mixture was vigorously shaken in a 6 ml glass vial and allowed to stand for 30 mins. The organic

phase was pipette using Pasteur pipette and dry using Na2S04, this was concentrated to about 400 ul

under gentle flow of nitrogen gas and injected into GC-MS.

3.4.3.2 Silylation procedure

For silylation derivatization, the silylating reagent used is N-Methyl-N- (Tert-

Butyldimethylsilyl) trifluoroacetamide (MTBSTFA). Two derivatization method were tried,

derivatization using heating block as proposed by Heberer and Stan (1997) and the developed method

in our laboratory using GC-oven. For the heating block method, 50 JlI of phenolic standards were

measure and 50 ul of derivatization reagent added. The mixture was heated at varying temperature

and subjected to GC-MS analysis. For the new method, 1 ml of the standard mixture was measured

into sample vial and blown to dryness under gentle flow of nitrogen gas. The dried standard mixture

was reconstituted with 50 ug] acetonitrile and 50 ugl of the derivatization reagent (MTBSTFA). The

mixture was vortex mix for 90s. This was derivatized at 90°C for 20 min in GC oven. The sample was

cool down to room temperature and 1JlI was injected into GC-MS for analysis. The stepwise

derivatization procedure is shown in Figure 3.2.

3.4.5 Determination of limits of detection and quantification on HPLC and GC-MS

The best optimized conditions were obtained from a series of experiment (Tables 3.2 and 3.4)

were used for LC and GC analysis. From the stock standard solution, lower standards were prepared

through serial dilution of individual standard of phenols and phthalate esters as well as the mixture

standards. 20 JlI and 1 JlI of each of the standard was injected into LC and GC, respectively to

determine the lowest concentration. Different procedures for the determination of limits of détections

(LODs) and limit of quantifications (LOQs) are reported in the literature. These limits can be
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experimentally estimated from the injection of serially diluted standard solutions or extracts of

fórtified water samples until the signal-to-noise ratio (sin) ratio reaches a value of three. LOD could

also be estimated as three times the noise level of the baseline in the chromatogram, while the limit of

quantification (LOQ) is set at three times the LOD. For this study, LOD and LOQ were calculated

using the equations below:

LOD = 3.3 x Sbla (1)

and

LOQ = 10 x Sbla (2)

where a is the slope and Sb is the standard deviation of the y-intercept (De Sousa et al., 2003).

3.4.6 Solid phase extraction for water samples

e 18-E cartridges (strata) containing 500 mg! 6 ml from separations were used for the

extraction of phenols and phthalates from water samples based on recoveries obtained for phenols in

section 3.2.4. Prior to sample processing, the cartridges were fitted onto a vacuum manifold

(Supelco) connected to pump and the cartridges were conditioned with 5 ml of n-hexane.acetone

(50:50, v/v), followed sequentially by 5 ml of methanol and 10 ml of Milli-Q purified water (purified

by Milli-Q System, Millipore, Bedfore, MA, USA). Prior to extraction of each 500 ml, water samples

were filtered on vacuum using a 0.22 urn to remove suspended particulate matter that might block the

SPB cartridges. Hydrochloric acid (37 %) was used to adjust the pH of the water sample to pH :S 3

before passing it through the conditioned cartridge. Then,S ml of Milli-Q was passed through and

left on the vacuum manifold for 30 min to dry (-70Kpa). The retained analytes of interest were eluted

with 3.5mL of methanol followed by 3.5 ml ofn-hexane:acetone (50:50, v/v) into 10 ml glass vial.

This was blown to dryness on hot plate at 70 oe under gentle flow of nitrogen followed by

derivatization.

3.4.7 Quality assurance and quality control (QA/QC) for GC-MS

Spiked procedural blanks, solvent blanks and control samples were included in each batch of

analyses. Blanks and controls were treated similarly as the samples and analyzed after every sample

injection. A calibration standard solution of 50 ugl" was injected in duplicate to monitor the

instrumental sensitivity and reproducibility every time before sample analyses.
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Acetylation Silylation

1 ml of1orking standard

(add)

Iml of s1ard mixture

3 ml of 011 M K2C03
(add)

Blow to dryness on hot plate at 70°C
under gentle flow of nitrogen

1
1

50 JlI each of Acetonitrile and MTBSTFA

1
2 ml of n-hexane

(Containing 100 JlI of acetic anhydride)

Shake vigorously and allow to
stand for 30mins

1
vorte1 mix (90 s)

Separate the organic phase, dry on
Na,SO, and crcentrate with N, gas

Derivatized at 900C for 20mins in GC oven
cool to room temrrature

Analyze on GC-MS Analyze on GC-MS

Figure 3.3: Derivatization procedure for acetylation and silylation

3.5 Metbod development for metal analysis using Iep-MS

3.5.1 Methods

All the determinations were carried out by Inductively Coupled Plasma Mass Spectrometry

(ICP-MS) located at the geology Department, University of Stellenbosch. The Agilent 7700

instrument was used with a Meinhardt nebulizer and silica cyclonic spray chamber with continuous

nebulization. The operation parameters are: Plasma RF power: 1550 W; Sample depth: 8.0 mm;

Carrier gas: 1.08 Llmin; Nebulizer pump: 0.10 rps; Helium gas: 5.3 mlmin" for ICPMS. The

isotopes of the elements determined were: Jl) Cd, 75As, 208Pb, 202Hg, 66Zn.
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3.5.2 Reagents: Water (resistivity 18.2 Mn em) was de-ionized by use of a Milli-Q system

(Millipore, Bedford, MA, USA). Certified standard of all the metals (As, Cd, Pb, Hg and Zo) to cheek

for instrument performances and AuCl3 were obtained from Merck, South Germany. Ultrapure nitric

acid (65 %) and 32 % hydrogen peroxide were obtained from Fluka Kamika, Switzerland. 1000 mgl"

of metal stock standard solution (As, Cd, Pb, Hg and Zn) was supplied by Sigma-Aldrich.

3.5.3 Measurement of physico-chemical parameters for water and sediment samples

The pH, conductivity and temperature of the river and wastewater were determined on-site

with a dual pH and conductivity meter supplied by Merck NT Laboratory Pty Ltd and a thermometer.

3.5.4 Wastewater and river water digestion

Water samples for the heavy metals analysis were collected in l litre plastic container which

were initially washed with detergent and rinsed with distilled water. The containers were finally

soaked in 10 % Nitric acid. The containers were then rinsed at least three times with MilliQ water. At

the sampling sites, containers were rinsed three times with the water samples before being filled with

the samples. The samples were preserved by adding cone. HN03 to each sample bottle and the pH

adjusted to 2.0 by the use of pH meter. The samples were stored in a refrigerator at about 4°C, before

subsequent analysis. As samples may contain particulate or organic materials, pretreatment in the

form of digestion is required before analysis. Nitric acid digestion was employed in accordance with

Akan et al. (2008). A few drops of AuCl3 were added to 100 ml of unfilteres wastewater and river

water samples to keep Hg ion in solution prior to digestion.

3.5.5 Sediment and sludge digestion

Sediment and sludge samples were collected into a well-labeled zip-block bags. The sludge

and sediment samples were dried in an oven at 60°C for 24 br, grounded using pestle and mortar.

The samples were passed through a 1 mm sieve discarding the fraction > 1 mm and eliminating

stones, roots and fragments of plastic and metal. The sieved samples were kept in well labeled pre-

cleaned dried plastic containers. For the analysis, 1 g of both sediment and sludge were weighed using

a fine analytical balance (RADWAG) into a test-tube and 10 ml of 1:1 HN03/water was added. The

slurry was covered with wash glass and digested at 95°C ± 5 °C after the addition of few drops of

AuCh to stabilize Hg ion that may be present using a Grant dry-block heater for 30 min (USEPA

3050B). The sample was allowed to cool down and 5 ml of HN03 was added and watch glass

replaced. The samples were returned to the block heater and further heated for 2 hours. The samples

were cooled down and 2 ml of water and 3 ml of hydrogen peroxide was added and the cover

immediately replaced to prevent volatilization of mercury and samples heated for another 2 hours. A

blank (control) of reagents without the samples were treated the same way as for samples. The
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samples were cooled to room temperature, filtered with using 0.45 )lD1 cellulose nitrate ultra-filtration

membrane filters (Whatman) into 100 me volumetric flasks, made up to a volume with MilliQ water.

The digested samples (water, sediment and sludge) were analyzed using ICP-MS using the parameters

stated in section 3.5.1

To obtain the soil and sediment concentrations, the ICP values were converted using the

formula:

SMC = [ICPReading -CreadingJ* DF
WSS

............................................. (3)

Where: SMC = soil or sludge concentration (J.lgg-\ ICP = Inductively Coupled Plasma values;

C = blank; DF = dilution factor; WSS = weight of soil or sludge sample (g).

3.4.6 Quality assurance for instrumentation and analytical method

The spiking method (standard addition method) was used for water, sediment and sludge

samples due to non-availability of reference materials. For water samples, 100 ml of wastewater,

freshwater and MilliQ water were measured into 250 ml conical flask and spiked with known

concentration of the metal standard and digested as described above. 1 g of pre-digested sediment and

sludge samples was also spiked and recovery determined following digestion outlined above.

Triplicate analysis of each of the metals was carried out with water, sediment and sludge samples

along with blank samples.

3.6 Removal efficiency

Unfortunately, none of the WWTPs were monitored for both influent and effluent flow rates.

The removal efficiency (e) of each metal and organic compound was calculated based on influent and

effluent concentrations, and on the assumption of steady-state conditions and that precipitation or

evapotranspiration had minimal impact on the water storage as compared to inflow and outflow:

e(%)=(EDCiI Mi - EDCe! Me)X100% = QiCi -QeCe x 100% = Ci -Ce x 100%
Mi QiCi Ci (4)

With EDCile or Mile = the organic or metal flux in influent/effluent (mgd-I);

Ci/e = the metal concentration in influent/effluent (mgl");

Qi/e = the mean flow rate of influent/effluent (l dol).
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3.7 Seasonal sampling protocol

Grab water samples for heavy metals analysis were collected from all the sections of

the wastewater treatment plants as described in section 3.2 in triplicates on monthly basis but

the samples were pooled together for each quarter and analyzed in triplicates (section 3.5.5).

This is to allow for the possible seasonal variation in the concentration of the metals in the

WWTPs and the receiving water bodies. For the organic congeners monitored, grab samples

were collected from the influent and effluent points and from the upstream and downstream

sections (about 1 to 2 Km) from the discharge point of the effluent to the receiving water

bodies. The organic analysis was carried as stated in section 3.4 and mean values for the

congeners were computed as the average of the number of samples collected per quarter.

Sampling for heavy metals analysis commenced in January 2010 and ended in December 2010, while

sampling for organic compounds started in April2010 and ended in March 2011.

3.8 Statistical analysis

Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS)

19.0. Normality of the distribution was tested by means of the Kolmogorov-Smirnov test of normality

(a = 0.05). As metal concentration in the water were not normarlly distributed, significance of

difference between raw wastewater, settling tank and effluents were assessed by means of non-

parametric Wilcoxon tests (a = 0.05). Seasonal effects were analysed by means of the non-parametric

Kruskal-Wallis rank test (a = 0.05).

3.9 Health risk assessment

A human health risk assessment was conducted to provide an indication of whether the

organic compounds, heavy metals or metalloid (arsenic) detected in the water samples tested may

cause adverse health effects to humans. The methodology used to assess this potential human health

risk was that described by US-EPA (1988, 1996) and the WHO (2002). The exposures considered in

the assessment include:

a) Ingestion through drinking affinal effluents or river water,

b) Dermal absorption due to daily washinglbathing in the river water,

c) Irrigating farm lands with final effluent or river water,

d) If fish from these areas is consumed.

Human exposure to toxic effects are expressed in terms of average daily dose (ADD) which is

the amount of substance taken into the body on daily basis during the exposure period calculated.
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ADD = (Cmedium X IR x ED x F cJ /BW x AT (mg/kg-d) (5)

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

ATis the lifetime averaging time

For risk of carcinogens for exposures that last less than lifetime, the dose is adjusted using the

formula:

LADD =ADD x (ED/Lft) (6)

where:

Lft is lifetime

3.9.1 Non-Cancer toxic effects (Hazard Quotient)

For agents that cause non-cancer effects, a Hazard Quatient (H.Q) was calculated, comparing

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) was compare to a Reference

Dose (RID):

H. Q. = Average Daily Dose / Reference Dose (7)

Any Hazard Quotient less than I is considered to be safe for a lifetime exposure.

3.9.2 Cancer risks

For chemicals that may cause cancer if ingested, risk is calculated as a function of Oral Slope

Factor and was calculated by using the formula:

Risk = Oral Slope Factor * Lifetime Average Daily Dose 8)

3.9.3 Cross-Media transfer equations used to generate exposure estimates

The formulae used to generate the exposure concentration based on water concentrations was

by using the method described by the US-EPA (1990) for water to fish; vegetables; dairy and meat

concentrations. Consumption of recreation ally caught fish and shellfish-water to edible tissue is

presented in equations below:

/,-
C(w) (9)
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BCP =[0.79 * log (Kow)] - 0.40 (10)

Where:

C (f) = concentration in fish

C (w) = concentration in water

C(sd) = Concentration in Sediment

DN = Sediment Density (Relative to Water Density of 1.0 kg/I) (1.90)

OC = Organic Carbon Fraction of Sediment (4.00%)

Koe = Octanol-Carbon Partition Coefficient of the Compound

Kow = Octanol - Water coefficient of the compound

BCF = Bioconcentration factor

3.9.4 Homegrown fruit and/or vegetables - Water to root (root uptake)

Limitations:not applicable to polar species, where RCF(w) = 0.82

C(r) = RCF (w) * C(w) (11)

10g(RCF(w) - 0.82) = (0.77 * 10g(Kow» - 1.52 (12)

Where:

CCr)Concentration in root

CCw)Concentration in water

Proportion in root

RCF = Root concentration factor

Kow = Octanol-water partition coefficient of the compound Chemical Specific

Calculated

Chemical Specific

100.00%

3.9.5 Homegrown fruit and/or vegetables - Water to transpiration stream (root uptake)

C(st) = TSCF(w) * C(w) (13)

TSCF(w)= 0.784 exp -«Log(Kow) - l.78) ** 2)/2.44) (14)

Where:

C(st) Concentration in Stem

CCw)Concentration in Water

Proportion in Stem:

Calculated

Chemical Specific

100.00%

TSCF = Transpiration Stream Concentration Factor

Kow = Octanol-water partition coefficient of the compound Chemical Specific
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3.9.6 Homegrown meat or dairy - Water to edible tissue

Limitations: If either of these conditions occur, BCF = 0, Log Kow < 3.5, Log S > 4

where S is the water solubility of the compound.

C(t) = BCF(f) * F * C(w) (15)

10g(BCF(f)) = -30457 + 0.5(log(Kow)) (16)

Where:

C(t) = Concentration in edible tissue

C(w) = Concentration in water

F = Fat content in tissue (dairy) 4.00%

F = Fat content in tissue (Meat) 14.00%

BCF = Bioconcentration factor for tissue fat

Kow = Octanol-water partition coefficient of the compound

calculated

chemical Specific

chemical specific

chemical Specific

3.9.7 Exposure parameters used to calculate exposure estimates

The dose estimates in this assessment, as well as the risk estimates derived from them, refers

only to the specific exposures that have been described in Table 3.5. The average daily dose was

calculated taking into account the concentration of the chemicals in water, sediment, for a 70 Kg adult,

assuming an intake of 0.054 kg fish on a daily basis (equivalent to 378 g per week). A range of risks is

presented making use of average and 95th percentile concentrations of chemicals detected in water,

calculated to represent concentrations expected in fish. Tbe 95th percentile represents the "reasonable

maximum" risk.

Table 3.5: Exposure parameters used to generate exposure estimates

Exposure parameter Amount

Events per year 350

Kg fish per day 0.054

Kg dairy 004

Kg meat per day 0.1

L water per day 2

Body weight 70 kg

Exposure duration 30 years
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Physicochemical parameter assessment

4.1.1 pH
A variety of human activities e.g. agricultural activities, urban and industrial development,

mining and recreation, significantly alter the quality of natural waters, and changes the water use

potential (Spinks et al., 2006; Madungwe and Sakuringwa, 2007). Water quality may be referred to as

a combination of many parameters (e.g. pH, temperature, conductivity etc.) (Fatoki et al., 2001;

Fatoki et al., 2003). Water quality degradation world-wide is mainly due to anthropogenic activities

which are known to release environmental contaminants into the river and marine ecosystems thereby

resulting in adverse effects upon the aquatic ecosystems.

Geology and atmospheric influences determines the pH of natural waters and thus most

freshwater within the South Africa are relatively well buffered with ranges between 6 and 8 (Morrison

et al., 2001; Igbinosa and Okoh, 2009). pH affects the aquatic ecosystems by determining the

chemical species and the potential toxicity and availability in which numerous elements (trace metals,

non-metallic elements and essential elements) are found in water (DWAF, 1996). A change in pH

from around neutral will result in changes to the water quality and subsequently increase the stresses

upon aquatic organisms.

The pH regimes for all the sampling sites in this study is presented in Table 4.1. The pH vary

significantly (P < 0.05) for some of the sampling sites over the study period and ranged from 6.5 to

7.83 during summer; 6.63 to 8.93 during autum; 6.5 to 7.83 during winter and 6.5 to 7.93 during

spring. The pH of the treated effluent ranged from 6.5 (Sites 12 and 24) to 8.03 (Site 16). Generally

speaking, the obtained pH values fall within the World Health Organization standard of 7.0 and 8.5

and water quality guideline ranges of 6.5 to 8.5 for drinking water and water meant for full contact for

recreation, respectively (DWAF, 1996; WHO, 1984). However, the pH range value of 8.93 obtained

at site 10 during autumn exceeded the water quality guidelines but falls within the European Union

limit of 6.0 to 9.0 for fisheries and aquatic life (Chapman, 1996). The trend in pH for all the sampling

sites indicated that the wastewater treatment plants effluent acted as a dilution factor to lower the river

water pH value. The pH values in this study is similar to results reported elsewhere (Morrison et al.,

2001; Jaji et al., 2007; Igbinosa and Okoh, 2009).
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Table 4.1: Seasonal pH values of water samples

Summer Autumn Winter SQring

Site 1 7.1 6.9 7.4 7.1

Site2 N/A 7.16±0.06 7.37 ± 0.1 7

Site 3 7.1 7.3 ± 0.1 7.01 ± 0.6 7.3

Site4 7.23 ± 0.2 6.63 ± 0.06 6.73 ± 0.07 6.8

Site 5 7.5 ± 0.1 6.77±0.1 7.1 ±O.l 7.6

Site 6 7.7 7.7 7.5 7.3

Site 7 7.23 ± 0.06 7.93 ± 0.08 7.65 ± 0.16 7.32 ± 0.35

Site 8 7.4 7.4 7.4 6.83 ± 0.06

Site 9 7.6 7.8 7.6 7.2

Site 10 6.83 ± 0.06 8.93 ± 0.1 7.7 7.93 ±0.1

Site Il 7.67 ± 0.1 7.63 ±O.l 7.67 ± 0.1 6.77±0.1

Site 12 6.5 7.17±0.21 6.5 6.87 ± 0.24

Site 13 7.17±0.1 6.8 7 6.67 ± 0.06

Site 14 7.2 7.23 ± 0.08 7.19 ± 0.26 7.13 ± 0.5

Site 15 7.67±0.1 7.6 ± 0.25 7.23 ± 0.1 7.3

Site 16 8.03 ± 0.21 7.5 7.5 7.1

Site 17 7.43 ± 0.25 7.37±O.l8 7.07 ± 0.06 7

Site 18 6.9 6.8 6.6 6.9

Site 19 7.6 7.6 7.63 ± 0.33 7.3

Site 20 7 7.2 7.2 6.8

Site 21 7.2 7.17±0.36 7 6.76 ± 0.2

Site 22 7.17±0.2 7.1±O.l 7.23 ± 0.31 6.83 ± 0.21

Site 23 7.2 7.9 7.83 ± 0.14 7.67 ± 0.57

Site 24 7.2 7.19 ± 0.33 7 6.5

Site 25 7.2 7.2 7.43 ± 0.14 7.16 ± 0.49

Mean (±SD); Site 1: Kirstenbosch botanical garden; Site 2: Athlone upstream; Site 3: Athlone influent; Site 4:

Athlone effluent; Site 5: Athlone downstream; Site 6: Bellville upstream; Site 7: Bellville influent; Site 8:

Bellville effluent; Site 9: Bellville downstream; Site 10: Kraaifontein upstream; Site 11: Kraaifontein influent;

Site 12: Kraaifontein effluent; Site 13:Kraaifontein downstream; Site 14: Potsdam upstream; Site 15: Potsdam

influent; Site 16: Potsdam effluent; Site 17: Potsdam downstream; Site 18: Stellenbosch upstream;

Site 19: Stellenbosch influent; Site 20: Stellenbosch effluent; Site 21: Stellenbosch downstream;

Site 22: Zandvliet upstream; Site 23: Zandvliet influent; Site 24: Zandvliet effluent; Site 25: Zandvliet

downstream; N/A: Not analyzed.
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4.1.2 Electrical conductivity

Conductivity is the ability of a water sample to conduct electrical current and measures the

total quantity of total dissolved salts. Electrical conductivity (EC) has been reported to range from as

low as 9 uScm' to as high as 97600 flScm-1 in South Africa waterbodies (Dalla and Day, 2004). The

electrical conductivity of water samples in this study is presented in Table 4.2. The electrical

conductivities profile of the water samples are significantly different (P < 0.05) from site to site,

especially from upstream to downstream sampling sites. The EC of waterbodies ranged from

410 uScm' (Site 1, KBG) to 1312.67 ± 11.6 flScm-1 (Site 22, Zandvliet upstream) during summer;

436.67 ± 41.63 uScm" (Site 25, Zandvliet downstream) to 1327 ± 23.22 flScm-1 (Site 5, Athlone

downstream) during autumn; 390 uScm" (Site 1, KBG) to 2050.23 ± 45.54 u.Scm" (Site 14, Potsdam

upstream) during winter and 430 u.Scm" (Site 1, KBG) to 2980 ± 45 u.Scm" (Site 14, Potsdam

upstream) during spring.

The EC profiling showed that the obtained values at the upstream and downstream sites are

generally higher than the values obtained at the discharge point i.e. the effluent. The high EC levels at

site 14 may be attributed to stormwater, domestic and industrial effluents around the City of Cape

Town. According to the Government Gazette (1984), the permissible concentration of EC in effluent

that could be released into the receiving waterbodies is 250 uScm". On this basis, the effluent quality

from all the WWTPs investigated failed to comply with this regulation. The South Africa water

quality guideline for conductivity in domestic water supply is 70 flScm-1(DWAF, 1996). This limit

was exceeded in the receiving waterbodies and in the effluent samples. The obtained EC values for all

the sites gives concern about the domestic suitability of the water. The reported concentrations were

significantly higher than values reported elsewhere in the country (Fatoki et al., 2003; Igbinnosa and

Oboh, 2009).

4.1.3 Temperature

Temperature plays a significant role in affecting the quality and ecological processes of a

river system. It affects not only the physical nature of water bodies by changing the water viscosity,

density and surface tension but also affects the rates and types of chemical processes that occur within

the systems. Thus, temperature can be used as a first step in predicting the effects of anthropogenic

activities on the aquatic ecosystems (Rivers-Moore et al., 2004). Temperature changes can also affect

the timing of life cycles, the development of different life stages, predator-prey interactions, genetic

selection and the abundance of aquatic algae and plants (king et al., 2003). Generally, increased

temperature will reduce the period offish and other aquatic organisms' survival in a polluted river.
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Table 4.2: Seasonal electrical conductivity (jrScrn") values of water samples

Summer Autumn Winter SQring

Site 1 410 450 390 430

Site 2 N/A 993 ± 14.33 733.33 ± 5.79 1616 ± 11.55

Site 3 1323 ± 5.79 1256.67 ± 9.67 1175.23 ± 16.23 1706.67 ± 32.11

Site 4 1114 ± 34.22 1033 ± 21.33 863.33 ± 5.87 666.67 ± 6.96

Site 5 1290 ± 113.58 1327 ± 23.22 740 ± 20 650 ± 15.49

Site 6 850.76 ± 14.33 820.67 ± 16.77 770± 1050 ±

Site 7 795 ± 155.40 953.33 ± 73.12 765 ± 82.16 1293.33 ± 95.01

Site 8 720 760 ± 15.67 720 ± 45.22 1076.67 ± 11.55

Site 9 910 980 820 1130

Site 10 1936.7 ± 73.7 1030 ± 33.33 1140 1266.67 ± 20.81

Site 11 1253.33 ± 5.78 1396.67 ± 5.77 1110 1080

Site 12 1030 ± 5.7 860 790 1140± 43.47

Site 13 1290 ± 40 1040 1070 1140 ± 28.42

Site 14 590 ± 20 1230 2050 2980 ± 45

Site 15 1253.33 ± 5.8 923.33 ± 15.27 1150 1400

Site 16 1030 ± 20.82 1030 910 1030

Site 17 1160 1120 1340 2940

Site 18 500 650 750 560

Site 19 803.33 ± 5.85 1110 810 873.33 ± 5.78

Site 20 1030 800 ± 17.32 610 830

Site 21 580 753.33 ± 5.94 630 810

Site 22 1312.67 ± 1.2 1243.33 ± 20.82 1143.33 ± 81.45 1936.67 ± 73.71

Site 23 1041.33 ± 6.7 1060 910 1253.33 ± 5.83

Site 24 1096 686.67 ± 4.97 680 696.67 ± 5.77

Site 25 1110.67 ± 1.2 436.67 ± 41.63 970 1290

Mean (±SD); Site 1: Kirstenbosch botanical garden; Site 2: Athlone upstream; Site 3: Athlone influent; Site 4:

Athlone effluent; Site 5: Athlone downstream; Site 6: Bellville upstream; Site 7: Bellville influent; Site 8:

Bellville effluent; Site 9: Bellville downstream; Site 10: Kraaifontein upstream; Site 11: Kraaifontein influent;

Site 12: Kraaifontein effluent; Site 13:Kraaifontein downstream; Site 14: Potsdam upstream; Site 15: Potsdam

influent; Site 16: Potsdam effluent; Site 17: Potsdam downstream; Site 18: Stellenbosch upstream;

Site 19: Stellenbosch influent; Site 20: Stellenbosch effluent; Site 21: Stellenbosch downstream;

Site 22: Zandvliet upstream; Site 23: Zandvliet influent; Site 24: Zandvliet effluent; Site 25: Zandvliet

downstream; NIA: Not analyzed.
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The seasonal profile for all the sampling sites is presented in Table 4.3. The water

temperature ranged from 19 to 31°C during summer; 14 to 25 oe during autumn; 9-18 oe during

winter and 12-21 oe during the spring. The water temperature was generally lower as againt other

seasons, while temperature reached the highest during the summer. Except for the summer, the water

temperature was generally below 25 oe, which is the acceptable limit for no risk according to the

South African water quality guidelines for domestic use (DWAF, 1995). Aside for sites 4, 8, 20 and

24 during the summer sampling season, the effluent from the WWTPs does not appear to pose any

threat to the homeostatic balance of the receiving water bodies. The trend in water temperature

reported in this study is similar to findings in a rual community in South Africa and in Nigeria (Jaji et

al., 2007; Igbinosa and Okoh, 2009).

4.1.4 Total dissolved solid (TDS)

One of the major descriptions of water quality is the total amount of substances dissolved in

it. The natural weathering of rocks by erosion often results in the majority of dissolved particles in

most natural water, whilst anthropogenic activities such as domestic and industrial effluent may

contribute to the increase level usually observed in freshwater systems. IDS is a general indicator of

overall water quality. It is a measure of inorganic and organic materials dissolved in water. High

levels of TDS in surface water may be due to several factors, including: sedimentation, mining, or

storm water runoff. Increased TDS may impart a bad odor or taste to drinking water, as well as cause

scaling of pipes and corrosion. The total dissolved solid (TDS) in this study is presented in Table 4.4.

Statistically, the level of total dissolved solid in treated effluent and the receiving waterbodies are

significantly different (P < 0.05). Also, there was significant difference in the level of TDS between

influent and effluent concentration due to the WWTPs treatment processes.

Total dissolved solid in the waterbodies ranged from 200 ± 10 [Site 1, Kirstenbosch

Botanical Garden (KBG)] to 973.33 ± 35.12 mg)"! (Kraaifontein upstream) during summer;

200 ± 10 mgl" (Site 1, KBG) to 623 ± 15.16 rngl" (Site 5, Athlone downstream) during autumn;

230 ± 15 mg)"! (Site 1) to lOlO mgl" (Site 14, Potsdam upstream) during winter and 190 ± 25 mgl"

(Site 1, KBG) to 1480 mg)"! (Site 14, Potsdam upstream) during spring. The study showed further

that the influent wastewater into the WWTP contains in most cases higher concentration of total

dissolved solids than upstreams and downstreams samples. However, effluent from all the WWTPs

investigated helped to further dilute the upstream water samples as this is reflected in the

concentration oftotal dissolved solid found downstreams of the WWTPs.
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Table 4.3: Seasonal temperature (C) values of water samples

Site 1

Site 2

Site 3

Site 4

Site 5

Site6

Site 7

Site 8

Site9

Site 10

Site 11

Site] 2

Site 13

Site 14

Site 15

Site 16

Site 17

Site 18

Site 19

ite 20

Site 21

Site 22

Site 23

Site 24

Site 25

Summer Winter SpringAutumn

21

N/A

27

27

26.67 ± 0.6

31±1.41

27 ± 1.09

27.33 ± 1.6

30

23

21

19

24

26

20

25

25

27

27

28

30

27

26.67 ± 0.1

29

27.33 ± 0.6

17

24

24.5 ± 2.5

25

22

16

20

17

17

16

18

17

14

15

19

18

18

21

22

21

14

15

18

19

19

10

18

15

9

10

16

17

12

13

16

18

16

15

22

21

20

10

16

16

13

19

17

22

20

19

18

18±1.09

17

20

21

19

20

19

17

21

19

19

16

19

18

16

15

16

17

12

20

18

20

19

18

Mean (±SD); Site I: Kirstenbosch botanical garden; Site 2: Athlone upstream; Site 3: Athlone influent; Site 4:

Athlone effluent; Site 5: Athlone downstream; Site 6: Bellville upstr am; Site 7: Bellville influent; Site 8:

Bellville effluent: Site 9: Bellville downstream; Site 10: Kraaifontein upstream; Site Il: Kraaifontein influent;

Site 12: Kraaifontein effluent; Site 13:Kraaifontein downstream; Site 14: Potsdam upstream: Site 15: Potsdam

influent; ite 16: Potsdam effluent; Site 17: Potsdam downstream; Site 18: Stellenbosch upstream·

Site 19: Stellenbosch influent; Site 20: Stellenbosch effluent; Site 21: Stellenbosch downstream;

Site 22: Zandvliet upstream; Site 23: Zandvliet influent; Site 24: Zandvliet effluent; Site 25: Zandvliet

downstream; N/A: Not analyzed.
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Table 4.4: Seasonal concentration oftotal dissolved solids (mgl') inwater samples

Summer Autumn Winter Spring

Site 1 200 ± 20 200 ± 10 230 ± 15 190 ± 25

Site 2 N/A 470 ± 20 360 800

Site 3 533.33 ± 37.86 633.33 ± 58.59 863.33 ± 57.7 843.33 ± 16.35

Site 4 343.33 ± 5.77 386.67 ± 5.8 560 666.67 ± 58.7

Site 5 623.33 ± 11.78 623.69± 15.16 3.63.43 ± 57.7 650

Site 6 393.33 ± 28.28 403.33 ± 3.37 380 ± 7.07 530

Site 7 435 ± 95.66 470 ± 32.86 583.33 ± 200.17 641.67 ± 45.79

Site 8 323.33 ± 58.59 370 533.33 ± 5.8 530

Site 9 400 ± 45.83 480 403.33 ± 57.87 550

Site 10 973.33 ± 35.12 506.67 ± 15.28 560 620

Site Il 663.33 ± 58.59 663.33 ± 58.59 543.33 ± 11.55 530

Site 12 343.33 ± 5.9 393.33 ± 47.26 390 560

Site 13 623.33 ± 5.8 446.67 ± 66.58 530 560

Site 14 283.33 ± 5.78 616.67 ± 30.55 1010 1480

Site 15 663.33 ± 58.59 466.67 ± 40.42 570 690

Site 16 400 ± 26.46 383.33 ± 40.42 460 510

Site 17 600 ± 24.46 563.33 ± 73.71 660 1450

Site 18 250 ± 30 320 370 270

Site 19 353.33 ± 32.15 550 400 430

Site 20 273.33 ± 15.28 386.67 ± 11.55 300 410

Site21 623.33 ± 58.79 370 310 400

Site 22 683.33 ± 30.55 513.33 ±25.l7 563.33 ± 37.86 973.33 ± 35.12

Site 23 493.32 ± 15.36 456.67 ± 15.34 450 663.33 ±57.8

Site 24 383.3 ± 30.55 360 ±20 330 343.33 ± 5.86

Site 25 593.33 ± 35.12 436.67 ± 41.63 480 623.33 ± 51.35

Mean (±SD); Site I: Kirstenbosch botanical garden; Site 2: Athlone upstream; Site 3: Athlone influent; Site 4:

Athlone effluent; Site 5: Athlone downstream; Site 6: Bellville upstream; Site 7: Bellville influent; Site 8:

Bellville effluent; Site 9: Bellville downstream; Site 10: Kraaifontein upstream; Site Il: Kraaifontein influent;

Site 12: Kraaifontein effluent; Site 13:Kraaifontein downstream; Site 14: Potsdam upstream; Site 15: Potsdam

influent; Site 16: Potsdam effluent; Site 17: Potsdam downstream; Site 18: Stellenbosch upstream;

Site 19: Stellenbosch influent; Site 20: Stellenbosch effluent; Site 21: Stellenbosch downstream;

Site 22: Zandvliet upstream; Site 23: Zandvliet influent; Site 24: Zandvliet effluent; Site 25: Zandvliet

downstream; N/A: Not analyzed.
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Water samples from the control site (Site 1, KEG) and all the effluent samples from the

WWTPs fell within the allowed limits ofO to 450 mgl" (DWAF, 1996d). For the river water samples

(i.e. upstream and downstream), all the sites except Site 2 (winter), Site 6 (summer, and winter), Site

9 (summer), Site 13 (autumn), Site 14 (summer) Site 18 (all seasons) and Site 19 (summer, winter

and spring) exceeded the DWAF (l996d) allowed limit. High concentration of IDS observed

upstream of Potsdam WWTP may be due to grey and domestic wastewater from an informal

settlement close the river. The trend reported in this study is higher than reported values in literature

for a river receiving effluent from a wastewater treatment plant in South Africa and for Ogun river in

Nigeria (Jaji et al., 2007; Igbinosa and Okoh, 2009).

4.2 Results of heavy metals in wastewater treatment plants

4.2.1 Occurrence, distribution and removal pattern of heavy metals in wastewater treatment

plants

To date, no study had reported on the concentrations of heavy metals and metalloid that are

capable of initiating endocrine disruptions in human beings and wildlife (cadmium, arsenic, lead and

mercury) in the influent and effluent wastewater from wastewater treatment plants in Western Cape

Province. Previous studies have largely concentrated on the water, sediment and plant samples from

Diep and Berg rivers (Jackson et al., 2007; Shuping, 2008; Jackson et al., 2009; Ayeni et al., 2010).

Despite the fact that the province is one of the provinces with largest number of WWTPs in South

Africa, no study have reported on total metals concentration and distribution pattern in wastewater

treatment plants. Though a nationwide survey was carried in 1989 and 2002 to assess the levels of

heavy metals in sewage sludge from 77 wastewater treatment plants, tbe country's population had

increased and there has been rural-urban migration, thus, pressure on the available WWTPs facilities

have increased over the last decade (Jaganyi et al., 2005). Paucity of information on available

endocrine disrupting metals, other trace metals and public outcry on poor performance of WWTPs

facilities necessitates the need for this study to establish; 1) The occurrence and distribution pattern

of endocrine disrupting metals and 2) to access the impact of seasonal changes on EDMs

concentration and removal from wastewater effluents.

4.2.1.1 Arsenic

Seasonal variation of arsenic in the Athlone WWTP is shown in Table 4.5, while Figure 4.1

(a) presents the annual distribution pattern in the WWTPs. The percentage removal of arsenic in tbe

treatment plant ranged from 22.14 to 68.44 %. The annual mean removal efficiency of the plant for

arsenic was 43.78 % (Figure 4.2). Statistical analysis showed no significant difference (P>O.OS) in the

level of arsenic received at the plant during the studied period. However, it is noteworthy that the

plant was not functioning optimally during the second and fourth sampling season. For the studied

period, the removal efficiency of the plant could be adjudged ineffective as less than 50 % of the total
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arsenic concentration was removed from the waste stream. The annual distribution trend showed that

about 20 % of arsenic was removed at the primary settling tank, while secondary settling tank

accounted for about 60 % (Figure 4.1). The ineffective removal of arsenic from the Athlone WWTP

could be attributed to the plant overload and frequent breakdown of the treatment plant.

The arsenic concentrations in the old and new Bellville plants ranged from 4.62 to 9.2 ugl"

and 6.01 to 43.76 ugl", respectively. Effluent concentration ranged from 2.57 to 4.69 ugl" and 1.12

to 5.l0 ugl" in new and old plants, respectively (Table 4.5). For the two plants, there was significant

difference (P < 0.05) in seasonal arsenic concentrations. Also, there was significant differences in

arsenic concentrations within the plant during summer and autum sampling seasons due to plant

treatment processes for old and new plants. The annual distribution pattern of arsenic in the WWTPs

is presented in Figures 4.l(b) and (c). The seasonal removal efficiency of the plants ranged from

39.08 to 75.95 % (old plant) and 40.31 to 94.12 % (new plant) (Table 4.5). In the old plant, primary

settling tank accounted for about one-quarter percent removal of arsenic on an annual basis while the

secondary settling tank removed about 40% of the total arsenic concentration.

The new Bellville plant uses the UeT system with returned activated sludge, raw effluent

were pumped straight into the bioreactor with no primary settling tank. Secondary settling tank

removed about 75 % of the total concentration of arsenic. The annual mean removal efficiency of

these treatment plants (old and new combined) was about 62 % and thus, could be rated above

average in performance (Figure 4.2).

Arsenic concentrations at the Kraaifontein WWTP ranged from 4.27 to 8.8 ugl" in the

influent sample and 1.78 to 3.71 ugl" in the final effluent (Table 4.5). The removal efficiency of the

plant increased by 22 % over the sampling seasons (Table 4.1). The annual mean distribution pattern

revealed that 25 % of arsenic was removed at the primary settling tank, while 36.8 % was removed at

the secondary settling tank (Figure 4.1 (dj). The annual mean removal efficiency of the plant was

55.92 % (Figure 4.2). There was significant difference (P < 0.05) in the concentration over season

due to the plant treatment process.

The Potsdam WWTP arsenic concentrations varied between 4.23 to 7.38 ugl' in raw

wastewater and 1.21 to 3.10 Jlgr' in the final effluent (Table 4.5). The annual mean with distribution

pattern of arsenic is presented in Figure 4.1(e). There was a significant difference (P < 0.05) in

arsenic levels from one season to the other. The distribution and removal pattern showed that about

28 % of arsenic in the wastewater was removed at the primary settling tank, while about 50 % was

removed at secondary settling tank. The annual mean removal efficiency of the plant was 61.07 %

(Figure 4.2). This showed that the treatment plant was more effective at arsenic removal compared to

the Athlone and Bellville treatment plants.

The Stellenbosch WWTP received a concentration range of 5.07 to 28.20 ugl" for fourth and

first quarter respectively in the influent wastewater, while the final effluent had a concentration range

of 2.56 to 2.98 ugl" (Table 4.5). The seasonal removal efficiency of the plants varied between 45.37
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Box and whisker plot for annual spread of arsenic
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Figure 4.2: Annual mean (±SD) of influent and effluent concentrations of arsenic in WWTPs

to 90.25 % with an annual mean removal efficiency of 60.16 %. There was a significant different in

the arsenic concentration into the plant over the study period.

An increase in concentration of arsenic at the Zandvliet WWTP was also observed from 4.04

to 7.36 ugl' in the influent wastewater, while the final effluent concentration ranged from l.69 to

2.62 ugl", The plant operational pattern is similar to the new Bellville plant. The plant seasonal

removal efficiency varied between 35.54 to 66.58 % (Table 4.5). About 30 % of arsenic

concentration was removed at the secondary settling tank while the remaining can be accounted for in

the wastewater sludge. The annual distribution pattern is presented in Figure 4.1(g). Though over

35 % of arsenic concentration into the plant was removed in the influent wastewater, there was no

significant difference (P > 0.05) due to plant treatment processes except for the summer season.

4.2.1.2 Cadmium

Cadmium concentrations ranged from 2.21 to 3.38 ugl" and 0.52 to 2.31 ugl" in the influent

and effluent wastewater of Athlone plant, respectively (Table 4.6). Generally, 65 % of heavy metals

in raw waste are believed to be removed at the primary settling tank. This assumption could not hold

for cadmium in this plant as overall annual mean removal efficiency for the plant-revealed that 25 %

of the total Cd influx was removed at the primary settling tank, while about 35 % was taken off the

waste stream at the secondary tank. The annual distribution pattern of cadmium in the treatment plant

and the annual removal efficiency are presented in Figure 4.3 (a) and Figure 4.4. Based removal
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efficiency, the plant could be rated average at cadmium removal. There was no significant difference

in the influent cadmium concentration in the plant over the study period.

The influent concentration of cadmium at the old Bellville plant varied between 1.53 and

5.52 ugl", while the new plant concentration varied between 1.64 and 3.55 ugl'. The final effluent

concentration ranged from 1.42 to 2.24 ugl" and 1.07 to 1.36 ugl" for new and old plant, respectively

(Table 4.6). The annual distribution pattern of cadmium in the two plants presented in Figures 4.3 (b)

and (c) indicated that 18.8% of cadmium concentration was removed at the old Bellville plant

primary settling tank, while 28.9 % and 25.22 % were removed at the secondary settling tanks of old

and new plants, respectively. The annual mean percentage removal was 44.88 % and 24.61 % for old

and new plants (Figure 4.4). For new plant, with the exception of the summer season, no significant

difference (P > 0.05) in cadmium concentration occurred over the study period or between the

influent and effluent concentration.

The Kraaifontein plant received an influent concentrations range of 1.85 to 8.88 ugl" and

released effluent concentration range of 1.25 to 2.29 ugl' (Table 4.6). The removal efficiency of the

treatment plant varied between 7.68 to 74.97 % with an annual mean of 45.22 % (Figure 4.4). The

annual distribution pattern presented in Figure 4.3(d) revealed that 36.2 and 30.1 % oftotal cadmium

concentration were removed at primary and secondary settling tanks respectively. The annual mean

removal efficiency showed that the plant was below average for removing cadmium.

Cadmium concentration into Potsdam plant varied between 8.67 and 17.39 ugl' with an

annual mean of 12.62 ugl", while the effluent concentration varied between 1.33 to 2.85 with annual

mean of 2.02 ugl" (Table 4.6). The distribution of cadmium in the plant (Figure 4.3 (e» showed that

45.2 % and 36.02 % was removed from waste stream at the primary and secondary settling tanks,

respectively. The annual mean removal efficiency was 82.58 % (Figure 4.4). The high concentration

of cadmium in the waste could be due to high industrial effluent received at the plant. There was

significant difference in cadmium concentration over the sampling seasons and in the concentration

due to treatment processes during summer.

The Stellenbosch plant received a concentration range of 1.68 to 2.96 flgrl with annual mean

concentration of 2.45 ugl", while cadmium concentration in the final effluent ranged from 1.29 to

2.23 ugl" with annual mean of 1.65 ugl' (Table 4.6). The annual distribution pattern in the

Stel1enbosch plant presented in Figure 4.3 (f) showed that about 25 % was removed at the primary

settling tank, while 4.9% was removed at the secondary settling tank. The annual mean removal

efficiency was 29.17 % (Figure 4.4). There was no significant difference (P > 0.05) due to seasonal

change; however, there was significant difference (P < 0.05) due to treatment plant processes during

the summer.
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Box and whisker plot for annual spread of Cd
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Figure 4.4: Annual mean (±SD) of influent and effluent concentrations of cadmium in WWTPs

Zandvliet concentration was in the range of 1.07 to 3.10 ugl" with annual mean influent of

2.43 ugl". The final effluent concentration ranged from 0.53 to 2.53 ugl' (Table 4.6). The annual

distribution pattern for cadmium in the treatment plant revealed that 34% and 7 % of cadmium in the

wastewater was removed into primary and secondary sludge's, respectively (Figure 4.3 (g)). The

annual mean percentage efficiency for plant shows that less than 40 % of total cadmium

concentration was removed from the waste stream (Figure 4.4).

4.2.1.3 Lead

The Athlone WWTP Pb influent concentrations ranged from 49.61 to 81.89 ugl" and

20.40 to 30.31 !lgr! in the final effleunt (Table 4.7). Pb removal in the influent waste was above

average for all the seasons except for the spring. Influent annual mean was 64.46 % while annual

mean in final effleunt was 26.57 ugl". The annual distribution pattern of Pb in the plant is presented

in Figure 4.5 (a). 47.07 % oftotal Pb conecntration was removed at the primary settling tank into the

primary sludge while about 22 % was trapped into the secondary sludge through the secondary

sedimentation tank. The annual mean removal efficiency of the plant was 57.19 % (Figure 4.6).

There was no significant difference due influent concentration over the study period, but, there was

significant difference during the summer sampling season due to plant treatment process between the

influent and effluent concentration.

The concentration into the old Bellville plant ranged between 29.88 and 138.35 ugl' with an

annual mean of 86.32 ugl", while the effluent concentration varied from 15.03 to 37.29 gl" with an

annual mean of 22.84 ugl' (Table 4.7). The seasonal removal efficiency ranged from 36.45 to
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84.23 %. The annual spread of the Pb revealed that 58 % of total annual concentration was removed

at the primary settling tank and about 20 % was removed at the secondary sedimentation tank

(Figure 4.5). The annual removal efficiency of the plant was 67.30 % (Figure 4.6).

For the new plant, influent concentrations ranged from 23.66 to 282.59 !lgr' with annual

mean of 102.20 ugl' (Table 4.7). The [mal effluent cocnentrations ranged between 18.99 and 20.94

ugl', while about 77.29% of total influx trapped into the secondary sludge (Figure 4.11). The annual

mean removal efficiency of the plant was 57 % (Figure 4.6). There was seasonal significant

difference due to influent concentration into the two plants. However, significant difference was only

observed during summer for old plant and during summer and winter for the new plant due to the

plants treatment processes.

Concentration of Pb into Kraaifontein ranged from 31.5 to 78.6 ugl" with final effluent

concentration range of9.49 to 38.66 (Table 4.7). The annual distribution pattern ofPb in the plant is

presented in Figure 4.5 (d). 42.69 % of Pb was removed through the primary sludge while 23.45 %

was eliminated in the waste stream through sludge re-circulation. The annual plant removal

efficiency was 55 % (Figure 4.6). There was significant difference during the summer due to plant

treatment process. There was no significant difference in the influent concentration but there was

significant difference between the influent and effluent concentration due to plant treatment

processes.

Potsdam received Pb concentration range of 36.5 to 77.2 ugl' and released a concentration

range of 7.5 to 27.4 ugl" (Table 4.7). The annual mean of influent concentration was 60.58 !lgr',

while the annual mean final effluent concentration was 19.27 ugl". The annual distribution in the

plant shows that 42.69 and 23.13 % of total annual influx was removed at the primary and secondary

settling tanks, respectively (Figure 4.5 (e)). There was no significant difference in the influent

concentration but there was significant difference between the influent and effluent concentration due

to plant treatment processes.

The annual mean concentration into the Stellenbosch and Zandvliet plants was 64.88 ugl'

and 34.93 ugl". The annual spread pattern for Stellenbosch (Figure 4.5 (f)) and Zandvliet

(Figure 4.5 (g)) showed that 34.28 and 22.30 % of Pb was removed at the primary and secondary

tanks of Stellenbosch while 25.02 % was trapped into secondary sludge and the un-trapped was

retuned in the re-circulated sludge. The annual percentage removals of Pb at the plants were 57.03

and 47 % for Stellenbosch and Zandvliet plant (Figure 4.6). There was significant difference in the
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Box and whisker plot for the annual spread of lead
concentrations in WWTP: (a) Athlone, (b) Old
Bellville WWTP, (c) New Bellville WWTP,
(d) Kraaifontein WWTP, (e) Potsdam WWTP,
(f) Stellenbosch WWTP and (g) Zandvliet WWTP.
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Figure 4.7: Annual mean (± SD) of influent and effluent concentration of lead in WWTPs

influent concentration at Stellenbosch plant but there was no significant difference for Zandvliet over

the study period. The two plants had significant difference between the influent and effluent

concentration due to plant treatment processes during the summer season.

4.2.1.4 Mercury

Mercury concentration in raw water into Athlone ranged from 2.20 to 3.34 ugl", while in

final effluent, it concentration ranged from 0.19 to 2.57 Ilgr! (Table 4.8). Percentage removal of

mercury in the treatment plant ranged from 23.01 to 91.46 % while the annual mean influent, annual

mean effluent and percentage removal were 2.82 ugl', 1.74 ugl" and 41.93 % respectively. 19.86 and

34.04 % ofHg was removed at the plant during the primary and secondary settling period (Figure 4.7

(a» with annual removal efficiency of 41.93 % (Figure 4.8).There was no significant at the plant

either due to seasonal difference or due to plant treatment process.

Concentration of mercury into Bellville treatment plants ranged from 1.77 to 3.74 ugl' for

the old plant and 0.84 to 2.92 Ilgr! for the new plant. The effluent concentration varied between 0.38

and 1.90 ugl" in old plant and from 0.17 to 2.61 Ilg]"! in the new plant. The annual mean influent

concentration was 2.69 and. 2.01 ugl" while mean annual effluent concentration was 1.22 and

1.40 ugl' for the old and new plant, respectively (Table 4.8). The annual distribution pattern and

removal efficiency are presented in Figure 4.7 (b) and (c) and Figure 4.8.17.91 % of the total Hg

concentration was removed at the secondary settling tank into secondary sludge in the new plant,

while 59.65 and 16.72 % were trapped into primary and secondary sludge of the old treatment plant.

Significant difference observed was due to concentration change arising from the treatment process.
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Figure 4.8: Annual mean (± SD) of influent and effluent concentration of mercury in WWTPs

Mercury concentration at the Kraaifontein WWT plant ranged from 0.64 to 4.07 ugl" with

annual mean of 2.22 ugl', while the final effluent concentration ranged from 0.08 to 3.17 ugl' with

annual mean of 1.80 ugl' (Table 4.7). The seasonal removal efficiency of the plant ranged between

20.96 and 88.05 %. Annual spread (Figure 4.8 (d) shows that 14.65 % was removed at the primary

settling tank, while about 26 % was taken off at the secondary sedimentation tank. The annual mean

removal efficiency of the plant was 48.13 % (Figure 4.8). There was significant difference due to

seasonal change in influent concentration and due to concentration change from plant treatment

process.

Potsdam WWTP received the highest mercury concentration. The annual mean concentration

was 5.53 ugl" with corresponding effluent concentration of 1.80 ugl". The percentage removal varied

from 7.87 to 90.04 % (Table 4.8). The plant distribution trend shows that 13.56 and 44.3 % was

removed at the primary and secondary sedimentation respectively (Figure 4.7 (e». The annual mean

removal efficiency was 53.38 %. There was significant difference due to seasonal change in influent

concentration into the plant.

Stellenbosch and Zandvleit WWTPs received Hg concentration range of 0.64 to 4.26 ugl'

and 0.69 to 3.99 ugl' respectively (Table 4.8). The [mal effluent in the two plants ranged from 0.25

to 3.59 ugl" for Stellenbosch and 0.] 5 to 2.99 ugl" for Zandvliet, 31.06 and 8.87 % oftotal mercury

in the waste influent was removed at the primary and secondary tanks of Stellenbosch, while 22.39 %

was removed at the secondary tank of Zandvliet plant (Figure 4.7 (f) and (g». The annual removal

efficiency of the plant was 51.38 % for Stellenbosch and 33.41 % for Zandvliet (Figure 4.8). There
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was significant difference due to influent concentration and treatment process at Stellenbosch,

however, Zanvliet plant showed only significant difference in mercury influent over the study period.

4.2.1.5 Zinc

Zinc was generally the highest trace metals in all the WWTPs investigated. The Athlone

influent concentration ranged from 961.367 to 1431.95 ugl" with annual mean of 1236.71 ugl"

(Table 4.8). The final effluent concentration varied between 222.68 and 298.44 ugl' with annual

mean concentration of 251.47 ugl". The seasonal percentage removal of the plant varied from 68.96

to 84.45 %. The annual distribution pattern in the plants showed that 44.99 % and 31.24 % of total

annual concentration was removed through primary and secondary sedimentation tanks (Figure 4.9

(a». The annual mean removal efficiency of the plant was 78.78% (Figure 4.10). There was

significant difference in the plant due to seasonal variation and treatment process.

The old Bellville plant influent concentration ranged from 766.6 to 2079.12 ugl', while the

final effluent varied between 332.53 to 533.77 ugl" (Table 4.8). The annual spread is presented in

Figure 4.9 (b). For the period investigated, 44.67 % of Zn concentration into the plant was removed

at the primary and 18.51% was taken off at the secondary sedimentation tank. The seasonal removal

efficiency ranged from 46.88 to 84.01 %, while the annual mean removal efficiency was 6:5.45 %

(Figure 4.10). There was significant difference in the plant due to seasonal variation and treatment

process.

On the other hand, the new Bellville plant influent concentration ranged from 400.94 to

1472.70 ugl" with annual mean concentration of 948.19 ugl" and the effluent concentration varied

from 248.33 to 468.05 ugl" with annual mean of 351.86 ugl'. Seasonal plant removal efficiency

ranged from 6.69 to 72.40 %. 34.16 % was trapped into the secondary sludge, while the balance was

returned in the activated sludge (Figure 4.9). There was significant difference in the plant due to

seasonal variation and treatment process.

The influent concentration at Kraaifontein WWTP ranged from 638.43 to 1206 ugl' with

annual mean of933.21 ugl' and effluent concentration varied from 208.29 to 24.30 ugl" with annual

mean of222.80 ugl' (Table 4.8). The plant shows that 37.59 and 36.89 % ofZn influx into the plant

was removed at the primary and secondary sedimentation tanks (Figure 4.9 (d) for the studied

period. The seasonal removal efficiency varied between 67.17 and 82.74 % while the annual mean

removal efficiency was 74.47% (Figure 4.10).

Potsdam WWTP influent concentration ranged from 822.99 to 1065.72 ugl" with annual

influent mean of 887.14 ugl", while effluent concentration ranged from 183.79 to 410.82 ugl' with

annual mean of 310.56 ugl" (Table 4.8). The distribution of Zn in the plants showed that 21.29 and

39.42% was removed into primary and secondary sludge, respectively. The seasonal removal

efficiency ranged from 50.54 to 82.74 % with annual mean of 63.74 % (Figure 4.10). There was

significant difference in the plant due to seasonal variation and treatment process.
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Figure 4.10: Annual mean (± SD) of influent, effluent and removal efficiency for Zn in WWTPs

Stellenbosch and Zandvliet plants received concentration range of 582.09 to 925.48 Ilgrl

and 380.19 to 521.8 ugl", respectively (Table 4.9). 39.57% and 27.14 % of total zinc

concentration into Stellenbosch the plant was removed at the primary and settling tanks while

56.89 % was removed at the secondary tank of Zandvliet (Figure 4.10 (f) and (g». Removal

efficiency was 70.1 % for Stellenbosch and 62.83 % for Zandvliet. In the two plants, there was

significant difference in the plant due to seasonal variation and treatment process.

4.2.2 Discussion on seasonal variability and percentage removal of metals from
wastewater treatment plants investigated

Generally speaking, activated sludge process are designed for organic matter by activated

sludge microorganisms and removal of heavy metals is considered as side benefit, and has been

quite variable (Bussetti et al., 2005; Usun, 2009; Chanpiwat et al., 2010). In addition, metal

removal efficiency is not only dependent on the metal influent concentrations, but also by other

cfactors such as the operating parameters e.g. the retention time in the treatment plants, flowrate,

physical, chemical and biological factors (Wang et al., 1999; Oliveira et al., 2007). For example,

metals removal is known to be dependent on dissolved organic matter (Oliveira et al., 2007) and

pH (Cheng et al., 1975; Wang et al., 1999), as removal efficiency increases with pH until they

precipitate as hydroxides.

Activated WWTPs are usually conducted at pH 7-9. Thus, because of differing metal

solubilities at these pH values, retention time in the WWTP, flow rate, and since wastewater

composition is always complex, removal of heavy metals is attributed to these factors

(Wang et al., 1999). In this study, the pH values for the untreated influent and treated effluent
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ranged from 6.5 to 8.03 ± 0.21 (Table 4.1) at a temperature range of 10 to 22°C (Table 4.3). This

variation in the pH and temperature contributed to the variation in removal efficiency for metals

in the WWTPs investigated. Generally, the level of metal removal from the treatment plants

remains unpredictable for the period investigated.

The seasonal dataset obtained from the WWTPs showed that the investigated WWTPs

received varying concentrations of heavy metals in the raw influent water, of which Zn was the

most abundant. The seasonal variations in the metals analyzed from all the treatment plants are

presented from Table 4.5 to Table 4.9. The results showed that the wastewater treatment plants

metals composition is complex and quite variable. The concentrations and distribution pattern of

heavy metals in the raw wastewater were generally similar in WWTPs investigated. This could be

attributed to the fact that all the WWTPs received a mixture of domestic wastewater, storm water

and industrial effluent except Kraaifontein WWTP.

Generally, the abundance distribution pattern of heavy metals in terms of concentration is

Zn>Pb>As>Cd>Hg. The variation in wastewater metal content can further be attributed to

diversity in economic activities and the living pattern in the province. Athlone, Potsdam,

Bellville, Stellenbosch, and Zandvliet plants are known to receive high industrial waste when

compared to Kraaifontein (Moeletsi et al., 2004).

There are many catering, restaurants, sawmills, Ni-Cd battery centres and carwash

industries in the province that release their waste for further treatment by the municipality.

Generally, the influent values are higher than effluent values. The average removal efficiency for

the plants could be rated effective on an annual basis as the effluent values are always lower than

the influent values for all the metals in all the measurement. As shown in Figures 4.1 to 4.9,

metals removal occurs both in the primary (where portion of metals adsorb to the particles) and in

the secondary biological treatment (where metals are removed by biosorption)

(Usun, 2009).

The relationship between influent and removal efficiency agreed with previous research

findings (Kulbat et al., 2003; Shomar et al., 2004; Oliveira et al., 2007), where it was observed

that the removal of heavy metal in the wastewater is directly proportional to the influent

concentrations. From this study, Potsdam treatment plant was the most effective at heavy metals

removal ((Figure 4.11). On an average, Potsdam treatment plant like every treatment plants

investigated received industrial, domestic and storm water had the best annual performance in

terms of removal efficiency. The plant effectiveness at metal removal may be attributed to the

people way of life and installation of new treatment plant to complement the old wastewater

treatment plant.
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4.2.2.1 Arsenic

The annual abundance pattern for arsenic in all treatment plants can be rated as the new

Bellville> Stellenbosch> old Bellville> Athlone> Kraaifontein ?: Potsdam> Zandvliet. The

removal efficiency for arsenic was best at Potsdam plant for all the seasons except during the

spring. Arsenic compounds are extensively used in the wood processing industries to protect the

timbers. Two wood processing industries are functioning in the vicinity of Stellenbosch WWTP.

These industries may use arsenic compounds to protect timbers, though uses of these chemicals

which subsequently released in their waste. Generally, arsenic concentration in effluent from all

the treatment plants investigated fell below the South Africa water quality guideline of 10 ugl".

However, it was above the CCME, 1999 recommendation. All the treatment plants could be rated

high except for Athlone during the Autum and spring due to malfunctioning of the plants.

4.2.2.2 Cadmium

Generally, cadmium annual abundance pattern by plant could be rated as Potsdam >

Kraaifontein > Athone ?: old Bellville > Stellenbosch > Zandvliet ?: new Bellville. The possible

sources of cadmium into water ways are laundrettes, electroplating workshops, plastic

manufacturing, pigments, enamels, paints etc. Cadmium was well removed from Athlone,

Bellville old, Kraaifontein and Potsdam while Bellville new and Sellenbosch plant were not very

effective. The influent and effluent concentrations were within the reported values elsewhere

(Table 4.10). Statistically, no significant difference was observed for raw effluent except for

Kraaifontein and Potsdam during the winter season. The reported concentration fell below SWQG

of 10 ugl' limit for irrigational and livestock purposes (DWAF, 1996; CCME, 1999) but higher

than 0.017 ugl" (CCME, 1999) and 0.02 ugl' for human consumption application.

4.2.2.3 Lead

Pb removal efficiency in the plants could be rated effective as between 40 to 95 % of the

taal influx was removed from the waste stream. The reported concentration range for the

investigated treatment plants were collaborated by previous studies elsewhere (Table 4.11), while

the plants abundance patter could be rated as new Bellville> old Bellville> Stellenbosch ?:

Athlone> Potsdam> Kraaifontein > Zandvliet. This abundance distribution pattern can largely be

attributed to the industrial effluent being received at each of the treatment plant and the living

pattern of the Capetonia. There was significant difference between the influent and effluent

cocnetration for most the plants as the final effluent concentration was generally lower than the

influent. The fmal effluent concentration fell below the SA waster quality guidelines for aquatic

life, irrigation and livestock production purposes. However, the concentration was far above the

CCME (1999) guidelines.
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4.2.2.4 Mercury

Sources of mercury to the environment include dental practices, clinical thermometers,

glass mirrors among others. Mercury is known to be highly toxic and can affect human health at

the lowest concentration of possible exposure. For the WWTPs, no significant difference was

noticeable between the influent and effluent concentration. However, all the wastewater treatment

plants could be rated effective with the exception of Athlone and Zandvliet where percentage

removal fell below 30 % over the study period. The abundance distribution pattern of mercury in

the WWTP can be described asPotsdam > Stellenbosch> Old Bellville> Athlone> Kraaifontein

> Zandvliet > New Bellville. Potsdam was highly effective at Hg removal as for other metals

except for the spring season. The poor performance of the plant for Hg removal could be

attributed to plant overload, which is subsequently affected by the retention time of wastewater in

the plant. The concentration reported in this study for mercury was higher than values reported in

Austria, France, Spain and Germany (European Communities, 2001; Oliveira et al., 2007),

however, it was lower than the finding of Busetti et al. (2005).

4.2.2.5 Zinc

Sources of zinc include domestic wastes, galvanizing, batteries, paints, fungicides,

textiles, cosmetics, pulp, papermilIs, and pharmaceutics. In this study, n was the most dominant

metal in all the WWTPs investigated. The annual plant rating can be rated as Zandvliet > old

Bellville > Athlone> new Bellville 2: Kraaifontein > Potsdam> Stellenbosch. The range of zinc

in this study was generally higher than findings in other studies (Table 4.11). In terms removal

efficiency, Athlone treatment plant had the highest and can be rated above other plants. There was

significant difference between the influent and effluent concentration over the study period.

Considering the high concentration of Zn received at these plants, the final effluent concentration

was within the national water act waste discharge standards, DWAF 2010 guidelines.
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4.3 Occurrence and level of heavy metals in sewage sludge

Due to the tremendous increases in wastewater treatment plants, the amount of sewage

sludge produced had increased rapidly. During the wastewater treatment processes, about 70 to

90 % of the heavy metals in wastewater are transferred into the sewage sludge by adsorption or

precipitation. Sewage sludge is produced at about 1- 4% of the wastewater treated

(Tyagi et aI., 1999). Since metals present in the wastewater become concentrated in the sludge,

management of heavy metal-laden sludge represents one of the prime environmental issues

(Fuentes et al., 2004; Dai et al., 2006; Hua et al., 2008; Deng et al., 2009). The metal composition

of sludge can be extremely variable due to the irregular inputs from urban and industrial sources,

with a time dependence on the industrial activities, weather and other factors.

Various method of sewage sludge disposal has been proposed and investigated either in

the form of liquid slurry or dried sludge. Traditional sludge disposal include land filling,

agricultural use, incineration, ocean dumping and lagooning (Kim et al., 2005; Dai et al., 2006;

Garcia-Delgado et al., 2007; Deng et al., 2009; Singh and Agrawal, 2010). Incineration of sewage

sludge seems to be a good option for disposal; however, it can result in air pollution due to

emissions and thus requires expensive off-gas treatment. Moreover, incineration contributes to the

green house-gas effect and leads to the production of contaminated and hazardous slags and fly

ashes which often requires further treatment. Considering the richness of sewage sludge in terms

of organic carbon, nitrogen and phosphorus, land application as agricultural fertilizer is low cost

and highly effective route of its disposal as landfilling could result in waste table pollution due to

leachate production (Wang et al., 2005; Jia-yin et al., 2006; Hua et al., 2008).

Cape Town is one of the most developed cities in South Africa. It is a highly populated

area and also harbors many industrial zones. The 21 wastewater treatment plants (WWTPs) in

Cape Town treat over 2.3 million tons of wastewater produce perday and approximately more

than 150,000 (d.w) of sewage sludge are disposed through landfilling or agricultural fertilizer. In

recent years, many countries have developed series of regulations to control disposal or use of

sewage sludge as agricultural fertilizer. This is to allow for regulations of heavy metals in sewage

sludge which could pose serious environmental challenges and human health risk. South Africa

has also reviewed her acceptable limits for heavy metals in sewage sludge. This study is to

provide additional insight into (i) to levels of their occurrence in selected wastewater treatment

plants and (ii) to evaluate the suitability as agricultural fertilizer using South Africa guidelines.

In all the samples analysed, Zn was the most abundant, while Hg was the least. The

general trend of abundance for heavy metals was Zn > Pb > As > Cd > Hg. The annual mean of

heavy metal levels in sewage sludge samples collected from the six wastewater treatment plants

i.e. Athlone (dewatered sludge), old. and New Bellville (Activated sludge), Kraaifontein (activated

sludge), Potsdam (dewatered sludge), Stellenbosch (primary and secondarysludge) and Zandvliet

(activated and treated sludge) are shown in Figures 4.12-4.16.
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4.3.1 Arsenic levels in sewage sludge

The annual mean concentrations of arsenic in the sludge samples varied between

37.86 mgkg' and 88.44 mgkg" (Figure 4.12). The lowest annual mean concentration was found at

the Kraaifontein, while the highest was at the new Bellville plant. The difference is obvious as

Kraaifontein received about 90 % domestic waste and the new Bellville plant received about 10%

domestic waste and the re-circulated sludge from the old Bellville plant (Table 4.11) .
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Figure 4.12: Annual mean (±SD) concentration of arsenic in sewage sludge from WWTP.

Other plants investigated also had high concentration of arsenic in the sewage sludge due

to high anthropogenic input e.g. Stellenbosch plant received industrial wastes from about 160

industries (consisting of restaurants, cosmetics, sawmills and wood processing industries). The

obtained result for arsenic in this study is significantly higher than values reported in sewage

sludge from three plants in China by Dai et al. (2006). Comparing the result of this study with the

South Africa, United State of America and the European Union guidelines for land application,

the annual mean of all the plants of 63.37 mgkg" was above tbe maximum limit of 15 mgkg".

Applying the sewage sludge as fertilizer in agricultural land could lead to bio-accumulation of

arsenic and subsequent health risk problems.
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4.3.2 Cadmium levels in sewage sludge

Cadmium concentration ranged from 0.12 mgkg" to 2.08 mgkg" (Figure 4.13). The

lowest concentration of Cd was found at Kraaifontein, while the highest was found at the new

Bellville plant. Cadmium in sewage sludge may have come from fertilizer producing industries

and the use of cadmium based batteries (Ni-Cd). The highest value been recorded at the Bellville

plant and lowest at the Kraaifontein was an indication tbat the source of Cd in the sewage sludge

is anthropogenic (Industrial wastewater). No significant difference was noticeable in the seasonal

concentration of Cd in all the treatment plants except for Athlone and Potsdam during raining

seasons.

4.00

~ 3.50~
Q)

00
-0
::l

3.00Vl
Q)

00

~ 2.50II!
.9

~ 2.00·s
-0
Ol 1.50u
'-
0
Cl
0 1.00.~
l:I
Cl
1l 0.50Cl
0u

0.00
{::-flJ~

~

Figure 4.13: Annual mean (±SD) concentration of cadmium in sewage sludge from WWTPs

This may be attributed to high runoff during the seasons as Cd is known to wear off

rubber tires, thus, contributed to significant increase in Cd concentration during the season. In

previous studies in China, Cd levels in sludge had been reported to range from 0.90 to

112.3 mgkg" (Wang et al., 2005) and from 11.9 to 81.2 mgkg' (Dai et al., 2006). However,

obtained results from this study for all the investigated treatment plants are not significantly

different from study in Eastern Cape, South Africa (Morrisson et al., 2004) and levels reported in

other countries (Kadewa et al., 2001; Kaonga et al., 2010). The quantity of Cd in sewage sludge

was way below the maximum acceptable limits from other countries and South Africa guidelines

(Table 4.11).
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4.3.3 Lead levels in sewage sludge

Sources of lead in sewage sludge may include fuel additive, lead batteries manufacturin,

pigments and chemical manufacturing, roofing, fishing weights, melting and processing and

secondary metals production (Moeletsi et al., 2004). Other routes include dry and wet deposition

into drainage systems by rain water. As with other metals, Kraaifontein treatment plant had the

least concentration of Pb (23.48 mgkg"), while Athlone had the highest (211.88 mgkg")

(Figure 4.14). The values reported in this study was higher than result values reported by Jaganyi

et al. (2005), Kadewa et al. (2001) and Koanga et al. (2010) but lower than than values reported

by Morrisson et al. (2004) and Dai et al. (2006) except for Athlone and Old Bellville plants.
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Figure 4.] 4: Annual mean of lead (±SD) concentration in sewage sludge from WWTPs

High level of Pb in sludge from these WWTPs compared to values reported in Malawi

(Koanga et al., 2010) could be attributed to continous use of leaded petrol in South Africa, while

it has been banned in Malawi. The levels of Pb were extremely higher than the South Africa

guidleines for land application as fertilizer at Athlone and old Bellville plants, while the levels in

the new Bellville and Potsdam plants were slightly above the limit. However, Kraaifontein,

Stellenbosch and Zandvliet were below the set standard. Comparing with internationally set

limits, the reported values for all the WWTPs were lower. On the basis of South Africa limit,

sewage sludge from Athlone, old and new Bellville and Potsdam WWTPs could pose serious

environmental challenges when used continuously as soil suppliments.
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4.3.4 Mercury levels in sewage sludge

Mercury concentration ranged from 0.6 mgkg' (Zandvliet) to 3.17 mgkg" (Athlone)

(Figure 4.15). Sources of mercury into wastewater treatment plants include dental practices,

clinical thermometers, glass mirrors among others (Moeletsi et al., 2004). Tolosana and Ehrlich

(2000) found that the effluent from medical institutions in South Africa contained high levels of

metals, thus, this could have contributed to the level of mercury reported in the sludge across the

plants. Generally, mercury concentration was not reported in the previous studies in South Africa.

Though the reported levels in this study was way above the fmdings of Da et al. (2006), the

concentration showed that Hg concentration was low and fall within the guidelines set by South

Africa, USA and the European Union (Table 4.11).
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Figure 4.15: Annual mean (±SD) concentration of mercury in sewage sludge from WWTPs

4.3.5 Zinc levels in sewage sludge

Zinc is a phytotoxic metal, but it is important as a micronutrient at the appropriate levels

(Sanders et al., 1999). Sources of Zn in the environment are usually from natural and

anthropogenic sources ranging from industrial effluents, domestic effluents, storm water runoff

and spoil heaps. Concentration of Zn found in the sludge from WWTPs ranged from 381.95

mgkg" at the new Bellville plant to 2674.93 mgkg' at the old Bellville plant. Basically,

concentrations were generally high at all the treatment plant with Kraaifontein still having the

second least concentration. The levels of zinc in sludge were lower than the maximum

permissible levels for other countries but higher than South Africa guidelines (Table 4.11).
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Figure 4.16: Annual mean (± SD) concentration of zinc in sewage sludge from WWTPs

This result is similar to the fndings of Morrisson et al. (2004) and Dai et al. (2006), but

significantly higher than values reported by Kadewa et al. (2001) and Koanga et al. (2010). The

presence of zinc in sewage sludge may be due to corrosion of galvanized iron in the domestic

plumbing systems and this may be suggested for Kraaifontein treatment plant and industrial

effluents sources for other plants (Koch and Rotard, 200 I). The release of waste effluent from

hospitals into the municipal sewer line, might also be contributing to zinc levels in sewage sludge.

Tolosana and Ehrlich (2000) found that effluent from medical institutions in South Africa had

higher levels of zinc. This is compounded by the use of shampoos to combat dandruff which can

contain up to 0.5 % Zn as an active ingredient (Leeper, 1978). As the case, Cape Town had a lot

of hair dressing saloons whose zinc contribution to wastewater may be significant.

Table 4.11: Sludge guidelines by South Africa, United State of America and European Union (mgkg")

Elements EUSA Concentraton range in this studyUSA

As
Cd
Hg
Pb
Zn

15
15.7
10
50.5
353.5

10-75
20-40
16-25
750-1200
2500-4000

37.86 - 88.44
0.12 - 2.08
0.62-3.17
23.48 -211.88
494.96 - 2674.93

41
39
17
300
2800
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4.4 Seasonal variability in the concentrations of heavy metals in river water and
sediment receiving wastewater effluents

4.4.1 Arsenic

In this study the seasonal concentrations of arsenic in water and sediment of the selected

river systems receiving wastewater effluent were determined for samples taken from points about

1 - 2 km up and down stream from the point of final discharge into the rivers. The range of the

annual mean of arsenic in water for all sampling sites in comparison with other studies is

presented in Table 4.12. The graphical forms of the seasonal variation at each sampling point for

water is presented in Figure 4.17. The average levels of arsenic in water samples obtained from

the river system ranged from 0.56 ugl' to 23.78 ugl' for the nineteen sampling points. The

highest level of arsenic was obtained at sampling point 7 (Bellville WWTP down stream) during

winter and the lowest at sampling point 12 (Stellenbosch WWTP discharge point) as depicted in

Figure 4.17. The annual mean concentration of arsenic from each sampling point ranged from

1.62 Ilgr! (Site I) to 13.7 ugl' (Site 13).

Studies in several countries reported levels of arsenic in water ranging from

1.25 ugl" to 5114 ugl" (Chen et al., 1994; William et al., 1996; Welch et al., 1996; Mukherjee

and Bhattacharya, 2001; Jung et al., 2002· Ikem et al., 2003; Xia and Liu, 2004; Arain et al.,

2009) (Table 4.12). When comparising the findings of this study with other reported values, it

was obvious that the re uIt of this study was generally low except for sites 7, Il and 13 where

reported values were higher than the South Africa water quality guidelines and WHO (2002).

Reported concentrations were within the human consumption (except for 7, Il and 13), livestock

watering, irrigation and aquacultural use (DWAF, 1996; CCME, 1999).

Generally, the wastewater treatment plants are belie ed to be one of the possible routes of organic

and inorganic pollutants into the river systems. However, from this study the annual mean values

for arsenic at the discharge point was lower compared to the upstreams and downstreams alues

of the river, but higher than the values at the control site (Site 1). The natural and anthropogenic

sources of arsenic have been discussed 111 Chapter Two of this thesis.
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A possible means of arsenic in this section of the river may be attributed to the use of

sodium salt of arsenous acid to treat tick infestations on cattle (Okonkwo, 2007) and waste tire

dump. The high concentrations of arsenic at site 7 may be attributed to defeacating by cattle in the

water as the water is used for livestock management in the area. At sites 11 and 13, the high

concentration of arsenic recorded may be attributed to seepage of landfill leachate into the river

systems at site 11. The high concentration at site 17 may be attributed to channelization of the

upstream and informal seetIement around the sampling point. There is also possibility of storm

water contamination as many rivers in Cape Town are known to receive storm water carrying

industrial effluents, wastes from home and farms or seepage from groundwater (Synman et al.,

2002). Sites 7 (Bellville WWTP downstream) and 14 (Zandvliet WWTP upstream) are sampling

points on Kuils River. Site 7 is located far upstream of site 14 which is about 2 km of Zandvliet

point of discharge. High arsenic level at this portion of this river may be due to storm and

wastewater effluent from the biggest informal settlement in Cape Town (Khayelitsha) with over

1.2 million inhabitants.

The arsenic concentration in sediments taken from the river and the control site were

depicted in Figure 4.18 for the seventeen out the nineteen sampling locations. The upstream and

point of discharge for Bellville treatment plant was channelized, thus, this made it impossible to

get sediment samples from those sites. Apparently, the concentration of arsenic in the sediment

taken from all the 17 sampling points ranged from 1.96 ugg' to 282.26 ugg'. The highest average

concentration was obtained from sampling point 1 (Kirstenbosch Botanical Garden) during winter

while the lowest concentration was obtained from sampling point 18 (Athlone discharge point).

However, the annual mean value of arsenic obtained from the sediment of the control site and the

river system ranged from 4.80 ugg' to 210 ugg",

Previous studies elsewhere indicated that arsenic concentration in contaminated sediment

ranged from 2.3 ugg" to 2393 ugg" (Marcussen et al., 2008; Yang et al., 2009; Bai et al., 2011).

The values in the river sediment reported in this study (Figure 4.18) were within values reported

elsewhere. However, the value at the control was extremely high. This can be attributed to the

source of the water in the dam being the Table Mountain. This dam is in the upper section of

Liesbeck River. Aside the source been Table Mountain, Kirstenbosch botanical garden uses a lot

of agrochemieals and pesticides to control weeds, pests and maintain the general outlook of the

garden for tourist. Soils usually contain arsenic between 0.001 )lgil and 0.040 ugg" in the

absence of industrial or agricultural contamination (Reilly, 1991). This clearly shows that the

arsenic concentration obtained from the sediments of the receiving river system and the control

site is highly polluted. Sediments normally contain considerably higher amounts of arsenic,

compared to water. Sediments are always higher in arsenic than the waters with which they are

associated.
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There is no sediment quality guideline in South Africa, thus, comparing the values with

international acceptable standard (Table 4.13), the concentration range was above the Vietnamese

Limit Value of 12 mgkg". According to the Dutch intervention value of29 mgkg', Sites 1,3,8,

11 and 13 were seriously polluted while Site 16 (30.83 ugg-!) could be rated slightly polluted.

However, comparing with the CCME (1999) guidelines, all sites except Site 18 (Athlone

discharge point) were above the interim sediment quality guideline, while sites 7, 9, 12, 15 and 18

fell within the probable effect limits.

4.4.2 Cadmium

In this study, seasonal concentrations change of cadmium in water and sediment of the

river systems receiving wastewater effluents and Kirstenbosch Botanical Garden are presented in

graphical forms (Figures 4.19 and 4.20). For all the sites investigated, the average mean

concentrations of Cd in water samples obtained from the river systems ranged from 0.09 ugl" to

14.78 ugl" for the 19 sampling points as placed in Figure 4.19. The highest level of cadmium in

water was obtained at Site 17 (Athlone WWTP Upstream) during the autum sampling season and

the lowest at Site 14 (Zandvliet WWTP Upstream) during autum. The annual average cadmium

concentration found in this study ranged from 1.44 ugl" Site 15 (Zandvliet WWTP discharge

point) to 7.96 ugl" Site (17 Athlone WWTP downstream).

In previous studies conducted in South Africa, Fatoki et al. (2002) reported concentration

range of 0.01 to 26 mgl', while Sanders et al. (1999) reported concentration range of between 2

and 4 Ilgr!. Cadmium concentration had not been previously reported in the selected river

systems in Cape Town as attention had been focus on other toxic metals and expecially in

sediment and soil samples. In a study conducted by Reinecke et al. (2003), cadmium was detected

at about 6 Ilgr! for upstream and downstream samples collected in the Eerste River for two

sampling seasons. Elsewhere in South Africa, it was reported that levels of cadmium in water

ranged from 1.6 ugl" to 260 ugl" as placed in Table 4.14 (Sanders et al., 1999; Awofolu et al.,

2005; Okonkwo and Mothiba, 2005). Annual values reported in this study were lower compared

to previous finding in the Eastern Cape and Nigeria (Table 4.14). Cd concentrations 10 non-

polluted natural waters usually are lower than 1 ugl", have been reported (Hans, 1994).

On camparison with South Africa water quality guidelines, the reported levels of

cadmium indicated that all sampling sites concentration were within the limits for human

consumtion except for site 17 and 19, while all sites, 17 and 19 inclusive were below the set limits

of 10 Ilgr! for livestock watering and irrigation of farmlands. However, in relation to protection

of aquatic lifes, reported concentrations for all the 19 sites were above. the 0.2 ugl" and

0.017 ugl" limits set byt DWAF, (1996) and CCME, (1999), respectively.
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On the other hand, cadmium concentration in the sediment from the 17 sampling points

showed a concentration range of 0.09 to 28.8 I1gg-1.The highest concentration was obtained at

Site 17 during autum and the least was at Site 14 in summer. The annual mean concentration

ranged from 2.15 ugg" (Site 12, Stellenbosch WWTP discharge point) to 12.49 I1gg-1

(Site 17, Athlone WWTP Upstream). Previous study by Ayeni et al. (2010) on the lower section

of Diep River had reported concentration range of 7.12 to 19.2 ugg' (Table 4.14), while other

studies in South Africa had reported somewhat higher concentration in river sediment (Sanders et

al., 1999). Cd concentrations in this study were lower compared to other study in Cape Town

(Ayeni et al., 2010). The ranged of values reported in this study were higher than the Vietnamese

limit value, Dutch target value and guidelines for threshold effect concentration and probable

effect level of 2, 1.1, 0.596 and 3.35 mgkg" (Table 4.13). However, the reported values were

below the Dutch Intervention guidelines of 30 mgkg".

4.4.3 Lead

The result of seasonal concentrations of lead in water and sediment of the selected river

systems receiving wastewater effluent are presented in Figures 4.21 and 4.22. The average values

of Pb in water samples obtained from the river system ranged from 4.18 I1gr1 to 86.73 ug!" for

the 19 sampling points as shown in Figure 4.21. The highest level of lead was obtained at ite 16

(Zanvliet WWTP point of discharge) during summer and the lowest at Site I(control site,

Kirstenbosch Botanical Garden) during summer. Meanwhile, the annual mean value of lead at

each sampling site in this study for water ranged from 17.64 I1gr1to 52.99 I1gr1.

Previous studies in outh Africa had reported Pb concentration ranging below detection

limit to 1110 I1gr1 (Fatoki el al., 2002· Okonkwo and Mothiba, 2005) (Table 4.15). Meanwhile,

another study Reinecke et al. (2003) reported 30 to 40 I1gr1 of lead in the Eerste Ri er. Effluent

discharges from sewage treatment plant and industries had been suggested as possible routes of

Pb into river systems. Thus, considering the values reported in the study, wastewater effluent is a

factor to high lead concentration in the river system. Though, the study showed that the final

effluent concentrations were generally low for lead, and that the effluent helps to further dilute the

river water concentration, possible contamination source could not be ruled out. The

recommended threshold level of lead for South Africa Ri ers is 10 I1gr1 (DWAF, 1996). Tbe

results showed that the annual a erage alue oflead for all the sampling points of the ri er system

and the control site were above the TWQR threshold level for human consumption and
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aquacultural purposes. However, reported values were within the TWQR for irrigation and

livestock watering. The water is unsuitable for the protection of aquatic ecosystems as TWQR

limits of 0.2 ugl" was exceeded.

The seasonal concentrations for Pb in sediment samples from all the 17 sampling sites are

presented in Figure 4.22, while the annual mean Pb concentration in the sediment samples ranged

from 36.67)lgg-! to 603.19 ugg". Site 1 was the most polluted while Site 18 was the least. The

contamination pattern recorded in this study for lead was similar to the distribution pattern

reported for lead. In previous studies as reported in Table. 4.15, Pb in contaminated sediment

ranged from 2.2 ugg" to 3470 ugg" (Reinecke et al., 2003; Singh et al., 2005; Yang et al., 2009;

Marcussen et al., 2008; Ayeni et al., 2010; Roa et al., 2010; Wu et al., 2010; Bai et al., 2011).

Comparing the Pb cocnetration in this study with Dutch target limits, all sites with the

exception of Site 18 exceeded the limit of 85 ugg', however, all sites except sites 1 and 8 were

within the intervention guideline of 530 ugg'. Meanwhile, using the threshold and probable effect

concentration by CCME (1999) as the bench mark, all sites exceeded the limits. Thus, the

reported values for all the sampling sites clearly shows that the river river systems and the control

site were highly contaminated and water from these sites were not suitable for the support of

aquatic life and supply water for domestic uses.

4.4.4 Mercury

In this study, the seasonal concentrations of mercury in water of the selected river system

and control site are depicted in Figure 4.23. The average levels of Hg in water samples obtained

from the 19 sampling sites ranged from 0.1 ugl" to 8.09 ugl", while the annual mean

concentration for each sampling site ranged from 1.45 ugg" to 2.58 ugg". The highest level of

mercury was obtained at sampling site 15 (Zandvliet discharge point) during the spring season

and the lowest at sampling point 2 (Potsdam WWTP upstream) as depicted in Figure 4.23.

Previous study in Eastern Cape had reported concentration ofHg to be 0.003 mgl" (Fatokia and

Awofolu, 2003), while Retief et al. (2009) reported Hg concentration range of 0.125 ugl' to

0.513 ugl" in the Vaal dam, South Africa.

Previous studies in several countries reported levels of mercury in water were ranged

from not detetcted to 1502 ugl" (Fernandez et al., 1992; Navarro et al., 1993; Ayas and

Kolankaya, 1996; Ramos et al., 1999; Ashokkumar et al., 2009) (Table 4.16). The recommended

TWQR threshold level of mercury for South African rivers for human consumption is 1.00 ugl'

(DWAF, 1996). The average values of mercury for all the samplings sites exceeded the limits,

though there are instances during sampling period where Hg concentrations were below this

guideline. Also, Hg concentration exceeded TWQR guideline for the protection of aquatic
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ecosystem, livestock watering and aquacultural uses. Considering the effect of ingesting Hg

through the river water, the water system is unsafe for domestic, agricultural, livestock and

aquacultural uses.

The Hg concentrations in sediments from the river systems and control site are presented

in Figure 4.24. The mercury concentration ranged from 0.004 ugg' to 9.52 ugg'. The highest

concentration was obtained during autum at Site 11 (Stellensboch upstream) and the lowest

concentration was obtained at Site 2 (Potsdam upstream) during the spring. Meanwhile the

annual mean concentration of hg for the 17 sites ranged from 0.58 ugg' (Site 7, Bellville

downstream) to 4.33 ugg" (Site 1, Kirstenboach Botanical Garden). Previous study by Retief et

al. (2009), reported concentration range ofO.0014 ugg' to 0.95 ugg' in Vaal dam, South Africa.

Elsewhere, studies had indicated that Hg concentration in contaminated sediment ranged

from 0.41 ugg' to 341.06 Ilgg-J as placed in Table 4.4.8 (Ramos et al., 1999; Ashokkukamr et al.,

2009; Yang et al., 2009; Roa et al., 2010; Wu et al., 2010). Comparing the reported values in this

study with international standard limits (CCME, 1999), the concentration exceeded both the

interim sediment quality guideline and probable effect level of 0.174 ugg' and 0.486 ugg'. This

clearly indicates that the overall Hg concentration obtained from the sediments of all the sampling

point is polluted.

4.4.5 Zinc

Seasonal variation in the concentration of Zn in water samples from all the 19 sampling

sites is presented in Figure 4.25. The average seasonal concentration ranged from 25.15 ugl' to

909.38 ugl". The highest level of zinc was obtained at sampling site 15(Sandvliet discharge point)

during summer and the lowest at sampling site 12 (Stellenbosch discharge point). Meanwhile, the

annual mean zinc concentration found in this ranged from 172.79 ugl" (Site 1, Kirstenbosch

Botanical Garden) to 722.07IlgrJ(Site 13, Stellenbosch downstream).

Previous study in the Western Cape Province had reported various concentration of Zn in

river water. Jackson et al. (2007), reported zinc concentration range of 100 ugl' to 2100 ugl' in

Berg River and Jackson el al. (2009), reported a concentration range of between 100 ugl" to 4400

Ilgr1for studies conducted on Plankenburg and Diep Rivers. However, studies elsewhere in South

Africa had reported concentration range of 10 ugl' to 431 ugl" (Sanders el al., 1999; Fatoki et al.,

2002; Fatoki and Awofolu, 2003; Awofolu et al., 2005) (Table 4.17). Meanwhile, studies in

several countries reported levels of zinc in water were ranged from <5 ugl" to 97 ugl'

(Ashokkumar et al., 2009; Bouraie et al., 2010) (Table 4.4.10). The reported values in this study

were lower compare to previous studies in Cape Town. Aside from the geology of the catchment,

zinc concentration in the river systems pointed towards WWTPs and storm water carrying both

industrial and domestic effluents.
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The recommended TWQR for Zn in water for domestic purposes is 3000 ugl'

(DWAF, 1996). Thus, from the reported values, no health effect is expected from domestic use of

the water from the sampling sites. However, the TWQR for the protection of aquatic ecosystem,

aquacultural purposes, livestock watering and irrigation of are 2 ugl", 30 ugl", 0 to 20 mgl-1 and

100 ugl". From this study, water from the river systems and the control site is not suitable for the

protection of aquatic ecosystem or use for aquacultural purposes.

Apparently, the seasonal variation in the concentrations of Zn in sediment taken from the

17 sampling sites is presented in Figure 4.26. The concentration ranged from 35.62 Jlgg-l to

1986.72 ugg'. The highest seasonal average concentration was obtained from sampling site 15

(Zandvliet discharge point) during autum and the lowest concentration was obtained from

sampling site 12 (Stellenbosch discharge point). Meanwhile, the annual mean concentration of Zn

obtained in the sediment from each sampling site ranged from 144.46 (Site 9, Kraaifontein

discharge) to 1443.13 (Site 15, (Zandvliet discharge point).

Several studies on Zn in the sediment from different sections of Diep, Plankenburg and

Berg Rivers in Cape Town had reported concentration range of 2.9 to 1081.2 (Reinecke et al.,

2003; Jackson et al., 2007; Jackson et al., 2009; Ayeni et al., 2010) (Table 4.17). Elsewhere in

South Africa, concentration range of 0.08 Ilgg-1 to 15 240 Ilgg-1 had been reported (Sanders et al.,

1999; Fatoki et al., 2002; Awofolu et al., 2005; Singh et al., 2005; Marcussen et al., 2008;

Sekabirat et al., 2010). However, studies in several countries like Egypt, Uganda, Vietnam, India

and China had reported concentration of 29.6 ugg" to 1968.43 ugg' in river sediment

(Duman et al., 2007; Ashokkumar et al., 2009; Yang et al., 2009; Bouraie et al., 2010;

Bai et al., 2011 )(Table 4.17).

Comparing the reported values of Zn in this study with internationally acceptable values,

all sampling sites exceeded the target level for Zn in river sediment by Dutch standard. However,

zinc levels at site 1, 14, 17 and 19 were above the intervention limits guideline. Meanwhile, using

the CCME benchmark, all the sites exceeded the interim sediment quality guideline of 123 and

sites 8,9, 10 and 12 were within the probable effect limit.
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4.5 Results and discussion on method development on HPLC and GC-MS

4.5.1 Method development on Agillent 1100 HPLC

4.5.1.1 Chromatographic separation

The SPE-HPLC-DAD chromatograms of a standard mixture of all the eleven priority

phenols and surrogate standard (2, 4, 6-TBP) under the chromatographic conditions described in

the experimental section are presented in Figures 4.27 and 4.28. As can be seen in Figure 4.5.1

and 4.5.2, the chromatographic conditions used yielded an adequate resolution of the target

compounds in less than 14 min (Acetonitrile/water) and 25 min (methanol/water). Methanol/water

take longer time thus not in conformity with the aim of reducing organic solvent used for analysis.

4.5.1.2 Linearity and precision

An in-house validation of the proposed analytical method was performed in order to

establish essential parameters, linearity range, detection limits, quantification limits, precision and

accuracy. Because no certified reference material was available, the trueness of the analytical

method was assessed through the recovery of a standard mixture target analyte. For all the

analytes investigated, external calibration method as described by Zakeri-Milani et al. (2005) was

used. Calibration plots were built reporting the peak area (relative units as given by the integrator)

versus standard concentration in a concentration range between 0.1 and 30 ngul' for all the

analytes except for 4-nitrophenol (2.5 to 30 ngul"). Straight lines were obtained for the regression

parameters reported in Table 4.18. The goodness of fit (R2
) for all analytes was > 0.99

demonstrating method suitability for the analysis (Chawla et al., 2006; Campo et al., 2006). The

calibration plots for all the analytes are presented in Appendix 1.
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Fig. 4.27: Acetonitrile/water separation of phenol; (1) phenol (2) 4-nitrophenol (3) 2-chlorophenol
(4) 2,4-dinitrophenol, (5) 2-nitrophenol (6) 2,4-dimethyl phenol (7) 4-chloro, 3-methyl phenol
(8) 2,4-dichlorophenol (9)2-methyl, 4,6-dinitrophenol (10) 2,4,6-trichlorophenol, (*) 2,4,6-tribromophenol
(Il) pentachlorophenol.
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Fig. 4.28: Methanol/water separation of phenol; (1) phenol (2) 2,4-nitrophenol (3) 4-nitrophenol
(4) 2-dinitrophenol (5) 2-chlorophenol (6) 2,4-dimethyl phenol (7) 2-methyl, 4,6-dinitrophenol
(8) 4-chloro, 3-methyl phenol (9) 2,4-dichlorophenol (10) 2,4,6-trichlorophenol,
(*) 2,4,6-tribromophenol (11) pentachlorophenol.
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Table 4.18: Calibration plot equations: peak area (y, relative units) versus standard concentration (x, ngul"),
correlation coefficients, retention times and linearity.

Analyte Retention time Calibration Plot ?

P-OH
4-NP

2-CP
2,4-DNP
2-NP
2,4-DP
4-C-3-MP
2,4-DCP
2-M,4,6-DNP
2,4,6-TCP
2,4,6-TBP
PCP

3.543
4.706
5.865
6.452
6.746
7.550
8.464
9.127
9.450
10.738
11.778
12.911

y = 10.28493x + 0.38296
Y = 0.85740x + 0.00285
Y= 204.50267x - 9.7233
Y= 38.36583x - 4.4209
Y= 27.76183x- 4.22382
Y= 185.29596x - 9.60877
Y= 11.28097x - 0.51992
Y= 11.77682x - 0.53496
Y= 49.8612x - 3.12107
Y= 9.19452x - 0.61745
Y= 5.16817x + 0.16299
Y= 3.124950x + 0.26393

0.99972
0.99919
0.99986
0.99976
0.99979
0.99989
0.99990
0.99991
0.99990
0.99991
0.99990
0.99985

0.30 - 30
2.5 - 30
0.20 - 30
0.20 - 30
0.20 - 30
0.20 - 30
0.30 - 30
0.30 - 30
0.20 - 30
0.20 - 30
0.20 - 30
0.30 - 30

The precision of the method, based on measurement of repeatability, was obtained from

the repeatable standard deviation expressed as the co-efficient of variation (% CV) by replicates

injections (n=7) of standard mixture (prepared in the laboratory) and the internal standard (IS), by

taking into consideration the concentration and the retention time of each compound (Table

4.5.1). Repeatability results showed good precision with mean RSD values range of 0.97% and

10.49% for the Il phenols (Zakeri-Milani et al. 2005; Leon et al., 2006; Opeolu et al., 2010).

4.5.1.3 Limit of detection and limit of quantification

In this study, LOD and LOQ were calculated by multiplying the standard deviation of the

lowest detectable concentration by 3 and 10 respectively (Kuselman and Shenhar, 1995; Huber,

2003). The detection limit ranged from 4 ugl" to 166 ugl', while the limit of quantification ranged

from 15 to 502 ugl" as shown in Table 4.19. The obtained values for both LOD and LOQ for the

analytes were low, indicating that the method is capable of not only quantifying all the used

standards, but also of detecting traces of these phenolic compounds in different water samples.

The result proved to be 100 times better than result obtained on HPLC Waters 2210 in our

laboratory (Opeolu et aI., 2010) and previous studies elsewhere (Angelino and Gennaro, 1997;

Andrade et al., 2006).

4.5.1.4 Accuracy

Some experiments of recovery yield were performed by analyzing, under the same

chromatographic conditions (acetonitrile/water), MiIIiQ water samples was spiked to obtain

]0 mgl' of each analyte. Apparently, recovery was calculated as the ratio of measured

concentration to the spiked concentration and expressed as percentage (Andrade et al., 2006; Polo

et al., 2006). No significant matrix interference was observed. The obtained recoveries were
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within the same order of magnitude as reported by other researchers (Angelino and Gennaro,

1997; Alonso et al., 1998; Kostrhounova et al., 2003; Jeon et al., 2007; Huang et al., 2009). The

result reported in Tables 4.19 provided evidences that the optimized method for all the analytes

have acceptable repeatability (RSD :::;11%). This was further confirmed by the prepared standard

of the analytes mixture supplied by Sigma Aldrich, South Africa at known concentration.

4.5.1.5 Real water analysis

The developed analytical method was applied to analyze phenolic congeners from real water

samples. The result of water analysis from laboratory, student residence, surface water and bottled

water is presented in Table 4.20 while the chromatogram of tap water and brand 2 table water are

presented in Figures 4.29 and 4.30. Due to their toxicity on drinking surface waters, aquatic and

human lives, the European Commission (EC) and the United State Environmental Protection

Agency (USEPA) have classified some of them as EDCs.

The minimum admissible levels set by the EC and USEPA for water intended for human

consumption are 0.5 ugl" and 0.1 ugl' for total and individual compounds, respectively and

5 ugl" for bathing water (Galceran and Jauregui et al., 1995; Angelino and Gennaro, 1997;

Llompart et al., 2002; Fattahi et al., 2007). The world health organization suggest a guide level

concentration lower than 200 flgrlfor 2,4,6-trichlorophenol and 9 flgrl for pentachlorophenol

(Simoes et al., 2007). The International Agency for Research on Cancer (lARC) has classified

2,4,6-trichlorophenol in Group 2B (possibly carcinogenic to human) while Environmental

Protection Agency (EPA, 2004) has classified 2,4,6-trichlorophenol as a probable carcinogen.

DAD' E, s,g-280,'6Ref-380,100 (PERCENT RECO\lERY2N'

mAul

40

30

A 1 E, Slg-280,'6 Ref-360,'00 (SAMPLE COMBfNED 040

7

20

'0
12

.'0 +-~_~--,-~_--,L~---.-~_-,-.--j__ ~O L_ ~'O~ __ ~ml

Fig. 4.30: Brand 2 water from grocery shop
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Analysis showed that most of the analytes were not detected in the water samples;

however, 4-nitrophenol, 2-methyl, 4,6-dinitrophenol (O-cresol), pentachlorophenol, and 2,4-

dichlorophenol were found in some of the samples. These compounds have been used either as

raw materials or intermediate products in the agro-chemical industry and wood preservation

mAU

'Q ml

80

60

40

20

fig. 4.29: Tap water analyzed in the laboratory



(Ribeiro et al., 2002; Santana et al., 2002; Bestamin, 2005). While chlorophenols are also formed

as metabolites of agricultural pesticides (e.g. chlorophenoxy acids and lindane), in pulp bleaching

processes, due to inefficient removal of these congeners from wastewater treatment plants waste

effluent and as by-products of the chlorination of drinking water (Heberer and Stan, 1997). On the

other hand, nitrophenols are formed from reaction of atmospheric oxides with aromatic

hydrocarbons which subsequently accumulates in precipitate.

This proposes the possible sources of 2,4-dichlorophenol and pentachlorophenol

contamination in the water samples. The brand 2water is branded phenolic water and this could be

responsible for the presence of almost all the target phenolic congeners present in the water. The

reported concentration of phenol and phenol derivatives were far higher than the values

recommended by EU, USEPA and WHO for individual, total, 2,4,6-trichlorophenol and

pentachlorophenol. Results are consistent with those reported by Opeolu et al. (2010) who

analyzed eleven priority phenols in water samples from some selected informal settlements in

Cape Town.
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4.5.2 Method development on GC-MS

4.5.2.1 Selection of derivatization reagent

Preliminary experiment explored for derivatization using acetylation showed that the

nitro-groups were not well derivatized with acetic anhydride as compared to the silylation

method. Therefore, derivatization with acetic anhydride was not pursued further. Results are

consistent with previous studies on acetylation of nitrophenol where unsatisfactory result had

been reported (Heberer and Stan, 1997).

Yield from derivatization using block heater was not acceptable. Thus, derivatization was

successfully carried out at 90°C (20 mins) as described in the method development. Stability of

the derivatized products was investigated by keeping the products in the dark at 4°C for 7, 14 and

21 days. The products were stable after 21 days as no significant difference in the intensity of the

products was observed. The quantifier ions were mostly the ion peaks with the largest abundance

(Table 4.21). The chromatogram of the silylated phenol, chlorophenols and nitrophenols is shown

in Figure 4.31. The target analytes were well separated with exception of 4-NP and 2,4,6-TCP

with close retention and often eluted at 20.75 min. The result agreed with the findings of Heberer

and Stan (1997). The mass spectra of some of the derivatized phenols are presented in Figures

4.32 (a) to 4.32 (h). Phenols and phthalates were usually determined separately using standard

protocols. However, the derivatization of priority phenols in this study showed that the intensity

and the stability of the phthalates are 110taffected by the drivatization procedure used .

.,."
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Fig 4.31: Chromatogram of derivatized phenols and phthalate esters
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4.5.2.2 Optimal elution conditions for phenols and phthalate from SPE cartridges

Solvent are used to remove target analytes from SPE cartridges. Types and volume of

solvents also plays an important JIOte in the recoveries of target congeners. Solvent selection

depends on target analyte to be eluted from the cartridges and elution strength of the solvent.

Different solvent like ethyl acetate, acetone, methanol, dichloromethane, hexane have been used

for elution of target analytes from varying forms of SPE cartridges (Fatoki and Noma, 2002; Tan

et aI., 2008; Clara et al., 2010). Since the target compounds covered a range of polarity,

combination of three solvents namely hexane and acetone and methanol were examined based on

literatures reviewed (Cepedes et al., 2005; Tan et al., 2008; Clara et al., 2010).

The eluent was derivatized, measured with GC-MS and the relative response was

quantified for compound. The ratio of hexane to acetone that gave the best recovery was 50:50.

The elution combination ratio was similar to values of methanol and dichloromethane

combination ratio reported by Fatoki and Noma (2002). For surface water analysis, recovery

ranged from 75 % to 113 %.

4.5.2.3 Calibration and validation of analytical method

Five point calibration curves were constructed using triplicate injections of the phthalate

standards with the derivatized phenols standard. The retention time, target ion monitored, and the

SPE recovery of the selected phenols and phthalates are presented in Table 4.21. Analysis of the

result demonstrated the concordance of the response with a linear model as shown in Table 4.22,

where the regression coefficient ranged from 0.976 to 1.000. The method precision and accuracy

were satisfactory. The calibration concentration ranged was from 2.5 to 1000 ugl". Due to non-

avai labil ity of reference materials, the trueness of the analytical method for extraction and elution

was assessed through recovery of additions of standard mixtures of the target analytes in Milli-Q.

For the efficient quantification of the target compounds, analysis was performed within the linear

portion of the calibration curve.
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Table 4.21: Retention time, target ion in GC-MS detection of the selected phenols and phthalates recoveries

(n =7)

Compound Retention Target Reference SPE Recovery

Time (min) ion (m/z) ion (m/z) (%)

Phenol 11.14 151 208 93.43 ± 0.05

2-Chlorophenol 15.21 185 149,93 98.21 ± 4.38

Dimethyl phthalate (DMP)* 15.27 163 rt 83.72 ± 6.03

2,4-Dimethylphenol 15.74 179 163, 149, 105 98.69 ± 8.43

4-chloro, 3-methylphenol 17.71 199 93 76.21 ± 5.28

Diethyl phthalate (DEP)* 18.38 149 In, 104, 'n 98.46 ± 11.31

2,4-Dichlorophenol 18.81 219 183, 125,93 94.1 ± 7.16

2-Nitrophenol 19.15 196 180,151,136,91 95.39 ± 11.68

4-Nitrophenol 20.74 196 150, 135 88.19 ± 10.29

2,4,6- Trichlorophenol 20.76 255 217, 159,93 73.21 ± 0.05

Dibutyl phthalate (DBP)* 22.89 149 207 98.99 ± 8.27

2,4-Dinitrophenol 23.39 241 225,195,137 96.34 ± 2.93

2-methyl, 4,6-dinitrophenol 24.29 255 239,209179, 149 90.33 ± 6.18

Pentachlorophenol 24.58 323 93 92.64 ± 11.39

Benzybutyl phthalate (BBP)* 26.09 149 206,91 97.43 ± 18.31

Diethylhexylphthalate (DEHP)* 27.35 149 279,167 101.32 ± 0.21

Dioctyl phthalate (DOP)* 29.01 149 279,57 90.77 ± 5.39

*Compound not affected by MTBSTFA derivatization

4.5.2.4 Limits of detection and quantification

The LaD of each compound for the 17 analytes was determined as three times the standard

deviation of seven independent replicate analyses. Limits of quantification (LOQs) were

determined as 3.3 times of LaDs. Instrument detection limits ranged from 0.6 ugl' (DEHP) to

3.16 ugl' (4-NP) and the LOQs varied from 1.9 ugl" (DEHP) to 10.44 ugl" (4-NP) as presented

in Table 4.22. The method detection limit values for LaDs and LOQs are adequate for

environmental monitoring of the target compounds and low enough compared to previous work

on the analytes of interest (Fatoki and Noma, 2002; Yuan et al., 2002; Cortazar et al., 2005; Zhou

et al., 2005; Kayali et al., 2006; Ling et al., 2007) taking into account the complexity of the

samples and the low sample amounts used. For wastewater and river samples, the LaDs achieved

in the present work were at similar levels or lower than those obtained in previous studies with

GC-MS (Yuan et al., 2002; Cortazar et al., 2005; Kayali et al., 2006).
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Table 4.22: Limit of detection, limit of quantification and correlation coefficient of analytes

Compound IDL LOQ Correlation coefficient (R2
)

(!lgrl) (!lgrl)

Phenol 2.2 7.18 1.000

2-Chlorophenol 1.9 6.34 0.988

Dimethyl phthalate (DMP)* 2.2 7043 0.993

2,4-Dimethylphenol 1.4 4.78 0.987

4-chloro, 3-methylphenol 2.96 9.77 0.989

Diethyl phthalate (DEP)* 1.58 5.22 0.993

2,4- Dichlorophenol l.l1 3.66 1.000

2-Nitrophenol 1.36 4047 1.000

4-Nitrophenol 3.16 10044 0.999

2,4,6- Trichlorophenol 2.81 9.63 0.999

Dibutyl phthalate (DBP)* 0.9 2.9 0.987

2,4-Dinitrophenol 1.63 5.36 0.986

2-methyl, 4,6-dinitrophenol 1048 4.87 0.976

Pentachlorophenol 2.23 7.37 0.998

Benzybutyl phthalate (BBP)* 0.9 2.9 0.987

Diethylhexylphthalate (DEHP)* 0.6 1.9 0.989

Dioctyl phthalate (DOP)* lAL 4.65 0.988
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4.6 Seasonal occurrence and annual distribution pattern of phenolic and phthalic acid
esters congeners in wastewater and river water

4.6.1 Levels of phenolic compounds and phthalate esters congeners in Athlone WWTP
and Vygekraal River

Activated sludge process successfully removed the bulk of the organic compounds that

enters the wastewater treatment plant. However, not all the compounds are usually broken down

or converted into biomass (i.e. sludge) by microorganisms (Wang et al., 2005). For the phenols

and phthalate esters investigated, the results of seasonal mean for the Athlone WWTP is presented

in Table 4.23, while Figure 4.33 depicted the summation of the annual mean distribution pattern

in both the freshwater systems and the wastewater treatment plant. During the first quarter

sampling campaign, all the investigated phenols were not detected in the upstream samples

except for 2-NP which was below the instrument quantification limit. With the exception of

2,4-DMP and 2,4,6-TCP, all other phenols were present in the influent waste for all the sampling

seasons while 2,4-DCP was neither detected in the freshwater nor in the WWTP effluents.

Generally, the seasonal mean concentration (standard deviation) of phenolic congeners ranged

from < LOD to 143 (2) ugl" (2,4-DMP), < LOD to 843 (39) ugl' (PCP), < LOD to 184 (3) ugl'

(2,4-DMP), and < LOD to 506 (4) ugl" (2-NP) for upstream, influent water, effluent water and

downstream water, respectively.

The distribution pattern for phenolic congeners is PCP> 2NP > 2,4-DMP > POH > 2CP

> 2,M,4,6-DNP > 4C-3MP > 4NP > 2,4,6-TCP > 2,4-DNP> 2,4-DCP. PCP accounted for 34 %

of the total annual phenolic concentrations, while POH, 2CP and 2,4-DMP accounted for 11.58,

10.08 and 1l.89 % of the total annual phenols investigated. The concentration of 2,4-DNP,

2,4,6-TCP, 4-NP and 2,4-DCP concentration were negligible, while other could be ranged in

comparison to phthalate esters as PCP > 2-NP > POH with percentage composition of 16%,

Il %, 5 %, 2 % and 1 %, respectively. This distribution pattern in the wastewater treatment plant

could be attributed to the wide use of chemicals containing the phenolic congeners of interest in

many industrial processes, such as production of plastics, dyes, drugs, pesticides, antioxidants and

paper, as well as petrochemical processes (Czaplicka, 2001; Zhou et al., 2005). The level and

distribution patterns of phenolic compounds in the river and waste treatment reported in this

study were generally higher than the finding reported in similar matrix in Oman, Italy and Spain

(Czaplicka, 2001; Riberio et al., 2002; Zhou et al., 2005; Suliman et al., 2006; Bagheri et al.,

2007; Zhao et al., 2009). The result could not be compared to any previous study in South Africa

as no data is available for review on levels of phenolic congeners in wastewater and freshwater

systems in the country.
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For phthalate esters, of all the six substances that were assessed, diethylhexyl phthalate

(DEHP), dimethyl phthalate (OMP), diethyl phthalate (DEP), di-n-butyl phthalate (DnBP), di-

octyl phthalate (DOP) and benzylbutyl phthalate (BBP), ooly DMP was oat detected in the raw

wastewater and the freshwater systems. The result was in agreement with the findings of Fromme

et al. (2002) and Vogelsang et al. (2006). OEHP was detectable in all samples tested aod

accounted for

2-CP

5% DMP

2,4DMP

5%

4-C,3-MP

1%

PCP

16%

2-M,4,6-DNP

2%

2,4-DNP

0%

DEP

36%

0%

0% 2-NP

11% 2,4-DCP

0% _. -----
Figure 4.33: Annual distribution pattern of phenolic and phthalate esters congeners in Vygekraal River and

Athlone WWTP

3 % of the total congeners investigated in the fresh and WWTP systems. Levels of OEHP in this

study ranged from 6 to 62 ug r' and 10 to 60 ug I-I for freshwater and WWTP, respectively.

These values were higher than what was reported in the literatures (Fromme et al., 2002;

Vogelsang et al., 2006). However, the trend and seasonal distribution pattem from the chemical

analysis revealed that DEP had an occurrence frequency of 87.5 % and accounted for 36 % of the

total congeners on an annual basis. DEHP, BBP, DOP and OBP had occurrence frequencies of

100,16.7,12.5 and 8.33 % with total annual distribution percentages of 3,11,1 and 4%,

respectively. This results trend agreed with those reported in the literature for sewage effluent and
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for oxidation pond by Ogunfowokan et al. (2006) where DEP and DBP have been reported with

higher concentration compared to DEHP.

The presence of phthalates was expected since these compounds are widely used

throughout the industry and within households, particularly as additives in plastics, including

pipes used for plumbing purposes. This pattern of PEs is complex and deviate from the general

norms of higher molecular congeners most especially DEHP having the dominant concentration.

This pattern could be as a result of source compositions, sedimentary dispersion/accumulation

patterns, environmental degradation, or metabolism by sedimentary communities. Considering the

array of industries in this zone and usage to which PEs of lower molecular weight (DMP, DEP,

DBP) are put to e.g. in production of cosmetics and personal care products, while longer chain or

branched structure is used as plasticizers, this could have been a major route of the lower

congeners into the environment and the freshwater system.

Though, there are a number studies on phthalate esters in the developed world, studies on

their availability are very few in Africa with South Africa having reported some levels in water,

soil and sediment samples (Fatoki and Noma, 2002; Adeniyi et al., 2008; Fatoki et al., 2010). The

concentration of PEs reported in this study for Athlone WWTP and Vygekraal river was similar to

values reported in literatures (Tan, 1995; Vitali et aI., 1997; Fromme et al., 2002; Yuan et al.,

2002; Vethaak et al., 2005; Zeng et al., 2008).

The removal efficiency calculated using detectable concentration of analytes showed that

2-nitrophenol and DEHP were poorly removed from the waste stream for all the seasons

(Figure 4.34). The removal efficiency was less than 80 %, while DBP was poorly removed during

the summer sampling season. The reported removal efficiency agreed with the removal pattern of

some nonyl-phenols and DBP by Wang et al. (2005). It is noteworthy to state the occurrence of

2,4-dimethylphenol, which was not initially detected in the influent water into the WWTP. This

could be due to the breakdown of higher compounds that were present in the waste stream into the

WWTP by microorganisms.

There was strong correlation between the wastewater effluent concentration and

concentration of the target analytes downstream of the receiving river. Though a significant

concentration of the analytes were detected upstream of the plant and most of the analytes was not

detected in the final effluent, DEHP, DEP, 2-NP and 2,4- DMP from the WWTP contributed to

further contamination of the downstream water. The highest concentration of phthalates detected

downstream was DEP. This treatment plant is located in the heart of the city where a significant

amount of the plastic materials including wall papers, floor lacquers, titles, wire coating,

restaurant and hospitals released their waste into the sewers for further treatment.
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Figure 4.34: Proportion of PEs to phenolic congeners and removal efficiency of Athlone WWTP
in summer, autumn, winter and spring

Proportion of PEs and phenolic congeners

Furthermore, PEs deposited on the roadside as result oil and chemical spillage from

vehicles, vehicles components, car care products and tire ware can be washed out during raining

events into the river systems. Additionally, close to the downstream section is a golf course that

uses different kinds of pesticides for weed and pest control as well as informal settlement and low

cost housing estate just below the wastewater treatment plant discharge point.

4.6.2 Levels of phenolic and phthalate esters congeners in Bellville wastewater treatment

plant and Kuils River

The new Bellville wastewater treatment was investigated of the two WWTPs. The plant

received majorIy industrial effluent from the northern suburb. Industries in the southern suburb of

the City of Cape Town include: paper mills, wood processing plants, tannery and garages, after-

shave, metals processing, tannery, paints, table water production plant and pharmaceuticals. The

seasonal mean of the phenols and phthalates in the freshwater and wastewater effluents is

presented in Table 4.24, while the annual mean distribution pattern of each of the 17 congeners is

presented in Figure 4.35. For the phenolic congeners investigated, none of the 11 congeners
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were detected upstream of the treatment plant during the first three quarters of sampling, while the

downstream contains high concentration ofPOH, 2CP, 2,4-DMP, and PCP among otbers.

The frequency of occurrence ranged from 12.5 % for 2,4-DCP to 56.25 % for POH and

PCP. Unlike in the Athlone WWTP where 2,4-DMP was only detected in the effluent wastewater,

it was substantially detected during the last sampling season (summer, 2011). Tbe seasonal mean

concentration of phenols ranged from < LOD to 663 (89) ugl" (POH), < LOD to 3253

(2165) ugl' (2,4-DMP), <LOD to 473 (167) ugl' (2,4-DMP) and < LOD to 450 (0.3) ugl' (2CP)

for upstream, influent, effluent and downstream waster, respectively. For the phenolic congeners,

2,4-DMP accounted for about 70 % while PCP accounted for about 11 %. However, on annual

basis in comparison to phthalate esters, the distribution of phenolic congeners could be rated as

2,4-DMP> PCP> POH > 2CP = 2NP > 2-M, 4,6- DNP > 4-C,3-MP = 2,4-DNP = 2,4,6-TCP =
4NP = 2,4-DCP.

1% PCP

BBP DEHP
1%1%

POHDOP

2,4-DNP

0%

2,4DMP

29%

DBP

45% 0%

-~:lZc... 2,4-DCP

0%
2,4,6-TCP

0%
4-NP 2%

0%

Figure 4.35: Annual distribution pattern of phenolic and phthalate esters congeners in Kuils River and
Bellville WWTP

The occurrence frequency of phthalate esters over the sampling period is DEP (56.3 %),

DBP (81.3 %), DOP (43.8 %), DEHP (56.3 %), BBP (56.3 %) and DMP (31.3 %). The frequency

of DBP in the wastewater and the freshwater samples is a clear indication of possible sources of

DBP in relation to the industrial setup in the suburb. The distribution pattern (Figure 4.5.9)

showed that DBP accounted for 45 %, while DEHP, BBP, DEP, DOP and DMP accounted for 1

%, 1 %, 9 %, 0% and 0%, respectively in comparison to phenolic congeners. This trend of »<
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distribution where DBP had the dominant concentration instead of DEHP as reported agreed with

the trend reported by Adeniyi et al. (2011) and by Ogunfowokan et al. (2006).

The general trend for DBP in both freshwater and WWTP is alarming. Considering the

possible health risk this could pose to aquatic life and for the domestication purposes water could

be put to. The reported ranges of < LOD to 16653 ugl' (886) and 150 ugl" (8) to 17596 ugl'

(499) for the upstream and the downstream, respectively, were higher compared to reported

concentration in Europe and in some other countries ( Zeng et al., 2009; Adeniyi et al., 20 Il).

However, the values agreed with values reported by Ogunfowokan et al. (2006). Removal

efficiency of the WWTP (Figure 4.36) shows that DEHP, 2-NP and DEP were poorly removed

from the waste effluent during the summer season, while DBP was not well removed for all the

seasons under study. Generally, the removal efficiency of the treatment plant could be said to be

effective for most of the congeners under study as between 80 and 90 % were removed from the

waste stream except for 2-NP phenols.
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Figure 4.36: Proportion of PEs to phenolic congeners and removal efficiency of Bellville WWTPT in
summer, autumn, winter and spring

The WWTP was very efficient during the autumn sampling as nearly all the congeners

were totally removed except for DBP. The removal efficiency for DBP is directly proportional to

the concentration of DBP received at the WWTP. The ineffective removal efficiency of the

WWTP during the spring correlate significantly with the high concentration of the congeners

detected in the water downstream of the plant. The ineffective removal during the spring could be

attributed to WWTP overload and constant breakdown of the plant. In addition, high
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concentration of congeners during the sampling seasons can be attributed to direct waste disposal

of industrial effluent into inlet source without preliminary treatment.

4.6.3 Levels of phenolic and phthalate esters congeners in Kraaifontein and Mosselbank

River

Kraaifontein treatment plant is known to receive mainly household waste with about 10%

industrial effluent. The seasonal concentrations of the 17 congeners in this study are presented in

Table 4. 25, while the annual distribution percentage for each congener is shown in Figure 4.37.

The relative contributions of the 11 phenolic congeners during summer, autumn, winter and the

spring seasons is presented in Table 4.28 showing clearly that POR was the most abundant. In the

freshwater and the wastewater effluent, concentration of phenol increased significantly due to

seasonal change (Figure 4.38).

The occurrence trend of phenolic congeners shows that 2-CP, 4-C, 3-MP, 4-NP, 2,4,6-

TCP and PCP were mainly detected in wastewater influent while a-cresol, 2,4-DCP, and 2-NP

were not detected in the freshwater and the wastewater effluent. The occurrence frequency is in

the order ofPOR(IOO %), 2-CP (56.3 %), 4-NP (25 %), PCP (18.8 %), 2,4,6-TCP (18.8 %) and

2,4-DNP (6.3 %).The annual distribution pattem (Figure 4.37) gave the annual percentage of

phenolic congeners in comparison with PEs as POR (8%), 2,4-DMP (2 %), 2-CP (2 %) and PCP

(1 %).

Of the six PEs, DBP and DEHP were present in all the water samples analyzed

(Table 4.25). The occurrence frequencies for these two congeners were 100 % while others were

mainly present in the waste influent. DMP was detected once in the influent waste into the plant

during the autum sampling season. The relative contributions of the six PE congeners to the total

phenolic congeners concentration in the dissolved water samples during the sampling seasons

clearly showed that DBP was the most abundant with concentration (standard error) ranges of

1766 (7) ugl" to 8683 (3) !lgr\ 1950 (6) ugl" to 5267 (39) ugl', 417 (3) ugl' to 1049 (1) ugl"

and 517 (46) ugl" to 1143 (3) !lgr]for the upstream, influent, effluent and the downstream water

samples.

Given the earlier reports of plasticizers in water samples (Fromme et al., 2002; Fauser et

al., 2003; Marttinen et al., 2003), this finding was not unexpected; however, the relative quantities

of the DBP plasticizers in the upstream samples were surprising. The highest levels of PEs

congeners upstream were detected in winter and the lowest in summer. These results agreed
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with other reports for polycyclic aromatic hydrocarbons (PAHs), organochlorine pesticides

(OCPs) and polychlorinatedbiphenyls (PCBs), mainly caused by urban storm water runoff and

atmospheric deposition (Kim and Kannan, 2007; Gevao et al., 2008).

This result is consistent with the commonly reported fmdings that DBP, DEP and DEHP

are the dominant components of the PEs congeners often found in water (Suzuki et al., 2001;

Fatoki and Noma, 2002), sediment (Tan et al., 1995; Yuan et al., 2002; Mackintosh et al., 2006;

Sha et al., 2007; Bamabe et al., 2008) and biota (Silva et al., 2004). This trend was also supported

by Vitali et al. (1997) observation that DEHP and DBP are the most commonly produced PEs.

However, this does not reflect the usual pattern of the plastic industry production dominated by

DEHP reported in other studies (Tan et al., 1995; Gómez-Hens et al., 2003; Mackintosh et al.,

2006).

OBP

59r.

DOP
POH 2·CP

or.

2,4·DNP
or.

2,4·0CP
or.

2·NP
or.
4·NP
or.
2,4,6·TCP

or.

Figure 4.37: Annual distribution pattern of phenolic and phthalate esters congeners in Mosselbank
River and Kraaifontein WWTP

The annual distribution pattern showed that DBP accounted for 59 % of the total

congeners followed by DEHP (14 %) and DEP (13 %) in comparison to other PEs and phenolic

congeners under study. As shown in Figure 4.38, there was significant difference in the seasonal

concentration of PEs most especially for DBP for winter and summer in the upstream and in the

influent samples.
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Figure 4.38: Proportion of PEs to phenolic congeners and removal efficiency of Kraaifontein WWTP in
summer, autumn, winter and spring

4.6.4 Levels of phenolic and phthalate esters congeners in Potsdam WWTP and Diep

River

Two congeners (2-NP and 2,4-DMP) out of the 11 phenolic congeners were detected in

the upstream samples of the WWTP for all the sampling seasons. The levels of the detected

congeners are presented in Table 4.26, while the annual distribution pattern in relation to PEs is

presented in Figure 4.39. For the all the seasons, 2,4-DCP, 2,4,6-TCP, 4-NP and 2,4-DNP were

not detected. The occurrence frequency of the phenolic congeners reveals as 2-NP (100 %), PCP

(50 %), 2,4-DMP (43.75 %), POR (37.5 %) 2-CP and 2-M, 4,6-DNP (25 %). The trend of the

phenolic congeners upstream ofthe WWTP is similar to the trend recorded upstream of Athlone,

Bellville and Kraaifontein treatment plants. In comparison to other phenolic congeners on an

annual basis, 2-NP accounted for about 41% while others are in the order PCP (35 %), POR (9

%), 2-M,4,6-DNP (6 %), 2-CP (4 %), 2,4-DMP (2 %) and 4-C,3-MP (2 %).
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However, the distribution pattern of the listed phenolic congeners on annual basis in

comparison to the PEs is in the order of 2-NP (7 %), PCP (6 %), POH (2 %) 2-CP and 2M,4,6-

DNP (l %), while others are negligible (Figure 4.39). Considering the living pattern and clusters

of informal settlements around this area, the level of 2-NP and 2,4-DMP in the water may be

attributed to gray water and household wastewater from the informal settlement further upstream

of the treatment plant. The reported values were higher than values reported in literatures

(Czaplicka, 2001; Riberio et al., 2002; Zhao et al., 2009).

DEP concentration ranged from 50 to 413 ugl' and 78 to 5281 ugl" for the freshwater

and WWTP effluents, respectively. The corresponding concentration range for DBP were <LOD

and 1144-1863 ugl", respectively. Other phthalate ester congeners detected were BBP «LOD to

50 ugl' in freshwater; <LOD to 526 ugl for wastewater effluents); DEHP (7-10 ugl" and <LOD

to 155 for freshwater and effluent, respectively) and DOP «LOD and <LOD to 23 ugl" for

freshwater and effluent, respectively).

7% 2,4-DCP
0%

Figure 4.39: Annual distribution pattern of phenolic and phthalate esters congeners in Diep River
and Potsdam WWTP

The occurrence and distribution trend in PEs congeners in the freshwater and the

treatment plant was similar to the observed trend at the Athlone WWTP and the Vygekraál river.

DEP was the dominant congener with 51% on an annual basis followed by DBP (23 %), BBP
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(7 %) and DEHP (2 %) in relation to the 11 phenolic congeners determined (Figure 4.39). The

occurrence frequency is listed as DEP (100 %), DBP (50 %), DBP (25 %), DEHP (61 %), DOP

(18 %) and DMP (0 %). Concentrations of the PEs congeners in the influent, effluent and

freshwater systems are comparably higher than concentration found in other studies (Makepeace

et al., 1995; Boutrup and Plesner et al., 2001; Marttinen et al., 2003; Roslev et al., 2007; Clara et

al., 2010; Zgheib et al., 2011). However, concentration in this study was lower for effluent and

freshwater compared to studies in Nigeria and South Africa (Fatoki and Noma, 2002;

Ogunfowokan et al., 2006; Adeniyi et al., 2011). The occurrence pattern of phthalates in the

wastewater effluent may be attributed to an array of industries in the zone releasing the waste into

the sewer for further treatment.

Wastewater treatment plants represent a significant route of PEs into their environment.

From Figure 4.40, the removal efficiency of Potsdam treatment plant was not excellent for DEP

and DEHP. Although, high removal efficiency was obtained for the plant, there was a strong

DPOH

02-CP

DOMP

D2,4DMP

d4-C,3-MP

DOEP

.2,4-DCP

D2-NP

.4-NP

.2,4.6-TCP

DOBP

D 2,4-0NP

Ii.'! 2-M,4.6-0NP

~PCP

[J BBP

Ii OEHP

COOP

Figure 4.40: Proportion of PEs to phenolic congeners to percent removal efficiency of Potsdam WWTP in
summer, autumn, winter and spring

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Propertson of PE and Phenolic congeners

correlation between the treatment plant and the freshwater samples. In addition, DBP and BBP,

though were not detected in the final effluent from the plants, high occurrence downstream of the

WWTP may be attributed to storm water from a petroleum refinery close to the WWTP. Although

DBP has been the most widely used lower molecular weight phthalate congener, its production

had showed a decreasing trend around the world (Keml, 2010).
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4.6.5 Levels of phenolic and phthalate esters congeners in SteUenbosch WWTP and

Vedlwachters River

The summary of data for all the analyzed phenolic congeners in the river water, influent

and effluents from the Stellenbosch WWTP is presented in Table 4.27. Aside from 2,4-DCP, 2,4-

DNP and 2-M,4,6-DNP, all the phenolic congeners were detected in the upstream water samples.

Phenol was the dominant congeners with a concentration that ranged from 233 to 1063 ugl",

followed by PCP with a concentration range of 10 to 118 ugl". There was a significant difference

(P < 0.05) in the phenolic congener concentration most especially POH, 2,4-DMP, 2-NP and PCP

(Figure 4.41) over the study period.

The level of phenolic congeners reported in the upstream section may be attributed to

pollution by landfill leachate from a landfill site adjacent to the sampling site and dumping of

demolished building wastes in this section of the river. Some levels of phenols had been reported

in leachate samples in Europe (Bestamin, 2005). The occurrence frequency for the phenolic

congeners is listed as POH (85%), 2-CP (95.83%), 2,4-DMP (75%), 2,4-DCP (18.75%), 2-NP

(100%), PCP (100%), 4-NP (37.5%), 2,4,6-TCP (31.25%), 2,4-DNP (50%) and 2-M,4,6-DNP

(68.75%). The annual distribution pattern with respect to PEs congeners showed that PCP

accounted for 17% followed by 2,4-DMP (10%), POH (9%), 2-NP (3%), 2-M,4,6-DNP and 4-

C,3-MP (1% each), while others are negligible (Figure 4.42).

From this study, removal efficiency showed that 2-NP was ineffectively removed from

the wastewater. Also, statistical analysis showed strong correlation (0.896) between the final

effluent and downstream concentration, an indication that wastewater treatment plant acts a

source of river water pollution. There was significant change in phenolic compounds

concentration over tbe seasons studied (Figure 4.42). To date, no work had reported on the level

of 11 phenolic congeners investigated in this study in river water or WWTP in South Africa, thus

making comparison difficult. However, the results clearly suggested that the volume of influx of

these compounds into the treatment plant and surface water is mainly due to anthropogenic

activites.

The result trend for PEs congeners in the freshwater system upstream of the WWTP over

the study period showed that all the PEs congeners were frequently detected in all samples except

DMP that was detected during winter and spring seasons. This trend of occurrence is similar to

other studies reported elsewhere (Fromme et al., 2002; Oliver et al., 2005) where DMP has been

not frequently detected in the freshwater compare to other PEs congeners. The frequency of

occurrence (% of samples above the LOD) for the congeners is listed as DBP (100 %), DEHP

(100 %), DEP (93.75 %), BBP (87.5 %), DOP (37.5 %) and DMP (12.5%). The concentration of

PEs congeners in the upstream section was higher than expected in a natural river system. This

may be attributed to point source contamination by leachate from Stellenbosch landfill site that

drains into the river system.
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Furthermore, high levels of PEs congeners recorded during the study period, aside from

the landfill leachate may be attributed to dumping of demolished building wastes in this section of

the river and the channelization of storm water runoff from the landfill site. PEs congener had

been widely reported in storm water across Europe (Zgheib et al., 2011). However, no study had

reported their levels in storm water in South Africa to the best of our knowledge. Average

concentrations of phthalates in pretreated water, from autumn 2010 to summer 2011, are

presented in Table 4.27. DBPP was the most abundant compound (1042 to 13101 ug 1-1). DEP

came next (1357 to 7413 j.lgr1). Other phthalates were found in the range of< LOD to 26 j.lgl-l,

100 to 2392 j.lgl-l, 383 to 1451 j.lgl-l, 10 to 193 j.lgrJ for DMP, BBP, DEHP and DOP,

respectively. A similar distribution pattern with higher concentration range was described in

sewage oxidation pond at Obafemi Awolowo University, Ile Ife in Nigeria (Ogunfowokan et az',

2006). The distribution pattern in this study where DEP was more dominant than DERP is

consistent with the prevalence of DEP in Marne Aval wastewater treatment plant in France

(Dargnat et al., 2009).

Levels of PEs congeners in wastewater to WWTP from other countries showed wide

discrepancies with this study as comparatively lower concentration had been reported. In the

developed countries where there are regulation and environmental control on the use and disposal

of PEs containing chemical and pharmaceutical industrial wastes e.g. in the United Kingdom,

Canada, Australia and France, DEHP had been reported to range from 2.83 to 44 j.lgrJ

(Oliver et al., 2005; Barnabe et al., 2008; Dargnet et al., 2008; Tan et al., 2009).

Other phthalates in this study were higher than reported values in The Netherlands,

Finland, China, France and United Kingdom (Marttinen et al., 2003; Oliver et al., 2005; Vethaak

et al., 2005; Zeng et al., 2009; Dargnat et al., 2009). The high level of PEs in this WWTP could

be linked to a wide number of industries that released their waste effluent into the plant for further

treatment prior to discharge into the river system or use for irrigation purposes.
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Figure 4.41: Annual distribution pattern of phenolic and phthalate esters congeners in Veldwatchers
River and Stellenbosch WWTP
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Throughout the sampling period, DEP BBP, OBP, DEHP and DOP were detected in the

final effluent (Figure 4.42). Though the removal efficiency was high (above 80%), the removal

efficiency for DEHP was generally low ranging from 47.36% (summer) to 75.7% (winter). This

is directly proportional to the influent concentration. Despite the high removal efficiency recorded

by the plant, levels of PEs congeners in the plant were higher than values reported elsewhere. For

example, Marttinen et al. (2003) reported 6 flg)"1 of DEHP in Finland, while Paxeus (1996)

reported concentration range of3-8 ugl"; 6-22 ugl"; 6-17 ugl"; 10-17 ugl' for DEP, DBP BBP

and DEHP, respectively in Sweden. However, Ogunfowokan et al. (2006) reported higher

concentration in South West, Nigeria.
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Figure 4.42: Proportion of PEs to phenolic congeners to removal efficiency of congeners in Stellenbosch
WWTP in summer, autumn, winter and spring.

There was significant difference (P < 0.05) in the concentrations of most of the PEs

congeners over the study period in both the surface water and the WWTP. The WWTP acted as a

pollution source to the water downstream, though the water has been polluted upstream by the

leachate and demolition material. The impact of the effluent on the levels of PEs congeners was

very pronounced during autum and winter where DEP, DBP and DEHP concentrations increased

by a factor of 3, 4 and 0.25, respectively.

157



4.6.6 Level of phenolic and phthalate esters congeners in Zandvliet WWTP and Kuils

River

During the sampling campaigns 108 samples were collected comprising of influents,

effluent and receiving river water samples. The data obtained from all the analyzed samples are

presented in Table 4.28. Regarding the surface water samples, the occurrence of the phenolic

congeners in the upstream samples was similar to the pattern observed in the Diep River. Most of

the phenolic congeners were detected during the spring with the exception ofPOH, 2,4-DMP and

2-NP that were detected all over the studied seasons. The upstream section of the treatment plant

is the lower section of Bellville WWTP and is adjacent to the largest informal settlement in Cape

Town. The high level of phenolic congeners recorded may directly be connected to the storm

water runoff and direct dumping of refuse material on the river course. Statistical analysis shows

that there was significant difference (P < 0.05) in the concentration of the congeners over the

study period upstream.

With respect to untreated water, all the phenolic congeners were detected except for

2,4-DMP. This trend in 2,4-DMP concentration was similar to other WWTPs investigated

(Table 4.28). The WWTP received both industrial and domestic wastewater, thus the

concentration of phenolic congners ranged from < LOD to 3260 ugl" for POH during summer

sampling season. The concentration of phenolic comopound in the influent wastewater was higher

than other WWTPs investigated in this study. The congeners were not totally eliminated by the

applied processes and as a result, they were detected in the final effluent samples (Table 4.28). In

the effluent wastewater, phenol was the dominat congeners and was detected in all the samples.

This probably may be a result of its high concentrations in the untreated wastewater or due to

degradation actions by microorganisms of higher molecular compounds present in the untreated

wastewater not included in this study during the treatment process.

The effect of incomplete removal of the phenolic congeners was felt downstream of the

treatment plant. Though the upstream shows some level of contamination, the wastewater effluent

also contributed to the high level of congeners detected downstream. In some instances, the

WWTP acted as a dilution factor on high concentration detected upstream, e.g. 2-NP, the WWTP

effluent helped to further dilute the congener concentration which ranged from 23 to 4681llgr)

upstream to < LOD to 927 Ilgr) downstream. The annual distribution pattern of the phenolic

congeners in respect to the PEs (Figure 4.43) showed that 2NP was the dominant congener

(25 %) followed by POH, PCP and 2,4-DMP with 6 %, 5 % and 1 %, respectively, while others

are negligible.
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Like other WWTPs investigated, of all the six PEs congeners, DMP was not detected ill

surface water and wastewater effluents samples analyzed. The frequency of occurrence above

LOD indicated that DBP, BBP and DEHP were the most detected PEs congeners followed by

DEP and DOP (Table 4.28). The pattern of occurrence on an annual basis is similar to the trend

observed for Bellville, kraaifontein and Stellenbosch with DBP accounting for 50% followed by

BBP, DEHP and DEP with 4 %, 3 % and 3 %, respectively. The removal efficiency of the

wastewater showed that OBP, BBP and DEHP were not totally removed from the wastewater.

The concentration PEs congeners were significantly higher (P < 0.05) during the summer and the

winter seasons compared to the other two seasons (Figure 4.44). Though PEs was detected

upstream, however, the ineffective removal of PEs congeners from the wastewater effluent

showed that WWTP acted as the major route of PEs congeners into the river systesm.

The ranged of DBP (3500 to 34,520 ugl") reported in Table 4.28 was the highest for the

PEs investigated for all the WWTPs in this study. The reported concentrations were similar to

values reported in sewage sludge oxidation pond in Nigeria (Ogunfowokan et al., 2006) but

Figure 4.43: Annual distribution pattern of phenolic and phthalate esters congeners in Kuils River
and Zandvliet WWTP

160



higher than levels detected in Eastern Cape, South Africa; Ogun River, Nigeria and sewage

treatment plants in Sweden, Finland, China and Australia (Fatoki and Noma, 2002; Tan et aI.,

2008; Fatoki et al., 2010; Adeniyi et al., 20 Il).
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Figure 4.44: Proportion of PEs to phenolic congeners to removal efficiency of congeners in Zandvliet
WWTP in summer, autumn, winter and spring

AIthough there was no previous study on the seasonal variability of PEs in WWTPs and

surface waster in South Africa, considering the seasonal variation in concentration of PEs in the

WWTP and river water it is not possible to determine if this is an isolated case or if it typical of

Western Cape. However, it is clear from this study that lower molecular phthalates congeners are

often released into the environment compared to the higher molecular congeners.
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4.5.3.7Kirstenbosch Botanical Garden (KBG)

Levels and distribution pattern of phenolic and phthalate ester congeners at the control

site are presented in Table 4.29 and Figure 4.45. The data showed that most ofthe analytes were

below the detection limit in water samples except for 2-CP, 2-NP, BBP and DEHP while DEP and

PCP were detected during the summer season only. Comparing the results obtained at the control

site to the surface water samples from other investigated sites (WWTP and river water), it clearly

showed that the reported concentrations detected from all the sites are mainly from anthropogenic

sources. Although, high level of DEHP is reported in the site, this may be attributed to aerial

transportation through dry and wet deposition while 2-CP and 2-NP may be attributed to the use

of treated sludge, inorganic fertilizer and pesticides for garden beautification. Also, nitro-phenols

may probably come from the aerial transportation after the formation through atmospheric

processes (Luttke et al., 1997; Sirvent et al., 2004; Minero et al., 2007)

Table 4.29: Seasonal Mean (± SE) (!lgrl) of phenolic compounds and phthalates in Kirstenbosch Botanical Garden

Compound QI Q2 Q3 Q4

POH nd nd nd nd

2CP 101±44 113±4 125±13 100

DMP· nd nd nd nd

2,4-DMP lO nd lO 10

4C-3MP nd nd nd nd

DEp· 50 nd nd nd

2,4-DCP nd nd nd nd

2NP J9±3 nd 29±1 19±1

4NP nd nd nd nd

2,4,6-TCP nd nd nd nd

DBP nd nd nd nd

2,4-DNP nd nd nd nd

PCP 6±1 nd nd nd

BBP 18±1 nd 10 lO

DEllP 30 1163±15 1527±100 266±3

DOP nd nd nd nd

Q I=Summer; Q2=Autumn; Q3=Wintcr; Q4=Spring; P-OH=Phenol; 2-CP=2 Chlorophenol; DMP=Dimethyl phthalate
2,4-DMP=2,4-Dimenthyl phenol; 4-C,3-MP= 4Chloro 3methyl phenol; DEP=Diethyl phthalates; 2,4-DCP = 2,4
Dichlorophenol; 2-NP=2 Nitrophenol; 4-NP=4 Nitrophenol; 2,4,6-TCP=2,4,6 Trichlorophenol; DBP=Dibutyl phthalate;
2,4-DNP=2,4 Dinitrophenol; 2-M, 4,6-DNP=2 Methyl 4,6-Dinitrophenol; PCP=Pentachlorophenol; BBP=Benzylbutyl
phthalate; DEHP=Diethylhexyl phthalate; DOP=Dioctyl phthalate; nd=not detected; bdl=below detection limits; bql =
below quantification limits.; ·Compound not affected by MTBSTFA derivatization.
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Figure 4.5.19 showed the annual distribution pattern with DEHP accounting for 81 %,

while 2-CP and 2-NP accounted for 13 % and 2 %, respectively. 2,4-DMP and BBP accounted for

1 %, while others are negligible.
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Figure 4.45: Annual distribution pattern of phenolic and phthalate esters congeners in Kirstenbosch water

4.6 General discussion on the phenolic and phthalate esters congeners in water

On the basis of this research finding, it was established that the river system IS

contaminated with the congeners of interest, it is however obvious that the wastewater treatment

plants acted as one of the major routes of these congeners into the freshwater systems. Comparing

the results presented in Table 4.23 to Table 4.28 with results from the control site (Kirstenbosch

Botanical Garden), it was obvious that the possible routes of the congeners into the environment

are mainly through anthropogenic soruces.

This study had revealed that the PEs congeners of lower molecular weight were the most

detectable and dominant in both the WWTPs and the river systems. DBP is the most dominant of

the PEs accounting for 50 % of the total congeners in the studied systems, followed by DEP. On

the other hand, POR, 2CP and PCP were the dominanting congeners among the phenolics group

over the studied period. As previously discussed, the profiling of the PEs congeners from the two »:
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systems (WWTP and river water) failed to align with tbe widely reported distribution pattern,

where DEHP is reported as the most dominant. Though, past studies in Nigeria, and South Africa

had reported a similar trend (Fatoki and Noma, 2002; Ogunfowokan et al., 2006; Adeniyi, et al.,

2011), however, the most profiling had it that DEHP is the dominant congeners in environmental

samples.

Interms of the congener's abundance and concentrations, Zandvliet WWTP and the

associated river system accounted for the highest concentrations of congeners especially for

phthalate esters with respect to other WWTPs investigated. The trend ofDElIP at the control site

is a source of worry as the concentration was actually higher than values reported in the river

systems for most of the sites investigated.

Also, it noteworthy to state that 2,4-DCP was scarcely detected in the WWTPs and the

river water over the study period unlike other phenolics congeners. It was only detected once in

Bellville WWTP and Kuils river (winter) and twice in Zandvliet WWTP. The profiling pattern for

2,4-DMP showed that they are often detected in the final effluent rather than in the influent

wastewater. This may be attributed to the degradation of higher organic congeners present in the

WWTP during the treatment processes. This occurrence pattern is common to all the wastewater

treatment plants investigated.

4.7 Health risk assessment of endocrine disruptive metals and organic compounds

4.7.1 Results on health risk assessment

There are many associated adverse health effects if people are exposed to these chemical

contaminants in excess doses. Where possible the study looked at whether people might be

exposed to excessive concentrations through various pathways, such as if water were used for

domestic purposes, if the water were used to irrigate vegetables, if fish living in the water were

eaten on a regular basis, if the rivers were used for recreational swimming and lastly if meat were

consumed from the area making use of the water. The classic example of a population that differs

from the nonn is subsistence fishers, who may consume as much as 10 times the amount of

freshwater fish that most citizens do.

This population is of particular concern when evaluating surface water contamination in

areas that are economically depressed or if the immune systems of the people in the area are

compromised. The methodology used to asses this potential human health risk was that described

by the US-EPA (1988, 1996) and the WHO (2002), making use of the risk assessment

programme, Risk Assistant ™ (Thistle Publishers, 1996). Metals included in this study were

arsenic, cadmium, lead and mercury. Although the adverse health effects caused by these metals

are known, the human dose response data available only allowed for the risk assessment to

include arsenic and cadmium. Similarly, DEHP and DBP were the only organic chemicals of

those tested that could be included in the quantitative health risk assessment.
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The average concentrations detected in all the sample sites over the sampling

period of a year was used as a most likely scenario to determine what risks (if any) were

involved as a screening risk assessment. If a chemical was found to be responsible for

risks considered by the US-EPA and WHO to be unacceptably high, a more detailed

assessment for that chemical was investigated, making use of the spread of the data,

averages, and identifying which sampling site was responsible for the highest

concentrations detected. The following graphs (Figures 4.46 to 4.48) illustrates the

average concentrations of the chemicals detected at the sampling sites used in the primary

screening for human health risk assessment.
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DBP was found at highest concentrations ill both river water samples and

wastewatereffluents, followed by nitro-phenol (NP) and DEP (Figures 4.46 & 4.47). Human

dose-response data was available for DEHP and DBP to allow a quantitative health risk

assessment to be performed. Lead was detected at the highest concentrations of the metals, but

could not be included in the quantitative human health risk assessment due to a lack of dose-

response data. Arsenic and cadmium were included in the quantitative health risk assessment

(while unavailable data for mercury did not allow it to be included).

4.7.2 Discussion on health risk assessment

The results of the exposure calculations are given in the table below (Tables 4.30 and

4.31) and are presented as both Average Daily Dose (ADD) and Lifetime Average Daily Dose

(LADD) in mg/kg/d. The detailed results for each of the possible scenarios are given in appendix

II. Exposure Estimates expressed as Average Daily Dose (ADD) and Lifetime Average Daily

Dose (LADD).

Table 4.30: Predicted total average daily doses and lifetime average daily doses, based on average
concentrations of phthalates

Site Chemical ADD LADD
mg/kg/d mg/kg/d

Vygekraal River DEPH 0.02474 0.0106
DBP 0 0

Vygeraal Effluent DEHP 0.007983 0.0003421
DBP 0.003242 0.001389

Kuils River I DEHP 0 0
DBP 0.3895 0.1708

Kui1s River (1) Effluent DEHP 0.007982 0.003421
DBP 0.4377 0.1876

Mosselbank River DEHP 0.06066 0.0206
OBP 0.3943 0.169

Mosselbank Effluent DEHP 0.03233 0.01385
DBP 0.115 0.04927

Diep River DEHP 0.003592 0.001539
DBP 0 0

Diep River Effluent DEHP 0.003991 0.00171
DBP 0 0

Kuils River (2) DEHP 0.1014 0.0435
DBP 0.4941 0.2118

Kuils River (2) Effluent DEHP 0.1189 0.05097
DBP 0.1147 0.04914

Veldwachter River DEHP 0.04191 0.1796
DBP 0.6986 0.02497

Veldwachter Effluent DEHP 0.05827 0.02497
DBP 0.471 0.2019

Kirstenbosch Stream DEHP 0.1278 0.1278
DBP 0 0

Vygekraal Effluent = Athlone WWTP effluent; Kuils River (1) Effluent = Bellville WWTP Effluent;
Mosselbank Effluent = Kraaifontein WWTP Effluent; Kuils River (2) Effluent = Zandvliet WWTP Effluent
Veldwachter Effluent = Stellenbosch WWTP Effluent; Kirstenbosch Stream = Control Site.

/-

167



Table 4.31: Predicted Average Daily Dose of metals as a result of exposure through drinking
water and fish

Site Chemical ADD LADD
mg/kg/d mg/kg/d

Vygekraal River Arsenic 0.000235 lA
Cadmium 0.000431 1.3

Vygeraal Effluent Arsenic 0.000101 0.6
Cadmium 0.000216 0.6

Kuils River 1 Arsenic 0.000306 1.9
Cadmium 0.000102 0.3

Kuils River (1) Effluent Arsenic 0.000091 0.6
Cadmium 0.000078 0.2

Mosselbank River Arsenic 0.000199 1.2
Cadmium 0.000210 0.6

Mosselbank Effluent Arsenic 0.000098 0.6
Cadmium 0.000096 0.3

Diep River Arsenic 0.000264 1.6
Cadmium 0.000102 0.3

Diep River Effluent Arsenic 0.000075 0.5
Cadmium 0.000120 004

Kuils River (2) Arsenic 0.000186 1.1
Cadmium 0.000108 0.3

Kuils River (2) Effluent Arsenic 0.000085 0.5
Cadmium 0.000084 0.3

Veldwachter River Arsenic 0.000398 204
Cadmium 0.000126 004

Veldwachter Effluent Arsenic 0.000075 0.5
Cadmium 0.000102 0.3

Kirstenbosch Stream Arsenic 0.000052 0.3
Cadmium 0.000150 004

Vygekraal Effluent = Athlone WWTP effluent; Kuils River (1) Effluent = Bellville WWTP Effluent;
Mosselbank Effluent = Kraaifontein WWTP Effluent; Kuils River (2) Effluent = Zandvliet WWTP Effluent
Veldwachter Effluent = Stellenbosch WWTP Effluent; Kirstenbosch Stream = Control Site.

Based on the exposure assumptions described in the section above risks of developing

cancer and toxic effects were calculated for the various phthalate chemicals where sufficient data

was available. Most of the chemicals were found at concentrations to be at below those where

"unacceptable" risks, as defined by both the WHO and US-EPA, are anticipated. However, risks

of developing cancer may be as high as 2 in one thousand resulting from exposure to DEHP

(Figure 4.49) resulting predominantly from exposure through vegetables that have been irrigated

with the contaminated water, and to a lesser extent, through the consumption of fish from the

contaminated water. The details of this are presented in the appendix II.

DEHP was detected at high concentrations at Kirstenbosch, Kuilsriver, Mosselbank river

and Vygekraal river. In general, river waters contained higher concentrations than treated

effluents of the waste water treatment works (Figure 4.49). This risk would result if the water

were used to irrigate vegetables or if fish from the water were consumed on a regular basis

(appendix 2).
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Toxic risks could be anticipated resulting from exposure to both DEHP and DBP with

individual exposure concentrations predicted at up to 14 times that considered to be safe for a

lifetime exposure (Figure 4.50 & 4.51). However, the certainty of the reference dose, or the dose

considered to be safe, has a safety factor of 100 built into it for both DEHP and DBP (ATSDR,

2002; ATSDR, 2001). The safety factors built into the reference doses for DEHP and DBP are to

allow for extrapolation from animals to humans (a factor of 10) and to allow for variability within

humans (another factor of 10) (ATSDR 2001 & 2002). The predicted risks indicate that a possible

risk exists and does not indicate a definite risk as the exposures are modelled and not based on

actual measurements.
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The doses calculated for possible exposure to arsenic and cadmium showed that it may be

twice that considered safe for arsenic, whereas cadmium was measured at concentrations

considered to be safe. The reference dose for arsenic is much more certain than that for the

phthalates, with the low uncertainty factor of3 used (Figures 4.53 &4.54).

3-

2.5 -
• Arsenic

~ 2 • Cadmiumc:
OJ.~
0
::J 1.50-
'"C....
ro
Nro 1::r:

0.5

0
.... ..... ;:;- .... ..... .... ..... .... ..... s: '"C
OJ c: ..... OJ c OJ c: ~ N OJ c: U

OJ
> OJ c: > OJ > OJ > OJ VI '"C

a: ::J .... OJ a: ::J a: ::J .... ..... a: ::J 0 c:Q)

~ _2: ::J ~ ~ OJ c: ~ ..c OJ
ro ~ .:.( .... > OJ .... c: EUJ .... UJ OJ UJ ï::::: ::J OJ UJro ~ OJ c: .~ ..... OJ E.... ro ro .:.( .... .!!! ~ s: .... .....
.:.( ::J

.... ..c OJ u OJ VI 0
OJ ro OJ c: 0. > ::J OJ ..... .... u.... :.:: > (jj re ro s: :;;:tlll .:.( 'c VI .o OJ .;: :.:: .... ~ u OJ
>- OJ VI (jj ëi 0. OJ ro ....
> tlll s: 0 OJ > (jj ~ «>- VI ëi -;:

> ::J ~ VI
.!!! > Cl.

:.:: 0 (jj ws ::J >:.::

Water sources
---- --- - ----- --- ---------------------------------

Figure 4.52: Individual metal hazard quotients

The driver of the human health risk was identified through this exercise. The chemicals

responsible for the risks include DERP and to a lesser extent, DBP (Figures 4.48 & 4.49). DEHP

was found to be the major contributor of risk of developing cancer in this screening health risk

assessment. The highest potential risks were observed at Kirstenbosch resulting from DEHP

detected in the river water. The potential risk through the use of this water is if it were used to

irrigate vegetables.

This section examined whether possible human health effects might be anticipated based

on chemical contaminants detected in wastewater effluents and in rivers throughout the Western

Cape, South Africa. In order to determine whether this is possible, a human health risk assessment

modelling was conducted using the chemical contaminant concentrations expected in vegetables,

fruit, fish and meat based on levels detected in water. Trans-media calculations (water to fish;

water to fruit and vegetables and water to meat) were conducted based on individual chemical

parameters described in the earlier sections.
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The screening risk assessment identified the chemicals that could be responsible for

adverse health effects if drinking the untreated water or eating fish, fruit, vegetables or meat,

over a 30 year period were to occur. Although not present at the highest concentrations, the

chemicals that were of principal concern were identified as DEHP and to a lesser degree, DBP

and arsenic. The type of adverse effect that might result was also identified as predominantly

carcinogenic, with possible reproductive system toxic effects being anticipated, as the predicted

doses were well below those considered safe by the WHO and US EPA.

This screening risk assessment has highlighted that possible health risks can be

anticipated resulting from ingestion of vegetables irrigated with the water and ingestion of fish

from the rivers on a regular basis. There are many uncertainties in any health risk assessment, and

this study presents a screening or rapid human health risk assessment. Seasonal and spatial

variations were considered in this health risk assessment as the average concentrations tested over

the 4 seasons were used in the average daily dose calculations. In addition to sample variation,

dose calculations also represent uncertainty, based on the assumption of the number of times a

year that people eat certain foods and the amount of that food eaten.

Future investigations need to focus on verifying the uptake of phthalates into vegetables

and fish via water as this has highlighted that although levels were considered to be safe in the

water, bio-accumulation is possible into both fish and vegetables to levels considered to be

unacceptable by the US EPA and WHO.
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

The physicochemical parameter assessed in this study, conductivity and total dissolved

solids exceeded the acceptable limits according DWAF (l996d) water quality standard except for

effluents from the wastewater treatment plants. This is a clear indication that the WWTPs though

might act as a possible source of physicochemical parameters pollution, the river water

physicochemical parameters indicated that wastewater effluents from the investigated WWTPs

are not responsible for the contamination observed. The possible source of pollution might be

from non-point source like stormwater runoff and indiscriminate discharge of industries.

The general abundance and distribution pattern for the metals is Zn > Pb > Cd > As >Hg

for all the treatment plants. From this study, it was established that the influent concentration of

the heavy metals and arsenic in wastewater into the WWTP is proportional to the activities around

each of the WWTP. Though exceptional cases were recorded, the prominent trend for all the

metals and arsenic revealed that Kraaifontein WWTP received the lowest concentration of metals

investigated. This was attributed to being a majorly domestic treatment plant. Significant

difference due to the influent concentrations and the treatment plants processes was noticeable

over the study period.

The levels of metals and metalloid reported in this study were within the reported values

in European Countries (Table 4.10) except for Zn at Bellville WWTP in the summer of 2010. As

nocetiable from Figure 4.11, Potsdam WWTP is the most eefective out of the six WWTPs

investigated, while other WWTPs are frequently overloaded resulting in frequent mechanical

faults and impacts on their removal efficiency. All the metals and metalloid were within the South

Africa water quality guidelines, however, cadmium concentration exceeded the 0.17 ugl" and

0.02 ugl" for human and livestock application according to CCME (1999).

As excepted and widely reported in the literatures, sewage sludge and sediments acted as

a sink for heavy metals. The range of heavy metals reported in the sewage sludge is directly

proportional to the concentration determined in the influent wastewater into the WWTP. The level

of heavy metals except for arsenic and lead in the sewage sludge was within the South Africa,

United States of America and European guidelines. The concentration of arsenic and lead reported

in the sewage sludge could pose serious health risk ifused as agricultural fertilizer.

In the river water, arsenic and cadmium were within the normal level for human

consumption but exceeded the limits for the aquatic life prorection. Also, lead and mercury

exceeded both limits for human consumption and sustainable aquatic lifes. In the sediment

samples, for most of the sites investigated, arsenic, mercury and zinc exceeded the interim water
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quality guideline of CCME (1999), while cadmium and lead fell within the intervention values.

The sediment acted generally as a sink for the waterbodies.

The trend in the levels of metals and arsenic in the river systems showed that the

upstreams and downstreams are more polluted compared to the WWTP discharge points. This is

an indication that the WWTPs might not completely be the pollution source of the river systems

in the City of Cape Town. The reported trend may be attributed to waste dumping on the river

course, indiscriminate wastewater discharge from industries, stormwater, run off from agricultural

lands and grey and domestic wastewater.

The general trend of the organic compounds, most especially the PEs congeners showed

that DBP was the dominant congeners in the water samples analyzed. This trend is similar to

reported trend by Fatoki et al. (2010), Adeniyi et al. (2011) and Zgheib et al. (2011). The

paradigm shift in the commonly reported distribution pattern from DEHP to DBP may be

attributed to increasing wide usage ofDBP ingredients in a non-plasticizer (Swan, 2008).

For the organic congeners investigated, there are no limits in South Africa to compare our

results with the levels of individuals or all the total congeners. However, the reported

concentrations were higher than 3 ugl' limit set by USEPA (1980) for PEs for the protection of

aquatic life and fish. Also, DEHP and DBP exceeded the Canadian interim standing water quality

guidelines of 1 ugl' and 19 ugl", respectively for freshwater aquatic life protection. The reported

concentration for the phenolic congeners like the PEs exceeded the 0.5 ugl' and O.i ugl" for the

total and individual phenols acceptable limits set by USEPA. Also, the concentrations exceeded

the 5 acceptable limits for bathing water. Though not frequent like the PEs, they are very

persistent environmental pollutant and could trigger various health effects in lower aquatic lifes.

Human health risk assessment showed clearly that arsenic (metalloid), cadmium (metal)

and DBP and DEHP of the organic congeners could results in health related problems.

Considering the uncertainty in risks assessment, DEHP showed that using the water from the river

most importantly water from Kirstenbosch Botanical Garden could lead to cancer, while non-

cancer effect can also be anticipated. However, for metals, a cancer effect was not anticipated,

but, non-cancer effects may result from vegetable watering and human consumption of fish.

5.2 RECOMMENDATION FOR FUTURE RESEARCH

This project has served as an introduction to the assessment of the endocrine disrupting

compounds research in the wastewater treatment plants in Western Cape, and will hopefully

provide a platform from which future research can be conducted. The most logical progression

from this project would be to conduct a study on the modeling of the fate of the suspected

endocrine disrupting compounds in the wastewater treatment plants and to assess the extent of

bioaccumulation of metals in biota., particularly filter feeding and burrowing organisms
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downstream of the wastewater treatment plants. This is a necessary step that must be followed as

attempt to assess levels of bioaccumulation of heavy metals in freshwater snails and earthworms

proved futile due to assumed poor water quality to sustain freshwater aqutic lifes.

Ecotoxicology and use ofbioindicators and biomarkers has emerged as a powerful means

of assessing the effects of contaminants on living organisms and ecosystem health, and a

combination of chemical and biological monitoring allows scientists to better assess

environmental risk. It is advised that future research focuses on identifying the most suitable

bioindicators within Western Cape freshwater systems that can be used alongside chemical

monitoring to assess ecosystem health.

Wastewater treatment plants using constructed wetlands systems for further treatment of

effluent prior to discharge into the river systems would be interesting systems on which to

conduct such studies. Some of the wastewater treatment plants appriopriate for the study may

include but not limited to Cape Flat WWTP, Borchery quarry WWTP, Kraaifontein WWTP

among others. Most countries have well established chemical monitoring programmes for heavy

metals and organic compounds classified as endocrine disrupting chemicals, and it is imperative

that such long term monitoring programs are initiated on the South African by the Department of

Environmental Affairs to strengthen the water quality of the Republic. Chemical monitoring alone

cannot, however, be used to assess the environmental risks imposed by chemical contamination.

Finally, it is recommended that an integrated approach must be developed in the Republic

for water quality monitoring to have an interim water quality guidelines for river sediment. The

government of South Africa must also strive to set up Imits for the PEs, the phenolic congeners

investigated in this study and other organic chemicals that have been enlisted as endocrine

disrupting chemicals. Also, the government should further monitor and fund research into the

efficiency of the WWTPs at removing these compounds and set targets for the WWTPs to ensure

protection of the freshwater systems receing effluents from the WWTPs.
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Method C:\CHEM32\1\METHODS\LANREFlNAL2CALIBRATION.M

y

Calibration Table

Celio. Data MOdified 24 November 2009 11:22:30

Calculate
Based on

External Standard Percent
Peak Area

R~l. Reference Window
Abs. Reference Windew
Rel. Non-ref. Window
Abs. Non-tef. Window
Use Multiplier , Dilution
Uncalibrated Peaks
Partial Calibration
Correct All Ret. Times:

5.000 %
0.000 min
5.000 t
0.000 min

Factor with ISTDs
not reported
Yes, identified peaks are recalibrated
No, only for identified peaks

Curve Type
Ori qLn
Weight

I,inear
Included
Equal

Rocalibration Settings:
Average Response
Average Retention Time:

Average all calibrations
Floating Average New 75%

Celibr~t!on Report Options
Printout of recalibrations within a sequence:

Calibration Table after Reca1ib=ation
Normal Report after Reca1ibration

If the sequence is done with bracketing:
Results of first cycle (ending previous bracket)

Signal1: DADI E, Sig-280,16 Ref-360,100

RetTjme Lv I Amount Area Amt/Area Ref Grp Name
[mIn l Sig [ng/ul]-------'--1--1----------1----------1----------1---1--1---------------
3.~35 1 13 3.00000e-l 1.273132.35640e-1 PHENOL

124.00000e-1 3.06020 1.307JOe-l
11 5.OOOOOe-J 3.59255 1.39117e-l
10 1.00000 9.83840 1.01643e-l
9 2.50000 24.84568 1.00621e-1
8 5.00000 48.75606 1.02551e-)
7 7.~OOOO 78.46980 9.55782e-2
6 10.00000 104.706519.55050e-2

J2.50000 130.15059 9.60426e-2
4 15.00000 156.64328 9.57590e-2
3 20.00000 203.004499.85200e-2
2 25.00000 261.02780 9.57752e-2
1 30.00000 303.22522 9.89364e-2

4.695 9 2.50000 1.93150 1.29433 4-NITROPHENOL
8 5.00000 4.03223 1.24001
7 7.50000 6.66131 1.12590
6 JO.OOOOO 8.66928 1.1~350
5 12.50000 c1.45047 1.09166
4 15.00000 12.76373 1.17520
3 20.00000 16.66200 1.~0034
2 25.00000 21.25213 1.17635
1 30.00000 25.92448 1.15721

5.833 14 2.DOOOOe-l 29.21518 6.84576e-3 2-CHLOROPHENOL
13 3.00000e-l 45.99628 6.52227e-]
12 4.000000-1 63.26014 6.32310e-3
11 5.00000e-1 77.64234 6.439ïge-3
lO 1.00000 178.39645 5.6054ge-3
9 2.50000 482.34897 5.18297e-3
8 5.00000 971.801885.14508e-3
7 7.50000 1556.46655 4.81861e-3
6 10.00000 2077.86011 4.81264e-3
5 12.50000 2581.86328 4.84146e-3
4 l~.OOOOO 3109.48657 4.82395e-3

Instrument 1 2010/01/27 10:36:07 LhNRE
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"atTime Lvl AIr.ount Area &'!ltfArea ReE Grp Name
(min] Sig [ng/ul]-------1--1--1----------1----------1----------1---1--:---------------

3 20.00000 4046.50391 4.94254e-3
2 25.00000 5151.690~3 4.85278e-3
1 30.00000 6066.70703 4.94~02e-3

6.416 14 2.00000e-l 4.48457 4.45974e-2 2,4-DINITROPHENOL
133.00000e-1 4.161647.2086ge-2
124.00000e-l 10.672063.74811e-2
11 5.00000e-l 10.99498 4.54753e-2
10 1.00000 32.44516 3.08212e-2
9 2.50000 87.426852.85953e-2
8 5.00000 177.554662.81603e-2
7 7.50000 288.13467 2.60295e-2
6 10.00000 384.305272.60210e-2
5 12.50000 472.93323 2.6430ge-2
4 15.00000 585.11865 2.56358e-2
3 20.00000 760.950442.6282ge-2
2 25.00000 969.89105 2.57761e-2
1 30.00000 1128.34119 2.65877e-2

6.712 142.00000c-1 3.22453 6.20245e-2 2-NITROPHENOL
13 3.00000c-1 3.89537 7.70145e-2
12 4.00000e-1 6.71220 5.95930e-2
11 5.00000e-1 7.51152 6.65644e-2
10 1.00000 23.68077 4.22284e-2
9 2.50000 63.18327 3.95674e-2
S 5.00000 130.03629 3.8~331e-2
7 7.50000 205.66389 3.64673e-2
6 10.00000 277.11939 3.60SS5e-2
5 12.50000 345.24149 3.62065c-2
4 15.00000 412.92270 3.63264e-2
3 20.00000 546.94~82 3.65668e-2
2 25.00000 675.69127 3.69997e-2
1 30.00000 841.02686 3.56707e-2

7.567 14 2.00000e-l 24.22145 9.25715e-3 2,4-DI~ETHYLPHENOL
13 3.00000e-l 43.58943 6.88240e-3
12 4.00000e-1 58.699806.81433e-3
Jl 5.00000e-1 71.64242 6.97911e-3
10 1.00000 162.47198 6.15491e-3
9 2.50000 442.25500 5.65285e-J
6 ~.OOOOO 976.113465.70702e-3
7 7.50000 1405.61304 5.33575e-3
6 10.00000 1875.89832 5.33078c-3
5 12.50000 2322.34766 5.38248e-3
4 15.00000 2813.52954 5.33138e-3
3 20.00000 3672.56372 5.4457ge-3
2 25.00000 4659.52002 5.36536e-3
1 30.00000 5497.34766 5.4571ge-3

8.461 133.00000e-l 2.85007 1.05260e-l 4-CHLORO,3-METHYLPHENOL
124.00000e-l 3.72131 1.0748ge-l
115.00000e-l 4.46233 1.1204ge-l
10 1.00000 9.97085 1.00292e-1
9 2.50000 26.72554 9.35435e-2
8 5.00000 53.43599 9.3569ge-2
7 7.50000 85.58223 8.763500-2
6 10.00000 114.34470 8.7454ge-2
5 12.50000 141.500588.8338ge-2
4 IJ.OOOOO 170.89856 B.77714e-2
3 20.00000 223.84312 e.93483e-2
2 25.00000 283.47351 8.81917e-2
1 JO.OOOOO 335.05353 8.9537ge-2

9.i18 133.00000e-l 2.72128 1.10242e-l 2,4-DICHLOROPHENOL
124.00000e-l 4.01107 9.97240e-2
11 5.00000e-l 4.93606 1.01295e-l
10 1.00000 10.97874 9.10852e-2
9 2.50000 28.36415 8.81394e-2
8 5.00000 5J.66023 8.98307e-2
7 7.50000 88.88954 8.43744e-2
G 10.00000 118.995478.40368e-2
5 12.50000 147.55298 8.47J53e-2
4 15.00000 :78.39577 8.40927e-2
3 20.00000 232.95610 8.58531e-2
2 25.00000 295.90524 6.44865e-2

Instrument 1 2010/01/27 10:36:07 LANRE
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Rct1'lme :''1.'1 Amount Area Arne/Area Ref Grp Name
[m in] Sig [ng/uIl-------1--1--1----------1----------1----------1---1--1---------------

1 30.00000 350.59695 9.55663e-2
9.426 142.00000e-1 7.002432.85615e-2 2-METHYL 4,6-DINITROPHENOL

13 3.000000-1 11.16360 2.68730e-2
124.00000e-l 15.504192.57995e-2
11 5.00000e-1 19.00664 2.63066e-2
10 1.00000 43.22135 2.31367e-2
9 2.50030 117.25833 2.13204e-2
8 5.0COOO 235.293332.12501e-2
7 7.50000 377.46155 1.98696e-2
6 10.00000 504.84015 1.98063e-2
5 ~2.50000 624.614992.00123e-2
4 15.00000 755.47754 1.98550e-2
3 20.00000 986.18420 2.02802e-2
2 25.00000 1251.45142 1.99768e-2
1 30.00000 1481.67712 2.02473e-2

10.738 142.00000e-l 1.80869 1.10577e-1 2,4,6-TRICHLOROPHENOL
133.00000e-1 2.06894 1.45002e-1
124.00000e-1 2.820691.4180ge-l
11 5.00000e-1 3.40527 1.46831e-1
10 1.00000 7.834561.27640e-1
9 2.50000 21.56251 1.15942e-l
8 5.00000 43.327391.15400e-l
7 7.50000 69.54494 1.07844e-1
6 10.00000 92.32266 1.09316e-l
5 12.50000 115.39389 1.08325e-l
4 15.00000 139.31300 1.07671e-1
3 20.00000 181.607991.10127e-1
2 25.00000 230.27362 1.08566e-1
1 30.00000 273.821901.09560e-1

11.797 14 2.00000e-1 7.82766e-l 2.55504e-1 2,4,6-TRIEROMOPHENOL
13 3.00000c-1 2.03201 1.47637e-1
124.00000e-l 2.29544 1.74258e-l
11 5.00000e-l 2.96988 1.68357e-1
10 1.00000 4.84013 2.06606e-l
9 2.50000 12.46626 2.00541e-l
8 5.00000 24.96464 2.00283e-l
7 7.50000 39.82705 1.88314e-1
6 10.00000 52.42277 1.90757e-l
5 12.50000 65.49405 1.90857e-l
4 I~.OOOOO 78.755261.90463e-1
3 20.00000 102.70557 1.94731e-1
2 25.00000 130.16373 1.92066e-l
1 30.00000 154.070591.94716e-l

13.169 13 3.000008-1 2.27380 1.31938e-1 PENTACHLOROPHENOL
12 4.00000e-1 1.532192.61063e-l
Jl 5.000000-1 1.86610 2.67938e-1
lO 1.00000 3.02501 3.30577e-1
9 2.50000 7.67109 3.2589ge-1
o 5.00000 14.98194 3.33735e-1
7 7.50000 23.90218 3.1377ge-1
6 10.00000 31.66340 3.1S822e-l
5 12.50000 39.797213.14092c-1
4 15.00000 47.63996 3.14S62e-1
3 20.00000 62.06618 3.22237e-1
2 25.00000 78.86377 3.17002e-1
1 30.00000 93.717673.20110e-1

2 Warnings or Errors :

Warning: Overlapping peak time windows at 6.416 min, signal 1
Warning: Overlapping peak time windows at 9.118 min. signal 1

Peak Sum Table

·'·No Entries in table'"

¥nstrument 1 2010/01/27 10:36:07 LANRE
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.,
Methcd C:\CHEM32\1\METHODS\LANREFIN~L2CALIBRATION.M

Calibration Curves""/{1 PHENOL at expo RT: 3.535
DADl E, Sig~280,16 Ref=360,lOO

1 Correlat ion: 0.99972
2 Residual Std. Dev.: 2.53335

Formula: y • mx + b
m: lO.28~93
b: -3.82963e-l
x: Amount[ng/ulJ
y: Area

/
2-CHLOROPHENOL at expo RT: 5.833
DADl E, 5ig'280,16 Ref-360,lOO

/

' 1 Co r r e Le t i o n : 0.99986
Residual Std. Dev.: 35.55479

: formula: y • mx + b
40001 1m: 204.65811

b: -9.72333
3000 I x: Amount[ng/ulJ

6 y: Area

20003. 7/i'
1 s/

1000-:l 9/'

o ~1/"__'.
o

t_
Aréa' ..

20

25·

20
AmQunllng/ul)

Area ~
6000 oj

6000 ~

....--..-.~'---r---_._--:
20

Amo~nlLng{uU •.

:~::l- /(
SOD

J ;/3

:~v
o 20

AmoumJog/ul)

Instrument 1 2010/01/27 10:36:07 LANRE

4-NITROPHENOL at expo RT: 4.695
DADl E, Sig-280,16 Ref-360,100
Correlation; 0.99919
Residual Std. Dev.: 0.35872
Formula: y = InX + b

m: 8.5740Ie-l
b: 2.8537 6e-3
x: Amount[ng/ulJ
y: Area

2,4-DINITROPHENOL at expo RT: 6.416
DADl E, Sig~2eO,16 Ref~360,100
Correlation: 0.99976
Residual Std. Dev.: 8.66689
formula: y • lOX i b

m: 38.36588
b: -4.42091
x: Amounl[ng/ulJ
y: Area
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'1Method C:\CHEM32\1\METHOOS\:ANREFI~AL2CALI8RATION.M

r····--,;:rëa,---·- ~ 2-NITROPHENOL at expo RT: 6.712
I 800"'; '1 IDA!)l E, Sig=280,16 Ret;360,lOO

I / Correlation: 0.99979
700 ~ I3 Residual Std. Oev.: 5.84146
600i / 2 Formula: y = mx + b,A m: 21.76183
500 7 b: -4.22382~~l./ J;' :~::""",/ull

l.__ .~-r~ AmOU"t!ng~~1 _~·--··I
.._._....--_..--_.7 2, 4-DIMETHYLPHENOL at expo RT:

~ DADl E, Siga280,l6 Ref=360,100
/' 1 Correlation: 0.99989

/
2" Residual Std. Oev.: 28.70786

Formula: y • mx + b

.
~3' m: ~85.29596
/3 b: -9.60877

Y.: Amount[ng/ulJ
y: Area

3000

1000

-~-~-~··-l··-·M-~--r__J
20

Amountlng/ul)

300

/ 4-CHl..ORO,3-METHYl..PHENOL at expo

/

/ . DADl E;, Sig~280, 16 Rof=360,100
1 ,Correlation: 0.99990

I'Residual Std. Dev.: 1. 68960
Formula: y - mx + b

Y : m: 11.28097
3 I b: -5.l991ge-l

5 x : Amount{ng/ul)
6/' y: Area

7/
8/

50 liY'

Arae ~~

250

200

1'0

too

o
o 20

Amountlng/ull • _ •._

/
:::1 e /
roc- 7y

8 "
50 9/

o ;:'.~ .._~-r---r'--"'.'" -~--{
o 20

Amount{n_g/ull

Are.
350

300

250

InstrumInt 1 2010/01/27 10:36,07 LANRE

2,4-0TCHLOROPHENOL
DADl E, Sig-280,16
Correlation:
Residual Std. Dev.:
Formula: y • mx + b

m: 11.77682
b: -5.34962e-l
x: Amount[ng/ulJ
y: Area

lit expo RT:
Re(-360,100

0.99991
1.61800

214
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RT: 8.461 •
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.,
~lc~hod C: \CHEM32\1 \r~ETHODS\LANREFINAL2CI\LIBRATION.M

RT: 9,426- 2-METHYL 4,6-DINITROPHENOL at exp,
DAD1E, Sig:280,16 Ref=360,100
Correlation: 0.99990
Residual Std. Dev.: 7.25181
Formula: y • mx + b

/. m : 49.86122
4/' b: -3.12107

~ x: Arnount[ng/u11

::: ,/ Y' Are a

Area

1400

1200

1000'

seo-

o I J

20
~ ~A~m~Qu~&ll __

o

200

/ 2,4,6-TRICHLOROPHENOL at exp, RT:

/'
OADI E, Sig~280,16 Ref=J60,100
Correlation: 0.99991

, Residual Std. Dev.: 1.23618

/-

2 ! Formula: y = mx + b
! m: 9,19452
I b: -6.17452e-1
, x: Amountlng/ul1

6 y: Area
7 /
}'/

~

Area]
250 .

ISO

ion

50

o ~'--~~'--r-~-~
o 20

._.Amounl[f1g/uIJ

10,738

Area

1

r_..-------.---.-.-..7 ~Á~16~:R~~~~~~~~~~o~e~:3~~:io~T:

140 /' Cor relat ion: 0.99990
120 /f Rc s i du a L Std. Dev.: 0.75864

" Formula: y • mx + b
100 l' m: 5,16817

4 / b: ~.62990e-1::~ sy;/ ;~~~~~ntlng/ull

7,/

:: ~, .. __ .~
o 20

AmQu~'lng/u'J

Ar ....
I
J

80

3
50 .

40~ 6;'7,./
20· a/"9/
o 1 :~-, .. -r-~

o
~-_r'~M"_""'_"'''

20 I
..M!ountlogl~JJ _ J

rnst!ument 1 20~O/01/27 10:36:07 LANRE

11.797

/' PENTACHLOROPHENOL at expo RT: 13.169
, DAD1 E, Sig-Z80,16 Ref-360,100
Correlation: 0.99985

I Residual SUi. Dev,: 0.55350
I Formula: y • mx + b

3.12495
2.6392ge-l

x: l\:nount[ng/u11
y: Area .

m:
b:

Page
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APPENDIXll

Data of risk assessment calculated using tested concentration from environmental samples
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Vygekraal River
Calculated Average Daily Dose (ADD)

Chemical Oral Inhalation Dermal
Medium ADD Concentration ADD

Scenario mglkg/d mg/cu m mglkg/d
117-81-7 DEHP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.001699
0.62
0.000977

0.003314

0.01771
0.000108

0.005228
0.000001

0.000001
0.02474 0.621 0.003314

Surface Water
84-66-2 mETHYL PHTHALATE

0.006164Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

2.25
0.003547

0.000538

0.000796
0.000136

0.01947
Outside Model Bounds
Outside Model Bounds

0.02657 2.254 0.000538

0.00337
Missing Data
Missing Data

0.000007

Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
0.00337 0.000007

84-74-2 mBUTYL PHTHALATE
Surface Watcr

Drinking Water 0
Showering 0 0
Outdoor Air 0
Vegetables 0
Fruits 0
Fish and Shellfish 0
Dairy 0
Meat 0

TOTALS 0 0 0

95-57-8 CHLOROPHENOL, 2-
Surface Water

Drinking Water 0
Showering 0 0
Outdoor Air 0
Vegetables 0
Fruits 0
Fish and Shellfish 0
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0 0 0
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Calculated Lifetime Average Daily Dose (LADD)
Chemical Oral Inhalation Dermal

Medium LADD Adj.Concentration LADD
Scenario mglkgld ug/cu m mglkgld

117-81-7 DEHP
Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.000728
2.294
0.1007

0.00142

0.007589
0.000046

0.002241
5.5e-007

4.8e-007
0.0106 2.395 0.00142

Surface Water
84-66-2 DlETHYL PHTHALATE

0.002642Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

8.325
0.3653

0.000230

0.000341
0.000058

0.008346
Outside Model Bounds

Outside Model Bounds
0.01139 8.691 0.000230

0.001444
Missing Data
Missing Data

0.000003

Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
0.001444 0.000003

Surface Water
TOTALS

84-74-2 DrnUTYL PHTHALATE

o
95-57-8 CHLOROPHENOL,2-
Surface Water
TOTALS 0

o o

o o

117-81-7 DEHP

Cancer Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Oral Inhalation Dermal

Weight of Evidence: B2 Oral Slope (mglkgld): 0.014 No Unit Risk
Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

Source: OOS(05/30/95)

1 in 100,000 (1e-005)
Missing Unit Risk
Missing Unit Risk

1 in ]0,000 (le-004)
< 1 in 1,000,000 (6e-007)
3 in 100,000 (3e-005)
< 1 in 1,000,000 (8e-009)
< 1 in 1,000,000 (7e-009)
1 in 10,000 (J e-004)

2 in 100,000 (2e-005)

2 in 100,000 (2e-005)

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL

No Unit Risk Source: OOS(05/30/95)
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Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL,2-

Weight of Evidence: No Slope

No Unit Risk

No Unit Risk

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEHP

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
ALL MEDIA TOTALS

RID (mglkgld):0.02 No RfC

0.08493
Missing RfC
MissingRfC

0.8854
0.00539
0.2614
0.000064
0.000056

1.237

84-66-2 DIETHYL PHTHALATE
RID (mglkgld): 0.8

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
ALL MEDIA TOTALS

NoRfC

0.007705
Missing RfC

MissingRfC
0.000995
0.000170
0.02434
Outside Model Bounds
Outside Model Bounds

0.03321

TOTALS FOR ALL CHEMICALS

Hazard Quotient
Oral 1.27
Dermal 0.1664
Surface Water 1.437
TOTAL

Source: IRIS(05/30/95)

0.1657

0.1657

Source: IRIS(05/30/95)

0.000672

0.000672

Risk (Odds):Individual Probability of
Getting Cancer from this Exposure Alone

2 in 10,000 (2e-004)

Vygekraal Effluent
Calculated Average Daily Dose (ADD)

Chemical Oral Inhalation
Medium ADD Concentration

Scenario mg/kg/d mg/cu m
117-81-7 DEHP
Surface Water

Drinking Water
howering

Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
Swimming

TOTALS

0.000548
0.2
0.000315

0.005712
0.000035
0.001687

4.le-007
3.6e-007
7.4e-007
0.007983 0.2003

Surface Water
84-66-2 DlETHYL PHTHALATE

0.003781Drinking Water
Showering
Outdoor Air
Vegetables
Fruits

1.38
0.002176

0.000488
0.000083
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Dermal
ADD
mg/kg/d

0.001069

0.000079
0.001147
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Fish and Shellfish
Dairy
Meat
Swimming

TOTALS

25154-55-6 NITRO PHENOL
Surface Water

Drinking Water
Showering
Swimming

TOTALS

0.01194
Outside Model Bounds

Outside Model Bounds
0.000005
0.0163 1.382

0.00126
Missing Data

0.000002
0.001262

95-57-8 CHLOROPHENOL, 2-
Surface Water
TOTALS 0 o o
84-74-2 DlBUTYL PHTHALATE
Surface Water

Drinking Water 0.000575
Showering 0.21
Outdoor Air 0.000331
Vegetables 0.002314
Fruits 0.000026
Fish and Shellfish 0.000325
Dairy 2.3e-007
Meat 2.0e-007
Swimming 7.8e-007

TOTALS 0.003242 0.2103

Calculated Lifetime Average Daily Dose (LADD)
Oral Inhalation

LADD Adj.Concentration
mglkg/d ug/cu m

117-81-7 DEHP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
Swimming

TOTALS

0.000235
0.74
0.03247

0.002448
0.000015

0.000723
1.8e-007

1.5e-007
3.2e-00 7
0.003421 0.7725

Surface Water
84-66-2 DIETHYL PHTHALATE

0.00162Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
Swimming

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables

5.106
0.2241

0.000209
0.000036

0.005119
Outside Model Bounds

Outside Model Bounds
0.000002
0.006986 5.33

0.000540
Missing Data
Missing Data

Missing Data
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0.000024
0.000354

0.000003
7.le-007
0.000003

0.000511

0.000038
0.000549

Dermal
LADD
mglkg/d

0.000458

0.000034
0.000492

0.000141

0.000010
0.000152

0.000001



Fruits
Fish and Shellfish
Dairy
Meat
Swimming

TOTALS

Missing Data
Missing Data

Missing Data
Missing Data
7.3e-007
0.000541

3.0e-007
0.000001

95-57-8 CHLOROPHENOL,2-
TOTALS 0 o o
84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.000247
Showering 0.777
Outdoor Air 0.0341
Vegetables 0.000992
Fruits 0.000011
Fish and Shellfish 0.000139
Dairy 1.0e-007
Meat 8.7e-008
Swimming 3.3e-007

TOTALS 0.001389 0.8111

0.000219

0.000016
0.000235

Cancer Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Oral Inhalation Dermal

117-81-7 DEH?
Weight of Evidence: B2 Oral Slope (mg/kg/d): 0.014 No Unit Risk

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
Swimming
MEDIA TOTALS

Source: IRIS(05/30/95)

3 in 1,000,000 (3e-006)
Missing Unit Risk
Missing Unit Risk

3 in 100,000 (3e-00S)
< 1 in 1,000,000 (2e-007)
I in 100,000 (1e-005)
< 1 in 1,000,000 (2e-009)
< 1 in 1,000,000 (2e-009)
< 1 in 1,000,000 (4e-009)
S in 100,000 (Se-OOS)

6 in 1,000,000 (6e-006)

< 1 in 1,000,000 (5e-007)
7 in 1,000,000 (7e-006)

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope

Surface Water
ALL MEDIA TOTALS

No Unit Risk Source: IRIS(05/30/95)

25154-55-6 NITROPHENOL
Weight of Evidence: No Slope

Surface Water
Drinking Water Missing Slope

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk
95-57-8 CHLOROPHENOL,2-

Weight of Evidence: No Slope
Surface Water

Source: IRIS(05/30/95)

84-74-2 DIBUTYL PHTHALATE
Weight of Evidence: No Slope No Unit Risk Source: IRIS(05/30/95)
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Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEHP
RiD (mglkgld): 0.02 No RfC Source: IRIS(05/30/95)

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables 0.2856
Fruits 0.001739
Fish and Shellfish 0.08433
Dairy 0.000021
Meat 0.000018
Swimming 0.000037

ALL MEDIA TOTALS 0.3991

0.0274
Missing RfC

Missing RfC
0.05345

0.003927
0.05737

84-66-2 DIETHYL PHTHALATE
RiD (mglkgld): 0.8

Surface Water
No RfC Source: IRIS(05/30/95)

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish

0.004726
Missing RfC
Missing RfC

0.000610
0.000104
0.01493

0.000412

Dairy Outside Model Bounds
Meat Outside Model Bounds
Swimming 0.000006
ALL MEDIA TOTALS 0.02038

0.000030
0.000442

25154-55-6 NITRO PHENOL
No RID No RfC Source: IRIS(05/30/95)

95-57-8 CHLOROPHENOL,2-
RID (mglkgld): 0.005 No RfC

Surface Water
ALL MEDIA TOTALS 0

Source: IRIS(05/30/95)

o
84-74-2 DIBUTYL PHTHALATE

RID (mglkgld): 0.1 No RfC
Surface Water

Source: IRIS(05/30/95)

Drinking Water
Showering
Outdoor Air
Vegetables 0.02314
Fruits 0.000263
Fish and Shellfish 0.003245
Dairy 0.000002
Meat 0.000002
Swimming 0.000008
ALL MEDIA TOTALS 0.03242

0.005753

0.000376
0.005487

Missing RfC
Missing RfC

0.005111

TOTALS FOR ALL CHEMICALS

Hazard Quotient
Oral 0.4519
Dermal 0.0633
Surface Water 0.5152
TOTAL

Risk (Odds):Individual Probability of
Getting Cancer from this Exposure Alone

5 in 100,000 (5e-005)
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Kuils River Effluent
Calculated Average Daily Dose

Chemical Oral Inhalation
Medium ADD Concentration

Scenario mg/kg/d mg/cu m
117-81-7 DEHP
Surface Water

Dermal
ADD

mg/kg/d

Drinking Water 0.000548
Showering 0.2 0.001069
Outdoor Air 0.000315
Vegetables 0.005712
Fruits 0.000035
Fish and Shellfish 0.001687
Dairy 4.1e-007
Meat 3.6e-007

TOTALS 0.007982 0.2003 0.001069

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.01019
Showering 3.72 0.000889
Outdoor Air 0.005865
Vegetables 0.001316
Fruits 0.000224
Fish and Shellfish 0.0322
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.04393 3.726 0.000889

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.002384
Showering Missing Data 0.000005
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

TOTALS 0.002384 0.000005

84-74-2 DlBUTYL PHTHALATE
Surface Water

Drinking Water 0.0777
Showering 28.360 0.06903
Outdoor Air 0.04471
Vegetables 0.3125
Fruits 0.003546
Fish and Shellfish 0.04382
Dairy 0.000031
Meat 0.000027

TOTALS 0.4377 28.40 0.06903

95-57-8 CHLOROPHENOL, 2-
Surface Water

Drinking Water 0.002575
Showering 0.94 0.000267
Outdoor Air 0.001482
Vegetables 0.000228
Fruits 0.000055
Fish and Shellfish 0.001408
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.004266 0.9415 0.000267

/~
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Calculated Lifetime average daily dose
Chemical Oral

Medium LADD
Scenario mglkg/d

117-81-7 DEHP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

Inhalation Dermal
Adj.Concentration LADD
ug/cu m mglkg/d

0.000235
0.74
0.03247

0.002448
0.000015

0.000723
1.8e-007

1.5e-007
0.003421 0.7725

Surface Water
84-66-2 mETHYL PHTI!ALA TE

0.004368Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

13.764
0.604

0.000564
0.000096

0.0138
Outside Model Bounds

Outside Model Bounds
0.01883 14.368

0.001022
Missing Data

Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
Missing Data
0.001022

84-74-2 mBUTYL PHTIIALATE
Surface Water

Drinking Water 0.0333
Showering 104.935
Outdoor Air 4.605
Vegetables 0.1339
Fruits 0.00152
Fish and Shellfish 0.01878
Dairy 0.000013
Meat 0.000012

TOTALS 0.1876 109.540

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.001104
3.478
0.1526

0.000098
0.000024

0.000603
Outside Model Bounds

Outside Model Bounds
0.001828 3.631

0.000458

0.000458

0.000381

0.000381

0.000002

0.000002

0.02958

0.02958

0.000114

0.000114

Cancer Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Scenario Oral Inhalation Dermal
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117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (rug/kg/d): 0.014 No Unit Risk Source: IRIS(05/30/95)

Surface Water
Drinking Water 3 in 1,000,000 (3e-006)
Showering Missing Unit Risk 6 in 1,000,000 (6e-006)
Outdoor Air Missing Unit Risk
Vegetables 3 in 100,000 (3e-005)
Fruits < 1 in 1,000,000 (2e-007)
Fish and Shellfish I in 100,000 (le-005)
Dairy < 1 in 1,000,000 (2e-009)
Meat < 1 in 1,000,000 (2e-009)
MEDIUM TOTALS 5 in 100,000 (5e-005) 6 in 1,000,000 (6e-006)
84-66-2 DIETHYL PHTHALATE

Weight of Evidence: No Slope
25154-55-6 NlTROPHENOL
Weight of Evidence: No Slope
84-74-2 DIBUTYL PHTHALATE

Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL, 2-

Weight of Evidence: No Slope

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation

117-81-7 DEHP
Dermal

RiD (mg/kg/d): 0.02
Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOT ALS

NoRfC Source: IRIS(05/30/95)

0.0274
MissingRfC
MissingRfC

0.05345

0.2856
0.001739
0.08433
0.000021
0.000018
0.3991 0.05345

84-66-2 DlETHYL PHTHALATE
RiD (mg/kg/d): 0.8

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

NoRfC Source: IRJS(05/30/95)

0.01274
MissingRfC
MissingRfC

0.001646
0.000281
0.04024
Outside Model Bounds
Outside Model Bounds
0.05491

0.0011 I1

0.001111

25 I54-55-6 NITROPHENOL
No RID No RfC Source: IRIS(05/30/95)

84-74-2 DIBUTYL PHTHALATE
RID (mg/kg/d): 0.1 No RfC

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

95-57-8 CHLOROPHENOL, 2-

Source: IRIS(05/30/95)

0.777
MissingRfC
Missing RfC

0.6903

3.125
0.03546
0.4382
0.000314
0.000275

4.377 0.6903
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RID (mglkgld): 0.005
Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

NoRfC

0.5151
MissingRfC
MissingRfC

0.05342

0.04554
0.01097
0.2815
Outside Model Bounds
Outside Model Bounds
0.8531 0.05342

TOTALS FOR ALL CHEMICALS
Risk (Odds):Individual Probability of

Getting Cancer from this Exposure Alone
Oral
Dermal

Hazard Quotient
5.684
0.7983

6.482
TOTAL 5 in 100,000 (5e-005)

Kuils River - River water
Calculated Average Daily Dose (ADD)

Chemical Oral Inhalation Dermal
Medium ADD Concentration ADD

Scenario mg/kg/d mglcu m mg/kg/d
117-81-7 DEHP
Surface Water
TOTALS o o o

Surface Water
84-66-2 mETHYL PHTHALATE

0.001863Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPIlENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.68
0.001072

0.000162

0.000241
0.000041

0.005885
Outside Model Bounds

Outside Model Bounds
0.00803 0.6811 0.000162

0.004
Missing Data
Missing Data

0.000008

Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
0.004 0.000008

84-74-2 mBUTYL PHTHALATE
Surface Water

Drinking Water 0.07074
Showering 25.820
Outdoor Air 0.04071
Vegetables 0.2845
Fruits 0.003229
Fish and Shellfish 0.0399
Dairy 0.000029
Meat 0.000025

TOTALS 0.3985 25.861

0.06285

0.06285
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95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.003041
1.11
0.00175

0.000269
0.000065

0.001662
Outside Model Bounds

Outside Model Bounds
0.005037 1.112

0.000315

0.000315

Calculated Lifetime Average Dose (LADD)
Chemical Oral Inhalation Dermal

Medium LADD Adj.Concentration LADD
Scenario mg/kg/d ug/cu m mglkg/d

117-81-7 DEHP
Surface Water

TOTALS o o

Surface Water
84-66-2 DIETHYL PHTHALATE

0.000798Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

2.516
0.1104

0.000103
0.000018

0.002522
Outside Model Bounds

Outside Model Bounds
0.003441 2.626

0.001714
Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
Missing Data

Missing D ata
0.001714

84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.03032
Showering 95.537
Outdoor Air 4.192
Vegetables 0.1219
Fruits 0.001384
Fish and Shellfish 0.0171
Dairy 0.000012
Meat 0.00001 I

TOTALS 0.1708 99.729

95-57-8 CHLOROPHENOL, 2-
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.001303
4.107
0.1802

0.000115
0.000028

0.000712
Outside Model Bounds

Outside Model Bounds
0.002159 4.287
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0.000070

0.000070

0.000004

0.000004

0.02693

0.02693

0.000135

0.000135



Cancer risks (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Scenario Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mg/kg/d): 0.014 No Unit Risk Source: IRIS(05/30/95)

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

o in 1 (Oe+OOO)

o in 1 (0e+000)
o in 1 (0e+000)
o in I (0e+000)
o in I (0e+000)
o in I (0e+000)
o in I (Oe+OOO)

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope
84-74-2 DIBUTYL PHTHALATE

Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL,2-

Weight of Evidence: No Slope

Missing Unit Risk 0 in 1 (0e+000)
Missing Unit Risk

o in I (0e+000)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: OOS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEHP
RID (mglkgld): 0.02 No RfC Source: IRIS(05/30/95)

Surface Water
Drinking Water 0
Showering
Outdoor Air
Vegetables 0
Fruits 0
Fish and Shellfish 0
Dairy 0
Meat 0
MEDIUM TOTALS

84-66-2 DIETHYL PHTHALATE
RID (mg/kg/d): 0.8

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

25 I54-55-6 NITROP! !ENOL
NoRfD

Missing data

Missing RfC
Missing RfC

0.000301
0.000051
0.007357
Outside Model Bounds
Outside Model Bounds
0.01004

0.002329

84-74-2 DIBUTYL PHTHALATE
RID (mg/kg/d): 0.1

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

0.7074

2.845
0.03229
0.399
0.000286
0.000250

MissingRfC
MissingRfC

o

o o

No RiC Source: IRIS(05/30/95)

0.000203

0.000203

NoRfC Source: IRIS(05/30/95)

NoRfC Source: IRIS(05/30/95)

Missing RfC
Missing RfC

0.6285
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MEDIUM TOTALS 3.985 0.6285

95-57-8 CHLOROPHENOL, 2-
RID (rug/kg/d): 0.005 No RfC

Surface Water
Source: IRIS(05/30/95)

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

0.6082
MissingRfC
Missing RfC

0.06308

0.05377
0.01296
0.3324
Outside Model Bounds
Outside Model Bounds

1.007 0.06308

TOTALS FOR ALL CHEMICALS

Hazard Quotient
Oral 5.002
Dermal 0.6917
Surface Water 5.694
TOTAL

Risk (Odds):lndividual Probability of
Getting Cancer from this Exposure Alone

o in 1 (0e+000)

Mosselbank River
Calculated Average Daily Dose (ADD)

Oral Inhalation Dermal
ADD Concentration ADD

Scenario mg/kg/d mg/cu m mg/kg/d
117-81-7 DEHP
Surface Water

Drinking Water 0.004164
Showering 1.52 0.008124
Outdoor Air 0.002396
Vegetables 0.04341
Fruits 0.000264
Fish and Shellfish 0.01282
Dairy 0.000003
Meat 0.000003

TOTALS 0.06066 1.522 0.008124

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000411
Showering 0.15 0.000036
Outdoor Air 0.000236
Vegetables 0.000053
Fruits 0.000009
Fish and Shellfish 0.001298
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.001771 0.1502 0.000036

25154-55-6 NITROPHENOL
Surface Water
TOTALS 0 0

84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.07
Showering 25.550 0.06219
Outdoor Air 0.04028
Vegetables 0.2816
Fruits 0.003195
Fish and Shellfish 0.03948
Dairy 0.000028 //
Meat 0.000025
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TOTALS 0.3943 25.590 0.06219

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.000795
Showering 0.29
Outdoor Air 0.000457
Vegetables 0.000070
Fruits 0.000017
Fish and Shellfish 0.000434

0.000082

Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds
0.001316 0.2905 0.000082

Calculated Lifetime Average Daily Dose (LADD)
Oral Inhalation Dermal
LADD Adj.Concentration LADD
mglkg/d ug/cu m mglkg/d

117-81-7 DEHP
Surface Water

Drinking Water 0.001785
Showering 5.624 0.003482
Outdoor Air 0.2468
Vegetables 0.01861
Fruits 0.000113
Fish and Shellfish 0.005493
Dairy 0.000001
Meat 0.000001

TOTALS 0.026 5.871 0.003482

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000176
Showering 0.555 0.000015
Outdoor Air 0.02435
Vegetables 0.000023
Fruits 0.000004
Fish and Shellfish 0.000556
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.000759 0.5794 0.000015

25154-55-6 NITRO PHENOL
TOTALS 0 0

84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.03
Showering 94.538 0.02665
Outdoor Air 4.148
Vegetables 0.1207
Fruits 0.001369
Fish and Shellfish 0.01692
Dairy 0.000012
Meat 0.000011

TOTALS 0.169 98.686 0.02665

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.000341
Showering 1.073
Outdoor Air 0.04708
Vegetables 0.000030
Fruits 0.000007
Fish and Shellfish 0.000186

0.000035

Dairy
Meat

Outside Model Bounds
Outside Model Bounds
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TOTALS 0.000564 0.0000351.12

Cancer Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mgikg/d): 0.014 No Unit Risk

Surface Water

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope
84-74-2 DIBUTYL PHTHALATE

Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL,2-

Weight of Evidence: No Slope

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

Source: IRIS(05/30/95)

2 in 100,000 (2e-005)
Missing Unit Risk
Missing Unit Risk

3 in 10,000 (3e-004)
2 in 1,000,000 (2e-006)
8 in 100,000 (8e-005)
< 1 in 1,000,000 (2e-008)
< I in 1,000,000 (2e-008)
4 in 10,000 (4e-004)

5 in 100,000 (5e-005)

5 in 100,000 (5e-005)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Oral Inhalation Dermal

117-81-7 DEHP
RID (mg/kg/d): 0.02

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

NoRfC Source: IRIS(05/30/95)

0.2082
Missing RfC
Missing RfC

0.4062

2.171
0.01321
0.6409
0.000157
0.000137

3.033 0.4062

84-66-2 DIETHYL PHTHALATE
RID (mgikg/d): 0.8

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

No RiC Source: OOS(05/30/95)

0.000514
Missing RfC
Missing RiC

0.000045

0.000066
0.000011
0.001623
Outside Model Bounds
Outside Model Bounds
0.002214 0.000045

25154-55-6 NITROPHENOL
No RID NoRfC Source: IRIS(05/30/95)

84-74-2 DIBUTYL PHTHALATE
RID (mgikg/d): 0.1 No RfC

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish

Source: IRIS(05/30/95)

0.7
MissingRfC
MissingRfC

0.6219

2.816
0.03195
0.3948
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Dairy
Meat
MEDIUM TOTALS

0.000283
0.000247

3.943

95-57-8 CHLOROPHENOL,2-
RID (mglkg/d): 0.005

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

NoRfC

0.1589
MissingRfC
MissingRfC

0.01405
0.003385
0.08685
Outside Model Bounds
Outside Model Bounds
0.2632

TOTALS FOR ALL CHEMlCALS

Hazard Quotient
Oral 7.242
Dermal 1.045
Surface Water 8.286
TOTAL

Mosselbank Effluent

4 in 10,000 (4e-004)

Calculated Average Daily Dose (ADD)
Oral Inhalation
ADD Concentration
mglkg/d mg/cu m

Medium
Scenario

117-81-7 DEI-IP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.002219
0.81
0.001277

0.02313
0.000141

0.006831
0.000002

0.000001
0.03233 0.8113

Surface Water
84-66-2 DIETHYL PHTHALATE

0.000877Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

TOTALS

0.32
0.000504

0.000113
0.000019

0.00277
Outside Model Bounds

Outside Model Bounds
0.003779 0.3205

o.

Surface Water
84-74-2 DIBUTYL PHTHALATE

0.02041Drinking Water
Showering
Outdoor Air
Vegetables

7.45
0.01175

0.0821
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0.6219

Source: IRIS(05/30/95)

0.01648

0.01648

Risk (Odds):IndividuaJ Probability of
Getting Cancer from this Exposure Alone

Dermal
ADD

mglkg/d

0.004329

0.004329

0.000076

0.000076

o

0.01813



Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.000932
0.01151

0.000008
0.000007
0.115 7.462

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.000329
Showering 0.12
Outdoor Air 0.000189
Vegetables 0.000029
Fruits 0.000007
Fish and Shellfish 0.000180
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds
0.000545 0.1202

0.01813

0.000034

0.000034

Calculated Lifetime Average Daily Dose(LADD)
Oral Inhalation Dermal
LADD Adj.Concentration LADD
mglkg/d ug/cu m mglkg/d

117-81-7 DEHP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.000951
2.997
0.1315

0.00991
0.000060

0.002927
7.2e-007

6.3e-007
0.01385 3.129

84-66-2 DIETI-lYL PHTJ lALA TE
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water
TOTALS

0.000376
1.184
0.05196

0.000049
0.000008

0.001187
Outside Model Bounds

Outside Model Bounds
0.001619 1.236

o o

Surface Water
84-74-2 DIBUTYL PHTHALATE

0.008748Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

27.566
1.21

0.03519
0.000399

0.004934
0.000004

0.000003
0.04927 28.775

95-57-8 CHLOROPHENOL, 2-
Surface Water

Drinking Water 0.000141
Showering
Outdoor Air

0.444
0.01948
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0.001855

0.001855

0.000033

0.000033

0.007771

0.007771

0.000015



Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.000012
0.000003

0.000077
Outside Model Bounds

Outside Model Bounds
0.000233 0.4635 0.000015

Cancer Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mg/kg/d): 0.014 No Unit Risk

Surface Water

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope
84-74-2 DIBUTYL PHTHALATE

Weight of Evidence: No Slope
95-57-8 Cl:ILOROPHENOL,2-

Weight of Evidence: No Slope

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

Source: IRIS(05/30/95)

1 in 100,000 (Ie-005)
Missing Unit Risk
Missing Unit Risk

1 in 10,000 (le-004)
< 1 in 1,000,000 (8e-007)
4 in 100,000 (4e-005)
< I in 1,000,000 (Ie-008)
< 1 in 1,000,000 (ge-009)
2 in 10,000 (2e-004)

3 in 100,000 (3e-005)

3 in 100,000 (3e-005)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEI-lP
RfD (rug/kg/d): 0.02 No nrc Source: IRIS(05/30/95)

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

0.111
MissingRfC
MissingRte

0.2165

1.157
0.007041
0.3415
0.000083
0.000073

1.616 0.2165

84-66-2 DIETHYL PHTHALATE
RfD (mg/kg/d): 0.8

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

25154-55-6 NITROPHENOL
NoRfD

Surface Water

NoRte Source: IRIS(05/30/95)

0.001096
MissingRfC
Missing RfC

0.000096

0.000142
0.000024
0.003462
Outside Model Bounds
Outside Model Bounds

0.004723 0.000096

NoRte Source: IRIS(05/30/95)

Drinking Water Missing RfD
MEDIA TOTALS

84-74-2 DIBUTYL PHTHALATE
RID (mg/kg/d): 0.1 NoRte Source: IRIS(05/30/95)

234



95-57-8 CHLOROPHENOL, 2-
RID (mglkg/d): 0.005

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

0.2041
MissingRfC
MissingRfC

0.821
0.009316
0.1151
0.000082
0.000072

1.15

NoRte

0.06575
MissingRfC
MissingRfC

0.005813
0.001401
0.03594
Outside Model Bounds
Outside Model Bounds
0.1089

Risk (Odds):Individual Probability of
Hazard Quotient

Oral 2.88
Dermal 0.4047
Surface Water 3.284
TOTAL 2 in 10,000 (2e-004)

Diepriver River water
Calculated Average Daily Dose (ADD)

Oral inhalation
Medium ADD Concentration

Scenario mg/kg/d mg/cu m
117-81-7 DEHP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.000247
0.09
0.000142

0.00257
0.000016

0.000759
1.ge-007

1.6e-007
0.003592 0.09014

Surface Water
84-66-2 DIETHYL PHTHALATE

0.00737Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables

2.69
0.004241

0.00095
0.000162

0.02328

0.1813

0.1813

Source: IRIS(05/30/95)

0.006819

0.006819

Getting Cancer from this Exposure Alone

Dermal
ADD

rng/kg/d

0.000481

0.000481

0.000643

Outside Model Bounds
Outside Model Bounds
0.03177 2.694 0.000643

0.001644
Missing Data
Missing Data

Missing Data
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Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

Missing Data
Missing Data

Missing Data
Missing Data
0.001644 0.000003

Surface Water
TOTALS

84-74-2 DIBUTYL PHTHALATE

oo o
95-57-8 CHLOROPHENOL,2-
Surface Water
TOTALS 0 o o

Calculated Lifetime Average Daily Dose (LADD)

Scenario
117-81-7 DEHP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

Oral
LADD

rnglkgld

Inhalation Dermal
Adj.Concentration LADD

ug/cu rn rnglkgld

0.000106
0.333
0.01461

0.000206

0.001102
0.000007

0.000325
7.ge-008
7.0e-008

0.001539 0.3476 0.000206

Surface Water
84-66-2 DlETHYL PHTI lALA TE

0.003159Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

9.953
0.4367

0.000275

0.000408
0.000070

0.00998
Outside Model Bounds

Outside Model Bounds
0.01361 10.390 0.000275

0.000705
Missing Data 0.000001
Missing Data

Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
0.000705 0.000001

Surface Water
TOTALS

84-74-2 DIBUTYL PHTHALATE

oo o
95-57-8 CHLOROPHENOL,2-
Surface Water

TALS 0 o o
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Cancer Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mglkgld): 0.014 No Unit Risk

Surface Water

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope
84-74-2 DIBUTYLPHTHALATE

Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL,2-

Weight of Evidence: No Slope

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

1 in 1,000,000 (le-006)
Missing Unit Risk
Missing Unit Risk

2 in 100,000 (2e-005)
< 1 in 1,000,000 (ge-008)
5 in 1,000,000 (5e-006)
< 1 in 1,000,000 (le-009)
< 1 in 1,000,000 (1e-009)
2 in 100,000 (2e-005)

No Unit Risk

No Unit Risk

No Unit Risk

No Unit Risk

Source: IRIS(05/30/95)

3 in 1,000,000 (3e-006)

3 in 1,000,000 (3e-006)

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Oral Inhalation Dermal

117-81-7 DEHP
RID (mglkgld): 0.02

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

NoRfC

0.01233
MissingRfC
MissingRfC

0.1285
0.000782
0.03795
0.000009
0.000008
0.1796

84-66-2 DIETHYL PHTHALATE
RID (mg/kg/d): 0.8

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

NoRfC

0.009212
Missing RfC
Missing RfC

0.00119
0.000203
0.0291
Outside Model Bounds
Outside Model Bounds
0.03971

25154-55-6 NITROPHENOL
No Rill No RfC

MEDIA TOTALS

84-74-2 DIBUTYL PHTHALATE
RID (mglkgld): 0.1 No RfC

ALL MEDIA TOTALS 0

95-57-8 CHLOROPHENOL,2-
RiD (mglkgld): 0.005 No RfC

ALL MEDIA TOTALS 0

TOTALS FOR ALL CHEMICALS

Source: IRIS(05/30/95)

0.02405

0.02405

Source: IRIS(05/30/95)

0.000803

0.000803

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)
o

Source: IRIS(05/30/95)

Hazard Quotient
Risk (Odds):lndividual Probability of

Getting Cancer from this Exposure Alone
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Oral 0.2193
0.02485

0.2442
Dermal
Surface Water
TOTAL 2 in 100,000 (2e-005)

Diepriver Effluent
Calculated Average Daily Dose (ADD)

Oral
ADD

mg/kg/d
117-81-7 DEHP
Surface Water

Inhalation
Concentration
mg/cu m

Drinking Water 0.000274
Showering 0.1
Outdoor Air 0.000158
Vegetables 0.002856
Fruits 0.000017
Fish and Shellfish 0.000843
Dairy 2.le-007
Meat 1.8e-007

TOTALS 0.003991 0.1002

Surface Water
84-66-2 mETHYL PHTHALATE

0.002521Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITRO PHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

0.92
0.00145

0.000326
0.000056

0.007962
Outside Model Bounds

Outside Model Bounds
0.01086 0.9215

0.001288
Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
Missing Data
Missing Data

0.001288

Surface Water
TOTALS

84-74-2 mBUTYL PHTHALATE

o
95-57-8 CHLOROPHENOL, 2-

TOTALS 0

o

o o

Calculated Lifetime Average Daily Dose (LADD)
Oral inhalation
LADD Adj.Concentration

rng/kg/d ug/cu m
117-81-7 DEHP
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits

0.000117
0.37
0.01624

0.001224
0.000007
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Dermal
ADD

mg/kg/d

0.000534

0.000534

0.000220

0.000220

0.000003

0.000003

o

Dermal
LADD

mg/kg/d

0.000229



Fish and Shellfish
Dairy
Meat

TOTALS

0.000361
8.8e-008

7.7e-008
0.00171 0.3862

Surface Water
84-66-2 DIETHYL PHTHALATE

0.00108Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

25154-55-6 NITROPHENOL
Surface Water

Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat

TOTALS

3.404
0.1494

0.000140
0.000024

0.003412
Outside Model Bounds

Outside Model Bounds
0.004656 3.553

0.000552
Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
Missing Data

Missing Data
0.000552

84-74-2 DIBUTYL PHTHALATE
TOTALS 0
95-57-8 CHLOROPHENOL, 2-
TOTALS 0

o o
o o

0.000229

0.000094

0.000094

0.000001

0.000001

Cancer Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mglkgld): 0.014 No Unit Risk

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish

84-66-2 DlETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope
84-74-2 DIBUTYL PHTHALATE

Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL, 2-

Weight of Evidence: No Slope

Dairy
Meat
MEDIUM TOTALS

ALL MEDIA TOTALS

2 in 1,000,000 (2e-006)
Missing Unit Risk

Missing Unit Risk
2 in 100,000 (2e-005)
< I in 1,000,000 (Ie-007)
5 in 1,000,000 (5e-006)
< I in 1,000,000 (1e-009)
< 1 in 1,000,000 (Ie-009)
2 in 100,000 (2e-005)
2 in 100,000 (2e-005)

No Unit Risk

No Unit Risk

No Unit Risk

No Unit Risk
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Source: IRIS(05/30/95)

3 in 1,000,000 (3e-006)

3 in 1,000,000 (3e-006)
3 in 1,000,000 (3e-006)

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)

Source: OOS(05/30/95)



Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Oral Inhalation Dermal

117-81-7DEHP
RID (mglkg/d): 0.02

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

No RiC Source: IRIS(05/30/95)

0.0137
Missing RiC
Missing RiC

0.02672

0.1428
0.000869
0.04216
0.000010
0.000009
0.1996 0.02672

84-66-2 DIETHYL PHTHALATE
RID (mglkg/d): 0.8

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables
Fruits
Fish and Shellfish
Dairy
Meat
MEDIUM TOTALS

No RiC Source: IRIS(05/30/95)

0.003151
Missing RiC
Missing RiC

0.000275

0.000407
0.000069
0.00995
Outside Model Bounds
Outside Model Bounds
0.01358 0.000275

25154-55-6 NITROPHENOL
No RID

Surface Water
Drinking Water Missing RID

No RiC Source: IRIS(05/30/95)

84-74-2 DIBUTYL PHTHALATE
RID (mglkg/d): 0.1

MEDIA TOTALS 0
NoRfC Source: IRIS(05/30/95)

o
95-57-8 CHLOROPHENOL,2-

RID (mglkg/d): 0.005
MEDIA TOTALS 0

No RiC Source: IRIS(05/30/95)
o

TOTALS FOR ALL CHEMICALS

Hazard Quotient
Oral 0.2131
Dermal 0.027
Surface Water 0.2401
TOTAL

Risk (Odds):Individual Probability of
Getting Cancer from this Exposure Alone

Kuilsriver 2 Riverwater

3 in 100,000 (3e-005)

Calculated Average Daily Dose (ADD)
Chemical Oral Inhalation Dermal

Medium ADD Concentration ADD
Scenario mglkg/d mg/cu m mglkg/d

117-81-7DEHP

Drinking Water 0.006959
Showering 2.54
Outdoor Air 0.004004
Vegetables 0.07254
Fruits 0.000442
Fish and Shellfish 0.02142
Dairy 0.000005
Meat 0.000005

TOTALS 0.1014 2.544

Surface Water

0.01358

0.01358
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84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.005836
Showering 2.13
Outdoor Air 0.003358
Vegetables 0.000754
Fruits 0.000129
Fish and Shellfish 0.01843
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.02515 2.133

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.002986
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

TOTALS 0.002986

84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.08773
Showering 32.020
Outdoor Air 0.05048
Vegetables 0.3529
Fruits 0.004004
Fish and Shellfish 0.04948
Dairy 0.000035
Meat 0.000031

TOTALS 0.4941 32.070

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.00 I726
Showering 0.63
Outdoor Air 0.000993
Vegetables 0.000153
Fruits 0.000037
Fish and Shellfish 0.000943
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.002859 0.631

Calculated Lifetme Average Daily Dose
Oral

Medium LADD
mg/kg/d

117-81-7 DEI-IP
Surface Water

Drinking Water 0.002982
Showering 9.398
Outdoor Air 0.4124
Vegetables 0.03109
Fruits 0.000189
Fish and Shellfish 0.00918
Dairy 0.000002
Meat 0.000002

TOTALS 0.04345 9.811

84-66-2 DIETHYL PHTHALATE
Surface Water

0.000509

0.000509

0.000006

0.000006

0.07794

0.07794

0.000179

0.000179

Inhalation
Adj.Concentration
ug/cu m

0.005818

0.005818
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Drinking Water 0.002501
Showering 7.881
Outdoor Air 0.3458
Vegetables 0.000323
Fruits 0.000055
Fish and Shellfish 0.007901
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.01078 8.227

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.00128
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

TOTALS 0.00128

84-74-2 DlBUTYL PHTHALATE
Surface Water

Drinking Water 0.0376
Showering 118.478
Outdoor Air 5. I99
Vegetables 0.1512
Fruits 0.00 17I6
Fish and Shellfish 0.02 I2 I
Dairy 0.000015
Meat 0.000013

TOTALS 0.2 I 18 123.676

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.000740
Showering 2.331
Outdoor Air 0.1 023
Vegetables 0.000065
Fruits 0.000016
Fish and Shellfish 0.000404
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.001225 2.433

0.000218

0.000218

0.000003

0.000003

0.0334

0.0334

0.000077

0.000077

Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Scenario Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mg/kg/d): 0.014 No Unit Risk Source: OOS(05/30/95)

Surface Water
Drinking Water 4 in 100,000 (4e-005)
Showering Missing Unit Risk
Outdoor Air Missing Unit Risk
Vegetables 4 in 10,000 (4e-004)
Fruits 3 in 1,000,000 (3e-006)
Fish and Shellfish 1 in ] 0,000 (le-004)
Dairy < 1 in 1,000,000 (3e-008)
Meat < I in 1,000,000 (3e-008)
MEDIUM TOTALS 6 in 10,000 (6e-004)

ALL MEDIA TOTALS 6 in 10,000 (6e-004)

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope

8 in 100,000 (8e-005)

8 in 100,000 (8e-005)
8 in 100,000 (8e-005)

No Unit Risk Source: OOS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)
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84-74-2 DIBUTYL PHTHALATE
Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL,2-

Weight of Evidence: No Slope

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEHP
Rf!) (mg/kg/d): 0.02 No RfC Source: IRIS(05/30/95)

Surface Water
Drinking Water 0.3479
Showering
Outdoor Air
Vegetables 3.627
Fruits 0.02208
Fish and Shellfish 1.071
Dairy 0.000262
Meat 0.000229
MEDIUM TOTALS 5.069

84-66-2 DIETHYL PHTHALATE
Rf!) (rug/kg/d): 0.8

Surface Water
Drinking Water 0.007295
Showering
Outdoor Air
Vegetables 0.000942
Fruits 0.000161
Fish and Shellfish 0.02304
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.03144

ALL MEDIA TOTALS 0.03144

25154-55-6 NITROPHENOL
No RID

Drinking Water Missing RID

84-74-2 DIBUTYL PHTHALATE
RID (rug/kg/d): 0.1

Surface Water
Drinking Water 0.8773
Showering
Outdoor Air
Vegetables 3.529
Fruits 0.04004
Fish and Shellfish 0.4948
Dairy 0.000354
Meat 0.000310
MEDIUM TOTALS 4.941

95-57-8 CHLOROPHENOL,2-
RID (rug/kg/d): 0.005

Surface Water
Drinking Water 0.3452
Showering
Outdoor Air
Vegetables 0.03052
Fruits 0.007354
Fish and Shellfish 0.1887
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.5718

ALL MEDIA TOTALS 0.5718

MissingRfC
MissingRfC

0.6788

0.6788

NoRfC Source: IRIS(05/30/95)

MissingRfC
MissingRfC

0.000636

0.000636
0.000636

No RiC Source: IRIS(05/30/95)

NoRfC Source: IRIS(05/30/95)

Missing RfC
MissingRfC

0.7794

0.7794

NoRfC Source: IRIS(05/30/95)

MissingRfC
MissingRfC

0.0358

0.0358
0.0358
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TOTALS FOR ALL CHEMICALS
Risk (Odds):Individual Probability of

Getting Cancer from this Exposure Alone

KuilsRiver 2 Effluent
Calculated Average Daily Dose (ADD)

Chemical Oral Inhalation Dermal
Medium ADD Concentration ADD

Scenario mg/kg/d mg/cu m mg/kg/d
117-81-7 DEHP
Surface Water

Drinking Water 0.008164
Showering 2.98
Outdoor Air 0.004698
Vegetables 0.08511
Fruits 0.000518
Fish and Shellfish 0.02513
Dairy 0.000006
Meat 0.000005

TOTALS 0.1189 2.985

Hazard Quotient
Oral 10.613
Dermal 1.495
Surface Water 12.108
TOTAL

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000438
Showering 0.16
Outdoor Air 0.000252
Vegetables 0.000057
Fruits 0.000010
Fish and Shellfish 0.001385
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.00 1889 0.1 603

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.002548
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

TOTALS 0.002548

84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.02036
Showering 7.43
Outdoor Air 0.01171
Vegetables 0.08188
Fruits 0.000929
Fish and Shellfish 0.01148
Dairy 0.000008
Meat 0.000007

TOTALS 0.1147 7.442

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.003342
Showering 1.22
Outdoor Air 0.001923

7 in 10,000 (7e-004)

0.01593

0.01593

0.000038

0.000038

0.000005

0.000005

0.01808

0.01808

0.000347
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Vegetables 0.000296
Fruits 0.000071
Fish and Shellfish 0.001827
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.005536 1.222 0.000347

Calculated Lifetime Average Daily Dose (LADD)
Chemical Oral Inhalation Dermal

Medium LADD Adj.Concentration LADD
Scenario mglkg/d ug/cu m mglkg/d

117-81-7 DEHP
Surface Water

Drinking Water 0.003499
Showering 11.026 0.006826
Outdoor Air 0.4838
Vegetables 0.03648
Fruits 0.000222
Fish and Shellfish om077
Dairy 0.000003
Meat 0.000002

TOTALS 0.05097 11.510 0.006826

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000188
Showering 0.592 0.000016
Outdoor Air 0.02598
Vegetables 0.000024
Fruits 0.000004
Fish and Shellfish 0.000593
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.000810 0.618

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.001092
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

TOTALS 0.001092

84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.008724
Showering 27.492
Outdoor Air 1.206
Vegetables 0.03509
Fruits 0.000398
Fish and Shellfish 0.004921
Dairy 0.000004
Meat 0.000003

TOTALS 0.04914 28.70

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.001432
Showering 4.514
Outdoor Air 0.1981
Vegetables 0.000127
Fruits 0.000031
Fish and Shellfish 0.000783

0.000016

0.000002

0.000002

0.00775

0.00775

0.000149
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Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.002373 4.712 0.000149

Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Scenario Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mglkg/d): 0.014 No Unit Risk Source: IRIS(05/30/95)

Surface Water
Drinking Water 5 in 100,000 (5e-005)
Showering Missing Unit Risk 1 in 10,000 (le-004)
Outdoor Air Missing Unit Risk
Vegetables 5 in 10,000 (5e-004)
Fruits 3 in 1,000,000 (3e-006)
Fish and Shellfish 2 in 10,000 (2e-004)
Dairy < 1 in 1,000,000 (4e-008)
Meat < 1 in 1,000,000 (3e-008)
MEDIUM TOTALS 7 in 10,000 (7e-004) 1 in 10,000 (le-004)

84-66-2 DIETIIYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope
84-74-2 DffiUTYL PHTHALATE
Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL,2-
Weight of Evidence: No Slope

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEHP
RID (mglkg/d): 0.02 No RfC Source: IRIS(05/30/95)

Surface Water
Drinking Water 0.4082
Showering
Outdoor Air
Vegetables 4.256
Fruits 0.0259
Fish and Shellfish 1.256
Dairy 0.000307
Meat 0.000269
MEDIUM TOTALS 5.947

84-66-2 DIETHYL PHTHALATE
RID (mg/kg/d): 0.8

Surface Water
Drinking Water 0.000548
Showering
Outdoor Air
Vegetables 0.000071
Fruits 0.000012
Fish and Shellfish 0.00 J 731
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.002362

MissingRfC
MissingRfC

0.7963

0.7963

NoRfC Source: IRIS(05/30/95)

Missing RfC
MissingRfC

0.000048

0.000048

25154-55-6 NITROPHENOL
No RID No RfC Source: IRIS(05/30/95)

84-74-2 DIBUTYL PHTHALATE
RID (mglkg/d): 0.1 No RfC

Surface Water
Drinking Water 0.2036
Showering
Outdoor Air
Vegetables 0.8188

Source: IRIS(05/30/95)

Missing RfC
MissingRfC

0.1808
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Fruits 0.009291
Fish and Shellfish 0.1148
Dairy 0.000082
Meat 0.000072
MEDIUM TOTALS 1.147

95-57-8 CHLOROPHENOL, 2-
RID (mg/kg/d): 0.005

Surface Water
NoRfC

Drinking Water 0.6685
Showering
Outdoor Air
Vegetables 0.0591
Fruits 0.01424
Fish and Shellfish 0.3654
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 1.107

ALL MEDIA TOTALS 1.107

MissingRfC
MissingRfC

TOTALS FOR ALL CHEMICALS

0.1808

Source: IRIS(05/30/95)

0.06933

0.06933
0.06933

Risk (Odds):Individual Probability of
Getting Cancer from this Exposure AloneHazard Quotient

Oral 8.203
Dermal 1.047
Surface Water 9.25
TOTAL

Veldwachter River
Calculated Average Daily Dose (ADD)

Chemical Oral Inhalation
Medium ADD Concentration

Scenario mg/kg/d rng/cu m
117-81-7 DEHP
Surface Water

Drinking Water 0.002877
Showering 1.05
Outdoor Air 0.001655
Vegetables 0.02999
Fruits 0.000183
Fish and Shellfish 0.008855
Dairy 0.000002
Meat 0.000002

TOTALS 0.04191 1.052

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.002
Showering 0.73
Outdoor Air 0.001151
Vegetables 0.000258
Fruits 0.000044
Fish and Shellfish 0.006318
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.00862 0.7312

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.0209
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data

8 in 10,000 (8e-004)

Dermal
ADD

mg/kg/d

0.005612

0.005612

0.000174

0.000174

0.000044
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Dairy
Meat

TOTALS

Missing Data
Missing Data

0.0209 0.000044

84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.124
Showering 45.270
Outdoor Air 0.07137
Vegetables 0.4989
Fruits 0.005661
Fish and Shellfish 0.06996
Dairy 0.000050
Meat 0.000044

TOTALS 0.6986 45.341

0.1102

0.1102

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.003014
Showering 1.1 0.000313
Outdoor Air 0.001734
Vegetables 0.000266
Fruits 0.000064
Fish and Shellfish 0.001647
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.004992 1.102 0.000313

Calculated Lifetime Average Daily Dose)
Chemical Oral Inhalation Dermal

Medium LADD Adj.Concentration LADD
Scenario mglkg/d ug/cu m mglkg/d

117-81-7 DEHP
Surface Water

Drinking Water 0.001233
Showering 3.885 0.002405
Outdoor Air 0.1705
Vegetables 0.01285
Fruits 0.000078
Fish and Shellfish 0.003795
Dairy 9.3e-007
Meat 8.1e-007

TOTALS 0.01796 4.056 0.002405

84-66-2 DlETHYL PHTHALATE
Surface Water

Drinking Water 0.000857
Showering 2.701 0.000075
Outdoor Air 0.1185
Vegetables 0.000111
Fruits 0.000019
Fish and Shellfish 0.002708
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.003694 2.82 0.000075

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.008959
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data.
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

0.000019
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TOTALS 0.008959 0.000019

84-74-2 DffiUTYL PHTHALATE
Surface Water

Drinking Water 0.05315
Showering 167.504 0.04722
Outdoor Air 7.35
Vegetables 0.2138
Fruits 0.002426
Fish and Shellfish 0.02998
Dairy 0.000021
Meat 0.000019

TOTALS 0.2994 174.854 0.04722

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.001292
Showering 4.07 0.000134
Outdoor Air 0.1786
Vegetables 0.000114
Fruits 0.000028
Fish and Shellfish 0.000706
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.002139 4.249 0.000134

Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Scenario Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mg/kg/d): 0.014 No Unit Risk Source: IRIS(05/JO/95)

Surface Water
Drinking Water 2 in 100,000 (2e-005)
Showering Missing Unit Risk
Outdoor Air Missing Unit Risk
Vegetables 2 in 10,000 (2e-004)
Fruits I in 1,000,000 (I e-006)
Fish and Shellfish 5 in 100,000 (5e-005)
Dairy < I in 1,000,000(le-008)
Meat < I in 1,000,000 (Je-008)
MEDIUM TOTALS 3 in 10,000 (3e-004)

84-66-2 DIETHYL PHTHALATE
Weight of Evidence: No Slope
25154-55-6 NITROPHENOL
Weight of Evidence: No Slope
84-74-2 DIBUTYL PHTHALATE

Weight of Evidence: No Slope
95-57-8 CHLOROPHENOL,2-

Weight of Evidence: No Slope

3 in 100,000 (3e-005)

3 in 100,000 (3e-005)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Scenario
117-81-7 DEHP

RiD (mglkg/d):
Surface Water
Drinking Water 0.1438
Showering
Outdoor Air
Vegetables 1.499
Fruits 0.009128
Fish and Shellfish 0.4427
Dairy 0.000108
Meat 0.000095
MEDIUM TOTALS 2.095

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Oral Inhalation Dermal

Chemical

0.02 NoRfC Source: IRIS(05/30/95)

MissingRfC
MissingRfC

0.2806

0.2806

84-66-2 DIETHYL PHTHALATE
RiD (mglkg/d): 0.8 NoRfC Source: IRIS(05/30/95)
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Surface Water
Drinking Water 0.0025
Showering
Outdoor Air
Vegetables 0.000323
Fruits 0.000055
Fish and Shellfish 0.007898
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.01078

MissingRfC
MissingRfC

25154-55-6 NITROPHENOL
No Rill NoRfC

Surface Water
Drinking Water Missing Rill

84-74-2 DIBUTYL PHTHALATE
RID (mg/kg/d): 0.1

Surface Water
Drinking Water 1.24
Showering
Outdoor Air
Vegetables 4.989
Fruits 0.05661
Fish and Shellfish 0.6996
Dairy 0.000501
Meat 0.000438
MEDIUM TOTALS 6.986

NoRfC

MissingRfC
MissingRfC

95-57-8 CHLOROPHENOL, 2-
RID (mg/kg/d): 0.005

Surface Water
Drinking Water 0.6027
Showering
Outdoor Air
Vegetables 0.05329
Fruits 0.01284
Fish and Shellfish 0.3294
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.998

NoRfC

MissingRfC
Missing RfC

TOTALS FOR ALL CHEMICALS

0.000218

0.000218

Source: IRIS(05/30/95)

Source: IRIS(05/30/95)

1.102

1.102

Source: OOS(05/30/95)

0.06251

0.06251

Risk (Odds):Individual Probability of
Getting Cancer from this Exposure Alone

Oral
Dermal
Surface Water
TOTAL

Hazard Quotient
10.091
1.445

J 1.536

Veldwachter Effluent
Calculated Average Daily Dose (ADD)
Chemical Oral Inhalation

Medium ADD Concentration
Scenario mg/kg/d mg/cu m

117-81-7 DEHP
Surface Water

Drinking Water 0.004
Showering 1.46
Outdoor Air 0.002302
Vegetables 0.0417
Fruits 0.000254
Fish and Shellfish 0.01231
Dairy 0.000003
Meat 0.000003

3 in 10,000 (3e-004)

Dermal
ADD

mg/kg/d

0.007803
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TOTALS 0.05827 1.462

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000630
Showering 0.23
Outdoor Air 0.000363
Vegetables 0.000081
Fruits 0.000014
Fish and Shellfish 0.001991
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.002716 0.2304

25154-55-6 NITROPHENOL
Surface Water

TOTALS o
84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.08362
Showering 30.520
Outdoor Air 0.04812
Vegetables 0.3363
Fruits 0.003816
Fish and Shellfish 0.04716
Dairy 0.000034
Meat 0.000030

TOTALS 0.471 30.568

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.003781
Showering 1.38
Outdoor Air 0.002176
Vegetables 0.000334
Fruits 0.000081
Fish and Shellfish 0.002067
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.006262 1.382

0.007803

0.000055

0.000055

o

0.07429

0.07429

0.000392

0.000392

Calculated Lifetime Average Daily Dose)
Chemical Oral Inhalation Dermal

Medium LADD Adj.Concentration LADD
Scenario mg/kg/d ug/cu rn mg/kg/d

117-81-7 DEHP
Surface Water

Drinking Water 0.001714
Showering 5.402
Outdoor Air 0.237
Vegetables 0.01787
Fruits 0.000109
Fish and Shellfish 0.005277
Dairy 0.000001
Meat 0.000001

TOTALS 0.02497 5.639

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000270
Showering 0.851
Outdoor Air 0.03734
Vegetables 0.000035
Fruits 0.000006
Fish and Shellfish 0.000853
Dairy Outside Model Bounds

0.003344

0.003344

0.000024
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Meat
TOTALS

Outside Model Bounds
0.001164 0.8884

25154-55-6 NITROPHENOL
Surface Water
TOTALS o
84-74-2 DIBUTYL PHTHALATE
Surface Water

Drinking Water 0.03584
Showering 112.927
Outdoor Air 4.955
Vegetables 0.1441
Fruits 0.001636
Fish and Shellfish 0.02021
Dairy 0.000014
Meat 0.000013

TOTALS 0.2019 117.883

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.00162
Showering 5.106
Outdoor Air 0.2241
Vegetables 0.000143
Fruits 0.000035
Fish and Shellfish 0.000886
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.002684 5.33

0.000024

o

0.03184

0.03184

0.000168

0.000168

Risk (Odds): Individual Probability of Getting Can from this Exposure Alone
Scenario Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mg/kg/d): 0.014 No Unit Risk Source: IRIS(05/30/95)

Surface Water
Drinking Water 2 in 100,000 (2e-005)
Showering Missing Unit Risk
Outdoor Air Missing Unit Risk
Vegetables 3 in 10,000 (3e-004)
Fruits 2 in 1,000,000 (2e-006)
Fish and Shellfish 7 in 100,000 (7e-005)
Dairy < 1 in 1,000,000 (2e-008)
Meat < 1 in 1,000,000 (2e-008)
MEDlUM TOTALS 3 in 10,000 (3e-004)

84-66-2 DlETHYL PHTHALATE
Weight of Evidence: No Slope

25154-55-6 NITROPHENOL
Weight of Evidence: No Slope

84-74-2 DIBUTYL PHTHALATE
Weight of Evidence: No Slope

95-57-8 CHLOROPHENOL, 2-
Weight of Evidence: No Slope

5 in 100,000 (5e-005)

5 in 100,000 (5e-005)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

No Unit Risk Source: IRIS(05/30/95)

Chemical Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEHP
RID (mglkg/d): 0.02 No RfC Source: IRIS(05/30/95)

Surface Water
Drinking Water 0.2
Showering
Outdoor Air
Vegetables 2.085

MissingRfC
MissingRfC

0.3902
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Fruits 0.01269
Fish and Shellfish 0.6156
Dairy 0.000150
Meat 0.000132
MEDIUM TOTALS 2.914

ALL MEDIA TOTALS 2.914
0.3902
0.3902

84-66-2 DIETHYL PHTHALATE
RID (mg/kg/d): 0.8

Surface Water
Drinking Water 0.000788
Showering
Outdoor Air
Vegetables 0.000102
Fruits 0.000017
Fish and Shellfish 0.002488
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.003395

ALL MEDIA TOTALS 0.003395

NoRfC Source: IRIS(05/30/95)

MissingRfC
MissingRfC

0.000069

0.000069
0.000069

25154-55-6 NITROPHENOL
No RID No RfC

Surface Water
Drinking Water Missing RID
Showering Missing Data

Source: IRIS(05/30/95)

Missing RID

84-74-2 DIBUTYL PHTHALATE
RID (mg/kg/d): 0.1

Surface Water
Drinking Water 0.8362
Showering
Outdoor Air
Vegetables 3.363
Fruits 0.03816
Fish and Shellfish 0.4716
Dairy 0.000338
Meat 0.000295
MEDIUM TOTALS 4.7]

NoRfC Source: IRIS(05/30/95)

Missing RfC
MissingRfC

0.7429

0.7429

95-57-8 CHLOROPHENOL, 2-
RID (mg/kg/d): 0.005

Surface Water
Drinking Water 0.7562
Showering
Outdoor Air
Vegetables 0.06685
Fruits 0.01611
Fish and Shellfish 0.4133
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 1.252

NoRfC Source: IRIS(05/30/95)

Missing RfC
Missing RfC

0.07842

0.07842

TOTALS FOR ALL CHEMICALS

Hazard Quotient
Oral 8.879
Dermal 1.211
Surface Water 10.091
TOTAL

Risk (Odds):Individual Probability of
Getting Cancer from this Exposure Alone

4 in 10,000 (4e-004)
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Kirstenbosch River
Calculated Average Daily Dose (ADD)

Oral Inhalation
ADD Concentration
rng/kg/d mg/cu m

117-81-7 DEHP
Surface Water

Drinking Water 0.02047
Showering
Outdoor Air
Vegetables 0.2133
Fruits 0.001299
Fish and Shellfish 0.06299
Dairy 0.000015
Meat 0.000013

TOTALS 0.2981

7.47
0.01178

7.482

Dermal
ADD

mg/kg/d

0.03992

0.03992

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000356
Showering 0.13 0.000031
Outdoor Air 0.000205
Vegetables 0.000046
Fruits 0.000008
Fish and Shellfish 0.001125
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.001535 0.1302 0.000031

25154-55-6 NITRO PHENOL
Surface Water

Drinking Water 0.000466
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

TOTALS 0.000466

84-74-2 mBUTYL PHTHALATE
Surface Water

Drinking Water 0
Showering
Outdoor Air
Vegetables 0
Fruits 0
Fish and Shellfish 0
Dairy 0
Meat 0

TOTALS 0

o
o

o
95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.003014
Showering 1.1
Outdoor Air 0.001734
Vegetables 0.000266
Fruits 0.000064
Fish and Shellfish 0.001647
Dairy
Meat

TOTALS

Outside Model Bounds
Outside Model Bounds

0.004992 1.102

0.000001

0.000001

o

o

0.000313

0.000313
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Calculated Average Daily Dose (LADD)
Chemical Oral Inhalation Dermal

Medium LADD Adj. Concentration LADD
Scenario mglkg/d ug/cu ID mglkg/d

117-81-7 DEHP
Surface Water

Drinking Water 0.008771
Showering 27.640
Outdoor Air 1.213
Vegetables 0.09144
Fruits 0.000557
Fish and Shellfish 0.027
Dairy 0.000007
Meat 0.000006

TOTALS 0.1278 28.853

84-66-2 DIETHYL PHTHALATE
Surface Water

Drinking Water 0.000153
Showering 0.481
Outdoor Air 0.02111
Vegetables 0.000020
Fruits 0.000003
Fish and Shellfish 0.000482
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.000658 0.5021

25154-55-6 NITROPHENOL
Surface Water

Drinking Water 0.000200
Showering Missing Data
Outdoor Air Missing Data
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data

TOTALS 0.000200

84-74-2 DIBUTYL PIlTHALATE

o oTOTALS

95-57-8 CHLOROPHENOL,2-
Surface Water

Drinking Water 0.001292
Showering
Outdoor Air
Vegetables 0.000114
Fruits 0.000028
Fish and Shellfish 0.000706
Dairy Outside Model Bounds
Meat Outside Model Bounds

TOTALS 0.002139 4.249

4.07
0.1786

0.01711

0.01711

0.000013

0.000013

4.2e-007

4.2e-007

o

0.000134

0.000134

Risk (Odds): Individual Probability of Getting Cancer from this Exposure Alone
Scenario Oral Inhalation Dermal

117-81-7 DEHP
Weight of Evidence: B2 Oral Slope (mglkg/d): 0.014 No Unit Risk Source: IRIS(05/30/95)

Surface Water
Drinking Water 1 in 10,000 (le-004)
Showering Missing Unit Risk
Outdoor Air Missing Unit Risk
Vegetables 1 in 1,000 (le-003)
Fruits 8 in 1,000,000 (8e-006)
Fish and Shellfish 4 in 10,000 (4e-004)

2 in 10,000 (2e-004)
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Dairy < I in 1,000,000 (ge-008)
Meat < 1 in 1,000,000 (8e-008)
MEDIUM TOTALS 2 in 1,000 (2e-003)

84-66-2 DIETHYL PHTHALATE

2 in 10,000 (2e-004)

Hazard Quotient: Ratio of Average Dose to 'Safe' Daily Dose
Scenario Oral Inhalation Dermal

117-81-7 DEHP
RID (mglkg/d): 0.02 No Rit: Source: IRIS(05/30/95)

Surface Water
Drinking Water
Showering
Outdoor Air
Vegetables 10.667
Fruits 0.06494
Fish and Shellfish 3.15
Dairy 0.000769
Meat 0.000673
MEDIUM TOTALS 14.907

1.023
Missing Rit:
Missing Rit:

1.996

1.996

84-66-2 DIETHYL PHTHALATE
RiD (mglkg/d): 0.8

Surface Water
Drinking Water 0.000445
Showering
Outdoor Air
Vegetables 0.000058
Fruits 0.000010
Fish and Shellfish 0.001406
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.001919

No Rit: Source: IRIS(05/30/95)

Missing Rit:
Missing Rit:

0.000039

0.000039

25) 54-55-6 NITROPHENOL
NoRro

Surface Water
Drinking Water Missing RiD
Showering
Outdoor Air
Vegetables Missing Data
Fruits Missing Data
Fish and Shellfish Missing Data
Dairy Missing Data
Meat Missing Data
MEDIUM TOTALS

ALL MEDIA TOTALS

NoR1C Source: IRIS(05/30/95)

Missing Data
Missing Data

MissingRfD

95-57-8 CHLOROPHENOL, 2-
RiD (mglkg/d): 0.005

Surface Water
NoR1C Source: IRIS(05/30/95)

84-74-2 DIBUTYL PHTHALATE
RID (mg/kg/d): 0.1

Surface Water
NoRfC Source: IRIS(05/30/95)

Drinking Water 0
Showering
Outdoor Air
Vegetables 0
Fruits 0
Fish and Shellfish 0
Dairy 0
Meat 0
MEDIUM TOTALS

ALL MEDIA TOTALS

MissingR1C
Missing RfC

o

o
o

o
o

Drinking Water 0.6027
Showering Missing Rit: 0.06251
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Outdoor Air Missing RfC
Vegetables 0.05329
Fruits 0.01284
Fish and Shellfish 0.3294
Dairy Outside Model Bounds
Meat Outside Model Bounds
MEDIUM TOTALS 0.998 0.06251

TOTALS FOR ALL CHEMICALS Kirstenbosch
Risk (Odds):Individuai Probability of

Getting Cancer from this Exposure Alone
Oral

Hazard Quotient
15.907
2.059

17.966
Dermal
Surface Water
TOTAL 2 in 1,000 (2e-003)
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