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EXECUTIVE SUMMARY

Background

There is increasing global concern over persistent bio-accumulative chemicals, their potential for bio-
magnification, and, even more worrying, synergistic/additive effects of endocrine disruptor chemicals
(EDCs) in mixtures. EDCs are chemicals that interfere with the structure or function of hormone-
receptor complexes and may be disruptive at very low exposure levels. The damaging impact of
EDCs on health is internationally no longer an issue of dispute (COMPRENDO CREDO Workshop,
2004). At the top of the food chain the aquatic species are particularly vulnerable, but effects have
also been observed in terrestrial species (WHO, 2002). Colbomn (1994) wamed that the environmental
load of EDCs has reached critical levels at which human and wildlife is at risk. The risk is not limited
1o reproductive health, but also general health including immunity, thyroid function,
neurodevelopment and others. Recently Hennig et al. (2006) concluded that there is substantial
epidemiological evidence that the pathology of cardiovascular diseases is linked in part to
environmental pollution. Many environmental contaminants, and particularly persistent organic
pollutants, are risk factors for the development of atherosclerosis.

The chemicals of concemn for endocrine disruptive effects are not a small group of therapeutic agents,
but include many compounds that are in daily use in industry, agriculture and in households (Toppari
et al., 1996). Evidence of EDC exposure in South Africa includes high levels of p-nonylphenol (p-
NP) in drinking water (de Jager et al, 2002) and sources similar to those reported to cause
feminisation in trout (Routledge et al., 1998), leaching of p-NP from plastic wraps into food (De Jager
et al., 1998), p-NP, polychlorinated biphenyls (PCBs), 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane
(DDT), 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE), heptachlor, endosulphan and the
chlordanes (Bamhoom et al., 2004; Fatoki et al., 2003) in selected water and sediment samples and
estrogenic activity in water (Aneck-Hahn, 2002; Hurter, 2002; Timmerman, 2002). Catfish previously
collected from sites in the Urban Nature Reserve (UNR) had high levels of selected EDCs in fat tissue
(Barmhoomn et al., 2004). This reserve is one of the world's largest urban nature reserves, situated
south of the City of Tshwane (also known as Pretoria) but still within the city limits. The Reserve is at
an altitude of 1700m and is one of the very few reserves situated in the grassland biome on the central
South African highveld. The stream into the Reserve receives effluent from sewage treatment plants,
industries and informal settlements in the catchment areas (part of Ekurhuleni Metropolitan area),
There are two dams, Dam 1 (D1) and Dam 2 (D2), interconnected with a wetland and channel.

This report summarizes the scientific background relevant 1o the study with emphasis on chemical
residue analyses, endocrine disruptive metals (EDMs) and bio-assays for estrogenicity and dioxin and
dioxin-like PCBs. It also reviews the use of possible biosentinel aquatic and terrestrial animals.
General information on the UNR and the outcomes of previous projects are discussed. This is




followed by separate chapters on analytical chemistry and in vitro bio-assays. Clarias gariepinus
(sharptooth catfish), Nenopus laevis (African clawed frog), Buwlinus tropica (freshwater snail) and
Rhahdomys pumilio (striped mouse) were evaluated as possible biomarker species for EDC exposure.
The impact of active biomonitoring (ABM) on fish and snail species in the UNR, the effect on macro-
inverichbrates {SASSS) and the possible role of plants in the wetlands were addressed separately. All
the information gathered was integrated in a gualitative scenario-based health risk analysis and a

toolkit recommended for future use

Objective
I'he objective of this study was to determine whether sufficiently high levels of EDCs exist in the
general environment 1o exert adverse health effects on aquatic or terrestrial animals or humans in and

around the Urban Nature Reserve (UNR).

Methodology

Water and sediment samples were collected from DI, channel, viei and D2 every two months over a
period of two years and analysed for target chemicals and biological assessment of water for
estrogenicity (Yeast assay, YES) and the ER-Calux ® reporter gene assay. Sediment samples were
also analysed for dioxin- and dioxin-like chemicals (reporter gene) see in Figure below. Samples were
also collected from possible *control’ sites at Lapalala Wilderness Game Reserve (LWGR) and

Suikerbosrand Nature Reserve (SBR)
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The Urban Nature Reserve and catchment area.

Results

Chemical and biological analyses indicated that residues of polychlorinated biphenyls (PCB), octyl-
(OcP) and p-nonylphenol (~NP) were detected in water and sediment samples from the so-called
‘control’ sites LWGR and SBR, confirming the intermational concern that there is nothing like a
“clean, pristine™ uncontaminated site. Even more worrying were the high levels of bio-accumulated

lindane, DDT and metabolites and PCB153 in fat samples collected from eland at SBR.

At the four sampling sites and in various matrices several chemical compounds and metals were
present at levels of concern for human consumption. These included residues of a-BHC, lindane,
endrin, heptachlor epoxide, methoxychlor, DDT and metabolites, OcP, p-NP, dimethyl phthalate
(DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP) and di<(2-ethylhexyl) phthalate (DEHP).
The phthalate residues were present in all samples, followed by lindane in 11 (31.4%) samples and
pp-DDT in 9 (25,7%) samples. No dioxin- or dioxin-like activity was found, although cytotoxicity
occurred. Cadmium levels in water from D1 and Vlei samples had levels, on average, above the target
water quality range (TWQR), but at all four points above 0.3ug/l. (above chronic effect value (CEV))
were also detected. In all the samples lead (Pb) levels were above 15pug/1., higher than the acute effect

value (AEV) for Pb (DWAF, 1996), with DI and Viei having the highest levels.



At all four sampling sites in the UNR estrogenic activity was detected in the water samples. The YES
assay detected estrogenicity in 9 (35%) samples ranging from 0.16 - 1.92ng/L. However, cytotoxicity
was present in 69% of samples, which could lead to an underestimation of the degree of estrogenicity.
This was confirmed with the ER-Calux ® assay in which the estrogenicity ranged from 0.32 - 16ng/1

80% of the samples contained estrogenicity above Ing/L. implying that the water was posing a risk to

reproductive damage in fish (Matthiessen ¢t al., 2006)

Biosentinel animals

In sharptooth catfish, Clarias gariepinus, abnormalities of the sexual papilla, equivalent to a “penis” in
fish, was found in 30.8% and 22.2% of catfish from D1 and D2 respectively. Testicular oocytes were
observed in  63.2% of male fish collected from D1, and in 36.8% fish from D2. These figures also
reflect the incidence of intersex in catfish from the UNR. With immunocytochemistry technigques the
occurrence of inappropriate cell death, as well as an increased rate of cell death (apoplosis), were
demonstrated in testis of D2 catfish when compared to reference site. The germ cell stage-dependent
nature of apoptotic death in D2 catfish affected the androgen-sensitive stages of spermatogenesis in C

gariepinus

-

After extensive trapping (total 2400 cumulated trap hours) only male and 13 females African
Clawed Frog, Xenopus laevis were collected at D2, and the sex ratio was M:F=1:4, No Yenopus was

found in DI,

Freshwater snail, Bulinus rropicus was the major species found at the UNR and reflects the drastic
decline in species diversity since 1996. The ratio of sheath:preputium of snails from D2 was
significantly different when compared with similar measurements from both live-caught and preserved

specimens. In six snails from D2 no penis was present

Active biomonitoring (ABM) using M ruberculata and C gariepinus indicated that the ABM study

interfered with energy metabolism, specifically the energy consumption (E,).

All 24 cland, Tragelaphus oryx had testes in scrotal position and no overt epididymal lesions
or cystic dilatations were noted. Macroscopically, focal white gritty arcas were observed in
testes of all eland which, on sectioning, appeared as grey-white, calcified arcas varying in
size, dispersed throughout testes without a specific distribution pattern.  Microscopic
examination of testicular sections containing these white gritty areas revealed loci of
seminiferous tubules with sperm stasis and dystrophic calcifications but the degree and extent

of mineralization varied between samples



In several sections in which mediastinum testis was present, lesions of the rete testis characterized by
epithelial hypertrophy and adenomatous proliferation were observed. The proliferative lesions of the
rete testis were also associated with seminiferous epithelial degeneration in segments of the tubules
proximal to the affected rete. The degenerative lesions included vacuolization of Sertoli cells, and
death and desquamation of differentiating germ cells. Although full complement of spermatogenesis
was observed in focal areas, spermatogenesis was generally impaired consequent to progression of
degenerative changes in seminiferous epithelium. The progression of degenerative process was
manifested by a spectrum of lesions including complete sloughing of seminiferous epithelium,
calcification of exfoliated detritus (microlithiasis), granulomatous reaction and, ultimately, fibrosis of
lobules of seminiferous tubules. Although a few atypical germ cells were encountered in eland testes,
detailed morphological evaluation ascertaining carcinoma in situ (CIS) was not possible because of

limitations of tissue fixation and processing.

In Striped Mouse (Rhabdomys pumilio) the mean cauda epididymal sperm count for the mice was
relatively low 22.1 x 10%ml, but more importantly two animals were without any sperm
(azoospermia). Spermatogenis was incomplete on histology of the testis and clear evidence of
possible toxin damage was observed. These include apical sloughing of the germinal epithelium,
degeneration of spermatogonia, vacuolization and seminiferous tubule shrinkage. Sperm motion

parameters were successfully analyzed with the CASA system.

Health risk assessment

The assessment indicates that if untreated water from D1 and D2 is used for domestic purposes,
unacceptable health risks (carcinogenic as well as toxic effects) could be anticipated. The greatest
health concern would be if this water is used for irrigation of vegetables with a hypothetical risk of
developing cancer calculated to be 2 in 1 000 for D2 water and 1 in 1 000 for D1, The risks of dermal
absorption was in the order of 5 and 4 in 10 000 for DI and D2, respectively. Lindane, DDT, and
DEHP were the chemicals causing this risk in D2, and DEHP in D1. Domestic use for consumption of
water had an estimated risk of 3 in 10 000 and 4 in 10 000 risk of developing cancer for D2 and DI
respectively. DEHP is the chemical responsible for this particular risk. Adding the possible impact of
endocrine disruptive metals (EDMs), hazard quotients were 27 to >450 times higher than that assumed

to be safe for a life time consumption.

Discussion of results

The most probable sources of lindane were the chicken farm and landfill site, but since lindane is used
as an insecticide on animals and animal premises, the other farming activities should be seriously
considered. The slope from the farm favours the run-off of water towards the Channel and D2. The
water from D1 had low lindane levels and, therefore, the possibility that lindane was coming from the




stream into the UNR, seems negligible, The slope from the landfill site and run-off water will also
only affect the D2 values. On the other hand, contamination of ground water and underground
connections with D2 seems a possibility, but this does not apply to the Channel because of the

building construction

Lindane in surface waters and soils is taken up and bioconcentrated by terrestrial and aquatic
organisms (Just et al., 1990; Matsumura and Benezet, 1973; Ramamoorthy, 1985; Verma and Pillai,
1991; Viswanathan ¢t al., 1988) and accumulates in the food chain (Szokolay et al., 1977). This
process also applied to the UNR because of the high lindane levels in fish collected from all sites and

sampling e¢vents

'he major component of technical grade DDT is the pp ~DDT (85%) isomer, but it also contains o p-
DDT (15%), and 0,6"-DDT (trace amounts). Technical grade DDT may also contain DDD (1,1-
dichloro-2,2-bis(p-chlorophenyl) ethane) and DDE as contaminants. DDD was used previously as
pesticide, but to a far lesser extent than DDT. Both DDD and DDE are breakdown products of DDT
(ATSDR, 2002).

The DDT residues detected at the UNR could be a result of past use in farming activities. It may also
still be released from the landfill site north of D2, as observed in the United States of America (USA)
(ATSDR, 2002) or it may also be released into the atmosphere from areas in South Africa where DDT
15 still being used for malaria vector control (Limpopo, Mpumalanga and KwaZulu-Natal). DDT and
its metabolites also enter the atmosphere through the volatilization of residues in soil and surface
water, albeit a result of past use. These chemicals will be deposited on land and in surface water as a
result of dry and wet deposition. The process of volatilization and deposition may be repeated many
times, and is referred to as a “global distillation” from warm source areas to cold Polar Regions
Consequently, these chemicals have been found in snow, and animals in the Arctic and Antarctic
regions where DDT was never used (ATSDR, 2002), It may also be the case with the UNR that the
DDT residues were the result of environmental distillation. However, the possibility of illegal use and
dumping of DDT into water could not be excluded. The finding of almost similar levels at all the
sites, except the higher levels at D2 in November 2004, is in favor of precipitation from polluted air
For the reason of the extensive past use of DDT worldwide and the persistence of DDT and its
metabolites, these chemicals are now virtually ubiquitous and are continually being transformed and

redistributed in the environment
In surface water, DDT will bind to particles in the water, settle, and be deposited in the sediment from

where it is taken up by small organisms and fish in the water. DDT, DDD. and DDE accumulate in

fatty tissues and from the aquatic food webs may enter higher trophic levels of the food chain. The

vi




impact of bioaccumulation on fish was emphasized by the very high DDT and metabolite

concentration in fat,

Of even greater concern is the possible impact of the high levels of pp-DDE, the persistent
metabolite of DDT on the living organism due to its anti-androgenic properties (Kelce et al., 1995).
Adverse reproductive system effects associated with in utero DDT or DDE exposure in male animals
include, amongst others, abnormal development of ovarian tissue (Fry and Toone, 1981), reduced
penile size (Guillette and Guillette, 1996), hypospadias (Gray et al, 2001) and cryptorchidism
(Facemire et al., 1995; Gray et al., 2001). Although the high values were found in male catfish there
seems 10 be no reason why females should not have similar fat concentrations. If that is the case, the
high DDT and metabolites will affect both oogenesis and spermatogenesis and may contribute to the
defects seen in the sharptooth catfish. However, estrogenic and anti-androgenic chemicals in the
aquatic environment water are most likely to affect the developing embryo after fertilization,
especially if the free swimming larvae are male. This may contribute to the “feminization™ of the male
urogenital papilla (UGP) as well as the development of testicular oocytes and intersex. In this study
altogether 28 of 97 (28.9%) intersex males were collected from the UNR over the two year period,
which is extremely high. Although the chemical insult occurs during carly embryogenesis, the effect
will only become evident in later life stages.

Although tissue concentrations of target chemicals were not measured in snails, frogs and small
mammals, it is hypothesized that in D2 snails both the smaller penile sheath (containing the penis) and
prepuce could result from feminizing compounds such as estrogenics and anti-androgenics. This
possibility was supported by the novel finding of penile agenesis in six snails, which has not been
reported in either B. rropicus or South African waters before. Similar effects were reported by
Tillmann et al. (2001) in Marisa cornuarites, a freshwater gastropod, after exposure 1o antiandrogens.
Furthermore, the absence of mayflies and stoneflies and the abundance of highly tolerant organisms
were, amongst others, signs of poor water quality in the system generally indicating industrial
pollution (Graham and Dickens, 2002; Williams and Feltmate, 1992). The reduced biodiversity in the
snail and macroinvertebrate population at the UNR is alarming and further supports the concern on the
magnitude of environmental pollution. This aspect has to be studied in greater detail.

Although the frogs appeared 1o do fine in this system the skewed sex ratio observed in the main stream
is of concern. The sample size is oo small to come 10 a conclusive answer, but despite various
extensive attempts, only a limited number of frogs could be found. This was attributed to the
predatory sharptooth catfish, however, the possible impact of chemical pollution could not be
excluded. The ratio of 4 females for each male is abnormal and of concern as the normal picture for




Xenopus is a 50-50 ratio + 10% (Du Preez et al., 2005). It is known that pollutants in water can cause

demasculinization or complete sex reversal in frogs (Clark et al., 1999) and is a matter of concern

Not only aquatic animals at the UNR seemed 1o be affected, but also terrestrial animals. Bamhoomn et
al. (2002) found macroscopic calcification in testes of cland (Tragelaphus oryx). On microscopy
epithelial hypertrophy and adenomatous proliferation of the rete testis were observed as well as
degeneration of the seminiferous epithelium Ihe degenerative lesions included vacuolization of
Sertoli cells, and death and desquamation of differentiating germ cells.  Although full complement of
spermatogenesis was observed in focal areas, spermatogenesis was generally impaired consequent 10
progression of degencrative changes in seminiferous epithelium. The presence of adenomatous
lesions of the rete testis in the eland was similar to diethylstilbestrol-induced rete adenocarcinoma in
laboratory animals (Newbold et al. 1985; Newbold 2000) and was, therefore, indicative of possible
chronic estrogenic exposure. The findings in ¢land (Bomman et al., submitted) are similar to the
testicular dysgenesis syndrome in humans attributed to developmental exposures to chemicals
(Skakkeback et al,, 2001), The fat samples of UNR eland contained high levels of the estrogenic

compound, p-NP

The finding of similar macroscopic and microscopic appearances in cland testes collected from SBR
was completely unexpected. Where the UNR eland fat samples contained p-NP, at SBR not only p-
NP, but also OcP and high levels of PCBIS3 and DDT. Both alkylphenols and the persistent
organochlorine pesticide DDT (both isomers and their metabolites DDE and DDD) have estrogenic
activity (Sonnenschein and Soto, 1998; Sonneveld et al., 2005). Thus, although the possibility of
simultancous exposure 1o estrogenic agents such as phytoestrogens and estrogenic mycotoxins cannot
be ruled out, considering the spectrum of pollutants present in the body fat, the testicular lesions
observed in eland could have been caused by chronic impingement of these chemicals. In
experimental paradigms, it has been demonstrated that a variety of xenobiotics released from fat
during fasting produce estrogenic effects (Bigsby et al, 1997). The magnitude of concentration of
estrogenic pollutants in body fat indicates that EDCs bio-concentrate in terrestrial mammals as in
aquatic life (Barnhoom et al., 2004). The levels of p-NP were even higher than those found in fat
collected from catfish inhabiting the dams in the UNR. Those male fish had signs of feminization as
well as a high prevalence of inmersex. Water and sediment samples had estrogenic activity on the yeast

screen test (Aneck-Hahn, 2002). The eland were dependent on these water sources in the Reserve.

Exposure in wtero 1o pp'-DDT or its metabolite p-p-DDE or OcP induced atypical germ cells
resembling carcinoma in situ (CIS) in rabbits (Veeramachaneni, 2000; Veeramachaneni, 2006)
Human testicular cancer arises from CIS cells, which are suspected to originate from primordial germ

cells that escaped normal differentiation in wero (Skakkebak et al., 1987. Rajpert-De Meyts et al.,

Vil




1998). The first cases in animals of atypical germ cells resembling CIS cells of human testis were
reported in a subfertile, unilaterally cryptorchid stallion (Veeramachaneni and Sawyer, 1998) and an
infertile rabbit (Veeramachaneni and VandeWoude, 1999). Although a few atypical germ cells were
encountered in eland testes, detailed morphological evaluation ascertaining CIS was not possible
because of limitations of tissue fixation and processing. Interestingly, a variety of testicular tumors
including rete adenocarcinoma and seminoma along with microlithiasis and CIS were found in Sitka
black-tailed deer suspected to have been developmentally exposed to an environmental estrogenic
agent(s) (Veeramachaneni ct al., 2006). For these reasons, the novel findings in eland may be the first
evidence that non-aquatic wildlife are also being impacted by environmental pollution of EDCs in
South Africa,

The findings of Sertoli cell vacuolization and sloughing of the epithelium observed in eland were
similar to those observed in rats following experimental exposure 10 p-NP (De Jager ct al., 1999a), and
also similar to findings in small mammals. In the striped mouse the testicular histopathology showed
various degrees of degencration including apical sloughing, degeneration of spermatogonia,
vacuolization and shrinking of the seminiferous tubules. These findings are typical of exposure to
chemicals such as DDT, PCBs and other EDCs (De Jager ct al., 1999a). In another terrestrial species
from the UNR, Bornman et al,, (submitted) found in eland generally impaired spermatogenesis, Sertoli
cell vacuolization and sloughing of the seminiferous epithelium., Moreover, adenomatous changes of
the rete testis, reflective of possible chronic estrogenic exposure, were found. Although the number of
mice studied was small, the low sperm count and absence of any sperm in two mice are reasons for
concern. A decrease in sperm count is the most common manifestation of testicular dysgenesis (Bay
et al., 2006), and although tissue levels of target EDCs were not measured, it seems likely that these
chemicals could have had an effect. The finding of impaired spermatogenesis in these terrestrial
animals raises the question what there source and route of contamination would have been. This could
imply a much wider and more serious level of environmental contamination in the UNR than
previously anticipated. These aspects should be addressed in future projects.

The inappropriate occurrence of cell death in D2 catfish emphasized the effect of chemicals on the
testis. The water (per L) contained 14.04ug lindane, 3.18mg DEP, 3.93mg DMP and 0.46mg DEHP
respectively, was toxic and had estrogenic activity. Moreover, the catfish fat samples bioconcentrated
these chemicals and contained lindane, aldrin, PCB153 and DDT and metabolites. The concentrations
in fat reflect the body burden of these chemicals, and therefore provide an indication of the exposure at
a cellular level. The catfish had a significantly higher incidence of caspase 3-dependent germ cell
apoptosis, compared to laboratory-reared catfish, both in terms of number of caspase-positive cells and
the number of spermatogenic tubules containing at least one cluster of apoptotic cells, all of which

may be the molecular basis of testicular regression and/or demasculinisation. The apoptotic events




occured predominantly in primary and secondary spermatocytes, germ cell stages that are exquisitely
androgen-dependent. The findings of this study will form the basis of future endeavours in which C
gariepinus will serve as a sentinel species to study the effects of endocrine disruptors on male

reproduction

Not only agrochemicals were present in the water and sediment samples, but also industrial chemicals
including OcP, p-NP and the phthalate esters. The compounds were present at all four sites, albeit in
higher concentrations in D1. Phthalates are a family of chemicals that are produced in the millions of
tons annually worldwide, and are a principal component of many diverse products such as flexible
polyvinyl chloride plastic (PVC), cosmetics and other personal care goods, pesticides, building
materials, lubricants, adhesives, and film, among other items. Okubo et al, (2003) found that various
phthalate esters suggested anti-estrogenic activities in vitro. Both DBP and DEHP affect particularly
the developing male reproductive tract, although effects on the liver, kidneys, lungs, and blood clotting
are also of concern (DiGangi et al., 2002). Phthalates are ubiquitous in the environment and it is
possible that humans are continuously exposed to them. The most possible source is from the
industrial activity higher up in the catchment, also because the levels in D1 were higher than at the

other sites.

It is important to note that not all effects of EDCs are mediated via the cell receptor pathway (Pretorius
and Bomman, 2005). Chemicals like p-NP, lindane and others may use non-receptor-mediated
mechanisms and disrupt the cell ion pumps, such as Ca*". Disruption of Ca* -pumps will also disrupt
the endoplasmic reticulum Ca™ pumps and function (Hughes et al., 2000), as well as inhibit the
inositol triphosphate (IP;)-sensitive Ca’" channels. These molecular events are crucial in particularly
the Sertoli cell (Khan et al., 2003). Each Sertoli cells supports a specific number of spermatogonia
and developing sperm during spermatogenesis. The Sertoli cells also forms the blood-testis barrier
and controls the transport of substances to the developing sperm. Impairing Sertoli cell function will
negatively impact on the development of especially germ cells that are sequestered behind the blood-

testis barrier, such as spermatids and sperm (Bergmann et al., 1984).

Not only EDCs were present in the water and sediment, but the four endocrine disruptive metals
(EDMs) were also detected in water from all four sites. Cadmium (Cd) levels were high in D1 and
Viei, but, although lower at other sites, still above the chronic effect value (CEV). Lead (Pb) occurred
in all samples at levels higher than the acute effect value (AEV) (DWAF, 1996). Mercury (Hg) was
only once detected (*AEV) and arsenic (As) was high in D2, These metals may be endocrine

disruptive, or add to the disruption in a synergistic or additive way. [mrespective of the precise

mechanism, the EDMs most probably impact negatively 1o an already overloaded organic system,




A quantitative health risk assessment for known carcinogenic and toxic effects was carried out.
Where limited data and information was available, a qualitative health risk assessment approach was
used. Hypothetical communitics were evaluated; one exposed to D1 water for domestic, agricultural
and irrigation purposes, as well as consumption of fish, and one community exposed to D2 water, for
domestic, agricultural and irrigation purposes, as well as consumption of fish. The USEPA health risk
assessment method was used comprising hazard-, dose-response-, and exposure-assessment, followed

by risk characterisation.

The health risk assessment indicates that if untreated water from D1 and D2 is used for domestic
purposes, unacceptable health risks (carcinogenic as well as toxic effects) could be anticipated. The
greatest health concern would be if this water is used for irrigation of vegetables with a hypothetical
risk of developing cancer calculated to be 2 in 1 000 for D2 water and 1 in 1 000 for D2! Any risk
over | in 100 000 is considered by the World Health Organisation (1993) to be unacceptable.

This risk is followed closely by dermal absorption of the chemicals through direct contact, with risks
of developing cancer in the order of 5 and 4 in 10 000 for D1 and D2, respectively, Lindane, DDT,
and DEHP were the chemicals causing this risk in D2, and DEHP in D1,

Domestic use for consumption of water was also found to result in unacceptably high risks with an
estimated 3 in 10 000 and 4 in 10 000 risk of developing cancer for D2 and D1 respectively. DEHP is
the chemical responsible for this particular risk.

Risks of toxic effects were unacceptably high, particularly for the use of untreated water for vegetable
watering (caused by DDT, DEHP and DBP). Risk of toxic effects was also high through dermal
absorption for D2 and by DBP for DI,

Adding the possible impact of EDMs, hazard quotients were 27 to >450 times higher than that
assumed to be safe for a life time consumption. The cancer risk for As was calculated to be close to 1
ina 100.

Risks were also calculated for the organic chemicals assuming 80% reduction as a result of going
through a treatment process, This is the assumed removal of estrogen mimicking compounds going
through a water treatment process using inactivated carbon (Snyders et al., 2003). It appears that the
treated walter is safe 1o use, provided that the process remains functional and there is no massive
dumping of chemicals.
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Recommendations for future research
1. Conduct pollutant source inventory in immediate catchment, involving DWAF to identify
point and diffuse sources, either current or latent (buried or underground) sources.
In vivo exposure studies on fish using alkylphenols, DDT, lindane, Pb and Cd.
Further investigation on Bulinus tropicus as EDC biomarker,

ra

Further development of small mammals as EDC sentinels.

» & W

Investigate for EDC effects in food chains, both aquatic (yellow fish), terrestrial
(fox/meerkat), and wetland (frogs and birds).
6. Environmental contamination and biodiversity of the fish population at the UNR.

Chemical and bio-assays of tap drinking water in the Metropolitan area.
8. Determine water contact pattemns of people using the UNR water, as well as people in the
catchments.

Recommendations from Workshop held at the Urban Nature Reserve 24 January 2007

1. Risk assessment of the pollutants in the catchment area should be executed by engineers using
Risk Based Environmental Management System (RBEEMS) and Discretized Source Pathway
Receptor Element Model (DISPREM).
The results should be reported to other catchment management forums throughout the country.

¥

3. The information generated during this project should be used in the further development and
refinement of the South African Water Quality Guidelines and in the National Monitoring

Programme.
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CHAPTER 1

L1 Introduction and rationale

There is growing intemational concern over persistent bio-accumulative chemicals, their potential for
bio-magnification, and, even more perturbing, synergistic/additive effects of endocrine disruptor
chemicals (EDCs) in mixtures. EDCs are chemicals that interfere with the structure or function of
hormone-receptor complexes. These EDCs can be disruptive at very low exposure levels. Effects are
not restricted to a small group of therapeutic agents, but include many compounds that are in daily use
in industry, agriculture and in houscholds (Toppari et al., 1996). The Water Rescarch Commission
(WRC) compiled a Priority List of Chemicals for Residue Analysis in South African waters (Table
4.1, EDC Workshop, Morgenhof), including Priority Areas for EDC monitoring such as the Urban
Nature Reserve (UNR), with anthropogenic, industrial and agricultural activities in the area (Burger,
2005). Evidence of EDC exposure in South Africa include levels of p-nonylphenol (p-NP) in drinking
water and sources equal to those reported to cause feminisation in trout (Routledge ct al., 1998),
leaching of p-NP from plastic wraps into food (De Jager et al,, 1998), p-NP, polychlorinated biphenyls
(PCBs), 1,1,1-trichloro-2,2-bis(p-chlorophenyl)cthane  (DDT) and metabolites, heptachlor,
endosulphan and the chlordanes (Barnhoomn et al., 2003; Fatoki and Awofula, 2003a) in selected water
and sediment samples and estrogenic activity in water (Aneck-Hahn, 2002; Hurter, 2002; Timmerman,
2002). Catfish collected from some water sources in SA had significant levels of selected EDCs in
fatty tissue (Barnhoom et al., 2003).

In South Africa, the production and uncontrolled disposal of high volumes of industrial chemicals and
unmonitored occupational exposure may contribute to considerable environmental pollution and
adverse health effects in humans and wildlife. The scientific and public awareness on the possible
implications of EDC exposure in South Africa is very restricted, and research capacity on EDCs is
very limited. Few of the exposure routes and potential EDCs, and hardly any of the suspected health
effects have been investigated,

1.2 Aim
The objective of this study was to determine whether sufficiently high levels of EDCs exist in the
general environment to exert adverse health effects on aquatic or terrestrial animals or humans.

1.3 Study arca

The study was performed in the UNR which is one of the world's largest urban nature reserves,
situated south of the City of Tshwane (also known as Pretoria) but still within the city limits. The
Reserve is at an altitude of 1700m and is one of the very few reserves situated in the grassland biome
on the central South African highveld. The stream into the Reserve receives effluent from sewage




treatment plants, industries and informal settlements in the catchment arcas. There are two dams, Dam

1 (D1)and Dam 2 (D2), interconnected with a wetland and channel

1.4 Report outlay

nis report summarnizes the scientilic background relevant to the study with c:'lph.:\:-‘ on cnemical
residue analyses, endocrine disruptive metals (EDMs) and bio-assays for estrogenicity and dioxin and
dioxin-like PCBs. [t also reviews the use of possible biosentinel aguatic and terrestrial animals
General information on the UNR and the outcomes of previous projects are discussed
This is followed by separate chapters (including Introduction, Materials and Methods, Results
Discussion and Conclusions) on analvtical chemistry and in vitro bio-assays. Clarias gariepinus
(sharptooth catfish Nenopus laevis (African clawed r‘nu»;u Bulinus tropica (freshwater snail) and
Rhabdomys pumilio (striped mouse) were evaluated as possible biomarker species for EDC exposure
I'he impact of active biomonitoring (ABM) on fish and snail species in the UNR, the effect on macro-
invertebrates (SASS) and the possible role of plants in the wetlands were addressed separately. All the

information gathered was integrated in a qualitative scenario-based health risk analysis and a toolkit

recommended for future use




CHAPTER 2
LITERATURE SURVEY

2.1

Introduction
2151 Endocrine system
The endocrine system provides the key communication and control link between the nervous
system and bodily functions such as reproduction, immunity, energy control, metabolism and

behaviour (e.g. fight or flight response) and growth and development.

The endocrine system is made up of three components, namely
e endocrine glands,
e hormones and

® receplors,

The endocrine glands secrete hormones, which circulate around the body via the blood stream and
modulate cellular or organ functions by binding with receptors in the target cells. Lastly the
receptors in the target cells, once activated by binding of the hormone, regulate the functions and
processes in the tissue through interactions with the cell's DNA or other complex intracellular

signalling processes.

The biological actions of hormones, including estrogens, androgens, progesterone, thyroxine and
the neurosteroids pregnenolone and dehydroepiandrosterone (DHEA), are mediated via high
affinity protein receptors inside the target cells. Steroids circulate in the blood stream bound to
carrier proteins or to serum albumin. They are fat-soluble and readily cross the cell membrane,
interacting with dimeric receptor proteins, which in the case of estrogens are estrogen receptor
(ER)-« and ER-fi. Recent findings support a third class, putative-ER or ER-y in fish and possibly
mammals (Dodge et al,, 1996; McLachlan, 2001). The steroid-receptor complex binds to target
regions of DNA termed “response elements™, which activate the cascade of reactions, and the
response 10 the steroids (Waring and Harris, 2005). Naturally, EDCs have been viewed to exern
their effects exclusively by genomic mechanisms, acting as steroid agonists and binding 10 the
receptor. Recent evidence, however, indicates that some estrogenic compounds do not only have
estrogen-receptor mediated effects, but non-genomic pathways may be significant in the target cell
response (Pretorius and Bornman, 2005),

The endocrine system regulates processes as diverse as blood pressure, smooth muscle contraction,
fluid balance and bone-resorption. For many of the systems the setup is programmed during fetal



development and an abnormal environment during this critical stage can result in permanent

misprogramming (World Health Organization (WHQO), 2002).

Table 2.1 summarises the major glands and hormones involved in the endocrine system

Table 2.1: The endocrine systems’ glands, hormones and their functions.

Gland Hormones Functions
Hypothalamus Releasing hormones Stimulate pituitary activity
Pituitary T'rophic (stimulating) hormones Stimulate thyroid, adrenal, gonadal and

pancreatic activity

Thyroid Thyroid hormones Regulate metabolism, growth and

development, behaviour and puberty

Adrenal Corticosteroid hormones | Regulate metabolism
Catecholamines Regulate behaviour

Pancreas Insulin and glucagons Regulate blood sugar levels

Gonads Sex steroid hormones (androgens | Regulate development &  growth,
and estrogens) reproduction,  immunity, onset of

puberty and behaviour

A similar, but not identical, endocrine system to that of humans is found in nearly all vertebrates
including other mammals, fish, amphibians, reptiles and birds, although the precise structures and
roles of the various organs and hormones differ between differemt groups (EUROPA EU, 2004).
Invertebrates also have endocrine systems that control a similar range of body functions although
these have evolved along markedly different lines to those of vertebrates (WHO, 2002; EUROPA
EU. 2004).

2.1.2 Endocrine disruption
The phenomenon of endocrine disruption is dealing with a mechanism that is so complex that there
15 no consensus yet on the definition. Some refer to it as endocrine modulators, some to endocrine

active substances and others prefer to call them endocrine disruptors

In 1996, Kaviock and colleagues defined an endocrine disrupting chemical (EDC) as:
‘An exogenous agent that interferes with the production. release, transport. metabolism, binding,

action or elimination of natwral hormones in the body responsible for the maintenance of

homeostasis and the regulation of developmental processes.”




For purposes of this report, the United States Environmental Protection Agency’s (US EPA)
definition of EDCs has been used as “exogenous substances that alter function(s) of the endocrine
system and consequently cause adverse health effects in an intact organism, ov its progeny, or

(subjpopulations " (EPA, 1997).

They may be naturally occurring, such as the phytoestrogenic flavonoids in fruits and vegetables,
natural and synthetic hormones, or may be industrial chemicals such as some types of plasticizers,
lubricants, packaging materials, or pesticides, insecticides etc. in agriculture. These environmental
estrogens can enhance (an agonist) or inhibit (an antagonist) the action of endogenous hormones,
In some instances this group of substances can act as both an agonist and an antagonist, depending
on the target tissue (Kroes et al., 2000). Cross talk may occur between different systems and may
affect systems other than the anticipated one. The cross talk phenomenon means that even when
an environmental chemical is shown 1o have a steroidal hormone activity, it may also possess other
relevant activities. For example, some endocrine disruptors such as 1,1,1-trichloro-2,2-bis(p-
chlorophenylethane (DDT) isomers and certain phthalates may have both anti-androgenic as well
as estrogenic effects. It is therefore very important to be cautious in extrapolating in vitro
hormone activity detected to the in vivo situation (WHO, 2002).

Endocrine disruption is by now an established phenomenon in most, if not all first world countries
(WHO, 2002). Information from underdeveloped countries is extremely limited, but there seems
to be no logical reason why these should not be equally affected, albeit it by different classes of

chemicals

213 Types of adverse effects expected from EDCs

Of the 80 000 chemicals that are registered for commercial use there is a need to establish how
many have endocrine disrupting activity. A number of chemicals on this list are suspected of
having these endocrine disrupting effects. General classes of chemicals considered to be endocrine
disrupting include insecticides, herbicides, fumigants and fungicides used in agriculture as well as
in the home, detergents, resins, and plasticisers. The Centre for Disease Control and Prevention
(CDC) have classified 48 chemicals as EDCs (Choi et al, 2004), whereas the Japanese have listed
67 chemicals as suspected (Tohyama et al., 2000).

Various field and laboratory studies reported that exposure to certain EDCs has contributed 10
adverse effects in some wildlife species and populations. Most of the data were collected in
Europe and the United Stated of America (USA). Observations ranged from subtle changes in
basic physiology and sexual behavior of species 1o permanently altered sexual differentiation. A
wide range of species, from crustaceans, fish, birds through to mammals and man, have been




reported as being affected by EDCs (Waring and Harris, 2005). At the top of the food chain the
aquatic species are particularly vulnerable, but effects have also been observed in terrestrial
species (WHO, 2002). The negative impact of EDCs on health is intemationally no longer an

issue of dispute (COMPRENDO CREDO Workshop, 2004)

At least four major categories of adverse biological ¢ffects may be linked to exposure to endocrine

disruptors, namely:

. cancer,

. reproductive and developmental alterations,
. neurological effects and

. immunological effects

Endocrine systems that may be involved include the thyroid, adrenal, pituitary, and gonadal
system. This includes cognitive effects. which have been observed in animals and humans

(Schantz and Widholm, 2001).

The hypothesis that EDCs can cause cancer in humans is based largely on the clear association
between exposure of females in wrero 10 diethylstilbestrol (DES), a potent synthetic estrogen taken
by pregnant women to avoid miscarriage, and subsequent onset of reproductive organ cancers
(Silbergeld et al., 2002). In addition, it has been established that some other xenobiotics such as

DDT, PCBs and tetrachloro t-dioxin are unequivocally carcinogenic (Tsuda et al., 2003).

All aspects of reproductive function are controlled by various endocrine communicating systems
that employ a large number of protein/peptide and steroid hormones, growth factors and other
signaling molecules that affect target gene cell expression and or protein synthesis, The
developing foetus may be more sensitive to the effects of exposure to environmental chemicals

than the adult system. However, effects may not manifest until adulthood (WHO, 2003)

The majority of the studies examining endocrine disruption have focused on reproductive health
effects. A number of adverse reproductive health effects have been observed in which endocrine
disrupters could play a role, namely:

. Declining sperm counts: Some studies in certain western countries have reported decreases
in sperm numbers over the last 50 years. However, other studies in different regions have failed to
detect such changes.

- Congenital malformations in children: In recent years there has been an increase in the

incidence of hypospadias (a congenital abnormality of the urethra in the penis) and cryptorchidism




(undescended testes) in humans, However, no causal association with chemical exposure has yet
been established.

. Delayed or premature sexual development: A few reports have been published suggesting
that adolescents in polluted arcas may develop puberty carlier especially in girls, while other take
longer to reach puberty, However, the potential mode of action of any such effect is still not clear.

It has been suggested that the apparent decline in male reproductive health might be caused by an
excess of estrogenic compounds (Sharpe, 1994). These EDCs end up in the environment where
animals and humans are exposed through various routes. In South Africa the vector control
program for malaria uses both DDT and deltamethrin (DM) for indoor residual spraying. DDT
exposure has negative reproductive health effects on humans and biota (Gray, 1992; Facemire et
al., 1995; Sumpter, 1995; De Jager et al, 2006). Synthetic pyrethroids such as DM were
developed to limit the use of DDT (Sharp, 1999; Tren, 2000), but pyrethroids are also EDCs
(Garey and WolfT, 1998). Technical grade DDT (used as an indoor spray) is a mixture of three
isomers, of which the pp-DDT isomer has estrogenic actions and the o.p -isomer can inhibit
endogenous ligand binding to the estrogen and progesterone receptors (EPA, 1997; Toppari et al.,
1996). Anti-androgenic (demasculizing) and estrogenic (feminizing) effects can exhibit
themselves in the same way, but through different receptors. The discovery therefore that p.p -
DDE (dichloro-diphenylchloroethane), the stable metabolite of DDT is an anti-androgen, may
explain some of the estrogenic effects observed in the environment — it may be due to the anti-
androgenic effects of EDCs (Gray et al., 1999; Toppari et al., 1996).

Gray et al. (1999) suggested that administration of potentially anti-androgenic pesticides and toxic
substances during sexual differentiation alter male sexual differentiation via different mechanisms.
Longnecker and co-workers (2001) found that exposure to DDT used increased preterm births,
which is a major contributor 1o infant mortality. An experiment done by Hauser et al. (2002)
showed trends that were suggestive of an association between PCBs and p p“DDE and abnormal
sperm count, motility and morphology.

Table 2.2 provides a list of the more common endocrine disruptors, their uses, mechanisms of
action and health effects. Most of the effects listed below are reproductive health effects as most
studies have focused on this endpoint.

There is much debate about the significance of evidence that endocrine disruptors are affecting the
health of the general population. Epidemiological studies are almost nonexistent. However,
surveillance of possible hormone related conditions show an increase in these conditions. Table




2.3 provides an overview of the potential endocrine disrupting effects with regards to human

reproductive development

PCBs are a family of organochlorine chemicals that are chemically stable, fire resistant and do not
generate vapours easily. They are practically insoluble in water, bul are solubie in vils and famy
substances. Hauser et al. (2003) studied the relationship between human semen parameters and
environmental exposure to PCBs and pp-DDE. They determined sperm count, motility and
percentage normal sperm in a sample of men who visited an infertility clinic. At the time of
enrolment, it was not known whether the couple’s infertility was due o male or female
impairment. A blood sample was taken the same day they obtained sperm samples and analysed
the serum for p.p ~DDE and 57 different PCB congeners. One PCB congener, PCB138, showed a
strong dose-response relationship with sperm motility and sperm morphology and a lesser trend
for sperm count. Men with higher levels of PCB138 were more likely to have sperm parameters
below reference values. These and other results add weight to prior findings indicating that PCB
levels may affect sperm parameters adversely, at levels many animals and humans are being

exposed o

Animals and humans are also daily exposed 10 many other xenoestrogens, p-NP belongs to a
group of alkylphenols polyethoxylates. These surfactants are used in detergents. paints,
herbicides, pesticides and cosmetics and are relatively persistent and bioaccumulate in the lipids of
living organisms. p-NP, a known estrogen, has been found to have an adverse effect on the testis
and epididymis of rodents in reproductive toxicology studies (Lee et al., 1999). In South Africa,
p-NP was detected in selected drinking water samples (De Jager et al,, 2002). In another study
significant levels p-NP were found in fatty samples of eland, sediment and fish fatty tissue
(Bamhoom et al.,, 2002). This confirmed that wildlife in South Africa is being exposed 1w
environmental EDCs. Histological parameters including germ cell necrosis, apical sloughing and

vacuolisation increased with p-NP concentration and these negative effects were enhanced after

matemal exposure in laboratory rats (De Jager ¢t al., 1999a.b).




Table 2.2: Endocrine disruptors and their mechanisms of action (Solomon and Schettler, 2000),

Chemical Use Mechanism Health Effect
DES Synthetic estrogen Estrogen receptor agonist Humans (prenatal exposure): vaginal cancer, reproductive tract
abnormalities  (females);  cryptorchidism, hypospadias, semen
abnormalities (males)
Methoxychlor | Insecticide Mectabolite is an estrogen receplor antagonist Rodents: accelerated puberty, abnormal ovarian cveling (females),
aggressive behaviour (males)
poT Insecticide Metabolite (DDE) is an androgen receptor | Rodents (males): delayed puberty, reduced sex accessory gland size
antagonist
Vinclozolin Fungicide Androgen receptor antagonist Rodents (males): feminization, nipple development, hy pospadias
PCBs Production stopped; still in | Accelerated T, metabolism, decreased Ty levels, | Humans (in utero exposure): delayed newrological development: 1Q
clectrical transformers, | elevated TSH levels (high doses: thyromimetic) deficits
capacitors, toxic waste sites,
food chain
Atrazine Herbicide Reduces gonadotropin-releasing hormone  from | Rodents (females):mammary tumours, abnormal ovarian cycling.
hypothalamus, reduces  pituitary  LH  levels, | Humans: some evidence of breast and ovarian tumours
interferes with metabolism of estradiol, blocks
estrogen receptor binding
Dioxin By-product  of industrial | Aral hydrocarbon receplor agonist; increases | Rodents (i wrero  exposure).  delayed  puberty,  increased

processes  including  waste
incineration; food
containment

estrogen  metabolism,  decreases  estrogen
mediated gene transcription, decrease estrogen
levels, decreases testosterone levels by interfering

with HPG axis

susceptibility to mammary cancer (females), decreased testosierone,
hypospadiasis, hypospermia, delayed testicular descent, feminized
sexual behaviour (males)

Humans: decreased T, and T, levels decreased testosterone levels *

cancer®




Table 2.3: Trends in human health effects potentially related to endocrine function (Solomon

and Schettler, 2000).

End point Trend Degree of change

Hypospadias Increasing l 3.3 - 4.3% per year

Cryptorchidism Increasing 1.6 - 3.5% per year

Sperm count Decreasing 5.3 t0 -0.7%/mL per year

T'esticular cancer Increasing 2.1 = 5.2% per year

Prostate cancer | Increasing 3 - 5.3% per year

Breast cancer Increasing 1.9 - 3.3% per year

Sex ratio Shift toward females 0.5 10 -1.0males/ 10 000 per year

Age at breast Shifting earlier 11.2-9.96 years in white US population
development

Phytoestrogens on the other hand are natural compounds present in plants and are ingested daily in
milligram quantities. The active substances are isoflavones (genistein), coumestans (coumesterol)
and fungal metabolites (mycotoxins), such as zearalenone. Phytoestrogens possess estrogenic
effects in vitro and in vive and have been responsible for reproductive disorders in some animal
species (Toppan et al,, 1996; Santti et al., 1998). Neonatal exposure of genistein inhibited the
growth and proliferation of testicular cells in rats (Diaka ct al., 1998). All these support the
concerns that phytoestrogens in combination with other EDCs may have serious implications for
reproductive health of human and animals and that further research is needed in South Africa (De

Jager et al., 2004).

Most of the existing literature on the toxicological properties of phthalates focuses on the
traditional approach in toxicology: high-level exposure for cancer endpoint and occupational
exposure leading to adult infertility. Over the past several vears, the US EPA (Gray et al., 1999),
turned attention to the impact of low-dose toxicity of phthalates during crucial exposure windows
during fetal development. While high doses of phthalates do constitute risks in the sense of
traditional toxicology, these low doses changed the stakes dramatically, The authors showed that
male reproductive development is acutely sensitive to some phthalates. Dibuty] phthalate (DBP)
and diethylhexyl phthalate (DEHP) produced dramatic changes in male sexual characteristics
when exposure took place in urero at levels far beneath those of previous toxicological concern.
These changes included increases in the rates of hypospadias and other indications of

demasculinisation (Gray et al., 1999)

10




It is important to understand the effects of these compounds because they may persist in the body
for prolonged periods of time. Dose, body burden, timing and duration of exposure at critical
periods of life are important for assessing the effects of an endocrine disruptor. These effects may
be reversible or irreversible, immediate/acute or latent and not expressed for a period of time
(EPA, 1997). Other complicating factors of exposure assessment include time lags between
exposure and effect (i.e. transgenerational effects). Seasonality may impact on the sensitive
reproductive stages in wildlife, and seasonal rainfall, storm runofT, and water releases change the
aquatic environment. Furthermore, multiple chemical exposures occur in real life and have the
potential 1o modify the effect (e.g., synergy, additivity, or antagonism),

The endocrine system includes a number of central nervous system-pituitary-target organ feedback
pathways in regulating bodily functions and maintaining homeostasis. Therefore, there are several
target organ sites at which an environmental agent could disrupt endocrine function.

2.2 Chemical residue analysis for estrogenic substances

Validated exposure data is a key component for assessing the causal relationships between
exposure 1o EDCs and health effects (WHO, 2002). The list of chemicals with possible endocrine
disruptive effects are structurally very diverse and include natural and synthetic hormones,
phytoestrogens, pesticides, and various industrial chemicals and by-products. It is, therefore, not
possible to define a “typical™ EDC or to suspect possible endocrine disruptive effects on the
structure of the compounds.

During the first workshop of the WRC on EDCs in 1999, the need to investigate EDCs in the
South African context was emphasized and a strategic research plan was subsequently initiated.
Little of the existing analytical data generated in South Africa was useful for EDC evaluation and,
although estrogenic activity could be detected, it was not supported by chemical contamination. It
was concluded that it is crucial that both biological and chemical analysis be conducted on the
same sample at detection levels relevant to the study. It was also emphasized that care should be
taken that the extraction procedures be appropriate and not indeed removing those compounds
with estrogenic activity. Proper and strict guidelines are essential for sampling, sample handling,
storage and transport, extraction and clean-up procedures (Burger, 2005). Unless these are
followed diligently, the interpretation of the analytical work may not only be jeopardized, but
become of little, if any, value.

For a detailed discussion on chemical groups with endocrine disruptive activity, the reader is
referred to Burger, 2005. From that report a list of priority EDC compounds for monitoring

purposes in South African water was compiled (Table 2.4). During a workshop held at
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Table 2.4: Suggested list of priority EDC compounds to be monitored (Burger, 2005),
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Various extraction and clean-up procedures may be used including liquid-liquid extraction and
solid phase extraction (SPE), depending on the specific matrix (water, sediment, biological tissuc
etc). Recovery studies are also necessary to determine the efficiency of the extraction procedure.
It is impossible to analyze EDCs on one run, but levels may be determined by gas chromatography
(GC) or high performance liquid chromatography (HPLC). Confirmation of the identity of a
compound is done using gas chromatography mass spectrometry (GC-MS) or HPLC-MS. The
extremely low levels at which these substances are active may sometimes be beyond the
limitations of the MS (Burger, 2005).

23 Endocrine disruptive metals (EDMs)

Metals are natural elements and some are essential for normal growth and development. Therefore,
low levels of metals and metal salts in the environment are unlikely to affect the general human or
wildlife population by disrupting endocrine function. Metals are therefore listed as EDCs via their
secondary/even tertiary effects and their ability to cause adverse reproductive and developmental
effects at high doses, as a direct insult on the organ such as degeneration, necrosis, inflammation and
edema (Colbomn et al., 1993).

In South Africa no research has been done on the endocrine disrupting effects of metals on aquatic
wildlife or humans. Although most studies have been done on the accumulation of selected metals in
different aquatic species the possible endocrine effects were not considered. Metal contamination of
aquatic ecosystems have been recognised and accepted as a pollution problem in South Africa
(Department of Water AfTairs and Forestry (DWAF), 1986; van Vuren et al., 1999),

According to Heath and Claassen (1999) the first bioaccumulation study in fish was undertaken in
1977 and from then on metal bioaccumulation studies increased rapidly. Literature on the metal levels
in freshwater fish species of South Africa is abundant (Bezuidenhout et al., 1990; Seymore, 1994;
Barmmhoorn, 1996; Robinson and Avenant-Oldewage, 1997; Kotze et al., 1999; Nussey et al., 2000;
Coetzee et al., 2002) and apart from fish, information is available on metal levels in water (Fatoki et
al., 2002; Fatoki and Awofolu, 2003b), sediment (Seymore et al, 1994; Sanders et al., 1999; Binning
and Baird, 2001), aquatic birds (van Eeden, 2003) and the freshwater river crab Potamonautes warreni
(Steenkamp et al., 1994; Sanders, 1999; de Kock, 2003). Most of the abovementioned studies
included the accumulated values of Cd, As and Pb in the organs, tissues, sediment and water measured
in different fish species from a range of rivers and dams in South Africa. South African waters are
also known for the high concentrations of metals present (Heath and Claassen, 1999).
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2.3.1 Cadmium (Cd)

Cd is a non-essential, widely distributed metal that is extremely toxic in relatively low
concentrations (Anoop et al., 2003). Cd is one of the most readily absorbed and accumulated
elements in plants grown on contaminated soil. Cd levels in water and sediment result from
anthropogenic sources such as muming and metal refining industries (Baldisserotto et al., 2004).
I'he cadmium divalent forms including free cadmium (1) jon, cadmium chloride and cadmium
carbonate usually occurs in freshwater systems and the Cd*™ are readily taken up by aquatic
organisms (DWAF, 1996). Contaminated drinking water thus may expose people and have

adverse effects on health.,

Locally a number of papers present data of the bioaccumulation of Cd in the organs and tissues of
different fish species (Bamhoom, 1996; Coetzee, 1996; Kotze, 1997; Van Vuren et al., 1999). A
literature review by Heath and Claassen (1999) revealed that Cd bioaccumulation levels was the
highest in the liver of all the species monitored, but it was also present in the gonads, fat, muscle,
gills and intestine. Although the authors came 1o the conclusions that the occurrence of trace
metals in African Aquatic systems is not excessive when compared to other areas of the world, the
possible implications change considerably if the concern about endocrine disruption is included

(Tilton et al., 2003).

Stwica et al. (2000) indicated that Cd activates the ER-« in humans and blocks the binding of E; to
ER-¢ in a non-competitive manner, suggesting that Cd interacts with the hormone binding domain
of the receptor. Cd is frequently associated with reproductive disorders in mammals and fish,
Furness (1996) listed numerous effects of Cd and impairments included aliered behaviour, lower
egg production, testicular damage and kidney damage. Cd treated female rats showed hyperplasia
and hypertrophy of the uterus (Johnson et al., 2003) indicating that Cd has potent estrogen-like
activity in vivo. In other mammals testicular necrosis, ovarian bleeding and delayed embryo

implantation was also reported (De et al., 1993).

Cd induced alteration of the hormonal balance in rainbow trout testes in virro (Kime, 1984) and
impaired control of ovarian maturation and steroidogenesis by pitvitary hormone in common carp
(Mukherjee et al, 1994). It also inhibits egg development in the fry stage of brown carp
Impaired vitellogenin (VTG) production has been demonstrated in winter flounder populations
collected from contaminated arcas or undergoing experimental exposure to cadmium during early
vitellogenesis. Cd also decreased plasma VTG levels in rainbow trout (Haux et al., 1988). Aparnt
from mammals and fish, Au et al. (2001) found that exposure to Cd reduced the quality of gametes
in the sca urchin. The males were, however, more sensitive than the females to chronic exposure

Cd caused developmental malformation at numerous concentrations in studies of embryo toxicity
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in amphibians (Kotyzova and Sunderman, 1998). Lienesch et al. (2000) found in Xenopis laevis,
the percentage of oocytes at all stages of oogenesis was decreased and the population of atretic
oocytes increased significantly after exposure to daily cadmium chloride doses.

232 Arsenic (As)

As is a naturally occurring element widely distributed in the crusts of the carth (Basu et al., 2001)
and one of the most important global environmental toxicants (Gebel, 2000). Arsenic is found in
two oxidation states in aquatic systems namely arsenate [As(V)] and arsenite [As(II)]
(Suhendrayatna et al,, 2004). Inorganic arsenic compounds are mainly used to preserve wood
while organic arsenic compounds are used as pesticide primers on cotton plants. As is primarily
absorbed by ingestion, inhalation and transcutaneously through food, drinking water, breathing air
containing As and breathing sawdust or bumning smoke from wood treated with As (Basu et al.,
2001). Contaminated drinking water is, however, the main route for chronic human As
intoxication (Gebel, 2000). The principal sources of As in ambient air are the buming of fossil
fuels, metal production, agricultural use and waste incincration. Arsenic is introduced into water
through the dissolution of minerals and ores, from industrial effluents and via atmospheric
deposition.  Inorganic As is completely stable and does not break down. This leads to
accumulative levels in the soil, which may affect a wide range of organisms for long periods. A
lot of debate is currently focusing on As in children (Tsuji et al,, 2004). Although As compounds
were formerly used as medications (Hathaway et al., 1991) poisoning episodes have been reported
all over the world (Mandal et al., 2002).

In the South African environment As has not been monitored as part of metal monitoring studies
by most researchers (Heath and Claassen, 1999). Before 1999, the highest water As value
recorded was 15ug/1., which falls within the target water quality range (TWQR) (DWAF, 1996).
Background As concentrations in groundwater from most countries are less than 10ug/L or lower.
The drinking water guideline from the EPA is 50ug/1., while the WHO suggests <10ug/L. and the
maximum permissible limit accepted is 50ug/l.  Although the environmental heavy metal
concentrations are not comparable to the rest of the world (Heath and Claassen, 1999), the
existence of these metals in the environment has led to concerns about their possible accumulation
in plants and animals (Fatoki et al,, 2002).

No literature is available on the toxicological effects of As on any fish species in South Africa.
Very little data is available on the bioaccumulative values of As in local fish species. Fish can
accumulate As but the effect is mostly not harmful. Worldwide it has been reported 1o have
adverse effects on vertebrate and invertebrate aquatic organisms and depended on the life stage of
the organism (DWAF 1996). Very low doses of As disrupt the function of the glucocorticoid
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receptor, a steroid hormone receptor that regulates a wide range of biological processes
Subsequently it has an effect on embryo development, stress, blood glucose levels, blood vessel
function, lung and skin development and cancer development (Kaltreider et al,, 2001). Agquatic
organisms are less sensitive to arsenic than humans, therefore, consumption of contaminated

products can pose a health risk to humans (DWAF 1996)

2353 Lead (Pb)

Pb is a highly toxic, non-essential metal of which Hippocrates noted the toxicity in 370 B.C
(Graeme and Pollack, 1998). Since 1904, various cases of Pb poisoning among children and
adults have been reported and it was, therefore, banned from use as additive in paints as from
1977. Pb is still one of the most common elements used in the industrial sector in the production
of storage batteries, ammunition, cable covering, ceramic glazes, casting metals and solders. Lead
occurs as metallic lead, inorganic compounds and organometallic compounds where lead (1) is the
stable form present in the aquatic environment. The major sources of Ph are deterioration of old

paint, houschold dust, bare soil, air, drinking water, food and ceramics (DWAF, 1996).

In the form of salts, Pb is acutely toxic to aquatic invertebrates at concentrations above 0.1g/L and
>40g/L. for fresh-water organisms. For the same species, the 96-h LCs for fish vary between |
and 27mg/L in soft water, and between 440 and 540mg/L in hard water. [t is, however, the young
life stages in fish that are more sensitive to Pb than are the mature or even the egg of fish. Spinal
deformity and blackening of the caudal region are typical syndromes in fish with Pb poisoning
The toxicity of Pb varies depending on the availability and uptake of the Pb ion and some factors
affecting toxicity are hardness (Maddock and Taylor, 1980), pH (Merlini and Pozzi, 1977) and
salinity (Somero et al., 1977). The most common biochemical effect of Pb is the influence on
delta amino levulinic acid dehydratase (delta ALAD) (Hodson et al., 1978; Johansson-Sjobeck and

Larsson, 1979).

The aquatic ecosystem guideline (DWAF, 1996) for Pb is 0.5ug/L. where the hardness should be
adjusted for medium water (60-119mg CaCOyL). According to Heath and Claassen (1999) this
value is unrealistically low for South African rivers. Therefore most of the data were compared to
the guidelines compiled by Kempster et al. (1980) of <100ug/L. for lead where no significant lead
values were noted in fish species from fish collected from the five river catchments (Heath and

Claassen, 1999) including water and sediment,

According to Goyer (1996), Pb can induce carcinogenesis, reproductive and developmental
effects, nephropathies and neuropathies in rodents and humans. The first evidence of Pb as EDM

has been reported by Telisman et al. (2000) who found that moderate exposure to Pb (blood
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Pb<400ug/L) significantly reduced human semen quality without conclusive evidence of
impairment of male reproductive endocrine function. Other endocrine systems affected by Pb
included the gonadal steroids, adrenal steroids and the thyroid hormones. Pb can also disrupt
reproductive neuroendocrine function in the Atlantic croaker (Khan and Thomas, 2000), where
lead significantly inhibited the pituitary gonadotropin I (GTH 1) response 1o stimulation by
luteinizing hormone-releasing hormone analogue in vivo and caused reduced gonadal growth.

234 Mercury (Hg)

Hg is classified by the US EPA as hazardous because even slight exposure affects human health
(Dallas and Day, 2004) and it may bioaccumulate in the body. Mg is naturally found in
environment where human contributions steadily increased since the industrial revolution. Three
important types that pose different health hazards are the pure element as the metal (liquid/vapour
al room temperature), inorganic compounds such as mercuric chloride, iodide, sulphide and
chloride, as well as organic mercurials such as ethylmercury, methylmercury, merbromin,
merthiolate (Gracme and Pollack, 1998). 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. Hg enters the water and soil from natural deposits, disposal of wastes and

volcanic activity,

The most common route for humans to be exposed 1o Hg is with the consumption of fish or
shellfish contaminated with methyl mercury (Silbergeld and Devine 2000). Other sources of
exposure include breathing vapours from spills, incinerators and industries that bum mercury-
containing fuels and the release of Hg from dental work and medical treatments. Very young
children are more sensitive than adults to Hg and the substance is also transferred 10 the
developing fetus where accumulation may cause brain damage, mental retardation, incoordination,
blindness, seizures and inability to speak (Agency for Toxic Substance Registry (ATSDR), 1999),

Heath and Claassen (1999) reported that Hg had the lowest levels detected of 12 metals measured
in fish species in South Africa with concentrations generally lower than the levels of detection.
These values were measured in the liver, gills and ovaries of selected fish species (n=12), The
levels were also measured against the aquatic ecosystems guidelines compiled by Kempster et al.
(1980) for mercury (<10pg/L).

Literature (WHO, 1993) indicated that all chemical forms of Hg during and even prior to gestation
resulted in reproductive problems such as spontancous abortion, stillbirths, congenital
malformations, infertility, and disturbances in the menstrual cycle, inhibition of the ovulation and
behavioural effects of the offspring. The endocrine effects of Hg on mammals have been studied
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by monitoring the reproductive impairment in the Florida Panther, Rescarch indicated that Pb
contamination was the cause of death in a female panther, likely due to thyroid dysfunction

(Facemire et al., 1995).

Few studies have investgated the effects of Hg on the endocrine system of fish. Kirubagaran and
Joy (1989 and 1991) found induced morphological changes in the pituitary and thyroid gland as
well as diminished blood cortisol levels in the catfish after chronic Hg exposure. Leblond and
Hontela (1999) demonstrated that HgCl; had the lowest ECq and LCs and was the most toxic
compared to others such as CdCl,, ZnCl,, CHHgCl; and 0,p-DDD. Acute exposures to sublethal
concentrations of inorganic and organic mercury stimulate the pituitary-interrenal and the
pituitary-thyroid axes (Bleau et al,, 1996). This exposure includes increased plasma cortisol and
plasma thyroxin (T,) levels. Cortisol also influences the physiological fitness of fish by its effects

on reproduction, growth and the immune function

24 In vitro and in vive bioassays

The environmental load of EDCs has reached cntical levels at which human and wildlife is at risk
(Colborm, 1994). in vitro assays are becoming increasingly attractive as screening tools because they
are rapidly done and fairly easy to perform. They are usually amenable to high-throughput systems
and they have the potential to reduce the number of animals needed for chemical testing. However,
with the given diversity of endpoints a single assay is never suitable, A number of in virro assays are
useful for the initial screening of environmental samples for *hot spot’ identification and monitoring

purposes.

In 1996, in response 1o public concern about EDCs, the American Congress passed amendments to the
Food Quality Protection Act (FQPA) and the Safe Dninking Water Act (SDWA). These regulations
require comprehensive screening for estrogenic and anti-estrogenic chemicals.  The Endocrine
Disruptor Screening and Testing Committee (EDSTAC) have made recommendations to the United
States Environmental Protection Agency (US EPA) about which chemicals should be screened and
what the process should include. The US EPA has indicated that a1 least 87 000 existing chemicals to
be experimentally evaluated for their potential to disrupt activities in the estrogen, androgen and
thyroid hormone systems (EDSTAC, 1998: Fang et al., 2000). Currently, both estrogen receptor (ER)
and androgen receptor (AR) binding and transcriptional activation assays are being evaluated by the
US EPA for inclusion in a Tier — | screening bartery (T1S) to detect endocrine-active compounds,
although particular assays have not been specified (Wilson et al., 2002). In South Africa there is
increasing evidence that our aquatic systems are being polluted with EDCs. As a result there is a
serious need to develop a battery of screening tests for not only anti- and estrogenic, but also anti -

and androgenic effects relevant for local conditions.




A number of in vitro assays have been developed to screen substances for estrogenic and androgenic
activity (Legler et al., 1999; Pons et al., 1990; Rogers and Denison, 2000; Wilson et al., 2002; Wilson
ct al.,, 2004; Zacharewski, 1997). Each assay is suited to a particular purpose; however many of these
assays have drawbacks that limit their uscfulness or are not freely available to the sciemtific
community as a screening tool (Wilson et al,, 2004). Competitive ligand binding assays assess the
ability of a chemical 1o compete with the endogenous ligand (i.e., 17B-estradiol) for binding to the
steroid receptor (i.e., estrogen receptor).  Still they give no insight as to the chemical’s ability to
initiate or inhibit gene transcription as both estrogens and anti-estrogens bind ER similarly in a
competitor binding assay (Wilson et al., 2004). Cell proliferation assays are limited by a lack of
specificity, because mitogens other than estrogens can influence cell proliferation (Dickson and
Lippman, 1995; Wilson et al,, 2004). Yeast based assays are relatively simple to execute and can
address transcription issues, but lack responsiveness 1o some estrogens and anti-estrogens. In addition
permeability of compounds through the yeast cell wall differs from that of mammalian cell membranes
(Gaido et al., 1997).

In the environment EDCs occur as complex mixtures with potencies ranging over several orders of
magnitude (Giesy et al, 2002). Screening bicassays are useful techniques for the determination of
receptor-mediated activities in environmental samples, International concern has led a number of
countries to develop an in vivo and in vitro screening programme for EDCs. The Water Research
Commission (WRC) is a member of the Global Water Research Coalition (GWRC, 2005) which has
previously undertaken work on chemical analytical techniques with regards 10 EDCs. Currently the
WRC is involved in a GWRC international project 1o determine which bioassays are effective test
platforms and 10 compare chemical analysis with the biocassays. The first step is to look at the most
relevant toolbox of EDC tests to detect estrogenic activity in environmental waters. This initiative
addresses the need for multiple bioassays to evaluate the different modes of action. At the GWRC
workshop held in Le Pecq, France in October 2005, a list of assay criteria were applied, this included,
global applicability, sensitivity, reproducibility, robustness, ease of use or complexity of the assay, an
casily transferable methodology, appropriate sample preparation and isolation protocol, relative
environmental relevance and finally cost. Finally, five in vitro bioassays were suggested, namely, the
recombinant yeast estrogen screen (YES), MELN reporter gene assay, Kbluc reporter gene assay, ER-
CALUX reporter gene assay and the E-screen cell proliferation assay (GWRC, 2005). The following
bioassays have been proposed for the battery of screening assavs in South Africa (Aneck-Hahn et al.,
2006).

24.1 The Recombinant Yeast Screen Assay (YES)
Yeast do not contain endogenous steroid receptors. However, mammalian steroid receptors

introduced into yeast function as they do in mammalian cells as steroid-dependent transcriptional
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activators (Gaido et al.,1998; Metzger et al. 1988; Purvis et al., 1991). As a result yeast are a
uscful tool for studying mammalian steroid receptor function in isolation of confounding factors
found in mammalian cells, When a steroid responsive reporter gene is introduced into the yeast
along with the steroid receptor, chemical interaction with that receptor can be determined by
measuring the reporter gene product. A yeast based steroid receptor assay differs from a
competitive binding assay in that it not only determines the ability of a chemical to bind to a
receptor, but also 1o cause that receptor to dimerize and bind 10 the appropriate steroid responsive
regions of the DNA to induce reporter gene activity. Other advantages of using yeast to study
steroid receptor function include the ease of manipulation, rapid attainment of stable
transformants, ability 1o process a large number of samples guickly and relatively inexpensively

(Gaido et al., 1998).

Y The T47D-KBluc reporter gene assay

In comparison to other existing in vitro assays, reporter assays based on stably transfected cell
lines provide the most specific, responsive, and relatively quick means to screen substances for
estrogenic potential and anti-estrogenic activity (Legler et al., 1999). The T47D human breast
cancer cells, which naturally express estrogen receptor (ER) alpha and beta, were stably
transfected with a triplet ERE (estrogen-responsive elements)-promoter-luciferase reporter gene
construct. These cells were named the T47D-KBluc and were specifically developed for screening
chemicals for estrogenic and anti-estrogenic activities, The ERE regulates the expression of a
luciferase reporter gene. Stable transfection of this promoter-reporter construct into T47D cell
resulted in a sensitive responsive clone. In principle, compounds enter the cell, estrogen receptor
ligands bind to the ER, two ligand-bound receptors dimerize and bind coactivators, then the dimer
binds to the ERE on the reporter gene construct and activates the luciferase reporter gene. The
presence of the luciferase enzyme can then be assayed by measuring the light produced when the
enzyme substrate, luciferin and appropriate cofactors are added, The amount of light produced is
relative to the degree of estrogenic activity of the test chemical (Wilson et al., 2004). These cells
are sensitive to potent estrogens, 17 J-estradiol, ethynyl estradiol and diethylstilbestrol and well
characterised weaker environmental estrogens like genistein and 4- nonylphenol. ICI 182,780 is a
potent anti-estrogen, and inhibits the effects of estrogen-dependent gene expression. When testing
chemicals or environmental samples using the T47D-Kbluc cells, an estrogen was defined as a
chemical that induced dose-dependent luciferase activity which could be specifically inhibited by

the anti-estrogen ICT (Wilson et al.. 2004).

243 The MDA-kb2 reporter gene assay
The MDA-kb2 assay was developed to screen androgen agonists and antagonists and to

characterise its specificity and sensitivity 10 EDCs. The MDA-MB-453 breast cancer cell was
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stably transformed with the MMTV . luciferase.nco reporter gene construct. Since both the
glucocorticoid receptor (GR) and androgen receptor (AR) are present in the cells and both
receptors act through the MMTV promoter, compounds that act through either AR or GR receptors
activate the MMTYV luciferase reporter. The presence of the luciferase enzyme can then be assayed
by measuring the light produced when the enzyme substrate, luciferin and appropriate cofactors
are added. The amount of light produced is relative to the degree of androgenic activity of the test
chemical. AR agonists such as dihydrotestosterone (DHT) and GR agonists such as
dexamethasone (DEX) induce luciferase expression at appropriate concentrations (0.1-10nM DHT
and 1- 1000nM DEX). To distinguish AR- from GR-mediated ligands, chemicals or
environmental samples are assayed concurrently with the anti-androgen, hydroxy flutamide (OHF),
which blocks the AR- but not GR- mediated responses (Wilson et al,, 2002). When testing
chemicals using the MDA-kb2 cells, an androgen was defined as a chemical that induced a dose-
dependent luciferase activity, which could be specifically inhibited by the anti-androgen OHF. The
positive control in this assay is DHT (agonist/androgen) and the negative control is the assay
solvent ethanol (Wilson et al, 2002).

In the South African scenario this battery of assays will provide a platform to identify samples of
interest and to provide basic information for further analysis and risk assessment in line with the
GWRC.

In addition to the assays described above, there are a number of other in vitro assays that have
been developed involving the use of a diverse range of human and animal tissues or primary
cultures and cell free systems (European Centre for Ecotoxicology and Toxicology of Chemicals
(ECETOC), 1996; Holmes et al., 1998; Baker, 2001). However, most of these assays are not
sufficiently well developed to be considered part of a testing strategy (Baker, 2001).

244 Catfish vitellogenin enzyme linked immunosorbent assay (cf-VTG-ELISA)

The use of a species specific developed vitellogenin (VTG) enzyme linked immunosorbent assay
(ELISA) has become an accepted biomarker/tool in detecting the presence of endocrine disruption
in different fish species (Johnsen et al., 1999; Fenske et al., 2001; Tolar et al., 2001; Hennies et al.,
2003; Spano et al., 2004). VTG is a phospholipoglycoprotein produced in the liver of mature
oviparous animals in response to the stimulation of estrogens. From the liver it is transported by
the blood circulation to the ovaries and incorporated in the developing oocytes through receptor-
mediated endocytosis. Once incorporated by the developing oocytes, VTG and its metabolites
serve as a source of energy (Roubal et al., 1997),




Mature females usually produce VTG only during spawning. However, in both males and
juveniles the responding genes are present, thereby enabling VTG expression when exposed to
exogenous estrogens (Lomax et al., 1998). VTG expression in males and juveniles is, therefore, a

good indicator of exposure to EDCs in the aquatic environment

I'he sharprooth catfish, Clarias gariepinus, is an indigenous South African species (see 2.1) and
widely used for environmental research.  Intersex, the presence of male and female gonadal
features in the same animal, has been reported in catfish from freshwater sources of South Africa
(Barmmhoom et al, 2003). The implementation of a cf~VTG ELISA in combination with
histopathological analyses of gonads should provide a useful tool to assess all water sources in
South Africa, including most of Africa, for estrogenicity. The ¢f-VTG ELISA procedure is based
on competition for the ¢f~VTG antibody between VTG-coated on wells of a 96-well Nunc
Maxisorp microtitration plate (from AEC Amersham, South Africa) and free VTG in solution
The amount of antibody bound is measured in a subsequent step by an enzyme-labeled second
antibody The enzyme activity (measured colorimetrically) is inversely related w0 the
concentration of VTG in the sample. The assay is calibrated using dilutions of ¢f~VTG standard as

competitor (Tyler and Sumpter, 1990)

2.5 Bio-analysis of dioxin and dioxin-like PCBs

Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) are not
produced intentionally, but formed as by-products in industrial activities and all combustion processes
(Fiedler et al.. 1990). The general molecular structures are represented in Figure 2.1, Each of the
generalised PCDDVPCDF-molecules can have chlorine atoms attached at the different numbered
positions in a variety of combinations creating a possible 210 different molecules (75 PCDD- and 135
PCDF congeners). Only 17 of these molecules (Table 2.6) are significantly toxic to many laboratory

animals and all have chlorine atoms in the 2,3,7 and 8 positions of the parent molecule (Fiedler, 2003)

Depending on the number of chlorine substituents and their position at the two rings (Figure 2.1), there
are theoretically 209 congeners possible. From a toxicological point of view, 12 non-ortho- and
~

mono-ortho-PCB-congeners (Table 2.5) are of special interest because these show toxicological

properties that are similar to dioxins. These congeners are often called “dioxin-like™ PCBs (Pipke and

First, 2003),




Polychlorinated dibenzo-p- Polychlorinated dibenzofurans
dioxins PCDF
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Fig. 2.1: Structural formula of polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated
dibenzofurans (PCDF) and polychlorinated biphenyls (PCHBs).

PCDD/PCDF and PCB are multimedia pollutants, and once released into the environment, become
distributed between environmental compartments.  PCDD/PCDF and dioxin-like PCB are primarily
bound to particulate and organic matter in soil and sediment. In biota, they are mainly concentrated in
fanty tissues. Because of their chemical characteristics and very low solubility these compounds
accumulate in most soil types, with very little water leaching and negligible degradation of the 2,3,7.8-
substituted PCDD/PCDF-congeners. (This finding, however, has not been substantiated for South

African conditions.)

They accumulate in aquatic fauna as a result of the ingestion of contaminated organic matter (Fiedler,
2003). The concentration of PCDD/PCDF and dioxin-like PCB in fish tissue is found to bio-magnify
in the food web as a progressive ingestion of contaminated prey (EC, 1999).

The estimated half-lives of PCBs range from three weeks to two years in air and, with the exception of
mono- and di-chlorobiphenyls, more than six years in acrobic soils and sediments. PCBs also have
extremely long half-lives in adult fish: the half-life of PCB153 (the number refers to the IUPAC
number of the compound) was more than 10 years in eels (Whiley et al., 2003).
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Table 2.5: PCB, PCDD/PCDF-congeners regarded as the most toxic congeners (WHO,

1997).

PCB ~pPCDD T PCDF

3.3’ 4.4-CLB | 2.3,7.8-CLLDD 2.3.7.8-CLLDF

31445-C1,B 1.2.3,7.8-Cl.DD o 1.2.3.7.8-C1,DF

3.3.4.4' 5-CI.B [1,23478CL,LDD  2.34.78-ClL.DF

31.3'.4.4'55-CLLB 1 1,2,3.6,7.8-C1.DD 1.2.3.4.7.8-C1,DF ]

2.3.3.44-CI,B 1 1,2,3,7.8.9-C1,DD ' 1,2,3,6,7.8-CI,DF

2344 5.CLB 1,2.3.4.6.7.8- Cl.DD 1.2.3.7.8.9-CLD

2.3.4.45-Cl.B ClL,DD 1 2.3.4.6.7.8-CLLDF

23,445ClLB | 11,2.3.4,6.7.8-C1,DF
123344 5ClB l S 1 1.2.3.4.7.8.9-Cl,DF
1233445-C\,B N " CI,DF

23,44 55-C\,B I

2,334455-Cl,B

PCB-mixtures, particularly those with lower chlorine contents (up to 48%) have weak estrogenic
activity (Bulger and Kupfer, 1985). PCBs show weak binding affinity to estrogen receptors with a
potency 10 000- to 100 000-fold less than estradiol (Nelson, 1974). PCBs may alter reproductive
endocrine function directly by altering the function of neurotransmitters involved in the regulation of
gonadotropin hormone secretion (Thomas, 1989). Enhanced metabolic clearance of steroids and a
decline in steroid levels, due 1o induction of cytochrome P450, has been shown for AhR-active PCB
However, compensatory mechanisms of the hypothalamus-pituitary-gonadal axis may eventually

overcome this clearance, so that reproduction is delayed but not prevented (Thomas, 1989)

Dioxin is not an anti-estrogen in the classical sense of blocking estrogen binding to the estrogen
receptor, It may alter the metabolism of estrogen, potentially leading to a decrease in the active form
of the hormone at target sites, [t also leads to decreased numbers of estrogen receptors. Dioxin is also
not an estrogen and does not bind to the estrogen receptor. It does not cause classical estrogenic
responses, but some of the effect of dioxin does resemble those seen with potent synthetic estrogens
such as DES (dicthylstilbestrol). Estrogen appears 10 be necessary to allow the progression of TCDD-

promoted endometriosis in mice (Bimbaum, 1995)

Developmental and reproductive toxicity, immunotoxicity, and neurotoxicity have been detected in

rats, mice and non-human primates at levels in the animals which are less than 10 times higher than in

the more highly exposed members of the general population, Many of these same endpoints have




been observed in children whose mothers are at the high end of the general population in terms of
levels of dioxin and related chemicals (Schecter et al,, 2006). The developmental effects are most
likely subclinical on an individual basis, including respiratory infections, behavioural or cognitive
difficulties, and altered breast or penile development at puberty (Den Hond et al., 2002.)

The concentrations of these pollutants in environmental matrices can be determined by chemical
analyses and/or employing any number of bio-assays. Chemical analyses are done by GC and MS and
the concentration for cach congener determined very accurately. Quantitatively, chemical analysis is
the best method to determine the concentrations of these environmental pollutants, but the clean-up
procedures can be time consuming as well as costly (Hilscherova et al., 2000). Instrumentation
analyses, however, do not account for interactions among the chemicals in complex mixtures and
provide little information on their biological effects. Chemical analyses can also underestimate the
potential risks posed by these chemicals (Behnisch et al., 2001; Hilscherova et al., 2000).

In vitro cell bio-assays offer a rapid, sensitive and relatively inexpensive solution 10 some of the
limitations of instrumental analyses. They enable estimation of total biological activity of all
compounds acting through the same mode of action in extracts of any environmental media. Bio-
assays can also integrate possible interactions among chemicals. However, in vitro methods, while a
useful adjunct to instrumental analyses, still do not substitute in vivo toxicological studies.

A recent development is the aryl-hydrocarbon-immunoassay method (Ah-1). This is a cell-free system
that comprehensively analyses total toxicity potential contributed by dioxin and dioxin-like
compounds. Analysis of toxicity is functionally performed by measuring their collective ability 1o
bind to a cytosolic aryl-hydrocarbon receptor protein (AhR). This activated AhR-protein then binds
an exogenous Amit-protein 1o form an activated protein complex, which is able 1o bind an ELISA
plate-bound oligonucieotide dioxin responsive element (DRE) and is then detected by an immuno-
assay-based colour reaction. The Ah-l measures toxic dioxins and dioxin-like compounds, based on
toxicity appearance mechanism without the need for live cell culture or radioactivity (Kobayashi et al.,

in press).

Another recently developed assay is the reporter gene assay. Different strains of tissue cultures such
as the rainbow trout cell line RLT2.0, the rat hepatoma cell line H4IIE (Villencuve et al., 1999),
human 101L cells and mouse hepatoma HIL1 cells (Behnisch et al., 2001) are stably transfected with
a luciferase reporter gene under control of dioxin-responsive elements (DREs). Binding of the AhR-
ligand complex to the DREs results in an up-regulation of luciferase transcription (Figure 2.5.2),
which upon addition of a substrate, luciferin, catalyses a light-producing reaction. The luminescent
endpoint can be measured with a luminometer to provide a sensitive measure of AhR-mediated gene
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1 . .
expression potency (Villencuve et al., 1999). This assay 1s commercially available as CALUX

(Chemically Activated Luciferase eXpression) (Koppen et al., 2001)
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Fig. 2.2: The AhR response pathway. With the adoption for the bio-assay (parts in bold) HSP =
heat shock protein; L = ligand; DRE = dioxin response element; Arnt = Ah receptor nuclear

translocator. Adapted from Hilscherova et al. (2000).

2.6 Biosentinels

Several papers and reports stated that EDCs might be linked to reproductive, developmental and
behavioural effects in humans and wildlife (Guillette et al., 1994; Bowerman et al., 1998; Colbom et
al., 2000; Skakkebxk et al., 2001). Fish, alligators, frogs and rodents have been used to evaluate in
vive reproductive toxicity effects of EDCs in laboratory experiments (Guillette et al., 1994; de Jager,

1996; Nimrod and Benson, 1996)

2.6.1 Sharptooth catfish

The applicability of in vive models enhances the ability to indicate the presence and physiological
effects of EDCs in the aquatic environment (Kime, 1999). In general, fish provide a useful model
for determining the effects of environmental aquatic poliutants on vertebrate reproductive function
since they are most at risk from pollution (Kime, 1999). Numerous authors used fish as a model
system to evaluate different types of pollution in the aquatic environment, such as metals and
persistent organic pollutants (Heath, 1995, Kime, 1999; Heath and Claassen, 1999; van der Oost et
al., 2003). Since rivers and estuaries are repositories for the enormous amounts of industnial and

domestic waste containing thousands of natural and man made chemicals, the aquatic environment
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is, therefore, an ideal medium to study the possible effects of EDC on wildlife populations
(Jobling et al., 1998).

South Africa, a semi-arid developing country is lacking important arterial rivers and lakes and,
therefore, requires extensive water conservation and control measures for its population of about
42,768,678 (est. growth 2003, 0.01%)World Factbook, 2003). This country seems to be no
exception to the rule and both the presence and possible effects of EDCs in South African water
sources have been reported recently by De Jager et al. (2002) and Barnhoom et al. (2003).

The sharptooth catfish, Clarias gariepinus, (Figure 2.3) an indigenous South African species, is
considered 10 be one of the most important tropical catfish species for aquaculture (De Graaf and
Janssen, 1996; Skelton, 1993; Skelton, 1995). Osteichthyes (bony fish) are part of the largest and
most diverse group of vertebrates (Skelton, 1993; Burchett, 1996). Clarias gariepinus (Burchell,
1822) belongs to the order Siluriformes; suborder Siluroidei, and family Clariidae. It is
distinguished from other Siluriforms by having a large armoured (bony) head with small eyes, a
large terminal mouth and four pairs of barbels present. 1t has a long based dorsal (without spine)
and anal fin, a stout serrated spine on the pectoral fins used for defense or "walking™ overland, and

a well developed suprabranchial organ for air breathing. No adipose fin is present.

Fig. 2.3: A sketch representation of an African sharptooth catfish (Jubb,1967).

The colour varies from a sandy-yellow through gray to olive with dark greenish-brown markings,
and a white belly (Bruton, 1988, Sketon, 1993, Skelton, 1995). The common name for Clarias
gariepinus is the African sharptooth catfish (Skelton, 1993).

26.1.1 General biology

Sharptooth catfish comprise an ecologically diverse component of most river faunas throughout
the world, preferring the slow- flowing reaches of rivers and also lakes. C. gariepinus is widely
distributed throughout Africa, occurring in almost every aquatic habitat (Skelton, 1993). The
species i1s an opportunistic omnivore capable of switching feeding modes depending on prey
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Table 2.6: The cight stages of gonadal maturation in adult C. gariepinus (adapted from Viljoen,

1999).

Eie_*_l)u_cripliol—_. ilorpiology

Immature

virgin

| Minute gomd; under verichbral column. Testes and ovarics transparent clongate threads,
apparently empty bags

|

—_——

Developing

virgin

Developing

| transparent bags, ovaries transparent or translucent, red. Eggs invisible to naked eye, but
| visible under 10x magnification.

Sexual products have not yet begun to develop. Gonads very small, testes elongate

|

4

Eggs distinguishable 1o naked cye as white granules, developing into yellow spheres.

’ Ovaries reddish-brown, becoming oval, testes changing from transparent to pale rose
colour. Rapid increase of weight of gonads

v

Maturing

Testes enlarged, white; ovanes enlarged, opaque and orange, eggs large,

v

Vi

Maturity

Ripe

i Sexual products mature, gonads have achieved their maximum weight, but the sexual
products are not extruded when light pressure is applied. Eggs round, opaque, yellow,
present as discrete bodies. Ovary wall transparent. Testes swollen, white, sometimes pink

- with grey proximal edging. Testes or ovaries uswally approximately cqual in size. May
remain at this stage for several months
Fish ;pavmmg run. Ovaries distend ‘body &W Sexual pr pu)duu'l;cxtrm by —IThl
pressure on the belly, weight gonads decreases rapidly from start of spawning to
completion, gonad sacs collapse,

|

Vil

Spent

Recovering

spent

Sexual products have been discharged, and remaining eggs are resorbed. Testes deflated
grey-white sacs. Genital apertures inflamed and red. In females that didn't spawn,

| resorption begin with the ovary turgid, the ovary wall tums red, and a reddish-brown
amorphous mass develops intermally.

| Gonads very small, mipim; or white sacs under vertebral column, eggs invisible o
naked eye.

l



‘ Age

0

‘llu
|

1.5 hes

9.2 hrs

16 hrs
24-25 lus
27 hars

i1 hrs

35 hrs
4 hrs

56 hrs

60 hrs

66 hirs

| Mean
TL (mm)

|
|

16

6.2

Ylblk S
membrane well delined

Morphology

Ferilized egg

- .
Blastula visible as small red dot on pole opposite adhesive
\Il\k
Meroblastic
confined by chorionic membrane
Gastrulation completed by cellular overgrowth of yolk

cleavage produces gastrula which s tightly

Head and pharyngeal regions project beyvond yolk anteriorly
and tail projects posteriorly. Two gill slits

Table 2.7: Development of the fertilized egg until juvenile stage of C. gariepinus (TL = Total length), Viljoen, 1999),

Behaviour

Adheres to substrate by means of chorionic adhesive disk.,

Adheres 1o substrate

Adheres to substrate

| Adheres 1o substrate

. Larva hatches

Larvac yello. yolk greemish orange, large olfaciory  sacs,

notochord  promment, vertical fin fold and  rudimemary

intestine present

No visible external sense organs. Operculum present

redoced,  vasculir network  on branchiostegal

Mouth cavity and rudimentary eve formed, barbells Torm as

buds
Pigmentation promiment on head
Opercula and mouth develop

Barbels longer and densely covered with sense organs, eye
entire, mouth and imestine functional, mouth and penimeter ol
vertical fin fold lined with sense organs. yolk sac resorbed

Mouth assumes adult form

M

il begins 1o move, sometimes detaching yolk sac from subsirate

Wriggle vigorously but attached by ventral sucker on vitelline
membrane

- Larvae detached and sw Imming h.apl..v.:r\ti_\. thigmotactic

Veny

Swim at 10-15mm/sec. When waterflow is reduced, activity

decreases
Very active near subsirale

active, swimming up 1o 200mm above the substrate in
iMjuanum

Begin feeding, mainly on water surface but also on substrate

When stopped  they  form with active
movement of tails, possibly 1o produce o respiratory current

irmgaton 1S clumps

| When inactive form tight groups

Lats introduced zooplankton readily. Strong swimmers capable of
evading pipette. Feed on water surface, substrate and sides ol

container




Table 2.7 Continued - N B -
- . Hicad shicld formed. Intraspecific aggression, butting and conflict over food. Feed in
midwater on Pseudodiaptomus hessei (Copepoda).
107 hrs 7.1 Vertical fin fold large, maxillary barbel reaches head length, '
o T Feed actively throughout 24-hour period, with iregular rest
120 tws _
periods.
»_6 days 8.2—. Caudal fin rays and pectoral fin bud appear. Barbels exceed | Feed on Cariding nilotica and dead catfish larvae, also grub in |
head in length, sand, expelling grains through opercular opening.
"7 days 88 | Pectoral fin forms. o First observation of aerial breathing, S
8 days 92 | Nearadult body form. Readily feed on small insects. crustaceans and bread. |
9 days 95 Pectoral fin mysﬁsc_ni - Congregate at water surface when irmgation is stopped. |
‘io'diny‘ 101 | Dorsal fin rays form. 7 o o - ' o
11 days 12.1 External morphology closely resembles that of adult. - ]
14 days | Juvenile catfish R o [

3l




The embryonic penod 1s charactenzed by endogenous feeding. which ends with hatching

newly hatched embryo is called a free-embryo, which becomes a larva once the yolk

and first oral feeding starts (Balon, 1990). The larva metamorphises into a juvenile, wh
eventually grows into a sexually reproductive adult. The sharptooth catfish has a relatively sl
developmental and embryonic period, possibly increasing the survival potential of the specs
because these sensiive stages are not subjected 1o environmental stressors 1or exensive pero
Viljoen, 1999

distinct secondary sexual charactenstics (|

gure 2.4), which are absent in the fema

Fig. 2.4: Line diagram of the secondary sexual characteristics of male and female C
gariepinus.,

lhe urogenital papilla (UGP) is a secondary sexual characteristic of catfish and like male nuptial
colouration, the development i1s under hormonal control in fish (Kirby et al., 2002; Brion et al
2004; Robinson et al., 2004). A thes

number ese morphologi

cal charactenstics are specific for

ad
tJ

1s absorbed




males, including breeding tubercles (occur in many cyprinid fish), fat pad (in mature male fathead
minnows), and a modified anal fin (gonopodium in the mosquito fish and guppy) (Brion et al.,
2004). These all develop as the male fish becomes sexually mature (Robinson et al., 2004). In
medaka, however, the shape of the UGP is a female-specific sexual characteristic, probably under
control of estrogens from the ovary (Brion et al., 2004). Subsequently, specimens can be sexed by
examining the sexually dimorphic UGP (Kirby et al., 2002).

In principle, exposure of fish to EDC may influence the development and the morphology of the
UGP. Robinson et al., (2003) concluded that secondary sexual characteristics of fish could be
manipulated through exposure to pollutants. Exposure to estrogenic chemicals leads to
feminization of these secondary sexual characteristics in adult male guppy and fathcad minnow
(Brion et al., 2004). Male fathead minnows exposed to estradiol showed atrophy of fat pads and
nuptial breeding tubercles in a concentration-dependent manner (Robinson et al,, 2003). In sand
goby, the length of the UGP is estrogen-dependent (Robinson et al, 2004). The UGP is
specifically important role during courtship and reproduction, and is used for sperm deposition and
attachment. It scems possible, therefore, that malformation of the UGP may imterfere with
behaviour and compromise reproductive performance (Kirby et al., 2002). Likewise, the UGP
appears to offer a useful endpoint for indicating exposure to estrogenic chemicals (Brion et al.,
2004).

In river of the United Kingdom (UK), the occurrence of intersex (intersexuality, ovotestis,
hermaphroditism) in wild roach (Rutilus rutilus; a cyprinid fish), characterized by the simultancous
presence of both male and female gonadal features in the same animal, is reported 10 be
widespread (Jobling et al., 1998). Evidence indicates that the intersex condition has resulted from
exposure to environmental estrogens and, therefore, that the condition is a consequence of the
partial feminization of genetic male roach rather than of masculinisation of genetically female
roach (Jobling et al., 1998). More recently, the intersex condition has been reported in other
species of gonochoristic fish, including the gudgeon (Gobio gobio, UK.) (Van Aerle et al., 2001)
and the flounder (Platichthys flesus, UK) (Allen et al., 1999); Pleuronectes yokohamae, Japan
(Hashimoto et al., 2000), suggesting that sexual disruption is not a species-specific phenomenon
and is not restricted to UK. waters alone. The exact causation of intersex is not known and
currently under intense study. What is known, however, is that the populations of wild roach and
gudgeon showing a high degree of intersex have been exposed to high concentrations of treated
sewage effluents (Jobling et al., 1998). Exposure to estrogens (Hunter et al., 1983) or estrogen
mimicking chemicals (Gimeno et al., 1996) during sexual maturation has been shown to induce
sex reversal and/or intersex. Exposure during sexual maturation can inhibit gonadal growth and
development (Jobling et al, 1996). Intersex has also been observed in the gonochoristic
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sharptooth catfish (Clarias gariepinus) in freshwater sources of South Africa (Bamhoorn et al .

2003).

he steroid hormones have been frequently used as biomarkers of potential endocrine disruption
1 1-ketotestosterone (11-KT) is the dominant androgen apart from testosterone in male teleost
including Sharptooth catfish . gariepinus (Cavaco et al., 2001). It was first isolated and
recognized in the plasma of the sockeye salmon Oncorhynchus nerka during the 1960°s (Idler et
al,, 1960). 11-KT is produced in liver of C gariepinus by die conversion of 11--
hydroxyandrostenedione (OHA) (Cavaco et al., 1997). Rising plasma [ 1-KT levels are coincident
with the appearance of spermatids in C gariepinus (Cavaco et al,, 1997). A study by Chang and
Chen (1990) indicated that sex steroids are not good detectors of possible endocrine disruption,
Literature on fish 11-KT as an isolated biomarker of exposure is sparse. Folmar et al. (1996)
pointed out that plasma 11-KT occurs in relationship with 17f-estradiol levels and the ratio is
usually crucial duning sexual differentiation in developing animals (Hileman, 1994). This ratio
appears to be a more sensitive indicator of possible endocrine disruption in fish (Hileman, 1994;

Folmar et al., 1996).

262 African clawed frog

During the last decade the loss of biodiversity has been a high-interest topic and the theme of
many symposia and workshops. Amphibian declines have emerged as a key example of the global
biodiversity crisis. Few other animal groups, if any, received as much attention as amphibians did
over the past few years. According to Davidson et al. (2001) six pnimary hypotheses have been
proposed to explain amphibian declines. Habitat destruction increased ultraviolet radiation,

climate change and introduction of exotic predators, disease and agrochemicals.

In spite of the fact that every year many thousands of new chemicals are synthesized, there is an
enormous lack of knowledge on their environmental properties such as distribution pathways in
various compartments of bio-availability, toxicity, bio-degradation, etc. Pesticide use in some
other countries has declined drastically over the past 20 years and when used correctly, they have
enormous benefits in increasing crop vield (Zgajnar et al.,, 2001). On the other hand, there may be
misuse and especially overuse of xenobiotics, like pesticides, resulting in an increasing

concentration in surface and underground waters (Richardson, 1996)

Environmental chemicals affect endocrine function through effects on hormone biosynthesis,

transport, activity and metabolism in animals (Van der Kraak et al., 1998). For example, the

exposure of single fish species, White sucker (Catostomus commersont) to bleached kraft pulp mill

efMuent, leads to significant reductions in plasma sex steroid hormone levels because of the
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modulation of the endocrine function that causes interference with the biosynthesis or degradation
of steroid hormones in the fish (McMaster et al., 1992),

The exact relationship between environmental factors and pesticide persistence in soil are not well
quantified, because the rate at which pesticides degrade is influenced by several soil as well as
weather factors. Soil is a complex medium in which chemical, physical, and biological factors
such as pH, texture, organic matter, and micro-organisms are important variables. According to
Graymore et al. (2001) there are five processes that determine the rate of pesticide degradation
within soils namely hydrolysis, adsorption, volatilization, photo degradation, and microbial
degradation. All of these factors may interact to determine the degradation rate as well as the
specific compound-leaching rate and hence the persistence in a natural environment.

2.6.2.1 Effects in Amphibians

Living amphibians include three primary groups: frogs and toads (Amwera), salamanders
(Caudata), and caccilians (Gymmophiona), that are comprised of 4750 described species with
perhaps another 500 extant species that have not been described (Sparling et al., 2000). Many
amphibian species, especially frogs, complete their life cycle in temporary breeding sites or
shallow ponds adjacent to agricultural ficlds that receive pesticide application. Furthermore,
the timing of the application of these agrochemicals (spring and early summer) coincides with
amphibian breeding and metamorphoses (Howe et al., 1998). Amphibians may be especially
sensitive to agrochemicals or environmental contaminants because they have a permeable,
exposed dermis (not covered by tough scales, hair or feathers), gills and eggs that readily
absorb substances (not covered by hard or leathery shell) from the environment (Bantle et al.,
1992). Amphibian larvae are primary consumers that feed on phytoplankion and periphyton,
whereas adults act as higher-level camivores, mainly feeding on insects and other

invericbrates, which may expose them 10 the risks of biomagnifications of persistent
environmental comtaminants (Howe et al., 1998). Ouellet et al. (1997) described an increase
frequency of deformity among frogs, Rana clamitans and R pipiens, living in shallow ponds
exposed to agricultural pesticide runoff. Of the 853 metamorphosing anurans examined in 14
agricultural habitats, 106 (12%) had severe degrees of ectromelia and ectrodactyly, compared
to only two (0.7%) of 271 in the 12 control sites.

According to Foote (1964), the developmental basis for intersexuality in amphibians involves a
sexual bi-potentiality of the gonocytes and gomaducts. FEarly amphibian tadpoles have
differentiated gonads that consist of an outer cortex and an inner medulla. These two layers
originate from the coelomic epithelium at the medial aspect of the mesonephric kidney in the
developing embryo and support the primordial germ cells (George and Wilson, 1994). An
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indifferent or bisexual state occurs before genetic factors induce sex-determining antigens,
peptides and hormones that differentiate the cortex into ovarian tissue or medulla into

testicular tissue (Noble, 1931).

A number of different environmental factors have been reported to influence sexual
determination in amphibians. These factors include pH of aquatic medium, temperature, and
the presence of chemicals that might pose an insult to the gonads (Reeder et al,, 1998). The
undifferentiated gonads of amphibians are highly sensitive to steroidal compounds, and
treatment of males with estrogens during embryonic development can lead to sex reversal or
the formation of an ovotestis (George and Wilson, 1994). A study conducted by Reeder et al
(1998), on cricket frogs (Acris crepitans), suggested that the overall prevalence of inter-
sexuality from frogs collected between 1993 and 1995 was 2.6%. “This may be consistent with
the natural prevalence of intersexuality or may represemt a prevalence altered by hormonall)
active envirommental contaminants. Owr 1994 data suggested a relationship between
environmental contamination with atrazine and the prevalence of intersexuality in cricket

frogs”™ (Reeder et al., 1998)

Allran and Karasov (2001) found that there was no difference in hatchability of leopard frog
(R. pipiens), wood frog (R. sylvatica), or American toad (Bufo americanus) embryos or
mortality of 96-hour post-hatch larvae among atrazine treatments and controls.  Atrazine also
had no effect on swimming speed of R pipiens. A study conducted by Birge et al. (1980)
found that the 96-hour LCy, for atrazine on 4 day post-hatching R pupiens larvae was
7.68mg/l.. This is far less than was reported by Howe et al. (1998) on either early- (47.6mg/1.)
or late-stage (14.5mg/L) of R. pipiens. Howe et al. (1998) also observed abdominal edema in
both R pipiens and B americanus larvae after 6 to 24 hour exposures to atrazine ranging from

2.8 to 23mp/L.

The gray tree frog (Hyla versicolor) metamorphosis, in pools exposed to atrazine at 200 and
2000ug/L by Diana et al. (2000) were 5% shorter and had a 10% lower body mass (p<0.001)
than those in microcosms exposed to atrazine at 0 or 20ug/L. Larval period duration was 5%
longer in the 2000ug/l. group than in the 200ug/l. group. but did not differ significantly
among any other groups. This study does not contradict the assertion made by Solomon et al.
(1996) that 20ug/l. is the no-observed-adverse-cffect-level (NOAEL) for atrazine in aquatic
communities. By contrast, adverse effects were seen in the microcosms exposed to atrazine at

200 and 2000ug/L. concentrations. Therefore, the NOAEL for atrazine in the experimental

system used by Diana et al. (2000) was is between 20 and 200ug/1..




2.6.2.1 Effects in Xenopus laevis

One of the most widespread anuran species in the African sub-continent is the African Clawed
Frog Xenopus laevis. It has been known 1o science for the past 200 years and was first
described by Daudin in 1803 (Passmore and Carruthers, 1995). Xenopus belongs 10 a unique
family of frogs, the Pipidae. The generic name Xenopus is derived from the Greek words
“xenos”, meaning strange or unusual, and “pous”, for foot, while the specific species name
laevis means smooth or slippery in Latin (Du Preez, 1996). X laevis has a wide distribution
arca within the boundaries of South Africa, occurring from the Western Cape Province
northwards, excluding the extreme north of the Northern Cape Province, northern KwaZulu-
Natal and the Eastern Mpumalanga Provinces. [t occupies any permanent body of water such
as ponds (farm ponds), streams, dams, rivers and water holes (Weldon, 1999).

Tavera-Mendoza et al. (2002) conducted a study in which they exposed X" /aevis tadpoles to
atrazine at 21ug/l. for 48-hours during gonadal differentiation (stage 56), which occurs during
carly metamorphosis, resulting in a decrease in testicular volume. The total testicular volume
decreased from 0.026 = 0.003mm’ in controls to 0.01 £ 0.00lmm' in atrazine exposed
tadpoles; this represents a 57% decrease in testicular volume. Furthermore, testicular
resorption in 70% of male tadpoles, as well as aplasia was observed in developing larvae
exposed to atrazine. “Atrazine may act as an endocrine disrupter at this sensitive stage in the
developmental process and may subsequemtly significantly reduce the reproductive capacity of
the organism (in this case X laevis), for life — but no evidence was found of chromophores,
indicating that the pituitary was actively secreting hormones™ (Tavera-Mendoza et al., 2002).

Hayes et al. (2002a) found that there was no effect on mortality, time to metamorphosis,
length, or weight at metamorphosis at concentrations of up to 200ug/L. atrazine. There also
was a reduction in male metamorph laryngeal muscle size at concentrations > 1pg/lL. as well as
testicular abnormalities at a concentration as low as 0.1pg/l.. The authors suggested that this
may be a result of the disruption of steroidogenesis through an increase in the activity of
aromatase (P450,z0) during early larval development. Cross-sectional measurements of the
laryngeal dilator muscle (Carr et al,, 2003), revealed significant sex differences in both the
reference and atrazine treatment groups, with males having a dilator muscle 20 to 25% larger
than in females. The results of Carr et al. (2003) differ from those in the paper presented by
Hayes et al. (2002a) with respect to laryngeal muscle size and gonadal abnormalities. The
effects of atrazine on gonadal abnormalitics observed at a concentration of 25ug/L in the study
conducted by Carr et al. (2003) were only statistically significant, compared to the 0.1pg/L
found by Hayes et al. (2002a). This is more than 250-fold greater than the smallest effective
dose of atrazine reported 1o induced gonadal abnormalities in X’ Jaevis when ethanol was used
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as a vehicle for delivering atrazine in Holfretter’s medium, rather than the usual Frog Embryo

Teratogenesis Assay — Xenopus (FETAX) medium (Solomon et al., 2002)

Work of Tavera-Mendoza et al, (2002) and Hayes et al. (2002b) on X /laevis has been
conducted under laboratory conditions. The question still remains as to what the situation
would be when natural populations of X. Jaevis are exposed to pesticides. Due to the
geographical distribution of natural X° /aevis communities in the wild (endemic to Africa),
South Africa is a suitable location in which to investigate the effect that pesticides have on X

laevis in its natural environment,

263 Freshwater snails

Various man-made agents like pesticides. industrial chemicals and some natural substances present
in the environment, found in waste, ground and river water have been shown to affect the
endocrine systems in birds, reptiles, fish and amphibians (Colbom et al., 1993; Jobling et al.,
1998). However, until today only a few investigations have been done on the effects of EDCs on
reproduction in exposed invertebrate aquatic species. Most attention has been given to fish
(Arcand-Hoy and Benson, 1997). However, rescarch on rats has shown that exposure to a range of
synthetic EDCs during the pre-pubertal period are capable of influencing sexual maturity
Invertebrates, which are important primary consumers in limnic systems has received little

attention,

The impact of chemical pollution on the reproductive success and population health of wildlife
species is difficult to assess. This is because many factors such as habitat alterations, human
interference and changes to natural food supplies can play an important role in determining
population size. Therefore, it is difficult to determine to what extent, if any, EDCs may be
contributing to observed effects on reproduction or population size in wildlife species. Some
synthetic chemicals that have been shown to cause endocrine-related harmful effects in animals
include (PCBs), 1.1,1-trichloro-2.2-bis (p-chlorophenyl) ethane (DDT), other OC insecticides,
I'BT, pemtachlorophenol, chlorinated dibenzo-p-dioxins (PCDD), and some estrogenically-active

constituents from pulp mill effluents

Ihe hormonal regulation of biological functions is a common characteristic for all animal taxa,
including the invertebrates. While the hasic endocrine system to regulate biological processes has
been conserved across all animal taxa (MacLachlan, 2001), some components of the endocrine
system used in the various systematic groups have undergone significant evolutionary changes,

These differences are especially true for invertebrates that exhibit a wide range of different

chemical signalling systems, with some of them being unique to specific phyla. Other invertebrate




groups (e.g., prosobranch molluscs) seem to have at least partially comparable hormones to
vertebrates, so that functional, vertebrate-type sex steroids are produced in these groups (DeFur et
al., 1999; Lafont, 2000; Hines et al., 1992). However, sufficient knowledge regarding the role of
these steroids in the endocrine system of most invertebrates is still lacking (Pinder ct al., 1999).

The endocrine systems of invertebrates generally regulate the same processes (development,
growth and reproduction) found in vertebrates. Because invertebrate species have developed many
different life histories, it is evident that endocrine systems of invertebrates are much more diverse
than those found in vertebrates (DeFur et al., 1999). Estrogens and EDCs can affect several
veriebrate and non-reproductive functions, including the immune response. As it is virtually
impossible to provide a complete overview of the various endocrine systems in invertebrates an
overview will follow. More detail can be found in Lafont (2000), Hoffmann and Porchet (1984),
Dorn (2000), Matthiessen and Gibbs (1998).

2.63.1 Invertcbrate endocrine systems and their susceptibility to endocrine disrupting
compounds

According to Janer et al. (2005) invertebrates represent 95% of all animal species. Just as in
vertebrates, invertebrates are also susceptible to the action of EDCs (LeBlanc et al., 1999),
The development of imposex in gastropods exposed to tributyltin is considered one of the
clearest examples of EDC responses (WHO, 2002). Because invertebrates are represented by
more than 30 different phyla, their endocrine systems are considerably more diverse than in
vertebrates (comprising only the chordate phylum). In general, invertcbrates use steroids,
terpenoids, and peptide hormones, but the latter are the most common (Lafont, 2000,
Matthiessen and Gibbs, 1998). Steroids are secreted in vertebrates from true glands, but the
secretory structures in invertcbrates are ofien neuronal in origin (neurosecretory organs or
cells). Steroids, such as ecdysone and the vertebrate-type steroids, differ from both terpenoid
and peptide hormones in their physical and chemical properties, solubility and resistance to
degradation. Therefore, just as in vertcbrates, it is likely that the endocrine systems in
invertebrates can also be affected by EDCs.

Chemicals have been intentionally produced to disrupt the endocrine system of insect pests.
These insect growth regulators (IGRs) were developed to disrupt the insect hormonal system,
acting as ecdysone agonists, antagonists, or juvenile hormone analogues. Tributyltin (TBT)
induced imposex and intersex in gastropods is regarded as one of the best examples of EDC
activity in invertebrates (Matthiessen and Gibbs, 1998). The limited number of examples of
endocrine disruption in invertebrates is due to the poorly understood hormonal systems, when
compared with vertebrates. Endocrine changes following an exposure to certain compounds
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may, therefore, be casily missed. Consequently, we can expect that far-reaching changes such
as for TBT and its effects on prosobranch populations may not be unique within the
invertebrates (Matthiessen and Gibbs, 1998). Studies on ED in invertebrates are important
because invertebrates provide key species for ecological, and represent a large part of the

global biodiversity

2.6.3.2 Molluscs
Rittschof and McClellan-Green (2005) state that molluscs can be used to study endocrine
disrupting compounds in invertebrates, as they are ubiquitous, have highly conserved control
and regulatory pathways that are often homologous to veriebrate systems, and are extremely
sensitive to anthropogenic inputs. The possibility 1o work with all the life history stages of
molluscs, from cleaving eggs (Scheltema, 1967), to sexually mature adults (Blankenship et
al., 1983), is a great advantage. The mostly sedentary lifestyle of most molluscs is also an
advantage when investigating reproductive processes and morphological changes.
Behavioural castration of some molluscs (Straw and Rittschof, 2004) and reproductive failure
(Gibbs and Bryan, 1986; Gibbs et al., 1990; Gibbs et al., 1991) as a response to chemical

pollution are reasons to study these invertebrates

Steroid hormones apparently play an important role in the sexual development of molluscs
(Lintelmann et al., 2003). In Helix aspersa. androstenedione metabolism produces several
kinds of steroids, including testosterone, estrone, and estradiol-17 beta. These conversions
indicate the action of several steroid conversion enzymes: dehydrogenases, reductase, and an
aromatization system. It has also been shown that a secretion of neural factors from the pleural
ganglia induces penis growth. Some gonadal activity, however, seems 10 be controlled by a
gonadostimulin or mitogenic substance (Lintelmann et al, 2003). Biosynthetic pathways of
steroid hormones are in many ways identical 10 those of other animal species. Thus, inhibition
of the conversion of testosterone 10 estradiol catalyzed by P450-aromatase may affect the
sexual development of snails as suggested for imposex caused by TBT. It is therefore
important to carefully consider the various possible modes of action, before drawing a

conclusion about the endocrine-disrupting mechanism of possible EDCs on molluscs

The responses of the freshwater snail Marisa cornuarietis, and two marine prosobranchs
Nucella lapillus, Nassarius (Hinia) reticulatus) to cyproterone acetate (CPA) and vinclozolin
(VZ) were investigated by Tillmann et al. (2001). These known anti-androgens induced a
number of biological responses in all three species. The lengths of the penis and of accessory
male sex organs (such as the penis sheath and prostate) were significantly reduced. For

Marisa, this was only found in sexually immature specimens and was reversible as the males
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attained puberty. In the two marine species the sexually mature males responded to anti-
androgens by showing a reduction of the male gonads, and an advancement of the sexual

repose phase.

The effects of BPA, OcP and xeno-estrogens on freshwater and marine prosobranch species
were investigated in another study, by exposing adult specimens of Marisa cornuarietis and
Nucella lapillus 1o varying concentrations of BPA and OcP (Ochlmann et al., 2000). They
found that the xeno-estrogens induced a complex syndrome of alterations in female Marisa
referred 1o as “super-females” at the lowest concentrations. Affected specimens were
characterised by additional female organs, enlarged accessory pallial sex glands, and gross
malformations of the pallial oviduct section, resulting in an increased female mortality, as well
as massive stimulation of oocyte and spawning mass production. Prosobranchs are therefore

sensitive 10 endocrine disruption at environmentally relevant concentrations.

264 Small mammals

The evolutionary close association between man and small mammals that often live in close
approximation of one another has received relatively little investigation. Small mammals should
theoretically be excellent sentinel organisms, as they are endothermic, share many of the same
physiology, parasites and pathogens, and come in contact with pollutants through similar routes of
exposure as their human counterparts. Small mammals have indeed been used to investigate
exposure to radioactivity (Rudge et al., 1993), heavy metals (Hunter et al., 1987; Shore, 1995), and
chlorinated compounds (Batty et al, 1990). The well-known ability of mammals to tolerate,
detoxify, or adapt 1o pollutants stress (Shore and Daubin, 1994), apply to both man and small
mammals. This offers a unique possibility for investigation when these live in a close association,
Only three studies relevant 1o the possible use of small animals as biosentinels could be found. A
fourth study investigated the F1 generation from wild caught mice. Some laboratory studies using
rodents are included in this summary.

The population dynamics of wild small mammals are adversely affected by high dietary exposure
to PCBs, because of the impact upon the size, maturation and structural integrity of the sex organs.
White-footed deer mice (Peromyscus leucopus) living around a PCB-contaminated pond showed
inhibited reproductive capability and dysfunction of the liver, spleen and adrenals, at total body
concentrations of PCB average 2500ug’kg (Batty et al., 1990). Johnson et al. (1996) reported
whole body concentrations of EPCB (Arochlor 1:1:1) and specific PCB congeners in three species
of small mammals from a severely contaminated landfill site. These included the common shrew
(Sovex araneus), and two rodents species, a field vole (Microtus agrestis) and a wood mouse
(Apodemus sylvaticus). The interspecies differences with regard to PCB levels, suggested that the
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food chain position occupied by a particular species is very influential upon the relative abundance
of different PCB congeners in body tissue. Thus, a species in the upper trophic levels of a multi-
faceted food chain (such as the shrew in this case) will be subjected to greater exposure to those
congeners that are inducers of mixed- or phenobarbital-type, mammalian microsomal mixed-

function oxidases-accepted indices of toxicity potential.

Boonstra and Bowman (2003) assessed whether PCBs adversely affected the population
demography of the short-tailed shrew (Blarina brevicauda), living in their natural environment.
Blarina were selected because they were expected to readily biosccumulate PCBs from the soil via
insects. Populations were intensively live trapped on 1-ha grids. There was no relationship
between any demographic parameter and PCB soil concentrations. Population densities were high
(usually exceeding 20/ha, and on two grids exceeded 60/ha in summer), survival was good, and
sex ratios, reproduction rates, growth rates, and body mass were within the ranges reported in the
literature. Thus, these shrew populations showed no detectable impact on their population

demography from living on PCB-contaminated sites.

The study on the effect of BPA on the FI generation of field voles is technically not a field study,
but has relevance to the current project. A factor that confounds the extrapolation from laboratory
to field studies may be differences in susceptibility to EDCs, possibly due to the inbred nature of
the normal laboratory rats and mice. Nieminen et al, (2002) found that the F1 generation from
wild caught field moles (Microtus agrestis) was more susceptible to BPA than established
laboratory rodents, although this was done at relatively high dosage rates. BPA exposure
increased the plasma testosterone concentrations at 250mg BPA/kg/day. The pooled plasma
ghrelin levels increased and the leptin levels decreased after exposure to 50 or 250mgBPA kg/day.
I'he liver 7-ethoxyrufin-o-decthylase activity decrcased slightly at all doses, as did the liver

cytosolic glutathione S-transferase activity at 250mg BPA kg/day

Transgenerational effects of environmental toxins require either a chromosomal or epigenetic
alteration in the germ line. Transient exposure of a gestating female rat during the period of
gonadal sex determination to the endocrine disruptors VZL (an antiandrogenic compound) or
methoxychlor (estrogenic) induced the adult phenotype in the F1 genecration of decreased
spermatogenic capacity (cell number and viability) and increased incidence of male infertility

(Anway et al,, 20085),

In utero and lactational exposure 1o an environmentally relevant organochlorine mixture adversely
affected the reproductive system of male rats, perhaps via antiandrogenic effects during testis

development, suggesting a possible reproductive health hazard for human and other species. The
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organochlorine mixture was designed to resemble that found in Ringed Seal blubber from northern
Quebec, which is part of the traditional Inuit diet (Idris Anas et al., 2005).

Han et al. (2004) showed that when male rats were treated with p-NP at 250mg/kg/day, the
absolute and relative weight of the epididymis decreased dramatically, while the relative weight of
the kidney and liver increased by 14 and 22%, respectively. In addition, the sperm density of the
head of the epididymis and the testosterone level descended at 250mg/kg/day. Pathological
changes were detected by microscopy and the number of apoptotic cells in testes increased with p-
NP in a dose-dependent manner. In four months old male rats, different doses of OcP (1 x 107, 1
x 107, 1 x 10™M) caused an increase in tail abnormalities of epididymal sperm that could interfere
with sperm motility, and the highest dose also decreased the sperm count.  The findings raised the
possibility that consumption of OcP in drinking water may adversely affect human male
reproductive fertility (Blake et al,, 2004),

In assessing the development of puberty in juvenile male rats afier sub-acute exposure to BPA and
NP, two groups of rats were administered orally with 100mg/kg body weight of either chemical
and a third group a mixture of both. p-NP and BPA delayed the onset of puberty, caused testicular
damage in all the treatment groups with spermatogenesis affected in most of the treated rats,
Administration of p-NP and BPA in a mixture has caused less than additive effects (Tan et al.,
2003).

De Jager et al. (1999a) showed that exposure of adult male rats to different concentrations of p-NP
had an effect on the histology of the seminiferous tubules, signs of epididymal toxicity, impaired
testicular mass and sperm count. In the groups with higher concentrations, spermatogenesis was
affected in some animals. In another study done by De Jager et al. (1999b) the effect of maternal
exposure of rats to p-NP was determined. An overall lower sperm count with increased p-NP
concentrations was found which corresponded with the decreased testicular and epididymal
masses. This emphasized the toxicity of p-NP on both testis and epididymis. The histological
measurements of the seminiferous tubules were also smaller in the exposed groups. Lee et al
(1999) tested the testicular abnormalities in male rats after lactational exposure to p-NP. They
found that lactational exposure of male rat pups decreased the size of their testes and male
accessory glands, lack of differentiation of seminiferous tubules, lowering of sperm count and
reduction in the percentage of motile sperm and modulation of a specific form of testicular

proteinases.

Epidemiologic and experimental data suggest that consumption of diets that are rich in isoflavones
(phytoestrogens) may decrease cancer risk in the breast, prostate, and other tissues. Rats received
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CHAPTER 3

THE URBAN NATURE RESERVE (UNR) AND OVERVIEW OF PREVIOUS PROJECTS
Bamhoom IEJ, Bornman MS

Department of Urology, University of Pretoria

3.1 Introduction

The Urban Nature Reserve (UNR) (Figure 3.1) covers a surface area of 3870 Ha in the city limits of
the City of Tshwane (also known as Pretoria). Dam | and Dam 2 are situated in this reserve and they
cover surface areas of 204.13 Ha and 19.47 Ha respectively. The Reserve is known as a Bakenveld
arca and as rocky highveld and grassland. Apart from the environmental importance, this reserve is
one of the few recreational arcas in close proximity of the metropoles of Johannesburg and Tshwane.
The UNR was proclaimed as a game reserve in 1937 and opened to the public in 1994. The main
attraction is the game viewing on the reserve where a variety of wildlife roams freely. Horse rides,
hiking trails, angling and camping are also included in the activities Culture and recreation
department, 1997).

The UNR forms an integral part of the catchment area, and the primary function of this Reserve is to
act as an active wetland for the filtration of incoming water accumulating in Dam 2. The wetland
stretches 8km in length and measures 400m in width. The wetland includes D1 until it reaches D2.
Between DI and D2 the wetland measures approximately Skm. The soil is mainly alluvial and the
most abundant flora in this wetland is reeds (Fragmires australis). The UNR wetland is also classified
as a peat land. Africa and South America have 1% of the worlds’ peat lands, which gives this wetland
a unique global importance. The number of wetlands around the world is diminishing due to
anthropogenic activities. Industrial and mining, as well as farming activities are playing a major role
in the pollution and possible destruction of the world's wetlands. Wetlands form an integral part of a
river systems’ ability to recover from pollution. This fact may play a major role in the future supply of
water to the populations. These shallow water fed systems are central to the life cycle of many plants
and animals; some of them endangered species (van Dyk, 2003). Wetlands are among the most
biologically important and productive ecosystems on earth. Table 3.1 lists some of the important
functions of wetlands, including the conservation concemns attached to the specific functions.
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Fig. 3.1: Map of the Urban Nature Reserve.




Table 3.1: Wetland functions and conservation concerns (Kupchella and Hyland, 1993).

barmiers,

- Wetland function How wetlands perform function Conservation concern ha|

Flood storage Some wetlands store and slowly release floodwaters. Fill or dredging of wetlands reduces flood storage capacity.

Flood conveyance | Some wetlands (particularly those immediately adjacent 10 | If flood flows are blocked by fills, dikes or other structures, increased flood heights
rivers and streams) serve as floodway arcas by conveying | and velocities result, causing damage to adjacent upstream and downstream arcas.
flood from upstream to downstream points. - -

Erosion control'wave | Wetland vegetation, with massive roots and rhizome systems, | Removal of vegetation increases crosion and reduces capacity to moderute wave

barriers binds and protects soils. Vegetation also acts as wave | intensity,

Sediment control

[ Pollution control

Wetland vegetation binds soil particles and retards the
movement of sediment in showly flowing water.

Destruction wetland topographic contours or vegetation decreases capacity to filter
surface runoff and act as sediment traps. This increases water turbidity and siltation of

Wﬂﬁtﬁuﬁﬁgp&mam\vmmm
pollutants by fillering and causing chemical breakdown of
pollutants.

Destruction of wetland contours or vegetation decreases natural pollution control
capability, resulting in lowered water quality of downstream lakes, streams, efc.

Fish and wildlife habitat

Wetlands provide water, food supply. and nesting and resting
arcas.  Coastal wetlands contribute nutrients needed by fish
and shellfish 10 nearby estuarine and marine waters,

Fills, dredging, damming and other alterations destroy and damage Mora and fauna and
decrease productivity. Dam construction is an impediment 1o fish movement,

Recreation

Water supply (surface)

Wetlands provide scenery, wild arcas, habitat, wildlife and
water for recreational use,

‘Some wetlands store Nloodwaters, reducing the timing and
amount of surface runofl. They also filter pollutants. Some
serve as sources of domestic water supply.

Fills or dredping cause accelerated runoff and increase pollution.

Fill, dredging or other mterference with wetlands causes loss of arca for ;lin;
swimming. bird watching, hunting and fishing.

Aquifer recharge

Some wetlands store water and  release it slowly to
groundwater deposits.  However, many other wetlands are
discharge areas for a portion or all of the year,

* Fills'drainage may destroy wetland aquifer recharge capability. thereby reducing base

flows 1o streams and groundwater supplies for domestic, commercial, other uses.
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3.2

Synoptic description of the geology and geohydrology in the Dam 2

3.2.) Geology

Dam 2, with a full supply capacity of 12.2Mm’, is underlain by indurated sedimentary strata
(shale, siltstone and quartzite) of the Timeball Hill Formation and extrusive igneous rocks (lava) of
the Hekpoort Formation (Figure 3.2). These formations lic at the base of the Pretoria Group
assemblage of strata. Although the nvers draining into the dam (the Swartspruit from the south
and an unnamed drainage from the southeast) rise on similar strata, they traverse dolomitic
formations of the Chuniespoort Group in their lower reaches. The study area is also characterised
by a variety of geological structures. The most striking of these are subvertical dolenite dyke
intrusions. The importance of these structures is that they generally form a barrier to the lateral
movement of groundwater. As such, they build compartments that subdivide especially the
dolomitic strata into smaller, discretely interconnected geohydrological units. The numerous

dolomitic springs in the area are an important derivative of these structures.
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Fig. 3.2: Geological cross-section of Dam 2 area (CSIR communication).

ta

3.2.2 Geohydrology

I'he dolomitic aquifer in the catchment contributes some 6.53Mm’ (3.8%) to the current annual
Tshwane Metropole water demand of some 173Mm’.  This testifies to the importance of
groundwater as a source of potable water in the region. The contribution is derived from boreholes
located in the UNR (126L/s = 3.97Mm"/a) and the protected Grootfontein Spring (102L/s =
3.31Mm"/a) to the southcast. The unprotected Elandsfontein Spring (46L/s), located to the south
(upstream) of the Reserve at the head of a tributary of the Swartspruit, provides water for
agricultural activities. The groundwater resource is under threat from various land use activities in

the catchment (Figure 3.3), These include small holdings (located mainly to the west of the

Reserve) that use septic tank systems for on-site sanitation purposes, agriculture (including
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irrigation, tunnel and chicken farming) and industry (mainly brickworks) to the south, and
residential estate development to the east. There is also a landfill site to the north-eastern side next
to the border of the UNR.

Dam 2 has a catchment arca of 479km’ (Figure 3.2). This includes the Sesmylspruit and the
Grootvlei Spruit. The stream that enters the system consists of effluent from the sewage treatment
plants (STP) higher up in the catchment as well as inflow from industrial, agricultural and
settlement areas before flowing into the UNR. The Grootvlei Spruit which is a 8km long wetland
confluence with the wetland in the UNR after Dam 1. The Grootvlei Spruit flows through a
urbanized area which include several industries and informal settiements before it enters the UNR.

Increased pressure of encroaching urban development, rural effluent, farming and industrial
activities could have detrimental effects on this fragile ecosystem. Ecological assessment studies
of the current and future environmental status of the UNR is of vital importance. Various rescarch
projects have been done in the UNR and the findings are summarised below.,

33 Previous projects

The first study was conducted by Slabbert et al. (1998) for the WRC. Toxicity (mammalian cell
colony froming inhibition, teratogenicity in Nenopus laevis and mutagenicity using the Ames
Samonella test was detected in Dam 2 water. This project included the development of guidelines for
toxicity bioassaying of drinking and environmental waters of South Africa.

331 Aneck-Hahn, 2002

'1'[‘.‘\-.14 L ivi i 'ale AITIRICS . 1 5 14
During this study, seven sites were identified in the UNR to standardise the recombinant yeast
estrogen bioassay (YES) w0 measure estrogenic activity in water under local South African
conditions. The results indicated five sites with estrogenic activity and two sites that showed no

estrogenic activity.
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Fig. 3.3: The UNR area and surrounding activities.

-

- Bamhoomn ¢t al., 2002
The occurrence of macro calcifications in the testis of Eland (Tragelaphus oryx) at the Urban
Nature Reserve. South Africa

While collecting tissue samples from possible sentinel animals in a hunting programme for target

analvses of specific endocrine disruptive chemicals, macroscopic focal white gritty areas were
observed in testes of eland (Tragelaphus oryxy, Testicular tissue samples were fixed in Bouin's
solution for histopathology and fat tissue was frozen for analytical chemistry (n=17

Microscopically, sperm stasis, multiple intratubular dystrophic calcificatons, interstitial chronic

cell infiltrates and surrounding fibrosis were noted in all samples. Spermatogenesis was generally

impaired. Full complement of spermatogencsis was observed only in focal arcas and Sertoli cell

vaci

olization and sloughing of the seminiferous epithelium occurred. A few atypical germ cells
were encountered and adenosis and adenoma of the rete testis, changes pathognomonic of chronic
estrogenic exposure, were noted it sample 11 out « animals (64.7%)
wemical p-nonyiphenol (p-NP; concentrations ranged from
No organochlorine chemicals or polychlorinated
findings are the first indication of mammalian wildlife

4

srupting chemicals in South Africa. The findings in eland are simi




the testicular dysgenesis syndrome in humans attributed 1o developmental exposures 1o chemicals
(Bormman et al., submitted).

333 Barmhoomn et al., 2004

ical evide

This study found the first histological evidence of intersex in a fish species inhabiting a South
African water source. 100 Catfish, (Clarias gariepinus), were collected randomly from both the
Dam | and Dam 2. Each fish was macroscopically evaluated, blood was drawn, and the gonads
were macroscopically and histologically examined to verify intersex potentially related to
endocrine disruption. Gonadal histology of several fish showed primary oocytes scattered between
testicular tissues indicative of intersex.  The results reported 20% of intersex in fish from both the
dams. The GSI value for intersex fish were closer to the male GSI values, suggesting that the
intersex fish were more likely from the feminisation of male catfish. Target chemical analyses of
the water, sediment and serum samples tested positive for p-nonylphenol (p-NP). Water and
sediment values at Dam | measured 6360pg/kg and 4. Opk/kg respectively while the p-NP level in
sediment at Dam 2 was 1 13ug/kg. p-NP is commonly found in the effluent from sewage treatment
plants and the presence of p-NP in water and sediment indicates estrogenic water pollution, which
might have an effect on other wildlife and humans dependent on these sources.

334 Muteven, 2004
Genetic_and biomolecular _responses of the sharptooth catfish (Clarias gariepinus) in _the
4 ) uiend o South Afii

This study was done as part of a major project aimed at identifying and selecting suitable
biomarkers 10 use in the UNR, South Africa. This study focused on the response of Clarias
gariepinus (Burchell, 1822) to contaminants using three biomarkers: population genetic structure,
DNA damage and metallothioneins (MTs). The main objectives of the study were to assess the
potential of these biomarkers in C. gariepinus and to provide baseline data on the UNR. Eighteen
enzyme loci (creatine kinase (Ck), esterase (Est), phosphoglucomutase (Pgm), glycerol-3-
phosphate dehydrogenase (G3pdh-1 and -2), glucose-6-phosphatase isomerase (Gpi-A and -B), L-
lactate dehydrogenase (Ldh-A and B), malate dehydrogenase (Mdh-1, -2 and -3), malate
dehydrogenase (NADP+) (Mdhp), phosphogluconate dehydrogenase  (Pgdh), isocitrate
dehydrogenase (NADP+) (Idh); superoxide dismutase (SOD), and peptidase: substrate (leucyl
tryrosine) (Pep-S1 and -2)) were screened for by horizontal starch gel electrophoresis. An agarose
gel electrophoretic method was used for DNA damage determination and a spectrophotometric
method for metallothionein. The population of the UNR (UNRP) showed higher genetic
variability as shown by the average number of alleles per locus (A), proportion of polymorphic
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loci (P) and expected average heterozygosity (HE) than the reference populations, Statistically
significant deviations (p < 0.05) from Hardy-Weinberg proportions associated with heterozygote
deficiencies occurred at Gpi-B, Idh, Pgdh, Ldh-A and Pep-S1 for UNRP. These deviations could
have been a result of small sample size. There was high genetic differentiation between UNRP and
the reference populations with FST values of 0.450 and 0 480 between UNRP and wild population
(WP) and UNRP and Northern Cape population (NCP) respectively. A mean base-pair length of
67709 £ 10.68 (SE) bp was recorded in Dam | population (DIP) that of 6327.2 £ 17.69 (SE) bp
was recorded in the Dam 2 population (R2P). The MDP had a higher proponion of DNA
fragments with low base-pair lengths than R2P indicating a higher level of DNA damage. The
level of DNA damage in D1 was higher than in the D2P. The mean MTs content was 3.63 and
0.643 (SE) nmol/g-1 wet weight in the DIP and 4.35 = 0.580 (SE) nmol/g-1 wet weight in the
D2P. There was no significant (p = 0.40) difference in the levels of MTs between the two dams. It
was concluded that there were significant differences in genetic diversity between UNRP and the
other populations in unpolluted sites, hence genetic diversity in C. gariepinus has the potential 1o

be a biomarker of pollution.

335 Barson, 2004

Endoparasites of the sharptooth catfish, Clarias gariepinus (Burchell), from the Dam 2, Scsmy!
Spryit system, South Africa

As part of a bigger aquatic health project in the Zoology Department, University of Johannesburg,

aimed at finding suitable biomarkers for water quality monitoring in the system, this study was
done to identify the major internal helminth parasites of the sharptooth catfish, Clarias gariepinus,
that can be used in fish health assessment studies, and to determine their prevalence and intensity
in the Dam 2. Fish were collected during one sampling survey and examined for endoparasites,
also noting any ectoparasites that are recorded in routine fish health swudies. Five species of
helminths were identified: the adult cestodes, Polyonchobothrium clarias (intestine and stomach),
Proteocephalus glanduliger (anterior intestine), the adult nematode Procamallanus laevionchus
(stomach), larvae of the nematode Contracaecum sp. and many trematode metacercariae encysted
in the muscles, of which only Ormithodiplostomum sp. was successfully excysted and identified.
This trematode was recorded in South Africa for the first time, but could not be specifically
identified because the reproductive system was still immature, Examination of piscivorous birds
in the area or experimental infection of young birds is the only means by which the adult
trematodes can be obtained.  The adult cestodes and nematodes had specialised structures for
attachment to the stomach and/or intestinal mucosa, adaptations associated with pathological
effects in the host. Polyonchobothrium clarias had a crown of 26-30 hooks on its rostellum, and
this number differs from those of specimens described from catfish in other African countries.

Scanning electron microscopy showed that the rostellum of the P. clarias specimens from Dam 2




was differemt from that of specimens from other localitics in South Africa. Proveocephalus
glanduliger in C. gariepinus from Dam 2 differed in strobila size and size of glandular organ from
specimens described by Janicki (Egypt) and Mashego (South Africa), the present specimens being
much longer but with smaller glandular organs. Procamallanus lacvionchus is a common parasite
of catfish from many African countries, including South Africa, and scanning electron microscopy
showed some form of transverse markings and presence of papillae-like structures at the posterior
end of female specimens, an observation which was not described in previous studies. Larval
Contracaecum are also common in C. gariepinus and other fish species, and adults have been
identified in several species of fish-cating birds from South Africa. The sample size of fish
collected in this survey was too low for a full health assessment index (HAI) study to be
undertaken. Polyonchobothrium clarias and Contracaecum, however, were highly prevalent in the
host species, and Contracaecum and Ornithodiplostomum occurred at high intensity (up to 44 and
140 respectively). Endoparasites of C. gariepinus can therefore be used in the fish HAI as a
bioindicator of water quality. Only two ectoparasitic species were found on C. gariepinus: Argulus
Japonicus (skin and fins) and Lamprogiena clariae (gills). Most water quality variables from the
dam were within the target limits recommended by the Department of Water Affairs and Forestry
(DWAF), but the levels of inorganic nitrogen (nitrate and ammonia) and phosphorus
(orthophosphate) exceeded the limit. If uncontrolled, these may lead to eutrophication of the dam.

336 Mlambo, 2004

enzymatic antioxidants and histopathology as biomarkers

A suite of biomarkers of oxidative stress and histopathology were investigated in the fish
Oreochromis mossambicus and the mollusc Melanoides tuberculata. The organisms were bred
under laboratory conditions. They were deployed during the high-flow and low-flow periods, in
cages at three sites down the flow gradient of the UNR wetland system, to determine spatial and
temporal variations in biomarker responses and general water chemistry in the system. The
oxidative stress biomarkers analyzed were catalase (CAT), superoxide dismutase (SOD),
peroxidase (GPx), as well as levels of reduced glutathione (GSH) and lipid peroxidation as
malondialdehyde (MDA). There was evidence of presence of chemicals inducing oxidative stress
in the organisms as indicated by the high levels of MDA, GSH and GPx. Induction of CAT and
SOD was not substantial due to possible inhibitory factors., This study established that organism
transplantation is a feasible strategy for biomonitoring. Overall, no distinct variations were
observed in the spatial and temporal comparisons in all the biomarker responses. The findings of
this investigation also provide a basis for further investigation into the application of these
biomarkers in ecological risk assessment.
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The use of genotoxic and stress proteins in the active biomonitoring of the UNR system, South

Alnca
In this study. DNA damage, HSP 70 expression, lactate dehydrogenase and alkaline phosphatase
were evaluated for their usefulness and applicability in the active biomonitoring of the UNR
system using Melanoides tuberculata and Orcochromis mossambicus as test organisms, Levels of
DNA strand breakage were measured in the exposed test organisms and the references that were
kept in the laboratory under unpolluted environment. Different levels of DNA damage were
recorded in M ruberculata that were exposed during high-flow and those from the low-flow
exposure period. There was no difference in DNA between the control and high-flow exposure M
tuberculata but the low-flow exposure duration had significantly higher DNA damage for all the
three sites when compared 10 the high-flow and the controls. There was no difference in the
amount of DNA damage in both exposed and control O. mossambicus, Fish samples were only
available for the high-flow four weeks exposure because of the test organisms dying during the
low-flow exposure. Heat shock protein 70 expression was determined in Q. mossambious only
and significamt differences in expression between sites were demonstrated with highest expression
at site | decreasing down stream at sites 3 and 5. The activity of LDH in M. ruberculata was not
different in both control and exposed fish at all the sites. There was no difference in the activity of
LDH between the high-flow and low-flow exposure groups in M. wuberculata. In () mossambicus,
the activity of LDH was significantly inhibited at site | with the effects of the contaminants
decreasing downstream at sites 3 and § where LDH activity did not differ from the controls. There
wis no alkaline phosphatase activity in both exposed and control M tuberculara but in O
mossambicus alkaline phosphatase was significantly inhibited at the three sites although inhibition
did not differ from site to site. This suggests that LDH and alkaline phosphate are not sensitive
biomarkers in M ruberculata in the UNR system but are sensitive in (). mossambicus. DNA
damage was shown to be a sensitive biomarker using M. ruberculata but it was difficult 1o assess
this in (. mossambicus since fish were only available during the 4 weeks high-flow exposure,
which did not show any differences from the control. The lack of DNA damage in O
maossambicus may be a result of low concentration of contaminants during high-flow or this

biomarker is not sensitive in fish

338 Moolman, 2004
The use of selected freshwater gastropods as biomonitors to assess water quality

In the ABM study, M. ruberculara bioaccumulated the metals, zinc (Zn), iron (Fe) and manganese

(Mn). The gastropod did reveal variations in biomarker responses of which CEA was the most

sensitive response.  The gastropod species used in the laboratory studies revealed interspecies

vanation in metal uptake and depuration as well as the resultant metal bioaccumulation and
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biomarker responses. Although, the bioaccumulation and biomarker measurements often varied
between species and between metals, similar trends were found between the test species
Bioavailable Zn and Cd concentrations were bioaccumulated and all the biomarker responses were
affected. From the results obtained in both the field and laboratory exposures, it can be concluded
that M ruberculata can be regarded as a good representative of the selected freshwater gastropods.
Thus, this gastropod can be used as a suitable biomonitor in order to assess water quality. To
validate the use of M ruberculara as an effective bioindicator, it should be used in several future

biomonitoring studies

339 Vos, 2005

The identification of freshwater crabs on the Urban Nature Reserve and the influence of water

quality on these aquatic invertebrates

Most studies have so far focussed on the freshwater crab Potamonautes warreni and to some
extend Potamonautes perlatus.  Potamonawtes warreni has been advocated as a species with
potential use in bio-monitoring. Portamonautes unispinus can possibly fulfil the same role as bio-
indicator of the freshwater system on the Urban Nature Reserve. In this study the identification of
the freshwater crabs was necessary since no previous studies have been done. Two different
freshwater crab species were identified on the UNR, one was Potamonautes wnispinus and the
second (Species B) still unidentified to date. Selected physico-chemical charactenstics of the
water on the UNR as well as the levels of metals accumulated by the freshwater crab,
Potamonautes unispinus were measured. The results of this study shows that metal levels in
Potamonautes wunispinus are indicative of the environmental levels of metals to which these crabs

are exposed. Higher metal levels as compared to the habitat were found in the organisms at most

localities. These organisms can therefore be seen as useful bio-accumulative indicators,




CHAPTFR 4
ANALYTICAL CHEMISTRY OF WATER AND SEDIMENT
Bomman MS, Bamhoomn 1EJ

Department of Urology, University of Pretoria

4.1 Organic chemical analyses
4.1.1 Introduction
A target chemical analysis is one of the methods to detect the presence of possible EDCs in
various matrices. However, some of the major limitations are applicable methodology, limited
availability of equipment and expertise to measure sufficiently low detection limits for specific

chemicals and the general high cost to perform these assays in South Africa.

412 Materials and Methods
4.1.2.1 Sample sites and sampling
Surface water = 45¢cm deep was collected in 1-litre glass bottles, pre-washed with
chromatography grade cthanol. Sediment samples were collected on the same day at
approximately Im below the water surface into pre-washed clean wide mouth glass flasks.
The opening of the sampling bottles was covered with foil and sealed before stored at 4°C in
the laboratory, prior to sample preparation for chemical analyses.

Sampling was done at both the UNR and two possible sites that were suggested as possible

‘control” sites.

The following sites were sclected at the UNR

(GPS = Global Positioning System¥amsl = above mean sea level)

e Dam | (D1)(GPS: S25°54.469"; E28°18.449°; 1494amsl)

e  Channel (GPS: S25°53.048"; E28%17.991°; 1481amsl)

e Wetland (Viei): GPS: S25°52.876°; £E28°17.730°; 1476amsl)
e  Dam 2 (D2NGPS: $25°53.2317; E28°17.085°; 1482amsl)

4.1.2.2 Sampling sites in “control™ water sources
4.122a Lapalala
Water and sediment samples were collected from the Palala River, which is the main water
source entering the arca known as the Lapalala Wilderness Game Reserve (LWGR). This
nature reserve is in the Waterberg area of Limpopo Province and is one of the last




remaining true wilderness areas in South Africa (Africa Explorer, 2003; van Dvk, 2003)

The “control™ site was chosen within the Palala River as it enters the reserve

4.122b Suikerbosrand Nature Reserve

Suikerbosrand Nature Reserve (SBR) is a highveld reserve approximately 50 km south of
Johannesburg and 25km west of the town of Heidelberg, The reserve covers an area of
13,337 hectares and the major habitat is grassland. There are two main types of grassland
within the reserve, montane (above 1800m) and a non-montane savanna type. Broad-
leaved woodland is present in the vallevs, Acacia savanna and Provea veld (which gives
the reserve its name) make up the rest of the reserve. The fast disappearing Bankenveld
grassland also occurs here, making this one of the Highveld's most valuable reserves.
Mammalian species include mountain reedbuck, common duiker and steenbok, grey
duiker, baboon, oribi, eland, blesbok, springbok, red hartebeest, black wildebeest, kudu
and zebra. The area has a relatively low runof!, high evaporation and penodic drying out
of the catchment with long periods of no rainfall. The stream at Suikerbosrand is a

seasonal stream and only flowing after storm events.

Water, sediment and fat samples from seven eland culled in the hunting programme at
SBR were analyzed for target chemical residues. All the eland had macroscopic

calcifications similar 1o those of the UNR (Barmmhoom et al, 2002.)

4.1.2.2 Determination of organochlorine pesticides (OCs), PCBs and alkylphenols (APs) in
waler

For target chemical analysis, the compounds selected were the OC (Table 4.1), PCBIS3 as

representative of PCBs (Spano et al., 2005) and the alkylphenols, nonylphenol (7~NP) and

octylphenol (OcP). Technical nonylphenol (t-NP) was used as chemical standard for the p-NP

analysis

Table 4.1: Organochlorine pesticides analysed.

Alpha-BHC, gamni.n-lill(‘ (lindane), heptachlor, aldrin, dieldrin, beta-BHC, delta-
BHC |, heptachlor epoxide, endosulfan I, endosulfan 11, endosulfan sulfate, alpha-
chlordane, gamma-chlordane, op™ and p.p*-DDT, -DDD and -DDE. endrin, endrin

aldchyde, endrin ketone, methoxychlor

In the analytical laboratory water samples were filtered through a glass fibre filter before

analysis commenced. The samples were analysed at the Residue Laboratory of the Agriculture

Research Commission (ARC) at Onderstepoort Veterinary [nstitute, using standard methods
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RNON 055 and GCMS 003. OcP, p-NP and OCs were extracted from water samples using
solid phase extraction. Clean up was performed on a C18 cartridge and the analytes cluted
with hexane-diethy| ether. Quantification was accomplished via fortified calibration curve.
The APs were detected using fluorescence detection at a detection limit of 0.5ug/L. OCs were

detected using GC coupled to a quadrupole MS detector and a detection limit of 0.5ug/1..

4.1.2.3 Determination of OCs and APs in sediments

The samples were analysed using standard methods RNON 059 and GCMS 010, OCs was
extracted from sediment samples with dichloromethane-acetone (1:1, v/v) using soxhlet
extraction procedure. Sample clean up was performed on a C18 cartridge and the analytes
cluted with hexane-petroleum ether (1:1, v/v). Oc¢P and p-NP were extracted from sediment
with Tween 80, sample clean up performed on a C18 cartridge and the analyte(s) eluted with
acetone. Quantification was accomplished via fortified calibration curve. APs were detected
using fluorescence detection and a detection limit of 0.05mg/kg. OCs is detected using GC
coupled to a quadrupole MS detector at a detection limit of 0.05mg/kg.

4.1.2.4 Phthalates determination of water and sediments samples
These analyses were performed according to Fatoki and Awofolu, (2003b) at the University of
Venda, Thohoyandou

4.124a Instrument

Perkin Elmer Clarus 500 Gas Chromatograph, with FID detector and Capillary column
(Col- Elite 5-30 m 0.25um - 0.25mm) supplied by Perkin Elmer SA (Pry.) Lid., Cresta,
Johannesburg, South Africa.

4.1.2.4b  Optimizing GC Condition

GC conditions like oven/inlet temperatures, carrier gas flow, and detector temperature
were optimized as follows: oven (initial temperature, 180°C, ramp rate of 12 minutes
(min.), final temperature, 280°C with 2 and 7 min. hold time respectively); injector
temperature, 180°C; carrier gas set point of 2.00ml/min. These conditions gave an analysis

time of 17.33 minutes.

4.10.24c Retention Times

The phthalate esters determined are dimethyl phthalate (DMP), diethyl phthalate (DEP),
dibutyl phthalate (DBP) and di-(2-cthylhexyl) phthalate (DEHP). Butyl benzoate (BUBE)
was used as internal standard. The esters were obtained from SUPELCO and Fluka AG.
The stock solution (1000mg/1.) for cach ester was prepared in 20ml volumetric flask and
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diluted as appropriate. Using the optimized GC conditions the following retention times
were obtained - DMP, 2.252 = 0.018; DEP, 3.027 = 0.025; DBP, 5.727 £ 0.032; and

DEHP, 8,984 = 0.046

1.1.2.44 Response Factors
Using a mixture of the phthalates and internal standard (n-butyl benzoate) a1 100mg/1

concentration with ten replicate injections ( ul), the response factors was calculated.

4.1.24¢ Detection Limits

I'he method detection limit (MDL) was determined following the method described by
Miller and Miller, (1984). The values obtained were as follows (ng/1.): DMP, 20.5; DEP,
10.5; DBP, 3.8;: DEHP, 1.1 respectively,

41241 Recovery Studies

Pre-extracted sediments and water samples were respectively spiked in triplicates with
Iml, 10mg/L mixtures of the phthalates The samples were extracted with
dichloromethane (DCM): 3 * 20ml. DCM for the water samples and 120mL DCM for the
Soxhlet extraction of the spiked sediment samples. The extracts were left to dry at ambient
temperature, reconstituted with 2ml DCM and cleaned in a short silica gel (Kieselgel 60,
230-400 mesh) column, conditioned with hexane and eluted with benzene/ethyl acetate
mixture (95:5). The percentage recoveries are as shown in Table 4.2, respectively for

spiked water and sediment samples

4.1.2.4g Sample Preparation

Water: S00mL water sample was salted with 50g NaCl in a 2L separatory funnel. The
sample was then extracted with 3 * 20ml DCM. The combined extracts were left to stand
until dried at room temperature. The dried extract was reconstituted with 2ml. DCM and

cleaned in a packed silica gel column as described carlier

Sediment: 10g air dried and sieved (0.45um, pore size) sediment samples were extracted
with DCM for 10 hours in a Soxhlet extractor. The extract was left 1o dry on standing at
room temperature. A silica gel column was packed with hexane and with a 0.5 - 1.0ml
top layer of anhydrous sodium sulphate. The phthalates residue was run through the
20

column and then eluted successfully with hexane and 20ml. benzene/cthyl acetate mixture

(95:5) as with the water samples. The eluates were left 1o dry at room temperature
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4.12.4h GC Analysis
The dried cleaned extracts were reconstituted with 0.5mL butyl benzoate (internal
standard) solution, transferred into the GC sample vials for the GC analysis. The response
factors obtained from the peak areas were then used to calculate the concentrations of the
DMP, DEP, DBP, and DEHP contained in the water and sediment samples following the
method described by Fatoki and Awofolu, (2003b).

Table 4.2: Percentage recoveries of phthalates from spiked pre-extracted water and
sediment samples.

| Average % water ‘v Average % sediment
Dimethyl phihalate (DMP) 8213+132 | 89.08£ 051 |
Dicthyl phthalate (DEP) | 89.72+0.52 | $9.95 =034 |
' Dibutyl phthalate (DBP) 86.47 + 0.39 $8.72 + 0.55
"Diethyl hexyl phthalate (DEHP) | 90.70+ 032 §9.04 < 0.48

413 Results

4.1.3.1 Water and sediment sampling

Every two months pH, temperature, Oxygen (% and mg/L), conductivity and Total dissolved
salts (TDS) were recorded. The physico-chemical parameters measured are shown in table 4.3
were indicative of stable conditions. The pH averaged around the 7.5 mark, except the
continuous higher values in D2,

The results of the sites and target analytes detected are summarized in Table 4.4-7.

The target analysis performed at LWGR detected residues and no fish samples were analysed.
Table 4.8 summarizes the results of the analyses performed at the possible “control™ site SBR.
The water samples contained residues of p-NP and OcP, but nothing was detected in sediment.
The fat samples contained lindane in one sample, but both o.p ~DDT and ~-DDE, as well as
p.p-DDD in most animals in high concentrations. All seven eland had similar findings on
testicular histopathology as previously described in the UNR eland microcalcifications
(Bamhoorn et al,, 2002).




Table 4.3: The physico-chemical water quality values measured at cach locality during nine

surveys (TDS, Total dissolved salts; N/A = Not available).

| ('onducm_lty CTDS Femperature ' Oxygen

Locality Date ' pH uS'm . ug/L ! y & % Oxygen mg/l
Dam | Sep 2004 9 662 N/A IR | 143.2 10.17
Channel Sep 2004 N/A N/A N'A N/A NA N/A

Viei Sep2004 | NA  N/A 'NA | NA T N/A TNA

Dam 2 Sep2008 |9 | 473 I N/A | 259 %4 728

Dam 1 Nov 2004 7.4 ' 695 | 348 215 | 701 597

Channel Nov 2004 1.7 673 - 330 '8 7755 685

W(T "Nov 2004 7 T 616 309 189 T &0 & T 462

Dam2  Nov2004 96 574 - T 26.3 1383 1109
‘Dam1 | Jan2005  7.19 | N/A N/A 224 | 45.6 1412

Channel  Jan 2005 | N/A INA | N/A T UNA I NA
Viei | Jan 2005 NA | N/A TN/A N/A "NA | NA o
Dam2  Jan 2005 893  N/A TNA 261 T899 6 97 -
Dam 1 Mar 2005 746 | 558 1279 188 —_INA | N/A

Channel |~ Mar 2005 48 194 248 178 NA N/A
Vel "Mar 2005 746 493 48 16 N/A NA
Dam2  Mar2005 NA  N/A NA  N/A N/A N/A

Dam 1 | May 2005 734 | 730 367 12 | N/A | N/A -
Channel | May 2005  7.48 720 353 12.5 N/A "N/A
Viei May 2005 69 654 321 7 NA  N/A
‘Dam2 | May 2005 872 490 o 249 17 T UNA NA R
Dam 1 Jul 2005 749 | 798 395 17 923 | 8.74

Channel | Jul 2005 | 1.25 750 T 383 13 T 56 8 T8 7

Viei T Jul 2005 7.06 657 321 13 58 1 T 5.79

Dam 2 Jul 2005 8.4 | 548 R 77 16 1232 1162

No data available for 2005/09/24 o o

Dam1 | Nov 2005 754 | 773 387 208 396 S33
Channel | Nov 2005 76 | 655 - 327 206 354 T o
Viei | Nov 2005 74 621 31 199 R 504 -
Dam 2 Nov 2005  10.19 559 278 23.9 134 11.46

Dam 1 lan 2006 | ' 45 S04 53 202 184 16

Channel Jan 2006 752 499 M4 247 i "4

Viei Jan 2006 7.44 528 265 21.1 545 483

Dam 2 | Jan 2006 957 | 534 266 228 55.6 .79




Table 4.4: Chemicals detected in water samples at the UNR (ANl the open spaces indicated not detected).

Heptachlor |
WATER | a-BHC | Lindane | epoxide Endrin | Methoxychlor | ppDDT | pp'DDD | ppDDE pNP  OcP | DMP | DEP | DBP | DENP

pet.  |pgh.  (pgh.  [pgh. | pgl pgh.  pgh.  pgh.  (pgh. [ pgh. |mefl.  |mgll. | mgl | mg/l
Sep 2004 DI

Viei 3.2 0.002
Dam 2
Nov 2004 D1 0.597 0021 316 833 | 0.38
Channel , 0.247 119 | 478 | 086
Viei Y [ 0.625 319 | 405 | 051

Dam2 B T T 33 s7 | 033

 Jan 2005 DI ] 333 <12 |08
Channcl 14.905 3.21 384 | 042
Viei 0.645 1.057 3.26 407 | 037
Dam 2 14.042 7 318 393 | 046
Mar 2005 DI 316 548 0.79
Channel 2934 363 497 |2.7%
Viei 4918 . 3.59 42 0.62
Dam 2 377 5.29 1.33
May 2005 D1 | 15,351 | 0.582
Channel 6.596 - 0.600
Viei 0.642
Dam 2 1.178
“Jul 2005 D1 50050
Channel 6.480
Vier - 0.930
Dam 2 0.920 ]
Oct 2005 D1 3.730
Channel
Vel
Dam 2
Dec 2008 DI 0.680 1.100 9.290 6.560
Viei 0.650 1.140 1.100 3.660 2.260
Dam 2 0.570 1.100
Jan 2006 DI 0.900 3.040 2.560
Channel 0 860 1.040
Vier
Dam 2 0 880
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Table 4.5: Chemicals detected

not detected.)

SEDIMENT

in sediment samples at the UNR (All the open spaces indicated

pp-DDT  pp-DDD | pNP | OcP 'DMP_  DEP__ DBP

_(mg/kg)

mgkg  (mghkg) | (mgkg)  (mghg)

~Sep 2004 DI

Channel
_‘\'Iex

6.429

Dam 2

" Nov 2004 D1

. Channel
Viei

p— e p—— -

1 0.23
0.26

0.21

10.16
0.16
0.16

- Dam 2
Jan 2005 DI
. Channel
Viei

023
1 0.26
| 6.5

0.34

0.16
0.18 )
032

0.27

' Dam 2
Mar 2005 D1
Channel

1 0.3
04

' 0.18
0.17

Viei
Dam 2

May 2005 D1

Channel

0.16 0.71

0.635
0.229

Vlei
Dam 2
~Jul 2005 D1

0.080

- - ———

[ 1.089

Channel

Viei

Dam 2
Oct 2005 D1

Channel
' Vlei
Dam 2

" Dec 2005 D1

0.067

_ Channel

0 H()‘ | 4) 086

Vlei
. Dam 2

Jan 2006 D1

Channel
Viei
Dam 2

. 0.080
0.081
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Table 4.6: Chemicals detected in water summarized per site at the UNR (All the open spaces indicated not detected).

WATER

D1 Sep 2004
D1 Nov 2004
D1 Jan 2005

a-RHC }
pg/l

Lindane |

pg/l.

1

Endrin
gl

Endrin
Aldehyde

Methoxychlor

pe-ooT

pp-DDD

sl

L —

pel.

pg/l

-4.-“'!'

 pp-DDE | pNP | OcP

egl. | pell.

— ea—

| | |
_DMP | DEP_ DEP

DI Mar 2005
D1 May 2005

D1 Jul 2005

D1 Oct 2005

D1 Dec 2008

D1 Jan 2006

1535

060

0.2

— T—

- P

-

[306 833
333 502

+
mgl | mgl. | mi.

o8

bEne

—

4

D.58

|

1306 [sas |

079 |

Channel Sep 2004
Channel Nov 2004
Channel Jan 2008
Channel Mar 2005
Channel May 2008
Channel Jul 2005

1491
1491
293

6.60

Channel Oct 2005
Channel Dec 2005
Channel Jan 2006

478
! 384
| 384
497

. Viei Nov 2004

492

Viei Jan 2005

0.65

Viei Mar 2005

492

0.62

Vlei May 2005

Vied Jul 20085 )
Viei Oct 2005
Viei Dec 2008
Viei Jan 2006

1.14

110

|=|
B
B

-
At 4

d
-

037
(062 |

D2 Sep 2004
- D2 Nov 2004
D2 Jan 2005

D2 Mar 2005

D2 May 2008
D2 Jul 2005

| D2 Oct 2005
D2 Dec 2005

D2 Jan 2006

1.10

0.92

| 5.70

3.93
$.29

-
=




Table 4.7: Chemicals detected in sediment detected per site at the UNR (All the open spaces
indicated not detected).

- pp- DMP  DEP DRBP DEHP
SEDIMENT __DDT DDD pNP OcP _
mgkg  mpkg  mghkg  mpkg pp/s prefs prels  prels
D1 Sep 2004
D1 Nov 2004 : 9.751 ' 0.16 0.2
D1 Jan 2005 [ 7 A ] | 0.2 [ 03 0.1
D1 Mar 2005 T " (02 03 |
D1 May 2005 ‘ ' | ' ' |
D1 Jul 2005 1
D1 Oct 2005 ' |
DI Dec 2005 0.1 0
D1 Jan 2006 03

3 0.03

Ihannrl Sep 004 L 64
Channel Nov 2004 1.1812 0.16 026 0.03
_Channel Jan 2005 0.1 0.3 6.5 06

Channel Mar 2005 | ' ' | [ 0.2 1 0.4 | 0.0
_Channel May 2005 02 | | | | |
Channel Jul 2005 | |
_Channel Oct 2005
Channel Dec 2005 0. 0.1 103
Channel Jan 2006 | 1 0.1

Viei Sep 2004 | | | | | |
_Vlei Nov 2004 02 0
Viei Jan 2005 03 0
ﬂci Mar 2008 02 0
Vied \1:3.;065 | o1 [ |
Viei Jul 2005 | '
Viei Oct 2005 ' 0.2
~ Vlei Dec 2005 [ | 0.1
_Viei Jan 2006 L 0.1 '

J W rd

D2 Sep 2004
D2 Nov 2004
D2 Jan 2005
D2 Mar 2005
D2 May 20058
D2 Jul 2005
D2 Oct 2008
D2 Dec 2005

D2 Jan 2006




Fable 4.8: Chemical residues in water, sediment and eland fat samples from SBR.

Water
' Sediment
" Eland
(n=7)

fat

' Lindane | 0p-DDE

’
ne'kg Cug/kg
+
< 10.000 27.664993

<10.000*

pp-DDE
ne/kg

| pp-DDD

+ e e—

ne/kg

S

794843039 | 1148743105

(Average + SD): * present in all samples, but below detection limit
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| pp-DDT

pe/kg

'

127.32449.89

| PCBIS3
ng/kg

91.87+115.65

| p-NP

- ng/kg

4

2208

137.84+77 88

OcP

;
ng/kg

1.916

| 50.21+30.91

i



4.14 Discussion

The detection of chemical residues in samples of LWGR and SBR disqualified both as possible
“control™ sites. Of specific concern was the presence of several EDCs including lindane, DDT and
metabolites, PCB153 and the alkylphenols. Lindane was only present in one animal and the
concentration was low, but it raises the question where the agrochemical was coming from since
the sampling site was high up in the mountains. The presence of DDT and PCBI53 probably
reflects the impact of air pollution and precipitation of these well without the arcas where they
have been produced or used. Similarly, the industrial pollutants OcP and p-NP were not supposed
to be detectable at SBR, but the possible route/source is not clear. However, the corresponding
high levels in the eland confirmed the reliability of the water results sereened for those. It also
emphasized the importance of wildlife as biomarkers to detect chemical pollution and bio-

accumulation in the food chain.

The p-NP levels in eland from SBR (137.8 = 77.9 pup/kg far) were slightly lower than previously
found at the UNR (1782 = 60.8 pgkg) (Bomman et al, submitted). The SBR eland also
comained residues of DDT and metabolites, as well as PCB153. Several samples from both
groups of eland contained analytes at concentrations below the detection limits of the assays
(10ug/kg). The presence of adenomatous lesions of the rete testis in the cland was similar to
diethylstilbestrol-induced rete adenocarcinoma in laboratory animals (Newbold et al, 1985;

Newbold et al., 2000) and was, therefore, indicative of possible chronic estrogenic exposure.

In the 35 water samples analysed from the UNR residues of a-BHC, lindane, endrin, heptachlor
epoxide, methoxychlor, pp-DDT, p p-DDD, p.p -DDE, p~NP, OcP. DMP. DEP, DBP and DEHP
were detected. These samples were collected every two months over a two year period at the
specific sites. Lindane was the most prevalent chemical in 11 (31.4%) samples followed by pp -
DDT in 9 (25,7%%) samples. The phthalate esters, however, were determined during a high- and
low-flow period and except for DMP, all the samples (100%) contained phthalate residues
Therefore, in the water samples & mixture of agrochemical pesticides and industrial pollutants
were present. This supported the initial view that D2 is as an area where contamination from

various sources occurs (Burger, 2005)

The values of lindane varied between 0.58 and 14.92ug/L and several samples exceeded the toxic
range. The temporary oral adult daily intake (ADI) recommended by the WHO is 1ppb (ug'l)
bw/day (FAO, 1998) and the oral reference dose (RFD) is 0.3ug/L. bw/day (US EPA, 1998). The
recommendations for drinking water are 0.2ppb (USA EPA, 1998), 0.Img/L. Netherlands
(ATSDR, 2002). The MRL recommended by the WHO is 0.003ppm. The possible impact of

these high values in water, are addressed in Chapter 11: Health risk assessment.

67




In sediment samples, none of the abovementioned agrochemicals were present, but 4.4'-DDD
occured in 7/35 (20%) samples. p-NP was the most prevalent chemical in 14 (40%) samples and
although DMP was present in one sample, the other phthalate ester residues found in sediment
were similar to water. The “normal” phthalate concentration in unpolluted water is in the pg to

undetectable range and the values found in this study indicated pollution of the water systems with
phthalate ester plasticizers. Freshwater studies have revealed detectable concentrations of
phthalates in Italian (Guidotti and Cremisini, 1997) and Malaysian (Tan, 1995) water and sediment
samples, and in river water samples taken in the UK (Fatki and Vernon, 1990), Nigeria (Fatoki and
Ogunfowokan, 1993) and USA (Sheldon and Hites, 1978). DEHP levels of up to 628mg/kg dry
weight were once reported in River Ronncbyan, Sweden (Thuren, 1986). Higher concentrations
are frequently reported in samples from less developed countries, a fact that has been attributed to
lack of legislation and/or facilities to treat industrial effluents (Guidotti and Cremisini, 1997;
Fatoki and Ogunfowokan, 1993). Values found here are comparable to reported for those rivers,
but less than those reported for the Eastern Cape water systems (Fatoki and Noma, 2002) and the
levels found in some sediments were comparable to those reported for the River Ronnebyan
(Sweden) (Thuren, 1986).

Lindane, the gamma-HCH (y-HCH) isomer of hexachlorocyclohexane (HCH) or benzene
hexachloride (BHC) is used as insecticide on fruit, vegetables, forest crops, animals and -
premises. The use of HCH is restricted in South Africa (ATSDR, 2003). Lindane is also an EDC
and has endocrine effects specifically on the reproductive system. Estrogenic activity in rodents
was found with disruption of the estrous cycles, reduced testicular, pituitary and uterine weights
(Raizada et al, 1980) and vitellogenin induction in male fish (Okoumassoun et al., 2002).
However, it may also be an anti-estrogen (Chadwick et al., 1988). No agonistic or antagonistic
activity was found on the androgen receptor (Schrader and Cooke, 2000).

The water samples collected from the all the sites had more or less a similar frequency of positivity
for compounds detected (D1 21, Channel 23, Viei 22, D2 16). The sediment in D1 and the
Channel seemed to be particularly contaminated (16 positive each), followed by the Viei (12) and
D2 (6). Dam 1 receives water through a stream higher up in the catchment and serves as a sludge
dam, supplementing the water supply of the bigger Dam 2. Since the Channel is man-made and
ensures the constant flow of water parallel with the wetland to D2, it is not surprising that the
chemical contamination is rather similar. Lindane at high levels was present in the Channel and
D2 and 10 a lesser extent the Viei, but not D1 between Nov 2004 and May 2005. This may imply
that contamination occurred directly into the Channel and D2 from an unknown source and via an
unknown route, and not from the water in DI.




42 Mectal analysis

Kruger T', Mlambo S', Bamhoorn IEF, Bornman MS’, van Vuren JHJ'

1) Department of Zoology, University of Johannesburg 2) Department of Urology, University of
Pretoria

42.1 Introduction
Cadmium (Cd), Arsenic (As), Lead (Pb) and Mercury (Hg) have been identified as the four
endocrine disrupting metals (EDM) globally and have been analysed.

422 Material and methods

Surface water and sediment samples were collected in 250ml plastic jars for metal content
evaluation with an ICP-MS (Inductively Coupled Plasma — Mass Spectrometry). The jars were
left in a 2% hydrochloric acid solution for 12 hours and then rinsed with distilled water prior to
sample collection. Samples were kept at 4°C in the laboratory, before sample preparation for
metal analysis. Samples were collected on the same dates and at the same localities as samples for
other contaminant analyses. Sediment samples were prepared according to methods described by
Bervoets and Blust (2003), whilst water samples were filtered and acidified. Waterlab, Pretoria,
conducted the analyses.

Water and sediment samples were analysed in duplicate for 70 different elements, including the
four known endocrine disrupting metals (EDMs) Cd, As, Pb, Hg (Table 4.9). Concentration levels
were read in parts per billion (ppb or ug/1.) for water and sediment and were recalculated to mg/kg
for sediment. Two different extractions were done for the sediment (Bervoets and Blust, 2003).
The first was an easy reducible extraction, where elements that are bio-available to aguatic
organisms and can affect them, are extracted. The second was a total extraction, were all the
elements that are bound to the sediment are extracted, because not all elements are bio-available

due 10 speciation.

423 Results

The average values for all the elements were calculated for both water and sediment, in each of the
four localities and graphically shown in Figures 4.1-4. These were used for comparative purposes
of the EDMs between the four chosen localities. Other elements above the target quality ranges

were also identified.
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Table 4.9: Information about the four EDMs as well as their guality range and cffect values (DWAF, 1996).

Metal Introduction
-hié_l_tly toxic 1o agquatic life

Cadmium | -potentially hazardous (USEPA)
-toxic and relatively accessible

: -very toxic and carcinogenic

Arsenic , ) )
-relatively available (USEPA)
-potentially hazardous (USEPA)

Lead ) ) )
-toxic and relatively accessible
-concentration  in  environment
usually low

Mercury

-very 10xic

-bio-accumulates

Occurrence T TWOR (pg/L) e ' A ]
(ug/l) (/L)

-natural weathering processes [ R

-industrial industry r_mm (.0"5 “| 03080 3-13¢

-associated with Zn, Pb and Cu sulphide g

-limited extent in nature

-high concentrations due to industrial | <10 20 130

pollution

-weathering of sulphide ores | From <0210 < | 0.5-2.4° “b;

-associated with suspended sediments | 1.2¢

-high concentrations due 1o industrial

pollution <004 | 0.08 1.7

=strong afTinity for sediments and solids J

TWOR = Target Water Quality Range:* depends on water hardness (mg CaCO3/L): CEV = chronic effect value: pg/l. = ppbAEV

70

acute effect value



Cd levels were detected in water samples at all four the sites. Both D1 and Ve samples had levels, on
average. above the target water quality range (TWOR) of 0216pug'l. and 0.154pug L respectively
Channel and D2 sample levels were just below the TWOQR. Levels above 0.3ug L (above chronic
eflect value (CEV)) were also detected at all four sites at some pomnt. As levels were all below 10ug L
at all four the sites, during the entire sampling penod. The highest level for As was detected 1n a
December 2005 sample taken i D2 . at Sug L. Dam 2 had the highest concentrations of As of the
four sites, on average. All the levels for Pb in all the samples collected were above |Sug L. and higher
than the acute effect value (AEV) for Pb (DWAF, 1996). Both DI and the Vier had higher Pb levels
than the other two sites. on average. at 20.446jg L and 20,144 ug L respectively.  1tas, therefore.
possible that the plants in the wetland area between DI and D2 could have removed some amounts of

both Cd and Pb from the water. Mercury was only detected in a D1 sample collected dunng the first

field collection (Sep 2004). and was above the AEV (0.323ug L average between the duplicates)
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Fig. 4.1: Average Cd, As, Pbh and Hg levels in water samples collected at the

four different sites.
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Fig, 4.2: Average easily reducible Cd, As, Pb and Hg levels in sediment samples.
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Fig. 4.3: Average total Cd, As, Pb and Hg in sediment samples collected at

the different sites,




4.24 Discussion and conclusion

When comparing the easy reducible elements to the total available, it is clear that the sediment
tends to hold on 10 large concentrations of elements. Only a smaller amount is bio-available to the
organisms, and the availability depends on the pH. The water pH also affects the amount of an
element that will either be attached to the sediment or in the aqueous mix.

Low levels of Cd were detected in sediment in both the easy reducible and the total extractions.
Cd concentrations in the water were high and it is possible that the sediment released Cd into the
water, due to the pH (DWAF, 1996). The Cd levels detected were on average very similar, but DI
was slightly higher than the other three sites. As concentrations were 0.0010 (D1), 0.0031 (Vlei),
0.0011 (Channel) and 0.0022mg/kg (D2) for the total extractions, but the channel and D2 casy
reducible extractions indicated that less As was bio-available than in the other two sites. The
levels of As were higher in sediment than in water. Pb levels were the highest of the EDMs in
both the water and the sediment. The highest total Pb on average was detected in D2 at
0.02328mg/kg, whilst the lowest was in D1 at 0.00630mg/kg. The opposite was noted for the bio-
availability of Pb with 0.00198mg/kg available in D2 and a higher level detected in DI
(0.00317mg/kg). The lowest levels of Pb were detected in the Channel, for both the total and casy
reducible extractions. Hg levels were only detected in the total extractions done on samples of D1
during September and November 2004, with an average of 0.00003mg/kg between the duplicate
extracts. There was no Hg detected in the casy reducible extractions, which could possibly indicate
that the small amount of Hg present was not bio-available. Hg levels in the water samples were
also almost non-existent, possibly indicating that there was either no Hg present in the system
during the majority of the sampling period.

4.24.1 Other problematic metals/elements

Of the 70 elements scanned for, some were present at very high concentrations in the water
system (majority above TWQR and even the AEV). Table 4.10 summarizes the total water
quality ranges, chronic effect values and acute effect values for seven metals that could be
problematic based on aquatic system guidelines (DWAF, 1996). As seen in the table,
concentrations on average as detected in water samples of the four sites, are all above the
TWQR and the majority are above the AEV. To what extent these metals might affect the
health of organisms alone or in combination with the EDMs, is not clear.
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Fable 4.10; Other metal concentrations detected in water samples collected at the four sites, compared to aguatic system guidelines (DWAF,

1996)

Metal

Alumimium

C hromum

i

Manganese

Copper

Selenium

\ e

Aquatic systems TWOR (ug/L)

y 1o L0
LHO) )
( V) 0l
0. 180

Shouldn™t  vary

dissolved Fe

[ FromOD 3ol 4*

E

* depends on hardness of waler

CEV (ug/l)

101 )
|
'\ltn B
Cri ) 24
l 170

AEV (up/l) Detected levels (ug/l)

A verages for all sites above

CEV. Dam 2 under ALY

Lo 0 Average for DI above CEV. Other
Cr(3) - 340 sites above TWOR

Al averages for all sites above

3N

TWOR, but under CLLY

1 178.013; Vk 163.034
N/A

Channel = 37.759: D2 - 0

Average for D1 above AEV. Other
From 1L.61o 12

i sites falls in the CEN
\werage lor DI and D2 above
30 CEV. Onher

Iwo Siics
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CHAPTER S
IN VITRO BIOASSAYS FOR ESTROGENIC ACTIVITY

5.1

Recombinant cell bioassay (saccharomyces cerevisiae (yes) assay)

Aneck-Hahn NH, van Zijl MC

Department of Urology, University of Pretoria

5.1.1 Introduction

Yeast does not contain endogenous steroid receptors.  However, mammalian steroid receptors
introduced into yeast function as they do in mammalian cells as steroid-dependent transcriptional
activators (Metzger et al., 1988; Purvis et al,, 1991; Gaido et al., 1998). As a result yeast are a
useful tool for studying mammalian steroid receptor function in isolation of confounding factors
found in mammalian cells. When a steroid responsive reporter gene is introduced into the yeast
along with the steroid receptor, chemical interaction with that receptor can be determined by
measuring the reporter gene product. A yeast based steroid receptor assay differs from a
competitive binding assay in that it not only determines the ability of a chemical 1o bind 10 a
receptor, but also to cause that receptor to dimerize and bind to the appropriate steroid responsive
regions of the DNA to induce reporter gene activity. Other advantages of using yeast to study
steroid receptor function include the case of manipulation, rapid attainment of stable
transformants, ability to process a large number of samples quickly and relatively inexpensively

(Gaido et al., 1998).

The recombinant cell bioassay utilises the veast Saccharomyces cerevisiae transformed with
plasmids encoding the human estrogen receptor and an estrogen responsive promoter fused to the
structural gene for B-galactosidase (Klein et al., 1994) (Figure 5.1). This assay detects 100 fold
lower estradiol levels than the most sensitive radioimmunoassay available. The yeast assay is
sensitive enough 1o consistently detect an increase in f-galactosidase production with 17 B-
estradiol a1 concentrations above | x 10" M (Beresford et al., 2000). This compares with the
detection limit of 3 x 10"" M 17 B-estradiol reported for the MCF-7 cell proliferation assay
(Sonnenschein et al., 1995). A limitation to the yeast-based assay is that the permeability of the
cells to some substances may generate false negative results and some strain specific effects have
been reported (Gray et al, 1997). The veast estrogenicity assay of Routledge and Sumpter (1996)
has certain advantages over other yeast-based assays, in that the colour can be monitored over a

period of time.
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Nucleus

Cyloplasm

Fig. 5.1: A schematic representation of the estrogen-inducible expression system in the veast,
The human estrogen receptor gene is integrated into the main genome and is expressed (1) in
a form capable of binding to estrogen response elements (ERE) within a hybrid promoter on
the expression plasmid (2). Activation of the receptor (3), by binding of ligand, causes
expression of the reporter gene Lac-Z (4) which produces the enzyme [-galactosidase. This
cnzyme is secreted into the medium (5) and metabolises the chromogenic substrate CPRG
(mormally vellow) into a red product (6), which can be measured by absorbance (Routledge

and Sumpter, 1996).

Among various bioassays developed 10 elucidate estrogenic activities of individual chemicals and
environmental water samples (Flouriot et al., 1993; Feldman and Krishnan, 1995; Jobling et al.,
1995:; Pawlowski et al., 2000a.b), the veast estrogen screen (YES) received particular attention as a
rapid and comparatively simple screening assay in laboratory and field experiments (Soto et al.,
1995; Routledge and Sumpter, 1996, Harries et al., 1997, Johansson, 1999; Garcia-Reyero et al.,

2001: Murk et al., 2002: Pawlowski et al., 2004)
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5.12 Materials and Methods

A recombinant yeast strain was developed in the Genetics Department at Glaxo Laboratories in the
UK for use in a test 1o identify compounds that can interact with the human estrogen receptor-ot
(hER). The yeast was obtained from Prof JP Sumpter's laboratory, in the Department of Biology
and Biochemistry, Brunel University, Uxbridge, Middlesex, UK. The assay was performed
according to the method described by Routledge and Sumpter (1996).

5.1.2.1 Preparation of assay components
5.12.1a  Minimal Medium (pH 7.1)
Minimal medium was prepared by adding

13.6g KH;PO, (Cat. No. P-0662, Sigma)
1.98g (NH,):SO, (Cat. No. R 0350/500g,

NT Laboratory Supplies)
42g KOH pellets (Cat. No. 504 44 00, Saarchem)
0.2g MgSO, (Cat. No. 291184P, BDH)
ImL Fey(SO,); solution (Cat. No. F-1135, Sigma)

(40mg/50mL water)
50mg I.-leucine (Cat. No. 371213W, BDH)
SOmg L-histidine (Cat. No. 372214E, BDH)
S50mg Adenine (Cat. No. 1.00838, Merck)
20mg L-arginine-HCL (Cat.No. 1.01543, Merck)
20mg L-methionine (Cat. No. 371315E, BDH
30mg L-tyrosine (Cat. No. 371562R, BDH)
30mg L-isoleucine (Cat. No. 371236G, BDH)
30mg L-lysine-HCL (Cat. No. 371293P, BDH)
25mg L-phenylalanine (Cat. No. 1.07256, Merck)
100mg L-glutamic acid (Cat. No. 371024T, BDH)
150mg L-valine (Cat. No. 37160, BDH)
375mg L-serine (Cat. No. 371465R, BDH)
1L Double distilled water

Aliquots of 45ml. were dispensed into 150ml glass flasks, sterilised at 121°C for 10
minutes and stored at room temperature.

5.12.1b Vitamin solution
8 mg Thiamine (Cat. No. 440055N, BDH)
Smg Pyroxidine (Cat. No, 449865Q, BDH)
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Pantothenic acid (Cat. No. 111 993, Merck)

40mg Inositol (Cat. No. 380443M, BDH)

20mL Biotin solution (Cat. No. 44011 4H, BDH)
(2mg/100mL water)

180mL Double distilled water

The solution was then filtered through 0.2um pore size Whatman PURADISC filters (Cat

No. 6780-2502), and 10mL aliguots were stored at 4°C in sterile glass bottles.

S.1.2.1¢ Glucose solution
A 20% weight/volume solution of D-glucose (Cat. No. ART.8337, Merck) was sterilised in

20mL aliquots at 121°C for 10 minutes and stored at 4°C

5.1.2.1d L-aspartic acid solution
A stock solution of 4mg/ml. L-aspartic acid (Cat. No. 370225W, BDH) was sterilised in

20ml aliquots at [21°C for 10 minutes and stored at 4°C

§.1.2.1e L-threonine solution
A stock solution of 24mg/mL L-threonine (Cat. No. 371505Y, BDH) was sterilised in SmL

aliquots 121°C for 10 minutes and stored at 4°C.

S.1.2.1f Copper (1) sulphate solution
A 20mM Copper (II) sulphate (Cat. No. 278504G) solution was prepared
(31.92mg/100mL) and filter sterilised through 0.2um pore size Whatman, PURADISC

filters (Cat, No. 6780-2502) into sterile glass bottles and stored at 4°C.

5.1.2.1g Chlorophenol red-3-D-galactopyranoside (CPRG)
A 10mg/L stock solution of CPRG (Cat. No. 884 308, Bochringer Mannheim, Roche
Diagnostics) and filter stenilised through 0.2um pore size Whatman, PURADISC filters

(Cat. No. 6780-2502) into sterile glass bottles and stored at 4°C.

S.1.2.1h Growth medium

Growth medium was prepared by adding the following:
45mL Minimal medium

SmL Glucose solution

[-Aspartic acid solution




0.5mL Vitamin solution
0.4mL L-Threonine solution

125ul Copper (I1) sulphate solution

5.1.2.1 17 B-estradiol stock solution
A 54.58ug/l stock solution of 17 B-estradiol (Cat. No. ER87S, Sigma) was prepared in
ethanol (Cat. No. 27,0741, Sigma-Aldrich) in a sterile glass bottle and stored at -20°C.

5.1.2.2 Assay Procedure

5.1.22a  Assay medium

Growth medium as described above was prepared for the assay. The growth medium was
then inoculated with 125ul. of the 10x concentrated yeast stock and incubated at 28°C in a
rotating water bath at 150-155upm until turbid. A new flask of growth medium was then
prepared and 0.5mL CPRG was added to the medium, this medium was then inoculated
with 0.5mL of the 24-hour yeast culture,

5.1.22b  Sample procedure

The assay was carried out in a type Il laminar flow air cabinet, 10 minimise acrosol
formation. Serial dilutions were made of the 26 water sample extracts and controls, in 96
well microtiter plates (Cat. No, 95029780, Labsystems). 100pl. of the solvent, ethanol
(Cat. No. 27,0741, Sigma-Aldrich) was placed in wells 2-12 on the plate. 200uL of the
sample extract was placed into the first well and this was serially diluted (100ul.) across
the plate, using a Finpipette multichannel pipette (AEC Amersham). 10ul. Aliquots were
then transferred to a 96 well, optically flat bottom microplate (Cat. No. 95029780,
Labsystems). This was allowed to evaporate to dryness on the assay plate.

Aliquots (200uL) of the assay medium containing the yeast and chromogenic substrate
(CPRG) were then dispensed into each sample well using a multichannel Finnpipette.
Each plate contained at least one row of blanks (assay medium and solvent cthanol) and a
standard curve for | 7B-estradiol (Cat. No. E8875, Sigma) ranging from 1x10*M 1o 4.8x10
"M (2.274ug/l. to 13ng/l) which was extended to a concentration of 1.19x10™"°M
(3.24x107g/L). The plates were sealed with parafilm (Cat. No. P7793, Sigma) and placed
in a naturally ventilated incubator (Heraeus, B290) at 32°C for 3 to 6 days.

Afler 3 days incubation the colour development of the medium was checked for 3 days
(day 3 1o 5) at an absorbance (abs) of 540nm for colour change and 620nm for turbidity of
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5.1.3

the yeast culture, The absorbance was measured on a Titertek Multiskan MCC/340 plate
reader to obtain data with the best contrast.  After incubation the control wells appeared
light orange in colour, due to background expression of [-galactosidase and turbid due to
the growth of the yeast. Positive wells were indicated by & deep red colour accompanied
by veast growth, Clear wells, containing no growth indicated lysis of the cells and colour
varied. All experiments were performed in quadruplicate.  The following equation was

applied 1o correct for turbidity

Corrected value = test abs (540nm) - [test abs (620nm) - median blank abs (620nm)]

The 17 B-estradiol standard curve was fitted (sigmoidal function, variable slope) using
Graphpad Prism (version 2.01), which calculated the minimum, maximum, slope, EC50
value and 95% confidence limits. The detection limit of the yeast assay was calculated as
absorbance clicited by the solvent control (blank) plus three times the standard deviation
l'he estradiol equivalents (EE) of the waler samples were interpolated from the estradiol
standard curve and corrected with the appropriate dilution factor for each sample on day 4
Any curve that failed to reach the maximum response obtained with 17 [J-estradiol will be

referred to as a submaximal response.

Results

S.1.3.1 Water

In order 1o facilitate interpretation of the results for cach sample site has been summarised into

table format indicating the type of response and the EE-ECs and maximum estradiol

equivalents (EE-Max) (ng/L.) as extrapolated from the 17 B-estradiol curve for that experiment

The results are tabulated in Table 5.1-4 and graphically shown in Figures 5.2a-5.5b
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5.13.1a Sample site: Dam 1 (D1)

Table 5.1: Estrogenic activity in D1 expressed as the type of response and estradiol

Lfll\‘l(} )

above detection limit; 3

*() = Below detection limit; |

Three or more points above detection limit (positive for estrogenid

equivalents (ng/L).
—— Type of response YES EE-ECy  |[EE-Max
Toxic Submaximal Maximal esult* Yng/L) (ng/L)

Jaanuar} 2005 | X 2 T

March 2005 X | | | 3 o o
May 2005 X [ Y 2 | ﬂb

uly 2005 X 1 { - Y
October 2005 X | ) 1 | B

December 2005 ' X | 3 0.68 1.24

One point above detection limit; 2 = Two points

17 beta-estradiol
equivalents(ng/L)

175

Estradiol

068

-t - -t - -

2 2 2 2 2 2

5 i H 3 8 X
Sample date

Fig. 5.2a: D1 EC50 values expressed as 17f-estradiol equivalents, using the

YES assay. * One point above detection limit. ** Two points above detection
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§.1.3.1b Sample site: Viei
Table 5.2: Estrogenic activity in the Viei expressed as the type of response and
estradiol equivalents (ng/L).
Type of response o EE-EC, EE-Max
Date sampled J{YES Result* w
Toxic Submaximal Maximal | Kng/L) (ng/L)
- — ——— — - —,— — -  ——— —
Yanuary 2005 X X 3 <0.03 <0.03
March 2005 1
| - - -
Mav 2005 1
July 2005 1
4 !
October 2005 X 3 0.78 1.92
: . t t
December 2005 0
]
January 2006 L 0
. Below detection limit; | = One point above detection limit; 2 = Two points
sbove detection limat; 3 Ihree or more points above detection limit (positive for estrogenic activity)
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Fig. 5.3a: Vlei EC50 values expressed as 17f-estradiol equivalents, using the YES

assay. * One point above detection limit. ** Two points above detection limit.
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Fig. 5.3b: Viei maximum estrogenic activity expressed as 17f-estradiol equivalents,
using the YES assay. * One point above detection limit. ** Two points above

detection limit.
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5.1.3.1c  Sample site: Channel

lable 5.3: Estrogenic activity in the Channel expressed as the type of response and

estradiol equivalents (ng/L).

Type of response . EE-EC, EE-Max
Date sampled L YES Result*
| Tovic  Submaximal Maximal | ng/L) I(nx:"l.)
;'.m:.ar}“:l;%l‘: I k B 2 7 B | B 1
March 2005 X X 3 ' < .03 0.16
May 2005 I B | 0 | o 7
Tuly 2005 [ X X ' 3 025 | 0.4
August 2005 I B - 0 |
October 2005 ‘ X 1 |
Uanuary 2006 ' ' X | | 3 0.43 ' 0.74

*() = Below detection limit; 1 = One point above detection limit; 2 = Two points

above detection limit; 3 = Three or more points above detection limit (positive for estrogenic activity)
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Fig. 5.4a: Channel EC50 values expressed as 17f-estradiol equivalents, using the YES

assay, * One point above detection imit. ** Two points above detection limit.
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Fig. S4b: Channel maximum estrogenic activity expressed as  17f-estradiol

equivalents, using the YES assay. * One point above detection limit. ** Two points

above detection limit.

S5.1.3.1d

Sample site: Dam 2 (D2)

Table 5.4: Estrogenic activity in D2 expressed as the type of response and estradiol

cquivalents (ng/L).

Type of response YES EFE-FCy FF-Max
Date sampled

Toxic Submaximal Maximal csult* Yng/L) (ng/L)
January 2005 X 0
May 2005 X | X 1 3 <003 016
July 2005 ' ' 1 B ’

] S——
October 2005 X 3 0.52 1.02
December 2005 | X 0 .
January 2006 | X | 3 0.36 0.65 |

tivity)

*0 = Below detection limit; 1 = One point above detection limit; 2 = Two points

bove detection limit; 3 = Three or more points above detection limit (positive for estrogenid
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Fig. 5.5a: D2 ECS0 values expressed as 17f-estradiol equivalents, using the YES

assay. * One point above detection limit. ** Two points above detection limit.
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Fig. 5.5b: D2 maximum estrogenic activity expressed as 17f-estradiol equivalents,
using the YES assay. * One point above detection limit. ** Two points above

detection limit,

Of the four sampling sites three of the sies had no points above the detection limit of the
ssay, with DI being the exception. Table 5.5 shows the sample sites and dates that were

below the detection limit of the assay. The frequency of sampling indicates the percentage

of the samples at a particular site that were below the detection limit (<dl) in Table 5.5




Table 5.5: Summary of the frequency of sampling of the sites that were below the
detection limit of the assay.

Sample site —L)ltt sampled Frequency of sampling (%)
Vlei December 2005 |29
January 2006
(Channel May 2005 29
August 2005
Dam 2 January 2005 33
December 2005

% Frequency is calculated as follows: N
Number of samples < dl / Total samples per site x 100

All four sites had samples that were positive for estrogenic activity. None of the samples
were able 1o reach the maximum response obtained with ) 7-f-estradiol. D2 had the highest
frequency of positive samples (50%) (Table 5.6). Although the Viei and D1 had lower %
estrogenic positive frequencies they had the highest maximum activities 1.24 and 1.92ng/L
EE, respectively.

Table 5.6: Summary of the frequency of sampling of the sites that had estrogenic
activity.

Sample site Date sampled Frequency of sampling (%)
Dam 1 December 2005 |17
Viei January 2005 29
tober 2005

Channel March 2005 43

Tuly 2005

January 2006
{Dam 2 May 2005 50

October 2005

January 2006

*% Frequency is calculated as follows:

Number of samples with estrogenic activity / Total samples per site x 100




Four of the nine samples that were positive for estrogenic activity, were also cytotoxic at

higher concentrations, The Channel had the highest sample frequency at 29% (Table 5.7)

Cytotoxicity was found in 18 of the 26 samples, in other words 69% of the samples were
cytotoxic. The Channel and D1 had the highest frequency of cytotoxicity (86% and 83%)

respectively (Table 5.8). This was followed by the Viei (57%) and D2 (50%%).

Table 5.7: Summary of the frequency of sampling of the sites that had a cvtotoxic

response and estrogenic activity,

Sample site Date sampled  Frequency of sampling (%)’
Viei January 2005 |14
IChannel March 2005 29
July 2005
Dam 2 May 2005 17

*% Frequency is calculated as follows:

Number of samples with cyvtotoxicity and estrogenic activity / Total samples per site x 100

5.14 Discussion

It is clear from the results that there is evidence of estrogenic activity in water sources from the
UNR. It is important 1o note that although nine of the samples were below the assay detection
limit, they are not necessarily negative for estrogenic activity. Likewise, samples with less than
three points above the detection limit are not negative, but cannot be quantified for estrogenic

equivalents in this assay.

All the sites had samples that were positive for estrogenic activity. The submaximal estrogenic
response of these samples could be attnibuted to the complexity of the sample mixture. As some
endocrine disrupting chemicals such as the hydroxylated PCBs may have antiestrogenic activity
and this could inhibit the response (Moore et al,, 1997). Of concemn is the large number of samples
that exhibited cytotoxicity. There was a number of samples that had a combined reaction of
cytotoxicity and estrogenic activity, in these samples the estrogenic activity is almost certainly
underestimated. This can be seen in samples from D1 that exhibited cytotoxicity and estrogenic
activity two points above the detection limit of the assay. In those samples that exhibited
cyvtotoxicity the estrogenic activity could be masked at these concentrations and therefore give a

false negative result, as the estrogenic response may lie in the toxic range.
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Table 5.8: Summary of the frequency of sampling of the sites that had a
cytotoxic response.

L-plc site Date sampled Frequency of sampling (%)’

Dam 1 January 2005 83
[March 2005
[May 2005
July 2005
IOctober 2005
Vici January 2005 57
arch 2005
|December 2005
January 2006
hannel January 2005 186
May 2005

[March 2005
July 2005
August 2005
|October 2005
Dam 2 January 2005 50
2005
December 2005
* % Frequency is calculated as follows:

Number of samples with cytotoxicity / Total samples per site x 100

In pilot study assessing the estrogenic activity in water in the Urban Nature Reserve using the YES
a number of sites were positive for estrogenic activity (Aneck-Hahn, 2002). The ECy - EEs
ranged between 0.31-2.1ng/L. and none of these samples exhibited cytotoxicity. In this study five
of the nine samples that had estrogenic activity had ECy ~ EEs ranging from 0.36-0.78ng/L. which
falls within the range of Aneck-Hahn's study. These values also corresponded with a study done
by Matsui et al. (2000) in Japan. The concentration of estrogenic substances present in the sewage
treatment effluents ranged from Sng/l up to 15ng/l. E;—equivalents and lake water Ing/L. Using
the E-screen 1o determine estrogenic activity in water samples in Korea, Oh et al. (2000) found the
total estrogenic activity to between 0.5pg/L and 7.4ng/L. Another study found E;-equivalents
levels higher than 10ng/l in Flemish rivers (Witters et al.,, 2001). A study on the estrogen like
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potential of Taihu water, estimated with two luciferase reporter gene assays reported, L,
equivalents in the range of 2.2 to 12.1ng/L (Shen et al., 2001). It is clear however from the large
number of samples with cytotoxicity and the possible masking of estrogenic activity it appears that

the water quality within the U/NR has deteriorated,

These results highlight the need to include the proposed estrogenic (T47D-kBluc) and androgenic
(MDA-kb2) reporter gene assays as they are more sensitive, have a lower detection limit and can
distinguish between anti-estrogenic and anti-androgenic activity, compared to the yeast screen

assay (estrogenic activity only)

Wetlands are among the most biologically important and productive ecosystems on carth,
Estrogenic pollution does not only threaten the ecological environment but also the reproductive
ability of freshwater fish and aquatic life in general. Tt is therefore important to develop early
waming procedures 1o prevent disturbances in the normal reproductive cycles of aquatic organisms
that would threaten their survival. With the increasing anthropogenic activities of humans, it has
also now become important that further research is done on the removal of EDC from water

system. A comprehensive understanding on the water quality of the UNR needs to be established

5.1.5 Conclusions

All the sites had samples that were positive for estrogenic activity. The submaximal estrogenic
response could be attributed to the complexity of the sample mixture, Of concern is the large
number of samples that exhibited cytotoxicity alone or in combination with estrogenic activity,

since the estrogenic activity is almost certainly underestimated.

5.2 Reporter gene assavs

5.2.1 Introduction

In comparison to other existing in vitro assays, reporter gene assays based on stably transfected
cell lines provide the most specific, responsive, and relatively quick means 10 screen substances
for potential estrogenic and antiestrogenic activity (Legler et al, 1999). Recently, a few such cell
lines have been developed (Legler et al., 1999; Pons et al., 1990). These cell lines are sensitive

and responsive to estrogens but are not freely available.

5.2.2 T47D-Kbluc assay
US EPA developed an estrogen-dependent stable cell line by stably transfecting an estrogen-
responsive luciferase reporter gene construct into T47D human breast adencarcinoma cells

expressing endogenous estrogen receptors alpha and beta
4 3 © I P
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T47D cells express a relatively high number of endogenous ER, reportedly 67.626.2 mol/mg
cytosolic protein (Watanabe et al., 1990). Western blot analysis indicated that these cells contain
both the alpha and beta isoforms of the ER protein with very slightly higher levels of beta than
alpha (Power and Thompson, 2003). The reporter gene construct consists of three estrogen
response elements (ERE) upstream from a TATA box that regulates the expression of a luciferase
reporter gene. Stable transfection of this promoter reporter construct into T47D cells resulted in a

sensitive, responsive clone.

In principle, compounds enter the cell; estrogen receptor ligands bind to the ER; two ligand-bound
receptors dimerize and bind coactivators; then the dimmer binds 1o the ERE on the reporter gene
construct and activates the luciferase reporter gene.  The presence of the luciferase enzyme can
then be assayed by measuring the light produced when the enzyme substrate, luciferin, and
appropriate cofactors are added. The amount of light produced is relative to the degree of
estrogenic activity of the test chemical. When testing chemicals using the T47D-Kbluc cells, an
estrogen is defined as a chemical that induced dose dependent luciferase activity which could be
specifically inhibited by the antiestrogen ICI (Wilson et al., 2004).

T47D human breast cancer cells, which contain both endogenous ERa and ERB, were transfected
with an ERE luciferase reporter gene construct. It provides an in vitro system that can be used to
evaluate the ability of chemicals 10 modulate the activity of estrogen-dependent gene transcription.
This cell line has the potential 10 be used both for screening chemicals and as an aid in defining
mechanism of action of chemicals with estrogenic and antiestrogenic activity. This is valuable for
a first-pass type in vitro assay, as a ligand for either receptor could drive the luciferase reporter
gene thereby eliminating the need for a separate assay for Ere and ErB.

Advantages of this assay are that it is relatively rapid (2 days), eliminates the need for transfection

and can be conducted in 96 well plates and consistent results are produced.

523 MDA-kb2 assay
The US EPA proposed that in vitro assays for both estrogen receptor (ER) - and androgen receptor
(AR) — mediated reactions be included in a Tier-I screening battery to detect hormonally active

chemicals.
The US EPA then developed a stable cell line used to identify compounds that bind AR and,

unlike standard receptor binding assays, are able to discriminate androgen agonists from
antagonists thereby aiding in defining the mechanisms of action.
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The breast cancer cell line. MDA-MB-453 was stably transformed with the MMTV luciferase neo
reporter gene construct. Both the glucocorticoid (GR) and AR are present in the MDA-MB-453.
To distinguish between AR from GR mediated ligands, chemicals assayed concurrently with the
anti-androgen, hydroxy flutamide (OHF) which blocks the AR but not GR mediated responses
The cells are relatively easy to culture and maintain and arc stable for more than 80 passages

(Wilson et al., 2002).

Advantages of this assay are that it is relatively rapid (2 days), eliminates the need for transfection
and can be conducted in 96 well plates and consistent results are produced. These make it an ideal

assay for screening.

524 Comments

Both the above mentioned c¢ell lines were ordered through Highveld Biological in June 2005,
After a long delay at ATCC the cell lines were delivered on 5§ April 2006. While attempting to
grow up stock cultures the cells were found 1o be contaminated. [t can be said with certainty that
the contamination was not from the Andrology laboratory as up until this point there had been no
contamination in any of the other cell lines in that laboratory or subsequently. A new batch of
cells has to be ordered. As soon as the cell lines arrive in the country stock cultures will be
prepared and the method will be validated in the laboratory. In order to get a result from a
mammalian cell line 10 of the water extracts used in the YES assay were sent o Bio Detection

Systems in Amsterdam

53 ER-Calux reporter gene assay

5.3.1 Introduction

I'he estrogen receptor (ER )-mediated chemical activated luciferase gene expression (ER-CALUX)
assay (Legler et al , 1999) uses T47-D human breast adenocarcinoma cells expressing endogenous
ER « and [}, which are stably transfecied with an estrogen responsive luciferase reporter gene
Exposure to xenoestrogens results in transactivation of ER and consequent induction of the
luciferase gene, which is easily assayed by lysing cells and adding the substrate luciferin and
measuring light output (Legler et al., 2002). The amount of luciferase produced is proportional to
the extent of receptor binding and it is quantitated by reaction with luciferin to produce a light

signal, which is detected by a luminometer (CALUXX).

532 Results
Estrogenic activity was detected in all 10 samples sent for analysis. The EEs ranged from 0.32-

16.0 ng/L.. The following table compares the results of the YES assay and the ER-Calux assay
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Table 5.9: Comparison of the YES assay and the ER-Calux assay results,
Samplesite  Sampledate  ER-Calux EE (ng/L)  YESEE (ng/L)

"Dam 1 January 2005 033 Toxic (2 points)
B October 2005 | 29 Toxic (1 point) o

December 2005 16,0 ' 1.24

Viei January 2005 032 Toxic (3 points ; < 0.03ng/L)
October 2005 13 1.92

Channel January 2005 35 Toxic (2 points above)
October 2005 30 - Toxic (1 point above)
December 2005 | 2.0 0.74

Dam 2 January 2005 1.1 Toxic
October 2005 1.1 ‘1 1.02

533 Discussion

These results suggest that estrogenic contamination is widespread within the Urban Nature
Reserve. The levels of estrogenic activity found in these samples lie in the same range (0-10ng/L
EEQs) as those reported in agricultural surface waters in Isracl (Shore et al., 1995, 2004) and
North America (Soto et al., 2004). Matthiessen et al. (2006) found estrogenic activity in UK
streams ranging from 0-26.5ng/L. (Mean = 2.0ng/L) EEQs. More importantly the implication from
published information on fish studies (Metcalfe et al., 2001; Seki et al., 2005; Young et al., 2002)
is that average long-term EEQ concentrations in excess of Ing/L, if bioavailable, are likely to
cause ovotestis and other estrogen-induced intersexual abnormalities (eg. Vitellogenin induction)
in some fish (Matthiessen et al. 2006). Eight of the ten samples tested were above this level; this
suggests that the aquatic biota, especially the fish may be at nisk of endocrine disruption.

When comparing the results from the two different assays it is clear that there is a need for more
than one screening bioassay. With a suitable choice of assays the results can complement each
other and give a clearer assessment on the estrogenic activity in the environmental samples.
Although some of the samples had a toxic response in the YES, the ER-Calux was able to assess
the estrogenic activity, This confirms the hypothesis that the toxic response in the YES could well
be underestimating estrogenic activity or giving a false negative. In some cases the YES EEQs
were similar to those of the ER-Calux (Vlei: Oct "05 and Dam 2: Oct "05) and in others (Dam 1:
Dec 05 and Channel: Dec "05) were very different. This difference could be due 1o the
impermeability of the yeast membrane to some substances and therefore decreasing the estrogenic
activity.
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5.34 Conclusion

There is clearly estrogenic pollution in the UNR and according to the ER-Calux results, Dam | and
the Channel have the highest estrogenic activity. The EEQs throughout the sampling period at
these sites was not always consistent. the levels of estrogenic activity remained higher than that of
the other sites during the same sampling period. The EEQs exceeded the Predicted-No-Effect-
Concentration (Ing/L) for 173-estradiol in water in all cases for the Channel and two out of three
for D1. This activity was probably sufficient to cause reproductive damage to fish. Despite the
limited sample numbers evaluated in the ER-Calux assay, it cannot be concluded that the UNR is
safe from estrogenic pollution. Further research and continuous monitonng using a relevant
battery of assays is essential 10 establish the extent, sources and ecological consequences of

estrogenic contamination in the aquatic system

54 Catfish vitellogenin (¢f-VTG) in male fish
Bamhoom IEJ, Bomman MS

Department of Urology, University of Pretonia

54.1 Introduction

Various laboratory and domestic animal species can be used to address specific aspects of the
possible effects in vive of (endocrine disrupting chemicals) EDCs. These should be particularly
useful for studies of delayed effects (ie. where exposure to the chemicals(s) occurs in
fetal/neonatal life and the reproductive consequences are manifest in adult life and for studies of

the effects of chronic low level exposure to EDCs).

The EDSTAC believes inclusion of in vive methods in Tier 1 can help reduce false negatives in the
absence of knowledge of absorption, distribution, metabolism, and excretion. /n vivo assays are
often apical (that is, while they incorporate endocrine-specific endpoints, disruption of a number of
hormone regulation/delivery mechanisms can be evaluated in the same assay). Therefore, they are
less specific, but more comprehensive, than in vitro assays. o vivo assays can be made more
specific if accompanied by target organ/cell dosimetry of biologically active metabolites. /n virro
data are enhanced if the actual concentration of the chemicals in the media is determined. to
account for metabolism, stability, and solubility, and to determine whether these concentrations

compare to those that can be achieved in vivo (EDSTAC, 1998).

In association with the intersex condition the use of a species specific developed vitellogenin
(VTG) enzyme-linked immunosorbent assay (ELISA) has become an accepted biomarker/1o0l in
detecting the presence of endocrine disruption in different fish species (Johnsen et al., 1999;

Fenske et al., 2001; van Aerle et al,, 2001; Tolar et al., 2001; Hennies et al., 2003; Spano et al.,
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2004). VTG is a phospholipoglycoprotein produced in the liver of mature oviparous animals in
response 1o the stimulation of estrogens, From the liver it is transported by the blood circulation to
the ovaries and incorporated in the developing oocytes through receptor-mediated endocytosis.
Once incorporated by the developing oocytes, VTG and its metabolites serve as a source of energy
(Roubal et al., 1997). Mature females usually produce VTG only during spawning but males and
juveniles have the responding genes cnabling VTG expression when exposed to exogenous
estrogens (Lomax et al,, 1998). VTG expression by males and juveniles in plasma as a result of
xenoestrogens exposure is, therefore, a good indicator of endocrine disruption in the aquatic

environment,

542 Materials and methods

Plasma catfish vitellogenin (¢f-VTG) was analyzed using an enzyme linked immunosorbent assay
(ELISA) (Figure 5.2.1) developed by Bamhoom et al. (unpublished) specifically for Clarias
gariepinus. Plasma cf-VTG was defrosted overnight on ice at 4°C before use (Van Aerle, 2002).
Ninety-six well microtiter plates (Nunc) were pre-coated with 100l cf-VTG (100ng cf-VTG/mL.)
in coating buffer (0.05M sodium bicarbonate, pH 9.6). A serial dilution of standards with known
VTG concentrations was made in separate uncoated Titertek microtiter plates. Apart from the
standards the plasma samples with unknown VTG concentrations were also diluted in blocking
buffer (1% bovine serum albumin in washing buffer [0.01M sodium phosphate; 0.9% NaCl and
0.05% Tween 20; pH 7.4]) and together with the standards, pre-incubated with the primary
antibody (PAS 7441).

The unknown samples were diluted between 1:10 and 1:1,000,000 depending on the estimated
concentration of VTG in the plasma sample (Van Aerle, 2002). Both the coated plates and the
standard/sample plates were incubated overnight at 4°C. The next day the coated plates were
washed three times in washing buffer and the unbound sites blocked using blocking buffer and
together with the samples/standards containing plates incubated for 30" at 37°C. The VTG coated
plates were washed three times and to establish competition for the antibodies between the VTG
coated in the wells and the VTG in sample solution. 100uL/well of pre-incubated
standard/samples were transferred into the coated plates and incubated for a further 60 at 37°C.
The plate was then incubated for two hours with the secondary antibody (goat-ant-rabbit; 1:2000).
Then substrate buffer (horse-radish peroxidase) was added to the wells and left at room
temperature in the dark enabling the substrate buffer to change from colourless to vellow. The
enzyme reaction was stopped after 10" using 3N H,;SO,, left to stabilize for 10" and the optical
density (OD) of each well in the plate were read in a multi well plate reader at 490nm. Non-
specific (NSB) and maximum binding (Bo) were also measured respectively in four wells. For
NSB measurement the wells were not coated with VTG but all the steps were included as if a
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normal ELISA. Maximum binding was measured in wells where there was only assay butfer with

no competition for the coated V1G and the antibodies

S43 Resulis

After development and the first assessments of the ELISA, the control males were all diluting
parallel to the standard and all fitted nicely on top of ¢ach other as shown in figure 5.6, This
meant that whatever VTG they have is constant. The female however, never reached the top of the
curve. The results indicated the need to do a Western Blot 1o again verify the specificity of the

antibody produced against catfish VTG.

Cf-VTG-ELISA
14
1.2 X
— 1 pARX - » .
§ - a ” " ¢ sid
s v_u . * male
c . .
§ 06 . . female 2
o Ago « female 1
® . : *
04 x :
. » x ; ?
O 2 age v. x ¢ L
! ® e mn.geg®ai¥
0 b I
0.0001 0.01 1 100 10000
Plasma dilutions (ng/ml)
Fig. 5.6: Troubleshooting the CEAVTG-ELISA. Binding curves of serial dilutions of plasma

samples from mature females and a mature unexposed male (control) with the catfish
vitellogenin (¢-VTG) standard curve. The dilution of the mature unexposed male should
have been represented on the upper x-avis. This procedure was repeated with numerous
males but the results shown here are the average results from all the experiments.  This

indicates that all the males are estrogenised or the ELISA is not specific for catfish VTG,
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544 Discussion and conclusion

These screening assays determine contamination by pollutants that act through specific modes of
action. In the South African scenario this battery of assays allows an approach to EDC pollution
that is efficient and cost effective. It provides a platform to identify samples of interest and to
provide basic information for further analysis and risk assessment, There is yet no final outcome
on the cf-VTG-ELISA.
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CHAPTER 6
BIO-ANALYSIS OF DIOXIN AND DIOXIN-LIKE PCBS
R Picters

School of Environmental Sciences and Development, North-West University (Potchefstroom
Campus), Potchefstroom

6.1 Introduction
The rat hepatoma cell line H41IE (Villeneuve et al., 1999) is a reporter gene assay available in South

Africa as a bio-assay to assess dioxin and dioxin-like PCBs.

6.2 Materials and methods

6.2.1 Choice of environmental matrix to be analysed

Aquatic sediments serve as a sink for a number of contaminants and provide an integrative
measure of exposure to the aquatic ecosystem.  Sediment may contain mixtures of biologically
active compounds acting through different mechanisms. Bottom-dwelling animals are directly
exposed to these chemicals and through them these pollutants may enter the aquatic food chains.
In addition, contaminants in sediments can directly affect micro- and meiobenthic communities
(Hilscherova et al., 2002).

6.2.2 Chemical extraction

Composite sediment samples were collected from D1, channel, viei and D2 at two-monthly
intervals and stored in pre-cleaned glass vials. The samples were protected from UV degradation
and stored and transported at 4 “°C. All apparatus and instruments, with which the samples came
into contact, were washed with phosphate free soap, rinsed with double deionised water and thrice
with high grade acetone and hexane. The acetone removed any polar organic compounds and
hexane the non-polar organic compounds in order to exclude external contamination of the

sumples,

The samples were freeze-dried and manually grinded in a pre-cleaned mortar and pestle before
being sieved (0.5Smm mesh size) to obtain homogenous samples. 40g of each sample was mixed
with the same volume of anhydrous sodium sulphate (to remove any trace of water) before loaded
onto a Soxhlet extraction apparatus for a minimum period of 16 hours. 400ml. HPLC grade
hexane was used as the solvent (US EPA, 1996). After allowing the extract to cool, it was
concentrated to 20ml. in a rotary evaporator. 10ml. was further concentrated under a gentle
stream of high purity nitrogen gas to ImL. This will be referred to as the raw extract. The
remaining 10mL of extract was treated with concentrated sulphuric acid to remove any traces of
polycyclic aromatic hydrocarbons (PAHs), which are known ligands of the Ah-receptor
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(Hilscherova et al,, 2001). Therefore, the raw extracts would still contain PAHs, PCDD/Fs and
PCBs, whereas the acid treated extracts, should contain only PCDD/Fs and PCBs, if present. An
equal volume of sulphuric acid was added to the extract and mixed gently, venting often, while the
phases were allowed to separate. The acid phase was discarded and the process repeated until the
acid phase was clear. The extract was subsequently concentrated to Iml. under nitrogen stream.
Both the raw and acid treated extracts were stored at 4°C in amber gas chromatography vials umtil

the bio-assay commenced.

6.2.3 Bio-assay

The HAlIE-/uc cells were grown at 37°C in an incubator: 595% CO.air, >90% humidity in
Dulbecco’s Modified Eagle’s medium (with sodium bicarbonate, but without phenol red)
supplemented with 10% fetal bovine serum (Whyte et al., 2004). For the assay, cells were plated
into 96-well micro plates (optical bottoms with opaque white walls) at a concentration of 50 000
cells'well on day one (adapted from Whyte and Tillitt, 2004). Endogenous hormones in the fetal
bovine serum and growth medium were removed using dextran coated charcoal. Cells were only
transferred to the inner 60 wells and the outer wells were filled with phosphate buffered saline to

create a micro-climate of homogenous humidity across the plates

After an incubation period of 24 hours, the cells were exposed to either the raw or acid treated
extracts, the solvent control hexane or the standard: 2.3.7 8-tetrachloro dibenzo-p-dioxin (TCDD).
To determine a dose-response relationship, cells were exposed to six different concentrations of
the extracts (2.5l of a specific dilution/well) (Masunaga et al., 2002). Every alternating plate was
dosed with a series of TCDD ranging from 0.5 - 120pg TCDD/well. After 72 hours of exposure,
the luciferase activity was measured. Before measurement, confluent cells were examined
microscopically to check for possible cytotoxicity or microbial/fungal comtamination. Culture
medium was removed, the cells were washed with phosphate butfered saline, and incubated for 10
min with LucLite™ (Perkin Elmer, Johannesburg) reagent at 37°C. Luciferase activity was
measured as luminescence with a microplate-scanning luminometer (Microplate Fluorescence

Reader FLX 800, Bio-T'ek Instruments) (Hilscherova et al, 2001).

624 Data analysis

I'he response of the cells was registered as relative light units (Hilscherova et al.. 2002). The
response from the cells exposed to the solvent control was subtracted from the responses of the
extracts or TCDD responses. Sample responses were converted to a percentage of the maximum
response observed for the TCDD standard (TCDD,,,.) and plotted as a function of log ul sample.
Regression equations were derived for the linear portion of each dose-response curve. 2,3.7 8-

TCDD equivalents (TCDD-EQs), based on bio-assay results were then calculated from the amount
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of sample producing a response equivalent to 20% of the maximal response (ECy) produced by
the standard (TCDD) (Hilscherova et al., 2001). The ECy was selected because of the low
concentrations present in the samples.

6.3 Results

Over the entire period of investigation, 54 samples were exposed in the bio-assay. All of them, except
one (Table 6.1), showed no response, thereby implying that the cells could not detect any measurable
quantities of Ah-ligands in the extracts. However, many of the undiluted extracts were cytotoxic,
which could be masking positive responses from the cells. The minimum detectable quantity (MDQ)
quantified with H411E was 0.2pg TEQ/g sediment (dry weight). The highest %1TCDD,,,, measured
was 24.4% in the channel July 2005.

Table 6.1: Summary of responses prepared from the sites at different intervals.

Dam 1 Channel Viei Dam 2
Sampling Raw Acid Raw Acid Raw Acid Raw Acid
dates extract treated | extract . treated | extract | treated | extract | treated
Sep0d | x [x oL [BDL [x|x X x
Nov 4 X X BDL BDL X X X X
“Jan 05 x  Ix BDL | BDL |x x - .
Mar 05 X X BDL BDL X X - -
é May 05 X I BDL % BDL X X BDL BDL
! Jul 05 X X BDL | BDL 24.4% BDL - |-
Oct 05 X X BDL  BDL BDL BDL X x
Jan 06 - - . - X X X X

-2 no samples; x: cytotoxicity, BDL: below detection limit of the assay

6.4 Discussion

The cytotoxicity, which is so evidenmt in Table 5.1, may be ascribed to sulphur in the sediment
(Hilcherova et al,, 2000). The first dilutions were cither slightly cytotoxic or not at all and if there
were measurable quantities of dioxin-like chemicals present in the extract, but masked by the
cytotoxicity in the undiluted extract, their presence would have been evident in the first dilutions,
which they were not. A good example to illustrate this condition is the sample collected at Viei during
May 2005 (Figure 6.1). The extract clicited a very low response (3.5%) from the cells. The first
dilution however showed some response (10.6%), but still lower than the detection limit of the
method. The shape of the graph is typical that of cyviotoxicity at high concentrations of the sample.
Cytotoxicity is usually detected by microscopic inspection of the 96 well microplate before the
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The same sample that was treated with sulphuric acid showed no response at all.  The cells probably
responded to the PAH's present in the raw extract. Certain PAHs may act as agonists or antagonists
for the oestrogen receptor, producing "feminising” of “"masculinising” effects (Walker 2001),
Aromatic hydrocarbons often consist of several fused benzene rings. As with PCDI/Fs and the planar
PCBs, the largest release of PAHs is due to the incomplete combustion of organic compounds during
the course of industrial processes and other human activities. Important sources include the
combustion of coal, crude oil and natural gas for both industrial and domestic purposes, the use of
such materials in industrial processes (e.g. the smelting of iron ore), the operation of the internal
combustion engine and the combustion of refuse (Walker, 2001).

Because of the fusion of adjacent rings, PAHs tend to have rigid planar structures and as with
PCDD/Fs and PCBs, they are of low water solubility and marked lipophilicity, and have high Ko,
values. Because they have no functional groups, they are chemically rather unreactive. They can
however, be oxidised both in the natural environment and biochemically. Photodecomposition can
occur in air and sunlight 10 yield oxidative products. Nitrogen oxides and nitric acid can convent
PAHs into nitro derivatives, and sulphuric acids can produce sulphanilic and sulphonic acids (Walker,
2001).

6.5  Conclusion

Although PCDD/Fs and planar PCBs are known endocrine disruptors, congeners of these groups of
POPs do not seem to have been present in the sediment of the sites that were under investigation. In
the event of cytotoxicity, the presence of dioxin-like chemicals was masked. However, the first
dilutions of all of these samples were not cytotoxic and they too did not show any response at all,
implying that there were no dioxin-like compounds present in the sediment.

The only sample that showed any indication of eliciting a response from the cells, was one that still
contained the PAHs (Viei July 2005). This response too was very limited. If endocrine disruptive
tendencies were 1o be present in the biota that was collected at the same time, it would not be likely

because of the presence of dioxin-like compounds.




CHAFPTER 7
SENTINEL SPECIES AS BIOMARKERS OF EDC EXPOSURE

Various species were evaluated as possible biosentinels of environmental pollution.

7.1 The sharptooth catfish (clarias gariepinus)
Barnhoom IEJ', Kruger T, Bornman MS', van Vuren JH)
Department of Urology, University of Pretoria’; Department of Zoology, University of Johannesburg’.

7.1.1 Introduction
This fish species was selected because a lot of scientific information is available on the species,
including research data collected at the Urban Nature Reserve (UNR).

713 Material and Methods

7.1.2.1 Sampling of Clarias gariepinus

Ten male sharptooth catfish were each collected during 2 low-flow (September 2004 and
2005) and 2 high-flow periods (January 2005 and 2006) from Dam 1 (D1) and Dam 2 (D2)
dams situated in the UNR (n=80). The mean mass and length of cach fish was recorded.
Blood was taken from the caudal aorta, using ice-cold vacutainers with EDTA additive and
Aprotinin (protease inhibitor) as well as in vacutainers without additive. The samples were
kept on ice until centrifuged at 1300 g for 1 Sminutes (min.) using a Mistral 3000i centrifuge.
Plasma and serum samples were then stored at -20°C for vitellogenin (refer to Chapter 5.2)
and 11-ketotestosterone (11-KT) analyses respectively.

Fish were sacrificed and the external sex determined by evaluating the sexual papilla and then
grouped into Male (M) or Intersex (1) (Bamhoom et al., 2004). Afier laparotomy, the gonads
were inspected macroscopically and the fish again allocated to male/intersex.

Gonads were removed, weighed and part of cach gonad fixed in Bouins solution. The length
and width of the papilla were measured, then removed and placed in 10% buffered neutral
formalin (BNF) (Culling, 1974). Afier dehydration in graded cthanol and embedding in
paraffin wax, sections (5 um) were cut and stained with hematoxylin and cosin. The slides
were histologically examined (Fig. 7.1) using light microscopy and a range of magnifications
(20 * 10 100 *) (Barmmhoom et al., 2004).

The gonado-somatic index (GSI) was calculated according to the equation: gonadal
weight/(body weight-gonadal weight) * 100 (van Aerle et al.,, 2001). The urogenital papilla
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length index (UGPLI) was also calculated and it represents the UGP length as a percentage of

the total body length (Kirby et al., 2002) (Table 7.3)

7.1.2.2 Determination of selected EDCs in fish fat

Available abdominal fat of each fish was removed, wrapped in foil, placed in plastic bags and
kept at =20°C until target analyses was done (Table 7.5). The samples were analysed using
standard methods in the Residue Laboratory, Onderstepoort, RNON: 057 and GCMS: 008. The
alkylphenols (APs) octylphenol (OcP) and p-nonylphenol (p-NP) were extracted from fat
samples with acetonitrile and sample clean up is performed on a florisil cartridge followed by a
further clean up on a CI8 cartridge. Analytes were cluted with methanol from CI8 and
quantification is accomplished via fortified calibration curve. The alkylphenols were detected
using fluorescence detection at a quantification limit of 0.05mg’kg. OCs in fat samples
(Chapter 4.2.2) was extracted and clean up was performed on a C18 cartridge followed by
florisil solid phase extraction (SPE). The analytes were eluted with petroleum cther—dicthyl
ether. Aldrin was used as an intemal standard and quantification was done via fortified
calibration curve The organochhlorine pesticides (OCs) were  detected  using
gaschromatography (GC) coupled to a quadrupole mass spectrometry (MS) detector at a

detection limit of 0.010 mg'kg

7.1.2.3 Catfish 11-KT analysis
The androgen 11-KT was measured using a steroid radioimmunoassay (RIA) as previously
describe by Schulz et al. (1996) at the laboratory of Dr RW Schilz, University of Utrecht, The

Netherlands (Table 7.6)

7.1.2.4 Water and sediment sampling
Water and sediment samples were also collected and analyzed. For results, refer 10 Chapter 4,

Table 4.3.

7.1.2.5 Statistical calculations
For the purpose of this study differences in selected groups of samples were calculated using

the Microsoft software package Excell.

) Results

1.3.1 Sex determination
Fish were sexed according to the external genital papilla, macroscopically after laparotomy
and microscopically, The findings were summanzed in table 7.1 and the findings and

suggested a multisystem approach, which includes the use of papilla, laparotomy and histology
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in comparison to do sex determination in sharptooth catfish. Table 7.2 summarizes the number
of fish with one or more features of intersex (UGP, macro- or microscopic) during the different
seasons and the individual dams. There was no significant difference between the low- and
high-flow seasons (18 vs 20), but more fish with intersex features were collected from D1 (24
(63.2%) vs 14 (36.8%)). 28.9% of sharptooth catfish from D1 and D2 were intersex fish
(Table 7.2).

Table 7.1: Comparison of external phenotypic sexual characteristic findings (papilla) and

at laparotomy.
| Locality Ll)-- 1 Dam 2
Sex , External | Macroscopic Microscopic External | Macroscopic Microscopic
allocation | (papilla) | (laparotomy) (histology) (papilla) | (laparotomy) (histology)
Male 36 37 34 35 40 35
- Uncertain 7 3 0 3 | 1 0
Tintesex 9 |12 8 7 4 10
Total 52 52 2 45 4 48

Table 7.2: Total of intersex features in fish collected in the study.

—_—

Low-flow season lligb_-ﬁowms;n
I Firt | Second [ Toal | Fimst Second Total ‘]
Dam | 7 '3 1 4 10 14 |
Dam 2 1 7 8 1 E 0
Total 18 |20

7.1.3.2 Gonadal development

The mean (£ SD) GSI of male fish from D2 and D1 ranged between 0.104 £ 0.07 and 0.5 £
0.32 respectively (Table 7.3). There were no significant differences between of the fish
collected at D2 or DI. The GSI in the intersex fish from D2 were not significantly different
from the GSI of males in D2 and DI,

7.1.3.3 Gonadal histology

The histology of the male testes of catfish from the 1D and D2 showed normal testicular
development (Fig. 7.1a,b). The tubules contained spermatids, with no indication of primary
oocytes. Histological evaluation of the male gonadal slides indicated intersex in several of the
fish. Intersex was observed as primary oocyies scattered between the testicular tissue (Fig.
7.1cd). Although some of the testes seemed morphological normal, histological valuations
identified the presence of primary oocytes scattered among the testicular tissue (Fig. 7.1d).
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Table 7.3: Mean- weight = SD, length = SD, GSI = SD of sexed fish from both dams and

the mean GSI £ SD of all intersex fish (SD, standard deviation).

Survey T Mean weight = SD | Mean length + SD | Mean GSI=SD | Mcan Interses |
®) (em) (%) GSI4SD

D1 (Sep 2004) low | 3421 + 198] [70+13 6195+ 0.100

D1 (Jan 2005) high | 2562 + 1092 7247 t(. 5000320 | Dl 20
D1 (Sep 20085) low 4000 + 2603 7711 | 0.560 + 0 :n_" o 349 = 0.(49
D1 (Jan 2006) high | 2566 + 1020 7149 0.300 + 0.190

D2 (Sep 2004) low | 3836 + 1942 74+ 13 lum.lum?u

D2 (Jan 2008) high | 3490 + | 518 76+ K 0.327 < 0.070 D2:n=9

D2 (Sep 2005) low | 2283 + 1291 [627+ & [0.170 + 0.163 0.281 + 0.074
D2 (Jan 2006) high | 4100 1 1599 76+ 12 0.661 + 0990

Intersex histology

Fig. 7.1: Transverse section through the normal male (A & B) and intersex testes (C, D & E) of
mature and maturing catfish. Showing normal testicular organization as well as intersex gonads
with primary eocytes (PO) scattered through the testicular tissue (TT) |S, spermatids: i.

interstitial tissue: scale bar 200um. 10x magnification; scale bar S0um. 100= magnification].
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7.1.3.4 Urogenital papilla length index (UGPLI)
The mean (£ SD) UGPI of the male fish from D2 and D1 ranged between 1.830 £ 0.5 and
2.481 £ 0.357 respectively (Table 7.4), which was not significant. The UGPLI in the intersex

fish from D2 were not significantly different from the UGPLI of males in D2 and DI,

Table 7.4: Mean weight £ SD, length &+ SD, UGPLI £ SD of sexed fish from both dams and the
mean UGPLI £ SD of all intersex fish (SD, standard deviation).

" Survey Mean weight = SD | Mean length = SD | Mean UGPLL  Mean  lntersex
(® (cm) + 8D (%) UGPLI + SD

DI (Sep 2004) low | 3421 + 1981 70413 183020500  DI=15

D1 (Jan 2005) high | 2562 + 1092 2%7 2,127 £0.205 1.959  0.095
"D (Sep 2005) low | 4000 + 2603 77+ 11 247320293

D1 (Jan 2006) high | 2566 + 1020 7149 2.008 £ 0.249

D2 (Sep 2004) low | 3836 & 1942 74213 2113 0.491 D2 n=7

D2 (Jan 2005) high | 3490 & 1518 76+ 8 2481 = 0357 2.144 £ 0.187

D2 (Sep 2005) low | 2283 £ 1291 628 2.079 = 0.395
D2 (Jan 2006) high | 41001599 | 76=12 2.126 = 0.358

7.1.3.5 Fish fat EDC levels

The mean fish fat levels (mean £ SD) of the different EDCs from both dams during the four
surveys are indicated in table 7.5. Lindane, aldrin, op-DDT, pp-DDT, pp-DDD, op'-
DDE, p.p -DDE, PCB153 and OcP and p-NP residues occured almost equally at the two dams
at high levels.

7.1.3.6 11-Ketotestorone values in feral catfish plasma
The 11-KT values are summarized in Table 7.6. The concentrations in male fish from DI
ranged 4.62 + 4.7 to 13,79 £ 6.71 while the values were between 2.45 = 0.602 and 11,447

222

-

in males of D2. No significant differences were found between 11-KT in males and
intersex fish from both dams.
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Fable 7.5:
two low- and high-flow seasons in D1 and D2.

Farget EDC D1 (Sep 2004) low DI (Jan 2005) high

| "‘!".'H:'_"l_' 145 61 RS 03 3374+ 1R
Aldrin (ug'kg) 24.11 28.76

) 4-DDE (ug'kg) 19 34 T 56

§ 4-DDE (pg/'kg) 548.04 = 369.07

24-DDD (ug'ke

$ 4-DDD (ug'kg) 9338 = 43 s |

op-DDT (up'ke) 213.61 £ 143.8]

pp-DDT (ng'kg) 133.8 19.02

PCB1S3 (ug/kg) 6583 =358 14.17 = 4.42
Octylphenol (ug/kg) 121.27 = 122,16 87.48 6.17
Nony Iphenol (pug/k 8008 21810 157.50

lTarget EIX D2 (Sep 2004) low D2 (Jan 2005) high

Lindane (ug/kg) 48.71 = 2.9 9921 = 51.69
Aldrin (ug/’kg) 1462+11.78
p -DDE (ug/'k 243 +£09 26.15+ 1023
p.p -DDE (ug/kg) 355.14 + 412,02 660.10 + 835,52

y-DDD (pg/kg) 13.82
p.p l)l)l)lng ke) ";:2 71 +94] 160 05 §9 29
p-DDT (ug'kg) 168.63 + 25.59 101.3 50.10
pp -DDT (ug/kg) 186.17 £ 40.76 13543 £ 84 80
PCBISS (ue'kg) o 6778 + 38.17
Octy pheno ug k:;. 19 50 57 63 68 LS 6
'\-"1\ phenol (pp/keg) 9824 = 127.20 2631 £ 134,47
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The average levels (£ SD) of selected target EDCs in C. gariepinus fat,

D1 (Oct 2005) low

N B4 I 9
096 74 .42
7 70 1 53
0.3 7.36
1293 + 18.69

1664 L 27.56

D2 (Oct 2005) low

) 91

e 25.48

6,34 -39
1133 Hy
8 | 063

sampled over

D1 (Jan 2006) high

11188 + §5.45

S8 iR 45
4 56=43 37
1440.5| = 682 .87

D2 (Jan 2006) high

A,: T2+5KR10




Table 7.6: The mean = SD 11-ketotestosterone (11-KT) values
measured in fish from D1 and D2 over both the high-flow and |

ow-flow scasons.

11-KT (mg/ml)

DI Sep 2004 8591897
D1 Jan 2005 745+ 742 —
DISep2006 1379467
D1 Jan 2006 46247
D2 Sep 2004 asszsar |
D2 Jan 2005 1069+ 1.78 |
D2 Sep 2005 25540602 |
D2 Jan 2006 114472222

7.14 Discussion

Fish are generally considered the most reliable organism for monitoring pollution in aquatic
environments (Heath, 1995). This study confirmed the findings of Barnhoorn et al. (2004) that the
external sexual papilla of the sharptooth catfish as a single parameter is not fully reliable to sex
fish. On the other hand, if one relies only on histology, it may still be possible 1o fail to see
testicular oocytes present, because of where the sample was taken from the gonad. Therefore,
careful macroscopic inspection of the gonad for female feature is crucial as it may add to the
sensitivity of sexing sharptooth catfish. Therefore it was concluded that a multisystem approach
(MSA) will be used to sex fish in future studies. The MSA in sharptooth catfish includes the use
of the urogenital papilla in association with laparotomy (macroscopic evaluation) and histology

(microscopic evaluation).

Studies by Kirby et al. (2002), Brion et al. (2004) and Robinson et al. (2004) indicated that certain
secondary sexual characteristics of fish such as male nuptial colouration or urogenital papilla
development, are hormonally controlled. A number of these morphological charactenistics are
specific only to males and include breeding tubercles (occur in many cyprinid fish), fat pad (in
mature male fathead minnows), and a modified anal fin (gonopodium in the mosquitofish and
guppy) (Brion et al, 2004). These all develop as the male fish becomes sexually mature
(Robinson et al., 2004). In medaka, the shape of the urogenital papilla is a female-specific sexual
characteristic, which is probably under control of estrogens from the ovary (Brion et al., 2004).
Specimens can be sexed by examining the sexually dimorphic urogenital papilla (Kirby et al,
2002). Robinson et al. (2004) found that secondary sexual characteristics of fish could be

109



manipulated through exposure to pollutants and therefore exposure of fish to estrogenic chemicals
can lead to a disturbance (feminization) of these secondary sexual characteristics. This also

applies to the sharptooth catfish as demonstrated above

This study also confirmed the presence of intersex in sharptooth catfish (Bamhoorn et al., 2004).
Ihe histology from catfish showed typical testicular cells in males and typical ovarian cells in
females (Steyn, 1984; de Graaf and Janssen, 1996), whereas the histology of intersex fish showed
cells from both sexes in one individual (Barmhoomrn et al,, 2004). The occurrence of intersex has
been reported in several fresh water and marine fish species from around the globe. In UK Rivers
it has been reported in wild roach, Rutilus ruwtilus, (Jobling et al, 1998) and the gudgeon, Gobio
gobio (Van Aerle et al, 2001), the three spined stickleback, Gasrerosteus acuwleatus, from
Northeastern Germany (Gercken and Sordyl, 2002), the barbel, Barbus plejebus, Italy (Vigano et
al., 2001) and in the shovelnose sturgeon, Scaphirfnynchus platyorynchus, USA (Harshbarger et al,,

2000)

However, the GSI data from table 7.2 showed that the mean GSI values of the intersex fish were in
a much closer range to male GSI values than that of the female GSI values. This suggested that
the intersex fish could have been a result from the feminization of male sharptooth catfish. The
same tendency was noted by van Aerle et al. (2001) in Gobio gobio collected from the UK,
downstream of receiving high-volume sewage treatment work effluent. Water in the UNR
receives effluent from industries, agncultural activities, informal settlements and municipal
treatment plants, Although the exact causation of intersex in fish worldwide is not known, most of
the intersex fish have been caught in water near or receiving sewage treated effluent. Exposure to
estrogens (Hunter et al., 1983) or estrogen mimicking chemicals (Gimeno et al., 1996) during

sexual maturation has been shown to induce sex reversal and/or intersexuality.

Fish fat contained various concentrations of lindane, aldrin, 0.p-DDT, p.p-DDT, pp-DDD, a.p -
DDE, p.p'-DDE, PCB153 and OcP and p-NP residues. In the water samples (Chapter 4) a-BHC,
lindane, heptachlor epoxide, methoxychlor, p.p-DDT, pp-DDD, pp-DDE, p-NP, OcP were
present, while the sediment contained 4,4°-DDD and p-NP.  Especially lindane. DDT and
metabolites, as well as the alkylphenols seemed to have bio-accumulated in the fat tissue. PCB153
was not detected in water or sediment samples, but bio-accumulated in the fish. Therefore, bio-
accumulated compounds in fat tissue might more closely reflect the history of chemical exposures
of fish and pollutants demonstrated to be present in a water system that might not have been

possible even with regular samplings as in this study.

110




Aldrin and dieldrin are insecticides with similar chemical structures and aldrin quickly breaks
down to dieldrin in the body and environment. These chemicals are used on com and cotton, but
the EPA banned all uses of aldrin and dieldrin in 1974, except for termites and then for all use in
1987. They bioaccumulate in fat and decreased fertility was reported from some studies. The
findings included decreased sperm count, degeneration of germ cells, decreased weights of
seminal vesicles and prostate and coagulating glands, decreased seminiferous tubule diameter,
decreased plasma and testicular testosterone, decreased prostatic fructose content and acid
phosphatase activity, and decreased LH and FSH. /n vitro studies using rat prostate tissue have
shown that dieldrin blocks binding of the androgen dihydrotestosterone (DHT) (ASTDR, 2002).
The drinking water limit of the EPA is 0.001 and 0.002mg/L.

Although all the EDCs were detected in the fish, it is important to note that these levels were not
the cause of intersex in fish per sé. Intersex is a condition that has it onset at embryogenesis
assuming the organism has been exposed to EDCs at that time. It is also important to note that
most fish are gonochoristic (separate sexes), but the process of sex determination may be
influenced by environmental conditions such as photoperiod, temperature, pH, nutrient and social
interactions (Uguz et al., 2003; Hurley et al., 2004). These will affect the number of males and
females and, therefore, skew the sex ratio in an environment. For example, increased temperature
during carly embryonic development in one species may increase the male population while in
another species higher temperatures will favour female individuals (Baroiller and D'Cotta, 2001).
Intersex on the other hand, is the development of testicular oocytes in a gonad (Gray and Metcalf,
1997; Metcalfe et al,, 2001) as a result of exposure 1o an exogenous steroid during embryonic
development of fish (Jobling and Sumpter, 1993). Xenogenous compounds include EDCs such as
alkylphenols, DDT and derivatives and others (Jobling et al., 1998).

Aquatic organisms may accumulate persistent environmental toxicants through bioconcentration
(via gills and skin), ingestion through intake of suspended particles and biomagnification, when
consuming contaminated food. Biomagnification of persistent environmental toxicants enhances
the distribution of chemicals throughout the food chain (van der Oost et al,, 2003). Higher trophic
organisms of the food chain, such as humans and fish eating birds, are more exposed 1o toxic
chemicals by consuming contaminated fish. Catfish is an important source of protein in Africa
cither as a needed food source for the poor or a delicacy for the affluent. The detected levels of
persistent environmental toxicants in catfish tissues not only indicated water pollution but may

also be a waming signal of exposure and possible effects on higher trophic consumers in the food
chain,




After HIV/AIDS, malaria, a mosquito-borne disease is the second leading cause of deaths in
Africa (Seavy. 2002). Dichlorodiphenyltrichloroethane (DDT) has been the most successful
pesticide in controlling the malaria vectors, but research has shown that DDT and its metabolites
p.p -1, 1-dichloro-2,2-bis(4-chlorophenyljethylene  (pp -DDE) and |, I-dichloro-2 2-bis(4-
chlorophenyl)ethane (DDD) result in adverse effects in humans and wildlife (Turusov et al,, 2002).
p.p-DDE is a lipid soluble organochlorine contaminant and readily bioaccumulates in famy tissue,
p.p-DDE is an anti-androgen inducing anti-androgenic developmental effects (Kelee et al,, 1997)
DDT has been used as a pesticide for malaria control and for agricultural purposes during the
1950"s and 60°s in South Afnica. In 1976 it was banned for agricultural use but remained in use as
pesticide for control malaria. In 1996/7 DDT was replaced by pyrethroids to ensure malaria
control but DDT spraying was reintroduced in certain malaria stricken arcas due to the resistance
of the vector mosquito to pyrethroids (Bouwman, 2000). Once released in the environment, DDT
can persist as long as 15 years or breakdown to the main metabolites DDE and DDD. The
presence of p.p-DDE in fish tissue may not only be a result of agricultural use of DDT in the
carlier years, but also through the atmosphere as a result of volatilization (from soil and water) and
deposition (ASTDR, 2002). However, the presence of the o,p -DDT 1s a reason for concemn as it

indicated recent exposure and the possible use of DDT upstream from DI,

PCBs are industrial chemicals used as stabilisers in paints and adhesives, lubricants and coolants
in transformers as well as insulating materials in electrical transformers. PCBs include 209
individual congeners with different chemical configurations in commercial products (Solomon et
al., 2001). The manufacturing of these hazardous congeners was terminated by the USA in the
1970s but in South Africa, PCBs are still manufactured and have numerous purposes in the steel
industry and agriculture. Various concentrations of PCBs were found in a study of South African
water in the Kruger National Park, Northwest Province and Gauteng (De Jager et al., 2002). PCBs
were also found in fish ussue from the Isipingo estuary in KwaZulu-Natal in a study done by
Grobler et al. (1996). The UNR partly receives effluents from industries in the upper catchment
area and to the surprise of the authors none of the PCB congeners analysed for, were present in
fish ussues. However, (Bamhoom et al., 2004) reported PCBs in water and sediment samples
collected in the Reserve at the same time. The possibility also remains that PCB levels may be

below the detection limits of the analyvtical method.

From a confirmed list of suspected EDCs, it is clear that most laboratory studies were done on
alkylphenols, which includes p-nonylphenol (p-NP) (Pait and Nelson, 2002). p-NP is a microbial
breakdown product of nonylphenol polycthoxylates, industrial chemicals widely used in

detergents, cosmetics, paints, herbicides (Ying et al, 2002). Although p-NP is generally

considered an industrial chemical, significant levels were reported in effluents from municipal




sewage treatment plants (Sekela et al., 1999). p-NP is lipophilic and, therefore, bio-accumulate in
fat of humans and animals and consequently have a more persistent effect than natural estrogens
(Tapicro et al., 2002).

7.1.5 Conclusions

Numerous scientists used fish as a model system to evaluate pollution in the aquatic environment,
such as metals and persistent organic pollutants (Heath, 1995; Kime, 1999; Heath and Claassen,
1999; van der Oost et al, 2003). One of the most important findings was that male fish are
adversely affected by environmental estrogens and can serve as animal models for studying
estrogenic activity (Kime, 1999). The use of the papilla as a tool to allocate the presence of
intersex in fish is not sensitive enough. Histological investigations confirmed intersex in fish after
the evaluation for intersex according to the papilla and macroscopic evaluation. Intersex might be
as a result of EDC exposure of the fish in D1 and D2.

7.2 African clawed frog, Xenopus laevis

du Preez L

School of Environmental Sciences and Development, North-West University (Potchefstroom
Campus), Potchefstroom

72.1 Introduction

Considerable interest and controversy has recently surrounded the issue of potential endocrine
disrupter effects of pollutants on development and reproduction in amphibians (Clark et al., 1999).
Agricultural chemicals, particularly in habitats adjacent to application have been suggested as one
of multiple causes for declines in populations of frogs that have occurred in several areas since the
1960s (Houlahan et al., 2000). In partucular, concern has been raised about the widely used
broadleaf herbicide, atrazine (6-chloro-4-ethy lamino-6-isopropyl-amino-s-triazine) (Hayes et al.,
2002a; Hayes et al,, 2002b; Hayes et al., 2002¢; Kiesecker, 2002; Reeder et al., 1998). The great
majority of studies on the effect of EDCs on amphibians use the African Clawed Frog (Xenopus
laevis) as test animal. Apart from the mouse and the chick, the clawed frog is probably the best
studied laboratory animal. One of the reasons why X" /aevis is so popular for contaminant studies
is because the frog is a true aquatic frog and thus permanently exposed to potentially harmful
chemicals in the water. In South Africa we have the unique opportunity to study this animal in its

natural environment as this is a true African frog and it is found in most fresh water bodies in
South Africa (Du Precz, 1996).




1 o Materials and Methods

Test animal

Afncan Clawed Frog. Xemopus laevis. Permits for collection were obtained from Gauteng
Nature Conservation

7.2.2.2 Sample sizes

The aim was to collect male frogs from each of two sites within the UNR (D1 and D2) and 20
from a control site on a game farm near Potchefstroom. When difficulties were encountered to
meet the target number, additional sites were monitored

7.2.2.3 Collecting method

Funnel traps (modified L. buckets) were used for collecting X /aevis. Ten bated traps (Figure

7.3) were placed out at six sites at the UNR, indicated as sites A = F on Figure 7.2, Site E was

not in the main water system, but a drinking hole in a small stream feeding into the main stream,

T
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Fig. 7.2: Sampling sites in an around the UNR.
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Fig. 7.3: Trap baited with ox-liver.
I'raps were left for a period of 48 hours, for a total of 2400 cumulated trap hours. Collected
animals were transported live to the laboratory of the African Amphibian Conservation

Research Group at the North-West University in Potchefstroom,

1224 Processing of material

Frogs were observed for external anomalies including skin lesions and limb deformities
Frogs were anaesthetised in MS222 and a blood sample taken through cardiac puncture for
possible future analyses. Frogs were weighed and dissected open to expose the gonads.
Gonads were examined and photographed using a Nikon Coolpix 995 digital camera
mounted on a Nikon SMZ 1500 dissecting microscope. Testes were measured, weighed
and fixed in Bouin's fixative for histological examination. Frog carcasses were labelled
and frozen for further investigation. All specimens were processed and histologically
sectioned. The preserved tissues were dehydrated in graded alcohols, embedded in
paraffin-wax; serially sectioned at 6 um, routinely stained with Meyer hematoxylin and
cosin and permanently mounted. All sections (ca. 630) were examined with the aid of a

Nikon ES00 compound microscope.

3 Results

7.2.3.1 Frogs collected
After considerable effort during three trapping events only 7 male and 13 females were
collected. Of these 20 frogs, only 9 (2M & 7F) were collected in the main stream,
whereas the remaining 11 (6M & 5 F) were collected in Site E (Tables 7.7 & 7.8). In
the reference site, a total of 99 frogs (41M & 58F) were collected. All but two of the

Xenopus collected in the main stream were collected at Locality A, a well vegetated
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Fable 7.7: Morphometric details of female frogs collected.

Locality Frog 1D Frog weight
\ | D2 -‘3,7'
I)“ y
D) (
", 439
D27 7
B D2 6.8
B D21 T 622
i )2 47 ¢
)2 | | ]
2| 21.4
2 1 ’1 4
2| 4
)2 19 | 256

Table 7.8: Morphometric details of male frogs collected.

Locality Frog ID Weight Testis Length Testis Width Testis Weight GS1
\ D24 16.2 7.5 2.7 0.020 21
6.5 22 0014
D28 89 6.3 13 0.002 045
6.0 3 0.002
E D29 66.0 82 133 0032 T 0.080
84 - 0.021
D212 5K ¢ 0.5 4.4 0.088 T 0.24
) | Ux | 3 S 1 U "':’7’ |
D214 6.9 8 0.036 6
80 29 0.034 | ]
D218 63 $9 8 0.006 0103 |
o 158 18 0.006 -
T):_‘ 12 \\ - 40 T 0.039 [ ~_~

88 19 0 073




1 232 Male-Female ratios and Gonado-Somatic Index (GSI

In the Main Stream, only 20% of the frogs collected were male, whereas 55% of the

n the Reference Site, 42% of the irogs c« llected

frogs collected at Site £ were male, |
were male (Figure 7.4). The male GSI varied from 0.13 for both the Main Stream and

the Reference Site while the GSI for site E was slightly higher at 0.17 (Figure 7.5)

| SRS
L) Femaw |
BC
- ‘ ;
L B0
o
S
-~ 40 =
Main stream Site | Naschem
Fig. 7.4: Male-Female ratio as observed in the Main Stream, Site E and
the Reference site.
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Fig. 7.5: Male gonado-somatic index as observed at the three sites.




general. all the frogs collected were rood condinon. No deformines such as extrz
missing hmbs were observed. Fart bodies were swollen and bright vellow (Figure 7.6)

ndicating a bhealthy condimion. No gross gonadal anomalies were observed in any of the
e or female frogs from the UNR, but 3.5%; of the frogs from the reference site had

detforminies in the form of discontinued or uneven size testes. The state of development of

ovanes vared from resting ovanes 1o ovaries charged with fully developed oocytes (Figure

( D

Fig. 7.6: Well developed testes (AL B). resting ovary (C) and a mature ovary (D).

At histological level we did observe regressed testicular oocvtes (Figure ) i two of the

males (40% at that site) collected at Site E. One ammmal had a simgle ooevie while the second

had | 5. None of the animals from the Main Stream had anv testicular oocvies. At the reference

site. | 3% of the ammals had testicular oocvies




Fig. 7.7: Micrographs of a section through testis tissue (A) and a regressed testicular oocyvte (B).

7.2.4 Discussion

All the frogs collected were generally in a good condinon. The difficulty expenienced collecting
Venopus in the main stream at the UNR i1s most likely due to the presence of the predatory catfish
that are, according to the reserve management and anglers, quite common in the system. Although
the frogs appeared to do fine in the UNR system with no gross morphological or testicular
deformities observed. the skewed sex ratio observed in the main stream 1s of concermn.  Although
the sample size 1s 100 small 1o come to a conclusive answer, the ratio of 4 females for each male 1s
abnormal and of concern.  The normal picture for Xenopus 15 a S0-50 ratio = 10%6 (Du Preez ¢t al
2005). 1118 known that pollutants in water can cause demasculimization or complete sex reversal in
frogs (Clark ¢t al, 1999) and is a matter of concern.  Testicular oocytes at a prevalence of around
6" have been reported for XU laevis at impacted and reference sites in the central parts of South
Africa, while no vocytes were reported from any sites in the Western Cape. A possibility could be
that there are genenc differences between X Jaevis from the two regions but this remains 10 be
tested.  All Xenopus stramns used outside South Afnica in Europe and the USA onginated in the

Western Cape and this may explain why no testicular oocvies occur in these frogs

Clawed frogs are widely used as model 1o test the effect of pesticades on amphibians under
controlled laboratory conditions.  This species have been shown to serve as bio-indicator under
natural conditions in South Afnica (Du Preez, et al., 2005), The fact that it is primarily water
hiving and has a very permeable skin, ensures that they get full exposure to potentially harmful
chemicals in the aquatic environment. The present study highlighted the fact that catfish is a
ferocious predator of Afncan Clawed Frogs and this should be taken into account when designing

or repeating a similar study




73 Freshwater snail (bulinus tropicus)

Wolmarans CT, de Kock KN

School of Environmental Sciences and Development, North-West University (Potchefstroom
Campus), Potchefstroom

7.3.1 Introduction

An in loco investigation of the freshwater snail species diversity was conducted in the spring of
2004 in DI, as well as in D2, located in the UNR. The North-West University hosts the National
Snail Collection. From historical data, we have made a summary of the snails that have previously
been collected at the UNR before.

1963
Bulinus tropicus, B depressus, Lymnaea natalensis, L. collumella. Physa acwuta, Cerotaphallus

natalensis, Gyrawlus connollyi, Pysidium sp.

1994
Burnupia sp., Unio caffer

1995

B. ropicus, I'. acuta

From this data it was obvious that the species diversity had declined drastically since 1996. Dam
2, for some reason, never scems to have contained many snails. From this it became apparent that,
even though some specimens of Physa acuta (known as the sewage snail) and Ceratophallus
natalensis were found, only one species, Bulinus tropicus, was found in D2 in sufficient numbers
to justify further investigation. In D1, some specimens of C. natalensis and B. tropicus were
found, while some specimens of Burnupia transvaalensis were found in the connecting stream,

732 Materials and Methods

7.3.2.1 Snail collection

Approximately 200 specimens of B rropicus were sampled with the help of scoop-nets in D2,
and were transported in habitat water 10 the laboratory.

7.3.2.2 Narcotization

The snails were subsequently narcotised for 24 hours in a water solution of chloral hydrate and
menthol according to the Van Eeden method. During this period the snails were left




undisturbed in order for the soft ussue 10 relax completely, so that it can protrude from the

shell. The narcotic 1s then decanted and the snails are fixed

Fixing 1s accomplished by pouring pre-heated (60°C) 4% hexamine-buflered formaldehyde

over the snails. The snails were left in this solution for 24 hours. after which thev were

preserved

7.3.2.4 Preserving

The snails were then finally preserved in 70% ethanol with a final concentration of 5%
glycerol, and then stwored for dissection,  This method of narcotisation, fixing and preserving
was followed because it is the standard working method for snail specimens that has been
applied since the beginning of the National Snail Collection, and still enjoys international
recognition. This method also allowed comparable measurements of the snails exposed to the
conditions in D2, as well as the measurements of the living control snails, to the material

obtained from the National Snail Collection

1.3.2.5 Ihassecting

The soft tissue of 150 D2 snails was carefully removed from the shells with a watchmaker's
forceps under a stereo microscope provided with cold lighting and dissected under a
magnification of 80X, in a Petri dish filled with the standard preservative, to remove the penis
complex, consisting of the penis. preputium. penis sheath and vas deferens (Figure 7.8)

7.2.3.6 Measurement

[he dissected complex of each of the snails was then removed and pinned with micro-pins, in
a Petri dish, provided with a cork base, The preputium- and penis sheath lengths were
separately measured in millimetres by means of a stereomicroscope provided with a calibrated
eyepiece Ihe data was statustically analysed. with the assistance of the Statistica

Consultation Services at NWU. This analysis should be scen as preliminary
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Penis sheath Preputium

Fig. 7.8: Dissection of the penis complex, consisting of the penis, preputium,

penis sheath and vas deferens. The sheath contains the penis.

22

3 Results

As seen in Table 7.9 the mean penis sheath length of snails collected at the UNR was 6.1 3mm and
that of the preputium was 3. 75mm. with a mean ratio of 168, In six snails no observable penises

were found

Fable 7.9: The mean penis sheath- (A) and preputium lengths (B) (mm) of the

iving snails collected in Dam 2 as well as the ratio of A:B,

Number of Snails n=150 [n=150 '
' o Sheath (\) | Preputium (B) Ratio “

Mean 613 113758 | 1.684
s 120 1.3 0.404

-

3.3.1 Living control snails

733 1a Snail collection

After several fruitless attempts to find specimens of B wopicus in the so-called
undisturbed habitats bordering the Smikerbosrand Nature Reserve and the Vredefort Dome.
specimens of this species was found in a natural habitat ¢lose 10 Potchefstroom.  The
absence of snails in the so-called undisturbed habitats was expected because this species

occurs mostly in habitats that are organically ennched. The habitat close to Potchefstroom

where the snails were found 1s also accessible 1o farm amimals and water birds and animal
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excreta were found that could lead 10 organic enriching in the habitat and bordering areas.
Sixty specimens that were large enough to be dissected and were sexually mature were
collected and brought to the laboratory. Preparation of the snails for dissection as well as
the measurements of the relevant structures was conducted as discussed. In this instance
48 of the snails were dissected as discussed above, while the remaining snails were
allowed to lay eggs. The results are given in Table 7.10. The mean penis sheath length of
the control snails was 8.31mm, and the preputium was 4.6Imm, while the ratio between
A:B was | .84,

Table 7.10: The mean penis sheath- (A) and Preputium lengths (B) (mm)
of the living control snails as well as the ratio of A:B.

Number of Snails n =~ 46 n =64

Sheath (A) Preputium (B) Ratio
Mean ' 831 461 1.84
SD 1.40 1.16 032

7.13.1b Control specimens from the National Snail Collection

Pre-mounted penis complexes of 608 B. tropicus specimens were extracted from the Snail
Research Collection for additional comparison and measurement, Care was taken so that
the slides represent snails from habitats as far as possible removed from industrial areas,
They were mainly from isolated farm dams with little or no external inflow from larger
rivers and streams. Water that was impounded here was primarily rainwater or water from
boreholes. The lengths of the relevant structures were determined in the same manner as

for the wet specimens,

The results are indicated in Table 7.11. The mean penis sheath length of the snails from the
National Snail Collection was 5.26mm and that of the preputium was 2.89mm, while the
ratio A:B was 1.84, the same ratio as in Table 7.18 for the live-caught control specimens.

Table 7.11: The mean penis sheath- (A) and preputium lengths (B) (mm) of
the control snails from the National Snail Collection, as well as the ratio

of A:B.
Number of Snails n=608 {--m ] |
Sheath (A) | Preputium (B) Ratio
Mean 5.25 2.89 1.84
3 089  03s
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7.3.3.2 Statistical comparisons

The staustical evaluations of comparisons made between the A:B ratios of the different groups
are given in Table 7.12. From this it is clear that the ratios of the penis sheath length (A) to the
preputium length (B) of D2 snails differed significantly from both the living control snails
from Potchefstroom (P= 0.0119), as well as the samples trom the Nauonal Snail Collection
(P<0.0001). No significant difference could be indicated between the two snail control groups
(P= 0.9522). Even though the mean lengths of the measured structures of the three groups also
difTer, this could be ascribed to the mean size of the snails. The 608 specimens selected from
the National Snail collection mainly came from the Free State and the mounted structures, in
general, were smaller than the Potchefstroom wet specimens and those from D2, It was
however clear however, that the ratio between the two structures of D2 snails was significantly
smaller than those of the control groups. Whether this phenomenon affects the reproductive
ability of this species is not certain, but in view of the large number of snails present in D2
during the survey, as well as the relatively high in vitro hatching percentage of the eggs of
these snails (see later), it would appear that the influence, if any, on the snails’ reproductive

ability may be limited, but requires further investigation

Table 7.12: Statistical comparisons between D2 snails, the living control
specimens and the control specimens from the National Snail collection,

Dam 2/ Control (Po(chcfstmum)_

P 0.0119

3B 2318108 ‘
[)cgrgor I reedom 194 |
Dam 2/ NSC Slides |
P _ T<00001 |
1 1570881 |

1 Degrees of Freedom 756
NSC Slides / Control (Potch)

P 09522
I 0.060689 |
Degrees of Freedom 652

7333 FEgg hatching studies
7333 In vitro studies

For this investigation the remaining 50 snails collected from Dam 2 were kept in an

aquarium. The egg clutches that were deposited daily were removed from the holding




tanks, and each egg clutch was transferred to a separate cell of a multi-cell container that
was kept in a waterbath at 25°C. A otal of 101 egg clutches were collected over a period
of 14 days. The development of embryos was microscopically monitored on a daily basis
by counting the number of eggs per egg clutch, and recording the number of eggs with
developing embryos. Even though research information indicates that the development of
eges of this species occurs completely within 7 days at a temperature of 25°C, cach egg
clutch was still monitored for 21 days after which the number of hatchlings was recorded
and the hatching percentage calculated.

These results are presented in Table 7.13. As can be seen from Table 7.13, the mean
hatching percentage was 88.4%. This percentage would in all likelihood have been higher,
had not been necessary to mechanically remove the egg clutches from the captivity tanks

(according to experience).

Table 7.13: The in vitro hatching percentage of Dam 2 eggs.

% Hatching of eggs of D2 snails in vitro

| Fggs Embryos
i Mean 146 134
s 4.76 5.16

Ll’crmuge hatched embryos 884

7.3.3.3b In vivo studies (active biomonitoring)

For this investigation a number of egg clutches from the control snails that were found
close to Potchefstroom and kept in the aquarium, were collected and the number of eggs
per egg clutch determined. Nine snail containers were specially prepared for D2, the
stream that connects the two dams (stream) and D1. Three containers containing 77, 82,
and 90 eggs respectively were suspended in an inconspicuous place in the shade at D2,
three more containers with 91, 97 and 94 eggs respectively were suspended in the stream,
while the remaining 3 containers with 93, 98 and 95 eggs respectively were suspended in
DI1. The containers were all covered with 80% shade netting and attached to floats. Each
float was in tumn attached to an iron pole that was anchored to the bottom of the habitat.
Care was taken 1o allow two thirds of the snail containers to be submerged at all times,
irrespective of the water level, and therefore the developing embryos were at all times
submerged in water. The containers were removed after three weeks and the number of
snails that have hatched in each container was determined. The results are given in Table
7.14. From this it is clear that 31%. 37% and 76% of the eggs hatched in D2, stream and
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DI, respectively. This is in stark contrast with the in vitro hatching percentage of D2 that
was 88%. The fact that the hatching percentage of the snails from D2 was significantly
lower could be ascribed to the limited Mlow of water through the mesh of the snail
containers due to the mesh-clogging effect of the high algae population in D2. This
flounshing of algae could probably be ascribed to organic pollution present in this dam,

but the real cause is not known

The presence of organic enrichment is supported by the presence of significant numbers of
the so-called sewage snail, P. acuta in this dam. The low hatching percentage in the
stream could probably also be ascribed to the fact that the anchored float came adnift due to
unknown circumstances (animal activity or human tampering) and during the collection

thereof was found at a place in the stream where it was exposed to direct sunlight.

Table 7.14: The mean number of eggs and snails that hatched per habitat, as well as

the hatching percentage per habitat,

%% Hatching of eggs of the exposed snails in vivo

Mean Mcan  snails
Fggs hatched
Dam 2 83 25
Stream 88 1345
Dam | 79533 |12 1
Percentage hatched embryos
' Dam 2 - 31.43 o
* Stream 7 37.31
" Dam | . 76

734 Conclusion

The finding that the sheath:preputium ratio of snails from D2 was significantly different when
compared with similar measurements from both live-caught and preserved specimens, must be
seen as a strong indication of an impact on the male reproductive system, although the causality in
this case has yet to be established. As a first approximation, these results can be compared with
Tillmann et al. (2001), who also found similar effects on male organ parameters, in Marisa
cornuarites, a freshwater gastropod, after exposure 10 antiandrogens.  As far as we are aware of,
this is the first indication of such an effect in hermaphroditic freshwater snails.  As such, this
relatively easy parameter should be further investigated, as a number of possibilities are now open

for further investigation, The absence of penises in six specimens from D2 is a very rare
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phenomenon in B rropicus (a characteristic that is common in B. depressus) (Brown, 1994) and
should be further investigated.

The active biomonitoring introduced a number of variables that probably stressed the snails in
addition to the presumed chemical stressors, and this data should be treated with caution. It will
take additional work 1o refine this method for this species. The penis sheath:preputium ratio, at
this stage, seems as the best parameter to develop further,

74 Small mammals

de Jager C', Bowman H’, Venter L’

Environmental Health, School of Health Systems & Public Health, University of Pretoria; School of
Environmental Sciences and Development, North-West University, Potchefstroom®

74 Introduction

Although several studies have been published on the effects of potentially and known endocrine
disruptors in laboratory settings (Lintelmann et al, 2003), the number of studies that have
investigated these effects in actual ficld situations have been quite small. Most of the field studies
on free-living mammals involved larger Arctic mammals, such as polar bears, whales and scals
(Lintelmann et al., 2003). Perhaps not surprisingly, most ficld studies on the possible disruption of
the endocrine system of free-living vertebrates have focused on frogs and fish, where indeed a
number of effects, mostly with weak causative linkage to chemicals, have been found (Vos et al,,
2000). Quite number of studies though, has been published on the levels of pollutants found in
small mammals (Harrison et al., 1997), but most have not investigated effects relevant to this
project.

742 Materials and Methods

7.4.2.1 Sample collection

To determine the reproductive health of the small mammals in the Urban Nature Reserve
(UNR) specimens were caught at Dam 2 (D2) by scientists from the University of North West
(Potchefstroom), using standard research mouse traps (Figure 7.9). Two species were
sampled, ten Striped Mice (Rhabdomys pumilio), and cight Musk Shrews (Crocidura
mariquensis). A second sampling took place in November 2005. These specimens were
caught in mid-May of 2005. Two species were then sampled, seventeen striped mice and three
Viei rats (romys irroratus). The specimens were taken to the Andrology laboratory
(Department of Urology) at the University of Pretoria for sample taking and analyses.




Fig. 7.9: A typical mouse trap used to capture the specimens.

I'he mice and shrews were anaesthetizing, using Halothane, The ano-genital distance was
measured in all animals,  Once the specimens were teminated their body mass and
reproductive organs were removed and weighed. The mass of the left testis and left
epididymis, and right testis and right epididymis, the liver and the body mass of each specimen
were recorded. The prostate and seminal vesicles were weighed where possible.  Histological
preparations of the testes were done at the Department of Anatomical Pathology (UP) at

Onderstepoort

7.4.22 Tesus Histology (STAGES)

A histological evaluation of the testis, including measurements of the seminiferous tubules and
identification of the different stages of spermatogenesis, were used as a tool to identify any
EDC effects on the rodent testes. The fixation time for the testicular samples in the Bouin's
fixative was 3 to 5 days. After this period, the Bouin's was washed from the samples with

70% ethanol

Fixed cross-sections of the testes were then embedded in paraffin wax and the testicular tissue
was then dehvdrated in a graded series of ethanol. Thin sections, 3 um, were cut on a
microtome and stained with a modified periodic acid-Schiff’s reaction (PAS) and

counterstained with Alum hematoxylin (H&E) (Brady and Schoonhoven, 1985)

These histological slides were used 10 do staging of spermatogenesis using a Nikon Optiphot

photomicroscope with 10x, 40x and 100x objectives. A computer software program on

spermatogenesis, ST AGES™ 2.1 (Vanguard Media Inc., Illinois, USA), were used in the




staging process together with a histological atlas by Russel et al. (1990). Slides were analyzed
for any presence of active spermatogenesis and as many stages as possible were identified.

For each individual rodent, thirty randomly selected seminiferous tubules were staged to
identify and classify all 12 stages of spermatogenesis for the mice and 14 stages of
spermatogenesis for rats.  The tubular diameter, seminiferous epithelium and lumen diameter
for all thirty wbules were then measured horizontally and vertically. The mean values of the
horizontal and vertical measurements for cach parameter were used for statistical analyses of
the tubular diameter, seminiferous epithelium and lumen diameter.

There were various forms of degeneration that were looked for within the testis. These
included apical sloughing, degeneration of spermatogonia and spermatocytes, vacuolization,
and seminiferous tubule shrinkage. All specimens were analyzed and the presence of these
characteristics determined for the different species.

7.4.2.3 Cauda cpididymal sperm count

As a decreased sperm count and semen quality is associated with EDC exposure, it was
included in the study to get bascline data on the semen quality of the rodents in the UNR. The
following procedures were followed:

The left cauda epididymis was used to determine the sperm concentration. The cauda
epididymis was separated from the caput-corpus and placed in 2 ml of phosphate buffered
saline (PBS) medium (cat. no. BR14a, Oxiod. Hampshire, England) in a Petri dish. The cauda
epididymis was then cut up into very small pieces to free the sperm. The Neubauer method
(WHO, 1999) was used to determine the sperm concentration, expressed as million/'mL.

7.4.2.4 Computer-Assisted Sperm Analysis (CASA)

Sperm motility was additionally evaluated with a semi-mobile Hamilton-Thorn sperm motion
analyzer. CASA is being used increasingly in reproductive toxicology, as some CASA
parameters are sensitive to reproductive toxins (ESHRE Andrology Special Interest Group,
1998). The percentage of motile sperm, progressive motility, lincar velocity and curvilinear
velocity were all analyzed in duplicate. For each suitable sample, eight fields and a minimum
of 150 sperm were selected and automatically analyzed (Schrader et al., 1992).

Only recently there has been a positive and concerted action to define the role of CASA
instruments in both the clinical andrology laboratory and in the rescarch laboratory (Mortimer

et al, 1995). CASA is potentially a very powerful rescarch and clinical tool. Indeed, its
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inclusion in reproductive toxicology studies indicates its relevance (Slott et al., 1993, 1995,
1997). but its features and limitations must be understood quite clearly before attempting to
make clinical diagnoses on the basis of its results (ESHRE Andrology Special Interest Group,
199%)

The Hamilton-Thom Research third generation system named IVOS (Integrated Visual Optical
System) was used. This system is capable of analyzing up to 60 frames/second with internal
data storage on hard disk. Measurements of velocity, linearity, mean and maximum amplitude
of the lateral head displacement and cross-beat frequency were evaluated utilizing a Leja

(20pum) chamber

CASA systems cannot provide an adequate estimate of curvilinear velocity (VCL), straight-
line velocity (VSL), amplitude of later head displacement ALH), or lincarity (LIN) in
suspensions with sperm concentrations over 40 million/'ml.. More concentrated semen
samples were diluted to a concentration of less than 40 million'mL with iso-osmotic buffer.
Five frames were analyzed to have a consistent degree of accuracy. In diluted semen samples
an analysis rate of 30 frames/second is acceptable. Kinematics, “time-varying geometric
aspects of motion™ (Drobnis et al., 1988) are used to differentiate sperm movement patterns
The kinematic values determined for each spermatozoon cover the velocity of movement, the
width of the sperm head’s trajectory and frequency of the change in direction of the sperm

head (David et al., 1981; Serres et al., 1984).

The velocity values that were determined are the curvilinear velocity (VCL), straight-line
velocity (VSL), and average path velocity (VAP). The VCL refers to the total distance that the
sperm head covers in the observation period and is always the highest of the 3 velocity values.
The VSL is determined from the straight-line distance between the first and the last points of
the trajectory and gives the net space gain in the observation period. This is always the lowest
of the 3 velocity values for any spermatozoon. The VAP is the distance the spermatozoon has
travelled in the average direction of movement in the observation period. This is conceptually
the most difficult velocity value to understand because it might appear that it should be similar
to the VSL. The amplitude of lateral head displacement (ALH) is the width of the lateral
movement of the sperm head. It is calculated as the total width of the head trajectory. The
beat-cross frequency (BCF) is the number of times the sperm head crosses the direction of
movement and is expressed in hertz and is calculated by counting the number of times the
curvilincar path crosses the average path per second. BCF is of value in the estimation of gross

changes in the flagellar beat pattern (Mortimer, 2000).
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743 Results

7.4.3.1 First collection

During the rodent sampling of May 2005 two species were sampled, ten Striped Mice
(Rhabdomys pumilio), and cight Swamp Musk Shrews (Crocidura mariquensis).  From the
testes size it was obvious that the rodents were not sexually active and hardly any sperm were
found. The prostate and seminal vesicles were too small to remove and no sperm count or
CASA analyses could be performed. Histological evaluations were done, but are of no real
scientific value as the spermatogenesis was found 1o be dormant.

7.43.2 Second collection

During the second rodent sampling in November 2005 two species were sampled, seventeen
Striped Mouse (Rhabdomys pumilio), and three viei rat (tomys irroratus). The mice were all
sexually mature and all the analyses could be performed (Table 7.15).

Table 7.15: Summary of the data for the second sampling of the striped mouse
(Rhabdomys pumilio).

F-nlu!n cun 95% Cl (+/-) FE sD
Weight (g) 17 3584 210 Pm 4.08
Ano-genital distance (mm) 17 14.71 0.83 'Pso ll.m
Testes (g) 34 1032 0.11 P.os 0.30
Epididymis (g) 34 10 0.03 P.OI 0.08
inal Vesicles (g) 34 [o.os 0.04 P.oz 0.2
®) 17 0.03 001 P.oo 0.02
Liver (g) 17 1.63 0.24 o.11 0.46
concentration (10%ml) |17 22.1 15.54 733 30.23
flstology
aninﬁil’cms tubule Iuo 178 94 283 1.44 3757
Epithclium Foo 60.59 1.15 59 15.26
Lumen 680 58.75 1.49 0.76 19.79
CASA
AP r)l 97.52 12.49 6.29 5996
VSL Jn 75.16 1023 5.15 49.12
/CL. Jn 169.04 22.57 11.36 10835 |
ALH lln 7.07 80 0.40 3.86
Pl 24.22 125 0.63 5.98
STR Pl 7127 284 1.43 13.63
LIN Pl 4608 3.10 | 56 1489
otility (%) Pl 11.19 338 ! 70 16.24
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The mean cauda epididymal sperm count for the mice was 22.1 x 10" ml with two animals
without any sperm.  Sperm motion parameters were successfully analyzed with the CASA
system and will form pan of the database for comparison. The histology of the testes of both
these animals (MS & M1 1) confirmed that spermatogenesis was not complete.  Both animals
also had spots on the liver. Figure 7.10 and 7.11 are representative of the abnormal histology

of these mice.

Figure 7.12 15 an example of normal spermatogenesis with all 12 stages in the Striped Mouse.

A dmabase 15 available with all the measurements and photos for the individual animals.

Fig. 7.10: Seminiferous tubules with no active  Fig. 7.11:  Seminiferous tubule with no
active spermatogenesis in M11. spermatogenesis in MS,

Fig. 7.12: Seminiferous tubules with normal
spermatogenesis in the Striped Mouse.

During the week of capturing only three viei rats were captured.  The data are summarized in

Table 7.16. Sperm counts were done and sperm motility was analyzed successfully,




The rats had normal spermatogenesis. A database is available with all the measurements and
photos for the individual animals.

744 Discussion

The aim of this study was to identify suitable sentinel species, build up a database for small
mammals and to look for any reproductive abnormalities that might be as result of EDC exposure.
The species that were captured was the Striped Mouse (Rhabdomys pumilio), the Swamp Musk
Shrew (Crocidura mariguensis) and the viei rat (Qtomys irroratus). The shrews were very small
and difficult to work with. Although the viei rats were much bigger and casy 10 work with, very
few were caught. The striped mouse can be regarded as the species of choice due to their size,
distribution and the results obtained.

The time of sampling was found to be very important, as was seen from the results (Addendum).
It is suggested that sampling of small mammals takes place during summer when the animals are
sexually active. Histological parameters can give clear results as far as the different stages of
spermatogenesis are concerned.  Exposure to EDCs and toxic effects can be seen in cases where
the Sertoli cells are affected. The histological slides can also be used to confirm abnormalities of
the testes, as was seen in some of the striped mice.

The histopathology was an important pant of the project. Clear evidence of toxin damage was
observed. The various forms of degeneration looked for in the histopathological analysis were
apical sloughing, degencration of spermatogonia, vacuolization and seminiferous tubule shrinkage.
These four forms of degeneration are typical symptoms of exposure to chemicals such as p-NP,
PCBs and other EDCs.  Apical sloughing occurs as a result of the Serwoli cells damage. These
Sertoli cells then release the germ cells that they are nurturing into the lumen. Apical sloughing

was quite common in most of the specimens and would lead one to believe that exposure levels to
these chemicals might be relatively high. Interestingly apical sloughing was absent in the one
shrew with active spermatogenesis. Another clear sign of exposure to estrogenic compounds is the
degeneration of spermatogonia and spermatocyles present in some specimens. Yet again though,
the degencration of spermatogonia was not as prevalent in the specimens with active
spermatogenesis.
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Fable 7.16: A summary of the data for the second sampling of the viei rats (Otomys

irroratus).

Parameter S Mean 95% CI (+/<) SE Sh
Weight () 3 130.91 78.06 18.14 31.42
Ano-genital distance (mm) .3 24.67 17 17 1.67 ': 89
Testes (2) o 0.77 0.55 0.21 0.52
Epididymis (g) o 0.19 0.15 0.06 0.14
Seminal Vesicles () 2 0.19 0.21 0.08 0.20
Prostate (g) :,“ 0.16 .(IZ: 0.05 0.09
Liver(g) ‘ 4.40 0.47 0.11 0.19
Sperm concentration ( 10"/ml) }‘? 629 'I','f_v.‘#i '21 85 ?;‘
I.Ih'\!ulugr [ o |
Seminiferous tubule - (120 T R201 802 4.05 4439
Epithelium (120 17433 388 145 1591 |
Lumen T 120 73.56 557 281 308 |
casa ’ —
VAP 18 271.61 2731 1298 5492 |
VSI I8 18309  18.50 877 3720 |
o ?IB 516.14 45.23 21.44 90.95
ALH I8 1838 1.22 058 2.46

BCF 18 21.59 258 1.22 5.20

STR 8 63.22 1.83 0.87 3.69

LIN e 36.67 2.29 .08 4.60
Motility (%) 18 712 230 133 5.63

The third form of toxic damage is vacuolization. Some of the mice showed clear signs of
vacuolization. This phenomenon was also more common in the mice than the other species
However, in general this phenomenon was not as common as the other three forms of
degeneration.  Seminiferous tubule shrinkage was very common in the mice but not nearly as

common in the shrews or the rats. This of course could be due to the different habitats that the two

different species inhabit or due to their different diets

Through the analysis of the spermatogenesis and the histopathology it is clear that the mice were
more affected than the other species. Whether this is due to the shrews being more tolerant of the
EDCs. or whether the mice are in fact exposed to higher levels of these chemicals, is not clear

Further research investigation the amount of these chemicals accumulated in the lipids of these
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animals could clarify this. One could also take samples from the respective environments of these

two species to ascertain as to the levels of exposure in these different habitats

Although this is a descriptive study, the striped mouse (Rhabdomys pumilio) was found 10 be the
best species to use for studying EDC exposure. Typical signs of EDC exposure were observed on
histological level and some animals were severally affected. Further research is needed to do

target exposure analyses on individual animals to confirm the results,



CHAPTER S
ACTIVE BIOMONITORING

8.1 Sharptooth catfish, snails and midgets
Kruger T', Moolman L.', Shaddock B', Barnhoom, 1ES, Bornman MS’, van Vuren JHJ'
Department of Zoology, University of Johannesburg', Department of Urology, University of Pretoria’

8.1.1 Imtroduction

Since pollutant concentrations in aquatic systems are highly variable and often below detection limit,
the permanent control of water quality is indispensable. There is an increasing trend to use the
behaviour of pollutants (e.g. bioavailability and bioaccumulation) as well as pollution-induced
biological effects on aquatic organisms to evaluate or predict the impact of complex chemicals on
aquatic ecosystems (van der Oost et al,, 2003). To reveal the presence of pollutants over time and to
measure their toxic effect, the use of selected organisms as biomonitors or bioindicators can play a
prominent role in the monitoring (i.e. active biomonitoring (ABM)) of aquatic ecosystems (Salanki et
al, 2003). The ABM approach consists of the deliberate exposure of organisms 1o (polluted)
environmental conditions within aquatic environments, Organisms are transplanted from a “clean”,
unperturbed site and are caged at various sites of the study (monitoring) area (Baumard et al., 1998;
Wepener et al., 2005).

The need to detect and assess the effects of pollutants, such as heavy metals and EDCs at low
concentrations and in complex mixtures, has led to the development of a wide range of biological
markers (biomarkers) of exposure and effect. Assessing the energetics of organisms provide an early
wamning system for acute events, because the toxic response is usually instantaneous and/or sensitive
10 low pollutant concentrations. Monitoring changes in the major components of the energy budget of
an organism have the potential to be used as a toxicological tool, as a positive net energy balance must
be maintained for growth, reproduction and fitness (Verslycke et al., 2003; Smolders et al., 2004).
The use of cellular energy allocation (CEA) methodology as a biomarker of exposure, provides an
integrated quantification of an organism’s net energy budget that can link (sub)cellular effects to more

ecological relevant individual responses (De Coen and Janssen, 2003),

This study evaluated the use of ABM and the biomarker methodology as a measure of the water
quality status of the Urban Nature Reserve. The diptera midge (Chironomus sp.), prosobranch
mollusc, Melanoides tuberculata and the sharptooth catfish, Clarias gariepinus were selected as test
organisms to compare interspecies differences in chemical (i.e. metal and EDCs) bioaccumulation and

biomarker response, following the monitoring study.
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8.1.2 Materials and Methods
8.1.2.1 Study area

The midge larvae (£ 20mm) were obtained from a breeding culture (Aquaculture, Meverton),
whereas the molluscs (adult) and fish (£ seven months old) were bred and reared under controlled
aquarium conditions at the University of Johannesburg. | he ABM study was conducted in a low-
flow period (October 2005). Organisms were placed into self-designed, polyethylene cages of 40 x
40 x 40cm at three sites in duplicate (Figure 8.1). The midges were placed in a biomonitoring tube
(20 x 10cm), to separate them from the other organisms, in the same cage. Cages were in contact
with both sediment and water, except at site 2. The organisms were exposed for a four week
period, except for the midge larvae (two week period), due to their short life-span.  The test
organisms, M. ruberculata and C. gariepinus were fed on a weekly basis with lettuce and frozen
midges respectively, to ensure that a shortage on food supply and nutritional requirements did not
cause any additional stress on the organisms during the field exposure study. The laboratory-

reared organisms were used as control groups
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Fig. 8.1: Map of the catchment area indicating the sampling sites for the ABM study.



8.1.2.2 Water sampling and analysis

Physico-chemical water quality variables, such as temperature (°C), dissolved oxygen (mg/L. and
%), conductivity (uS/cm), total dissolved solids (TDS) (ppm) and pH were determined for the
different exposure periods. The readings were taken using the following field instruments:
Cyberscan DO100-Dissolved oxygentemperature meter, Cyberscan DO100- Conductivity/TDS
meter and waterproof pHScan pH meter. Separate water samples were taken for metals, target
chemicals (Chapter 4) and nutrient content. The samples for nutrient content were collected in
plastic containers and preserved using HgCl; and analysed as soon as possible.

Nutrient spectroquant content was determined with a Merck SQ118 photometer. The following
test kits were used NO; (14776), NOy (14773), NH," (14752), P (14848).

8.1.23 Sediment sampling and analysis
Sediment samples were collected at all three sites, and taken back to the laboratory for moisture
and organic content analysis according to standard procedures.

8124 Metal analysis

Liver tissue, whole organisms (snails and chironomids) were prepared for metal analysis according
1o the method of Blust et al. (1988). Sediment samples were prepared and metals extracted
according to the method of Bervoets and Blust (2003). Samples were selected for screening and
high metal (chromium (Cr), nickel (Ni) and lead (Pb)) concentrations (ppm, mg/L) were found in
sediment, water and tissue samples.

8125 Biomarker analysis

Whole body tissues of Chironomus sp. and M. tuberculata and the liver tissue of C. gariepinus
were used for biomarker analysis. Tissues were thawed and homogenised on ice, in the
appropriate homogenising solution or buffer. All the samples were analysed in triplicate.

8.1.2.5a Available energy reserves (E,)

The methodology of the CEA technique was carried out according to De Coen and Janssen
(1997). The samples were homogenised on ice in ImL of ice-cold distilled water. The energy
reserves determined were: the carbohydrate, the lipid and the protein content of the samples.
Whole body carbohydrate content was determined using a glucose test kit (GOD-PAP 1 448
668, Roche) and glucose standard (C FAS 759 350, Roche) at a wavelength of 560nm using an
automated microplate reader (ELx180 Universal microplate reader, Bio-TEK Instruments,
USA). Total lipids were extracted following the method of Bligh and Dyer (1959), and the
absorbance was read at 340nm using tripalmitin as a standard. The protein content was
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determined using Bradford’s reagent (Bradford, 1976). The absorbance was measured

630nm using BSA as a standard.

8.1.2.5b Energy consumption (k)

I'he energy consumption or cellular respiration rate was determined by measuring the electron
transport activity (ETS). Each sample was homogenised in Iml. homogenising buffer (0.1 M
I'ris-HCI pH 8.5, 15% (w/v) Poly Viny! Pyrrolidone, 153 pM MgSO, and 0.2% (w/v) Triton
X-100). After centrifugation (2t 3000 r.p.m. for 10 minutes at 4°C), 25ul supematant was
added to 75ul. buffered substrate solution (0.13mM Tris-HCI and Triton X-100, pH 8.5) and
25ul NAD(P)H solution (1.7mM NADI and 250uM NADPH). The reaction was started by
adding 100ul. INT (p-lodoNitroTetrazolium) and the absorbance was measured kinetically at
49 nm for 10 minutes at 20°C. The amount of formazan formed was calculated using

e=15900M.cm.

8.1.2.5¢ CEA

The differemt encrgy reserves (E,) were transformed into energetic equivalents, using the
enthalpy of combustion values used by De Coen and Janssen (1997). The values are as
follows: 17 500mJ/mg glyvcogen, 39 500mJ/mg lipid and 24 000mJ/mg protein. The cellular
respiration rate (E,) was determined using the theoretical stoichiometrical relationship that for
each 2umol of formazan formed, lumol oxygen was consumed in the ETS system. The
amount of oxygen was transformed into energetic equivalents using an average oxyenthalpic

equivalent of 484kJ/mol O,. The total energy budget was calculated using the following

equation:
CEA=E,-E,
“hcrc: "l F-cxh"\-i'u: + F~I».‘: t F1V.lnv
L_ - Lx s
8.1.26 Statistical analysis

tatistical analysis was performed using the program, SPSS 12.0 and the data reported as an
average in this report. The Levene's test was used 1o test all data for homogeneity of vanance.
Significant differences were tested for between the various CEA components among the species,
using an ANOVA one-way. The Scheffé’s multiple companson test (for homogenous data) as
well as Dunnett’s-T3 test (for non-homogenous data) were applied as post-hoc criterion, when
significamt differences were found amongst the variables. The significant level of p<0.05 was

used
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8.1.3 Results

The cffects of the ABM study on the available energy reserves and encrgy consumption are shown in
Table 8.1. The exposed diptera midges showed an increase in the total energy reserves at sites 2 and
3, contributing to an increased CEA compared to site 1 and the control organisms. As for the
prosobranch snails, a slight decrease in all of the CEA components, were observed at all the sites. The
catfish revealed a significant increase in all the CEA components at site 1. However, both sites 2 and
3 showed to have a negative effect on the CEA, since a decrease in E, was obtained. The increase in
E, contributed to the decreased net energy budget for the catfish,

8.1.4  Discussion

The detoxification or removal of a toxicant, cellular damage repair and avoidance of toxicants, are
energetically costly and would be expected 10 result in the relocation of energy expenditures together
with an increcased metabolism 1o maintain physiological integrity (Wicklum and Davies, 1996;
Sivaramakrishna and Radhakrishnaiah, 2000; Fent, 2004). Thus, the energy budget will reflect how
energy availability and consumption changes within an organism under exposed conditions. The
results indicated that the ABM study interfered with energy metabolism, specifically the E, of all the
species. The organisms showed a distinct difference in biomarker response during the field exposure.
The increase in E, of the midges could be explained by their short life-span and that they were only
exposed for a two week exposure period. Even though these organisms were exposed 1o possible
polluted environments, they seemed to compensate or adapt rapidly 1o prevailing conditions.
However, the energy consumption of the midges showed an increase at sites 2 and 3, compared to the
control, which could lead to an increased toxicant uptake (Smolders, 2003). In a recent study,
Wepener et al. (2005) found an increased organic content at both these sites, which could suggest that
the nutritional availability was high for the midges, as benthic-detritus feeders and caused the
increased E,.

The reduced available glucose and lipid content of the exposed molluscs, contributed 10 a decreased
CEA. Toxicant stress preferentially causes a depletion of the more readily available carbohydrate and
lipid reserves instead of protein (Smolders et al., 2003). It is known that certain molluscs are able to
exploit special metabolic mechanisms to attain states of greatly reduced cnergy utilisation and
exchanges of gases and fluids (Luchtel et al, 1991). The prosobranch mollusc revealed a lower
respiration rate, which would result in a lower metabolic fuel demand and so a lower CEA. Lower
energy reserves available together with decreased respiration rates were observed for the mysid
shrimp, Neomyis tiger, following tributyltin exposure (Verslycke et al., 2003). Sivaramakrishna and
Radhaknishnaiah (2000) observed that @ decrease in oxidative metabolism induced an elevation in
anaerobic glycolysis, in order 1o derive the required energy to resist toxic stress in the freshwater
gastropod, Pila globosa and mussel, Lamellidens marginalis, exposed 1o mercury,
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The biomarker, CEA, showed that the test species, M. ruberculata and C. gariepinus were adversely
affected, since energetic costs can be increased through various repair and compensatory mechanisms
(i.e. induced antioxidant systems) to combat toxic stress at cellular level (Wicklum and Davies, 1996).
Although an increase in energy reserves of the exposed juvenile catfish at site 2 was found, the
respiration rate was increased possibly due to uptake of pollutants via the gills (Smolders, 2003). All
the CEA components of the control catfish group were significantly different from the exposed groups
at sites | and 3. Similar results observed between the control group and site 2 corresponded with the
low mortality rate found at site 2.

8.1.5 Conclusions

Since the catchment area is affected by several anthropogenic activities (see Chapter 3), it can be
concluded that the exposed test organisms, appeared to be affected in the ABM study as well.
Changes in the energy budget (CEA) can be used as a good indicator of toxicity during sub-lethal
exposure and should be used in future biomonitoring programs in as part of a battery of biomarker
assays. Results showed that the selected organisms reveal to have distinct interspecies as well as inter-
individual differences in their energy metabolism. Juveniles of C. gariepinus showed 10 be the most

sensitive test organisms and thus, can be considered as the preferred bioindicator species in this study.

8.2 Cell death in feral sharptooth catfish (clarias gariepinuy)

McClusky LM', Matlala E', Bamhoom IEY, van Dyk JC*, Bomman MS’

Departments of Physiology' and Urology®, Faculty of Health Sciences, University of Pretoria;
Department of Zoology”, University of Johannesburg, Johannesburg,

8.2.1 Introduction
In this section the possible effect of pollutants on the biomolecular events in the testis of sharptooth
catfish inhabiting the water at that time, was investigated.

Fish is useful biosentinel species in surveys of environmental pollution of landlocked water sources,
such as these described above. In this project, we used the feral sharptooth catfish, C. gariepinus, as a
biomarker species. The testes of species such as Clarias and other anamniotes are useful model
systems 10 study toxicant actions during spermatogenesis, because they are organisationally less
complex than those of mammals and other amniotes since spermatogencsis proceeds in a cystic mode,
i.e. a germ cell clone in any given stage is associated with stage-synchronised supporting cells (Sertoli
cells) in a discrete follicle-like unit, i.c. the spermatocyst.

This anatomical arrangement further indicates that the various germ cell stages have different
hormonal requirements and may, therefore, have different sensitivities to any given EDC, all of which

142




may be manifested as apoptotic cell death if the immediate milieu of the germ cell clone is disturbed
Germ cell development occurs in the context of a complex three-dimensional relationship with
supporting testicular somatic cells (Sertoli and Leydig cells), whose behaviour also change during the
course of spermatogenesis. An cxample of such change is the spermatogenic stage-dependent tight
junctions between adjacent Sertoli cells, which create an evolutionary conserved blood-testis harrier
that sequestrates late spermatocytes, spermatids and spermatozoa into a special microenvironment

(Dym and Fawcett, 1970; Bergmann et al., 1984)

I'he morphological definition of apoptosis has traditionally centred on specific nuclear events, such as
pyknosis, chromatin condensation and margination against the nuclear periphery (Wyllie et al., 1980;
Cohen et al., 1992; Dini et al., 1996). These morphological expressions of apoptosis are in most cases
regulated by caspases, which are cysteine aspartyl-specific proteases that function either as initiators
(caspase-2, -8, -9, -10) or executioners (caspase-3, -6, -7) of apoptotic death (Reed, 2000, Slee et al.,
2001). Regardless of the various pathways that may activate caspases, it is established that all of them
converge on caspase 3, recognised as the major executioner of the nuclear and cytoplasmic events in

apoptosis (Woo et al., 1998; Slee et al., 2001), including chromatin condensation (Sahara ¢t al., 1999).

Despite the popularity of in situ end-labeling techniques such as the terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labelling assay (TUNEL, Gavrieli et al., 1992) and in situ nick
translation (ISNT, Oberhammer et al., 1996), to detect apoptotic cells in normal and toxicant-exposed
tissues, their spurious labelling of nonapoptotic phenomena, such as necrotic cells, DNA repair, or
non-labelling of distinctly apoptotic cells have however, increased controversy around the use of these

two assays (Oberhammer et al., 1993; 1996; Negoescu et al., 1996; Kanoh et al., 1999).

The commercial availability of antibodies to the cleaved forms of most of the caspascs, has opened up
new avenues to investigate these controversies at the cell and tissue level (Barrett et al., 2001; Gown

and Willingham, 2002)

By 1aking advantage of these technical features in this teleost fish, the aims of this study were 10 assess
testicular apoptosis in C. gariepinus as an indicator of xenoestrogen pollution in freshwater sources
and to compare the efficacy of TUNEL and cleaved caspase 3 immunostaining of apoptosis following

xenoestrogen exposure in O gariepinus.

8.2.2 Materials and methods

“

2.2.1 Animals and disscction
The specimens used in this study were captured from Dam 2 in January 2005 and processed as

previously described (Barnhoorn et al., 2004). Sexually mature C. gariepinus (n=5) raised under
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laboratory conditions in the Department of Zoology at the University of Johannesburg,
Johannesburg, South Africa served as a reference group. The laboratory fish were raised as part of
a study to breed catfish in an EDC-free environment and to serve as reference specimens because
no source of unpolluted fish could be found. Parents and offspring were kept in glass tanks
containing circulating reverse osmosis water (Van Dyk, 2006). The fish were decapitated, and the

testes excised.

The salient morphological features of the testis of C. gariepinus have been described before
(Cavaco et al., 1998). The paired elongated and relatively flattened testis is medially attached 1o a
connective tissue rich central portion, which also contains the spermatid duct. Blocks (25mm x
15mm) were cut of the middle section of the testis. Although the spermatogenically active catfish
testis has a simple medial to lateral zonation, individual members of the fish population caught at
any given time in the spawning season are not all synchronised in terms of their testicular
development, and the testicular zonation may vary between specimens as depicted in Figure 8.2.
Thus, the zone containing the spermatogenic tubules, include tubules that are lined by single
primary spermatogonia, spermatogonial, primary and secondary spermatocyte, and carly spermatid
cysts, and whose lumens are partially filled with spermatozoa. Mature tubules are fully distended
with spermatozoa, and are lined with a scattering of single spermatogonia and occasionally with
spermatocyte cysts. Spent tubules are largely devoid of spermatozoa, and lined with Sertoli cell

remnants and the occasional spermatogonium.

Fig. 8.2: A diagram of a block of spermatogenically active catfish testicular tissue. Showing
the simple medial to lateral zonation. The testicular development is not exactly synchronised
in individual members of the population, and males caught in the spawning scason often
possess either spermatogenic tubules and mature tubules (A), or mature tubules and spent
tubules (B). Testes containing only one zone were also occasionally observed.




8222 Tissue preparation

Blocks (25mm x 15mm) catfish testes were fixed in 10% neutral buffered formalin in PBS for
several days, afier which they were embedded in Paraplast. Sections of 4um thick were floated
onto a distilled water bath (45°C), collected on Superfrost Plus slides, deparaffinized and

rehydrated stepwise through an cthanol serics.

8223 TUNEL immunohistochemistry

Deparaffinized and rchydrated sections were subjected to a pre-treatment protocol as described in
Labat-Moleur (1998). which involved microwave oven treatment (800W) in 10 mM citrate buffer
(pH 3.0) for 14 min. Following treatment for 2 min in 0.1 Triton X-100 in 0.1% sodium citrate on
ice, sections were treated with proteinase K (20ug/ml.) for 15 min at room temperature (RT), after
which they were washed twice with PBS-A (50mM sodium phosphate, pH 7.4; 200mM NaCl)
Endogenous peroxidase was quenched by treating sections in darkness with 3% hydrogen peroxide
in PBS-A for 5 min, followed by two washes in PBS-A. Subsequent steps for TUNEL staining
were camied out using the ApopTlag-Peroxidase Kit according to the supplier’s instructions
(Chemicon, USA). Following incubation of the sections with the TUNEL reaction mixture in a
humidified chamber at 37°C for | hr, antidigoxigenin-peroxidase complex was added for 30 min at
RT. Sections were then treated with 3,3 -diaminobenzidine (DAB) for 1-2 min according to the
supplier's instructions (Vectorlabs, Burlingame, CA) such that positive cells stained brown,
Sections were counterstained with 0.5% crysial violet-contzining methyl green in 100mM sodium
acetate (pH 4.0), dehydrated in 100% butanol, cleared in xylene and mounted with Entellan
(Merck, SA). To generate negative controls, TdT was replaced with sterile water. whereas for
positive controls, sections were pretreated with DNase | (10ug/ml in distilled water) 10 generate

DNA fragments.

8224 Cleaved caspase 3 immunohistochemistny

Deparaffinized and rehydrated sections were subjected to an antigen retrieval procedure, i.c.
heating in a microwave oven (800W) in 10mM sodium citrate buffer (pH 6.0) for 10 min. After
cooling for 20 min at RT, sections were rinsed in distilled water and treated in darkness for 10 min
with 3% hydrogen peroxide to quench endogenous peroxidase, Following a rinse in distilled
water, the sections were placed in 0.1% Tween 20 in phosphate buffered saline (PBS-B, pH 7.4)
for 5 min. Sections were then incubated with blocking solution (5% normal goat serum in 0.1%
Tween 20-PBS-B) for | hour at RT to reduce non-specific binding, and then overnight at 4°C with
a rabbit polyclonal antibody to cleaved caspase 3 (17/19kDa fragment of activated caspase 3, Cell
Signaling Technology, Beverly, MA, USA) diluted 1:100 in blocking solution. After three washes
in 0.1% Tween 20-PBS-B, sections were incubated with biotinylated antirabbit IgG for 30 min at

RT. washed in PBS-B, and then incubated with the Vectastain avidin-biotin-complex (Vectorlabs,
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Burlingame, CA, USA) for a further 30 min at RT. Following three 5 min PBS-B washes, the
antigen was finally detected by treating the sections with 3,3 -diaminobenzidine, counterstained,
dehvdrated, cleared and mounted as described above TUNEL. Negative controls were generated
by omitting the primary antibody and by serial dilution of the primary antibody, as well as by
using a rabbit monoclonal antibody to cleaved caspase 3. Human testicular sections processed in

the same way served as positive controls.

82.2. Microscopy

Quantitative measurements were done on a Nikon Optiphot microscope fitted with an ocular grid
in one eyepiece. For cach testicular zone and using a 10x objective, cach one of the 50 tubules
intersecting cach of two widely separated lines parallel to the adjacent testicular zone were scored
for the number of caspase 3-positive and TUNEL-positive cells it contains, and the average
number was taken of the two lines. For the spermatogenic tubule zone and using a 20x objective,
each one of a 100 randomly counted spermatogenic tubules were scored as caspase 3-postive or
negative. A tubule was designated caspase 3-positive if it contained at least one cluster of four
caspase 3-postive cells. Sections were photographed with a Nikon Optiphot microscope, fitted
with a Nikon DXMI200F digital camera connected to a PC computer equipped with image-
capturing software.,

8226 Statistics

The data was expressed as the mean number of caspase 3-positive and TUNEL-positive cells per
S0 twbules in cach testicular zone, and the mean number of caspase 3-positive tubules per 100
spermatogenic tubules. Data were examined by two-way ANOVA using SPSS Version 13.
Tukey's multiple-comparisons test was used to determine which values differed significantly (p <
0.05).

823 Results

Normal spermatogenic development in the spermatogenically active laboratory-reared fish was
characterised by the occasional observation of scattered degenerate cells in routine hematoxylin and
eosin-stained sections (Figure 8.3). Dying cells were conspicuous by their isolated appearance and
separation from adjacent cells. They were mostly single cells with either pyknotic nuclei (Figure
8.3A.B) or irrcgularly shaped intensely stained nuclei, whose appearance were distinctly different
from mitotically dividing cells (Figure 8.3B), or were, more rarely, groups of coalesced germ cells
with characteristic horse-shoe shaped nuclei (Figure. 8.3B). Besides the occasional spermatogonium
(not shown), most dying cells were primary spermatocytes and more frequently secondary
spermatocytes (Figure 8.3B.C). Dying testicular somatic cells (Sertoli cells, Leydig cells and
peritubular cells) were not observed. These results suggest that apoptosis is part of normal
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spermatogenetic activity in the catfish

Fig. 8.3: Low (A) and high (B. C) magnification photomicrographs of hematoxylin and cosin-
stained control catfish testicular sections. In (A), the complete spermatogenic sequence could be
observed in spermatogenic tubules, which were lined by ¢ysts that cach contained germ cells of
only one particular stage. At the end of spermiogenesis, the spermatozoa were gathered in the
tubule lumen. Dving cells (*) were sporadically observed, either as single cells (with either
prknotic nuclei (AC) or with irregularly shaped, intensely stained nuclei, B) or rarer, as
coalesced groups of cells (B). Dying cells could also be observed in cysts in which other members
of the cysts were mitotically active (M) Psg. primary spermatogonia;  Ssg, secondary
spermatogonia; Psc—Sse, cyst undergoing primary spermatocyte—ssecondary  spermatocy te
transition: Ssc—Est, cyst undergoing secondary spermatocyte—searly spermatid transition: St,
spermatids sz, spermatozoa: SC, Sertoli cell nuclei: Li lipid granules: Pre, peritubular cells. Bar

= 10um.

In order 1o determine whether habitation in & xenoestrogen-polluted environment was associated with

an alteration in the rate of DNA fragmentation in spermatogenically active catfish, TUNEL




immunohistochemistry was performed on the testes of the catfish.  The overall incidence of TUNEL-
detected DNA fragmentation in Dam 2 catfish testes was surpnisingly low, as shown by the pattern of
labelling shown in Figure 8.4. Clearly degencrate cells, including coalesced germ cell masses were
partially TUNEL-stained in some instances. whereas they were completely TUNEL-labelled in other
instances (Figure X 4A). Likewise, degenerate-looking germ cells with nucles having the same intense
colour as that of the heads of adjacent spermatozoa, were conspicuously TUNEL-negative (Figure
8.4B). However. all cell types were labelled after DNase | tresiment of tissue sections (not shown),
evidence that the observed negative labelling was actually due to the absence of fragmented DNA
rather than a lack of access of TUNEL reagems in siw. Besides the sporadic occurrence of vacuoles
associated with cell death in routine histological sections of Dam 2 catfish testes (see Figure 8.3), the

morphology of the UNR catfish testes was otherwise similar to that of the control fish (not shown)

A
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Fig. 8.4: Photomicrographs of TUNEL-stained testicular sections of Dam 2 catfish. (A)
Coalesced cell masses were cither partially TUNEL-stained in some instances or completely
TUNEL-labelled in other instances (insert). Take note chromatin or other nuclear material are
indistinguishable. (B) Likewise, single germ cells were sometimes TUNEL-positive, whereas
adjacent degenerate-looking cells with nuclei that stained the same colour as the adjacent
spermatozoa were distinctively TUNEL-negative in other instances (arrow), sz, spermatozoa: v,

vacuole. Bar = 10pum.

T'o investigate the possibility that the TUNEL method was selective rather than specific in ns detection
of the various stages of the apoptotic process. cleaved caspase 3 immunohistochemistry  was
performed on the testes of Dam 2 catfish. Aging human testes were similarly processed and served as

positive controls. Unlike with TUNEL, cleaved caspase 3 immunoreactivity was very common in the



spermatogenically active xenoestrogen-exposed catfish, was limited 1o germ cells, and was found in
scattered isolated cells, groups of cells, and groups of coalesced germ cells (Figure 8.5). Entire
primary spermatocyte and secondary spermatocyte cysts were often caspase 3-labelled. Caspase 3
immunoreactivity was particularly associated with germ cells at the secondary spermatocyte — carly
spermatid transition, such that the occasional carly spermatid was also caspase-positive (Figure 8.6B).
Caspase 3-labelling varied intracellularly, though with a distinct pattern: labelling was either (2)
weakly cytoplasmic in cells that had a nucleus with a characteristic ring-like appearance (Figure
8.5A). or (b) moderate but extensively cytoplasmic in cells with translucent nuclei (Figure 8.5A.B), or
(c) intense throughout the whole cell with the outlines of the nuclei barely discernible (Figure 8.6A),
or intensely nuclear (Figure 8.5B), or (d) moderately cytoplasmic coincident with intense blue staining
of the nuclei, such that the colour of the nuclei of such cells was identical to that of the heads of
spermatozoa (Figure 8.5B), or (¢) was complete lacking in clearly degenerate cells with intensely
counterstained nuclei (Figure 8.5B).

To assess whether the observed differences between TUNEL- and cleaved caspase 3-immunostaining
patterns may be testicular zone-related, we took advantage of the pronounced zonation of the
spermatogenically active C. gariepinus testis and compared the occurrences of TUNEL- and caspase
3-positive cells in the spermatogenic, mature and spent regions of Dam 2 catfish. As shown in Figure
8.6, the number of labelled cells (both caspase 3- and TUNEL-positive) varied significantly
(p<0.0001) according to testicular region, i.c. it was highest in the spermatogenic region, and very low
in the mature and spent regions of the testis.

Although the numbers of caspase 3- and TUNEL-positive cells were comparable in the mature and
spent tubules, the number of caspase 3-positive cells in the spermatogenic tubules was 3-fold higher
(7<0.05) higher than the number of TUNEL-positive cells (Figure 8.7). These results suggest that
cleaved caspase 3 immunohistochemistry was a superior method to detect apoptotic germ cells during
active spermatogenesis in D2 catfish,



Fig. 8.5: Photomicrographs of cleaved caspase 3 immunolabelling in spermatogenic tubules of
D2 catfish. (A) In many labelled secondary spermatocyte spermatocysts, intensity of caspase 3-
labelling varied intracellularly. being initially evtoplasmic in cells that had a nucleus with a
characteristic ring-like appearance (arrowhead), followed by extensive cytoplasmic labelling of
cells with translucent nuclei (large arrow) and later, complete labelling of the cell (small arrows).
(B) Besides cvtoplasmic immunoreactivity associated with normal-looking nuclei, in this case an
carly spermatid (a—), labelling was also nuclear (b—), cxtoplasmic coincident with intense blue
staining of nucleus such that the colour of the nucleus was similar to that of the heads of
spermatozoa (¢—), or was lacking in degenerate-looking cells containing nuclei that reacted

intensely with the methyvil-green counterstain (inset, d=). (C) Positive control showing nuclear

caspase 3 immunoreactivity of spermatocytes in human testis, Bar = 10um,
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Fig 8.6: Testicular zone-related changes in caspase 3-and TUNEL-labelling of germ cells in D2
catfish. Values represent the mean number £ S.E.M of labelled cells per 50 tubules. Animals
with any given testicular zone were pooled and shown as numbers at the bottom of the figure.
Differences among zones within a given method were significant (P<0.0001), and is indicated
with a different letter (caspase 3, a-b; TUNEL, x-v). Differences between methods in a given
zone are indicated with * (p<0.05).

To finally confirm whether the relatively high incidence of caspase 3-labelling in the spermatogenic
twbules of Dam 2 catfish reflected the effects of inhabiting a xenoestrogen-polluted environment,

cleaved caspase 3 immunohistochemistry was used to assess cell death ratios in control vs Dam 2

L]

catfish (Figure 8.7). The number of caspase 3-positive cells in the spermatogenic tubules of Dam
catfish was 1.9-fold higher (<0.05) than those in the control catfish (Figure 8.7A). In addition, the
number of caspase 3-positive spermatogenic tubules in the testes of Dam 2 catfish was more than 4-
fold higher (p < 0.01) than those of the control catfish (Figure 8.7B). These results suggest that
xenoestrogen pollution did not only increase the number of caspase 3-positive cells, but also increased

the number of spermatogenic tubules containing at least one cluster of apoptotic cells.

The water collected at the same time contained per L. 14.04ug lindane, 3.18mg DEP, 3.93mg DMP and
0.46mg DEHP respectively (Chapter 4). The fish fat samples contained lindane, aldrin, DDT and all
metabolites as well as PCB153 (Table 8.2)
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Fig. 8.7: Effects of a xvenoestrogen-polluted habitat (UNR) on apoptosis in the spermatogenic
tubules. Values represent (A) the mean number of caspase 3-positive cells = SEM per 50 tubules,
and (B) the mean number of caspase 3-positive tubules per 100 tubules, as described in Material
and Methods (5 animals per group). Means of the two groups differed significantly (*, p < 0.05;

“* p<001)




Table 8.2: Chemicals present in fat nlshqmmil catfish (pg/kg)(All empty spaces indicate not detected).
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824 Discussion

Through analysis of testicular apoptosis, which is described here for the first time in a clariid weleost,
we show that C. gariepinus inhabiting xenoestrogen-polluted water sources do not only have a higher
number of caspase 3-positive germ cells in the testis, but also show a higher number of spermatogenic
tubules containing at least one cluster of four or more apoptotic spermatocytes when compared (o
laboratory reared catfish. By taking advantage of the prolonged duration of apoptosis in this species,
we also provide qualitative and quantitative evidence that DNA fragmentation (as indicated by
I'UNEL-staining) and early nuclear changes (as indicated by cleaved caspase 3 immunoreactivity) are
distinctly separate events during the process of apoptosis, A qualitative demonstration of this was the
clear distinction between the cytoplasmic and nuclear compartments in caspase 3-positive coalesced
cell masses, whereas these two compartments were indistinguishable in TUNEL-positive coalesced
cell masses in TUNEL-stained sections. Likewise, using the intense blue-stained heads of
spermatozoa, indicative of the condensed state of chromatin in these cells, as a reference standard, our
findings show that the nucleus becomes condensed after cleaved caspase 3 has translocated back into
the cytoplasm from the nucleus. Furthermore, germ cells with condensed nuclei are not TUNEL-

labelled, suggesting that chromatin condensation and DNA fragmentation are not coincident.

An interesting observation was the germ cell stage-dependent nature of apoptotic death in Dam 2
catfish. Several possible explanations are plausible. The hormonal requirements of meiotic and
postmeiotic stages are well-documented for some fish species. Thus, preferential deletion of
spermatocytes via apoptosis in the Dam 2 catfish may reflect, among others, these hormone
sensitivities. Earlier work on the hypophysectomised catfish, Hereropmeustes fossilis, demonstrated
the near absolute requirement of androgen for the appearance of spermatocytes and spermatids in
spermatogenic  progression afier hormonal therapy, whereas high doses of follicle-stimulating
hormone were inconsequential for the development of these two germ cell stages (Sundararaj et al.,
1967). Although similar hypophysectomy experiments have nol vet been performed on C. gariepinus,
it is established, however, that 11-ketotestosterone is the biologically active androgen in C. gartepinus
(Cavaco et al., 1998), and rising plasma | 1-KT levels are coincident with the appearance of spermatids
in C. gariepinus (Cavaco et al,, 1997). NP exposure has been reported to decrease plasma androgen
concentrations and increase plasma |73-estradiol concentrations in goldfish, observations that are
consistent with increased aromatisation (Soverchia et al, 2005), Likewise, xenoestrogens also
reduced plasma 11-KT levels in male goldfish (Maclatchy and Van der kraak, 1995) and suppressed
the mRNA levels of testicular cytochrome P450 11B-hydroxylase. a key enzyme in the production of
I 1-ketotestosterone in male medaka (Yokota et al., 2005). Thus, a synthesis from these findings
would suggest that xenoestrogen-pollution may disrupt androgen synthesis, and thus lead to caspase 3-
dependent apoptosis in androgen-sensitive stages in C. gariepinus, a notion that agrees with findings

of caspase 3-dependent apoptosis in rat spermatocytes following reduced intratesticular testosterone
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levels (Kim et al., 2001). The discovery of elevated amounts of both estrogen receptor-&¢ RNA and
estrogen receptor-f§ RNA, specifically in secondary spermatocytes and spermatids in the channel
catfish (Wu et al., 2001), supports the notion of the role of aromatization and thus estrogen for the
secondary spermatocyte ~ spermatid transition at this phyletic level. Interestingly, maximal aromatase
activity in the shark testis occurs also in primary and secondary spermatocyte cysts (Callard et al.,
1985), and estrogen receptor-a knock-out mice have disrupted spermatogenesis and reduced sperm
counts (Lindzey and Korach, 1997). By extension, and assuming these estrogen receptors are also
expressed in C. gariepinus, one explanation could thus be that xenoestrogens may alter the immediate
steroidal milieu, e.g. the androgen - estrogen ratios required for optimal spermiogenesis. Further

studies are needed to clarify the hormonal requirements of C. gariepinus germ cells,

Alternatively, the increased incidence of clusters of apoptotic germ cells at mainly the secondary
spermatocyte — spermatid transition could be the result of indirect inhibitory or disruptive actions of p-
NP on germ cells, i.e. via Sertoli cells, an idea that is consistent with our observations that Sertoli cells
were never apoptotic, but contrary to that reported for the medaka testis (Weber et al., 2002). In fact,
clusters of apoptotic cells were rare in control catfish testes. p-NP has also been proposed to exert its
endocrine disrupting actions via non-receptor-mediated mechanisms on the estrogen receptor (Kirk et
al., 2003). Thus, it possible that p-NP could disrupt any of the numerous Sertoli cell endocrine-related
functions, several of which are Ca’'-dependent, by either disrupting endoplasmic reticulum Ca™
pumps (Hughes et al., 2000), or inhibiting IPy-sensitive Ca®" channels that are particularly abundant in
Sertoli cells (Khan et al., 2003). Thus, any diminishing in Sertoli cell function will negatively impact
development of especially germ cells that are sequestered behind the blood-testis barrier, such as
spermatids and sperm (Bergmann et al., 1984). Conversely, non-specific killing of Sertoli cells would
have caused random and non-stage dependent germ cell death,

Quantitatively, the number of caspase 3-positive cells in the spermatogenic region was at least 3-fold
higher than the number of TUNEL-positive cells, indicating that the TUNEL method underestimated
the rate of testicular apoptosis in xenoestrogen-exposed C. gariepinus. The discordances between the
TUNEL- and caspase 3-immunostaining reported here are, in part, consistent with reported
uncertainties regarding the exact relationship between chromatin condensation and DNA
fragmentation (Kerr, 1995). A meaningful interpretation is perhaps provided by Walker et al. (1994)
who showed that DNA cleavage occurs in two stages, firstly by endonuclease activities associated
with high molecular weight DNA fragmentation and which may cause chromatin condensation, but
that this enzyme activity is distinct from that causing the subsequent internucleosomal DNA
fragmentation, which is usually detected by the TUNEL method. Thus, our findings agree in principle
with the notion that chromatin margination and condensation, and internucleosomal DNA

fragmentation are scparate events, the latter occurring at the very end of apoptosis, as was also
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reported in thyvmocytes (Cohen et al., 1992) and hepatocyvies (Oberhammer et al., 1993; 1996, Sun et

al., 1994)

We also provide evidence of different pathways of apoptosis progression in the teleost testis. Besides
affecting 1solated germ cells, groups of coalesced germ cells were also apoptotic, an observation that
was also made in other vertebrates with cystic spermatogenesis, i.e. cartilaginous fishes (Prisco et al

2003; McClusky, 2005). The findings of the present study, together with those reported for the spiny
dogfish shark (McClusky, 2005), clearly suggest that, unlike in other tssue systems, germ cell
coalescence is @ very carly marker of apoptotic death in lower vertebrates, and that DNA
fragmentation occurs much later. It is unknown why germ cell coalescence 18 so prevalent at these
phyletic levels. Given the intimate environment in a cyst, it may be that the cytoplasmic bridges
joining germ cells, known to be present in another catfish species at least (Batlouni et al., 2005), open
up and lead to coalescence of a group of cells if the apoptotic stimulus is large enough. Conversely, a
temporary interruption in cytoplasmic continuity [e.g. by way of the appearance of multiple transverse
cisternae in the intercellular bridges (Dym and Fawcett, 1971)] among clone members may prevent the
spread of abortive or death signals to the entire germ cell clone provided the magnitude of the
apoptotic signal does not exceed a certain threshold within the cyst. Such local control might explain
the observations of scattered isolated apoptotic cells in otherwise healthy spermatocysts and the

coincidence of apoptotic and mitotic activities in the same spermatocyst in C. gariepinus (this study)

and in the spiny doglish shark (McClusky, 2005)




CHAPTER 9
AQUATIC PLANTS
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921 Introduction

Rescarch has indicated the uscfulness of aquatic plants for removal of insecticides from water
(Weinberger et al., 1982). Processes important for the removal of non-point source pesticide runoff in
wetlands may include adsorption (accumulation on the surface), decomposition, and microbial
metabolism (Rodgers et al., 1999). Macrophytes present in a wetland may play an important role in
providing an increased surface area for sorption as well as for microbial activity (Karen et al., 1998;
Hand et al., 2001). Furthermore they may contribute directly to chemical metabolism (Wetzel, 1993).
Emergent vegetation (rooted plants that have most of their leaves and stem tissue above the water
surface e g Phragmites australis, Typha latifolia, Sagittaria spp.) was demonstrated to reduce the
resuspension of sediments in wetlands (Dicter, 1990). Therefore, the use of wetlands for the removal
of pollutants involves a complex variety of biological processes, involving microbiological
transformations and physio-chemical processes such as adsorption, precipitation or sedimentation
(Dunabin and Bowmer, 1992). The need now exists to link wetland characteristics such as the
presence of emergent macrophyte vegetation with the transport of non-point-source (pesticide)
contamination and the resulting biological effects (Schulz et al., 2002).

Aquatic plants are an important component of aquatic communities due to their roles in oxygen
production, nutrient cycling, controlling water quality, sediment stabilization and providing habitat
and shelter for aquatic life (Harris and Davidson, 2002). The immobile nature of macrophytes makes
them an effective bioindicator of metal pollution as they represent real levels present at the site. In
emergent plants metals and nutrients are mainly absorbed by the roots or rhizomes and translocated
within the plant to the shoots and reproductive structures. In submerging species (rooted plants with
most of their vegetative tissue beneath the water surface e.g. Potamogeton), the soil is usually the
main pathway for metal and nutrient uptake, but depending on the species there can also be a direct
absorption from the water in highly eutrophic lakes (Bole and Allan, 1977; DeMarte and Hartman,
1974).

Plants can directly affect two metal mobility-regulating soil factors - redox potential (Eh) and pH. As
an adaptation to waterlogged, anoxic conditions, the roots of some plant species allow oxygen to
diffuse into the adjacent soil. This radial oxygen loss (ROL) may enable plants to reduce soil toxins
via chemical, enzymatic and microbial oxidation (Armstrong, 1975),




Plants and sediment are the major accumulators of nutrients in wetlands. For example, Schoenoplectus
validus can reduce biological oxygen demand, nitrogen (N) and phosphorous (P) in wastewater
(Tanner, 1994), while Typha spp. has been shown to enhance the removal of heavy metals (zinc, lead,
silver) and salts from underground mine drainage water in Northern Australia (Noller et al., 1994)
The water, sediments and plants in wetlands receiving urban runof! contain higher levels of heavy
metals than wetlands not receiving urban runoff, Large aquatic plants (eg Typha latifolia, Iris
pseudacornis and Phragminis australic) are known to accumulate heavy metals in their tissues (Noller
et al., 1994). Concentrations in their roots systems were found to be higher than in their leaves and
stems. As the macrophytes die and decay, there can be an increase in the concentration of heavy
metals in sediments. Hydrogen sulfide, produced as a by-product of bacterial anacrobic processes is

also responsible for the sedimentation of dissolved heavy metals from water (Noller et al., 1994).

Hansel et al. (2000) applied scanning electron microscopy to elucidate metal precipitation processes at
the soil-root interface in the aquatic plant Phalaris arundinacea, The chemical form of metals affects
their bioavailability, toxicity and mobility through food chains so it is important to have an
understanding of metal complexation within the rhizosphere of aquatic plants, Observations on
elevated metal concentrations within the root relative 1o shoot tissue, suggests that wetland plants may
adopt exclusion mechanisms (external or internal) to hinder translocation of metals to aenal tissue
(Hansel et al., 2000). Iron (Fe) and lead (Pb) are concentrated on the exterior of the root, forming a
superficial rind on the root epidermis. Concentration gradients allow for metal diffusion toward the

root surface and potential uptake and subsequent toxicity to plants and biota (Hansel et al., 2000).

9.2 Materials and Methods
9.a.! Sampling sites
Macrophyte sampling as well as water and sediment (refer to Chapter 4.2) sampling was carried

out at the following sites:

92.1a Sitel

GPS location: S25° 54° 671" E2¥' 18" 482

Sampling at site | was done just below the Dam 1(D1). The location is a shallow channel,
approximately 3m wide. It is characterized by fast flowing water and a solid rock bed

Grasses and exotic weeds dominate the fringing vegetation

9.2.1b Site2
GPS location; §25" 54° 414 E2X 18 3509
Sampling was done in Dam 1 (D1). The banks are lined with reeds, bulrush and exotic weeds

Surface sediment samples were taken from the depositional zones,
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9.1.2¢ Site3

GPS location: §25° 52" 911"E28" 17" 727"

This site is characterized by fast-flowing waters and large boulders on the substratum, above
D1. The water depth is greater than at site 1. The fringing vegetation is mainly bulrush and

grasses.

9.1.2d Site 4
GPS location: §25° 52" 910"E28" 17" 728"
Sampling was done here in Dam 2(D2). The substratum is characterized by coarse sediment.

Regular activities on the dam include fishing, boating (sailing and rowing) and camping.

9.1.2¢ Site$

GPS location: $25° 52" 701 "E28° 15" 385"

This sampling location is outside the reserve on the Sesmylspruit. The substratum is heavily
silted and the water is discoloured. The riparian vegetation is mainly trees and shrubs. It is
also a cattle drinking point.

9.2.2 Plant sampling

A brief preliminary vegetation survey was done with the assistance of a botanist, to identify three
plant species; the bulrush (Typha capensis), the common reed (Phragmites australis) and the
exotic weed Persicaria lapathifolia, a characteristic wetland macrophytes. At each sampling site,
an area located within the wetland’s emergent zone was selected. Identification of the same
sampling points was done in subsequent sampling scasons with the aid of a Global positioning
system (GPS) instrument. Collection of plants was done by hand or when the water level had

risen, using a garden fork. The plants were rinsed in water at the site and then placed in Ziploc
plastic bags. Specimens for chemical analysis were wrapped in aluminium foil before being scaled
in the Ziploc bags and stored in a cooler box on ice for transport to the laboratory. The sample
consisted of both fine and coarse root structures.
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Fig. 9.1: The sampling sites 1-5 where the roots of the bulrush (Typha capensis), the common
reed (Phragmites australis) and the exotic weed Persicaria lapathifolia, a characteristic wetland

macrophyvte were collected.

923 Sediment and water sampling
Surface sediment samples were collected from the depositional zones of the channe A grab

sampler was used duning the high flow season when the water level had risen. The sedimemt was
placed in Ziploc bags pending metal analysis, and in methanol pre-washed glass jars for EDC

analysis and stored at 4°C. Water samples were also collected in plastic and glass comtainers for
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metal and EDC analysis respectively, The water samples were filtered and acidified to pH 2
before undergoing ICP-MS analysis for metals (Waterlab, Pretoria)

924

Microwave digestion for sediments and plants

9.2.4.1 Recoverable (Environmentally Available) Metals

924.1a Principle

Total metals analysis requires the complete destruction of the sample in order to release all
forms of metal. These include metals adsorbed on the sediment particles, metals in the
form of insoluble salts and organic complexes, and metals in the mineral phase of the
sediment. The method below employs strong acid digestion to extract recoverable or
environmentally available metal. Addition of hydrofluoric acid would result in release of
metals trapped in the silicate matrix of the sediment,

9.24.1b  Procedure for sediment
Weigh 0.5g dried sediment into a Teflon vessel. Add 2ml HCL + 9ml HNO; + Iml 30%
H,0,.

924.1c  Procedure for plant tissue
Weigh 0.5g dried plant root tissue into a Teflon vessel. Add 2ml of 30% HO, + TmL of
65% HNO, In both cases the Teflon vessel was introduced into the safety shield. The
acids were added; if part of the sample stayed on the inner wall of the Teflon vessel, it was
washed down by adding acids drop by drop, then gently swirling the solution to
homogenize the sample with the acids. The vessel was closed and introduced into the rotor
segment, then tightened using the torque wrench. The segment was inserted into the
microwave cavity and connected to the temperature sensor. The microwave temperature
regime at power up to 1000W was as follows:

4 min 85°C

9 min 145°C

4 min 2000C

14 min 200°C
The microwave program was run to completion, and afier the solution reached room
temperature it was to a marked flask. The sample was then diluted to 100mL with milli-Q
water and analyzed by ICP-MS (Department of Geology, University of Johannesburg) for
Cadmium (Cd). Aresenic (As), Lead (Pb) and Mercury (Hg).
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923 Results
951 Wetland macrophvies used for the study
In this study the roots of the bulrush (Typha capensis) (Figure 9.2A), the common reed

(Phragmites australisiFigure 9.28). and the exotic weed Persicaria lapathifolia, a characlenstic

wetland macrophyte (Figure 9.2C) were uscd

93.2 Analysis of heavy metals in plant root tissue
932 Metal analyses form the roots of Typha capensis
Ihere were high As levels at site S during the low-flow season (Figure 9.3). The concentration
of Cd remained relatively constant at all the sites in both seasons (Figures 9.3 and 9.4). Figure

9.3 shows that there was no variation in the concentration of Pb and As at sites | and 2 from
the low flow season (Fig. 9.4). The Cd concentration was low in /yphia capensis compared to

the other metals during both seasons (Figures 9.3 and 9.4). Tipdia capensis were not available

at all the sites during the high flow and low flow seasons

Fig. 9.2A, B and C: A. The roots of the bulrush, Typha capensis; (B) The roots of

Phragmites australis and (C) The exotic weed Persicaria lapathifolia.
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sites during a high-flow season (pg/g dry weight).
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sites during a low-flow scason (ug/g dry weight).
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Fig 9.5: Mecan metal concentration (+/S.D.) in root tissues of Phragmites australis at

different sites during a high-flow season (ug/g dry weight).




00 mc-‘ .

300 000 —

200 000 — ‘

reot issue pglg ory weght

'

100 009 — v |
Ll ‘J N
000G 4 - - W L i
\ I

1 2 3 4 L]
Site

Eror s +1 200 S0

Heavy metal in

Fig. 9.6: Mean metal concentration (+/S.1).) in root tissues of Phragmites australis at

different sites during a low-flow season (ug/g dry weight).

9.3.2.3 Metal analyses from Persicaria lapathifolia

Figure 9.7 shows that the high arsenic concentration in P. lapathifolia was in the same range as
that recorded during the same scason for T capensis (Figure 9.3). The results also reflected the
same pattern of lower concentrations at sites | and 2. Although the concentrations detected for
the exotic weed were much lower than for the other plants. According to figure 9.7 As
concentration was higher again at site 5 in the roots of P lapathifolia Lead was also found in

high concentrations (Figure 9.8) during the low flow season.
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9.4

Discussion and conclusion
94.1 Heavy metal analysis in plants

After site 2, which is D1, the water passes through the wetland before discharging into D2, and the
results imply possible settling of metals as they pass through the wetland. The results also suggest
that there is no significant re-suspension of metals into the water column from the sediment,
because the results from plant analysis show high lead and arsenic levels at sites 3, 4 and 5. The
lower concentrations in the high-flow season can be attributed to dilution as the water level rose

significantly.

T. capensis is a characteristic wetland macrophyte, commonly referred to as the bulrush. The
arsenic concentrations in I- capensis were significantly lower in the high flow than the low flow at
site 5. However this cannot be attributed to dilution of the water as the metals are in the plant
tissue. The variation could have arisen from other environmental factors not accounted for in the
study. T capensis was most useful for this purpose because there is always sufficient root mass
from the plant during both the high flow and the low flow scason. P. lapathifolia is an exotic
weed that is also characteristic of wetlands. [t was observed that the plant flourished during the

high flow scason and dried out during the low flow scasons, which made it a difficult plant 1o use

for these purposes.

At Site 5, where plants and sediment were sampled, there was a heavily silted location where there
was a build up of fine sediment rich in organic matter and the flow of water is partially blocked.
The flow however varied along the channel with certain parts having fast flowing waters and a
solid bedrock. Biological monitoring of metal pollution requires knowledge of the spatial
distribution of metals among biota 1o establish the association between metals in biota, metals in
the environment and the availability of metals to biota (Vesk and Allaway, 1997). Plamt metal
levels are often found 1o be highly correlated with levels in the sediment, although other studies
have produced contrasting results (Vesk and Allaway, 1997).



CHAPTER 10

SOUTH AFRICAN SCORING SYSTEM (SASS)

Mlambo SS', Barnhoom IEJ, Bornman MS’, van Vuren JHJ'

Department of Zoology, University of Johannesburg'; Department of Urology, University of Pretoria®

10.1  Introduction

The South African Scoring System (SASS) is a highly successful rapid bioassessment technique,
which has formed the backbone of the River Health Programme in South Africa (Uys et al., 1996).
Using this method, macroinvertebrate families are scored according to their sensitivity 1o deterioration
in water quality. SASS scores have been shown to relate directly to water quality and are particularly
sensitive to organic pollution (Chutter, 1994), hence the relevance of applying this technique in the
overall assessment of endocrine disrupting chemicals and heavy metals in the aquatic environment.
SASS has been recommended for the determination of the flow requirements of rivers (O'Keeffe and
Dickens, 2000), and has also been used for many impact assessments.

The SASS is broadly based on the water quality monitoring system developed by the Biological
Monitoring Working Party (BMWP) in the UK in the carly 1980s, but the scores have been adapted 10
local (South African) conditions and therefore differ slightly from those used in the BMWP system.
The scores range from 1-15, with highly pollution tolerant species scoring low, and intolerant/highly
sensitive species scoring high. The three principal indices calculated for SASS are: SASS score,
number of taxa (No. Taxa) and average score per taxa (ASPT). ASPT is the sum of the “quality” scores
for each taxon noted, divided by the number of taxa. Each taxon has been assigned a *quality” score,
based on its susceptibility or resistance to pollution and perturbations. The lowest scores are assigned
1o the taxa that are resistant and the highest scores to those susceptible 1o pollution. Additional
information relating to site description and any signs of disturbances is captured on the sheet 1o help in
the later interpretation of results (Dickens and Graham, 2002).

SASS is designed 10 assess river health or condition as influenced by water quality, even though other
minor factors may come into play. Macroinveriebrate communities play an important role in many
ecological and ecotoxicological processes in lakes and rivers (Brinkhurst, 1974). Advantages of using
macroinvertiecbrates as water quality indicators include sensitivity to chemical and physical
perturbations, limited mobility to avoid discharges, ability to detect intermittent discharges, abundance
and case of collection, and vital position in the food chain. Changes in taxonomic richness and
composition of macroinvertebrate communities are considered sensitive tools for detecting alterations
in aquatic ecosystems (Pincl-Alloul et al., 1996). The toxicity of effluent discharged into water and
sediment is complex, with synergistic and antagonistic effects. Benthic and fish communities respond
accordingly, but over the long term, fish may be eliminated and the benthos are dominated by
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Fig.10.1: Sites 1-3 where SASS was performed during this study.

10.2.2 Macroinvertebrate sampling

Kick sampling was done using a SASS net from the full range of biotopes available at each site:
-stones in current, stones out of current

-sand, mud and gravel

-marginal vegetation

The collected sample was tipped into a large rectangular tray filled with stream water.

Identification is done on site within 15 minutes. Unidentified organisms are preserved in Rose




Bengal for later identification in the laboratory. All the inveriebrate familics present were scored
according 1o the scores allocated on the standard field sheet. The sample score. number of tlaxa
and the ASPT were calculated from the completed field sheet. Other physical and chemical

paramelers at each site were recorded. When all biotopes had been sampled. an integrated habitat

assessment (THAS) was done at each site. Water and sediment were also collected at cach site

1023 Using SASSS score sheet
An example of a SASS Score sheet and how to use it during SASS analyses is given in Figure 10.2

ind JOSCT bed h(_‘!.n\

On the score sheet a score can be entered for cach taxon of invertebrates identified in the field in
cach biotope. A list of indicator organisms whose sensitivity has already been determined is given
on the SASS sheet. For example if the taxon Corixidae was identified in all of the three biotopes
the prc\!«.".cr'nmrd score of 3 given on the sheet and this value 1S entered under the hl«"<‘F:'\ Stone
(S), Vegetation (VG) and Gravel Sand and Mud (GSM). At cach site, and for every taxon
identified. a total score for all the biotopes is given, In the example of Conxidae the total is 3. At
the bottom of the list a total is given of all the scores under each biotope (c.g. Sand) per site. To
get the average score per taxa (ASPT), the SASS 1w1al at the bottom is divided by the number of

taxa. Further explanations on ASPT are given in the results and discussion

103  Results
10.3.1 Low-flow sampling 2004 (LF1)

Fable 10.1 shows SASS results from the first low-flow season. The lowest ASPT for all biotopes

was at site 3. Site S had the lowest number of taxa
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Table 10.1: Summary results for SASS indices over the three sites from the UNR wetland

system during the low flow season in 2004 (LF1).

Biotope

All biotopes combined

Stones

GSM

\ egetation

1032 High-flow sam

Table 10.2 shows that in all biotopes site

first sampling season

Indices

Site |

41
10

i1
37

S stll had the

Site S

o~
-
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owest number of taxa, as recorded in the

Table 10.2: Summary results for SASS indices over the three sites from the UNR

wetland system during the high flow season in 2005 (HF1).

Biotope

All biotopes combined

Stones

GSM

\ egetation
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Indices
Score
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ASPI
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1033 Low-flow sampling 2005 (LF2)

Tahle 10.3 shows SASS scores from the second low fMlow scason, The ASPT had decreased

markedly particularly at sites | and 5, compared to the previous low-flow season,

Table 10.3: Summary results for SASS indices over the three sites from the UNR wetland

system during the low flow season in 2005 (LF2).

Biotope [Indices | Site 1 TSited | Site S
Score |22 29 1
All biotopes combined [ No. Taxa 7 7 T4
ASPT 304 404 [ 278
- | Score 19 |28 s
Stones rTo Taxa | 6 T 6 2
ASPT 316 | 406 4
- | Score " 12 0
GSM "No. Taxa | 3 *1—4 o “
ASPT 3 D) o 1
Score 12 17 3
Vegetation 'No. .h“f% 7 ‘ 2
ASPT ‘Ls as 1.5
1034 High-flow sampling 2006 (1{F2)

The ASPT values recorded in Table 10.4 for the second high-flow season did no show great

variation from those recorded in the first high-flow scasons.




Table 10.4: Summary results for SASS indices over the three sites from the UNR

wetland system during the high flow season in 2006 (HF2),

Biotope | Indices Site | Site 3 Site §
All histopes combined  Score N 34 7
No Taxa L] 0 3
ASPT 3l 34 233
Stones —._\«-'c | 21 9 6
No. Taxa 6 ) 2
ASPT 1.8 2.5 3
GSM ) Score T T 3
No. Taxa T s 1 1
CASPT 271 32 3
(’fgtlalmn T Score 14 17 4
No. Taxa 4 S 2
ASPT I T 2
1035 Summary of ASPT for all biotopes

According to figure 10.3 the lowest ASPT was recorded dunng the second high flow season at all
three sites. At sites 1 and 5 the highest Apt was recorded during the first low flow season

suggesting that it may have decreased over the last three scasons. Over the last three sampling

seasons the lowest ASPT was at site 5. In the last two seasons site 3 had higher ASPT than site |

10.3.6 Integrated habitat assessment (IHAS)

Table 10.5 indicates the integrated habitat assessment at all the sites with highest score (100)
found at site | during the first low flow season while the lowest score (64) was found at site S
during the second high Nlow scason. The ITHAS scores are recorded as part of SASS. at every site
where invertebrates have been sampled. The total IHAS score 1s obtained from adding the Habitat

total and the Stream Condition value. The habitat total is obtained by adding the values for Stones

in current, Vegetation and Other general habitat. The maximum possible score at any site is 100
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Fig. 10.3: Average score per taxa for all biotopes from the four sampling
seasons at the three sampling locations,

Table 10.5: Summary of the IHAS scores of the three sites from the UNR Wetland System

during the four sampling seasons.

SAMPLING Site 1 Site 3 Site §
HABITAT LF1 HF1 [LF2 [HF2 LF1  HFI LF2 HF2 LF1  HFI | LF2 | HF2
Stones in current E 1 14 |17 14 |17 20 |20 13 |20 |20 |15
Vegetation |7 1 1 1 10 15 |8 1 15 14 15 10
Other habitat general |20 |18 |16 |16 20 |17 14 |13 20 |18 |14 |9
Habitat total 38 | 40 |41 |44 44 |49 42 |48 48 |52 |49 |34

“Stream condition 126 133 |39 (37 26 |31 31 |36 32 |28 |28 |30
Total IHAS score 100 |73 |8 |8 70 |80 73 |80 80 |80 |77 |64

10.4  Discussion and conclusion

Benthic macroinvertebrate species are differentially sensitive 10 many biotic and abiotic factors in
their environment. Hence macroinveriebrate community structure has commonly been used as an
indicator of the condition of the aquatic ecosystem. SASS S is one of the numerous biotic index
systems that have been developed, which give numerical scores to specific ‘indicator” organisms at a
particular taxonomic level. SASS data are meaningful only when assessed together with various
factors that may influence the scores. Most important of these are measures of habitat quantity,
quality and diversity (Dickens and Graham, 2002). Chutter (1998) points out that ASPT is a more
reliable measure of the health of good quality rivers (as opposed to poor quality river) than the SASS

SCOre 1S,




The average water depth and flow rates were higher during the high flow seasons. The ASPT values
recorded during HF2 indicated that there had not been a significant change on a temporal scale of four
seasons, when compared with the data recorded at the beginning of the survey in LF1, especially with
regards to site 3. This may be explained by Williams and Feltmate's (1992) statement that the time
required for insect assemblages to retum to their natural state, following disturbances such as those of
point source industrial pollutants, can be the order of many years for streams, decades for lakes
Therefore, variations between seasons could not have been expected to be by high magnitudes. There

was however, a steady decline in ASPT at site | from the first sampling LF| to the last season HF2

A high density of chironomids was noted at site | during LF1 and HF1 and this, with an absence of
may flies and stoneflies in water bodies is usually indicative of industrial pollution (Williams and
Feltmate, 1992). Presence of numerous families of highly tolerant organisms usually indicates poor
water quality (Graham and Dickens, 2002). The Baetis species (Family Baetidae) consistently
appeared at sites | and 3 in all the seasons. [n the last two seasons (LF2 and HF2), it was identified at
site | only. It is one of the pollution tolerant organisms and has a low score on the SASS sensitivity
scale. Also notable was the abundance of leeches at site 5. Leech abundance is highly variable in the
natural ecosystem, but generally increases in more productive fresh waters. They also have a low

quality score on the sensitivity scale

The results obtained at site 3 dunng LF2 and HF2 indicate that site 3 supports a more diverse
population of macroinvertcbrates than site 1, suggesting that the water is less polluted at site 3. Site 3
is likely to be less polluted because after site 1 the water passes through a wetland. A high ASPT for
site 5 was recorded only during the first sampling. In the last three seasons the ASPT at site 5§ was the
lowest, Site 5 is the last point of discharge after D2 and it showed poor diversity in the
macroinvertebrate community structure, This may be due to the disturbance caused by the
impoundment, Anthropogenic control over the flow of running water, usually by means of dams and
reservoirs, has influenced nearly all of the world's major rivers. [n most cases impoundments have
caused may flies, caddisfies and stoneflies to immediately disappear and be replaced by a high density
of midges (William and Feltmate, 1992). Important to note is the fact that where habitat diversity is
poor, there will be less biotic diversity and consequently a lower SASS score. However, ASPT will be

less affected because the few organisms present may have the appropriate sensitivity

Where habitat is poor a low SASS score cannot be attributed to poor water quality. An IHAS score
below 60 indicates poor habitat. In this survey the habitat scores were within the normal range (Table

3.5). Therefore, all the observations made pertaining to the macroinvertebrate structure can be

attributed to poor water quality in the system,




CHAPTER 11

HEALTH RISK ASSESSMENT
Genthe B, Steyn M

NRE, CSIR, Stellenbosch

1.1 Introduction
'his forms part of a broader project looking at the application of biological and chemical assays for
measuring endocrine disruption activity and the potential health risks in the Urban Nature Reserve

(UNR).

The broader study examined water, sediment and biota samples for endocrine disruptors. This
component of the study examines the potential human health risks as a result of the endocrine

disruptors encountered, using a health risk assessment approach.

11.2  The Health Risk assessment process
The general human health risk assessment process consists of four distinguishable but interacting

phases, generally referred to as @ hazard identification, @ dose-response assessment, @exposure

assessment, and @ risk characterisation (United States Environmental Protection Agency (US EPA),

1998; National Research Council (NRC), 1983).

The imerrelation of these phases is depicted in Figure 11.1 following.

Fig. 11.1: Integrated Health Risk Assessment Process,
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11.2.1 Hazard ldemtification

I'he first step in nsk assessment 1s the dentification or recognition of potential health hazards.
There should be substantial evidence that the chemical constituent is found in drinking-water
Combined with occurrence information, there should also be evidence of potential or actual

2004)

toxicity of the chemical constituent { World Health Organization (WHO)
Based on this, potentially hazardous chemicals are divided according to their effects and response
(mode of action). For risk estimation purposes, chemicals are divided into three main groups
(WHO, 2003)

- Toxic chemicals - Toxic chemicals have a threshold effect, below which no harmful
effect is expected, These chemicals may have a wide range of effects and can act on different
biological systems such as the immune, reproductive, respiratory or neurological systems

o Carcinogens — Carcinogens are assumed 10 have o threshold where no adverse effect is
expected. Exposure to any concentration of chemical is thought to have some associated risk

. Endocrine disruptors - Endocnine disrupting compounds are suspected to interfere with
the normal functioning of the endocrine system. The endocrine system regulates the development,
growth, reproduction, and behaviour of humans and wildlife. Although endocrine disrupting
compounds cause serious concerns, the data necessary to apply a quantitative chemical risk

assessment is unavailable at this stage

It is often very difficult 1o conclude with certainty that a chemical is carcinogenic. Based on this
uncertainty, the Intermational Agency for Research on Cancer (IARC, 1982; 1987; 1991) classified
carcinogens into four groups (Groups | — 4) according to their potential carcinogenicity (Table
11.1). Classification of carcinogens into one of these groups depends on whether sufficient dose-
response data were derived from human or animal studies. The evidence portrays the cenainty of
the data that a chemical is carcinogenic based on animal or human studies. The TARC approach
was adopted by the WHO (2004). Similarly, the US EPA (1998) developed their “weight-of

evidence™ approach, which divides chemicals into Group A - E
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Table 11.1: Carcinogen classification groups (International Agency for Research on Cancer
(IARC), 1982; 1987; 1991; US EPA, 1998).

IARC APPROACH Us EPA “WEIGHT-OF-EVIDENCE"

(ADOPTED BY WHO) APPROACH

1 The agent is carcinogenic to humans A Known human carcinogen

2A The agemt is probably carcinogenic to | Bl Probable human carcinogen, limited data
humans

2B The agent is possibly carcinogenic to | B2 Probable human carcinogen, inadequate
humans data

3 The agent is not classifiable as to its | C Possible human carcinogen
carcinogenicity to humans

Rl The agent is probably not carcinogenic to | D Not classified as human carcinogen
humans

Evidence that not carcinogenic 1o
humans
11.2.2 Dose Response Assessment

The second step examines background information available for dose-response studies.
Sensitivity/vulnerability of the study community should always be taken into consideration when
performing a risk assessment. Sensitive subpopulations would include infants (below five years of
age), elderly, immuno-compromised individuals (e.g., HIV/AIDS infected people or people with
TB, cancer patients receiving chemotherapy), and also people suffering from existing debilitating
disease or infection, factors associated with lifestyle (e.g., smoking), etc. For example, the target
organ for various hazardous agents may be the liver and, as the liver has a detoxifying function,
malfunctioning of the liver may lead 1o aggravated adverse health effects.  Although all these
factors cannot be accounted for, health managers and risk assessors should keep these in mind by

using conservative or protective estimates.

11.2.2.1 Toxic (threshold) approach

For chemicals classified as “toxic”, it is assumed that there is a dose (threshold) below which
no adverse effect will occur even if a person is exposed to this concentration on a daily basis
for the rest of his / her life (lifetime exposure) (WHO, 2004; US EPA, 2002(a)). It causes an
increase in the likelihood or accelerates the onset of cancer. As such the risk assessment
approach for toxic effects involves estimating an exposure that is below this threshold level.
This is done by applying uncertainty factors to exposures that appear to be near this threshold
to result in a safe dose (Committee on Carcinogenicity (COC), 2004; US EPA, 2003).
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Fig. 11.2: Threshold dose response for non-carcinogens (US EPA, 2002(b)).

11.2.2.2 Uncertainty factor (safety factor)

The derivation of uncertainty (safety) factors requires expert judgement and careful
consideration of the available scientific evidence (WHO, 2004). The uncertainty factors are
used with toxicity data to take into account differences in sensitivity to toxic effects within and
between species (interspecies and intraspecies related) and differences in toxic effects between
chronic and sub-chronic exposures. Other factors that cause major uncertainty are the quality
of the database and the nature and severity of the effects (International Programme on
Chemical safety (WHO, 1994; US EPA, 2003).

The uncertainty factors applied to determine the safe dose generally range between | — 10 000,
The WHO (2004) recommends that if the uncertainty factor exceeds 1 000 that permissible

guideline levels be set. These would need to be revised as new data becomes available.

11.2.2.3 Carcinogenic (non-threshold) approach
Carcinogens are assumed to have no threshold value (WHO, 2004; US EPA, 2003). This
means that there is a probability of adverse health effects in humans at any level of exposure.

This adverse effect is normally expressed as a risk of producing tumours. For the non-

threshold approach a potency factor (slope factor) is determined based on mathematical
extrapolation models. Over the years various extrapolation models have been developed (e.g.



multistage model. lincanised multistage model, strict threshold model, log probit model,
Weibull model and the one-hit model). The multistage lincansed model 1s the most frequently

used extrapolation model (COC, 2004; US EPA, 1992; US EPA, 2002(a))

T * 1 a . ' . a A 1 .
Figure 113 shows a typical example of an extrapolation model with a slope factor (). The

dashed blue line indicates the actual observation data, while the dotted red line is the 957 %

confidence limit of the solid line. The dash-dotted pink line is then extrapolated to low dose
exposures to represent the effects expected at low doses. This extrapolation causcs uncertainty
as to the quality of data. The slope factor is that part of the 957 % confidence interval

extrapolated 1o represent the effects at low doses and is indicated by the purple solid line. The

slope factor therefore has an inherent uncertainty or safety factor

I'he slope factor is expressed as per mg/kg/day and can be used to compare the relative

potency of different chemical substances
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Fig. 11.3: Typical dose-response curve for non-threshold effects with a slope factor (US EPA,

2002(h)).

11.2.23a EDC approach (no quantitative method yet)
Contrary 10 the above, responses 1o hormones are different. High doses of hormones and

chemicals can block rather than stimulate some responses resulting in what is called a non-

monotonic dose-response relationship (Myers et al, 2003; Welshons et al,, 2003). This




non-monotonic dose-response relationship is illustrated in the figure below (Figure 11.4).

Effects initially increase and then decrease with increasing dose.

| Non-monotonic response of estradiol

Physiological range

Toxicological range

Control

Response to estradiol (% of control)

Concentration (molar)

Fig. 11.4: Example of a2 non-monotonic dose-response curve.,

Population based epidemiological studies relevant to endocrine disruption are few and
often limited by factors such as the time lag between exposure and clinical disease (Myers
et al, 2003; Solomon and Schettler, 2000). The ability of epidemiological studies to
identify the cause of an adverse effect decreases as the prevalence of the effect and the
number of causal factors increase (Myers et al, 2003). It is difficult 10 establish cause
and cffect relationships for human exposure of endocrine disruptors and incident discase
(Myers et al,, 2003). We have no control since everyone has been exposed 1o endocrine

disrupting chemicals at sometime or the other.

We encounter a broad range of environmental exposures throughout our lives and
frequently to a mixture of chemicals at any one time. Much work remains 10 be done on
the study of the human health impact of exposure to endocrine disruptors particularly in
view of the exposure experienced by people 1o a mixture of these chemicals (WHO, 2003).
Developmental toxicity can result from exposure of cither parent prior to conception from
exposure of the embryo in wero or from exposure of the progeny after birth. Jn vive
studies on pregnant animals and their progeny have been widely used in developmental

toxicity assessment (WHO, 2003). Developmental effects of endocrine disruptors tend to
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be latent where traditional endpoints of toxicity may not be detectable until sexual

maturity (Daston et al., 2003).

It is essential that the correct end-point be examined when conducting the dose-response
assessment of a chemical thought 10 be an endocrine disruptor (Mantovani ct al., 1999;
Mantovani, 2002). The elucidation of molecular mechanisms of endocrine disrupters
should make for the reasonable risk assessment and for defining the endpoints of endocrine

disruption. This would help classify which compounds be removed from the environment

1.23 Exposure assessment

Humans can be exposed to chemicals via carrier media other than water such as air, soil and food.
Generally, exposure can occur by means of three routes / pathways which include ingestion (oral),
inhalation and dermal absorption. Important exposure factors related to humans include body
weight, food and drinking water consumption, and skin surface areas related 1o different types of

exposure (WHO, 2003; US EPA, 1992)

Often humans are exposed to chemicals via more than one carrier media or exposure pathway. It
should be noted that a source in one medium (c.g. potable water) may lead 10 additional intake

from other routes (e.g. dermal and inhalation) (WHO, 1994).

The application of an integrated risk assessment framework makes provision for estimating the
risk of hazardous toXicants to human health via different routes and media, The proposed method
not only provides for exposure to organic toxicants in water through ingestion, but also via
inhalation and dermal absorption (¢.g.. while showering or bathing), but also for exposure to the
organic toxicant via other media (e.g. air, food and or soil) as humans may be exposed to organic

toxicants via a vanety of routes at any given time.

11.2.3.1 Calculations of chemical concentrations in the environment
Monitoring data of the concentrations of various hazardous chemicals in environmental carnier
media (air, food, soil, and water) is necessary to calculate the total dose a person may be

exposed to

11.2.4 Risk characterization
Risk characterisation is the process of calculating the incidence of the health effect under the
conditions of exposurc described in the exposure assessment, using the identified dose-response

relationship. Guidelines provided by the US EPA (1987) distinguish two components of risk

characterisation, namely:




¢ presentation of a numerical estimate of risk, and

& analysis of the significance of the risk estimate,

Risk estimates may be presented in a number of forms, depending on the context of the risk
assessment (US EPA, 1987; National Institute of Public Health and the environment (RIVM),
1997).

11.24.1 Toxicants
For chemicals that cause toxic effects, the risk is calculated comparing the estimated exposure
10 an exposure assumed 1o be safe. The risk is approximated using the following formula:

D
Risk = % A risk estimate over 1 is considered to be unacceptable (US EPA, 1987).

11.2.4.2 Carcinogens
For chemicals that cause cancer, risk is calculated as a function of oral potency factor () and
dose. This is approximated by the following equation:

Risk = Sx LADD  The risk estimates represent the theoretical excess cancer risk.

This is the risk of developing cancer in addition to the background cancer incidence. An
example of this can be described as follows: If the cancer risk is described as 1 ¢-5 = 0.00001
« 1/ 100 000, then it can be said that there is an excess risk of developing cancer of | in a
hundred thousand.

The WHO (2003) defines the acceptable risk level as “an estimated upper-bound excess
lifetime cancer risk of one additional cancer per 100 000 of the population ingesting drinking
waler containing the substance at the set guideline value for 70 years (life expectancy)™.
Regulatory authorities should, however, make an informed decision based on the collected risk
estimation information and decide on an acceptable risk level for local circumstances.

The WHO (2004) and various countries world-wide have set their acceptable risk level at 10 ™,
In cases where an excess lifetime cancer risk of 107 is not feasible or practical because of
inadequate analytical or treatment technology, the WHO recommends that a provisional
guideline value is set at a practical level and the estimated associated cancer risk presented.

1.3 Endocrine disrupting chemicals in the UNR
The US EPA methodology (1998) was used to calculate both toxic and carcinogenic risks to humans,
A number of targeted organic chemicals and metals were tested for in Dam 1 (D1) and Dam 2 (D2)




(Chapter 4). Only a selection was found 1o be present in the water above the detection limits of the
test. These included lindane, DDT, DDD. DDE, endnn aldrin, BHC, DEHP, DEP, DBP, PCBs and
heptachlor. The metals Cd, As, Pb, Hg were also tested for and included in the health risk assessment
In addition to being toxic in their own right, they are also known to have additional additive effects on

)

endocrine disrupting chemicals (Chapter 2.3)

11.3.1 Hazard assessment
The following chemicals were found in cither water or sediment samples from D1 or D2, or in the
fat collected from fish in these dams. The description of the various chemicals was collected from

either the Agency for toxic substances and discases registry (ATSDR) (2006) or BPBC (2004).

Lindane is produced and used as an insecticide on fruit, vegetables, and forest crops, and animals
and animal premises. It is a white solid whose vapour may evaporate into the air. The vapour is
colourless. [t may also be used as a prescription medicine (lotion, cream, or shampoo) to treat

and/or control scabies (mites) and head lice in humans

BHC (benzene hexachloride or gamma-HCH) 15 an insecticide mainly used for soil and seed

treatment for controlling leaf-cating and soil inhabiting insects. It is used on a wide range of crops

Endrin is a pesticide to control insects, rodents, and birds. Endrin does not dissolve very well in
water, It has been found in groundwater and surface water, but only at very low levels, It is more

likely to cling to the bottom sediments of rivers, lakes, and other bodies of water,

Aldrin is a non-systemic insecticide used for the control of soil dwelling insects such as termites
and ants. It is an insecticide with contact, stomach and respiratory action as well as being a wood
preservative. Aldrin and dieldrin are insecticides with similar chemical structures. Aldnin quickly

breaks down to dieldrin in the body and in the environment

Dibutyl phthalate (DBP) is an odourless and colourless or faintly yellow oily liquid that is added
to hard plastics to make them soft (phthalate ester plasticizer). They are used to make many
products such as carpets, paints, glue, insect repellents, hair spray, nail polish, and rocket fuel. In
1994, more than 7.8 million kilograms of di-n-buty] phthalate were made. Most of the time, the

largest source of exposure is from air

1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT) is a pesticide used to control insects that

carry diseases such as malaria. DDT is a white, crystalline solid with no odour or taste.

Dichlorodipheny ldichlorocthylene  (DDE) and dichlorodiphenyldichloroethane (DDD) are




chemicals similar to DDT that contaminate commercial DDT preparations. DDE has no
commercial use. DDD was also used to kill pests, but its use has also been banned. One form of
DDD has been used medically to treat cancer of the adrenal gland. Commercial DDT comprises
several isomers, the main one (75-80%) being p. p~-DDT. DDT is metabolised in the body to DDE,
and both these compounds persist in the body fat. The metabolite p, p-DDE is capable of
blocking the action of androgens (the male hormones) in male rats by inhibiting androgen binding
to the androgen receptor, androgen-induced transcriptional activity, and androgen action in
developing, pubenal and adult male rats (Kelce et al,, 1995),

Dicthylhexyl phthalate (DEHP) is also a phthlate ester and a manufactured chemical that is
commonly added to plastics to make them flexible. DEHP is a colourless liquid with almost no
odour Exposure to DEHP is generally very low. Increased exposures may come from intravenous
fluids delivered through plastic tubing, and from ingesting contaminated foods or water DEHP is
present in plastic products such as wall coverings, tablecloths, floor tiles, fumiture upholstery,
shower curtains, garden hoses, swimming pool liners, rainwear, baby pants, dolls, toys, shoes,
automobile upholstery, packaging film and sheets, sheathing for wire and cable, medical tubing,
and blood storage bags. DEHP does not evaporate easily or dissolve in water casily and it attaches
strongly 10 soil particles.

Cadmium (Cd) metal is used mainly as an anticorrosive, electroplated on to steel. Cd- sulfide and
-selenide are commonly used as pigments in plastics. Cd compounds are used in electric batteries,
electronic components, and nuclear reactors. Fentilizers produced from phosphate ores constitute a
major source of diffuse Cd pollution. In natural waters, Cd is found mainly in bottom sediments
and suspended particles. Food is the main source of cadmium intake for nonoccupationally
exposed people. Crops grown in polluted soil or irrigated with polluted water may contain
increased concentrations, as may meat from animals grazing on contaminated pastures. Animal
kidneys and livers concentrate Cd. Release of Cd from human activities is estimated at from 4,000
to 13,000 tons per year, with major contributions from mining activities, and burning of fossil
fuels. Cd can enter the air from the buming of fossil fuels (e.g., coal fired electrical plants) and
from the burning of household waste.

Arsenic (As) is a naturally occurring clement widely distributed in the carth’s crust. In the
environment, arsenic is combined with oxygen, chlorine, and sulphur to form inorganic arsenic
compounds. As in animals and plants combines with carbon and hydrogen to form organic As
compounds. Inorganic As compounds are mainly used to preserve wood. As compounds are used
as pesticides, primarily on cotton plants.




Mercury (Hg) o ' |

jer three ¢ {5 KIWOW clemen { WL | i
| Sy er v 2 ) ’

f He [ ) 1 an He mercur ficl n p—— —

| 4 il ‘
] ' r r r 1 r T | 4 !
) n f i H
) | U o s n n foce e chne I ur | \
\M r r nat f r 1 | | |
L L8 ‘ pPariicuiar < ! | J n i |

W al | W l n v t ag —_— 14 o9 Pl o -

1 A Y
i : y 5 ] n | ) 1T | n
arcinogen d the potential health effects that can be expected when exposed to these chemic




Table 11.2: Health effects — both carcinogenic and toxic effects associated with the different chemicals,

Contaminant  of | Documented health effects

potential concern | Toxie effects N ____ Carcinogenic effects
" Lindane or Lindanc is toxic via the oral route as mildly toxic via the dermal route, | The EPA has classified gamma-HCH (lindane) into the category “suggestive
' gamma-HCH Lindane has been found to liver damage as well as neurological, | evidence of carcinogenicity, but not sufficient to assess human carcinogenic

BHC  or benzene
hexachlonde  or

_gamma-HCH

y

kidney, pancreas testes and nasal mucous membrane damage,

Txposure 1o high levels of HOT can cause blood disorders, dizziness,
headaches, seizures, and changes in the levels of sex hormones.

Aldnn or
1,2,3.4,10,10,
hexachloro-
hexahydro-
dimethano-
naphthalene

Animals exposed 1o high amounts of aldrin or dieldrn also had |
nervous system effects. In animals, oral exposure 1o lower levels for a
long period also affected the liver and decreased their ability to fight
infections. Studies in animals have given conflicting results about
whether aldnn and dicldrin affect reproduction in male animals and
whether these chemicals may damage the sperm. We do not know
whether aldrin or dieldrin affect reproduction in humans.

4
|

potential” (US EPA 2001a, 2002b). No cancer potency factors have been
estimated for gamma-HCH (US EPA 2001a, 2002b; IRIS 2005). The
Intermational Agency for Rescarch on Cancer (JARC) has classified lindane
as a Class 2B carcinogen (possible human carcinogen).

HCH has caused cancer in animals.

There is no conclusive evidence that aldrin or dickdrin cause cancer in |
humans. Aldrin and dicldrin have shown 1o cause liver cancer in mice. The
International Agency for Rescarch on Cancer (IARC, 1982) has determined
that aldrin and dieldrin are not classifiable as to human carcinogenicity. The
EPA has determined that aldrin and dieldrin are probable human carcinogens.

Endrin

Studies in animals confirm that endrin’s main target is the nervous
system, Birth defects, especially abnormal bone formation, have been
seen in some animal studies. The central nervous system is the primary
target site for endrin toxicity. Convubsions and death have occurred
within a few hours of ingestion. Less severe symptoms include
headache, convulsions, dizziness, nausea, vomiting. nervousness, and
confusion.

The EPA has determined that endrin is not classifiable as o its human |
carcinogenicity because there is not enough information to  allow
classification.

DDT. DDD and

High levels of DDT can affect the nervous system causing excitability,
tremors and seizures. In women, DDE can cause a reduction in the
duration of lactation and an increased chance of having a premature
baby. In animals, short-term exposure to large amounts of DDT in
food affected the nervous system. while long-term exposure to smaller
amounts affected the liver.

DDE has been shown to be both estrogenic and anti-androgenic.

The International Agency for Research on Cancer (JARC) determined that \
DDT may possibly cause cancer in humans. '
The EPA determined that DDT. DDE, and DDD are probable human

Carcinogens. '




Table 11.2 Continued.

DEHP

bip

Harmful effects i amimals generally occurred only with high amounts of
DEHP or with prolonged exposures. Moreover, absorpton amd breakdown
of DEHP in humans is dafferent than in rals or mice, so the effects seen n
rats and mice may not oceur 0 hemans, High amounts of DEHP damaged
the liver of rvs and mice. Whether or not DEHIP contnibutes to human
kidney damage s unclear. Skin contact with prodects contaming DEHP
will probably cause no harmiul eflects because ot cannot be taken up casily
through the skin

Di-nbutyl phthalate appears 10 have relatively low toxicity. Adverse
ellects have not been reported in humans as a resalt of exposure 10 di-n-
buty ! phthalse

In laboratory animals, stisdics show that cating large amounts of di-s-batyl
phthalate can affect their abiity 1o reproduce. Sperm production can
decrense, but retums 10 near normal levels when exposure stops. Large
amounts of dien-butyl phthalate repeatedly applied 10 the skin for a long
time can cause milkd ritation

Fatng food or drinking water wath very high cadmm levels severely
urlates the stomach, leading 1o vomiting and durrhoca, and sometimes
death, Eating lower bevels of cadmium over a long penod of time can lead
o a butld-up of cadmium in the Kidneys. 11 the levels reach a high enough
level, the cadmium in the Kidney will cause Kudney damage, and also causes
bones 1o become fragile and break casily

Chronse
(onganic Hg) and renal disturbances (imosganic FHg).
Organecally-bound mercary s move toxe  than  inorganic
mercury 1s volatile and exposure by inhalation may also occur
Chronie effects: shin Jesions and hy per-pigmentation (Black Foot Discase)
Arsenic can accumulate in the body

Acute effects death from upper respiratory. pulmonary, gastromiestinal
and cardiovascular Gulure. Nerve damage and sensory koss i the penipheral

neurodoxic  elfects, damage 10 nervous system, Newrological

Flemental

mervoLs system is a primary symplom of arsenic poisoning
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I'he Department of Health and Human Services (DHTIS ) has determined that
DEHP may reasonably be anticipated 1o be o human carcimogen. The EPPA has
determined that DEHP is a probable human carcinogen. These determinations
were based entirely on hiver cancer i rats and mice

, Ihere have been mo cancer studies i humans and the one study i laboratory
ammals 15 nadequate. The EPA has determined that di-n-baty ] phthalate 15
not classifiable as 10 human carcinogenmicity based on madeguate evidence in
both humans and animals

The Imternational Agency lor Rescarch on Cancer (JARC) has determined
that cadmiam s carcimopemic o homans.  The EPA has determmined thaw
cadmiwm is a probable human carcinogen (B1) by inhalation. SKin contict
with cadmium is ot known 1o affect the health of people or animals because
virtsally no cadmium can emter the body through the shin under normal
Crcumsiances

Class 12: Not classihiable as o human carcinogenicily

Class A Known buman carcinogen.  Increases the risk of cancer of the skin
and internal organs c.g. lung. liver, Kidney. bladder and prostate cancer




11.3.2 Dose calculation (Exposure concentration)

Exposure assessment is a key phase in health risk assessment, because without exposure, even the
most toxic or carcinogenic compound does not pose a risk to human health. Exposure assessment
involves the identification of potential receptors, exposure pathways, exposure media and receptor

behaviour, which affects exposure duration.

A numerical estimate of dose (expressed as mpkg/d) was calculated to determine the exposure

concentration (US EPA, 1998).

The total dose is calculated using the following formula.

TotalDose_, = C_ X IRXED

For non-cancer risks, the average daily dose (ADD) received during the period of exposure was
used calculated as follows:
TotalDose ,

Bwx ED

For the risk of carcinogens for exposures that last less than a lifetime, the dose is adjusted using

ADD =

the following formula:

{
LADD = ADD x| E—Q
\ LAt

The following table (Table 11.3) lists the chemicals that were identified and the concentrations
found in water and fish from the UNR - used in the risk calculations




Table 11.3: Chemical concentrations measured in water from DI, D2 and fish fat

Chemical | Concentration pg/L Concentration ug/kg
WATER FISH FAT
m D1 D2 ] D1
Lindane | 14 0.58 15 | 88
Aldnin I ND ND ND J‘ 24
[Endrin | 0.57 ND ND 'ND
DDT 33 |06 ¥ — sz |
DDD 1.1 1.1 6 38
oDE |[ND ooz |2 Ias ]
BHC ND 15 ND , ND
DEHP 700 | 600 ND I ND
DBP (84-74-2) | 5000|6310 _IND —'T N —
DEP * 3200 3200 | ND | ND
PR | ND ND 15 E
Heptachlor ND 0.68 1‘ ND | ND
Cd 500 ND | ND | ND
$ — el
As 5000 ND ‘ ND l ND
Hg 16000 ND | ND | ND
Ph * 1700 ND TND TL.\T)

ND = Not detected

) Risks could not be calculated as no slope factor or reference doses are available

11.33 Trans-media transfer calculations

For some exposure scenanos a chemical concentration in one medium must be converted to a
concentration in another medium to which a person can be exposed. An example of this is a
chemical concentration in air may be calculated from a chemical concentration in water. This
would take into account that some chemical compounds are volatile and a person may be exposed

to contaminated air while showering based on the chemical being present in the water
To calculate the concentrations in vegetables the following two calculations were used

11.3.3a Home-grown vegetables

Water to root uptake equations

Clr)= RCF{w)xClw)




log(RCF(w)=0.82) = (0.77 x log( Kow)) - 1.52
C(r) Concentration in root
C(w) concentration in water

Proportion in Root_ _ ~_100.00%

RCF = Root Concentration Factor

Kow = Octanol-water partition coefficient

Water o transpiration stream (root uptake)
Clst)=TSCF(w)xCl(w)

TSCF(w)=0.784 4/arkmri Waiad]
C(st) Concentration in stem
C(w) Concentration in water
Proportioninstem_ _ _ _ 100.00%
TSCF = Transpiration stream concentration factor

Kow = Octanol-water partition coefficient of the compound

11.3.3b Dermal Absorption Calculations (Source: US EPA, 1992)
The following equations are used to calculate the absorbed dose of chemical per square

centimeter of skin per event.

For inorganic chemicals, the absorbed dose is calculated as follows:
DA, = KpxCwx1,

For organic chemicals, DA is calculated as follows:

DA, =2x KpxCwx((6x1x1, )/ p);

forg,<t*
or

DA, = KpxCwx((r, /(14 B))+ (2xrx((1 + 3B)/(1 + B))))

fore>1*
where

DA is dose absorbed per unit arca of exposed skin per event.

Kp is the dermal permeability coefficient of the chemical from water,

Cw is the concentration of the chemical in water,

L is the duration of the event,
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The dose (or exposure concentration) presented in this assessment reflect the exposure from
measured concentrations of contaminants in water and fish only and the exposure pathways, as
well as the specific numerical parameters applied to each exposure scenario.

I'he following table (Table 11.4) summarises the exposure parameters used in this assessment.

Table 11.4: Exposure Parameters Used in risk assessment and risk calculations.

EXPOSURE INFORMATION | UNITS VALUES

Body weight (Bw) | Kilogram (kg) | 70

Life expectancy (L) Days (d) 70 (70 x 365)

Exposure duration (ED) | Days (d) 350 per year
|

|

Drinking water intake rate (IR) Litres (L) 2

| 0.2 h per day based on
Dermal exposure rate Hours (h)

| 23000cm’ skin surface arca
Vegetable exposure rate kg Daily 40% of 0.2kg per event
Daily 0.005kg per event per
Fish ingestion rate ke :
350 days per year

#  Based on an averaging factor of 0.05kg fish eaten per day but with conversion
of chemical content in fat 10 amount of fat eaten. This is based on freshwater fish
having a MAXIMUM 10% fat content —~ whercas they have on  average only 1%

fat content

1134 Risk Characterisation
Risks calculated for the various assumptions for D2 and D] water and for fish fat using the
measured concentrations of organic chemicals and metals are presented in the following tables

(Table 11.5-7) and figures (Figure 11.5-8).

Table 11.5: Cancer risks and toxic effects resulting from metal exposure.

Metals Cd As Hg
Hazard quotient | 27.4 456 155
Carcinogenic Not carcinogenic 0.088 ~ 1 in 100 Not
risk carcinogenic




Table 11.6: Cancer Risks and Toxic effects as a result of exposure to Dam 2 water and fish,

Dam 2 Area

CANCER RISK Lindane non bl Endrin B DEnr DD Y ree | lotal
Cancer nsk drinking water 21 2004 1OEA6G 9.0k ! 10K 04 LR
Cancer t.lxk.Au't':L‘;ll.ll I!l_'t'\‘lltl:‘l.“'l:l - 1 006 20E-08 SOE-08 —ri 6 0E-07 1 TE-06
Cancer risk fish ingestion ] 60607 [ 40608 | 1L0F-07 1 (0000 | 20607 | | 60E-06 | 69E-06
Cancer rish scu:mlv.c walering o 20E-04 20E-04 | 40E-04 I 1LOE-D) 1T 1 LI 8E-03
Cancer risk dermal <12 mn LOE-04 SOEO5 | 2.0E-04 I 20E-04 T JE-4
Tl;:l sk @:{-.E{.:.lf»n :S:E;m-\.uu\ (sl 1

for drmkang ) SO1LAS 60147 201 AN 20108 | 73E0S

|

Total SSE-O1 | 23604 | 6.0E0 1 3E-03 | 2.0E-07 6.0E-06 | 2.7E-03
TONIC RISK Lindane nnn Dl Eodrin B pEnr DDhE DHP ren Total
HOQ drinking water 21 1300 0.130 0.050 Lo 1400 3.9

HO acadental nu'rlejll;nl 0 DG Dol 0000 0.0Ds | - 0007 - Vll ll. :
HO fish ingestion T | oon2 I -1 1 T Tleo
HQ vegetable watcring 1.000 6000 o210 10.000 B YT 2.2
HO dermal - 12 min 0600 1.700 0.050 .10 1300 6.8
1Q 80% removal of contaminants (used for | | T 1
deimking) 0.270 D.030 0,009 0200 0,300 08
Total N ) LRI DY 13,305 9007 4.7
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- 1Cancer risk drinking water
2L

1.08-03 R B Cancer risk accidental
E ingestion 10mL

8.0E.04 § C——Cancer risk fish ingestion
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N min
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Fig. 11.5: Risk of carcinogenic effects from exposure to Dam 2 water and fish.
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Fig. 11.6: Risk of toxic effects from exposure to water and fish from Dam 2.

198




Table 11.7: Cancer Risks and toxic effects as a result of exposure to Dam 1 water and fish.

Dam I Area
pup |
CANCER RISK Lindane pon DT Aldrin BHC DENP DDE Heptachlor 8§4-7422 ren Total
Cancer risk drinking water 21 9 00E-06 LOOE-D6 2 00E-D6 J0E-M LIOE-D4 | 5008-08 4.00E-05 45E-04
Cancer nisk  accdental  ingestion
10mL 4 00E-08 200E-08 | 1.00E-08 200E-06 | SOOE-07 | 4.00E-10 | 2.00E-07 2.8E-06
Cancer risk fish ingestion 1.00E-08 8 00E-07 2.00E-06 | 400E-05 6.00E-06 200805 | 79805
Cancer risk vegetable watering 7.00E-06 2L00E-04 | LODE-04 LOOE-03 ) 3.00E-06 | 9.0DE-0S 1L4E-D3
Cancer risk dermal <12 min 4. 00E-D6 1.00E-DS | 5.00E-05 700E-07 | 200E-04 | S00E-07 | 2.00E-05 LIE4
Cancer nsk  80°%  removal  of
contaminants (used for drinking) 2 DDE-06 6.00E-07 | SO0E0? 6.00E-08 | 200E-05 | 200E-08 | 7.00E-06 9.0E-0S
Total 3.2E-05 2.3E-04 1.5E-04 4.0E-05 L6kE-04 1 3E-03 9.91:-06 1.6k 2.0L-08 l 2.3E-03
DEP
TOXIC RISK Lindane DDD poT Aldrin BHC DEHP DDE Heptachlor 84-742 rCe Total
HOQ drinking water 2L 0.050 0.030 0.820 0.040 1.700 26
HOQ accidental ingestion 10ml. 0.000 0.000 0.004 0.000 0.009 l 0.0
HQ fish ingestion 0.064) 0.020 0.160 0.2
HQ vegetable watering 0.040 L6000 K.600 0.090 7.000 173
HOQ dermal - 12 min 0.020 0.720 1.800 0.020 1.700 43
HOQ R0% _r;;lnval of contaminants
(used for drinking) 0.010 0.007 0.160 0.008 0.350 0.5
Total 0.18013 23MM 016 11.384 0.1582 10.759 25.0
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Fig. 11.7: Risk of carcinogenic effects from exposure to Dam 1 water and fish.
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1.4 Discussion
1141 Quantitative Human Health Risk Assessment
In general, the health risk assessment indicates that the potential for serious health effects exists if’

people are exposed to the water from the UNR as described in the scenarios. Many chemicals
were found in the study area which posed an unacceptable risk for people developing ecither
carcinogenic or experiencing toxic effects using the water for domestic, agricultural or recreational
purposes. Even using an 80% reduction scenario based on the percentage removal associated with
a wastewater treatment plant using activated carbon (Snyder et al_, 2003) the water posed a risk to
human health.

People will be exposed 10 an unacceptable risk to develop cancer or toxic effects if they make use
of D2 or DI water. Interestingly, using untreated water from both these areas for vegetable
waltering would expose people to the highest risk of developing cancer and the highest chance of
experiencing toxic effects. Dermal exposure to the water (assuming one is exposed on a daily
basis for 12 minutes) also results in very high risks as a result of dermal absorption of the
chemicals in the water.

Both the organic chemicals and metals were present in concentrations individually resulting in an
unacceptably high health risk. Any possible synergistic effects of metals in combination with
organic chemicals or any other combination could not be taken into account in the health risk
assessment.  The health risk assessment process can only consider additive effects. It is known
that synergistic effects occur with many mixtures of chemicals.

The risks calculated showed DI and D2 to have the same possible total risk of developing cancer
(2,3 in 1000 vs 2,7 in 1000) even though different chemicals and different concentrations were
encountered. Toxic effects are expected to be slightly higher due to exposure via D2 compared to
D1 with hazard indices of 35 and 25 respectively. This indicates that the water contains 35 times
and 25 times the chemical concentrations considered safe for a lifetime exposure.

The chemicals responsible for the worst of the adverse health effects expected in D2 were lindane,
DDT and metabolites, and DEHP, whereas the chemicals responsible for the adverse effects in D1
were DDT and metabolites, BHC, DEHP and DBP.

11.42 Qualitative Risk Assessment

Although endocrine disrupting effects are of serious concern, the data necessary to apply a
quantitative risk assessment is unavailable at this stage. One can however, make use of qualitative
data.
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A qualitative health risk assessment was conducted making use of the ecological data collected
from the study arca. Endocrine disrupting effects were observed at the cellular level with the YES
assay detecting estrogenicity in one third of samples analysed. The aguatic animals also displayed
endocrine disrupting effects in catfish, with intersex fish, increased apoptosis and macroscopic
differences observed. Snails from the Urban Nature Reserve displayved statistically significant
differences in penile sheath length to those from control sites. Data from the frog studies was not

of high quality so are not considered.

Terrestnial amimals’ having less exposure to the water environment than aquatic animals allows for
higher quality comparison to humans. Almost half of the stniped mice from the UNR were found
to have low sperm counts with 12% having no sperm at all.  The original study leading 1o this
project found culled Eland to have severely calcified testes (Bornman et al., submitted). This

shows that small and large mammals exhibited endocrine disrupting effects

I'he hormones found in D2 in 2002-2003 just before this study started (Burger et al., 2006) were at
concentrations in the order of 25 — 350ng/l. with estrogenic activity measuring at 0.16ng/1
estradiol equivalents. These levels are 10 000 x higher than those known to cause initiate activity

in breast cancer cells.

I'he abundant effects measured and high quality data of the effects seen in some of the species,
indicates that the risk for endocrine disruption with regards to reproductive effects is high. This
assessment is based on the effects observed in the many different levels of animals. These include
the fish and smails, and more significantly, the small and large mammals. Also considered is the
presence of estrogens in the water at concentrations known 1o initiate effects in human breast
cancer cells. Even with the cells being more sensitive at inducing estrogen mimicking effects, the

concentration was 1 000 times, which would suggest that this may occur in 2 human population

Based on the estrogen concentrations and ecological effects there is a “likely probability” that
endocrine effects can be expected in a human population exposed to this water. One must also
consider that the probability of endocrine disruption is in addition to the carcinogenic and toxic

effects predicted in the quantitative risk assessment.

These risks predicted are an under-representation of health risks as they only consider water and

fish as media of exposure. People are also exposed to chemicals via air and other food and

therefore the true health risk will in fact be greater than what is presented in this report.




1143 Uncerainty

[here are many uncertainties within the health risk assessment process. All risk estimates involve
some degree of uncertainty. Uncertainty in the health risk assessment (HRA) process exists at
numerous levels. Uncertainty regarding exposure has two primary sources: uncertainty about
contamination including concentrations of chemicals to which the potential population may be
exposed over the duration of the exposure period, and uncertainty about the exposed population

In this study both of these were significant.

The exposed population could not be studied and the health risk assessment is based solely on

hypothetical exposure scenarios. Therefore, uncertainty in the results will be substantial.

Uncertainty in the dose-response (carcinogenic and toxicological) data also exists. Many of the
chemicals in this analysis did not have available dose response information. In addition, the
reference doses that were used in this risk assessment have uncertainty factors of one or two orders

of magnitude

The results provided in this study are merely an indication of the potential health risks associated

with potential exposure 1o D2 and D1 waters if used for domestic and other purposes.

These risks predicted are an under-representation of health risks as they only portray contact via
water and ingestion of fish. These chemicals may be present in another medium such as air and

therefore the true health risk will in fact be greater than what is presented in this report.




CHAPTER 12

COMPREHENSIVE DISCUSSION
Bomman MS

Department of Urology, University of Pretoria

1.1  Objective

The objective of this study was to determine whether sufficiently high levels of EDCs exist in the
general environment 1o exert adverse health effects on aquatic or terrestrial animals and also humans.
At all four sampling sites and in various samples matrices several compounds were present not at the

low levels, but at concentrations of concern for human consumption.

122 Control sites

The findings at “control” sites Lapalala and Suikerbosrand (SBR) confirmed the worldwide concemn
that there is nothing like a “clean, pristine™ uncontaminated site. Lindane (11, 31.4% samples), 1,1,1-
trichloro-2,2-bis(p-chlorophenyl)ethane (DDT), 25,7% samples) and the phthalate esters were the
most prevalent chemicals at the UNR. The most probable sources of lindane were the chicken farm
and landfill site (Figure 3.3), but since lindane is used as an insecticide on animals and animal
premises, the other farming activities should be seriously considered. The slope from the farm favours
the run-off of water towards the Channel and Dam 2. The water from Dam 1 was almost free of
lindane residues (except 0.58ug/L in May 2005) and the possibility that lindane was coming from the
inflowing stream into the UNR, seems negligible. The slope from the landfill site and run-off water
will also only affect Dam 2 values. On the other hand, comamination of ground water and
underground connections with D2 seems a possibility, but this does not apply to the Channel because
of the building construction.

123  Chemical levels measured

Lindane in surface waters and soils is taken up and bioconcentrated by terrestrial and aquatic
organisms (Just et al., 1990; Matsumura and Benezet, 1973; Ramamoorthy, 1985; Verma and Pillai,
1991; Viswanathan et al., 1988) and accumulates in the food chain (Szokolay et al.,, 1977). This
process also applied to the UNR because of the high lindane levels in fish (Table 7.5) collected from
all sites and sampling events,

The major component (85%) of technical grade DDT is the pp-DDT (85%) isomer, but it also
contains o.p-DDT (15%), and 0,0'-DDT (trace amounts). Technical grade DDT may also contain
DDD (1,1-dichloro-2,2-bis(p-chlorophenyl) cthane) and DDE as comtaminants. DDD was used
previously as pesticide, but 1o a far lesser extent than DDT. Both DDD and DDE are breakdown
products of DDT (ATSDR. 2002).
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The DDT residues detected at the UNR could be a result of past use in farming activities. It may also
still be released from the waste site, as observed in the USA (ATSDR, 2002) or it may also be released
into the atmosphere from arcas in South Africa where DDT is still being used for malania vector
control (Limpopo, Mpumalanga and KwaZulu-Natal). DDT and its metabolites also enter the
atmosphere through the volatilization of residues in <oil and surface water, albeit a result of past use
These chemicals will be deposited on land and in surface water as a result of dry and wet deposition
The process of volatilization and deposition may be repeated many times, and is referred 10 as a
‘global distillation” from warm source areas to cold Polar Regions. Consequently, these chemicals
have been found in snow, and animals in the Arctic and Antarctic regions where DDT was never used
(ATSDR, 2002). It may also be the case with the UNR that the DDT residues were the result of
environmental distillation, However, the possibility of illegal use and dumping of DDT into water
could not be excluded. The finding of almost similar levels at all the sites, except the higher levels at
D2 in Nov 2004, is in favor of precipitation from polluted air. For the reason of the extensive past use
of DDT worldwide and the persistence of DDT and its metabolites, these chemicals are now virtually

ubiquitous and are continually being transformed and redistributed in the environment.

In surface water, DDT will bind to particles in the water, settle, and be deposited in the sediment from
where it is taken up by small organisms and fish in the water. DDT, DDD, and DDE accumulate in
fatty tissues and from the aquatic food webs may enter higher trophic levels of the food chain, The
impact of bioaccumulation on fish was emphasized by the very high DDT and metabolite

concentration in fat (Table 7.5)

Of even greater concern is the possible impact of the high levels of pp-DDE. the persistent
metabolite of DDT on the living organism as it is has antiandrogenic properties (Kelce et al., 1995).
Adverse reproductive system effects associated with in wrero DDT or DDE exposure in male animals
include, amongst others, abnormal development of ovarian tissue (Fry and Toone, 1981), reduced
penis size (Guillette and Guillette, 1996), hypospadias (Gray et al., 2001) and cryptorchidism
(Facemire et al., 1995; Gray et al,, 2001). Although the high values were found in male catfish there
seems 1o be no reason why females should not have similar fat concentrations, 1 that is the case, the
high DDT and metabolites will affect both oogenesis and spermatogenesis and may contribute to the
defects seen in the sharptooth catfish. However, estrogenic and anti-androgenic chemicals in the
aquatic environment water are most likely to affect the developing embryo after fertilization,
especially if the free swimming larvae are male. This may contribute 10 the “feminization™ of the male
urogenital papilla (UGP) as well as the development of testicular oocyies and intersex. In this study
alogether 28 of 97 (28.9%¢) intersex males were collected from the UNR over the two year period,
which is extremely high. Although the chemical insult occurs dunng early embryogenesis, the effect

will only become evident later in later life stages.
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Although tissue concentrations of target chemicals were not measured in snails, frogs and small
mammals, it is hypothesized that in D2 snails both the smaller penile sheath (containing the penis) and
prepuce could result from feminizing compounds such as estrogenics and anti-androgenics. This
possibility was supported by the novel finding of penile agenesis in six snails, which has not been
reported in either B. tropicus or in South African waters before. Similar effects were reported by
Tillmann et al. (2001) in Marisa cornuarites, a freshwater gastropod, after exposure to antiandrogens.
Furthermore, the absence of mayflics and stoneflies and the abundance of highly tolerant organisms
were, amongst others, signs of poor water quality in the system generally indicating industrial
pollution (Graham and Dickens, 2002; Williams and Feltmate, 1992). The reduced biodiversity in the
snail and macroinvertebrate population at the UNR is alarming and further supports the concern on the
magnitude of environmental pollution. This aspect has 1o be studied in greater detail,

Although the frogs appeared 1o do fine in the UNR the skewed sex ratio observed in the main stream is
of concemn. The sample size is oo small 1o come 1o a conclusive answer, but despite various extensive
attempts, only a limited number of frogs could be found. This was attributed to the predatory
sharptooth catfish, however, the possible impact of chemical pollution could not be excluded. The
ratio of 4 females for each male is abnormal and of concern as the normal picture for Xenopus is a 50-
S0 ratio + 10% (Du Preez et al, 2005). It is known that pollutants in water can cause
demasculinization or complete sex reversal in frogs (Clark et al., 1999).

Not only aquatic animals at the UNR seemed to be affected, but also terrestrial animals. Barnhoom et
al. (2002) found macroscopic calcification in testes of eland (Tragelaphus oryx). On microscopy
epithelial hypertrophy and adenomatous proliferation of the rete testis were observed as well as
degeneration of the seminiferous cpithelium. The degencrative lesions included vacuolization of
Sertoli cells, and death and desquamation of differentiating germ cells. Although full complement of
spermatogenesis was observed in focal areas, spermatogenesis was generally impaired consequent to
progression of degenerative changes in seminiferous epithelium. The presence of adenomatous
lesions of the rete testis in the eland was similar to diethylstilbestrol-induced rete adenocarcinoma in
laboratory animals (Newbold et al. 1985; Newbold 2000) and was, therefore, indicative of possible
chronic estrogenic exposure. The findings in ¢land (Bornman et al., submitted) are similar to the
testicular dysgenesis syndrome in humans attributed to developmental exposures to chemicals
(Skakkeback et al., 2001). The fat samples of the UNR cland contained high levels of the estrogenic
EDC, p-NP.

The finding of similar macroscopic and microscopic appearances in eland testes collected from SBR

was completely unexpected. Where the UNR eland fat samples contained p-NP, at SBR not only p-
NP, but also OcP and high levels of PCB153 and DDT. Both alkylphenols and the persistent
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organochlorine pesticide DDT (both isomers and their metabolites DDE and DDD) have estrogenic
activity (Sonnenschein and Soto, 1998, Sonneveld et al,, 2005). Thus, although the possibility of
simultaneous exposure to estrogenic agents such as phytoestrogens and estrogenic mycotoxins cannot
be ruled out, considering the spectrum of pollutants present in the body fat, the testicular lesions
observed 1n ¢eland could have been caused by chronic impingement of these chemicals. In
experimental paradigms, it has been demonstrated that a vanety of xenobiotics released from fal
during fasting produce estrogenic effects (Bigsby et al, 1997). The magnitude of concentration of
estrogenic pollutants in body fat indicates that EDCs bioaccumulate in terrestrial mammals as in
aquatic life (Barnhoorn ¢t al., 2004), The levels of p-NP were even higher than those found in fat
collected from catfish inhabiting the dams in the UNR. Those male fish had signs of feminization as
well as a high prevalence of intersex. Water and sediment samples had estrogenic activity on the yeast

screen test (Aneck-Hahn, 2002). The cland were dependent on these water sources in the Reserve,

Exposure in wero W p.p-DDT or its metabolite p-p-DDE or OcP induced atypical germ cells
resembling carcinoma in situ (CIS) in rabbits (Veeramachaneni 2000; Veeramachaneni 2006). Human
testicular cancer arises from CIS cells, which are suspected to originate from primordial germ cells
that escaped normal differentiation in wero (Skakkebaek et al. 1987. Rajpert-De Meyts et al. 1998).
I'he first cases in animals of atypical germ cells resembling CIS cells of human testis were reported in
a subfertile, unilaterally cryptorchid stallion (Veeramachaneni and Sawyer 1998) and an infertile
rabbit (Veecramachaneni and VandeWoude 1999).  Although a few atypical germ cells were
encountered in eland testes, detailed morphological evaluation ascertaining CIS was not possible
because of limitations of tissue fixation and processing. Interestingly, a variety of testicular tumours
including rete adenocarcinoma and seminoma along with microlithiasis and CIS were found in Sitka
black-tailed deer suspected to have been developmentally exposed to an environmental estrogenic
agent(s) (Veeramachaneni et al,, 2006). For these reasons, the novel findings in eland may be the first
evidence that non-aquatic wildlife are also being impacted by environmental pollution of EDCs in

South Africa

The findings of Sertoli cell vacuolization and sloughing of the epithelium observed in ¢land were
similar to those observed in rats following experimental exposure to p-NP (De Jager et al. 1999a), and
also similar to findings in small mammals. [n the striped mouse the testicular histopathology showed
various degrees of degeneration including apical sloughing, degeneration of spermatogonia,
vacuolization and shrinking of the seminiferous tubules, These findings are typical of exposure to
chemicals such as DDT, PCBs and other EDCs (De Jager et al., 1999a). In another terrestrial species
from the UNR, Bomman et al., (submitted) found in eland generally impaired spermatogenesis, Sertoli

cell vacuolization and sloughing of the seminiferous epithelium. Moreover, adenomatous changes of

the rete testis, reflective of possible chronic estrogenic exposure, were found. Although the number of




mice studied was small, the low sperm count and absence of any sperm in two mice are reasons for
concern. A decrease in sperm count is the most common manifestation of testicular dysgencsis (Bay
et al., 2006), and although tissue levels of target EDCs were not measured, it seems likely that these
chemicals could have had an effect. The finding of impaired spermatogenesis in these terrestrial
animals raises the question what there source and route of contamination would have been. This could
imply a much wider and more serious level of environmental comtamination in the UNR than

previously anticipated. These aspects should be addressed in future projects,

The inappropriate occurrence of cell death in D2 catfish emphasized the effect of chemicals on the
testis. The water (per L) contained 14.04ug lindane, 3.18mg DEP, 3.93mg DMP and 0.46mg DEHP
respectively, and was toxic and inconclusive for estrogenicity. Moreover, the catfish fat samples
bioconcentrated these chemicals and contained lindane, aldrin, PCB153 and DDT and metabolites.
The concentrations in fat reflect the body burden of these chemicals, and therefore provide an
indication of the exposure at a cellular level. The catfish had a significantly higher incidence of
caspase 3-dependemt germ cell apoptosis, compared 1o laboratory-reared catfish, both in terms of
number of caspase-positive cells and the number of spermatogenic tubules containing at least one
cluster of apoptotic cells, all of which may be the molecular basis of testicular regression and/or
demasculinisation.  The apoptotic events occured predominantly in primary and secondary
spermatocytes, germ cell stages that are exquisitely androgen-dependent. The findings of this study
will form the basis of future endeavours in which C. gariepinus will serve as a sentinel species 10
study the effects of endocrine disruptors on male reproduction,

Not only agrochemicals were present in the water and sediment samples, but also industrial chemicals
including OcP, p-NP and the phthalate esters. The compounds were present at all four sites, albeit in
higher concentrations in D1. Phthalates are a family of chemicals that are produced in the millions of
tons annually worldwide, and are a principal component of many diverse products flexible polyvinyl
chloride plastic (PVC), cosmetics and other personal care goods, pesticides, building materials,
lubricants, adhesives, and film, among other items. Okubo et al. (2003) found that various phthalate
esters suggested anti-estrogenic activities in vitro. Both DBP and DEHP affect particularly the
developing male reproductive tract, although effects on the liver, kidneys, lungs, and blood clotting are
also of concern (DiGangi et al., 2002). Phthalates are ubiquitous in the environment and it is possible
that humans are continuously exposed to them. The most possible source is from the industrial activity
higher up in the catchment, also because the levels in D1 were higher than at the other sites.

It is important 10 note that not all effects of EDCs are mediated via the cell receptor pathway (Pretorius

and Bomman, 2005). Chemicals like p-NP, lindane and others may use non-receptor-mediated
mechanisms and disrupt the cell ion pumps, such as Ca*". Disruption of Ca*'-pumps will also disrupt

208



the endoplasmic reticulum Ca® pumps and function (Hughes et al., 2000), as well as inhibit the
inophosphate (1P)s-sensitive Ca’ channels. These molecular events are crucial in particularly the
Sertoli cell (Khan et al., 2003). Each Sertoli cells supports a specific number of spermatogonia and
developing sperm during spermatogencesis.  The Sertoli cells also forms the blood-testis barrier and
controls the transport of substances to the developing sperm.  Impairing Sertoli cell function will
negatively impact on the development of especially germ cells that are sequestered behind the blood-

testis barrier, such as spermatids and sperm (Bergmann et al., 1984)

12.4  Endocrine disrupting metals

Not only EDCs were present in the water and sediment, but the four endocrine disruptive metals
(EDMs) were also detected in water from all four sites. Cadmium (Cd) levels were high in Dam | and
Viei, but, although lower at other sites, still above the chronic effect value (CEV). Lead (Pb) occurred
in all samples at levels higher than the acute effect value (AEV) (DWAF, 1996). Mercury (Hg) was
only once detected (*AEV) and  arsenic (As) was high in Dam 2. These metals may be endocrine
disruptive, or add 1o the disruption in a synergistic or additive way. [rrespective of the precise

mechanism, the EDMs most probably add negatively to an already overloaded organic system

125 The health risk assessment

The health nisk assessment indicates that if untreated water is used for domestic purposes,
unacceptable health risks (carcinogenic as well as toxic effects) could be anticipated, The greatest
health concern could be if the water is used for irrigation of vegetables with a hypothetical risk of
developing cancer calculated to be 2 in | 000 for Dam 2 water and | in | 000 for Dam 1! Any risk

over 1 in 100 000 is considered by the World Health Organisation (1993) to be unacceptable

This risk is followed closely by dermal absorption of the chemicals through direct contact, with risks
of developing cancer in the order of 5 and 4 in 10 000 for D2 and DI, respectively. Lindane, DDT,
and DEHP were the chemicals causing this risk in D2, and DEHP in DI,

Domestic use for consumption of water was also found 10 result in unacceptably high risks with an
estimated 3 in 10 000 and 4 in 10 000 risk of developing cancer for D2 and D1 respectively. DEHP is

the chemical responsible for this particular risk.

Risks of toxic effects were unacceptably high, particularly for the use of untreated water for vegetable

watering (caused by DDT, DEHP and DBP). Risk of toxic effects was also high through dermal
absorption for D2 and by DBP for D1




Adding the possible impact of EDMs, hazard quotients were 27 to >450 times higher than that
assumed to be safe for a life time consumption. The cancer risk for As was calculated to be close 1o 1

ina 100,

Risks were also calculated for the organic chemicals assuming 80% reduction as a result of going
through a treatment process. This is the assumed removal of estrogen mimicking compounds going
through a water treatment process using activated carbon (Snyder et al., 2003). It appears that the
treated water is safe to use, provided that the process remains functional,

A qualitative health risk assessment making use of both ecological data and the concentration of
natural and synthetic hormones in D2 was also undertaken. The results indicated that the risk for
endocrine disruption, focussing on reproductive effects, is high. This assessment is based on the
effects observed in many different levels of animals and includes the fish and snails, and more
relevantly, the small and large mammals. The hormones found in D2 in 2002-2003 (Burger et al.,
2006 in press) were at concentrations in the order of 25 - 350ng/L. with estrogenic activity measuring
at 0.16 ng/L estradiol equivalents. These Jevels are up to 10 000 xhigher than those known 10 cause
initiate activity in breast cancer cells. Even assuming that the cells are far more sensitive at inducing
estrogen mimicking effects, one can still assume that these effects can be anticipated in a human
population based on both the hormone and ecological results.

12,6  Final conclusion

In summary, one can expect that untreated water from both DI and D2 used for domestic, agricultural
or recreational activities would result in unacceptably high human health risks. These risks include
carcinogenic risks, toxic effects and endocrine disruption.

Although no method is available to calculate the long-term risk of EDCs and EDMs on the ecosystem
of the UNR, the findings of high chemical residue levels in water, sediment and tissue, skewed sex
ratios, reduced biodiversity, gonadal malformations in sharptooth catfish and freshwater snails,
intersex in catfish, histological impacts on spermatogenesis in catfish and striped mouse are matters of
serious concern, It is highly unlikely, if at all possible that such a diversity of effects in a range of
biosentinel animals, could be coincidental.



CHAPTER 13
SUGGESTED TOOLKIT

Bomman MS', Burger AEC’

Department of Urology, University of Pretoria’; Consultant WRC?

In view of the findings of this study, the following is suggested for endocrine disrupting chemicals
(EDCs):

13,1 Chemical analyses

The selection of sites, appropriate methods of sample collection, transport, storage and extraction of
samples are all crucial aspects that may affect the reliability of the target analysis. Strict adherence 1o
standardized guidelines in accredited laboratories by expert technologists seems imperative if
dependable and consistent results from various laboratories are expected.

In a Workshop held with Prof Bruno Le Bizec from France, it was agreed that Sampling and sample

handling be done as follows to allow for chemical and pharmaceutical residue analysis:

1. Collect samples in methanol pre-washed transparent glass bottles
2 Cover glass with foil to avoid UV radiation

. Add 0.02% sodium azide for preservation and refrigerate

4. Transfer to laboratory as soon as possible

5 Centrifuge 5000

6. Filter through Whatman No 5 paper

y Pass through glass filter 0.22um

8. Pass through SPE HLB cartridge (Waters ®, SA)

9. Elute with ethanol/methanol

10. Perform HPLC, GC-MS etc. analysis

13.2 Compounds of concern

The Water Rescarch Commission (WRC) compiled a list of Priority Chemicals for South

Africa (Burger, 2005). This list should now be revised using amongst others, the list of The

European Commission on substances where evidence exists on endocrine disrupting activity

in intact animals of at Jeast one species (Category | chemicals)
Jlec. | i : as guideline. Of the 66

chemicals in Category 1, humans were considered likely to be exposed to 60 (Table 13.1) and

these may pose a particular risk to human health., The list however, only contains




anthropogenic chemicals and the natural and synthetic estrogens should be added because of

their presence and potency (Burger et al., 2006 in press).

Table 13.1: List of 66 substances with classification high, medium or low exposure

concern according to EU.

Aeney 15 List of 64 substances with classification high, medium or o exposure concern
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133 Invitro bioassays

The Global Water Research Coalition (GWRC) is currently addressing the vital question whether there
is a correlation between in vivo effects and in vitro bioassays, and if in vitro bioassays could provide a
more cost- and time-effective system to test endocrine effects.  This project also aims to determine
which bioassays are effective test platforms and will compare the use of chemical analysis with the
bioassays. By doing this the GWRC will develop “a toolbox to detect the presence of estrogenic
activity in environmental waters™ (http://www globalwaterresearcheoalition.net).

In line with the list selected by the GWRC for in virro bioassays, namely the yeast estrogen screen
(YES), MELN reporter gene assay, KBluc reporter gene assay, ER-CALUX reporter gene assay and
the E-Screen cell proliferation assay, it is recommended that the use of the YES and KBluc reporter
gene assays be continued. The outcome of the current GWRC project will also shed light on the need
to further develop new technology on in vitro bioassays in South Affrica, or if the existing technology
should just be transferred to more laboratories.

As mentioned for the chemical analysis, all aspects of sampling and sample handling clearly apply to
the bioassays and the reliability of the assays. The following is used in the laboratory at the University
of Pretoria for the YES:
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Standard Operating Protocol LT

GWRC TDE 02A  Rev 1 (2 Mar 2006)
Assay method: Solid phase extraction (SPE) of aqueons samples

Author(s): Fredenc DL Leusch (CRC Water Quality and Treatmen:. Bnsbane. Australia)
Reviewed by: Sscbhan Hermueuven (EnTox. Bosbane. Auszalia)

Overview: Thus protocol descnibes extraction of organics from water samples by solid-phase
exiracnon

Source: Waters (1999). Oasis sample extrachion products for agrochemical and environmental analvss
(Report WDO0O03). Waters Corporation. Milford. MA. USA

Hazavds: Samples mav contain hepatitis or other sewape-related diseases Adequate vaccinanon and
proper protective gear (gloves and standard lab-wear) are required 1n that case Proper care should be
taken wath solvents (acetone, hexane. ethanol) and mrrogen and argon gas. Do not exceed maximum
recommended vacuum (70 kPa. 20 mmHg) on the SPE mamfold

Laboratory equipment:
e 2 5L amber glass bottles
* Al glass filtranon semp for 47 mm dise filrer - Mallspore XX 15 047 30
e  Visiprep SPE vacuum mamfold. 24 ports - Supelco $7250.U
e Large volume sampler x 24 - Supelco 57275

Reagents:
e Concentrared HCI
e  Distilled water
e Acetone HPLC grade
e Hexane HPLC grade
e Methanol HPLC grade
e Ethauol HPLC grade

Consumables:
e Glass pasteur papette with rubber bulb
pH 0-14 indhcator smps - Ajax Funechem 2404-100
Glass fiber filter with AP20 binding resan. 47 mm - Millipore AP20 047 00
Silane-treated glass wool (oaly for raw sewage samples) - Alllech 4037
Oasis HLB SPE cartndges. 6¢c¢ S00mg - Waters Corp 186000115
13x100 mum borosilicare test rubes
MaxRecovery 12x32 nun tapered vials with PTFE silicone septum - Waters Corp 186000326¢
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1) Collection and pre-treatment of sam




2) Pre-conditioning of SPE cartridges

Important: Do not allow the sorbent bed of the SPE carmidge 1o run dry during exmaction, as this can
sigmificantly reduce retention efficiency.

2.1 Load SPE cartndges onto SPE mamfold and open the vacuuan valves

22 Add S mL of acetone hexane (1.1) wn the reservowr of each cartndge and allow the solveat 10 pass
through the sorbent bed by gravity Just before the solvent reaches the top fnt (see Figure 2) add SmlL
of methano! and allow the methanol to pass by gravity. Agam. just before the methanol has reached the
top fnt. add 5 mL of distilled water and allow 1t to pass by gravaty. Finally. just before the water
reaches the top fnr, fill the reservorr with distilled water and close the vacunm valve at the borrom of

the carmdge.

TESEVOIf —2e

sicadases [T
PACKING g — fats
matedal

\’2—— Luertip

Figure 2 A solid-phase extracthion column (from
hitp www aquaculture ugent be ATA code hip_extr htm)

3) Extraction

3 1. Connect the SPE mamfold to the vacuum trap and the vacuum trap to the vacuum wlet

32 Connect the adapter of the large volume sampler to the top of the SPE carmdge (make sure the seal
berween the adapter and the SPE cartndge 15 nght) and drop the weight at the other end of the tube into
the sample (in 2 S L amber glass bottle)

3 3 Open the vacuum valve for all samples Gently mum the vacuum on Check that each cample 1¢
flowing from the sample bottle 1o the SPE cartndge 1111 15 not the seal between the adapter and the
SPE cartndge 15 not ght close the vacuum valve for that sample and tweak the connection uanl vou
get a ight seal Remember never 10 let the sorbent bad run dry while you are domng thas If necessary
top the cartndge up with distilled water
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$.3 Once completely dry, remove the tubes from the blow-down umt Reconsunate sack sample by
adding 500 uL of ethanol to each tube. Vortex the samples thoroughly

54 For each sample. pipette 40 uL aliquots mro 12 MaxRecovery vials
5.5 Load the MaxRecovery vials m the nitrogen blow-down umt and evaporate all the ethanol

5.6 Tum the mtrogen off. swatch the lne to the argon cvhnder, and fill the MaxRecovery vials with
argon Screw the vials shut and store m an opaque box for transpon

Note about equivalent volumes:
Using thus method. each alquot of the sample contams eV = 0.2 L (2.5 * 40 500)

219




REFERENCES

African Explorer. Available from: hup://www.africanexplorer.co.za/lapalala/lapalalahtm. Data
accessed 25 June 2003.

Agency for Toxic Substances and Discase Registry (ADSTR). Toxicological profile for mercury. 1999
U.S Department of Health and Human Services, Public Health Service, Division of Toxicology, 1-
676,

Agency for Toxic Substances and Discase Registry (ATSDR). Toxicological profile for DDT, DDE,
DDD. 2002, Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.
Agency for Toxic Substances and Discase Registry (ATSDR). Toxicological profile for alpha-, beta-,
gamma-, and delta-hexachlorocyclohexane. 2003, Atlanta, GA: U.S. Department of Health and

Human Services, Public Health Service.

Agency for Toxic Substances and Discase Registry (ATSDR). US Department of health and Human
Services, Atlanta, Georgia. Available from: htip//'www atsdr cdc.goviioxpro2 himl. Data accessed
15 November 2006,

Allen Y, Matthiessen P, Scott AP, Haworth §, Feist S, Thain JE. The extemt of estrogenic
contamination in the UK estuarine and marine environments — further surveys of flounder. Sci Tot
Environ. 1999:233(1-3):5-20.

Allran JW, Karasov WH. Effects of atrazine on embryos, larvae, and adults of anuran amphibians.
Environ Toxicol Chemistry. 2001;2((4):769-775.

Aneck-Hahn NH, Bamnhoom IEJ, de Jager C and Bomman MS. A relevant battery of screening assays to
determine estrogenic and androgenic activity in environmental samples for South Africa. Proceedings
of the WISA, Biennial Conference and Exhibition. Durban Intemational Convention Centre, Durban,
South Africa, 21-25 May 2006.

Anecck-Hahn NH. Screening for anti-oxidant pollutants and estrogenic activity in drinking water in
poverty stricken areas of South Africa. 2002. D-Tech, Technikon Pretoria, South Africa.

Anoop P, Krishnan K, Anirudhan TS. Removal of cadmium(ll)from aqueous solutions by stcam
activated sulphurised carbon prepared from sugar-cane bagasse pith: Kinetics and equilibrium
studies. Water SA. 2003;29(2):147-156,

Anway MD, Cupp AS, Uzumcu M, Skinner MK. Epigenctic transgenerational actions of endocrine
disruptors and male fertility. Science. 2005;308:1466-1469.

Arcand-Hoy LD, Benson WH. Fish reprodcution: an ecological relevant indicator of endocrine
disruption. Env Toxicol Chem. 1997:17:49-57.

Armstrong W. Plant Life in Anaerobic Environments. Ann Arbor Sci. 1975 Michigan, 269.

Au DWT, Lee CY, Chan KL, Wu RSS. Reproductive impairment of sea urchins upon chronic
exposure to cadmium. Part I: Effects on gamete quality. Environ Pollut. 2001;111:1-9,

220



Baker VA. Endocrine disrupters - testing strategies to assess human hazard. Toxicol in Vitro
2001;15:413-419.

Baldisserotto B, Kamunde C, Matsuo A, Wood CM. A protective effect of dictary calcium against
acute waterborne cadmium uptake in rainbow trout. Aquat Toxicol. 2004,67:57-73.

Balon EK. Epigenesis of an epigeneticist® The development of somc alternative concepts on the early
ontogeny and evolution of fishes, Guelph Ichthyology Reviews. 1990; 1:9-19

Bantle JA, Dumont JN, Finch RA, Linder G. Atlas of abnormalities: A Guide for the performance of
FETAX. Stillwater, USA: Oklahoma State University Press; 1992,

Bamhoom [E, Bomman MS, Picterse GM. Van Vuren JHJ. Histological evidence of intersex in feral
sharptooth catfish (Clarias garfepinus) from an estrogen-polluted water source in Gauteng, South
Africa. Environ Toxicol. 2004;19:603-608

Bamhoom IEJ, Bornman MS, Drever L and de Jager C. Testicular calcifications in the common eland
(Tragelapus oryx): A possible link to endocrine disruption? Proceedings of the 9th International
Symposium on Spermatology. 6-11 October 2002. Cape Town, South Africa.

Bamhoom [EJ. Picterse GM, Bomman MS, van Vuren JHJ, van Dyk C. Intersex in feral sharptooth
catfish (Clarias gariepinus). Proceedings of the 38" South African Socicty of Aquatic Scientists
(SASAQS) Annual congress held in conjunction with ZSSA (Zoological Society of South Africa).
2003. University of Cape Town, Cape Town, South Africa.

Bamhoorn [EJ, Santos EM, Van Aerle R, Van Vuren JH), Tyler CR, and Bornman MS. The
development, validation and implementation of a vitellogenin (VTG) enzyme-limked
immunosorbent assay (ELISA) for sharptooth catfish, Clarias gariepinus. (In prep.)

Bamhoorn [EJ. Effects of manganese on the haematology of Oreochromis mossambicus and the
bioaccumulation of metals in Labeo umbratus. 1996 M.Sc Thesis. Rand Afrikaans University,
South Africa

Baroiller JF, D'Cotta H. Environment and sex determination in farmed fish. Comp Biochem Physiol C
Toxicol Pharmacol. 2001;130(4):399-409

Barrett KL, Willingham JM, Garvin AJ, Willingham MC. Advances in cytochemical metods for
detection of apoptosis. J Histochem Cytochem. 2001;49:821-832

Barson M. Endoparasites of the sharptooth catfish, Clarias gariepinus(Burchell), from the Rictvlei
Dam, Sesmyl Spruit system, South Africa. 2004, MSc Thesis. University of Johannesburg. South
Africa

Basu A, Mahata J, Gupta, Giri AK. Genetic toxicology of a paradoxical human carcinogen, arsenic: a
review. Mutation Res. 2001;488:171-194,

Batlouni SR, Carreno FR, Romagosa E. Borella M. Cell junctions in the germinal epithelium may
play an important role in spermatogenesis of the catfish P. fasciatum (Pisces, Siluriformes). J Mol

Hist. 2005:36:97-110.

221




Batty J. Leavitt RA, Biondo N, Polin D. An ecotoxicological study of a population of the white-footed
mouse (Peromyscus leucopus) inhabiting a polychlorinated biphenyls-contaminated area. Arch
Environ ContamToxicol. 1990;19:283-90.

Baumard P, Budzinski H, Garrigues P. PAH's in Arcachon Bay, France: Origin and biomonitoring
with caged organism. Mar Pollut Bull. 1998;36(8):557-586.

Bay K, Asklund C, Skakkeback NE, Andersson AM. Testicular dysgenesis syndrome: possible roleof
endocrine disrupters. Best Practice & Research Clinical Endocrinol Metabolism 2006; 20: 77-90.
Behnisch PA, Hosoe K, Sakai S. Combinatorial bio/chemical analysis of dioxin and dioxin-like
compounds in waste recycling, feed/food, humans/wildlife and the environment. Environ Int

2001;27:495-519,

Beresford N, Routledge EJ, Harris CA, Sumpter JP. Issues arising when interpreting results from an in
vitro assay for estrogenic activity. Toxicol Appl Pharmacol. 2000;162:22-33.

Bergmann M, Schindelmeiser J, Greven H. The blood-testis barrier in vertebrates having different
testicular organization. Cell Tissue Res. 1984:238:145-150.

Bervoets L, Blust R. Metal concentrations in water, sediment, and gudgeon (Gobio gobio) from a
pollution gradient: relationship with fish condition factor, Environ Pollut. 2003;126:9-19.

Bezuidenhout LM, Schoombee HJ, de Wet LPD, Heavy metal content in organs of the African
sharptooth catfish, Clarias garipienus (Burchell), from a Transvaal lake affected by mine and
industrial effluents. Part 1. Zinc and copper. Water SA. 1990;16(2):125-129.

Bigsby RM, Caperell-Grant A , Madhukar BV. Xenobiotics released from fat during fasting produce
estrogencic effects in ovariectomized mice. Cancer Res. 1977;57:865-869

Binning K, Baird D. Survey of heavy metals in the sediments of the Swartkops River Estaury, Port
Elizabeth South Africa. Water SA. 2001;27(4):461-466,

Birge W, Black JA, Kuchne RA. Effects of organic compounds on amphibian reproduction. PB80-
147523, National Technical Information Service, Springfield, VA: 1980, 45 pp.

Bimbaum LS. Developmental effects of dioxins. Environ Health Perspect. 1995;103(suppl. 7):89-93.

Blake CA, Boockfor FR, Nair-Menon JU, Milletite CF, Raychoudhury SS, McCoy GL. Effects of 4-
tert-octylphenol given in drinking water for 4 months on the male reproductive syvtem of Fischer
344 rats. Reprod Toxicol. 2004;18:43-51.

Blankenship JE, Rock MK, Robbins L.C, Livingston CA, Lehman HK. Aspects of copulatory-behavior
and peptide control of egg-laying in Aplysia. Fed Proc. 1983;42:96-100,

Bleau H, Daniel C, Chevalier G, van Tra H, Hontela AA. Effects of acute exposure to mercury
chlonde and methylmercury on plasma cortisol, T3, T4, glucose and liver glygogen in rainbow trout
(Onchoriynchus mykiss). Aquat Toxicol. 1996;34:221-235,

Bligh EG, Dyer WJ. A rapid method of total lipid extraction and purification. Can J Biochem Physiol.

1959,37:911-917.




Blust R, Van der Linde A, Verheyen E, Decleir W, Evaluation of microwave heating digestion and
graphite fumace atomic absorption spectrometry with continuum source background correction for
the determination of Fe, Cu and Cd in brine shrimp. J Anal At Spectrom. 1988:3:387-393

Bole JB, Allan JR. Uptake of Phosphorous from Sediment by Aquatic Plants, Myriopinyllum spicatum
and Hivdrilla Verticillata Wat Res, 1977,12.353-358.

Boonstra R, Bowman L. Demography of short-tailed shrew populations living on polychlorinated
biphenyl-contaminated sites, Environ Toxicol Chem, 2003;22:1394-1403

Bomman MS, Bamhoomrn 1EJ, Dreyer L, de Jager C, Veeramachaneni DN. Occurence of testicular
lesions concurrent with fat residues of p-Nonylphenol in the common eland (Tragelaphus oryx)
2006; Submitted

Bouwman H. Malaria control and the paradox of DDT. Africa - Environment and Wildlife
2002:8(4):54-56

Bowerman WW, Best DA, Grubb TG, Zimmerman GM, Giesy JP. Trends of contaminants and effects
in bald eagles of the Great Lakes basin. Environ Monit Assess, 1998;53:197.212

Bradford MM, A rapid and sensitive method for the quantification of microgram guantities of protein,
utilizing the principle of protein-dye landing. Anal Biochem. 1976,72:248-254,

Brady AN, Schoonhoven R. Techniques in plastic for light microscopy. Proceedings of the meeting of
the National Society for Histotechnology, October 22, 1985: Cristal City, Maryland.
www.blackwell-synergy.com/doi/ full/10.1046/].1439-0272.1999.00245 x -

Brinkhurst RO. 1974. The Benthos of Lakes. New York: St. Martins Press; 1974, p. 190

Brion F, Tyler CR, Palazzi X, Laillet B, Porcher JM, Garric J, Flammarion P. Impacts of 178-
estradiol, including environmentally relevant concentrations, on reproduction after exposure during
embryo-larval-, juvenile- and adult-life stages in zebrafish (Damio rerio). Aquat Toxicol
2004:68(3):193-217

Brown DS. Freshwater snails of Africa and their medical importance. London: Taylor and Francis:
1994,

Bruton MN. Systematics and biology of Clariid catfish. In: Hecht T, Uys W, Britz PJ, editors. The
Culture of Sharptooth Catfish, Clarias gariepinus in Southern Africa. 1988; p.133.

Bulger WH, Kupfer O. Estrogenic activity of pesticides and other xenobiotics on the uterus and male
reproductive tract. In: Thomas J, Korach KS, MclLachlan JA, editors. Endocrine toxicology. New
York: Raven Press: 1985, p.1-32

Burchett M. Manne fishes, In: Waller G, editor. Sealife. Sussex: Pica Press; 1996. p.504.

Burger AEC, Bomman MS, De Jager C, Slabbert JL, van Wyk JH, Marais P. Implementation of
suggested plan to determine occurrence of endocrine disrupter chemicals in South Africa. WRC

report. Water research Commission of South Africa, In press



Burger AEC. Implementation of suggested plan to determine occurrence of endocrine disrupter
chemicals in South Africa. 2005 WRC Report No KV 143/05, Water Reseach Commission of South
Africa.

Callard GV, Pudney JA, Mak P, Canick JA. Stage-dependent changes in steroidogenic enzymes and
estrogen receptors during spermatogenesis in the testis of the dogfish, Squalus acanthias.
Endocrinology 1985;117:1328-1335

Carr JA, Gentles A, Smith EE, Goleman WL, Urquidi LJ, Thuett K, Kendall RJ, Giesy JP, Gross TS,
Solomon KR, Van Der Kraak GJ. Response of larval Xenopus lacvis to atrazine: assessment of
gonadal and laryngeal morphology. Environ Toxicol Chem. 2003;22:396-<05

Cavaco JEB, Bogerd J, Goos H, Schulz R. Testosterone inhibits 11-ketotestosterone-induced
spermatogenesis in African catfish (Clarias gariepinus). Biol Reprod. 2001;65:1807-1812,

Cavaco JEB, Lambert JGD, Schulz RW, Goos HIT. Pubertal development of male African catfish,
Clarias gariepinus. In vitro steroidogenesis by testis and interregnal tissue and plasma levels of
sexual steroids. Fish Physiol Biochem. 1997a;16:129-138.

Cavaco JEB, Vilrokx C, Trudeau VL, Schulz RW, Goos HJT. Sex steroids and the initiation of
puberty in male African catfish (Clarias gariepinus). Am J Physiol. 1998:275:R1793-R1802.

Cavaco JEB, Vischer HF, Lambert JGD, Goos HJTh, Schulz RW. Mismatch between patterns of
circulating and testicular androgens in African catfish, Clarias gariepinus. Fish Physiol Biochem.
1997b;17:155-162.

ChadwickRW, Copeland MF, Carlson GP Trela BA, Most BM. Comparison of in vivo and in vitro
methods for assessing the effects of repeated dosing with carbon tetrachloride on the hepatic drug-
metabolizing enzyme system.Toxicol Lett. 1988:44(1-2):201-13.

Chang CF, Chen MR. Fluctuation in sex steroids and sex-binding protein during the development and
annual cycle of the male common carp, (Cyprinus carpio). Comp Biochem Physiol.
1990,97A(4):565-568.

Choi SM, Yoo SD, Lee BM. Toxicological characteristics of endocrine-disrupting chemicals:
developmental toxicity, carcinogenicity, and mutagenicity. J Toxicol Environ Health B Crit Rev.
2004;7(1):1-24.

Chutter FM. Rescarch on the Rapid Biological Assessment of Water Quality Impacts in Streams and
Rivers. 1998, WRC Report No. 422/1/98. Water Research Commission, South Afnica.

Chutter FM. The rapid biological assessment of streams and river water quality by means of
macroinvertichrate communities in South Africa. In: Uys MC, editor. Classification of rivers and
environmental health indicators. 1994. WRC Report No. TT 63/94, Water Research Commission,
South Africa.

Clark JR, Dickson KL, Giesy JP, Lackey R T, Mihaich EM, Stahl RG, Zeeman MG. Using
Reproductive and Developmental Effects Data in Ecological Risk Assessments for Oviparous
Vertebrates Exposed 1o Contaminants. In: Di Giulio R, Tillin DE, editors. Reproductive and

224



Developmental Effects of Contaminants in Oviparous Vertebrates, Florida: SETAC Press,
Pensacola; 1999, . 363-401,

Coetzee L, du Preez HH, Vuren JH). Metal concentrations in Clarias gariepinus and Labeo umbratus
from the Olifants and Klein Olifants River, Mpumalanga, South Africa: Zinc, copper, manganesc,
lead, chromium. nickel. aluminium and iron. Water SA. 2002:28(34):433-448.

Coetzee L. Bioaccumulation of metals in selected fish species and the effect of pH on aluminium
toxicity in a cichlid Oreochromis mossambicus. 1996 M.Sc Thesis, Rand Afrikaans University,
South Africa,

Cohen GM, Sun X, Snowden RT, Dinsdale D, Skilleter DN, Key morphological features of apoptosis
may occur in the absence of internucleosomal DNA fragmentation. Biochem J. 1992:286:331-334
Colbom T, Dumanoski D, Peterson Myers J. Our Stolen Future. Are we threatening our fertility,

intelligence, and survival? — A scientific detective story. London: Abacus; 2000

Colborn T, vom Saal FS, Soto AM. Developmental effects of endocrine-disrupting chemicals in
wildlife and humans, Environ Health Perspect. 1993;101:378-384,

Colborn T, The Wildlife'Human Connection: Modemizing Risk Decisions. Environ health Perspect
1994;102(Suppl):55-59

Committee on Carcinogenicity (COC). Committee on Carcinogenicity of chemicals in food, consumer
products and the environment. Guidance on a strategy for the risk assessment of chemical
carcinogens. 2004, Department of Health, London

COMPRENDO Cluster Workshop on * Ecological relevance of chemically induced endocrine
disruption in wildlife™, 5-7 July 2004, University of Exeter, United Kingdom,

Culling CFA. Handbook of histopathological and histochemical techniques. 3 ed. London:
Butterworths; 1974

Culture and Recreation Department. Rietvlei Nature Reserve. City Coucil of Pretoria, Pretoria. 1997,

Dallas HF, Day JA. The effect of water quality variables on aquatic ecosystems: a review. 2004, WRC
Report No. TT 224/04. Water Research Commission, South Africa,

Daston GP, Cook JC, Kavlock RJ. Uncertainties for Endocrine Disrupters: Our View on Progress
Toxicol Sci. 2003;74(2):245-252.

David G, Serres C, Jovannet P. Kinematics of human spermatozoa. Gamete Res. 1981:4:83.95,

Davidson C, Shaffer HB, Jennings MR, Declines of the California Red-legged frog: Climate, UV-B,
Habitat, and Pesticides Hypotheses. Ecol Appl. 2001:11(2):464-479.

De Coen WM, Janssen CR. The missing biomarker link: relationships between effects on the cellular
energy allocation biomarker of toxicant-stressed Dap¥nia magna and corresponding population
characteristics. Agquat Toxicol, 2003:22:1632-1641.

De Coen WM, Janssen CR. The use of biomarkers in Daphnia magna toxicity testing. 1V, Cellular
energy allocation: A new methodology to assess the energy budget of toxicant-stressed Daphnia

population. J Aquat Ecosyst Stress Recov. 1997:6(1):43-55.



De Graaf GJ, Janssen JAL. Antificial reproduction and pond rearing of the African catfish, Clarias
gariepinus in sub-Saharan Africa — A handbook. 1996, FAO Fisheries Technical Paper No. 362
Rome, FAO.

De Jager C, Bomman MS, Oosthuizen JMC. 11. The effect of p-nonylphenol on the fertility potential
of male rats after gestational, lactational and direct exposure. Andrologia. 1999b:31:107-113.

De Jager C, Bomman MS, Van der Horst GI. The effect of p-nonylphenol, an environmental toxicant
with oestrogenic properties, on fertility potential in adult male rats. Andrologia. 1999a;31:99-106.
De Jager C, Bornman M.S, Vorster H, Burger ALE.C, Apps PJ.A. p-Nonylphenol in food packing
material: an absorption study. Intemational Symposium on Human Reproduction and Male

Subfertility, 22-25 April 1998, Genk, Belgium,

De Jager C, Farias P, Hermandez Avilla M, Barraza A, Diaz Sanchez V, Cerezo G, Ayotte P, Dewailly
E, Bailey JL.. Reduced Seminal Parameters Associated with Environmental DDT Exposure in Men
from Chiapas, Mexico. J Androl. 2006;27(1):16-27.

De Jager C, Myburgh J, van den Burg B, Lemmen F., Bornman MS. Estrogenic contamination of
South African river waters, Proceedings of the American Water Works Association Endocrine
Disruptors & the Water Industry Symposium, Cincinnati, Ohio, April 18-20 2002, pp.1-4.

De Jager C, Oberpricler E, Bormman MS, Delport R. Interactive effects of a relevant environmental
mixture of known endocrine disrupting substances on fertility parameters in rats. Proceedings of the
8th World Congress on Environmental Health. 22-27 February 2004, Durban, South Africa.

De Jager C. The possible effects of p-nonylphenol, an environmental toxicant with estrogenic
properties, on fertility. 1996. PhD Thesis, University of Pretoria, South Africa.

De Kock E. Aspects of the general biology and the bioaccumulation of metals in the freshwater crab,
Potamonautes warreni. 2005 M.S¢ Thesis, Rand Afrikaans University, South Africa.

De SK, Paria BC, Andrews GK. Stage-specific effects of cadmium on preimplantation embryo
development and implantation in the mouse. Toxicol. 1993;80:13-25.

DeFur PL, Crane M, Ingersoll C, Tattersfield L. Endocrine Disruption in Invertebrates:
Endocrinology, Testing and Assessment, Proceedings of the Workshops on Endocrine Disruption in
Invertebrates, 12-15 December 1998, Noordwijkerhout, The Netherlands, Pensacola, FL: SETAC
Press. 1999,

DeMarte JA, Hartman RT. Studies on Absorption of 32P, 59Fe, and 45Ca by Watermilfoil
Myriophyllum exalbescens). Ecology. 1974.55:188-194.

Den Hond E, Roels H, Hoppenbrouwers K, Nawrot T, Thijs L, Vandermeulen C, Winneke G. Final
metal concentrations of all the samples will be determined, using an inductive coupled plasma
optical emission spectrophotometer (ICP-OES) (Liberty 110 Varian, UK). 2002,

Department of Water Affairs and Forestry (DWAF). Management of the water resources of the

Republic of South Africa. 1986. Department of Water affairs, Pretoria. 459pp



Department of Water Affairs and Forestry (DWAF). South African Water Quality Guidelines. 1996,
Volume 7: Aquatic Ecosystems, South Africa

Diaka JK, Odrigues R, Goudaze G. Influence of genistein (47,5, 7-trihydroxy- isoflavone) on the
growth and proliferation of testicular cell lines. Biol Cell. 1998:90:349-354

Diana SG, Resctarits WiIr), Schacffer DJ, Beckmen KD, Beasicy VR. Effects of atrazine on
amphibian growth and survival in artificial aguatic communities. Environmental Toxicology and
Chem. 2000;19%(12):2961-2967

Dickens CWS, Graham PM. The South African Scoring System (SASS) Version § Rapid
Bioassessment Method for Rivers. Afr J Aquat Sci. 2002;27:1-10

Dickson RB, Lippman ME. Growth factors in breast cancer. Endocr Rev. 1995:16:559-589

Dicter CD. The importance of emergent vegetation in reducing sediment resuspension in wetlands. J
Freshwater Ecol. 1990;5:467-474,

DiGangi J, Schettler T, Cobbing M, Rossi M. Aggregate exposures to phthalates in humans. Health
Care without harm. July 2002, www noharm. org

Dini L, Coppola S, Ruziy MT, Ghibelli L. Multiple pathways for apoptotic nuclear fragmentation
Exp Cell Res. 1996:223:340-347

Dodge JA, Glasebrook AL, Magee DE, Phillips DL, Sato M, Short LL, Bryant HU. Environmental
estrogens: effects on cholesterol lowering and bone in the ovariectomized rat. J Steroid Biochem
Mol Biol. 1996;59(2):155-61.

Dorn A. Reproductive Biology of Invertebrates. New York: Wiley: 2000

Drobnis EZ, Yudin Al, Cherr GN, Katz DF. Kinematics of hamster sperm during penetration of the
cumulus cell matrix. Gamete Res, 1988(21):367-383

Du Preez LH, Solomon KR, Carr JA, Giesy JP, Gross TS, Kendall RJ, Smith EE, Van der Kraak G,
Weldon C. Population structure characterization of the African Clawed Fog (Xenopus laevis) in
maize-growing versus non-maize-growing areas in South Africa. Afr J Herpetol. 2005:54:61-68

Du Preez LH. Field guide to the frogs and toads of the Free State. 1996, University of the Free State

Dunabin JS, Bowmer KH. Potential use of constructed wetlands for treatment of industrial
wastewaters containing metals, Sci Tot Environ. 1992;111:151-168

Dym M, Fawcett DW. The blood-testis barrier in the rat and the physiological compartmentation of
the seminiferous epithelium. Biol Reprod. 1970;3:308-326

EC. Compilation of EU dioxin exposure and health data. Report produced for European Commission
DG Environment and UK Department of the Environment Transport and Regions (DETR), by
Buckley-Golder D, Coleman P, Davies M, King K, Petersen A, Watterson V: 1999,

EDSTAC. Endocrine Disruptor Screening and Testing Advisory Committee. 1998, Final Report, EPA,

Washington



enHealth Council. Environmental Health Risk Assessment: Guidelines for assessing human health
risks from environmental hazards. 2002. Australian Government. Commonwealth Departiment of
Health and Ageing.

Environmental Protection Agency (EPA)630/R-96/012. Special report on environmental endocrine
disruption: An effects assessment and analysis. 1997.

ESHRE Andrology Special Interest Group. Guidelines on the application of CASA technology in the
analysis of spermatozoa. Human Reprod. 1998:(13):142-145.

EUROPA EU. Commission staff working document on implementation of the Community Strategy
for Endocrine Disrupters — a range of substances suspected of interfering with the hormone systems
of humans and wildlife. 2004, (COM (1999) 706). Brussels.

European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC). Environmental
oestrogens a compendium of test methods. 1996. ECETOC Monograph No 33, ECETOC, Brussels.

Facemire CF, Gross TS, Masson GR et al. Reproductive impairment in the Florida panther: nature of
nurture” Environ Health Perspect. 1995;103(4):79-86.

Fang H, Tong W, Perkins R, Soto AM, Prechtl NV, Shechan DM. Quantitative comparisons of in
vitro assays for estrogenic activities. Environ Health Perspect. 2000, 108(8):723-729.

Fagi AS, Johnson WD, Morrissey RL, McCormick DL. Reproductive toxicity assessment of chronic
dictary exposure to soy isoflavones in male rats. Reprod Toxicol. 2004;18:605-611.

Fatoki OS, Awofolu R. Levels of Cd, Hg and Zn in some surface waters from the Eastern Cape
Province, South Africa. Water SA, 20034;29(4):375-380.

Fatoki OS, Awofula RO. Methods for selective determination of persistent Organochlorine pesticide in
residues in water and sediments by capillary gas chromatography and electron-capture detection, J
Chromatogr A. 2003b;983:225-236.

Fatoki OS, Lujiza N, Ogunfowokan AQO. Trace metal pollution in Umtata River. Water SA.
2002;28(2):183-189.

Fatoki OS, Noma A. Solid Phase Extraction Method for Selective Determination of Phthalate Esters in
the Aquatic Environment. Water, Air, and Soil Pollution 2002; 140(1-4):85-98.

Fatoki OS, Ogunfowokan AO. Determination of phthalate ester plasticizers in the aquatic environment
of Southwestern Nigeria, Environ Int. 1993;19(6):619-623.

Fatoki OS, Vermnon F. Phthalate esters in rivers of the greater Manchester area, UK. Sci Tot Environ.
1990;95:227-232.

Feldman D, Krishnan A. Estrogens in unexpected places: possible implications for researchers and
consumers. Environ Health Perspect. 1995;103:129-133.

Fenske M, Van Aerle R, Brack S, Tyler CR, Segner H. Development and validation of a homologous
zebrafish (Danio rerio Hamilton-Buchanan) Vitellogenin enzyme-linked immunosorbent assay
(ELISA) and its application for studies on estrogenic chemicals. Comp Biochem Physiol Pant C.

2001;129:217-232.




Fent K. Ecotoxicological effects at contaminated sites. Toxicol, 2004;205:223-240

Fiedler H, Hutzinger O, Timms C. Dioxins: Sources of environmental load and human exposure
l'oxicol Environ Chem. 1990;29:157-234.

Fiedler H. Dioxins and furans (PCDIVPCDF). The Handbook of Environmental Chemistry 3: 2003
p123-201

Flouriot G, Vaillamt C, Salbert G, Pelissero C, Guiraud JM, Valotire Y. Monolayer and aggregate
cultures of rainbow trout hepatocytes: long-term and stable liversspecific expression in aggregates. J
Cell Sci. 1993;105:407-416

Folmar LC, Penslow ND, Rao V, Chow M, Crain PA, Enblom J et al. Vitellogenin induction and
reduced serum testosterone concentrations in feral male carp (Cyprinus carpio) captured near a
major metrolitan sewage treatment plant. Environ Health Perspect. 1996;104:1096-1101

Foote CL. Intersexuality in amphibians. In: Amstrong ON, editor. Intersexuality in Vertebrates
Including Man, New York: Academin Press; 1964

Fry DM, Toone CK. DDT-induced feminization of gull embryos. Science 1981:213:922-924

Fumess RW. Cadmium in birds. In: Beyer WN. Heinz GH, Redmon-Norwood AW, editors.
Environmental contaminants in wildlife: interpreting tissue concentrations. Boca Raton, FL: CRC
Press; 1996, p389-404.

Gaido KW, Leonard LS, Lovell S, Gould JC, Babai D, Portier C J, McDonnell DP. Evaluation of
chemicals with endocrine modulatingactivity in a yeast-based steroid hormone receptor gene
transcription assay. Toxicol Appl Pharmacol, 1997;143:205-212

Gaido KW, Maness SC. Leonard L., Gould J, Conner K, Safe S, Mcdonnell C. In: Dunaif GE, Olin SS,
Scimeca JA, Thomas JA, editors. Human diet and endocrine modulation, estrogenic and androgenic
effects. Washington DC: International Life Sciences Institute; 1998, p85-94

Garci” a-Revero N, Grau E, Castillo M, Lo’ Pez de Alda MJ, Barcelo’ D, Pina B. Monitoring of
endocrine disruptors in surface waters by the yeast recombinant assay. Environ Toxicol Chem
2001:20:1152-1158.

Garey J, Wolff M. Estrogenic and antigrogestagenic activities of pyrethroid insecticides. Biochem
Biophys Res Commun. 1998.251(3).855-859.

Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of programmed cell death in situ via specific
labelling of nuclear DNA fragmentation. J Cell Biol. 1992:119:493-501.

Gebel T. Confounding variables in the environmental toxicology of arsenic. Toxicol. 2000;144:155-
162,

George FW, Wilson JD. Sex determination and differentiation. In: Knobil E, Neill JD, editors. The
Physiology of Reproduction, 2nd ed. New York: Raven Press; 1994 p:3-28.

Gercken J, Sordyl H. 2002, Intersex in feral marine and freshwater fish from Northeastern Germany.

Mar Environ Res 54:651-655

229



Gibbs PE, Bryan GW, Pascoc PL. Reproductive abnormalities in female Ocencbra erinacea
(gastropoda) resulting from tributylin-induced imposex. J Mar Biol Assoc UK. 1990;70(3):639-656.

Gibbs PE, Bryan GW, Pascoe PL. TBT-induced imposex in the dog whelk, Nucella lapillus -
geographical uniformity of the response and effects. Mar Environ Res. 1991;32(1-4):79-87.

Gibbs PE, Bryan GW. Reproductive failure in populations of the dog-whelk, Nucella lapillus, caused
by imposex induced tributylin from antifouling paints. J Mar Biol Assoc UK. 1986:66(4):767.

Giesy JP, Hilscherova K, Jones PD, Kannan K, Machala M. Cell bicassays for the detection of aryl
hydrocarbon (AhR) and estrogen receptor (ER) mediated activity in environmental samples. Mar
Pollut Bull. 2002;45(1-12):3-16,

Gimeno S, Gerritsen A, Bowmer T, Komen H. Feminization of male carp. Nature 1996,384:221-222,

Global Water Research Coalition (GWRC). Summary of Global Water Research Coalition (GWRC)
Workshop. CIRSEE, Le Pecq, France, Oct 10-11. 2005,

Gown AM, Willingham MC. Improved detection of apoptotic cells in archival paraffin sections:
immunohistochemistry using antibodies 1o cleaved caspase 3. J Histochem Cytochem. 2002;50:449-
454.

Goyer R. Results of lead research: prenatal exposure and neurological consequences. Environ Health
Perspect. 1996;104(10):1050-1054.

Graeme KA, Pollack CV (jr). Heavy metal toxicity, partll: Lead and metal fume fever, J Emer Med.
1998;16(2):171-177.

Gray LE JR, Kelce WR, Wiese T, Tyl R. et al. Endocrine screening methods workshop report:
detection of estrogenic and androgenic hormonal and antihormonal activity for chemicals that act
via receptor or steroidogenic enzyme mechanisms. Reprod Toxicol. 1997;11:719-750.

Gray LE Jr, Ostby J, Furr J, Wolf CJ, Lambright C, Parks L, Veeramachaneni DN, Wilson V, Price
M., Hotchkiss A, Orlando E, Guillette L. Effects of environmental antiandrogens on reproductive
development in experimental animals. Hum Reprod Update 2001,7:248-264.

Gray LE, Wolf C, Lambright C, Mann P, Price M, Cooper RL, Ostby J, Administration of potentially
antiandrogenic  pesticides  (procymidone, linuron, iprodione, chlozolinate, p.p-DDE, and
ketoconazole) and toxic substances (dibutyl- and diethylhexyl phthalate, PCB 169, and ethane
dimethane sulphonate) during sexual differentiation produces diverse profiles of reproductive
malformations in the male rat. Toxicol Indus Health. 1999;15:94-118.

Gray LE. Chemical-induced alterations of sexual differentiation: a review of effects in human and
rodents. In: Colbom T, Clement D. Chemically-induced alterations insexual and functional
development: The wildlife/human connection. Adv Mod Environ Toxicol. 1992;203-230,

Gray MA, Metcalfe CD. Induction of testis-ova in Japanese medaka (Onyzias latipes) exposed to p-
nony lphenol. Environ Toxicol Chem. 1997;16:1082-1086.

Graymore M, Stagnitti F, Allison G. (2001). Impacts of atrazine in aquatic ecosystems. Environ Int.

2001;26:483-495,



Grobler DF, Badenhorst JE, Kempster PL. PCBs, chlorinated hydrocarbon pesticides and
chlorophenols in the Isipingo Estuary, Natal, Republic of South Africa. Mar Pollut Bull
1996:32(7):72-575.

Guidotti MV, Cremisini GMC, Phthalate esters in freshwaters as markers of contamination sources
A site study in Taly, Environ Int, 1997;23(3):337-347

Guillette JR, Pickford DB, Crain DA, Rooney AA, Percival HF. Reduction in Penis Size and Plasma
T'estosterone Concentrations in Juvenile Alligators Living in a Contaminated Environment. General
and Comparative Endocrinology 1996:101:32-42

Guillette LJUJr), Gross TS, Masson GR, Matter JM, Franklin Percival H, Woodward AR.
Developmental abnormalities of the gonad and abnormal sex hormone concentrations in juvenile
alligators from contaminated and control lakes in Florida, Environ Health Perspect. 1994;102:680-
688

Han XD, Tu ZG, Gong Y. Shen SN, Wang XY, Kang LN et al. The toxic effects of nonylphenol on
the reproductive system of male rats. Reprod Toxicol. 2004;19:215-221.

Hand LH, Kuet SF, Lane MCG, Maund SJ. WAnnton JS, Hill IR, Influences of aquatic plants on the
fate and of the pyrethroid insecticide lambda-cyhalothrin in aquatic environments. Environ Toxicol
Chem. 2001;20:1740-1745

Hansel C, Fendorf S, Sutton S, Newville M. Iron and lead sequestration at the soil-root interface.

www.aps anl gov/xfd/communicator/user2000/hanselc | .pdf . 2000,

Harries CA, Henttu P, Parker MG, Sumpter JP. The estrogenic activity of phthalate esters in vitro
Environ Health Perspect. 1997:105:802-811

Harris CJ, Davidson 1. Heavy metal concentrations in macrophytes from the Manly Lagoon
Catchment. 2002, UTS Freshwater Ecology Report. Department of Environmental Sciences
University of Technology , Svdney.

Harrison PTC, Holmes P, Humfrey CDN. Reproductive health in humans and wildlife: are adverse
trends associated with environmental chemical exposure? Sci Tot Environ. 1997.205:97-106.

Harshbarger JC, Coffey MJ, Young MY, Intersexes in Mississippi River shovelnose sturgeon sampled
below Saint Louis, Missouri, USA. Mar Environ Res. 2000,50:247-250

Hashimoto S, Bessho H, Hara A, Nakamura M, Iguchi T, Fujita K. Elevated serum vitellogenin levels
and gonadal abnormalities in wild male flounder (Pleuronectes yokohamae) from Tokyo Bay,
Japan. Mar Environ Res. 2000:49:37-53.

Hathaway GJ, Proctor NH, Hughes JP, Fischman ML. Arsenic and arsenite. In: Proctor and Hughes'
chemical hazards of the workplace. Third Edition. New York: Van Nostrand Reinhold Co; 1991
p92-96.

Hauser R, Altshul L, Chen Z, Ryan L, Overstreet J. Schiff I, Christiani DC. Environmental
Organochlorines and Semen Quality: Results of a Pilot Study. Environ Health Perpect
2002;110(3):229-233

tJ
‘s
-



Hauser R, Chen Z, Pothier L, Ryan L, Altshul L. The relationship between human semen parameters
and environmental exposure to polychlorinated biphenyls and p.p’-DDE. Environ Health Perspect.
2003;111(12):1505-1511.

Haux C, Bjornson BTh, Forlin L, Larsson A, Deftos LS. Influence of cadmium exposure on plasma
calcium, vitellogenin and calcitonin in vitellogenic rainbow trout. Mar Environ Res. 1988;24:199-
202

Hayes T, Haston K, Tsui M, Hoang A, Haeffele C, Vonk, A. Feminization of male frogs in the wild.
Nature. 2002a;419:896.

Hayes TB, Collins A, Mendoza M, Noriega N, Stuart AA, Vonk A, Hermaphroditic, demasculinized
frogs exposure to the herbicide atrazine at low ecologically relevant doses. Proc Nat Acad Sci US.
2002b,99:5476-5480.

Hayes TB, Haston K, Tsui M, Hoang A, Haeffele C, Vonk A. Atrazine-induced hermaphroditism at
0.1 ppb in american leopard frogs (Rana pipiens): laboratory and field evidence. Environ Health
Perspect. 2002¢;111:568-575.

Heath AG, Claassen M. An overview of the pesticide and metal levels present in populations of the
larger indigenous fish species of selected South African rivers. 1999, WRC Report No 428/1/99,
Water Research Commission, South Africa.

Heath AG. Water pollution and fish physiology. 2nd ed. Boca Raton: Lewis Publishers; 1995,

Hennies M, Wiesmann M, Allner B, Saverwein H. Vitellogenin in carp (Cyprinus carpio) and perch
(Perca fluviatilis): purification, characterization and development of an ELISA for the detection of
estrogenic effects. Sci Tot Environ. 2003;309:93-103.

Hennig B, Oesterling E, Toborek M. Environmental toxicity, nutrition, and gene interactions in the
development of atherosclerosis. Nutr Metab Cardiovasc Dis. 2006; in press.

Hileman B. Environmental estrogens linked to reproductive abnormalities, cancer. Chem Eng News,
1994; January:19-23,

Hilscherova K, Kannan K, Holoubek 1, Giesy JP. Characterization of estrogenic activity of riverine

sediments from the Czech Republic. Arch Environ Contam Toxicol. 2002:43:175-185.

Hilscherova K, Kannan K, Kang Y-S, Holoubek I, Machala M, Masunaga S, Nakanishi J, Giesy JP.
Characterization of dioxin-like activity of sediments from a Czech river basin. Environ Toxicol
Chem. 2001:2(012):2768-2777.

Hilscherova K, Machala M, Kannan K, Blankenship AL, Giesy JP. Cell bioassays for detection of aryl
hydrocarbon (AhR) and estrogen receptor (ER) mediated activity in environmental samples.
Environ Sci Pollut Res. 2000;7(3):159-171.

Hines GA, Watts SA, Sower SA. Walker CW. Sex steroid levels in the testes, ovaries and pyloric
cacca during gametogegesis in the sea star Asteria vulgaris. Gen Comp Endocrin. 1992,87pp 451-

460,




Hodson PV, Blunt BR, Spry DJ. Chronic toxicity of water-borme and dictary lead to rainbow trout
(Salmo gairdneri) in lake Ontario water. Water Res. 1978,12:869-878

Hoffmann J, Porchet M, Biosynthesis, Metabolism and Mode of Action of Invertebrate Hormones.
New York: Springer Verlag: 1984

Holmes P, Humfrey C, Scullian M. Appraisal of test methods for sex-hormone disrupting chemicals
capable of affecting the reproductive, process. 1998, Medical Research Council Institute for
Environment and Health, Leicester, UK

Houlahan JE, Findlay CS, Schmidt BR, Meyer AH, Kuzmin SL. Quantitative evidence for global
amphibian population declines. Nature. 2000;404:752.755

Howe GE, Gillis R, Mowbray RC. Effects of chemical synergy and larval stage on the toxicity of
atrazine and alachlor 1o amphibian larvae. Environ Toxicol Chem. 1998;17(3):519-525.

Hughes PJ, MclLellan H, Lowes DA, Khan SZ, Bilmen JG, Tovey SC, Godfrey RE, Michell RH, Kirk
CJ, Michelangeli F. Estrogenic alkylphenols induce cell death by inhibiting testis endoplasmic
reticulum Ca’* pumps. Biochem Biophys Res Comm. 2000;277:568-574,

Hunter BA, Johnson MS, Thompson DJ. Ecotoxicology of copper and cadmium in a contaminated
grassland ecosystem. [l Small mammals. J Appl Ecol. 1987;24:601-14.

Hunter GA, Donaldson EM. In: Hoar WS, Randall DJ, Donaldson EM, editors. Fish Physiology. New
York: Academic Press; 1983, p.223-303

Hurley MA, Matthiessen P, Pickenng AD. A model for environmental sex reversal in fish. J
Theoretical Biol. 2004:227:159-165

Hurter E, Pool EJ, van Wyk JH. Description and validation of a sensitive in vitro bioassay for
detecting environmental estrogenicity using ex vivo Xenopus leavis liver slices. Ecotoxicol Environ
Saf. 2002;53:178-187

Idler DR, Schmidt PJ, Ronald AP. lIsolation and identification of 11-ketotestosterone in salmon
plasma. Can J Biochem Physiol. 1960;38:1053-1057

ldns Anas M-K, Guillemette C, Avotte P, Pereg D, Giguere F. Bailey JL. In utero and lactational
exposure to an environmentally relevant organochlorine mixture disrupts reproductive development
and function in male rats. Biol Reprod. 2005,73:414-426.

Integrated Risk Information System (IRIS). EPA’s approach for assessing risks associated with
chronic exposure to carcinogens. 1992, Background Document 2

Inegrated Risk Information System (IRIS). Integrated Risk Information System. US Environmental
Protection Agency. Available from: www epa gov/ins’. Data accessed 13 May 2004,

Integrated  Risk  Information  System (TERA). ITER  Dawsbase. Available from:

http. Viter.ctenet/publicurl/pub_view 12 non.canc.cfm. Data accessed 25 February 2005

International Agency for Research on Cancer (IARC). Occupational Exposures in Insecticide
Application, and some Pesticides. IARC Monographs on the Evaluation of Carcinogenic Risks to

Humans. 1991.53. IARC, Lyon, France.



International Agency for Research on Cancer (IARC). Overall Evaluations of carcinogenicity: An
updating of IARC Monographs volumes | - 42, TARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, 1987(Suppl 7). WHO, IARC, Lyon, France.

International Agency for Resecarch on Cancer (IARC). Some Industrial Chemicals and DyestufTs,
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. 1982;29. IARC, Lyon,
France.

Janer G, Sternberg RM, LeBlane GA, Porte C. Testosterone conjugating activities in invertebrates: are
they targets for endocrine disruptors? Aquat Toxicol. 2005;71(3):273-282.

Jobling S, Nolan M, Tyler CR, Brighty G, Sumpter JP. Widespread sexual disruption in wild fish,
Environ Sci Technol. 1998:32:2498-2506.

Jobling S, Reynolds T, White R, Parker MG, Sumpter JP. A variety of environmental pesistent
chemicals, including some phthalate plastiscizers are weakly estrogenic. Environ Health Perspect.
1995;103:582-587.

Jobling S, Sheahan D, Osborne JA, Matthiessen P, Sumpter JP. Inhibition of testicular growth in
rainbow trout (Oncorlynchus mykiss) exposed to estrogenic alkylphenolic chemicals. Environ
Toxicol Chem. 1996,15:194-202,

Jobling S, Sumpter JP. Detergent components in sewage effluent are weakly oestrogenic to fish: An in
vitro study using rainbow trout (Oncorhynchus mykiss) hepatocytes. Aquat Toxicol. 1993;27(3-
4):361-372.

Johansson E. In vitro assays for detection of endocrine disrupting compounds: estrogenic activity in
recombinant yeast cells and aromatase inhibition in chicken embryo ovaries. 1999 MSc Thesis,
University of Uppsala.

Johansson-Sjobeck ML, Larsson A. Effects of inorganic lead on delta-aminolevulinic acid dehydratase
activity and hematological variables in the rainbow trout, Sa/mo gairdneri. Arc Environ Contam
Toxicol. 1979:8:419-431.

Johnsen HK, Tveiten H, Willassen NP, Amesen AM. Arctic charr (Salvelinus alpinus) vitellogenin:
development and validation of an enzyme-linked immunosorbent assay. Comp Biochem Physiol
Part B. 1999;124:355-362.

Johnson MD, Kennedy N, Stoica A et al. Cadmium mimics the in vivo effects of estrogen in the uterus
and mammary gland. Nat Med. 2003;9(8):1081-1084

Johnson MS, Leah RT, Connor L, Rae C, Saunders S. Polychlorinated biphenyls in small mammals
from contaminated landfill sites. Environ Pollut. 1996:92(2):185-191.

Jubb RA. Freshwater fishes of southern Africa. A.A. Balkema, Cape Town: Balkema AA; 1967.
p.248.

Just AC, Hawker DW, Connell DW. 1990. Partitioning of lindane between sediment, water, and the

crustacean Metapenaeus macleayi. Aust. J. Marine Freshwater Res. 1999; 41: 89-397.




Kaltreider RC, Davis AM, Lariviere JP, Hamilton JW. Arsenic alters the function of the glucocorticoid
receptor as a transcription factor, Environ Health Perspect. 2001, 109(3):245-251.

Kanoh M, Takemura G, Misao J, Hayakawa Y, Aoyama T, Nishigaki K, Noda T, Fujiwara T, Fukuda
K. Minatoguchi S, Fujiwara H. Significance of myocytes with positive DNA in situ nick end-
labeling (TUNEL) in hearts with dilated cardiomyopathy: not apoptosis but DNA repair. Circulation
1999:99:2757-2764

Karen DJ, Joab BM. Wallin JM, Johnson KA. Partitioning of chlorpynifos between water and an
aquatic macrophyte (Elodea densa). Chemosphere 1998;37:1579-1586

Kavlock RJ, Daston GP, DeRosa C, Fenner-Crisp P, Gray LE, Kaantari S, Lucier G, Luster M, Mac
MJ, Maczka C, Miller R, Moore J, Rolland R, Scott G, Shechan DM, Sinks T, Tilson HA. Research
needs for the risk assessment of health and environmental effects of endocrine disruptors: A report
of the U.S. EPA-sponsored workshop. Environ. Health Perspect. 1996,104(Suppl 4):715-740.

Kelce WR, Lambright CR, Earl Gray L (Jr), Roberts, K.P. Vinclozolin and p.p -DDE alter androgen-
dependent gene expression: /n vive conformation of an androgen receptor-mediated mechanism.
Toxicol Appl Pharm. 1997;142:192-200.

Kelce WR, Stone CR, Laws, SC, Gray LE, Kemppainen JA, Wilson EM. Persistent DDT metabolite p,
p'-DDE is a potent androgen receptor antagonist. Nature 1995,375:581-585.

Kempster PL, Hattingh WHJ, van Viiet HR. Summarised water quality criteria, Deparntment of
Environmental AfTairs Technical report TR 108, 1980, Pretoria, RSA,

Kerr JFR. Neglected opportunities in apoptosis research. Trends Cell Biol. 1995.5:55-57.

Khan IA, Thomas P. Lead and arochlor 1254 disrupt reproductive neuroendocrine function in Atlantic
croaker. Mar Environ Res. 2000:50:119-123.

Khan SZ, Kirk CJ, Michelangeli F. Alkylphenol endocrine disrupters inhibit IP;-sensitive Ca™
channels. Biochem Biophys Res Comm. 2003:310:261-266,

Kiesecker JM. Synergism between trematode infection and pesticide exposure: A link to amphibian
limb deformities in nature? Proc natl Acad Sci USA, 2002:99(15):9900-9904,

Kilian E. Interactive effects of a relevamt environmental mixture of known endocrine disrupting
compounds on fertility parameters in male rats. MSc Dissertation, University of Pretoria. 2005

Kim J, Ghosh SR, Weil ACP, Zirkin BR. Caspase-3 and caspasc-activated deoxyribonuclease are
associated with testicular germ cell apoptosis resulting from reduced intratesticular testosterone.
Endocrinology 2001;142:3809-3816,

Kime DE. A strategy for assessing the effects of xenobiotics on fish reproduction. Sci Tot Environ,
1999.225:3-11.

Kime DE. The effect of cadmium on steroidogenesis by testes of the rainbow trout, Salmo gairdneri
Toxicol Lett. 1984:22(1):83-88.

Kirby MF, Bignell J, Brown E, Craft JA, Davies |, Dyer RA, Feist SW, Jones G, Matthiessen C,

Robertson FE, Robinson C. The presence of morphologically intermediate papilla syndrome in

(]
e
L



United Kingdom populations of sand goby (Pomatoschistus spp.): Endocrine disruption? Environ

Toxicol Chem. 2002;22(2):239-251.

Kirk CJ, Bottomley L, Minican N, Carpenter H, Shaw S, Kohli N, Winter M, Taylor EW, Waring RH,
Michelangeli F, Harris RM. Environmental endocrine disrupters dysregulate estrogen metabolism
and Ca™" homeostasis in fish and mammals via receptor-independent mechanisms. Comp Biochem
Physiol. Part A, 2003;135:1-8,

Kirubagaran R, Joy KP. Changes in adrenocortical-pituitary activity in the catfish, Clarias batrachus
(L.), after mercury treatment. Ecotoxicol Environ Saf. 1991:22(1):36-44

Kirubagaran R, Joy KP. Toxic effects of mercurials on thyroid function of the catfish, Clarias
batrachus (L.). Ecotoxicol Environ Saf. 1989;17(3):265-271.

Klein KO, Baron JB, Colli MJ, Mcdonnell DP, Cutler GB JR. Estrogen levels in childhood determined
by an ultra sensitive recombinant cell biocassay. J Clin Investig. 1994;94:2475-2480.

Kobayashi Y, Hall A, Hiraoka M, Ashieda K, Nakanishi T, Yamada K, Ogiwara K, Uechi T, Hughes
B, Inoue N. In press. Evaluation of Ah-Immunoassay® as a screening method for dioxins and co-
PCBs in environmental samples. Organohalogen Compd. 60,

Koppen G, Covaci A, Van Cleuvenbergen R, Schepens P, Winncke G, Nelen V., Schoeters G.
Comparison of CALUX-TEQ values with PCB and PCDD/F measurements in human serum of
Flanders Environmental and Health Study (FLEHS). Toxicol Lett. 2001;123:59-67

Kotyzova D, Sunderman FW. Maternal exposure to Cd(Il) causes malformation of Xenopus laevis
embryos. Ann Clin Lab Sci. 1998;28:224-235.

Kotze P, du Preez HH, van Vuren JHJ). Bicaccumulation of copper and zinc in Oreochromis
mossambicus and Clarias gariepinus, from the Olifants River, Mpumalanga, South Africa. Water
SA. 1999:25(1):99-110.

Kotze PJ. Aspects of water quality, metal contamination of sediment and fish in the Olifants River,
Mpumalanga. 1997. M.Sc¢ Thesis, Rand Afrikaans University, South Africa.

Kroes R, Galli C, Munro 1, Schilter B, Tran LA, Walker R, Wurtzen G. Threshold of Toxicological
Concern for Chemical Substances Present in the Diet: A Practical Tool for Assessing the Need for
Toxicity Testing. Food Chem Toxicol. 2000;38:255-312

Kupchella CE, Hyland MC. Environmental Science, living within the system of nature, 3rd, New
Jersey: Prentice Hall International, Englewood Cliffs; 1993, p1-579,

Labat-Moleur F, Guilermet C, Lorimer P, Robert C, Lantucjoul S et al. TUNEL apoptotic cell
detection in tissue sections: critical evaluation and improvement. J Histochem. 1998:46:327-334,

Lafont R. The endocrinology of invertebrates. Ecotoxicol. 2000:9:41-57,

Lagler KF, Bardach JE, Miller RR. Ichthyology. New York: John Wiley and Sons Inc.; 1962. p.279-
323.

Le Blanc P, Campbell P, den Besten R, Brown E, Chang J, Coats P, deFur T, Dhadialla J, Edwards L,

Riddiford M, Simpson T, Sncll M, Thorndyke, Matsumura F. In: deFur P, Crane M, Ingersoll C,

236




Fawtersfield L, editors. Endocrine Disruption in Invertebrates: Endocrinology, Testing and
Assessment. Pensacola, FL: SETAC Press: 1999, p.23-106

Leblond VS, Hontela A, Effects of in vitro exposures to cadmium, mercury, zine and 1-(2-
chlorophenyl)-1-(4-chlorophenyl)-2.2-dichlorocthane on steroidogenesis by dispersed interrenal
cells of rainbow trout (Oncarfynchus mykiss). Toxicol Appl Pharmacol. 1999;157:16-22

Lee PC, Arndt P, Nickels KC. Testicular Abnormaities in Male Rats After Lactational Exposure to
Nony Iphenols, Endocrine. 1999;11(1):61-68

Legler J, Van Der Brink C, Brouwer A, Murk AJ, Van Der Saag PT, Vethaak AD, Van Der Burg B
Development of a stably transfected estrogen receptor mediated luciferase reporter gene assay in the
human T47D breast cancer cell line. Toxicol Sci. 1999:48:55-66

Lienesch LA, Dumont JN, Bantle JA. The Effect of cadmium on oogenesis in Xenopus laevis
Chemosphere 2000;41:1651-1658,

Lindzey J, Korach KS. Developmental and physiological effects of estrogen receptor gene disruption
in mice. Trends Endocrinol Metab. 1997.8:137-145

Lintelmann J, Kaayama A, Kurihara N, Shore L, Wenzel A. Endocrine Disruptors in the
Environment. Pure Appl Chem. 2003,75:631-681.

Lomax DP, Roubal WT, Moore JD, Johnson JL. An Enzyme-linked immunosorbent assay (ELISA)
for measuring Vitellogenin in English sole (Plewronectes vetulusy: development, validation and
cross-reactivity with other pleuronectids. Comp Biochem Physiol Part B, 1998;121:425-436

Longnecker MP, Klicbanoff MA, Zhou H, Brock JW. Association between matemal serum
concentration of the DDT metabolite DDE and preterm and small-for-gestational-age babies at
birth. Lancet. 2001;358:110-14

Luchtel DL, Martin AW, Deyrup-Olsen [, Boer HH. Gastropoda: Pulmonata. In: Harmison FW, Kohn
AJ, editors. Microscopy anatomy of invertebrates. Vol. 6B, Mollusca II. New York: Wiley-Liss;
1991. p459-718

Maclatchy DL, Vanderkraak GJ. The phytoestrogen [-sitosterol alters the reproductive endocrine
status of goldfish. Toxicol Appl Pharmacol. 1995;134:305-312

Maddock BG, Tayor D. The acute toxicity and bicaccumulation of some lead alkyl compounds in
marine animals. In: Branica M, Konrad, Z, editors. Lead in the marine environment. Oxford
Pergamon Press; 1980, p233-261.

Mandal BK, Ogra Y, Suzuki KT. Identification of dimethylarsinous and monomethy larsonous acids in
human urine of the arsenic-affected areas in West Bengal, India. Chem Res Toxicol
2002;14(4):371-378

Mantovani A, Stazi AV, Macri C, Maranghi F, Ricciardi C. Problems in testing and risk assessment of
endocrine  disrupting chemicals with regard to developmental toxicology. Chemosphere

1999:39(8):1293-1300

237




Mantovani A. Hazard identification and risk assessment of endocrine disrupting chemicals with regard
1o developmental effects. Toxicology 2002;181-182:367-370.

Masunaga S, Morinaka C, Nakanishi J. Quantifying dioxin-like activity in fly ash using H4IIE
luciferase bioassay, Organohalogen Compd. 2002,58:405-408.

Matsui S, Takigami H, Matsuda T, Taniguchi N, Adachi J, Kawami H, Shimizu Y. Estrogen and
estrogen mimics contamination in water and the role of sewage treatment, Wat Sci Technol.
2000:42(12):173-179.

Matsumura F, Benezet HJ. Studies on the bicaccumulation and microbial degradation of 2,3,7 8-
tetrachlorodibenzo-p-dioxin. Environ. Health Perspect. 1973;5:253-258.

Matthiessen P, Gibbs PE. Critical appraisal of the evidence for tributyltin-mediated endocrine
disruption in molluscs. Environ Toxicol Chem, 1998;17:37-43,

Mbizi Z. The use of genotoxic and stress proteins in the active biomonitoring of the Rietvlei system,
South Africa. 2004. MSc Thesis. University of Johannesburg, South Africa.

McClusky LM. Stage and scason effects on cell cycle and apoptotic activities of germ cells and Sertoli
cells during spermatogenesis in the spiny dogfish (Squalus acanthias). Reproduction 2005;129:89-
102.

McLachlan JA. Environmental signalling: What embryos and evolution teach us about endocrine
disrupting chemicals. Endocr Rev. 2001;22:319-341,

McMaster ME, Portt CB, Munkittrick KR, Dixon DG. Milt Characteristics, Reproductive Performance
and Larval Survival and Development of White Sucker Exposed to Bleached Kraft Mill Effluent.
Ecotoxicol Environ Saf. 1992;23:103-117.

Merlini M, Pozzi G. Lead and freshwater fishes. Part . Lead accumulation and water pH. Environ
Pollut. 1977;12:167-172.

Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, Khan C, Hughes RJ, Croley TR et al. Estrogenic
potency of chemicals detected in sewage treatment plant effluents as determined by in vivo assays
with Japanese medaka (Oryzias latipes). Environ Toxicol Chem. 2001;20(2):297-308,

Metzger D, White JH, Chambon P. The human oestrogen receptor functions in yeast. Nature.
1998:334:31-36.

Miller JC, Miller IN. Statistics for Analytical Chemistry. Chichester: Ellis Horword; 1984, p.96.

Mlambo SS. Active biomonitoring (ABM) of the Rietvlei Wetland System using antioxidant enzymes,
non-enzymatic antioxidants and histopathology as biomarkers, 2004. MSc Thesis. University of
Johannesburg, South Africa.

Moolman L. The use of selected freshwater gastropods as biomonitors to assess water quality. 2004,
M.Sc Thesis, Rand Afrikaans University, Johannesburg, South Africa.

Moore M, Mustain M, Daniel K, Chen I, Safe S et al. Antiestrogenic activity of hydroxylated
polychlorinated biphenyl congeners identified in human serum. Toxicol Appl Pharmacol.

1997;142:160-168.




Mortimer D, Aitken RJ, Mortimer ST, Pacey AA. Workshop report: clinical CASA - the quest for
consensus. Reprod Fertil Dev. 1995.7:951-95.

Mortimer ST. CASA - Practical Aspects. J Androl, July/August 2000; 515-524

Mukherjee D, Kumar V, Chakraborti P. (1994) Fffect of mercuric chloride and cadmium chlonde on
gonadal function and its regulation in scxually mature common carp Cyprinus carpio. Biomed
Environ Sci. 1994:7(1):13-24

Murk AJ, Legler J, Van Lipzig MMH, Meerman JHN, Belfroid AC, Spenkelink A, Van Der Burg B,
Rijs GBJ, Vethaak D. Detection of estrogenic potency in wastewater and surface water with three in
vitro bioassays. Environ Toxicol Chem. 2002;21:16-23

Muteveri T, Genetic and biomolecular responses of the sharptooth catfish (Clarias gariepinus) in the
contaminated Rietvliei wetland system, South Africa. 2004, MSc Thesis. University of
Johannesburg, South Africa.

Myers JP, Guilette LJ, Palanza P, Parmigiani S, Swan SH, vom Saal FS. The emerging science of
endocrine disruption. In: Zichichi A Majorana E, editors. Nuclear War and Planctary Emergencies,
August 18-23 2003, ltaly: Centre for Scientific Culture Erice; 2003

National Institute of Public Health and the Environment (RIVM). Guidance on the derivation of
maximum permissible risk levels for human intake of soil contaminants. 1997; RIVM Report Nr
711701 006. RIVM, Bilthoven

National Rescarch Council (NRC). Hormonally active agents in the environment. Washington, DC:
National Academy Press: 1999,

Negoescu A, Lorimer P, Labat-Moleur F, Drouet C, Robert C, Guillermet C, Brambilla E. In situ
apoptotic cell labelling by the TUNEL method: improvement and evaluation of cell preparations, J
Histochem Cytochem, 1996;44:959-968,

Nelson JA. Effects of dichlorodiphenyltrichloroethane (DDT) analogs and polychlorinated bipheny|
(PCB) mixtures on 17p-[3H] estradiol binding to rat uterine receptor. Biochem Pharmacol.
1974:23:447-451

Newbold RR, Bullock BC, McLachlan JA. Lesions of the rete testis in mice exposed prenatally to
diethylstilbestrol. Cancer Res. 1985:45:5145-5150.

Newbold RR, Hanson RB, Jefferson WN, Bullock BC, Haseman J, McLachlan JA. Proliferative
lesions and reproductive tract tumors in male descendants of mice exposed developmentally to
diethyistilbestrol. Carcinogenesis 2000;21:1355-63

Nieminen P, Lindstrom-Seppd P, Mustonen A, Mussalo-Rauhamaa H, Jussi VK. Kukkonen Bisphenol
A Affects Endocrine Physiology and Biotransformation Enzyme Activities of the Field Vole
(Microtus agresns). Gen Comp Endocrinol. 2002;126(2):183-189

Nimrod AC, Benson WH. Estrogenic responses to xenobiotics in channel catfish (feralurus punciatus)
Mar Environ Res, 1996:42(1-4):155-160.

Noble GK. The Biology of Amphibia. New York: Dover Publications; 1931.

239




Noller BN, Woods PH, Ross BJ. Case studies of wetland filtration of mine waste water in constructed
and naturally occurring systems in Northern Australia. Wat Sci Tech. 1994;29:257-266.

Nussey G, van Vuren JHJ, du Preez HH. Bioaccumulation of chromium, manganese, nickel and lead
in the tissues of the moggel, Labeo umbratus (Cyprinidae), from Withank Dam, Mpumalanga.
Water SA. 2000;26(2):269-284.

O'Keeffe JH, Dickens CWS. Aquatic invertebrates. In: King JM, Tharme RE, De Villiers MS editors.
Environmental Flow Assessment for Rivers: Manual for the Building Block Methodology. 2000.
WRC Report No. TT 131/00, Water Rescarch Commission Pretoria, South Africa.

Oberhammer F, Fritsch G, Schmied M, Pavelka M, Primz D, Purchio T, Lassmann H, Schulte-
Hermann, R. Condensation of the chromatin at the membrane of an apoptotic nucleus is not
associated with activation of an endonuclease. J Cell Sci. 1993;104:317-326.

Oberhammer F, Froschl G, Tiefenbacher R, Inayat-Hussain SH, Cain K, Stopper H. Hepatocyte death
following transforming growth factor-31 addition, Microsc Res Tech. 1996;34:247-258,

Ochlmann J, Schulte-Ochlmann U, Tillmann M, Markert B. Effects of endocrine disruptors on
prosobranch snails (Mollusca Gastropoda) in the laboratory. Part 1: Bisphenol A and octylphenol as
xeno-estrogens. Ecotoxicol. 2000;9%(6):383-397.

Oh S, Choung S, Sheen Y, Chung K. Quantitative assessment of estrogenic activity in the water
environment of Korea by the e-screen assay. Sci Tot Environ. 2000;263:161-169,

Okoumassoun L, Brochu C, Deblois C, Akponan S, Marion M, Averill-Bates D, Denizeau F.
Vitellogenin in tilapia male fishes exposed to organochlorinepesticides in Oueme River in Republic
of Benin. Sci Tot Environ. 2002:299:163-172.

Okubo T, Suzuki T, Yokovama Y, Kano K, Kano I. Estimation of estrogenic and anti-estrogenic
activities of some phthalate diesters and monoesters by MCF-7 cell proliferation assay in vitro. Biol
Pharma Bull. 2003:26(8):1219-24.

Ouellet M, Bonin J, Rodrigue J, DesGranges JL, Lair S. Hindlimb deformities (ectromelia,
ectrodactyly) in free-living anurans from agricultural habitats, Joumnal of Wildlife Discases
1997.33(1)95-104,

Pait AS, Nelson JO. Endocrine disruption in fish: An assessment of recent research and results. 2002,
NOAA Tech. Memo. NOS NCCOS CCMA 149, Silver Spring, MD : NOAA, NOS, Center for
Coastal Monitoring and Assessment.

Pdpke O, Furst, P. 2003. Background contamination of humans with dioxins, dioxin-like PCBs and
other POPs. The Handbook of Environmental Chemistry 3. 1990; 271-320.

Passmore NI, Carruthers VC. South African Frogs: A complete guide. Johannesburg. South Africa:
Witwatersrand University Press; 1995

Pawlowski S, Islinger M, Hollert H, Gesser M, Ochsenbein U, Braunbeck T, editors. Endocrine

activity in municipal waste water effluent samples of Switzerland assessed by vitellogenin-mRNA



induction in isolated hepatocytes from male rainbow trout (Oncorhynchus mykiss). Proceedings of
the third SETAC World Conference, 21-25 May 2000a, Brighton, UK.

Pawlowski S. Islinger M, vo~ Ikl A, Braunbeck T. Temperature- dependent vitellogenin-mRNA
expression in primary cultures of rainbow trout (Oncorhynchus mykiss) hepatocytes at 14 and I8
°C. Toxicol in Vitro 20000h:14:531 sS40

Pawlowski S, Termes TA, Bonerz M, Rastall AC, Erdinger L, Braunbeck T. Estrogenicity of solid
phase-extracted water samples from two municipal sewage treatment plant effluents and river Rhine
water using the yeast estrogen screen. Toxicol in Vitro. 2004:18(1):129-138S,

Pinder I.CV, Pottinger TG, Billinghurst MH, Depledge MH. Endocrine Function in Agquatic
Invertebrates and Evidence for Disruption by Environmental Pollutants. R&D Technical Repont
E67. London: Environment Agency; 1999

Pinel-Alloul B, Méthot G, Lapierre L, Willsic A. Macroinvericbrate community as a biological
indicator of ecological and toxicological factors in Lake Saint-Frangois (Québec). Environ Pollut
1996:91:65-87

Pons M, Gagne D, Nicolas JC, Mchtali M. A new cellular model of response to estrogens: A
bioluminescent test to characterize (antijestrogen molecules. BioTechniques 1990:9(4):450-459,

Power KA, Thompson LU. Ligand-induced regulation of ER« and ERJ is indicative of human breast
cancer cell proliferation, Breast Cancer Res Treat. 2003,81:209-221.

Pretorius E, Bomman MS. Oestrogen, endocrine disrupters and their nongenomic functions: a review
of current opinions. SA J Sci. 2005:100:125-131

Prisco M. Liguoro A, Comitato R, Cardone A, D'Onghia B, Ricchiari L., Angelini F, Andreuccetti P.
Apoptosis during spermatogenesis in the spotted ray Torpedo marmorata. Mol Reprod Dev.
2003;64:341-348

Purvis 1J, Chotai D, Dykes CW, Lubahn DB, French FS, Wilson EM, Hobden AN An androgen
inducible expression system for Sacchyromyces cerevisiae, Gene. 1991:;106:35-42.

Raizada RB, Misra P, Saxena P, Datta KK, Dikshith TS, Weak estrogenic activity of lindane in rats. J
Foxicol Environ Health. 1980.6(3):483-92,

Rajpert-De Meyts E, Jorgensen N, Brondum-Nielsen K, Muller J, Skakkeback NE. Developmental
arrest of germ cells in the pathogenesis of germ cell neoplasia. APMIS 1998;106:198-206.

Ramamoorthy S, Competition of fate processes in the bioconcentration of lindane. Bull, Environ
Contam, Toxicol, 1985; 4:349.358

Reed JC. Mechanisms of apoptosis. Am J Pathol. 2000;157:1415-1430

Reeder AL, Foley GL, Nichols DK, Hansen LG, Wikoff B, Fach S, Eisold J, Wheeler MB, Wamer R,
Murphy JE, Beasly VR. Forms and prevalence of intersexuality and effects of environmental
contaminants on sexuality in cricket frogs (Acris creprians). Environ Health Perspec, 1998;106:261-
266

Richardson M. Environmental Xenobiotics. London: Taylor and Francis Lid; 1996.

241




Rietvlei Nature Reserve. Available from:
hup//www safaricamline comVrietvlei/Rietviei®20Main.htm. Data accessed 26 June 2003.

Riuschof D, McClellan-Green P. Molluscs as multidisciplinary models in environmental toxicology.
Mar Pollut Bull. 2005;50(4):369-373.

Robinson CD, Brown E, Craft JA, Davies IM, Moffat C.F, Pirie D, Robertson F, Stagg RM, Struthers
S. Effects of sewage effluent and ethynyl oestradiol upon molecular markers of estrogenic exposure,
maturation and reproductive success in the sand goby (Pomatoschistus minwrus, Pallas). Aquat
Toxicol. 2003,62(2):119-134,

Robinson CD, Brown E, Craft JA, Davies IM, Moffat CF. Effects of prolonged exposure to 4-tert-
octylphenol on toxicity and indices of estrogenic exposure in the sand goby (Pomaroschistus
minurus, Pallas). Mar Environ Res. 2004;58(1):19-38.

Robinson J, Avenant-Oldewage A. Chromium, copper, iron and manganese bioaccumulation in some
organs and tissues of Oreochromus mossambicus from the lower Olifants River, inside the Kruger
National Park. Water SA. 1997;23(4):387-403.

Rodgers JH Jr, Dickson GW, Dillon T, Dom PB, Farmer JE, Gearhacart RA, Hall JF, McFarland B,
Nelson MK, Nix P, Richardson CJ, Tierney DP. Workgroup V synopsis constructed Wetlands as a
risk mitigation allernative. In: Lewis MA, Mayer FL, Powell RL, Nelson MK, Klaine SJ, Henry
MG, Dickson GW, editors. Ecotoxicology and Risk Assessment for Wetlands. USA: SETAC,
Pensacola, FL; 1999. p.315-342.

Rogers JM, Denison MS. Recombinant cell bioassays for endocrine disruptors: Development of a
stably transfected human ovarian cell line for the detection of estrogenic and anti-estrogenic
chemicals. In Vitr Mol Toxicol. 2000;13(1):67-82.

Roubal WT, Lomax DP, Willis ML, Johnson LL. Purification and partial characterization of English
sole (Pleuronectes verulus) vitellogenin, Comp Biochem Physiol Part B. 1997;118(3):613-622.

Routledge EJ, Sheahan D, Desbrow C, Brighty GC, Waldock M, Sumpter JP. Identification of
estrogenic chemicals in STW effluent. 2. In vivo responses in trout and roach. Environ Sci Technol.
1998:32:1559-1565.

Routledge EJ, Sumpter JP. Estrogenic activity of surfactants and some of their degradation products
assessed using a recombinant yeast screen, Environ Toxicol Chem. 1996;15(3):241-248,

Rudge SA, Johnson MS, Leah RT, Jones SR. Biological transport of radiocacsium in a semi-natural
grassland ecosystem. 2. Small Mammals. J Eaviron Radio. 1993;19:199-212

Russel LD, Extlin RA, Sinha Hikim AP, Clegg ED. Histological and Histopathological Evaluation of
the Testis. Cache River Press. 1990;119-161 & 210-238.

Sahara S, Aoto M, Eguchi Y, Imamoto N, Yoneda Y, Tsujimoto Y, Acinus is a caspase-3-activated
protein required for apoptotic chromatin condensation. Nature 1999;401:168-173.

Salinki J, Farkas A, Kamardina T, Rozsa KS. Molluscs in biological monitoring of water quality.
Toxicol Lett. 2003;140-141(11):403-410.

242




Sanders MJ. du Preez HH, van Vuren JHJ, Monitoring cadmium and zine contamination in freshwater
systems with the use of the freshwater niver crab, Potamonautes warreni. Water SA. 1999.25(1):91-
98

Sanders MJ. A field evaluation of the freshwater river crab, Potamoncutes warreni, as a
bioaccumulative indicator of metal pollution. 1997, M.Sc Thesis, Rand Afrikaans University, South
Africa

Santi R, Mikeld S, Strauss L. Korkman J. Kostian M-L. Phytoestrogens: potential endocrine
disruptors in males. Toxicol Indust Health. 1998:14(1/2):223-237

Schantz SL, Widholm JJ. Cognitive Effects of Endocrine-Disrupting Chemicals in Animals. Environ
Health Perspect. 2001:109:197-1206

Schecter A, Bimbaum [, Ryan JJ, Constable JD. Dioxins: An overview, Environ Res, 2006;101:419-
428,

Scheltema RS. The relationship of temperature to the larval development of Nassarius obsoletus
(Gastropoda). Biol Bull. 1967;132:253-265

Schrader 1), Cooke GM. Examination of selected food additives and organochlonne food
contaminants for androgenic activity in vitro. Toxicol Sci. 2000; 53(2):278-88

Schulz R, Moore MT, Bennett ER, Farris L, Smith S, Cooper CM. Methyl parathion toxicity in
vegetated and nonvegetated wetland mesocosms. Environ Toxicol Chem. 2003;22(6):1262-1268

Schulz RW, Lubberink K, Zandbergen MA, Janssen-Dommerholt C, Peute J, Goos HJTh. Testicular
responsiveness 10 gonadotropic hormone in vitro and leydig and sertoli cell ultrastructureduring
pubertal development of male African catfish (Clarias gariepinux). Fish Physiol Biochem
1996;15:243-254,

Scavy T. The DDT ban returns - Millions dead of malana because of ban, more deaths likely. 2002,
Hup:/'www.asch.org/publications/reports/ddt2002 htm|

Sckela M, Brewer R, Moyle G, Tuominen T. Occurrence of an environmental estrogen (4-
nonylphenol) in sewage treatment plant effluent and the aguatic receiving environment. Wat Sci
Fechnol 1999:39(10-11):217-220.

Serres C, Feneux D, Jouannet P, David G. Influence of the flagellar wave development and
propagation on the human sperm movement in seminal plasma. Gamete Res. 1984:9:183-195

Seymore T, du Preez HH, van Vuren JHJ, Deacon A, Strydom G. Variation in selected water quality
vanables and the metal concentrations in the sediment of the lower Olifants and Sclati Rivers, South
Africa. Koedoe 1994:37(2):1-18.

Seymore T. Bioaccumulation of metals in Barbus marequensis from the Olifants River, Kruger
National Park and lethal levels of manganese 1o juvenile Oreochromis mossambicus. 1994, M.Sc.

hesis, Rand Afrikaans University, South Africa

243




Sharp BL. Malaria in South Africa - where are we now? National Malaria Research Programme.
Medical Research Council. Update. 1999. Issue No. 39. Available from:
http://www_ hst.org. za/update/39/policy4 himl.

Sharpe RM. Could environmental, oestrogenic chemicals be responsible for some disorders of the
human male reproductive tract? Current Opinion Urol. 1994;4:295-301.

Sheldon LS, Hites RA. Sources and movement of organic chemicals in the Delaware River. Environ
Sci Technol. 1979;13:574-579.

Shen JH Gutendorf B, Vahl HH, Shen L, Westendorf J. Toxicological profile of pollutants in surface
water from an arca in Taihu Lake, Yangtze Delta. Toxicology. 2001:166(1-2):71-78.

Shore RF, Daubin PET. Predicting eco-toxicological impacts of environmental contaminants on
terrestrial small mammals. Rev Environ Contam Toxicol. 1994;134:49-89,

Shore RF. Predicting cadmium, lead and fluoride levels in small mammals from soil residues and by
species-species extrapolation. Environ Pollut. 1995;88:333-40,

Shrader SM, Chapin RE, Clegg ED, Davis RO, Fourcroy JL, Katz DF et al. Laboratory Methods for
Assessing Human Semen in Epidemiologic Studies: A Consensus Report. Reprod Toxicol.
1992:6:275-279.

Silbergeld EK, Devine PJ. Mercury - are we studying the right endpoints and mechanisms. Fuel
Process Technol. 2000;65-66:35-42.

Silbergeld K, Flaws JA, Brown KM. Organizational and activational effects of estrogenic endocrine
disrupting chemicals. Cad Salde Publica. 2002;18(2), Available from: hup//www.scielo
br/sciclo. php?script=sci arttext&pid=S01.

Sivaramakrishna B, Radhakrishnaiah K. Mercury induced alterations in the energetics of
hepatopancreas of two freshwater molluscs, Pila globosa and Lamellidens marginalis. In: Markert
B. Friese K, editors. Trace clements: Their distribution and effects in the environment. Amsterdam:
Elsevier; 2000. p.389-409.

Skakkcbak NE, Bernthelsen JG, Giwercman A, Muller L. Carcinoma-in-situ of the testis: possible
origin from gonocytes and precursor of all types of germ cell tumous except spermatocytoma. Int J
Androl. 1987;10:19-28.

Skakkebak NE, Rajpert-De Meyts E, Main KM. Testicular dysgenesis syndrome: an increasingly
common developmental disorder with environmental aspects. Hum Reprod. 2001;16(5):972-978.
Skelton P. 'n Volledige gids tot die varswatervisse van Suider-Afrika. South Africa: Southem
Bockuitgewers (Edms) Bpk; 1993, p.229-230.

Skelton PH. Peter Humphry Greenwood, 1927-1995-a personal tribute. J Fish Biol. 1995;47(5):749-
752

Slabbert JL, Oosthuizen J, Venter EA, Hill E, Du Preez M, Pretorius PJ. Development of guidelines
for toxicity bioassaying of drinking and environmental waters in South Africa. 1998. WRC repont
no 358/1/98. Water Research Commission, South Africa.

244




Slee EA, Adrain C, Martin SJ. Executioner caspase-3.-6, and -7 perform distinct, nonredundant roles
during the demolition phase of apoptosis. J Biol Chem. 2001;276:7320-7326.

Slon VL, Jeffay SC, Suarez JD), Barbee RR, Perreauvlt, SD. Synchronous assessment of sperm motility
and fertilizing ability in the hamster following treatment with a-chlorohydrin. J Androl
1995:16:523-535.

Slott VL, Suarez JD, Poss PM, Linder RE, Strader LF, Perrcault SD. Optimization of the Hamilton-
Thom computerized sperm motility analysis system for use with rat spermatozoa in toxicological
studies, Fund App! Toxicol. 1993;21:298-307.

Slon, VL, Jeffay SC, Dyer CJ, Barbee RR, Perrcault SD. Sperm motion predicts fertility in male
hamsters treated with a-chlorohydrin, J Androl. 1997;18.708-716.

Smolders R, Bervoets L, De Coen W, Blust R, Cellular energy allocation in zebra mussels exposed
along a pollution gradient: linking cellular effects to higher levels of biological organization
Environ Pollut. 2004;129:99-112.

Smolders R, De Boeck G, Blust R. Changes in cellular energy budget as a measure of whole effluemt
toxicity in zebrafish (Danio rerio). Environ Toxicol Chem. 2003;22(4):890-899.

Smolders R, The influence of industrial effluent on the aquatic ecosystem: An ecological, physico-
chemical and ecotoxicological analysis. 2003, PhD Thesis. University of Antwerpen, Belgium

Snvder SA, Westerhoff P, Yoon Y, Sedlak DL, Pharmaceuticals, personel care productsand endocrine
disrupters in water: Implications for the water industry. Environ Eng Sci. 2003:20(5):449-469

Solomon GM, Schettler T. Endocrine disruption and potential human health implications. McCally M;
Environment and Health. 2000;163(11):1471-6

Solomon KR, Baker DB, Richards RP, Dixon KR, Klaine SJ, La Point TW, Kendall RJ. Weisskopf
CP, Giddings JM, Giesy JP, Hall LW(Jr), Williams WM. Ecological risk assessment of atrazine in
North American surface waters. Environ Toxicol Chem. 1996:15(1):31-76

Solomon KR, Carr JA, Du Preez LH, Giesy JP, Gross TS, Kendall RJ, Smith EE, Van Der Krazk G.
Endocrine System Response in Fish, Amphibians, and Reptiles 10 Atrazine: Assessment of an
Expen Panel. 2002. Syngenta Crop Protection, Inc.

Solomon, G., Weiss, P., and Citron, A. Healthy Milk, Healthy Baby. Chemical Pollution and Mother's

Milk. 2001. Hup://www nrdc.on/breastmilk/

Somero GN, Chow TJ, Yancey PH, Snyder CB. Lead accumulation rates in tissues of the estuarine
teleost fish, Gillichthys mirabilis: salinity and temperature effects, Arch Environ Contam Toxicol.
1977:6:337-348

Sonnenschein C, Soto AM, Fernandez MF, Olea N, OleA-Serrano MF, Ruiz-l.opez MD. Development
of a marker of estrogenic exposure in human serum. Clin Chem. 1995:41:1888-1895.

Sonnenschein C, Soto AM. An updated review of environmental estrogen and androgen mimics and
antagonists. J Steroid Biochem Mol Biol. 1998,65:143-150.

Sonneveld E, Jansen HJ, Riteco JA, Brouwer A, van der Burg B. Development of androgen- and

245




estrogen-responsive bioassays, members of a panel of human cell line-based highly selective
steroid-responsive bioassays. Toxicol Sci. 2005:83:136-48,

Soto AM, Sonneschein C, Chung KL, Fernandez MF, Olea N, Serrano FO. The E-screen assay as a
tool to identify estrogens - an update on estrogenic environmental pollutants. Environ Health
Perspec. 1995;103(Suppl. 7):113-122.

Soverchia L., Ruggeri B, Palermo F, Mosconi G, Cardinaletti G, Scortichini G, Gauti G, Polzonetti-
Magni AM. Modulation of vitellogenin synthesis through estrogen receptor beta-1 in goldfish
(Carassius auratus) juveniles exposed to 17-f1 estradiol and nonylphenol. Toxicol Appl Pharmacol.
2005:209:236-243.

Spano L, Tyler CR, van Aerle R, Devos P, Mandiki SNM, Silvestre F, Thomé J, Kestemont P, Effects
of atrazine on sex steroid dynamics, plasma vitellogenin concentration and gonad development in
adult goldfish (Carassius awratus). Aquat Toxicol, 2004;66(4):369-379.

Spano M, Toft G, Hagmar L, Eleuteri P, Rescia M, Rignell-Hydbom A, Tyrkiel E, Zvyezday V,
Bonde JP. Exposure to PCB and p, p'-DDE in European and Inuit populations: impact on human
sperm chromatin integnity. Hum Reprod. 2005:20(12):3488-99.

Sparling DW, Bishop CA, Linder G. The Current status of Amphibian and reptile Ecotoxicological
research. In: Sparling DW, Linder G, Bishop CA, editors. Ecotoxicology of Amphibians and
Reptiles. Florida USA: Setac Press; 2000

Steenkamp VE, du Preez HH, Schoonbee HJ, van Eeden PH. Bioaccumulation of manganese in
selected tissue of the freshwater crab, Potamonautes warreni (calman), from industrial and mine
polluted freshwater ecosystems. Hydrobiologia 1994,288:137-150.

Steyn GJ. The general Spermatology of the catfish Clarias gariepinus (Clariidac). 1984. MSc. Thesis.
Rand Afrikaans University, Johannesburg, South Africa.

Stoica A, Katzenellenbogen BS, Martin MB. Activation of Estrogen receptor-a by the heavy metal
cadmium. Mol Endocrinol. 2000;14(4):545-553.

Straw J, Rittschof D. Responses of mud snails from high and low imposex sites 1o sex pheromones.
Mar Pollut Bull, 2004;28:1048-1054.

Suhendrayatna A, Ohki A, Nakajima T, Maeda S. Studies on the accumulation and transformation of
arsenic in freshwater organisms . Accumulation, transformation and toxicity of arsenic compounds
on the Japanese medaka, Onyzias latipes. Chemosphere 2004;46(2):319-24.

Sumpter JP. Feminized responses in fish to environmental estrogens. Toxicol Lett. 1995 Dec;82-
83:737-42.

Sun DY, Jiang S, Zheng LM, Ojcius DM, Young JD. Separate metabolic pathways leading 10 DNA
fragmentation and apoptotic chromatin condensation. J Exp Med. 1994;179:559-568.

Sundararaj Bl, Nayyar SK. Effects of exogenous gonadotropins and gonadal hormones on the testes

and seminal vesicles of hypophysectomised catfish, Hereropneustes fossilis (Bloch). Gen Comp
Endocrinol. 1967,8:403-416.




Szokolay A, Rosival L, Uhnak J, et al. Dynamics of benzene hexachloride (BRHC) isomers and other
chlorinated pesticides in the food chain and in human fat. Ecotoxicol Environ Safety 1977,1.349-
159

Tan BLL, Kassim NM, Mohd MA. Assessment of pubertal development in juvenile male rats after
sub-acute exposure 1o hisphenol A and nonylphenol. Tocicol. Lett, 2003;113:261 270.

Tan GH. Residue levels of phthalate esters in water and sediment samples from the Klang River basin
Bull Environ Contam Toxicol. 1995:54(2):171-176.

Tanner CC. Growth and nutrition of Schoenoplecrus validus in agricultural wastewaters. Aquat Bot
1994,47:131-153

Fapiero H, Nguyen BAG, Tew KD. Estrogens and environmental estrogens. Biomed Pharmacother
2002:56:36-44

Tavera-Mendoza L. Ruby S, Brousseau P, Fournier M, Cyr D, Marcogliese. Response of the
amphibian tadpole (Xenopus laevis) to atrazine during sexual differentiation of the testis.
Environmental Toxicology and Chem. 2002;21(3):527-531

Felisman S, Cvitkovic P, Jurasovic J, Pizent A, Gavella M, Rocic B, Semen quality and reproductive
endocrine function in relation to biomarkers of lead, cadmium, zinc and copper in men. Environ
Health Perspect. 2000, 108(1):45-53

leugels GG. A systematic revision of the African species of the genus Clarias (Pisces; Claridae).
Ann Mus R Afr Centr, 1986.247:1-199,

IThe Volunteer Monitor.  Macroinvertiebrates and  Plants.  Spring; 1998;10(1):15
http:/‘'www epa.gov/volunteer/spring98/pg 1 5 hun!

Thomas PT. Effects of Arochlor 1254 and cadmium on reproductive edocrine function and ovarian
growth in Atlantic croaker. Mar Environ Res. 1989;28:499-503.

Thuren A. Determination of phthalates in aquatic environments, Bull Environ Contam Toxicol
1986;36(1):33-40

Tillmann M, Schulte-Ochlmann U, Duft M, Markent B, Ochlmann J. Effects of endocrine disruptors
on Prosobranch snails (Mollusca: Gastropoda) in the laboratory. Part 111: Cypertone acctate and
vinclozalin as antiandrogens. Ecotoxicol. 2001;10:373-388.

Tilton SC; Foran CM, Benson WH. Effects of cadmium on the reproductive axis of Japanese medaka
(Oryzias latipes). Comp Biochem Physiol Part C 2003;136:265-276

Timmerman V. In vitro bioassays for estrogenic activity in food, water and household products. 2003.
MSc Thesis, University of Pretoria, South Africa.

Tohyama C, Ohsako S, Ishimura R. Health risk assessment of endocrine disrupting chemicals. Nippon
Rinsho 2000;58(12):2393-2400.

Tolar JF, Mchollin AR, Watson RD, Angus RA. Mosquitofish (Gambusia affinus) vitellogenin:

identification, purification and immunoassay. Comp Biochem Physiol Part C. 2001;128:237-245.

247



Toppari J, Larsen JC, Christiansen P, Giwercman A, Grandjean P, Guillette L) Jr, Jégou B, e al.
Male reproductive health and environmental xenoestrogens. Environ Health Perspect.
1996:104:741-803.

Toxicology Excellence for Risk Assessment (TERA). Noncancer Risk Assessment Methods.

cer.htm. Data accessed 14 March 2005,

Tren R. The economic costs of malaria in South Africa. Malaria control and DDT issue. Available
from: www.malaria org/tren_html. Data accessed 3 May 2000,

Tsuda H, Naito A, Kim CK, Fukamachi K, Nomoto H, Moore MA. Carcinogenesis and Its
Modification by Environmental Endocrine Disruptors: In Vivo Experimental and
Epidemiological Findings. Jpn J Clin Oncol. 2003;33(6):259-270.

Tsuji JS, Benson R, Schoof RA, Hook GC. Health effects levels for risk assessment of childhood
exposure to arsenic. Reg Toxicol Pharmacol. 2004:39:99-110.

Turusov V, Rakitsky V, Tomatis L. Dichlorodiphenyltrichloroethane (DDT): Ubiquity, persistence
and risks. Environ Health Perpect. 2002;110(2):125-128.

Tyler CR, Sumpter JP. The purification and partial characterization of carp, Cyprinus carpio,
Vitellogenin. Fish Physiol. Biochem, 1990;8:111-120.

U.S.EPA. Method 3540C: Soxhlet extraction. 1996,
hup://www cpa.gov/epaoswerhazwaste 1est/pd{/3540¢.pdf. Data accessed 21 September 2004

Uguz C, Iscan M, Togan |. Developmental genetics and physiology of sex differentiation in

vertebrates. Environ Toxicol Pharmacol. 2003;14:9-16.

United States Environmental Protection Agency (US EPA). A review of the reference dose and
reference concentration processes. 2002a. EPA/630/P-02/002F. Risk Assessment Forum, US EPA,
Washington, DC.

United States Environmental Protection Agency (US EPA). Draft Final Guidelines for Carcinogen
Risk Assessment. 2003, EPA/630/P-03/001A. Risk Assessment Forum, US EPA, Washington, DC.

United States Environmental Protection Agency (US EPA). Guidelines for Exposure Assessment.
1992. EPA/600/Z-92/001. Risk Assessment Forum, US EPA, Washington, DC.

United States Environmental Protection Agency (US EPA). Human health Risk Assessment Protocol
for Hazardous Waste Combustion facilities. 1998;1. EPAS30/D/S98/001A.

United States Environmental protection Agency (US EPA). Risk Assessment Guidelines of 1986.
1987. EPA/600/8-87/045, Office of health and Environmental Assessment, Washington, DC.

United States Environmental Protection Agency (US EPA). Toxicity Assessment for Air Toxics.

EPA. Available

Available from: http://www.tera.org/iter/methods/nonc




Uys MU, Goetsch MA, O'Keeffe JH. Ecological Indicators, a Review and Recommendations
National Biomonitoring Programme for Rivenine Ecosystems Report Series No 4. 1996. [nstitute for
Water Quality Studies. Department of Water Affairs and Forestry, Pretoria, South Africa

Van Acrle R, Nolan M, Jobling S, Christiansen LB, Sumpter JP, Tyler CR. Sexual disruption in a
second species of wild cyprinid fish (the gudgeon, Gobio gobio) in United Kingdom freshwalers.
Environ Toxicol Chem. 2001;20(12):2841-2847

Van Aerle R. Sexual disruption in fish exposed to estrogenic contaminants, 2002, PhD Thesis, Brunel
University, United Kingdom.

Van der Kraak GJ, Zacharewski T, Janz D, Sanders B, Gooch 1. Comparative endocrinology and
mechanisms of endocrine modulation in fish and wildlife. In: Kendall RJ. Dickerson RL, Suk WA,
Giesy JP, editors. Principles and processes for evaluating endocrine disruption in wildlife.
Pensacola FL: SETAC; 1998. p97-119

Van der Oost R, Bever J, Vermeulen NPE. Fish biocaccumulation and biomarkers in environmental
risk assessment: a review. Environ Toxicol Chem. 2003:28:215-226

Van Der Wazl, B.C.W. Observations on the breeding habits of Clariay gariepinus (Burchell), J Fish
Biol. 1974:6:23-27

Van Dyk JC. Fish Histopathology as a monitoring tool for aquatic health: A preliminary investigation,
2003. MSc Thesis, University of Johannesburg, South Africa

Van Dyk JC. A Qualitative and quatitative assessment of the normal histology of selected target
organs of Clarias gariepinus and Oreochromis mossambicus. 2006. PhD Thesis, University of
Johannesburg, South Africa

Van Eeden PH. Metal concentrations in selected organs and tissues of five Red-knobbed Coot (Fulica
cristata) populations, Water SA 2003;29(3):313-322

Van Vuren JHI, du Preez HH, Wepener V, Adendorff A, Barnhoom [EJ, Coctzee | Kotze P, Nussey
G. Lethal and sublethal effects of metals on the physiology of fish: An experimental approach with
monitoring support. 1999. WRC Report No. 608/1/99. Water Research Commission, South Afnca.

Veeramachaneni DNR, Sawyer HR. Carcinoma in situ and seminoma in equine testis. APMIS 1998;
106:183-186.

Veeramachaneni DNR, VandeWoude S. Interstitial cell tumour and germ cell tumour with carcinoma
in situ in rabbit testes. Int J Androl 1999; 22.97-101

Veeramachaneni DNR. 2006. Germ cell atypia in undescended testes hinges on the aectiology of
cryptorchidism but not the abdominal location per se. Int J Androl 2006; 29:235-240

Veeramachaneni DNR. Deteriorating trends in male reproduction: idiopathic or environmental? Anim
Reprod Sci. 2000;60-61:121-130

Verma A, Pillai MKK. Bioavailability of soil-bound residues of DDT and HCH 1o certain plants. Soil

Biol. Biochem. 1991; 23:347-351




Verslycke T, Vercauteren J, Devos C, Moens L, Sandra P, Janssen CR. Cellular energy allocation in
the estuarine mysid shrimp Neomysis integer Crustacea: Mysidacea) following tributyltin exposure.
J Exp Mar Biol Ecol. 2003;288:167-179.

Vesk PA, Allaway WG. Spatial variation of copper and lead concentrations of water hyacinth plants in
awetalnd receiving urban run-off. Aquat Bot. 1997,59:33-47.

Vigano L, Arillo A, Bottero S, Massari A, Mandich A. First observation of intersex cyprinids in the Po
River (ltaly). Sci Tot Environ. 2001;269:189-194.

Viljoen A. Effects of zinc and copper on the post ovulatory reproductive potential of the sharptooth
catfish Clarias gariepinus. 1999. MSc Thesis, Rand A frikaans University, South Africa.

Villalobos M, Olea N, Brotons JA, Olea-Serrano MF, De Almodovar JMR, Pedraza P. The E-screen
assay: A comparison of different MCF7 cell stocks. Environ Health Perspect. 1995;103:844-850,
Villeneuve DL, Richter CA, Blankenship AL, Giesy JP. Rainbow trout cell bioassay-derived relative
potencies for halogenated aromatic hydrocarbons: comparison and sensitivity analysis. Environ

Toxicol Chem. 1999;18(5):879-888.

Viswanathan R, Ray S, Scheunert |, et al. Investigations on accumulation and biotransformation by
carthworms of lindane occurring as soil contaminant. Hazard Waste: Detec.t Control Treat Proc.
World Conf. Vol (Pt A) 1988:759-765.

Vos JG, Dybing E, Greim HA, Ladefoged O, Lambre C, Tarazona JV, Brandt | and Vethaak AD.
Health effects of endocrine disrupting chemicals on wildlife, with special refrence to the European
situation. Crit Rev Tox. 2000;30:71-133.

Vos N. The idntification of freshwater crabs on Rietviei Nature Reserve and the influence of water
quality on these aquatic inveriebrates. 2005. Unpublished. Tshwane University of Technology.

Walker CH. Organic pollutants: An ecotoxicological perspective. Lodon: Taylor and Francis Inc;
2001.

Walker PR, Weaver VM, Lach B, LeBlanc J, Sikorska M. Endonuclease activities associated with
high molecular weight and internucleosomal DNA fragmentation in apoptosis. Exp Cell Res.
1994:213:100-106.

Waring RH, HarrsRM. Endocrine disrupters: a human risk? Mol Cell Endocrinol. 2005;244(1-2):2-9.

Watanabe T, Wu JZ, Morikawa K, Fuchigami M, Kuranami M, Adachi I, Yamaguchi K, Abe K. In
vitro sensitivity test of breast cancer cells to hormonal agents in a radionucleotide-incorporation
assay. Jpn JCancer Res, 1990;81:536-543,

Weber LP, Kiparissis Y, Hwang GS, Niimi AJ, Janz DM, Metcalfe CD. Increased cellular apoptosis
after chronic aqueous exposure to nonylphenol and quercetin in adult medaka (Onyzias latipes).
Comp Biochem Physiol Part C. 2002;131:51-59.

Weinberger P, Greenhalgh R, Moody RP, Boulton B. Fate of fenitrothion in aquatic microcosms and
the role of aquatic plants, Environ Sci Technol, 1982;16:470-473.

250




Weldon C. The sustainable utilization of the African Clawed Frog Nemopus laevis (Daudin)
Department of Zoology and Entomology. University of the Orange Free State, Bloemfontein, South
Afnica. 1999

Welshons WV, Thayer KA, Judy BM, Taylor JA, Curran EM, vom Saal FS. Large Effects from Small
Exposures, I. Mechanisms for Endocrine-Disrupting Chemicals with Estrogenic Activity, Res Rey
200311 1(8)

Wepener V, Van Vuren JHJ, Chatiza FP, Mbizi Z, Slabbert L. Masola B. Active biomonitoring in
freshwater environments: carly waming signals from biomarkers in assessing biological effects of
diffuse sources of pollutants. Phys Chem Earth. 2005:30:751-761.

Wetzel RG, Constructed wetlands: Scientific foundations are cnitical. In: Moshiri GA, editor
Constructed Wetlands for Water Quality Improvement, USA: CRC Boca Raton, FL; 1993, p.3-7

WHO/IPCS. The Intemational Programme on Chemical Safety. Global Assessment of the State-of
the-Science of Endocrine Disruptors. 2002, WHOPCS/EDC/002.2

Whylie P, Albaiges J, Barra R. Bouwman H. Dyke P, Wania F, Wong M. Regionally based
assessment of persistent toxic substances: Global report. UNEP Chemicals / GEF. Geneva,

Switzerland. 2003. Available from: http://’www chem.unep.ch.

Whyte JJ, Schmitt CJ, Tillitt DE. The H3IIE cell bioassay as an indicator of dioxin-like chemicals in

wildlife and the environment. Crit Rev Toxicol. 200:4:34(1):1-83.

Wicklum D, Davies RW. The effects of chronic cadmium stress on energy acquisition and allocation
in a freshwater benthic invertebrate predator. Aquat Toxicol, 1996,35:237-252,

Williams DD, Feltmate BW. Aquatic Insects. 1992, CAB International. ISBN: 0-85198-782-6 xiii,
358. Available from: hiip./Jlakes chebycto org ZOOBENTH/BENTHOS i1, himl.

Wilson VS, Bobscine K, Earl Gray L(Jr). Development and characterization of a cell line that stably
expresses an estriogen-responsive luciferase reporter for the detection of estrogen receptor agonist
and antagonists. Toxicol Sci. 2004:81:69-77.

Witters HE, Vangenechten C, Berckmans P. Detection of estrogenic activity in Flemish surface waters
using an in vitro recombinant assay with yeast cells. War Sci Technol. 2001,43(2):117-123,

Woo M, Hakem R, Soengas MS, Duncan GS, Shahinian A, Kigi D et al. Essential contribution of
caspase 3/CPP32 10 apoptosis and its associated nuclear changes. Genes Dev. 1998:12:806-819

World Factbook. Available from: hup:/www cia gov/cia'publications/factbook/docs/gallery himl.
Data accessed 30 August 2004,

World Health Organisation (WHO). Derivation of toxic equivalency factors (TEFs) for dioxin-like
compounds in humans and wildlife. Organohalogen Compounds 1997,4:237-240

World Health Organisation (WHO). Guidelines for drinking water quality. 2™ Edition, Volume 1:

Reccomendation, 1993, World Health Organization, Geneva




World Health Organisation (WHO). Intermational Programme on Chemical Safety. Environmental
Health Criteria 170. Assessing human health risks of chemicals: Derivation of guidance values for
health-based exposure limits. 1994, World Health Organisation, Geneva

World Health Organisation (WHQO). State of the Ant Report: Health risks in Aquifer Recharge Using
Reclaimed Water. Water, Sanitation and Health. Protection and Human Environment. 2003,
SDE/WSH/03.08. WHO, Geneva.

World Health Organisation (WHO).Guidelines for Drinking-water Quality. Third Edition. 2004;1.
Recommendations. World Health Organisation, Geneva

World Health Organisation. WHO laboratory manual for the examination of human semen and sperm-
cervical mucus interaction. Forth Edition. 1999, Cambridge University Press: New York.

World Health Organization (WHO). International Programme on Chemical Safety: global assessment
of the state-of-the-science of endocrine disruptors. 2002. World Health Organization, Geneva.

World Health Organization (WHO). IPCS Environmental Health Criteria 134 Cadmium. 1991, World
Health Organization, Geneva.

World Health Organization (WHO). IPCS Environmental Health Criteria 134 Cadmium, 1992, World
Health Organization, Geneva.

Wu C, Patino R, Davis KB, Chang X. Localization of estrogen receptor o« and [§ RNA in germinal and
nongerminal epithelia of the channel catfish testis. Gen Comp Endocrinol. 2001;124:12-20.

Wyllie AH, Kerr JFR, Cummic AR. Cell death: the significance of apoptosis. Int Rev Cytol.
1980,68:251-306

Ying G, Williams B, Kookana R. Environmental fate of alkylphenols and alkylphenol ethoxylates — a
review. Environ Int. 2002;25:215-226

Yokota H, Abe T, Nakai M, Murakami H, Eto C, Yakabe Y. Effects of 4-terr-pentylphenol on the
gene expression of P450 115-hydroxylase in the gonad of medaka (Onyzias lanpes). Aquat Toxicol
2005;71:121-132.

Zacharewski TR. In vitro bioassays for assessing estrogenic substances. Environ. Sci. Technol.
1997:31:613-623.

Zgajnar Gotvajn A, Zagorc-Koncan J, Tisler T. Estimation of environmental impact of some of the
most often occurring pesticides in Slovenian surface and underground water. Wat sci Technol.

2001:44(7):87-90.




Other related WRC reports available:
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This project aims to

* Assess the presence of pathogens on crops irrigated with microbially poliuted
water, viz. Hepatitis A, human calicivirus, human astro-virus and selected

Indicator organisms

* |[dentify the most likely pathogens in the Plankenberg River by investigating
patient records of the community of Kayamandi, Stellenbosch and analysing

river water for related disease-causing organisms,

* Determine antibiotic susceptibility patterns of organisms obtained from the

river water; and

* Recommend remedial actions and to guide future research.
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