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Abstract
The purpose of the study was to compare wildlife in the proximity and away from the sources
of known industrial pollution. Macroscopic, focal, gritty areas that appeared white were
observed in the testes of all 24 South African eland (Tragelaphus oryx) culled in the Rietvlei
Nature Reserve (RNR; n=17) between 2001 and 2003 and Suikerbosrand Nature Reserve
(SNR; n=7) in 2004. Histopathological evaluation of testes showed multiple intratubular
dystrophic calcifications, focal areas of sperm stasis, and interstitial chronic cell infiltrates
with fibrosis. Spermatogenesis was generally impaired; a few atypical germ cells were also
encountered. Sertoli cell vacuolization and sloughing of the seminiferous epithelium were
evident. Adenomatous changes of the rete testis, reflective of possible chronic estrogenic
exposure, were found. In testes collected from three reference eland in 2007 from the Molopo
Nature Reserve (MNR) in the Kalahari/Kgalagadi Desert, except for one focal area of sperm
stasis and another with microcalcification, the seminiferous epithelium as well as
collecting/rete tubules were normal. Analyses of fat tissue for environmental pollutants
showed that 11 out of 17 RNR eland contained a detectable estrogenic chemical pnonylphenol (mean ± SD: 184.8 ± 24.6 µg/kg fat); no organochlorine chemicals or
polychlorinated biphenyls were detected. Of the 7 SNR eland, 5 had detectable octylphenol
residues (50.2 ± 30.9 µg/kg fat), 3 had detectable p-nonylphenol (137.8 ± 77.9 µg/kg fat), 3
had o-p’-DDT (114.9 ± 31.1 µg/kg fat), 3 had p-p’-DDT (127.3 ± 49.9 µg/kg(79.5 ± 30.4
µg/kg fat) and 5 contained o-p’-DDE (27.7 ± 9.9 µg/kg fat). One eland from the MNR
contained one 70.6 µg o-p’-DDT/kg fat and another p-p’-DDE 61.3 µg/kg fat. Therefore, in
eland with testicular abnormalities, significant amounts of various estrogenic chemicals were
bioaccumulated in fat samples. It therefore seems likely that the lesions found in RNR and
SNR were associated with the relatively high body-burden of environmental pollutants
(phenols), although the possibility of systemic infections cannot be ruled out. No testicular
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abnormalities were found in reference eland.

These findings are the first indication of

mammalian wildlife being affected by environmental pollution of endocrine disrupting
chemicals in South Africa.

INTRODUCTION
Exposures to endocrine-disrupting chemicals (EDCs) have been implicated in a variety of
urogenital disorders in men including testicular abnormalities (Giwercman et al., 1993;
Toppari et al., 1996). It was suggested that these urogenital disorders are all symptoms of one
underlying disease entity called testicular dysgenesis syndrome (Skakkebaek et al., 2001;
Skakkebaek et al., 2003). Testicular microlithiasis (TM) is one of the elements of the
testicular dysgenesis syndrome (Skakkebaek et al., 2004). TM is a rare pathologic condition
in which numerous calcifications form inside the seminiferous tubules (Renshaw, 1998;
Ganem et al., 1999). These calcifications originate from degenerating intratubular cellular
debris with subsequent mineralization of the epithelium (Holm et al., 2001). Men with male
infertility have a risk to develop testicular cancer, but the risk seems higher in the presence of
TM (Negri et al., 2008) and TM is therefore regarded as a premalignant condition (Derogee
et al., 2001).

The notable increase in the occurrence of urogenital abnormalities in men over a relatively
short period led to the speculation that the causative factors are adverse environmental effects
rather than specific gene mutations (Skakkebaek et al., 2001; Skakkebaek et al., 2003).
However, the possibility of transgenerational epigenetic effects also has been suggested
(Anway et al., 2005). All these urogenital disorders could be experimentally induced in
laboratory animals by developmental exposure to estrogenic and anti-androgenic substances
EDCs (Viguier-Martinez et al., 1983; Newbold et al., 1985; 2000; Yasuda et al., 1985; Luthra
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and Hutson, 1989; Walker et al., 1990; de Jager et al., 1999b; Gray et al., 2001; Higuchi et
al., 2003; Kilian et al., 2007) supporting a possible link between exposure to environmental
hormone disrupters and developmental defects of the male reproductive tract (Main et al.,
2009).
Several field and laboratory studies demonstrated that exposure to certain EDCs has
contributed to adverse effects in wildlife species and populations (Guillette LJ. Jr et al., 1994;
Facemire et al., 1995; Bowerman et al., 1998; Morcillo and Porte, 1999; Vos et al., 2000;
Larsson and Förlin, 2002). Aquatic species at the top of the food chain are most affected, but
effects have also been observed in terrestrial species such as birds, reptiles and amphibians.
The first case of intersex in a fish species from a water source in South Africa was found in
the Rietvlei Nature Reserve (RNR) where the water and sediment contained significant
amounts of p-nonylphenol (p-NP) (Barnhoorn et al., 2004). It seemed likely that the water
pollution with estrogenic contaminants might have an effect on other wildlife species
dependent on these sources. Incidentally, in the course of our environmental studies in Nature
Reserves in South Africa, we noticed TM in Eland (Tragelaphus oryx) in RNR. Although
EDCs including organochlorines were detected in wild mammals (Naso et al., 2004;
Verreault et al., 2005), their adverse effects on reproduction have only been confirmed in a
few instances (International Programme on Chemical Safety (Damstra et al., 2002). Most of
the data come from Europe and North America, and very little is known about EDCs in
Africa.

Therefore, the study areas were two nature reserves (Rietvlei- and Suikerbosrand Nature
Reserves; RNR and SNR) in Gauteng Province and the reference (control) area was Molopo
Nature Reserve (MNR) close to the Kalahari/Kgalagadi Desert in Northwest Province. The
RNR (25 53S 28 17E) is one of the world's largest urban nature reserves (3800 hectares)
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situated within the city limits of Pretoria (also known as Tshwane). The RNR is at an altitude
of 1700 m and is one of the very few reserves situated in the grassland biome on the central
South African highveld. The stream flowing into the RNR receives effluent from sewage
treatment plants, industries, and informal settlements in the catchment areas (Bornman et al.,
2007). The SNR (26 30S 28 13E) is approximately 70 km due south of RNR. The SNR is at
an altitude of more than 1800 m and is a protected area with little human activity on its
periphery. The SNR covers an area of 13,337 hectares and is an area of unspoiled natural
environment

and

a

mountain

range

with

grassland

the

major

habitat

(http://en.wikipedia.org/wiki/Suikerbosrand_Nature_Reserve). There are two main types of
grassland within the reserve, montane (above 1800m) and a non-montane savanna type. The
fast disappearing Bankenveld grassland, a rare and endangered type of high altitude grassland
(http://www.conservancies.co.za/) also occurs here, making this one of the Highveld's most
valuable reserves. The area has a relatively low runoff, high evaporation and periodic drying
out of the catchment with long periods of no rainfall. The stream at SNR is a seasonal stream
and only flows after storm events.

The MNR (25 48S 22 53E), which is located 542 km due east of RNR, close to the
Kalahari/Kgalagadi Desert, in the North West Province, South Africa. The Kalahari Desert is
sometimes

referred

to

as

the last

remaining paradise on

earth

(http://abbott-

infotech.co.za/index-kalahari.html). The MNR is in a desolate area where big herds of
antelope species including eland are found on the gently sloping red Kalahari dunes covered
in part with bushman grass (http://www.sa-venues.com/game-reserves/nwp_molopo.html).
The species of animals found in these reserves include, amongst others, the world’s largest
antelope, the eland.
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The purpose of the study was to compare wildlife in the proximity and away from the sources
of known industrial pollution. We report the findings on body fat residues of EDCs and
testicular lesions in eland from two nature reserves in contrast to reference eland in a remote
reserve in South Africa. We discuss the similarities of these testicular lesions in eland with
the testicular dysgenesis in humans.

MATERIAL AND METHODS
Tissue collection
Body fat and testicular samples were collected from eland during the hunting seasons; 17
eland in RNR (2001-3) of which 13 eland were for trophy hunting and four eland were
younger than seven years culled for research purposes. In SNR seven eland were hunted
(2004) and three from MNR, the reference area (2007). Hunters selected the trophy animals
based on their size; the ages of the eland were estimated to be between 8 and 11 years
(lifespan: 15-20 yrs; age at puberty: ~two yrs). At necropsy, the testes, epididymides and
accessory sex glands were evaluated for any gross abnormalities. Testes were bisected
sagittally and the cut surfaces examined for macroscopic lesions.

Analyses
Histology: Two testicular tissue samples were taken from each animal and fixed in Bouin’s
solution for at least 3 days. Samples were trimmed, dehydrated in a graded series of ethanol
and were embedded in paraffin wax. Five-µm-thick sections were cut and stained with
hematoxylin and eosin, as well as Von Kossa stain for identifying calcification. Testicular
sections were examined and photographed using a Nikon Optiphot (De Jager et al., 1999a) or
Microphot FXA light microscope equipped with planapochromatic objectives interfaced with
a computerized imaging system (ImagePro, version 5.0). Histological evaluations included
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assessment of any degenerative changes in seminiferous epithelium, normalcy of interstitium
and rete testis using criteria established for bovine testis (Veeramachaneni et al., 1986).

Target chemical analyses: Approximately 100 g perirenal fat was collected from each animal,
wrapped in aluminum foil and frozen at –18°C for analysis of target chemicals:
organochlorine pesticides, polychlorinated biphenyls, and alkylphenols. The panel of
chemicals analyzed were: aldrin, alpha– , beta–, gamma– (lindane), delta– isomers of
hexachlorocyclohexane (BHC), 2,4-(ortho-para; o-p’-) and 4,4-(para-para; p-p’-) isomers of
DDT (dichlorodiphenyl trichloroethane) and their metabolites DDE (dichlorodiphenyl
dichloroethylene) and DDD (dichlorodiphenyl dichloroethane, dieldrin, endosulfan I,
endosulfan II, endosulfan sulphate, endrin, endrin aldehyde, endrin ketone, heptachlor,
heptachlor epoxide, and methoxychlor; polychlorinated biphenyls (PCB) PCB8, PCB28,
PCB20, PCB52, PCB101, PCB118, PCB153, PCB138, and PCB 180; and alkylphenols
octylphenol and p-nonylphenol (p-NP) by an ISO 17025 Accredited Laboratory.

The fat samples were extracted and clean up performed on a C18 cartridge followed by florisil
solid phase extraction (SPE) (Bordet et al., 2002). For the organochlorine pesticides the
analytes were eluted with petroleum ether–diethyl ether. Aldrin was used as an internal
standard and quantification was accomplished via fortified calibration curve. Analyses were
performed by gas chromatography, mass spectrometry with electron capture detection, and
high performance liquid chromatography using a Shimadzu gas chromatography-mass
spectrometry (GC-MS) -QP2010 (Agricultural Research Council Residue Laboratory,
Onderstepoort, Pretoria; Barnhoorn et al., 2004). Quantification was accomplished via a
fortified calibration curve in matrix; the correlation coefficient was 0.99 and the level of
detection 0.010 mg/kg.
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For octylphenol and nonylphenol acetonitrile was used for extraction and sample clean up
performed on a florisil and a C18 cartridge (Tsuda et al., 1999). Analytes are eluted with
methanol from C18 and quantification accomplished via a fortified calibration curve.
Alkylphenols were then detected using fluorescence detection at a quantification limit of 0.05
mg/kg.

RESULTS
All 27 eland had testes in the scrotal position and no overt epididymal lesions or cystic
dilatations were noted. In the eland from reference area, the testes were of homogenous
consistency and had no signs of previous trauma or infection. No gross lesions were observed
on dissection.

Except for a focal area of sperm stasis in one eland and interstitial

lymphocytic infiltration in two, no significant histological lesions were found. Both the
collecting and rete tubules were normal with no adenomatous changes and the seminiferous
epithelium was normal (Fig. 1).

Fig. 1. (A) Eland testis from the control area showing normal seminiferous epithelium. The boxed area is shown
at a higher magnification in panel B. (B) Mitotic figures (secondary spermatocytes) are apparent in circled area.
Hematoxylin and eosin staining. Scale bars: A 200 μm, B 50 μm.
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Fig. 2. Eland testis showing sperm stasis and calcifications. (A) Testis cut midsagitally through mediastinum
(arrow heads) showing white, gritty, calcified loci (arrows). (B) Histological section showing cross sections of
seminiferous tubules with sperm stasis (upper half) and calcification (lower half). Arrow heads point to
transition between terminal segment of seminiferous tubules and rete testis. Note: mineralized luminal contents
in these structures. Hematoxylin and eosin staining. Scale bar: 250 μm

Fig. 3. Photomicrographs of eland testis showing calcification of static sperm in the lumen of seminiferous
tubule. (A) Sperm stasis. (B) Sperm undergoing mineralization. (C) Completely calcified luminal contents.
Note: degeneration of seminiferous epithelium (asterisk) adjacent to a calcified tubule. Hematoxylin and eosin
staining. Scale bars: A and B=50 μm, C=100 μm.

9

In contrast, the gross appearance of testes collected from the RNR and SNR was different
from testes collected from MNR. Conspicuously, hard, nodular areas were palpable beneath
the tunica albuginea of some testes. Macroscopically, focal white gritty areas were observed
in testes of all 24 eland from RNR and SNR which, on sectioning, appeared as grey-white,
calcified areas varying in size, dispersed throughout testes without a specific distribution
pattern (Fig. 2A). Microscopic examination of testicular sections containing these white gritty
areas revealed loci of seminiferous tubules with sperm stasis and dystrophic calcifications
(Fig. 2B) but the degree and extent of mineralization between samples varied. On several
sections in which mediastinum testis was present, lesions of the rete testis characterized by
epithelial hypertrophy and adenomatous proliferation was observed (Fig. 3). The proliferative
lesions in the rete testis appeared to have obliterated sperm transit to excurrent ducts resulting
in sperm stasis in seminiferous tubules (Fig. 4A) leading to disintegration of static sperm and
mineralization of luminal contents (Fig. 4B) ultimately replacing the entire seminiferous
epithelium by calcified masses (microliths) (Fig. 4C). The proliferative lesions of the rete
testis were also associated with seminiferous epithelial degeneration in segments of the
tubules proximal to the affected rete (Fig. 4). The degenerative lesions included vacuolization
of Sertoli cells, and death and desquamation of differentiating germ cells (Fig. 5A). 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 (Fig. 5B) and, ultimately, fibrosis (Fig. 5C) of
lobules of seminiferous tubules.

Eleven of 17 RNR eland fat samples contained p-NP ranging from 35.0 to 290 µg/kg fat
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(mean ± SD: 180 ± 61.8 µg/kg) and no organochlorine pesticides or PCBs. In six eland p-NP
was present, but could not be quantified. Of the seven SNR eland, five contained octylphenol
(50 ± 31 µg/kg fat) and three p-NP (140 ±78 µg/kg fat); three had o-p’-DDT (115 ± 30 µg/kg
fat), five o-p’-DDE (28 ± 10 µg/kg fat), three had p-p’-DDT (130 ± 50 µg/kg fat), and all
seven had o-p’-DDD (80 ± 30 µg/kg fat). No p-p’-DDE was detected at SNR. Of the three
reference MNR eland fat samples, one contained 60 µg p-p’-DDE/kg, and another one o-p’DDT 71 µg/kg. None of them had any other organochlorines or alkylphenols.

Fig. 4. Photomicrographs of proliferative neoplastic lesions in the rete testis. (A) Hypertrophy of epithelium and
adenomatous lesions are seen in rete tubules around asterisks. Note apparently normal seminiferous tubules in
the lower left and occluded seminiferous tubules with degenerate detritus in the lower right (arrow). The tubule
marked by rectangle is magnified in panel B. (B) Adenomatous proliferation of rete epithelium. (C)
Adenomatous changes in rete epithelium and adenotic changes in rete stroma. Hematoxylin and eosin staining.
Scale bars: A=250 μm, B and C=50 μm.
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Fig. 5. Photomicrographs of progression of degenerative changes in seminiferous tubules consequent to rete
adenoma and occlusion. A. Adenomatous lesions in rete tubules (arrow heads) and vacuolisation of Sertoli cells.
(B) Note granulomatous reaction around several tubules (asterisks) while the remaining seminiferous tubules are
apparently normal. The clusters of degenerate seminiferous tubules are likely the ones connected to the rete
tubules afflicted by adenoma, adenosis and occlusion. (C) As the degenerative process advances, the entire
lobules of tubules are replaced by fibrous connective tissue. Note: sperm stasis (asterisk) and proliferative
lesions (arrow head) in rete testis. Hematoxylin and eosin staining. Scale bars: A and C= 100 μm, B=250 μm.

DISCUSSION
The presence of adenomatous lesions of the rete testis in the eland from RNR and SNR was
similar to diethylstilbestrol-induced rete testis adenocarcinoma in laboratory animals
(Newbold et al., 1985; Newbold, 2000) and was, therefore, suggestive of possible chronic
estrogenic exposure. The alkylphenols as well as o-p’- and p-p’-DDT have estrogenic activity
(Sonnenschein and Soto, 1998; Sonneveld et al., 2005). The possibility of simultaneous
exposure to estrogenic agents such as phytoestrogens and estrogenic mycotoxins cannot be
ruled out, and therefore, considering the spectrum of pollutants present in the body fat, the
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testicular lesions observed in eland could have been caused by chronic exposure to these
pollutant chemicals. Experimentally, 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
bioaccumulate in terrestrial mammals as in aquatic life (Barnhoorn et al., 2004). The levels of
p-NP in eland were even higher than those found bioconcentrated in fat of catfish inhabiting
the two dams in RNR. Intersex conditions where testicular oocytes occurred were found in
some of these catfish (Barnhoorn et al., 2004), while water and sediment samples had
estrogenic activity on the yeast screen test (Aneck-Hahn et al., 2008). The eland are
dependent on these water sources in RNR. In this specific instance, we suspect that the source
of p-NP to be the industrial effluent draining into the stream leading to the reservoir/dam. pNonylphenol is lipophilic and, therefore, bio-accumulates in fat of humans and animals and
as a result has a more persistent effect than natural estrogens (Tapiero et al., 2002).

The findings of Sertoli cell vacuolization and sloughing of the epithelium observed in eland
were similar to those observed in rats following experimental exposure to p-NP (De Jager et
al., 1999b). Despite an extensive literature search, only a few papers on testicular
calcifications in ruminants could be found. For example, testicular calcifications were found
in association with testicular dysgenesis in Sitka Black-tailed deer in Alaska
(Veeramachaneni et al., 2006), testicular degeneration in beef bulls having small testes
(Veeramachaneni et al., 1986), degenerative changes in the seminiferous tubules of goats
occurring spontaneously (Ahmad et al., 1993) or with experimentally induced Trypanosoma
evansi orchitis (Ngeranwa et al., 1991). In Merino sheep the prevalence of testicular lesions,
including calcifications, increased with age (Watt, 1978). Testicular calcifications were found
after surgical biopsy and also in the contralateral testis of adult rams (Vrzgulova, 1995). In
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Ethiopian Menz rams, calcifications were coincident with orchitis (Hibret et al., 2001).
Although subclinical infections such as trypanosomiasis or brucellosis cannot be excluded in
eland in the current study, there was no record of incidence of these conditions according to
the RNR Reserve Manager or veterinarian. These animals appeared to be in good health and
no swollen testes or signs of chronic wasting.

The fact that all eland examined from two disparate nature reserves and possibly from
genetically diverse wild populations exhibited similar lesions concomitant with considerable
body burdens of estrogenic EDCs, suggests a causal link. Edwards et al. (2006) reviewed the
evidence of reproductive dysgenesis in wildlife and pointed out that microlithiasis forms part
of the TDS in comparable vertebrate groups. The review supported the hypothesis that TDS
is the result of feminization or demascilinization of the male reproductive system. The
induction of a TDS-like syndrome in the male offspring (Mylchreest et al., 2000; Parks et al.,
2000; Fisher et al., 2000) of rats exposed in utero to the ubiquitous environmental chemical
di(n-butyl) phthalate (DBP) unequivocally provided support for the link between chemical
exposure and the TDS hypothesis in human males.

Advances in the general scientific

understanding from research have led to refinement of the TDS hypothesis, highlighting the
central role that deficient androgen production/action during fetal testis development, may
play in the origin of downstream disorders (Sharpe and Skakkebaek, 2008).

Interestingly, the histological appearance of the intraluminal testicular calcifications in eland
was similar to testicular calcifications reported in humans. It is noteworthy that generalized
hypospermatogenesis with patchy normal areas is commonly found in subfertile men
(Skakkebaek et al., 1973; Gottschalk-Sabag et al., 1995) and intratubular microcalcifications
are also not uncommon in these patients. These features, described as manifestations of
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testicular dysgenesis, have been ascribed to possible exposures to environmental endocrine
disruptors (Skakkebaek et al., 2001).

While use of DDT has been banned or restricted in most Western countries for 20 or more
years, in regions where malaria is still endemic such as South Africa, DDT is sprayed onto
the interior surfaces of homes for mosquito vector control. Because of its long half-life
(Agency for Toxic Substances and Disease Registry (ATSDR), 2002), lipophilicity and
ability to bioconcentrate and bio-accumulate in food chains, there is growing concern that
DDT and the breakdown product DDE is associated with adverse human health outcomes
(Eskenazi et al, 2009).

Exposure in utero to p-p’-DDT or its metabolite p-p’-DDE or

octylphenol, induced atypical germ cells resembling carcinoma in situ (CIS) in rabbits
(Veeramachaneni, 2000; Veeramachaneni, 2006). It is likely that DDT and its metabolites are
exported through agricultural produce and the atmosphere (Simonich and Hites, 1995) to
regions where its use is now restricted. Therefore, it is not surprising to find residues of DDT
and its metabolites in eland on SNR, although this Reserve is secluded from human activity.
Such was the case in Sitka black-tailed deer in Alaska (unpublished data). Thus, it is not
unrealistic that humans and animals are exposed inadvertently to pesticides even though they
have been banned or restricted. In fact, p-p’-DDE is the major DDT-derived residue in food
(Spindler, 1983) and human body fat (Barquet, 1981).

World production of alkylphenol polyethoxylates (APE) is estimated to be 300 000 tons per
year (Houde et al., 2002) for use as a surfactant in plasticizers, detergents, paints, herbicides,
cosmetics, and as anti-oxidants and lubricants in a variety of industrial, agricultural, and
household applications (U.K. Department of the Environment; Kent, 1993). No data on the
production and use of APEs in South Africa are publicly available. APEs eventually end up

15

in surface waters and aquatic sediments, undergo microbial breakdown resulting in
alkylphenols including octylphenol and p-NP (Nimrod et al., 1996), which have even higher
lipophilic and persistent properties than the parent APEs (Talmage, 1994). Khan et al. (2003)
demonstrated that alkylphenols may affect hormone signaling in a variety of tissues,
including testes, via an estrogen receptor-independent mechanism by altering calcium
homeostasis thereby impairing cellular function. Sertoli cells and the differentiating germ
cells that they sustain could be targets for these detrimental actions.

p-Nonylphenol is known to have adverse effects on the testis and epididymis of rodents (Lee
et al., 1999; De Jager et al., 1999a,b). The negative impact is further enhanced when animals
are exposed to an environmentally relevant mixture of chemicals containing deltamethrin,
DDT, phytoestrogens and p-NP (Kilian et al., 2005).

Human testicular cancer arises from CIS cells, which are suspected to originate from
primordial germ cells that escaped normal differentiation in utero (Skakkebæk et al., 1987;
Rajpert-De Meyts et al., 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 tumours including rete
adenocarcinoma and seminoma along with microlithiasis and CIS were found in Sitka blacktailed deer suspected to have been developmentally exposed to an environmental estrogenic
agent(s) (Veeramachaneni et al., 2006).
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These novel findings in eland may therefore be the first evidence from South Africa that
mammalian wildlife are impacted by environmental pollution of EDCs in South Africa and
may serve as ecological harbingers.
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