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Abstract

Numerous reports in the media, between 1986 to 1990, have referred to discharges of Hg waste from Thor Chemicals in
Kwa Zulu Natal, South Africa into two river systems. A study conducted in 1990 found that Thor Chemicals was the source
of this pollution and that excessive levels of Hg were detected immediately below the plant. No other studies have been
conducted since then. This study, which includes the are area directly below Thor Chemicals to the top end of Inanda Dam,
shows that Hg levels in sediment below the plant were of a similar magnitude to those detected 8 years previously. However,
sediment and algae levels further downstream were considerably lower. A 98% increase in Hg sediment levels is noted at
a sample site 10 kilometres downstream from the chemical plant. This may suggest that a degree of bio magnification may
have taken place, athough other factors could also be responsible for this increase. Despite Hg levels in fish collected from
Inanda Dam being below statutory levels, there is a concern that the fish eating population and high risk groups may be
exposed to excessive levels of Hg in their diet. Hg levels in the fish obtained from Inanda Dam indicate that consumption
levels should be restricted from 16 to 3 fish meals in a month. In consideration that fish are the staple diet of the community
residing in the area it is recommended that a risk assessment be conducted on the fish eating population of the region.

Introduction

Thedebatesurrounding Hg pollutionof theriver systembelow Thor
Chemicalsin KwaZulu Natal, South Africahasbeen of concernto
thepeopleof theregionfor several years. Thor Chemical shavebeen
processing waste Hg for approximately 12 years. The plant began
to receive considerable media attention in1989. This was centred
aroundtheapparent dischargesof spent Hgwasteintothe M ngceweni
River, situated directly below the plant (Clarke, 1994; Nichols,
1995). Reportspublished inthe mediastated that drumscontaining
spent Hg were emptied into thisriver in early April 1990. At the
time, Green Peace expressed concern about the probability of these
contaminantsrapidly being convertedinto methylmercury (MeHg)
in the environment and posing a threat to the community living
down-stream. An investigation conducted by this group revealed
that the Hg levels afew hundred metres from the boundary of the
Thor Chemicals plant were 8 600 times higher in the soil and the
sediment thantheUnited Stateslimit for toxicwaste(Clarke, 1994).
Noscientificassessment of Hg pollutionhasbeencarried out todate,
other than a study conducted by Johnston et al. (1991) in 1990, in
anarearestricted towithin 10km of theplant. Johnstonetal. (1991)
obtained sediment and soil samples from the vicinity of Thor
Chemicals, situated at the head of the Mngceweni River and a
marshland areaat the confluence of thisriver and at the permanent
settlement of Fredville, which is situated within the Mngceweni
River valley. Theresultsindicated that Hg contamination had taken
placedirectly below Thor Chemicals. Johnstonet al. (1991) pointed
out the50 mg/l of Hgfoundintheriver bed of theMngceweni River
could be quantified as chemical waste. The Thor Chemicals plant
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wasidentified asthe point source of Hg pollution. Sincethen, Thor
Chemicalshasattracted considerabl e public attention, culminating
incertain mattersconcerning thisplant being discussedinthe South
African Parliament.

In order to clarify some of these issues this study aimed to
quantify the extent to which Hg has become mobilised in the study
areaand to identify possible pathways of exposure to the commu-
nity. Samplesof sediment, algaeandfishwerecollectedfromanarea
located between Thor Chemicalsand InandaDam (Fig. 1). Concen-
trationsof Hginthesesamplesweredetermined and comparedwith
levelsdetected inthe control areaand were compared to theresults
as obtained by Johnston et al. (1991) study. Hg concentrationsin
fishwerea socomparedto MeHg consumption|level sset by various
regulatory agencies. These media were chosen for the following
reasons.

Contaminated sediments at the bottom of surface waters serve
as an important Hg reservoir, with sediment-bound Hg recycling
back into the aguatic ecosystem for decades or longer (Jackson,
1993). The WHO (1989) has referred to several studies that
demonstratethemethylation of inorganicHginthesediment of [akes
and riverswhich isakey step in the transport of Hg in the aquatic
food chain. Studies have indicated that the mobilisation of the Hg
fromthesediment isinfluenced by alow pH (5.8t05.4) which may
alow the Hg to be taken up by higher trophic levelsin the aquatic
system (Pandaet a., 1990).

Temperatureisalso considered to play animportant part inthe
methylation of Hg, particularly at high levels, possibly due to
increased microbial activity (Jackson, 1993; Park etal., 1997). These
two parameters, pH and temperature, are considered to be impor-
tant factors when determining the state of Hg in sediment within a
river system (Jackson, 1993).

Thecapacity for algaeto bio-concentrate Hg wasdemonstrated
by Bailey and Stokes (1985) who found that Hg levels increased
1000to 10 000in concentration within the algaein water systems.
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Figure 1
Sketch study area and control area indicating locality of sample Sites (A to Z) in relation to Thor Chemicals in The Valley of a
Thousand Hills, KwaZulu-Natal

Likewisethe US Geologica Surveys National Water-Quality As-
sessment Program hasindicated the appropriateness of algae asan
indicator of Hg pollution and provided methodol ogical procedures
forthecollectionand analysisof Hginalgae (Porter etal., 1993). In
terms of this study, algae were the most common aquatic plants
found in the two river systems.

It has been shown that elevated Hg levelsin fish are common
throughouttheUSA (USEPA, 1997). Infact, Hginfishisconsidered
to bethe single greatest public health concern associated with Hg
pollution. Thiseven appliesto fish far removed from the source of
thepollution and nearly 100% of theHg found in fish muscletissue
isMeHg. MeHg appearsto be primarily passed to planktivoresand
piscivorousfishviatheir diet particularly inthelarger, longer lived
fish specieslocated at the upper end of thefood chain (Hol sbeek et
d., 1996; Ikinguraand Anagi, 1996). Carp (Cyprinuscarpiolimaeus)
and sharp-toothed catfish (Clarias gariepinus) were chosen for
examination asthey are considered to bethe most abundant species
of fish found in the study area. The species of carp found in the
easternareaof South Africaareomnivorousfishand consumeawide
range of plant and animal matter whereas sharp-toothed catfish are
piscivoresand prey onawiderangeof aquaticfauna(Skelton, 1993).
A recent Hg updatereport publishedin 1999 by the USEPA (1999)
assertsthat humansare most likely to be exposed to MeHg through
fish consumption. This particularly applies to subsistence fisher-
men that routinely consume large amounts of locally caught fish.
Sensitive population groups such as pregnant women, nursing
mothers and their children must be considered as particularly
vulnerable(Harada, 1995; Rice, 1995). TheUSEPA (1999) further
states that exposure to MeHg is dependent on either the quantity
of fishconsumed, or thelevel of MeHg present. Adultsthat consume
approximately 50 g of fish per day containing between 0.1t0 0.15
ppmHgareat risk of slightly exceeding thereferencedose (RfD) to
level sreaching twicetheRfD. Thosethat consumelevelsof 0.5 ppm
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Hgbut atelessthen 10 g of fish per day, arelikely to experience Hg
exposure near the RfD. Those who, however, consumed 40 to 70
gof fishaday arelikely to exceed the RfD by asmuch assix times.

Methods
Sediment and algae

Ten sample sites were selected from within the study area from
which sediment and algae samples were obtained. These sites
extended along the Mngcewewni and Umgeni Rivers at intervals
ranging from between 3 and 5 kmfrom each other. Thefirst sample
sitewaslocated directly below Thor Chemical sandthefinal sample
was taken at the top end of Inanda Dam approximately 35 km
downstream (Fig. 1). Thelength of thesampling sitewasdetermined
by the stream’ sgeomorphol ogy in termsof the extent and accessto
thesediment bed and availability of algaeinthesampling zone. The
samplepointwasvisually examinedtoidentify areasof theriver bed
that appeared to include only fine grained sedimentsthat had high
organic content. Such sediments would include those that contain
clay andsilt particles, asthesepropertiesareconsideredto benatural
accumulators of Hg (Shelton and Capel, 1994). The methodol ogy
as defined in the US Geological Survey National Water Quality
Guidelinesfor collecting stream bed sedimentswas used (Shelton
and Capel, 1994). At each sample site, 5 to 8 subsamples were
collected to make one single sample which was considered to be
representative of the entire sample site (Shelton and Capel, 1994).
This single sample was obtained by coning the sediment samples
whereby the subsampleswere homogeni sed and combined toform
a composite sample.

The collection of algae only took place after the sediment sub-
sampleshad been obtainedin order toreducestirring or contamina-
tion of the sediment withintheriver. Algae sampleswere collected
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from within the sampling site area and the number of samples
obtained depended on access and availability of the algae. The
procedures as recommended in the US Geological Survey for
collecting algae sampleswere adopted (Porter et al ., 1993). Asfor
thesediment sampl es, subsamplesof algaewerecollectedat eachsite
andwereal so composited throughtheconing method. Temperature
and pH readingsof theriver water wereal sotaken at each point from
where sediment and al gae sampleswere obtained using aBeckman
200 pH meter which was calibrated on the day that measurements
were taken.

Fish

Since InandaDam is deemed to be the major receiver of sediment
deposition from the study area, (situated approximately 35 km
downstreamfrom Thor Chemicals), thesampling of largefishfrom
this source was considered to be of great importance. Catfish and
carp ranging between 3to 5 kg in mass, or between 30 cmto 40 cm
inlength, were caught from Inanda Dam.

Laboratory analysis

All samplesweretransported to aSouth African accredited |abora-
toryimmediately after collection, or frozenat -15°C until they could
be taken to the laboratory. Both sediment and algae samples were
required to be coned within the laboratory to comply with the
recommendations as given by Shelton and Capel (1994). Muscle
tissuefromtheareaadjacent tothedorsal fin of thefishwassel ected
for analysisbecausetheaffinity of mercury to beabsorbedintofish
muscle (WHO, 1989).

Duplicate samples of the specimens were analysed and the final
result was cal culated from the mean of the two results. In order to
detect Hglevels, all formsof Hg, including organicderivatives, were
oxidised to ionic mercury by acidic potassium permanganate.
Inorganic mercury wasrapidly reduced by sodium borohydridein
an acidic solution to form mercury vapor. The vapor was purged
continuously with argon into an unheated quartz tube in the light
path of an atomic spectrometer where absorbence is determined at
253 7 nm. The Hg values were given in pg/l. In order to compare
values to regulatory standards and to the Johnston et al. (1991)
study these values were converted to pg/g.

Resultsand discussion
Sediment and algae

Thelevelsof Hgwithinthesediment at Site A, located at the source
of the Mngceweni River directly below Thor Chemicals (Fig. 1),
werefoundtobethemost meaningful. Hg concentrationsat thissite
were considerably higher (54 pg/g) than al the other Hg levels
detected in the sediment at the remainder of the sample sitesin the
study area. Hg level swithin detectable limitswere only found at 5
samplesites, beingA B, C, E, H. A meanvaueof 0.41 pg/g Hgwas
calculated, with a standard deviation of 0.3 (Fig. 1). Site A was
excluded asit was considered to bean outlier. Theremainder of the
samplesiteresultsdownstream of Site A can beregarded ashaving
a99% reductionin Hg concentrations. Hglevel sin sediment bel ow
detectablelimitswererecorded at samplesites, D, F, G, | and J, all
of which are on the Umgeni River. This suggests that once the
Mngceweni River enterstheUmgeni River, whichisdirectly below
sample site C, a substantial dilution of Hg concentration in the
sediment has occurred. The Mngceweni River isasmall river in
comparison to the Umgeni River which hasalarge catchment area
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and thereforeahigher volumeand flow rate, which will increaseas
the Umgeni River flows further downstream towards the Inanda
Dam.

When comparing Hgin sediment |evel sfromthisstudy tothose
obtained by Johnston et al. (1991), eight years previously, an
interesting scenario appears. TheHg level in sediment measured at
SampleSiteA in 1998 (56 ug/g) compareswell with Hgin sediment
taken from the same area by Johnston et al. (1991). Thisindicates
that therehasbeenaslightincrease(8.8%) intheamount of Hgbelow
Thor Chemicals. The fact that the Hg level at this siteis still high
may support the theory that Hg can exist in stream sediments for
decades (US EPA, 1997). Theretention of the Hg in the sediment
couldalsobeduetotherel atively highpH (7.0) recordedintheriver
water. A pH of thismagnitude may beimpeding theleeching of the
Hg from the sediment. However, the possibility that continuous
seepage of Hg effluent from the slimes dams situated within the
factory complex of Thor Chemicals, into the Mngceweni River,
cannot be discounted as a cause for the steady levels of Hg in the
sediment over thisperiod. In consideration of the high temperature
recordedintheriver water at Site A (27.8°C) and that thestudy area
isinasubtropical region, it ishighly probable that the majority of
the Hg has methylated to the more toxic form of MeHg. Thisisa
matter of concern if the Hg becomes available to be taken up by
aquatic organisms which may eventually lead to elevated MeHg
levelsinthelarger fish species.

Of particular interestisthelevel of Hginthesediment at sample
Site C. When comparing the values of the Johnston et al. (1991)
study to the results obtained in 1998 from the same area, the mean
value of Hg in the sediment increased from 0.017 pg/g in 1991 to
0.860g/gin1998. Thisisanincreaseof 98.11%inHgconcentration
in the sediment at this site over a period of eight years.

This may support the theory that some of the Hg is being
assimilated into the sediment due to microbial activity, although
severa other factorscouldberesponsiblefor theincreased Hgvalues
at thissite (Jackson, 1993). Theremay have been differencesinthe
analytical procedures used in the two studies, that possible further
discharges could have occurred intheintervening eight yearsfrom
Thor Chemicalsor that thisparticular sitecould beactingasanatural
sink for Hgdeposition. Notwithstanding thesefindings, theHglevel
at SiteCislow and of asimilar magnitudetothe Hglevelsrecorded
intheremainder of the SitesB to J. Other than samplesite A, which
wasconsidered asanoutlier, nosignificant differencewasfoundin
Hg levelsin sediment between the study area and the control area
at the95% confidencelevel (p=0.53). Despitethefact that algaecare
considered to be agood indicator of Hg pollution, theHg levelsin
the algae sampleswereall bel ow detectablelimits. A confounding
factor was that only small amounts of algae were available to be
collected. Asaresult therewereinsufficient algae availablefor the
atomic absorption spectrometer to perform accurate readings to
determineif there was any trend towards the mobilisation or bio-
magnificationof Hginalgae.

Fish

Hg concentration in the fish samples was compared for the study
area (Inanda Dam) and control area (Nagle Dam) in order to
investigatewhether Hg being discharged from Thor Chemicalsinto
thetwo river systemsishaving any effect on thefish populationin
Inanda Dam. Using the Two Samplet Test it was established that
there was statistically no significant difference between the fish
caught in the two dams, wherea‘p’ value of 0.08 was found (ap
value of 0.05 or less was considered to indicate a significant
difference). Nevertheless, despite the statistics, recognition hasto
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TABLE1
Relationship between Hg levels in catfish and carp
from Inanda Dam to recommended fish meals for
an average adult based on US EPA levels (1999)

Hg concentration Number of Number of
(ng/g) in fish from samples with recommended fish
Inanda related Hg levels meals per month *
0.05 1 16
0.07 t0 0.08 2 12
0.12 1 8
0.19t0.21 5 4
0.25 1 3

* Average adult based on weight of 72 kg consuming
227 g of fish calculated over 30.44 d (1 month)

begiventothefact that thereisalin 12 probability of adifference,
when defining the result of thisp value (0.08) further. Despitethis
uncertainty, it isimportant to note that all actual concentrations of
HginfishinlnandaDam werefoundto bewithin detectablelimits,
whereasin NagleDamonly 40% of theHglevelsinfishwerewithin
detectablelimits.

Thissuggeststhat adegree of bio-accumulation may betaking
placewithinthelnandaDam, possibly dueto dischargesfrom Thor
Chemicals. AlthoughtheHglevelsinthefish samplescomply with
the South African Foodstuffs, Cosmetics and Disinfectants Regu-
lationsand the US Food and Drugs Agency Requirementsfor Hgin
fish, being 0.5 mg/l and 1 ppm respectively (FCD Reg, 1994; US
EPA, 1997) thereis a need to quantify the consumption levels of
Hg in the fish eating population residing in the study area. Of
particular concern are the effects of Hg contaminated fish being
consumed by high-risk groupssuch aspregnant womenand children
(USEPA, 1999) and in particul ar infantswho are considered to be
of greater risk (Rice, 1995). When comparing consumptionlevelsas
opposed to action levels, as stated above, the scenario emergesto
be considerably different. Table 1 illustrates the US EPA recom-
mended number of fish meals permitted in amonth in terms of Hg
levelsin carp and catfish asfoundin InandaDam (US EPA, 1999).

Althoughall theHglevelsinthefishwerebelowtheactionlevels,
asstated above, it can beseenthat 60% of thefish sampled contained
sufficiently elevated Hg levelstorestrict adiet of fish from Inanda
Damtothreeto four fish mealsin amonth. If the assumption were
madethat fish were consumed on adaily basi sthen the community
should be restricted to half their usua fish consumption.

In order to determine the possiblerisk to theresidentsresiding
inthestudy areait would benecessary to carry out arisk assessment.
Theaim being to establish therisk of exposure by investigating the
general populationandin particular thesensitive popul ation groups
(USEPA, 1999).

When comparingtheconcentrationof Hginsimilar sizecarpand
catfish, in the study area an interesting trend emerges between the
meanHg concentrationof 2.38 g/l for thecatfishandthemeanvalue
of 1.16 pg/l for carp. The mean concentration of Hg for catfishis
twicethat of thecarp. Thisimpliesthat thecatfisharestoring greater
amounts of Hg. The Two Samplet Test confirms that there is a
significant difference betweentheHg concentrationsin catfishand
thecarpinthestudy areaat the 95% confidencelevel (p=0.014). The
higher concentrations of Hg in the catfish may be explained by the
fact that they are bottom feeders and may ingest sediment and Hg
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whilefeeding andthat they areal so predatorsand could beingesting
Hg from other organismsaswell, unlike the carp that are predomi-
nantly omnivores only (Skelton, 1993; Hg from the sediment is
influenced by alow pH (5.8 to 5.4) which may allow the Hg to be
takenup by higher trophiclevelsintheaguatic system (Pandaetal .,
1990); Hollsbeek et al., 1996).

Recommendations and conclusion

Itisevident that extensive Hg pollution occurred eight yearsagoin
theregion directly below Thor Chemicals (Johnston et al., 1991).
Thisstudy al soindicated that theareaisstill contaminated and could
remain asource of potential bio-accumulation and mobilisation of
Hg into the ecosystem for many yearsto come. It must, neverthe-
less, be emphasised that the bulk of the Hg pollution appearsto be
containedintheimmediatevicinity of Thor Chemicalsandfor aslong
asthisscenario continuesit isunlikely to be of any danger to those
residinginthestudy area. However, inview of therecommendedUS
EPA consumption levels for Hg in fish, and in particular where
catfishmay beconsumed onaregular basis, arisk assessment study
needs to be conducted on the fish-eating population.

The contaminated zone around Thor Chemicals should be
clearly identified and fenced off, in order to restrict access. Some
formof environmental remediation, needsto beconsidered, suchas
the design of suitably constructed wetlands. Physical removal
should not be considered as this may dislodge the contaminated
sediment generating pollution further downstream wherethereare
settled human populations.

The community, government agencies, such asthe South Afri-
can Department of Water Affairs and Forestry, Department of
Health, Thor Chemical sand other interested partieswil | beinformed
of theoutcome of thisresearch and for theneed of arisk assessment
study.

The appointed Catchment Management Agency should be
encouragedtomonitor fishHglevelsinthelnandaDaminthefuture
asaroutine precaution. In the event of the contaminated sediment
being mobilised, the logical end-point of sediment transportation
would be the Inanda Dam.

In addition regular monitoring of the sediment along thelength
of theMngcewewni River needstobecarried outtoruleoutincreases
in Hg levels or confirm that there is a pollution problem.

A suitable method for the disposal of remaining stockpiles of
Hgwasteby Thor Chemicalsmust be sought. Keeping Hgwasteon
the premises for extended periods of time is deemed to be more
hazardous than the controlled recycling thereof.

Should development take place within the vicinity of Thor, in
particular Fredville Township, special attention should be given of
theutilisation of groundwater intheareaand ahydrological survey
should be conducted to assess groundwater impact from Thor
Chemicals.
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