Trace metal pollution in Umtata River
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Abstract

Dissolved trace metals, i.e Fe, Mn, Al, Cu, Zn, Pb and Cd were determined in the Umtata River. High levelsof Al, Cd, Pb, Znand
Cu were observed, which may affect the “health” of the aquatic ecosystem. The high levels of Al, Cd and Pb may also affect the
health of the rural community that uses the river water directly for domestic use without treatment. Generally the sources of the
metalsin theriver appear to be diffuse, which include rural, urban and agricultural runoff sourcesin the catchment, although there

may be contributions from natural and point sources.

Introduction

The accumulation of metalsin an aquatic environment has direct
consequences to man and to the ecosystem. Interest in metalslike
Zn and Cu which arerequired for metabolic activity in organisms,
liesinthenarrow “window” between their essentiality and toxicity
(Skidmore, 1964; Spear, 1981). Otherslike Al, Cd and Pb exhibit
extreme toxicity even at trace levels (Merian, 1991; DWAF,
1996a-c).

Thepresenceof Al inanatural water systemisof major concern
because of the potential threat to the health of anumber of species
including humans (Lewis, 1989; Radunovic and Bradbury, 1993).
Al isknown to be toxic to the central nervous system and plays a
rolein causing dialysis encelophathy and dialysis osteodystrophy
(Alfery et al. 1976; Savory and Wills, 1991). Some lakes, rivers,
groundwater and domestic tap waters contain Al in high
concentrations either naturally (Al could be mobilised from soils
and sediments by both natural weathering and accelerated
acidification processes, resulting in detectable concentrations in
surface waters) or because Al has been added asaflocculant inthe
purification process (DWAF, 1996b). Theimplication of thismay
be serious since Al ions have been demonstrated to be toxic
especially toindividualswith impaired rena function (Savory and
Wills, 1991).

Zn, Cu, Pb and Cd are common pollutants, which are widely
distributed, in the aguatic environment. Their sources are mainly
fromweathering of mineral sand soils(Merian, 1991); atmospheric
deposition (Merian, 1991); industrial effluents (Asami, 1974,
Prater, 1975) domestic effluents (Dean et al., 1972; Preuss and
Kollman, 1974), urban storm water runoff (Sartor et al., 1974;
Field and Lager, 1975) and spoil heaps (Heitfield and Schottler,
1973).

Extensiveliteratureontheaquatictoxicity of Znand especially
its toxicity to fishes has been reviewed by Alabaster and Lloyd
(1980) and by Spear (1981). Zinc is unusua in that it has low
toxicity to man, but relatively high toxicity to fish (Alabaster and
Lloyd, 1980).
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Copper is one of several heavy metals that is essential to life
despite being as inherently toxic as non-essential heavy metals
exemplified by Pb and Hg (Scheinberg, 1991). Plantsand animals
rapidly accumulateit. Itistoxic at very low concentration in water
andisknownto causebrain damagein mammals. (DWAF, 1996b).

Cadmium has been found to be toxic to fish and other aquatic
organisms(Rao and Saxena, 1981; Woodworth and Pascoe, 1982).
Theeffect of Cd toxicity in manincludeskidney damage (Friberg,
et a., 1986a; Herber et al., 1988) and pains in bones (ltai-itai
disease) (Tsuchiya, 1978; Kjellstroem, 1986). Cda sohasmutagenic,
carcinogenic and teratogenic effects (Fischer, 1987; Friberg et al .,
1986b, Kazantzis, 1987, Heinrich, 1988).

Leadisdefined by the United States Environmental Protection
Agency (USEPA) as potentially hazardous to most forms of life,
andisconsideredtoxicandrel atively accessibleto aquaticorganisms
(USEPA, 1986). Low Pb concentrations affect fish by causing the
formation of coagulated mucous over the gills and subsequently
over the entire body and thus cause the death of fish due to
suffocation (DWAF, 1996b). Lead is bio-accumulated by benthic
bacteria, freshwater plants, invertebratesand fish (DWAF, 1996b).
The chronic effect of Pb on man includes neurological disorders,
especialy inthefoetusand in children. Thiscan lead to behavioral
changes and impaired performance in 1 Q tests (Lansdown, 1986;
Needleman, 1987). The major effect of the presence of Feand Mn
in domestic water is aesthetic because of the colour.

The pH of a water body determines the chemical species of
many metals and thereby alters the availability and toxicity in the
aquatic environment (DWAF, 1996b). Metals such as Al, Cd, Pb,
Cu, Mn, and Zn are most likely to have increased detrimental
environmental effectsasaresult of alowered pH (DWAF, 1996b).

Lead absorption by aguatic organisms is dependent on the
action of Ca; thereforehardnessisanimportant factor indetermining
the toxicity of Pb in the aquatic systems (DWAF, 1996b). Lethal
concentrationsof Cd also vary with water hardness and type of test
animal. (DWAF, 1996b).

Thisstudy reportsthelevelsof dissolved Al, Cd, Zn, Cu, Pb, Fe
and Mn in the Umtata River and the associated pH and total
hardness values of the water body. This catchment supports a
rapidly growing population and there are concerns regarding the
water quality of theriver. The main uses of water in the catchment
are domestic, agricultural (i.e. livestock watering), aquatic
ecosystem use and recreational (e.g. swimming). Water from the
Umtata River israrely used for irrigation.
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Figure 1
Map of the sampling sites

Description of the river catchment

The Umtata River risesin the plateau region of the Eastern Cape
province of South Africa, approximately midway between the
Drakensburg escarpment and the Indian Ocean (Fig. 1). The
catchment of theriver itself is some 100 km long and up to 50 km
inwidth. The main tributary of the Umtata River isthe Nggungqu
River that entersthemainriver on theright bank about 27 km from
the coast. The catchment is generally undulating, hilly and broken
towardsthe coast and with asteep escarpment at the headwaters. In
the vicinity of Umtata, the river flows through awide plain with a
flat gradient. Further downstream, the river is incised in a deep
gorge. There are extensive plantationsin the headwaters (DWAF,
1998).

Geology

The geology of the catchment area of any river isimportant when
discussing the chemical composition of its water resources. The
geology of theUmtataRiver Catchmentisconstituted by mudstones
and sandstones of the Beaufort group from the headwatersto about
30 km from the coast, and thence, by shales, mudstones and
sandstones of the Eccagroup, with exposuresof doleriteintrusions
mostly in the higher lying areas. There are scattered deposits of
aluvium in some valleys. Soilsin the catchment are moderate to
deepandvary between sandy |oamsintheupper half toclayey loam
inthe downstream half (Du Preez and Jonas, 1983; DWAF, 1998).

The major types of soilsfound in the Transkei wheretheriver
catchment islocated are solonetzic or alkaline soils; podsolic soils;
Laterite Y ellow Earths; and lithological and related soils (Van der
Merwe, 1962). The parent rock for the solonetzic soilsissandstone
and shalewith doleriteintrusions (Du Preez and Jonas, 1983). This
soil is poor in nitrogen but rich in lime, magnesium and potssium
with acomparatively low availability of phosphate (Du Preez and
Jonas, 1983).
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The podsolic soilsgroup isdivided into three separate regions.
The first region is the highveld prairie, which consists chiefly of
sedimentary rocks in which dolerite intrusions sometimes occur.
Thetypical soil iswell developed and deep. It consistsof acrumbly
sandy loam and the substratum is greatly clay with foundations of
more compact clay (Du Preez and Jonas, 1983). The second region
isthesemi-coastal region. Thesurface soil consistsof asandy loam
with alayer of ferrugineous (derived from granite) concretionsbut
not cemented (Du Preez and Jonas, 1983). The substratumisdense,
impervious thin clay, which gradually merges with unweathered
rock. Inspiteof itswell-devel opedlayers, thissoil typeisremarkably
shallow. Thethird isthe coastal region. The geological formation
issedimentary rock with doloriteintrusions and granite (Du Preez
and Jonas, 1983). The surfaceiswell developed but because of the
steep topography there is accumulation of material in the subsoil.
Thewell-devel oped soil consists of acrumbly, sandy loam resting
onalayer of small round densely packed ferruginous concretions,
underlain by acompact impervious clayey material (Du Preez and
Jonas, 1983). The sandy soils vary from fairly acid to extremely
acid. They are low in lime, magnesium, available phosphate and
nitrogen but fairly high in potassium (Du Preez and Jonas, 1983).
Thered soils derived from dolerite contain an appreciable amount
of nitrogen and potassium but are poor in lime and available
phosphate.

The lateric yellow earths consist of basic igneous and
sedimentary rocks. The well-developed yellow earths consist of a
dark brown, crumbly clay surface soil with yellowish-brown
crumbly clay subsoil (Du Preez and Jonas, 1983). Theyellow earth
isvery acid and containslittle lime and avail able phosphate while
potassium and nitrogen arefairly high (Du Preez and Jonas, 1983).

Thelithological type soils consist of basalt and quartzite (Du
Preez and Jonas, 1983). The soil is poor in the various plant
nutrients. The soils of the mountain region are generally poorly
developed and shallow. Deep soil isfoundinthevalleysonly or on
the gentle slopes.
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Materials and methods
TABLE 1

Sampling sites Levels of pH and total hardness in the Umtata River
Thelocation of theten chosen sitesalong the Umtata Sampling pH Total hardness (mg CaCO,/l)
River is shown in Fig. 1. The sampling sites were sites
chosen to reflect different activitiesin the catchment Mean + S.D. Range Mean + S.D. Range
— upstream, midstream and downstream which may
affect the water quality situation in theriver. Sl 75£07 66-88 129+ 86 0-215

Asthe source of theriver was not accessible, S1 S2 74+06 66-85 201£65 0-27.2
was the closest accessible site to the source and was S3 74£05 6.7-83 22475 115-43.7
chosenasthereferencesite. S1and S2wereupstream A 76+05 6.9-87 22370 8.6-43.0
of theriver. S1wassupposedtobepristine. However, S5 7.7£06 6.3-87 30.1+£14.2 15.7-64.5
there arethree plantation locations|ocated upstream S6 76206 6.1-87 381+£26.2 7.9-105.3
of this site which impact on the river water quality. St 7.7£06 6.5-85 411+27.1 19.3-104.6
S2wasdownstreamfrom Tabasel ocation (aninformal S8 76+0.6 6.8-89 61.4+ 302 20.1-1355
settlement) and was chosen to monitor theimpact of S9 76+0.6 6.4-85 50.2 406 20.7-159.9
the informal settlement on the river water quality. S10 7.7£0.6 6.5-87 57.8+58.2 19.3-2137
SitesS3to S5arelocated al ong themid-section of the
river. Sample point $4 is in Umtata Dam with S5 S1 - S10 are sampling sites
further downstream (S3wasupstream of thedam and S.D. —Standard deviation

hasanimpact fromKanbi informal settlement, located
near the bank). Water from Umtata Dam is treated
and supplied to all parts of Umtata. These sites were chosen so as
to ascertain the quality of the water from the dam (S4) and to note
any changein water quality downstream of the dam (S5). Sites S6
to S10 are downstream. S6 is downstream of PolaPark location (a
peri-urban settlement in Umtata town) and the site was chosen to
establishtheeffect of runoff from thissettlement ontheriver water
quality. S7 isat Norwood Bridge, downstream of the Umtata City
centre. Thereisal soarubbish dump upstream of thissite. Theurban
runoff and leachates from the rubbish dump seeping into theriver
could adversely affect itsquality at thissite. Site S8isdownstream
of the Umtata Sewage Works effluent discharge point. Theimpact
of the sewage discharge on theriver wasmonitored at thissite. Site
SO isat Tipini location, another peri-urban settlement located on
the river-bank. At this site, a large rubbish dump is located. It is
worth mentioning that all the informal settlements are located on
steep slopes close to the river that could greatly increase their
impact ontheriver water quality. Site S10isat the First Fall further
down the river. Seasonal samples were taken bi-weekly between
May 1999 and April 2000 to evaluate seasonal variationsin water
quality.

Before sampling for chemical analyses, sample bottles were
cleaned by soaking them in detergent for 24 h, followed by rinsing
withtapwater until freeof detergent, thenrinsed with5%nitricacid
and then thoroughly with distilled-deionised water (DWAF, 1992;
Quality of Domestic Water Supplies, 1998). About 1 | of water
samplesfor chemical analyseswere collected from each sampling
site according to the standard procedures described in DWAF's
samplingguide(DWAF, 1992; Quality of Domestic Water Supplies,
1998). The samples were acidified with 5 ml conc. HNO,. After
collection the samples were placed in cooler boxes with ice bags
whilst being transported to the laboratory and kept at about 4°C
until analysed. All chemical analysesweredoneat leastinduplicate.

Physico-chemical analyses

The pH of the water was determined on-site with a pH 330 meter
supplied by Merck NT Laboratory Pty Ltd. Total hardness was
determined in the laboratory using the standard EDTA titration
(Bassetet. al., 1978; VanLoon, 1982). Theacidified water samples
(after filtration with the 45 um Whatman filter paper) was
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concentrated by complexing the metals with suitable ligands and
extracting them from water samples with suitable solvents (Fries
and Getrost, 1977). The metals were then determined by standard
spectrometric methods (Fries and Getrost, 1977; DWAF, 1992).
For quality control, water sampl eswere spiked with knownamounts
of ZnSO,.7H,0, PoNO,and Cd(NO,),,, respectively and therecovery
of Zn, Cd, Mn and Pb was measured using the above standard
procedures (Fries and Getrost, 1977; DWAF, 1992). Quality
assurance studies were done in triplicate. Statistical calculations
were done using Microsoft Excel.

Results and discussion

The percentage recoveries obtained for representative cations
were: Cd, 74+ 5%; Pb, 85+ 6%; Zn, 77.7+ 7% and Mn, 93+ 3%,
which validate the experimental procedures used for the chemical
analysis.

The mean pH values of water samples in the river varied
between 7.4 and 7.7 (Table 1) at all the sites and fall within the
Target Water Quality Range (TWQR) for pH inwater for domestic
use (6 to 9) (DWAF, 1996a). Since pH affects the solubility and
toxicity of metal sintheaguatic ecosystems, thispH rangewasused
to access the metal toxicities in Umtata River for the use of the
aguatic ecosystem.

The mean concentrations of water hardnessin theriver varied
between 12.9 mg CaCO//I to 61.4 mg CaCO,/I (Table 1), which
relates to soft and moderately soft water (DWAF, 1996a, Quality
of Domestic Water Supplies, 1998) and the concentration was
lowest at Site S1. Becausethetoxicitiesof Pband Cdintheaguatic
ecosystemvaried withwater hardness, thetoxicitiesof thesemetals
in the Umtata River were assessed in conjunction with the total
hardness values of theriver.

Theresultsof theone-year measurement campaign of metalsin
theriver are presented in Fig. 2to 7. The mean levels of Al inthe
river varied between 0.22 and 0.36 mg/l in the river (Fig. 2) and
were higher than the TWQR for Al in domestic water supply (0 to
0.15 mg/l) (DWAF, 1996a). Based on these guidelines, direct use
of water from the river without treatment may aggravate poor
health of sensitive groups, for exampl e peoplewith kidney disease
(DWAF1996&; Savory andWills, 1991). Thetentative SA guidelines
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Box and whisker plot for Al vs. sampling sites in Umtata River
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Figure 3
Box and whisker plot for Cd vs. sampling sites in Umtata River

for Al inwater for use of the aquatic ecosystemis5 ug/l at pH 6.5
and 10 at pH > 6.5 (DWAF, 1996b). These guidelines were also
exceeded in the river. Thus the river water may have detrimental
effects on the aguatic ecosystem and on fish (DWAF, 1996b).
Though there is no TWQR for Al in water for recreational use
(DWAF, 1996c, 1996€), the TWQR for Al in water for livestock
watering and irrigation is 0 to 5 mg/l (DWAF, 1996¢c). The
concentration of Al in the river water fell within this range and
therefore as far as this element is concerned, the water will be
suitable for livestock watering and irrigation.
Cadmiumlevelsintheriver areasindicatedinFig. 3. Themean
Cd concentrationsvaried between 0.01t0 0.26 mg/l intheriver and
theCdlevelswerelowest at Site S1. Theselevelswere higher than
thetentative SA guidelineof 0to5ug/l (DWAF, 1996a) inwater for
domestic use. In view of the fact that major use of water in the
catchmentisdomestic, thehighlevelsof Cdintheriver areof great
concern. Cadmium isextremely toxic and the primary use of water
highin Cd could cause adverse health effect to consumers such as
renal disease and cancer (Friberg et al., 1986a; Kjellstroem, 1986;
Quality of Domestic Water Supplies, 1998). The TWQR for Cdin
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Figure 4
Box and whisker plot for Pb vs. sampling sites in Umtata River
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Figure 5
Box and whisker plot for Zn vs. sampling sites in Umtata River

water that will be used for livestock watering and irrigation is 0 to
10ug/l (DWAF, 1996c). Thislevel isalso exceededintheriver and
theuse of water from theriver to feed livestock will be detrimental
to the health of livestock and the water will not be suitable for
irrigation, though it is rarely practised in the catchment. The
TWQRfor Cdinwater for theaquatic ecosystemis0.15 ug/l in soft
water and 0.25ug/l in moderately soft water (DWAF, 1996b) and
these values were exceeded in the Umtata River. Therefore the
water will not be suitable for use by the aquatic ecosystem. There
isno TWQR for Cd in water for recreational use (DWAF, 1996c,
1996€e). The probable sources of Cd in the catchment are from
natural sources due to geology of the catchment soil (DWAF
1996b), and from runoff from agricultural soils where phosphate
fertilisers are used as Cd is a common impurity in phosphate
fertilisers (Stoeppler, 1991). Other probable sources include
leachates from nickel-cadmium based batteries and cadmium-
plateditems(Huttonet al., 1987; Stoeppler, 1991) that aredi sposed
at the refuse dumps by the rural communities.

The mean Pb levels in the river ranged from 0.24 mg/l to
1.11 mg/l and the Pb levels were lowest at the reference site (S1)
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Box and whisker plot for Cu vs. sampling sites in Umtata River
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Figure 7
Box and whisker plot for Fe vs. sampling sites in Umtata River

(Fig. 4). The TWQR for Pb in water for domestic use is 0 to
10ug/l (DWAF, 19964a). Atlevels>100ug/l, possibleneurol ogical
damageinfoetusesand young childrenmay occur (DWAF, 1996a).
These levelswere exceeded in theriver and the direct use of water
from the river for domestic use without treatment could be
detrimental to pregnant women and young children in the vicinity
of the catchment. The TWQR for Pbinwater for use by theaguatic
ecosystem is 0.2 ug/l in soft water and 0.5 pug/l in moderately soft
water (DWAF, 1996b). Chronic effects occur at levels of 0.5 g/l
(soft water) and > 1.0 ug/l (mediumwater) (DWAF, 1996b). These
levels were exceeded in the river and therefore the river water
would not be suitabl efor themai ntenance of theaguatic ecosystem.
The TWQR for Pb in water for livestock watering (0.1mg/l)
(DWAF, 1996¢) wasa so exceeded intheriver water. Volume5 of
the SA Water Quality Guidelines (DWAF, 1996d) states that
“adverse chronic effects may occur at 0.5 to 1.0 mg/l Pb”. The
TWQR for Pb in water that will be used for irrigation is 0 to 0.2
mg/l (1996c). Theselevel swereexceeded intheriver water andthe
water will not be suitablefor irrigation. Thereisno TWQR for Pb
in water for recreational use (DWAF, 1996c, 1996€). Possible
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Box and whisker plot for Mn vs. sampling sites in Umtata River

sources of Pb in the catchment could be from the geology of the
cathment, from sewage effluent discharge, from rural and urban
runoff and from seepage from waste sites.

Mean levels of Zn in the river ranged from 0.07 mg/l to 0.12
mg/l for al the sites (Fig. 5). The TWQR for Zn in water for
domestic supply is 3 mg/l (DWAF, 1996a; Quality of Domestic
Water Supplies, 1998) and should not be a problem in theriver if
the water is used for domestic purposes. However, Zn could be a
probleminwater for other uses, for example, for the use of aquatic
ecosystems (DWAF, 1996b). The TWQR for Zn in water for the
use of aguatic ecosystem is2 ug/l. Thislimit was exceeded in the
river. Thustheriver water will not be suitable for the maintenance
of the aguatic ecosystem. The TWQR for Zninwater for irrigation
isOto 1 mg/l and the TWQR for Znin water for livestock watering
is 0 to 20 mg/l (DWAF, 1996¢). The Zn levels fell within these
rangestherefore Zn will not be aproblemin theriver water if used
for irrigation or livestock watering. Thereisno TWQR for Zn in
water for recreational uses (DWAF, 1996¢, 1996€).

Mean levelsof Cuintheriver varied between 0.10 mg/lt0 0.53
mg/l for al the sites (Fig. 6). The SA guideline for Cuin domestic
water supply isOto 1.0 mg/l (DWAF, 19964). These values were
not exceeded in the river and therefore Cu is not supposed to be a
problem for the domestic use of water from the river (DWAF,
1996a). TheTWQR for Cuinwater for useof theaquati c ecosystem
ranges from 0.3 ug/l in water that is soft and 0.8 ug/l in water that
ismoderately soft (DWAF, 1996b). Theselimitswereexceededin
the river and therefore will make the river unsuitable for the
maintenance of the aquatic ecosystem. The TWQR for Cuinwater
for livestock watering is 0 to 5 mg/l and the adverse chronic effect
may occur at 1to 10 mg/l Cu, depending onthelivestock (DWAF,
1996d). These levels were not exceeded in the river therefore Cu
will not be a problem in the river water if used for livestock
watering. TheTWQR for Cuinwater that will beusedfor irrigation
is0 to 0.2mg/l (DWAF, 1996c) and therefore Cuis not supposed
tobeaproblemfor theirrigational useof water fromtheriver. There
isno TWQR for Cu in water for recreational use (DWAF, 1996c,
1996€).

Mean levels of Fein the river varied between 0.10 mg/l and
4.47 mg/l (Fig. 7) and between 0.16 mg/l and 2.04 mg/l for Mn
(Fig. 8). The SA guideline for Feis 0.1 mg/l and for Mn is 0.05
mg/l in water for domestic use (DWAF, 19963a). These limitswere
exceeded intheriver at most of the sites. Theimplication of thisis
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that the water from the river may have taste and other aesthetic
problems (DWAF, 19964). The TWQR for Feand Mninwater for
livestock watering is 0 to 10 mg/l (DWAF, 1996c). These levels
werenot exceeded inthewater and Feand Mnwill not beaproblem
in the river water if it is used for livestock watering. There is no
TWQRfor Feinwater for theaquatic ecosystem usebut the TWQR
for Mn for the same use is 0.18 mg/l (DWAF, 1996¢). This level
wasexceeded intheriver thereforetheriver will not besuitablefor
the maintenance of the aquatic ecosystem. The TWQR for Feand
Mnin water that will be used for irrigation are0to 5 mg/l and 0 to
0.02 mg/l, respectively (DWAF, 1996¢). The TWQR for Mn was
exceeded intheriver therefore Mn will poseaproblemiif theriver
water isused for irrigation. Thereareno TWQRsfor Feand Mnin
water for recreational use (DWAF, 1996c, €).

The high levels of metalsin the river give cause for concern
because the peopl€’ s health and the “health” of the ecosystem are
at stake. Generally the sources of metal pollution in the catchment
appear tobediffuse, whichincluderural, urbanaswell asagricultural
runoff and point sources in the catchment (i.e. Umtata Sewage
Works). There could be contributions from natural sources.

Relevant authorities should attend to the management of metal
pollutionintheriver. TheUmtataSewageWorkshasbeenidentified
asamajor pollution source of theriver. After the promulgation of
the New National Water Act (Act 36 of 1998), the Umtata Sewage
Works was given a 5-year permit to discharge effluent in 1999.
Currently the Sewage Works seemsto do very little in the way of
‘treatment’ and peopl€’s health is at stake and so are our water
resources and the health of the ecosystem.

Conclusion

DissolvedAl, Cd, Pb, Cu, Zn, Feand Mnin UmtataRiver havebeen
determinedinthisstudy. Highlevelsof Al, Cd, Pb, Znand Cuwere
observed, which may affect the*health” of the aguatic ecosystem.
Thehigh levelsof Al, Cd and Pb may have adetrimental effect on
the health of the rural community in the vicinity of the river
catchment that uses the river water directly for domestic use
without trestment. The Umtata Sewage Worksisamajor pollution
source of the river and needs to be upgraded to improve its
treatment performance.
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