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ABSTRACT
In South Africa there are two major pieces of waggiislation, the National Water Act (No.
36 of 1998) (NWA), which governs water resource aggmentand the Water Services Act
(No. 108 of 1997) (WSP), which legislates the psmn of water and sanitation. Institutional
arrangements to support the implementation of tihe$e are devolved across three levels of
government. At the local level, water resource rgan@ent will be the responsibility of Water
User Associations (WUA) and catchment forums (@fr)contrast, water service provision is
actively devolved to the municipal level of localvgrnment. As there is little guidance for
linkages between WUA and forums with municipal stawes, there is little direction for
municipal action in water resource management. Téases the challenge of integrating
sustainable management of water resources (whigposts and limits water use) and
effective water service provision to the municipaliMakana Municipality responded to this
challenge through the initiation of a local envimemtal action plan (LEAP), which aims to
implement sound environmental management as asfepttowards sustainable development.
In this paper we outline the LEAP process, reporta present ecological state (PES)
assessment of environmental water quality in Makamé recommend implementation plans
for the municipality. Water chemistry and biomoning data revealed the PES of most sites
in the municipality to be Poor or Fair, while toxyctesting showed toxicity of out-flowing
effluent from the Grahamstown sewage treatment svqi®TW) to be relatively high.
Recommendations focus on risk assessment, comntionicaffective data management with
decision-making links.

INTRODUCTION

South Africa is a semi-arid country and, as in tast of Africa, “urbanization has led to
deterioration in the quality of water in streams ¢akes near urban centres” (Moyo and Phiri,
2002). Deteriorating water resource quantity and qualgylikely to become a serious
restriction to future socio-economic developmenegi® and Govender, 2001). In South
Africa there are two major pieces of water legiskat The South African National Water Act
(No. 36 of 1998) (NWA), which deals with water rasge management (WRM) and the
South African Water Services Act (No. 108 of 199K)SA), which deals with water service
provision (WSP). The institutional arrangementst teapport the implementation of this
legislation are devolved across all three tiersgofernment: national, regional and local
(DWAF, 2004).

At the National Government level, the DepartmentVhter Affairs and Forestry
(DWAF) acts as the “public trustee” to ensure thaater is protected, used, developed,
conserved, managed and controlled in a sustairaioleequitable manner for the benefit of all
persons...” (NWA, Chapter 1:3(1)). The Act goes onemphasize the promotion of
environmental values and a focus on regulation p&hal:3(2) and (3)). At a regional level,



water resource management is currently undertakene@ional DWAF offices, but their
powers and responsibilities are being transferredCatchment Management Agencies
(CMAs) (NWA, Chapter 7) which will administer 19 tea management areas (WMAS)
(DWAF, 2004). At the local level, water resourcenagement will be undertaken by Water
User Associations (WUA)(NWA, Chapter 8), with adlalial stakeholder input from
Catchment Forums (CF). In contrast, the Constiuti®&chedule L Part B) devolves
responsibility for water service provision to log@vernment in the form of municipalities.
The Water Services Act establishes water serviegbodties (WSAs) to manage water
services provision, and local authorities can acWSAs. Added challenges are posed by
municipal and WMA boundaries that do not coincittes lack of attention to the linkages
required for sustainable WRM to support water servprovision, and lack of guidance
provided for forging links between WUAs, Catchmé&mrums and municipalities. In this
paper we explore the efforts of Makana Municipalityengage effectively with WRM issues.

Resource Directed Measures

In South Africa, water resource management (WRN8napts to create a balance between the
protectionanduseof water resources. This balance is essentiagdustainable water use since
both over protection and under protection are icieffit and expensive (Palmetr al.,2004a)

In order to find the most suitable level of protest the NWA provides for the ecological
Reserve, which comprises descriptive and quantgadiefinitions of the physical structure,
water quality, and water quantity required by amuatosystems to maintain a defined level
of ecosystem integritfPalmer, 1999; Palmeet al., 2004a). Two main mechanisms are
involved in implementing the ecological Reserve:s&ece Directed Measures (RDM)
(DWAF, 1997; 2003), which focus on setting objeesifor the resource; and Source Directed
Controls (SDC) (DWAF, 1997), which involve continth impacts on the resource. Of these,
RDM are the most pertinent to this study as theydarectly concerned with the state of the
resource. RDM not only provide descriptive and quative goals for the state of the
resource in general, but also more specificallyuhe the formulation of quantifiable and
descriptive goals for ecosystem condition and wsquirements, known as ‘ecospecs’ and
‘userspecs’ respectively (Palmetral.,2004a).

Present Ecological State
A major component of the RDM procedure (DWAF, 192003) is the present ecological
state (PES) assessment (Palmeeral, 2004b). The purpose of the PES is to provide
information on the current state of resource umitterms of ecological health, integrity and
degree of difference from the natural state. ThiEseriptions are formalized and categorized
into a set of classes: Natural, Good, Fair, or RBWAF, 2003; Palmerteal., 2004b). The
ecological components to be assessed include wasettity (the magnitude, duration, timing
and reliability of the flow); water chemistry (sgst variables, which may include: total
dissolved solids, pH, dissolved oxygen, temperadumek total suspended solids; nutrients such
as nitrogen and phosphorus; and toxic substanaasd);ecological state (bioassessment and
geomorphology) (Hughes 2004 this paper the focus is on environmental watgality
(EWQ), an approach that links water chemistry, fs@gsment and ecotoxicology (Palmier
al., 2004a). The PES is described in terms of nusidphosphate and total inorganic
nitrogen), (Palmeret al, 2004b) salts (Jooste, pers. comm. 2004), macdibrate
bioassessments (Dickens and Graham, 2002), andtaggecotoxicity.

Once the PES has been classified and describedygeaent objectives can then be
selected. National water policy requires that wagsources must be managed for at least a
Fair state in order to avoid, and/or to rehabd#itategraded water resources (DWAF 2004).



Water resource management decisions thereforevievabloosing a state from Fair to Natural,
based on the ecosystem functions/resources déBiadmieret al, 2002).

Mechanisms for local water resource management

The vision for water resource management in Soditit&Ahas been described as progressive,
forward thinking and ambitious (MacKagt al, 2003). As such, implementation of the
country’s novel water law and policy will requirgually inventive ways to surmount the
numerous problems which line the path to equity auodtainability. Given the logistical
nature of several of these problems (such as limfteances, and a lack of qualified
personnel) water quality and biomonitoring data itasimg methods need to be rapid, simple
to use and inexpensive, whilst maintaining a reaBtenlevel of accuracy (Malan and Day,
2003). In addition to this, MacKagt al (2003)suggest that a broader and possibly greater
challenge is that of “changing the mindsets of peopoth officials and water users, to
support a truly adaptive process of policy impletagan”. With the recent emphasis on local
level empowerment, it is at this scale that sucbl@ms should be tackled.

Chapter 28 of Agenda 21 identifies “local authestias the sphere of governance
closest to the people, and calls upon all locdh@rities to consult with their communities and
develop and implement a local plan for sustaingb#ia 'Local Agenda 21'. (DEH, 2004).
With the transition to democracy in most countires come a shift to decentralization of
decision-making authorities, that allows environtaéractions to be tailored to meet the
specific needs and conditions of communities (Mak&kEAP, 2004). Local Agenda 21
encourages newly empowered local government atiterio “develop local sustainable
development action plans in cooperation with tretiizens” (Makana LEAP, 2004). The
Local Environmental Action Plan (LEAP) may be sasra starting point for the creation of a
sustainable community. A LEAP is concerned with twain components - the environment,
and local government - and should provide a frammkwavhich facilitates constructive
interaction between local government infrastructared communities, for environmental
management. LEAP involves developing a communijow, assessing environmental issues,
prioritizing concerns, identifying the most apprepe strategies for addressing these
problems, and implementing actions that achievd eswironmental and public health
improvementgMakana LEAP, 2004). LEAP is based on the premism@aningful public
input in local governmental decision-making, acigwvthis by providing a forum that brings
together stakeholders from all sectors and ingtitst in the community, in an attempt to
reach a consensus on environmental priorities lamadtions for addressing these.

In this paper we therefore present the presentogumal state for aspects of
environmental water quality in the Makana Municiigabnd discuss these in the context of
responses of the municipality to this information.

STUDY AREA

The Makana Municipality (Fig. 1) is one of 9 Loddunicipalities within the jurisdiction of
the Cacadu District Municipality, which is the dist local authority for the western third of
the Province of the Eastern Cape, South AfricahiWithe Makana region fall several small
towns, namely Grahamstown, Riebeeck-East and Adiee(Fig. 1). Informal settlements and
low cost housing form significant portions of mawfythese areas. There are also a number of
game reserves or private game farms within the ampality. These include Shamwari,
Thomas Baines Nature Reserve, Kwandwe, Bayethé¢h&ndndries Vosloo Nature Reserve.
Several rivers are found within the Municipalityf, which the Bloukrans, Bushmans, Great
Fish, Kowie, Kariega and Palmiet/Berg Rivers wamgled in this study (Table 1, Fig. 1).
The Bloukrans River rises near Grahamstown, thewslin a south-easterly direction, later
joining the Kowie River. Although there are sevesaivage treatment works (STW) within



the Makana region, the Grahamstown STW (which seledts outflow into the Bloukrans
River) is of particular interest as it is the o8YW in the municipality which has to deal with
industrial effluent, this mainly coming from twontgeries. Given its location relative to the
town of Alicedale (Fig. 1), the Bushmans River mo#her river at risk of human impact. The
New Years Dam, one of the DWAF water chemistry naymg sites included in this study,
supplies Alicedale with water.

FIG. 1, TABLE 1.

METHODS
Determination of the Present Ecological State
The method of Palmeet al. (2004b) was followed. Data sources included ttedd fiand
laboratory work conducted in this study, togeth&éhvDWAF monitoring data, and existing
local reports (De Mooet al.,2002; Barber-Jamest al.,2003). Sampling and/or experimental
work using each of the techniques (data retrieva analysis from the DWAF database,
invertebrate biomonitoring and ecotoxicologicaltitey) involved in the PES assessment were
undertaken. The results from this work were themlmoaed with all other data to produce the
PES assessment.

Water Quantity (flow)

A lack of hydrological expertise and budget limiat did not allow analysis of data from the

12 DWAF monitoring weirs in the municipality. Engitmental flows and water allocations

for domestic, agricultural and industrial use stided to be determined. A more complete
hydrological assessment was one of the main recowiatiens of the LEAP process.

Water Quality
Using the environmental water quality (EWQ) concepdter chemistry, biomonitoring and
ecotoxicological information was gathered and iraégd (Palmeet al.,2004a).

Water chemistry

Water chemistry data sources were 1) DWAF data, aphdield data. Analysis and
interpretation of all data followed the ecologié¥serve assessment method (Paleteal.,
2004Db).

Data analysis

Raw data were downloaded from the DWAF databasedoh water quality monitoring site
in the municipality. Variables were then selecteahf two categories; system variables (salts
and electrical conductivity) and nutrients (solulskactive phosphorus (SRP) and total
inorganic nitrogen (TIN) data) (DWAF, 1996). AftBC screening (Palmet al, 2004c),ion
and salt concentration evaluations were compleledste, pers. comm. 2004). For the PES
evaluation, only DWAF data from the last five yeansh a valid sample size (n) of 60 were
included in the analysis (Palmetral.,2004b).

Step 1. Monthly median values for the entire avddadata set for each of the selected
variables were plotted using tBeatisticaprogramme to produce both scatter-plots with trend
lines and box-and-whisker plots showing th& 26d 7%' percentiles.

Step 2: Temporal trend analysis of each of thealsdes was undertaken to determine whether
water quality was changing over time (DWAF, 1999)r PES conditions, the median and
guartile monthly data were used to identify seak@raer quality trends, which may have
been flow related (Schermaat al, 2003). This was done using the box-and-whisketsp
described above. For sites with incomplete datards; trend analysis was undertaken to



determine if the most recent data could be usedsasrogate for current data. In cases where
the trend line remained level over the entire detait is likely that the situation will not have
changed much in the intervening years and the recsit data in that record were used.
Step 3: Summary statistics for appropriate DWAFRadahowing sample size, mean, median,
and 8" and 98" percentile values for TIN, SRP and EC were exétct

Basic water chemistry data ECyberScan 200 Conductivity metepH (CyberScan
10 pH metey, and water temperature (standard mercury therrtesineere gathered in the
field during biomonitoring sampling. Most measurersewere taken in the Bloukrans River.
Biomonitoring is not routinely undertaken by DWA# this area, and the data collected were
limited in this case to “snap-shot” information.

Present Ecological State

Soluble Reactive Phosphorus (SRP) and Total Indcdditrogen (TIN)

To establish the PES, the median"{Grcentile) SRP and TIN values were calculated for
each site and compared to the default benchmaeg@at boundary concentrations (Table 2).

Based on this, each site was classified accordinthe categories: Natural, Good, Fair or

Poor. Using a precautionary approach, the worstgomy was assigned as the overall

classification for the variable.

TABLE 2

Electrical Conductivity (EC) and Individual Saltn®

EC data for each of the DWAF weirs were checkedtéonpleteness of the record. Suitability
of data for a PES assessment was established basedatter-plot trend analysis. Due to
differential toxicity of salts, EC screening is dge provide a rapid measure of low salinities
(Palmeret al, 2004b), and 85mS/m is the category boundaryevdétw EC (Fair-Poor
boundary), above which analysis of individual satsequired DWAF, 2004).Thus,all sites

at which the 95 percentile EC values were higher than 85mS/m,yaisalof individual
inorganic salts was undertaken. This was done bynsituting DWAF ionic data for the salt
ions: Ca, Mg, K, Na, Cl and SO, using the Joostenodel to obtain inorganic salt
concentrations in mmols/l (Jooste, pers. comm.,4200hese concentrations were then
converted to mg/l values by multiplying each by thespective salt's formula mass.
Classification of the site as Natural, Good, FaiPoor was done by comparing these values
with the most recent default benchmark categoryndaty values, provided in the Palnwr
al. (2004b) methods (Table 2). As with nutrient cldsaiions, the worst case for inorganic
salts at each site was assigned as the overajjargte

Biomonitoring

Data

Biomonitoring sampling using SASS5 (Dickens andham, 2002) was undertaken in March
and September 2004. SASS is a scoring system imgplthe use of benthic aquatic
macroinvertebrates to assess water quality and fnalth in general (Chutter, 1998).
Sampling was undertaken at seven sites along tbekBins River, at one site on the Great
Fish River and at one site on the Berg/Palmiet Riemfluence (Table 1, Fig. 1). The sites on
the Bloukrans River correspond to those sampleBdywooret al. (2002) and Barber-James
et al. (2003), while sites on the other rivers were seldan the basis of habitat availability.
At each site, sampling of three habitats: stonesurrent; sand, gravel and mud; and
vegetation, was undertaken for 5-6minutes (eachigua net of Imm mesh size mounted on
a square aluminium frame 300mm x 300mm.



The abundance of each taxon was estimated anddegton the standard SASS score sheet.
In this method each taxon is assigned a sensitivigyance score according to the water
guality conditions it is known to tolera{®allas and Day, 2004). The products of this SASS
method are three different and complementary saorealues. These are the SASS score, the
Average Score Per Taxon or ASPT, and the NumbéfFash (Chutter, 1998). The SASS
score is the sum of the sensitivity/tolerance scdoe taxa found at the site, while ASPT is
the SASS score divided by the number of taxa (Badiad Day, 2004). A fourth score, the
Invertebrate Habitat Assessment System (IHAS) se@iealso calculated.

Present Ecological State

The data gathered in the present study were amhigssonjunction with the data reported in
De Mooret al. (2002) and Barber-James al. (2003). In order to establish the PES of water
quality, the method of Palmeat al. (2004b) was followed. This involved comparing the
calculated ASPT scores for each site with the defmnchmark category boundaries for the
biotic index (SASS) in order to categorize the wapgality at each site as Natural, Good, Fair
or Poor (Table 2). The Chutter (1998jerpretation using total SASS scores and ASPT was
also undertaken.

Ecotoxicology

Experimental procedure

Whole effluent toxicity (WET) of the inflow and didw of the Grahamstown sewage
treatment works (STW) was assessed using the sthBdghnia pulexd8-hour acute toxicity
method (Slabbest al, 1998).

Each test involved a series of different conceiutnat of effluent diluted with culture
medium. Five concentrations (100%, 50%, 25%, 12.6%5%) were used for the influent
and for the effluent (100%, 75%, 50%, 25%, 12.5%)control of the culture medium was
included in each test. Sewage effluent was coliefrtam the STW inlet point, the outlet pipe
into the stabilization dam, and the outlet poirtbithe Bloukrans River; and filtered. Each
concentration was prepared in a 100ml volumetaskiland divided into 25ml aliquot parts in
beakers. FiveD. pulex neonates were transferred into each beaker, with lbeakers per
concentration, (20 neonates per concentration)e StandardD. pulextest procedure was
followed (Slabberet al, 1998).

Mobile individuals were recorded at 1hr, 2hrs, 4t8krs, 24hrs and 48hrs. Lfvalues
representing the effluent concentration at whicl%650f the test organisms die, were
calculated using the Probit or Trimmed Spearmarb&armodels (in cases where the
calculated chi-square value for heterogeneity wastgr than the tabular value at 0.05 level
for the Probit) (Rand, 1995).

Communication of the role of PES

In order to communicate the role of PES informatioriocal government personell dealing
with the management of water quality, a presematias developed which explained the PES
findings and their significanée At a presentation to Makana municipal directofs o
Community & Social Services, Environmental Healtid &Cleansing, Parks and Recreation
and Infrastructural Services, a short questionngiven to each attendee was used to gauge
the acr(i:lessibility, usefulness and relevance optheentation and the methods it attempted to
explair.

! Details available from corresponding author



RESULTS

Water chemistry

Due to incomplete data and/or a lack of appropuia (no more than 5 years from present
with n = 60), only seven of the twelve DWAF Wateudllty monitoring sites in the study
area were suitable for the present ecological $BiES) assessment. The results for each site
are presented in the form of a summary table (Bablé — 3.5) and brief description.

TABLE 3.1
The Great Fish River (Table 3.1)
Site Q1 (Fig. 1)

Overall this site was classified at rF#or nutrients and Poor for salts, with high
concentrations of the two most toxic inorganicsalgnesium sulphate and sodium sulphate.

Site Q2 (Fig. 1)

There were insufficient data for present ecologstate assessment based on EC. However, in
terms of the other variables, nutrients classiffesisite at Fair, while for inorganic salts it was
Poor. Magnesium sulphate and sodium sulphate ctiatiems were again high.

Site Q10 (Fig. 1)

Like the other sites on the Gremh River the overall category was Fair for rents but
Poor in terms of inorganic salts. The TIN mediahuga(0.29mg/l) exceeded the Natural
category boundary value of 0.25mg/l by only 0.04mf$ was the case at sites Q1 and Q2
magnesium sulphate and sodium sulphate concemisatiere elevated.

TABLE 3.2

The Kariega River (Table 3.2)
SiteQ8 (Fig. 1)
Water quality in terms of nutrients was classe@asd overall but for inorganic salt data the
site was Poor. The magnesium sulphate (the mo#t tomrganic salt) concentration was
more than five times the Fair category boundaryealUnlike the Great Fish River sites,
concentrations of magnesium chloride, calcium étioand sodium chloride also exceeded
the Fair category boundary. The sodium chlorideceatration (2517.3mg/l) was the highest
found at any site.

TABLE 3.3
The Kowie River (Table 3.3)
Site Q17 (Fig. 1)
In terms of nutrients, this site was classifiedGdod. For inorganic salts the site was
classified at Poor, with magnesium sulphate, magnmeschloride and sodium chloride
concentrations significantly greater than the Bainndary value.

TABLE 3.4
The Bushmans River (Table 3.4)
Site Q6 (Fig. 1)
Based on this nutrient data the site was Good. ifibeganic salts magnesium sulphate,
sodium chloride and calcium chloride each classifg site as Poor, while magnesium



chloride classified the site as Natural. Using phecautionary approach, the overall category
in terms of inorganic salts remains Poor.

TABLE 3.5
The New Years Dam (Table 3.5)

Site Q7 (Fig. 1)

Overall the site was classified as Fair for nutsesnd Poor in terms of inorganic salts. The
SRP value placed the site in the Fair category. idagim sulphate and sodium chloride
concentrations were the lowest recorded at any site

Biomonitoring

Table 4 summarizes all biomonitoring data collectad the Bloukrans, Great Fish and
Palmiet/Berg Rivers. The average score per tax@P{® values are compared to the default
benchmark values given in the Table 2 in ordeldesify each site.

TABLE 4
Average Score Per Taxon (ASPT)
SiteB1 (Fig. 1)

ASPT values did not exceed 5 (Table 4). This cjeddssified the site as Poor. The value 4.5
was recorded in March 2004.

Site B2 (Fig. 1)

Data for site B2 were incomplete, however the ASBIlies obtained in September 2003 and
2004 classify the site as Poor.

Site B3 (Fig. 1)

ASPT for November 2002 and September 2003 clagsedite as Poor. However for March
2004 and September 2004 ASPT increased, allowkagjraclassification.

Site B4 (Fig. 1)

Except for September 2003, ASPT values were belawdbclassed the site as Poor. Based on
the ASPT from September 2003 the site was Fair.

Site B5 (Fig. 1)

In terms of ASPT, in November 2002 the site was,Hait for all other sampling times was
Poor. It should be noted that ASPT decreased awet showing worsening conditions.

Site B6 (Fig. 1)

Due to the absence of flowing water during sampérpgeditions in 2004, biomonitoring was
not undertaken. However, for November 2002 and épeiper 2003, ASPT values of 6.1 and
5.7 classed the site as Good and Fair respectively.

Site B7 (Fig. 1)

The only data for site B7 is from September 20@3ylsich time ASPT was found to be 5.0,
which classified the site as Fair.

Site B8 (Fig. 1)



Biomonitoring was not undertaken during 2002 or 20@owever ASPT values recorded in
March and September 2004 decrease from 4.9 tobtt placing the site in the Poor
category.

Site B9 (Fig. 1)

Biomonitoring data for site B9 was only obtained ktarch 2004. Based on the ASPT at this
time, a value of 4.5, the site was Poor.

Total SASS and |HAS Scores

Although only ASPT values have been used in the@lstassifications, total SASS score and
IHAS percentage values are also useful. Classieatusing the Chutter (1998) method in
each case closely matched those calculated usnBammeret al. (2004b) method. IHAS is a
measure of habitat integrity and must be considemedonjunction with the total SASS
scores. IHAS identifies whether biotic integritybising affected by habitat availability. Sites
B1, B2 and B9 had particularly low IHAS scorese38 on the Kariega River was found to
have the highest IHAS score. Overall biological dibon improved with distance
downstream of the STW.

Ecotoxicology

Table 5 shows the Ldg values obtained for each of the eight toxicity exmpents, using
either Probit or Trimmed Spearman-Karber (TSK). Tdwer these values the more toxic the
effluent.

TABLE 5
The LG values obtained for the inlet point ranged fror@78o (1.41%-6.87%) to 58.8%
(toxic). The tests for the outlet into the riveturned lower percentages (43.1% and 39.43%),
showing higher toxicity than the outlet pipe inke@ tdam. These results indicate a concern for
in-stream toxicity and are the basis of the recormaagon for a toxicity risk assessment.

DISCUSSION
Local government

Under the NWA and National Water Resources Stra(ByyAF, 2004), local government is
charged with water service provision (WSP) and llaspects of water resource management
(WRM). At this level, WRM is effected institutiorglthrough WUA and catchment forums.
There is, as yet, little clarity on how municipieg and WUA will interact, but WUA will be
represented on CMAs. Each level of government &edcbrresponding institutions become
part of the cycle of action at a local scale (RY. Stakeholder involvement is an essential
component of the SDC (Mtetwa and Schutte, 2@0@) RDM approaches (Fig. 2).

FIG. 2

RDM requires stakeholder involvement in all aspexdtshe development of a catchment or
community vision for their water resources. Comration of the environmental water
quality PES to the Makana Municipality contributedhis process by providing the first step,
“quantification of the current status”, which infoed and will empower stakeholders in
decision-making concerning their water resources.

Present Ecological State in Makana
Water Chemistry



Although water chemistry data are necessary foerdehing the type and concentration of
pollutants, it is important to note that, unlik@tmonitoring data, such assessment is limited to
the period of sampling (Dallas and Day, 200@yerall, water chemistry data show that the
municipality’s water resources are impacted. Irmgerof nutrients, the Great Fish River
(where there is inter-basin transfer from the OeariRjver) was in a Fair state, while
according to salt data it was Poor. Nutrient dateaah of the other sites (excluding the New
Years Dam which was Fair) classified water quadisyGood. In terms of salts however, all
these sites were Poor. Although no DWAF data weedlable for the Bloukrans River, algal
growth was observed at many of the sites, sugggstitrient enrichment.

Since the boundary values used were not deriveah faxal reference conditions,
there is some question as to the natural nutreargl$ in the region. The geology of the area,
dominated by sedimentary rock such as mudstoneshwdrie rich in phosphorus and salts
(Rust, 1998), indicate that elevated nutrient adtd®ncentrations may be natural. However,
even naturally levels seem to have been exacerligtdtuman activities such as irrigation
return flows and domestic effluents. Nutrient ennent and siltation of water resources are
inevitable by-products of profitable crop produatiditwetwa and Schutte, 2002). Sources of
diffuse pollution are difficult to address due teeir dispersed and variable natRegram
and Gorgens2001). While sensitive fertilizer application maytigate effects, Mtetwa and
Schutte(2002)found in their study of the Muda River Catchmernimiabwe, that “pollutant
loads were influenced to a greater extent by tlenghs in rainfall and run-off patterns than
by the changes in agricultural practices.” Urbampand non-point sources of pollution also
often play a major part in raising nutrient concations.

Anthropogenic impacts which commonly influence sattncentrations are either
direct, in the form of urban effluents and run-aifif,indirect from decreasing water volume. In
Makana the many small farm dams also increase tierwody surface area and hence
evaporation. Considering sites Q17 and Q6, (sodthfaride concentrations > 1900mg/l),
anthropogenic impacts seem to be a plausible casisee a common factor is their
downstream location from the urban centres of Gratawn and Alicedale respectively. In
contrast to this, site Q8 (on the Kariega Rivemjaoh had the highest NaCl concentration of
any site, is not in close proximity to urban depshent, and other land-use impacts should be
explored. Magnesium chloride was only detecteditas 98, Q17 and Q6. Site Q6 was
classified as Natural (in terms of magnesium chlyi suggesting the elevated MgCl
concentrations observed at Q17 and Q8, may bealaethropogenic impacts. Correction of
water chemistry imbalances will require long-terranagement actions that work to restore
and maintain the water quality to at least the Elaiss.

Biomonitoring

Biomonitoring data for the Great Fish and Bloukr&igers (Fig. 1) showed that they were
degraded (Table 4). For the Great Fish River, tmeselts validated the Poor classifications
based on water chemistry data. Although the Bloukravater chemistry indicated
degradation, biomonitoring data suggested an imgm@ant in water quality in a downstream
direction, away from Grahamstown, from Poor to Fair

Selection of management classes is dependent ndstreresent state and desired
future protection statudacKayet al, 2003). Site B3, on the Bloukrans River was ddsas
Poor to Fair in terms of biomonitoring, and was timdy site to improve over time. This may
be due to the diluting effect of treated sewagkiefit entering the Bloukrans River upstream
of this site from the Grahamstown STW. Althoughrénhis a concern over toxicity in the STW
outflow, such toxicity is likely to be temporallyakiable (Slabberet al, 1998). Sites B5, B6



and B8 all showed decreasing ASPT scores over titloavever, ASPT scores for site B6
were the highest recorded in the municipality.

On the Bloukrans River, the trend of improving wageality with increasing distance
from Grahamstown may be explained in terms of #iemurifying property common to all
rivers (Day and Davies, 1998). Assimilation of eéht from Grahamstown is taking place,
albeit at a somewhat reduced level. Upstream @@l runoff is also of concern.

The classification of site B8 as Poor was unexpmesiace this site, found at the
confluence of the Palmiet and Berg Rivers in ThofBagies Nature Reserve, is relatively
isolated from human activity. The IHAS scores amdi in March and September 2004,
suggest reasonable habitat availability at the Jites suggests that the poor ASPT scores
may be due to poor water quality rather than inadex habitat. A recent tar dump on the
riverbank, upstream of the site, associated widdreorks on the nearby highway (Muller,
pers. comm. 2004) may be the cause. Such resditsate the importance of environmental
responsibility in all development undertakingshe tnunicipality.

Despite an absence of government biomonitoringiagtiwork by local organizations
such as the Kowie Catchment Campaign ensured bidonioig data were available for at
least the Bloukrans River. The difficulty in acdagsand coordinating municipal physico-
chemical monitoring data was problematic especialith the need to link biomonitoring
results with physico-chemical data. The qualitynafch of the DWAF water chemistry data
was poor, with missing values and incomplete data being commonplace. The chemistry
data record for Grahamstown water supply dams ende#i999 and such data cannot
contribute to an accurate present state assessment.

In light of the difficulties and poor biodiversitindicated above, we suggest that
additional chemical sampling along the BloukrangeRiand regular biomonitoring at more
sites on the Great Fish River and elsewhere woalddiuable. Better water chemistry and
biomonitoring data would enable appropriate useaaftoxicology to inform causal links of
prevailing water quality.

Ecotoxicology

In Makana, stakeholder concerns and the previou& wbHoohlo (2003) focused attention
on the Grahamstown STW (toxicity and potential ¢di@s). In terms of WRM the positive
toxicity of the effluent is of concern since thiater enters the Bloukrans River. TheshC
effluent values (Table 5) indicate the likelihoofl megative ecological impacts of STW
effluent on the Bloukrans River as well as the ptit¢ to affect downstream water users.

Much work has been done towards the development iamplementation of a
protection-based classification system in whichheacological management class carries a
specific level of protection or risk of damage e sustainability of the ecosystem (Jooste and
Rossouw, 2002). Under the NWA the “statutory enaidor ecological risk assessment
(ERA) is loss of sustainability. ERA can be perfednat various levels of complexity
depending on management needs and the qualitytafimiaut (Jooste and Claassen, 2001).
The use of a risk assessment approach in Makanaiciality, for which risk is the
likelihood that a loss of sustainable ecologicahction will occur (Jooste and Claassen,
2001),would be advantageous. “One of the key featuresskfassessment, particularly in
characterizing and evaluating the probability doeef, is information on stressor-response



relationships” (Joostet al, 2000). Toxicological information is the primasgurce for this.
For the Bloukrans River, the poor biomonitoringules may also be explained by intermittent
instream toxicity.

PES in Makana Municipality: an integrated picture

Integration of water chemistry and biomonitorindgadéor DWAF sites Q1, Q2 and Q10, and
biomonitoring site B9 (all found on the Great FRiver) suggested that the PES of the Great
Fish River was Poor. However, the low IHAS scor@4% recorded at site B9 indicates that
this Poor classification may in part be due tock lkaf appropriate habitat rather than just poor
water quality.

Based on biomonitoring and ecotoxicology, the PESite Q8 (Kariega River) and
the upper reaches of the Bloukrans River was Pwbile further downstream, and with
increasing distance from the Grahamstown STW, itrex was considered Fair. Sites such as
B6 showed that there were stretches of the riverrere in a Good to Fair state at the times
of sampling. The PES of some water resources inntheicipality (for example the New
Years Dam and Bushmans River sites) show that veaemistry was classified as Good, or
even Natural.

Makana Municipality therefore now needs to manaue r@store to a Fair, Good, or
Natural (depending on the uses for which they &exlad), those reaches classified in a Poor
state.

Communication and implementation

Based on the questionnaire responses, the prasentat this paper’'s findings to local
municipal directors initiated positive action towsarempowering local government to use
PES information. A basic understanding of the PBBcept and methods, and of the PES
within Makana Municipality, were both crucial favdal government decision makers to move
towards the goal of sustainable water use. Althowgter quality management is effectively
useless without changing the practices that cart&ilio pollution (Mtetwa and Schutte,
2003), communication that makes scientific inforimrataccessible to local government is the
first step in getting governmental action and ustirding with regards proper water resource
management.

The LEAP process provided the medium for meaningfition as it integrated the PES
information with other environmental aspects of thenicipality in a comprehensive action
plan. In this context, several implementation pties have been put forward together with a
hydrological monitoring requirement.

a toxicity risk assessment;

assessment of natural salt and nutrient levels;

an integrated data management system; and
hydrological modelling and a water resource plan.

If commitment and willing participation in collakaiive partnerships (such as the LEAP) are
to be successful, all stakeholders must be on d@hee drajectory and at the same level of
understanding as the lead agent (Mackagl, 2003). Hence, in addition to implementation
priorities, data management and capacity buildmthé context of water resources and water
resource management have been highlighted asiareasd of attention.
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TABLE 1.

Location and description of biomonitoring and Depatment of Water Affairs and

Forestry (DWAF) water quality monitoring sites’ in Makana Municipality, Eastern

Cape, South Africa.







TABLE 2

The national default benchmark category boundariesor the 95" percentile inorganic

salts, median nutrients concentrations and the biat index (SASS) Average Score Per

Taxon (ASPT) (Palmeret al., 2004b)

Variables Natural boundary Good Boundary | Fair Boundary
Inorganic MgSO, 16 27 37
salts Na,SO, 20 36 51
95" % MgCl, 15 33 51
(mgll) CaCl 21 63 105

NaCl 45 217 389

CaSQ 351 773 1195
Nutrients SRP <=0.005 0.0051 - 0.025 0.0251 - 0.125
(Medianin | TIN <=0.25 0.251-1.0 1.01-4.0
mg/l)
Biotic ASPT 7 6 5
index




TABLE 3.1

Summary results for sites Q1, Q2 and Q10 on the Ga¢ Fish River, north north-east of
Grahamstown, containing the median values for Totalnorganic Nitrogen (TIN) and

Soluble Reactive Phosphorus (SRP) (in mg/l), and étreconstituted concentrations for

six inorganic salts (listed in descending order dbxicity).

Site Code:Q1 Data Source:DWAF weir Site Descriptor: Great Fish
River, NNE of Grahamstown
Q9HO001
Variables Value Category
Nutrients TIN 0.62 Good
50% (mg/l) SRP 0.12 Fair
FINAL Fair
MgSO, 222.6 Poor
. Na,SO, 298.2 Poor
g;;gagrgg:/o MgCl, - Undetectable
(e CaClb - Undetectable
Sitd Code:Q2 | NaCl 4d342a Source: DWAF weir | SRedDescriptor: Great Fish
CaSQ - Bivéerdtileof Grahamstown
FINAL Poor Q9H012
Variables Value Category
Nutrients TIN 0.48 Good
50% (mg/l) SRP 0.098 Fair
FINAL Fair
MgSO, 249.02 Poor
Inoraanic Na,SO, 323.76 Poor
9 MgCl, - Undetectable
Salts 95%
(ma/l) CaCb - Undetectable
Site Code:Q10 NaCl 555af& Source:DWAF weir SRe®escriptor: Great Fish
CaSQ - Rivdeteatseler boundary of the
FINAL Poor Q9HO018 municipality
Variables Value Category
Nutrients TIN 0.29 Good
50% (mg/l) | SRP 0.09 Fair
FINAL Fair
MgSO, 245.4 Poor
. Na,SO, 262.7 Poor
Inorganic MgCl, - Undetectable
Salts 95%
CaCb - Undetectable
(mall)
NaCl 582.1 Poor
CasqQ - Undetectable
FINAL Poor




TABLE 3.2
Summary results for site Q8 on the Karieg®iver, south of Grahamstown,
containing the median values for Total Inorganic Nirogen (TIN) and Soluble Reactive
Phosphorus (SRP) (in mg/l), and the reconstitutedonicentrations for six inorganic salts

(listed in descending order of toxicity).

Site Code:Q8 Data Source:DWAF weir Site Descriptor: Kariega River,
South of Grahamstown
P3HO001
Variables Value Category
Nutrients TIN 0.155 Natural
50% (mg/l) SRP 0.024 Good
FINAL Good
MgSQO, 252 Poor
Inorganic Na,SO, - Undetectable
MgCl, 365 Poor
Salts 95%
CaCb 575 Poor
(mg/l)
NaCl 2517.3 Poor
CaSQ - Undetectable
FINAL Poor




TABLE 3.3

Summary results for site Q17 on the Kowie River, sagh-east of Grahamstown, containing the median vales for Total Inorganic
Nitrogen (TIN) and Soluble Reactive Phosphorus (SRRin mg/l), and the reconstituted concentrationsdr six inorganic salts (listed

in descending order of toxicity).

Site Code:Q17 Data Source:DWAF weir Site Descriptor: Kowie River,
SE of Grahamstown
P4H001
Variables Value Category
Nutrients TIN 0.07 Natural
50% (mg/l) SRP 0.025 Good
FINAL Good
MgSQO, 222.6 Poor
Inoraanic Na,SO, - Undetectable
9 MgCl, 221.1 Poor
Salts 95%
CaCb 315.2 Poor
(mg/l)
NaCl 1944 Poor
CaSQ - Undetectable
FINAL Poor




TABLE 3.4
Summary results for site Q6 on the Bushmans Rivesouth of Alicedale, containing the
median values for Total Inorganic Nitrogen (TIN) ard Soluble Reactive Phosphorus
(SRP) (in mg/l), and the reconstituted concentratins for six inorganic salts (listed in

descending order of toxicity).

Site Code:Q6 Data Source:DWAF weir Site Descriptor: Bushmans
River, South of Alicedale
P1HO03
Variables Value Category
Nutrients TIN 0.081 Natural
50% (mg/l) | SRP 0.025 Good
FINAL Good
MgSO, 391 Poor
. Na,SO, - Undetectable
Inorganic - -y ¢, 121 Natural
Salts 95%
CaCb 183.2 Poor
(mgfl)
NaCl 2042.82 Poor
CaSQ - Undetectable
FINAL Poor




TABLE 3.5

Summary results for site Q7 at the New Years Dam,arth-east of Alicedale, containing the median valuefor Total Inorganic
Nitrogen (TIN) and Soluble Reactive Phosphorus (SRRin mg/l), and the reconstituted concentrationsdr six inorganic salts (listed

in descending order of toxicity).

Site Code:Q7 Data Source:DWAF weir Site Descriptor: New Years
Dam, NE of Alicedale
P1R003
Variables Value Category
Nutrients 50% | TIN 0.097 Natural
(mg/l) SRP 0.028 Fair
FINAL Fair
MgSO, 50.64 Poor
. Na,SO, - Undetectable
0,
I(?T?éﬂ?mc 95% MgCl, - Undetectable
CaCb 40.3 Good
NaCl 313.6 Poor
CasQ - Undetectable
FINAL Poor




ASPT, total SASS score and IHAS for each of the neBloukrans and Palmiet/Berg River sites

TABLE 4

Total Scores

Bl

B2

B3

B4 B5 B6 B7 BS B9

ASPT NOVO02 2.6 3.6 4.2 5.0 6.1

ASPT SEP03 3.6 35 3.8 5.6 4.7 5.7 5.0

ASPT MARO4 45 5 45 4.5 4.9 45
IASPT SEP04 25 3.1 5.3 4.3 4.4 4.2

SASS NOVO02 13 32 42 60 97

SASS SEP03 25 14 23 51 42 120 50

SASS MARO4 50 60 77 81 89 27
SASS SEP04 23 40 79 77 131 75

IHAS(%) MARO4 | 50 51 52 53 65 24
IHAS(%) SEP04 | 29 37 43 43 48 50




TABLE 5
LC50 (%) values from a 48-hour acute D. pulex) toxicity test of sewage effluent,

calculated using the EPA Probit analysis and the Timmed Spearman- Karber (TSK)

analysis
48-hr LC50
Date Effluent Method |(%) Confidence limits Chi square | % Trim
Lower Upper

26/04/2004| Inlet Probit 23.86  19.99 28.48 0.8
16/05/2004| Inlet TSK 14.03 9.93 19.83 43.74
09/06/2004| Inlet TSK 58,8  48.81] 70.84 36.67
21/07/2004/| Inlet Probit 4.97 1.41 6.87 0.27
01/09/2004| Inlet Probit 30.02 23.87 37.91 6.68
17/06/2004| Outlet pipe into dam| TSK 55.33 43.79 69.93 42 5
31/08/2004| Outlet into the river | TSK 43.1 31.09 59.74 15
06/09/2004| Outlet into the river | TSK 39|43 27.87 55.79 20
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List of Figure Captions

Figure 1
Makana Municipality, showing the Department of Waéfairs and Forestry (DWAF)
water quality monitoring weirs and location of lalbmonitoring sites.

Figure 2
A proposed strategy for undertaking integrated watsource management (IWRM)
from a water quality perspective (Palmer et alQ4). Stage 1 (analyse the Reserve) and
Stage 2 (deciding on the management class) of wedeurce classification are shown in
the context of resource directed measures (RDMssaarce directed controls (SDCs) in
order to achieve IWRM.
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