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EXECUTIVE SUMMARY

An extension to and further refinement of a water quality guideline index
system for livestock watering

by

NH Casey and JA Meyer
Department of Animal and Wildlife Sciences

University of Pretoria

1. BACKGROUND TO THE STUDY

This is the third VVRC project addressing water quality guidelines for animals and presents risk assessment

modelling for three new user groups, namely, rural communal livestock production systems, wildlife and

poultry production systems.

The growth and development of this research field has taken place over a number of years. An initial brief

was obtained from the WRC in 1990 with the request to verify criteria for beef cattle utilising subterranean

sources along the North and North Western border regions of South Africa. Other livestock types were

subsequently included, and in the Final Report: K5/30I, the guidelines then in use were shown to be

inadequate and result in inaccurate estimates of risk. Through biological toxicological trials using sheep.

cattle and poultry, it was shown how single value cut-off limits were poor indicators of risk under the

majority of conditions, and often resulted in the limitation of efficient water utilisation. These trials

indicated that animals could be exposed to highly toxic water quality constituents (WQC), far in excess of

the guideline ranges, for specific production periods (weaning to market weight), without incurring any

adverse effects on growth, health or performance. It was also shown how the omission of palaiabilily

effects by the guidelines could lead to financial losses for the livestock producer.

A second WRC project, K5/644, through further biological experimentation, extensive region trials, and

modelling, delivered a computer software program called CIRRA, an acronym for Constituent Ingestion

Rate Risk Assessment. CIRRA conducts site-specific risk assessment based on the modelling of risk

factors from water, animal, environmental and nutritional data, to generate both risk assessment and

possible solution options. This is based on a constituent ingestion rate, in mg/d/kg BW. corrected for

metabolic water. This represents a radical departure from existing static tabulated guidelines which are all

independent of production system effects, nutrition, environmental and animal factors, and appear in the

form of a mg/L guideline recommendation. CIRRA caters for beef cattle, dairy cattle, goats, sheep, pigs

and horses, in the commercial context.
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Through the outputs of these two WRC projects, two guideline editions for livestock watering emerged for the

Department of Water Affairs and Forestry, one in 1993. and a second in 1996. These are, however, still

largely generic guidelines. As they appear in a tabulated format, utilising a target water quality range concept,

they fail to accommodate significant site-specific toxicokinetic and toxicodynamic factors, rendering their

application to a conservative, at best generic, estimation of risk. It is recommended that the WRC Report No

644/1/98 is read prior to this report, as it contains much of the scientific basis for the models described in this

report.

2. PROBLEM STATEMENT AND STUDY OBJECTIVES

2.1 Rural communal livestock production systems (RCPLS)

As described in previous reports (K5/301; K.5/644) many local subterranean water supplies exceed local

and international guidelines by large margins. By virtue of the mg/L design, current guidelines do little

more than alert users to the possibility of adverse effects occurring, at times arguably being overly

conservative in estimation, a necessity brought about by safety factors incorporated due to the reliance on

mg/L guidelines independent of the environment. The benefit of developing a risk assessment tool capable

of a multidisciplinary approach, is that it allows for the incorporation of mutually antagonistic factors

which may effectively allow for the safe use of water containing constituents in excess of the guideline

limits.

CIRRA, as developed for commercial systems, provides risk assessments and solutions that are specific for

livestock type, breed, production-category, and production-environment. A solution may be proposed by

CIRRA to reduce both the severity of fluorosis, and adverse palatability effects of saline water, for non-

pregnant Dorper ewes, weighing 55 - 60 kg, fed a maintenance ration under semi-extensive conditions.

Whilst this approach is necessary for an accurate risk assessment, it is not appropriate for RCLPS, nor does

it find application for WPS. Two primary reasons are the utilisation of a single watering point by multiple

livestock species, and mixed breeds, and the lack of identifiable production-category detail within a

herd/flock as an input variable.

Important complicating factors arise due to the association between the animals and humans. This became

apparent whilst investigating the feasibility of applying alleviator treatments, used to reduce fluorosis in

beef cattle under extensive conditions at the Delftzyl Agricultural Research Station, under RCLPS in the

adjacent communities.

Important observations made in the communal areas were that the water source tended to be shared by

both humans and animals, and that products from these animals formed a large part of the human diet



The research conducted under WRC Project K5 644 formulated, and implemented, under extensive on-farm

conditions at the Delftzyl Agricultural Research Station, an alleviator treatment for fluorosis in cattle. The

following advantages and disadvantages apply:

Advantages: Easy administration of treatment

No trained technician required

Cheap cost of chemicals and equipment used

No brine to be removed

Can adapt stock incrementally

Can manipulate treatment for seasonal and WQC changes.

Disadvantages; Treatment must be administered continuously.

The shared utilisation of subterranean water sources by animals and humans require that consideration

of the health norm for animals alone is not sufficient It also poses a serious ethical concern and

modelling consideration.

The ethical concern is that solutions cannot be recommended for use in communal areas, even if they

alleviate the adverse effects of hazardous constituents in livestock, whilst knowledge exists of shared

utilisation of the water by humans. This is because the solutions recommended will in most instances

render the water even more unfit for use by humans. Note that the water is in many cases already unfit for

human consumption, as indicated in this report. The modelling considerations are that a best-fit option is

required to cater for alleviator responses in both user groups, and that animal product quality for consumers

(specifically rural subsistence users) must receive increasing attention.

A number of uncertainties exist:

1 To what extent does the presence of other WQCs mitigate or exacerbate adverse effects due to a

single WQC.

2 To what extent do high WQC concentrations contribute significantly to alleviate existing trace

mineral deficiencies in the diet of the communities involved.

3 To what extent do WQCs present in anima! products such as milk, meat and organs, add to the

dose intake already experienced by humans from the WQC present in water.

4 To what extent can alleviator treatments demonstrated to be effective for livestock be used to

mitigate adverse effects in humans.

5 Is it financially viable to design and build the necessary structures to enable a single water source

to receive multiple treatments, each specific to a different water user?

These considerations and uncertainties served to motivate for the development of a separate CIRRA model,

designed specifically for RCPLS.



2.2 Wildlife production systems (WPS)
Wildlife production systems pose a number of complex challenges to water quality management. The most

obvious is the diverse nature of the user groups, ranging from aquatic organisms requiring permanent water

of acceptable quality, to desert animals with adaptive mechanisms which significantly reduce their

dependence on drinking water. The user groups differ in ph>siolog>. water turnover, temtor\. feeding

spectrums, and water provision design requirements. Perhaps not so obvious is the difficulty of predicting

where, how much, and when, an animal drinks. The net risk in terms of actual ingestion of a potentially

hazardous constituent for certain wildlife species may be acceptable under conditions where multiple

watering points form part of a territory.

It follows that some water sources will pose a greater risk to certain wildlife species than to others.

Although this makes for complex guideline models, it affords the manager to opportunity to allocate poor

quality water to least sensitive species. This is accomplished by matching habitat, territory, water provision

design and immediate habitat with species.

The degree to which management can, or wants to, intervene in a WPS, affects the degree to which

alleviator treatments may be used, from the feeding of supplements to the application of water treatments.

An additional issue requiring a new CIRRA model for WPS is that of the ecological impact of actually

providing, designing, placing, and managing, water used for drinking and other purposes by wildlife. The

effect of the presence, or absence, of wildlife on sacrifice zones, herbaceous plant communities and

ultimately successful wildlife ranching, are but a few of the water quality considerations that needed to be

addressed by the new CIRRA model.

2.3 Poultry production systems (PPS)

The poultry industry has become an important component of our agricultural sector. South Africa is the

second biggest producer of eggs (total of 4500 million in 1994) in Africa. Concerns regarding the use of

poor quality water within the poultry sector were presented in a previous WRC report (K5/644) and based

on results of water quality investigations across the whole of South Africa. Narrow profit margins within

commercial poultry production (high feed costs) imply that any decline in health, or the efficiency of feed

conversion, can reduce profit.

The primary requirement for a poultry model is a combination of a lack on knowledge of the types and

concentrations of WQCs present in water used for poultry production, inadequacies and conflicting

guidelines used. This leads to a significant area of concern regarding the influence of water quality on the

health and production parameters for both broiler and layer production systems, many of which are as yet

not quantified. An additional reason for proposing a modelling approach was the lack of existing

guidelines for poultry to incorporate information on the important role played by site-specific factors.
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2.4 Ostrich production in the Oudtshoorn district

This report also presents data regarding the influence of water quality on the mineral content of various

biological tissues in ostriches. Research regarding water quality for ostrich production systems in the

Oudtshoorn District was initiated by the State Veterinary Inspector at the Oudtshoom Abattoir due to

observations of carcass defects that appeared to be more prevalent in birds originating from certain areas

within the district. Certain producers had also noted significant seasonal fluctuations in growth rates that

appeared to be linked to water quality.

3. METHODOLOGY AND REPORT LAYOUT

This report is divided into two volumes. The first addresses the rural and wildlife production system models

developed, whilst the second presents the poultry model and research on the effect of water quality on

mineral values in selected ostrich tissues.

The general format employed is to present the supporting information prior to the models proposed. An

overview of each model is then followed by a detailed description thereof. This is followed by a section

presenting water quality investigations appropriate to each user group. The methods used differ dependent

on the purpose of the investigation and nature of the area involved, and are dealt with where appropriate.

Technical information is presented in the first volume only. Due to the extensive nature of the modelling

methodology employed, for each volume the reader is referred to WRC Report No: 644/1/98 for a more

comprehensive description.

4. SUMMARY OF MAJOR RESULTS AND CONCLUSIONS

4.1 Rural Communal Livestock Production Systems

The rural communal livestock production system model presented in this report attempts to cater for the

complex requirement of balancing risk and hazard identification in the realm of environmental toxicology,

with the significant role of water quality in improving the health of animals and humans. During the rural

area investigations the association between animal and man was observed to be a limiting factor to the

successful application of solutions generated by CIRRA for problematic water sources. Shared utilisation

effectively prohibits the application of treatments to it, due to the potential for adverse effects in humans.

The effect of animal product quality on human health was an additional area of concern. An accumulation

of constituents such as lead and cadmium in renal cortex tissue during intensive commercial systems do not



present a significant consumer hazard, as concentrations and dilution within the urban diet, effectively

provide for sufficient safety. This does not hold true for the rural production systems.

The production phase is seldom as short, or well defined, as in commercial systems. Exposure periods are

therefore longer, with ingestion rates typically greater due to a number of associated risk factors (e.g.

temperature, moisture percentage of ration). Secondly, and possibly quantitatively more important, the

nature of the diet differs in terms of input origin variability. Potentially hazardous constituents in the water

may find their way into the diet of sensitive user groups, such as re productively active women and children,

through a number of routes. These may be direct via the drinking water, indirect via food preparation and

irrigation of subsistence crops, and indirectly via the consumption of animal products from animals

exposed to the water source.

A number of other routes incorporating bioaccumulation and bioconcentration may also apply, such as the

consumption of aquatic organisms, and the practice of providing reverse-osmosis brine to livestock, which

may find its way back into the human diet through the consumption of organs, eggs, or milk. This may be

at even greater levels than those occurring naturally in water, partly due to the increased concentration of

hazardous constituents in the brine, as compared to raw feed water, and the active transport mechanisms

that may increase the concentrations thereof in milk. Localised geochemical anomalies may be magnified

in semi-arid regions, and there is increasing evidence that the additional effect of geophagia. incidental and

deliberate, by both animals and humans, is significant.

In the developing communities this project reports on, both for livestock and humans, dietary deficiencies

in terms of quantity and quality are real challenges. The link between livestock production, animal product

quality, and human nutrition, when viewed in context of the additional risk factors in rural communal

production systems, takes on a more central role to the modelling of water quality guidelines for the user

group. The ramifications of retaining the focus of water quality guidelines for livestock on the health of

livestock, and failing to account for norm of product quality, would be grossly negligent. There is much

evidence of animal products which may contain potentially hazardous concentrations of constituents with

clinically accepted toxicity risks for humans, without the animal presenting with any clinical manifestations

of a trace element disorder. As such, livestock health may not be a sufficiently accurate measure of the

fitness for use of consumption products.

However, livestock products offer abundant and bioavailable forms of micronutrients, and calcium, iron,

zinc, vitamins A and B, ;. if managed appropriately. Low birth weight due to fetal malnutrition has been

associated with deficient maternal intakes of iron, zinc, iodine and vitamin BI2, as have an increased risk

for fatal infections, neuorlogic and cognitive impairment. Not only are animal products compact and

efficient sources of many of these nutrients, but they are almost the exclusive source of dietary vitamin B|2,
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efficient sources of many of these nutrients, but they are almost the exclusive source of dietary vitamin B|2,

and a good source of pre-formed vitamin A. The inclusion of health norms for water quality guidelines for

livestock is warranted as successful production has been shown to be a valuable means of income

generation for rural households.

A high incidence of specific water quality constituents present in the water at potentially hazardous

concentrations was found for all communities. Most were typified by a localised, often isolated,

association between the environment, water, animals and humans. The communities had a varied spectrum

of user groups, but all included sensitive user groups, namely women of reproductive age, infants and

children. The valuable, and at time essential role, played by livestock was evident for most communities.

Most systems lacked the required infrastructure to allow for separate alleviator treatments formulated for

livestock to be administered to the watering system.

Animal data regarding risk of an environmental toxicological nature, may be used to the benefit of

identifying similar risks for humans. The localised geochemical factors shared by both animals and humans

allow for some valuable information to be gained regarding the types of effects that may occur due, in

varying degrees, to water quality.

The drinking water quality guidelines formulated by the WHO, USEPA, and the Department of Water

Affairs and Forestry, are primarily based on hazard identification from single constituent exposure

toxicological studies. The outcomes of exposure to multiple constituents, as found to occur in the areas

investigated, are not described by local and international guidelines. Ameliorating effects may be

negligible, partial, or complete. Further research is required in this regard.

With this, and many other areas of uncertainty, animal health studies can provide a valuable means of

determining the risk present due to potentially hazardous water quality constituents with the incorporation

of significant site-specific factors. Animal health studies can provide valuable guidance to community

health based studies. They afford an opportunity to gather tissue samples, not readily available from

humans, for histopathological examination, and various assays, which may provide an indication of

possible subchronic, subclinical, effects that may occur in humans. The Data Capturing Guides developed

aid in the collection of the required site-specific data.

Finally, the investigations indicate that potential problems are not isolated occurrences, but rather localised

anomalies, which have an additional problem of creating the lack of a comparative norm, as large number

of animals, and humans, tend to be affected.

The order by which the recommended guidelines are exceeded, and the intrinsic high risk of the product

system and related environment, suggest that the possible solution option within CIRRA be expanded
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further. The identification of points in the in^estion route between water quality and types of health effects

where risk is increased, or decreased, is of great value to proposing solutions to reduce risk. In the

modelling of the rural communal livestock production system, this aspect was taken into account in the

setting up of different data capturing screens, and in the design of the presentation of the evaluation results.

Although perhaps too complex at first glance, once familiar, these screens offer a tool for identifying, and

testing, outcomes based management decisions.

4.2 Wildlife Production Systems

With the rapid increase in scientific investigations pertaining to game ranching, more game randies are

changing from an initial "untouched wilderness'' concept to one that recognises the active-adaptive approach.

There is an increased awareness relating to the profit-based business potential in game ranching. The

ecological responsibility of providing water to game is also gaining recognition. The increased demand this

places on management is accompanied by an increased requirement for specialist knowledge.

The effect of water quality on wildlife has typically received little attention. Most studies do not include

chemical information on water quality, and when they do, it is usually inadequate and extended only to a

handiul of macro-element values. Studies elucidating the role of water quality constituents on issues such

as reproductive health and immune responsive disorders are increasing, but the beginning point of such

studies requires knowledge of the quality of water, spatial and temporal, as a fundamental basis.

The water quality investigations presented in this report suggest that sufficient variability in water quality

%iriS#tuents exist, in terms of palatability and toxicology, to require management attention. The availability

of multiple water sources, and the presence of multiple wildlife species comprising different physiological

stages, makes risk assessment a fairly complex task. A software environment not only enables these

complexities to be handled, but also guides the user as to the possible types of site-specific information to

be obtained. These information types will find application for game ranch management decisions other

than those regarding water quality.

4.3 Poultry production systems

Water quality constituents may impact on several norms, ranging from poultry health to equipment failure,

all of which affect profitability. Apart from the obvious disadvantages to production from adverse effects

on poultry health due to mineral imbalances, pathogens and parasites, knowledge of water quality is also

required for managerial and nutritional purposes. For intensive commercial systems a constituent affecting

nutrient bioavai lability or feed intake negatively, or increasing nutrient requirements for specific production

defined parameters, can increase production cost.

For systems operating on large volumes and narrow feed margins, the contribution that water quality makes

towards mineral requirements, and significant dietary and drug interactions, must be taken into account for
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feed formulation lo be accurate and representative of true requirements. A system incorporating those site-

specific factors influencing the adverse effects that may occur due to potentially hazardous constituents,

allows for increased measurement and observations of these factors. It is hoped that this will allow for

more efficient usage of water, and also prevent the incorrect classification of water sources that pose a

"potential" hazard based on rudimentary guidelines, and encourage water users to acknowledge water with

a high mineral content as not simply water with poor quality, but rather as a potentially valuable source of

minerals.

4.4 Ostrich production in the Oudtshoorn district

The occurrence of significant differences in mineral concentrations found, and the consistency with which

these differences occurred within treatment groups, indicates the need to incorporate the role of water

chemistry and geochemistry in formulating the dietary requirements on a farm-specific basis. Pre-scribing

a ration or nutritional programme for a district runs the risk of under, and over-estimating the mineral

requirements of ostriches. As a result, imbalances may precipitate deficiencies, with consequent loss of

productivity, and as appears to be the case in at least several of the farms, may even result in skeletal-

related slaughter-process problems.

Where initially a concentration viewed only in water will represent a portion of the dietary requirement,

when additional sources of ingestion taken and inter-mineral effects (even only within a water source) are

taken into account, the same constituent concentration may well increase the final risk that is posed.

Although PHCs such as the constituent Se were present in the vast majority of the samples collected, large

differences in the concentrations recorded between areas (North versus south of the Groot Swartberge), and

the lack of such differences within an area (South of Groot Swartberge and North of Kamannasie Berg),

suggest that there is merit in formulating supplementary alleviator feeds that are area (or valley) specific.

5. RECOMMENDATIONS FOR FURTHER RESEARCH

5.1 Rural Communal Livestock Production Systems

Due to the complexities of modelling relevant risk factors and the varied fields of specialisation that are

addressed, achieving a guideline and risk assessment system that is manageable by a wide user audience, is

best done in a software environment. Main reasons for this are access to large amounts of data, complex

modelling performed, and Internet connectivity enabling sample files that represent a site-specific system

to be e-mailed to persons from which specialised insight may be requested.

• On the basis of the potential hazardous found in the water sources sampled, it is recommended that

research focus on identifying, and testing, outcomes based system manipulations that allow for the

continued use of a water source containing potentially hazardous constituents.
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• The efficacy of alleviator chemical treatments for livestock administered to the water supply should be

tested in the rural communal production system context.

• The effect of using brine for stock watering in the rural communal production system context on

animal product quality, and animal health, should be investigated.

• It is proposed that a formal procedure be developed in which the effect of water quality in rural

communal production systems be determined through a series of clearly defined steps. Recommended

steps in this regard are:

1. Commencing with a risk assessment for livestock addressing health and product quality norms,

that identify specific potentially hazardous water quality constituents and water quality

constituents of concern;

2. Substantiating the potential risk identified in Step 1 by using clinical evaluations of herd health,

animal tissue histopathology and assays for relevant constituents, geochemistry, and feed samples;

3. Formulating possible risk implications for human health on the basis of the results obtained in

Step 2, incorporating direct and indirect, site-specific factors;

4. Preliminary community-based epidemiological studies to assess the risk factors present;

5. Substantiating the potential risk identified in Step 4 through community health investigations;

6. Depending on the outcome of Step 5, viable means of reducing risk in both animals and humans

should be identified;

7. It is proposed that these steps form part of a formal procedure in a software program that consists

of different components encompassing the fields of knowledge required. It is envisaged that such

a program would enable the identification the probability of risk in potential areas to be based on

geochemistry-related data, thus in effect guiding animal and veterinary scientists for step I. The

program can also contribute to the building of Provincial and National databases by Unking the

relevant data capturing screen information to the relevant specialist field. A program can also

accommodate frequent updates as new research evidence and procedure become available.

A specialist component-based software program catering for the variable types of databases (animal,

geological, hydrological, climatic, epidemiological, etc.) would aid in encouraging collaborative research,

with the central theme of improving the quality of life for humans in the rural communal context, by allowing

the correct detection, and management, of critical issues pertaining to water quality to be recognised and

addressed.

5.2 Wildlife Production Systems

Although water quality aspects for aquatic systems have, and continue to, receive attention, these monitoring

programmes do not always lend themselves to conducting risk assessments for wildlife health. Those who are

of the opinion that water quality for wildlife has no place in wildlife management not only neglect the impact

thereof on wildlife health, but also on the ecological environment. Choosing not to obtain information on



water quality effectively prevents the management of those resources, and the wildlife that rely on them. In

order to manage, measurement is a pre-requisite.

• It is recommended that a water quality monitoring programme be designed for the National Parks of

South Africa, and that management decisions regarding water provision, placement and design thereof,

include water quality risk assessments, for wildlife health and ecological impact norms directly

influenced by wildlife, as a pre-requisite to the information types on which the decision makinu

process rests.

• It is recommended that research be conducted regarding the use of mineral ticks, and supplementary

feeding for wildlife, as corrective and/or alleviator treatment for water sources with potentially

hazardous waler quality constituent concentrations.

Possible contamination of groundwater and the environment by both production systems, although not

typically intensive, should also receive attention.

The recommendations proposed for the rural communal livestock production systems, and wildlife produciion systems,

should be seen in context of the mission of the Department of Water Affairs and Forestry as custodian of South

Africa's water resources, part of which is to "maintain the fitness for use of water on a sustained basis", with specific

reference to two recognised categories of water use, namely, domestic and agricultural purposes.

5.3 Poultry Production Systems

Due to the intensive nature of commercial poultry production systems, it is recommended that the micro-

biological water quality criteria not dealt under the targets formulated for this project be incorporated into

the model, with the initial phase consisting of the collection of background data relating to the occurrence

of pathogens and parasites in the water sources, and watering systems.

Further research is recommended regarding the fitness of poultry products for human consumption in the

rural subsistence context, and indigenous breed differences with regard to tolerances to potentially

hazardous constituents.

5.4 Ostrich production in the Oudtshoorn district

Recommendations are made regarding which tissue to use as an indicator of mineral status for specific

elements, for example renal tissue for Mn, bone for K and liver for Cu. However, in order to place a high

or low value in a tissue in perspective, for example bone values for Mg and Ca, levels for liver and kidney

may also required.
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As a precautionary measure, it is recommended that Ca and P intake be reduced in breeding males for those

producers within the relevant tissue treatment groups, as levels satisfactory for eggshell formation in the

female may reduce Mn, Zn and Fe absorption in the male, and given the Ca concentrations in water and

several of the tissues investigated, excessive exposure is a definite risk. As far as growing birds destined

for slaughter are concerned, a farm-specific risk assessment is required as the results indicate the in some

cases bone resorption may be occurring, suggestive of a Ca-deficiency.

Given the low Mn values that accompanied many of the high Ca \alues obser\ed. and the propensit} for

fast growing chicks to develop porosis of the stifle between two to eight months, Mn supplementation

ranges may have to be increased.

Further areas of research that require attention include the incorporation of additional farm-specific

geochemistry data to ascertain the total exposure, seasonal variations in water quality, and detailed

profiling of minerals in various tissues in ostriches that pose problems during the slaughter process.
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CHAPTER 1

INTRODUCTION

1.1 Risk assessment modelling for water quality guidelines for animals

The growth and development of this research field has taken place over a number of years. An initial brief

was obtained from the Water Research Commission (VVRC) in 1900, with the request to verify' criteria for

water quality for beef cattle utilising subterranean sources along the North and North Western border

regions of South Africa. This first project was expanded to include other livestock types, and in the Final

Report: K5/30I (Casey et at.. 1996). the design of the guidelines then in use, were shown to be inadequate,

resulting in inaccurate estimates of risk. The first report indicated how single value cut-off limits were not

only poor indicators of risk under the vast majority of conditions, but more importantly, often resulted in the

limitation of efficient water utilisation. This was demonstrated by conducting biological toxicological trials

using sheep, cattle and poultry. These trials indicated that the animals could be exposed to concentrations

of highly toxic water quality constituents (WQC), far in excess of the guidelines, for specific production

periods (weaning to market weight for sheep and cattle), without incurring any adverse effects on growth,

health or performance. This project also showed that the guidelines in use were negligent in not taking into

account the major effect of palatability, which often resulted in a significant financial loss to the farmer.

A second WRC project, K5/644 (Casey et at., 1998), developed the theme of a water quality guideline

index system, formulated for project K.5/301. even further. Through further biological experimentation,

extensive region trials, and modelling, the project delivered a computer software program called CIRRA, an

acronym for Constituent Ingestion Rate Risk Assessment. CIRRA conducts site-specific risk assessment

based on the modelling of water, animal, environmental and nutritional data, to generate both risk

assessment and possible solution options. The risk assessment generated is based on a water quality

constituent ingestion rate, in mg/d/kg BW, corrected for metabolic water, and represents a radical departure

from existing static tabulated guidelines (DWAF, 1996; EPA, 1998; WHO; 1993) which are all independent

of production system effects, nutrition, environmental and animal factors, and appear in the form of a mg/L

guideline recommendation. CIRRA caters for beef cattle, dairy cattle, goats, sheep, pigs and horses, but

with the modelling emphasis on the commercial production system context (Meyer, 1998).

The Department of Water Affairs and Forestry (DWA&F) also engaged in reviewing water quality

guidelines (WQG) for agricultural use, which included livestock watering. Through the outputs of these

two WRC projects, two guideline editions for livestock watering emerged for the DWA&F, one in 1993

(DWA&F, 1993), and a second in 1996 (DWA&F, 1996). These are, however, still largely generic

guidelines. As they appear in a tabulated format, utilising the DWA&F target water quality range concept,

1



they fail to accommodate significant site-specific toxicokinetic and toxicodynamic factors, rendering their

application to a conservative, at best generic, estimation of risk.

This report is the third WRC project concerning water quality guidelines for animals. The report deals with

risk assessment modelling for two new CIRRA models, addressing two separate user groups, name!), rural

communal livestock production systems (RCLPS) and wildlife production systems (WPS). The report also

touches on refinements made to existing models in the software program CIRRA. It is recommended that

the reader familiarize themselves with the final report from WRC project K.5/644 (Casey ci u/..1998) as it

contains much of the scientific basis for the models described in this report.

1.2 Motivation for developing new CIRRA models

The primary purpose for developing a system that did not use a mg/L guideline format was to enable a

multidisciplinary approach to be followed with regard to risk assessment formulation. This necessitated a

guideline tool with the capability for two primary functions. The first function was to allow for all the major

routes of ingestion to be incorporated (soil, feed and water) into the risk assessment. The second function

was to allow for the application of known significant site-specific factors, beneficial or adverse.

As described in previous reports (Casey et a/.,1996; Casey et «/.,!998, Toens et ul., 1998), and this report,

many local subterranean water supplies exceed local and international guidelines by large margins. By

virtue of the mg/L design, current guidelines do little more than to alert the users of these supplies to the

possibility of adverse effects occurring, at times arguably being overly conservative in estimation, a

necessity brought about by safety factors incorporated due to the reliance on mg/L guidelines independent

of the environment (WHO, 1993). The benefit of developing a risk assessment tool capable of a

comprehensive, multidisciplinary approach, is that it would allow for the incorporation of mutually

antagonistic factors which may effectively allow for the safe use of water containing WQCs in excess of the

guideline limits.

The research conducted for the previous two WRC projects on water quality for livestock focused on

addressing the needs of commercial livestock producers from a water quality guideline perspective. Two

broad aims received attention:



• To identify and develop a guideline system where the significant factors relevant to performing risk

assessments for livestock watering are taken into account.

• To guide the user of the guideline system via a diagnostic tool which would enable the application of

proposed solutions on potentially hazardous water sources, and in so-doing, optimise the utilisation of

available water sources.

During the research conducted solutions were formulated, and successfully tested, for palatability and

toxicological water quality problems most frequently encountered in the South African groundwater

environment (Casey et ai, 1998). These solutions are carried out by CIRRA, and are specific for livestock

type, breed, production-category, and production-environment. A solution may therefore be proposed by

CIRRA to reduce both the severity of fluorosis and adverse palatability effects of saline water on Dorper

ewes being fed a maintenance ration under semi-extensive conditions. Whilst this approach is necessary

for an accurate risk assessment to be conducted, it is not appropriate for RCLPS, nor does it find application

for WPS. As each of these two production systems offer unique modelling challenges with regard to water

quality risk assessment, they will be dealt with separately.

1.2.1 Rural communal livestock production systems (RCLPS)

As RCLPS differ substantially from commercial livestock production systems, the need for a new CIRRA

model was identified (Casey et a/., 1998). Two main differences were observed to be relevant. Firstly, the

water sources used in RCPLS were utilised by multiple livestock types and breeds. Goats, sheep, horses,

donkeys and cattle often consume from the same drinking trough, and in the majority of cases for sheep,

goats and cattle, mixed breeds were also present. As CIRRA Version 1.03 caters for specific water turnover

rates that are breed specific, it does not find application under RCLPS. Secondly. CIRRA Version 1.03

requires production-category detail within a herd/flock as an input variable, the identification of which is

seldom possible within RCLPS.

The primary modelling requirement in terms of predicting the outcome of events associated with providing

water to animals in a RCLPS must therefore depend on a best-fit approach. If conducted with only the

norms of health (toxicology and palatability) considered, livestock may be ranked according to sensitivity

and various solution options formulated accordingly (water, feed and watering manipulation). However, in

the RCLPS important complicating factors arise due to the association between the animals and humans.

The observation of these factors became apparent whilst investigating the feasibility of applying alleviator

treatments, used to reduce fluorosis in beef cattle under extensive conditions at the Delftzyl Agricultural

Research Station, under RCLPS in the adjacent communities.

Important observations made in the communal areas were that the water source tends to be shared by both

humans and animals, and that products from these animals formed a large part of the human diet.



The research conducted under WRC Project K5/644 formulated, and implemented, under extensive on-farm

conditions at the Delftzyl Agricultural Research Station, an alleviator treatment for fluorosis in cattle. This

was based on a series of experiments conducted at the UP Hatfield Expeirmental Farm (Casey et ai. 1996;

Casey et a!., 1998; Meyer, 1992; Meyer, 1998). The following advantages and disadvantages apply:

Advantages: Easy administration of treatment

No trained technician required

Cheap cost of chemicals and equipment used

No brine to be removed

Can adapt stock incrementally

Can manipulate treatment for seasonal and WQC changes.

Disadvantages: Treatment must be administered continuously.

Other treatments for alleviating adverse palatability effects were developed for sheep, cattle and goats

(Meyer, 1998). Communal areas were included in the water quality investigations and extensive region

trials conducted. The shared utilisation of subterranean water sources by animals and humans require

that consideration of the health norm for animals alone is not sufficient It also poses a serious ethical

concern and modelling consideration.

The ethical concern is that solutions cannot be recommended for use in communal areas, even if they

alleviate the adverse effects of hazardous constituents in livestock, whilst knowledge exists of shared

utilisation of the water by humans. This is because the solutions recommended will in most instances, and

certainly in their current form, render the water even more unfit for use by humans. Note that the water is in

many cases, already unfit for human consumption, as indicated in chapters later in this report. The

modelling considerations are that a best-fit option is required to cater for alleviator responses in both user

groups, and that animal product quality from a consumer perspective (specifically rural subsistence users)

must receive increasing attention.

A number of uncertainties exist:

1 To what extent does the presence of other WQCs mitigate or exacerbate adverse effects due to a

single WQC.

2 To what extent do high WQC concentrations contribute significantly to alleviate existing trace

mineral deficiencies in the diet of the communities involved.

3 To what extent do WQCs present in animal products such as milk, meat and organs, add to the

dose intake already experienced by humans from the WQC present in water.



4 To what extent can alleviator treatments demonstrated to be effective for livestock be used to

mitigate adverse effects in humans.

5 Is it financially viable to design and build the necessary structures to enable a single water source

to receive multiple treatments, each specific to a different water user?

These considerations and uncertainties served to motivate for the development of a separate CIRRA model,

designed specifically for RCPLS.

1.2.2 Wildlife production systems (WPS)

Wildlife production systems pose a number of complex challenges to water quality management. The most

obvious is the diverse nature of the user groups, ranging from aquatic organisms requiring permanent water

of acceptable quality, to desert animals with adaptive mechanisms which significantly reduce their

dependence on drinking water. The user groups differ in physiology, water turnover, territory, feeding

spectrums, and water provision design requirements. Perhaps not so obvious is the difficulty of predicting

where, how much, and when, an animal drinks. As reported in previous WRC reports (Casey el ai, 1996;

Casey et al., 1998) during the phase of assessing which WQC in the aquatic environment posed the main

hazards to animals, many farms were found to have multiple water sources that were used for animal

watering. Furthermore, most of these sources differed significantly with respect to water quality, largely

due to varied water sources (surface and subterranean) and fractured aquifers. As such, a borehole in one

area of a game ranch may pose an unacceptably high hazard to animal health, but for those species

consuming water from that source and other water sources, the net risk in terms of actual ingestion of a

potentially hazardous constituent (PHC), may be acceptable.

It follows that some water sources will pose a greater risk to certain wildlife species than to others.

Although this makes for complex guideline models, it affords the manager to opportunity to allocate poor

quality water to least sensitive species. This is accomplished by matching habitat, territory, water provision

design and immediate habitat with species. The degree to which management can, or wants to, intervene in

a WPS, affects the degree to which alleviator treatments may be used, from the feeding of supplements to

the application of water treatments. An additional issue requiring a new CIRRA model for WPS is that of

the ecological impact of actually providing, designing, placing, and managing, water used for drinking and

other purposes by wildlife. The effect of the presence, or absence, of wildlife on sacrifice zones,

herbaceous plant communities and ultimately successful wildlife ranching, are but a few of the water quality

considerations that needed to be addressed by the new CIRRA model.



CHAPTER 2

INORGANIC CONSTITUENTS: Beneficial or toxic?

2.1 Introduction

Previous WRC reports (Casey el al., 1996; Casey el aL, 1998) indicated that a number of WQCs occur

naturally within the aquatic environment at levels which can be considered, from an environmental

toxicology point of view, to be potentially hazardous for animal watering. This report adds a number of

additional trace minerals to the list. This report also presents two risk assessment models, one for wildlife,

and one for rural systems. These models attempt to provide sufficient information to enable the user to

determine the position of the water source being evaluated, in accordance with the usage context, within the

complex area that resides between deprivation and toxicity. Failure to do this can result in the incorrect

classification of a water source as not fit for use, whilst in reality1 the water source may provide a valuable

source of essential, and beneficial minerals, to the diets of the users, both animal and human. The reverse is

also true, with the possibility that a water source may be declared fit for use based on a per WQC guideline,

but in reality multiple constituents are consumed from water, feed and the environment, creating the

potential for induced deficiencies, imbalances, and toxicities.

The task is made even more complex by evaluating two additional areas of risk assessment. The first deals

with multiple species utilisation of a single water source and the inherent tolerance differences which occur

as a result of shared exposure, typically found in wildlife and rural systems. The second is concerned with

bioconcentration and bioaccumulation risk for humans, directly and indirectly, and is a product of the type

of livestock production system frequently found in rural systems. In order to convey the need, and

complexities, of the issues dealt with in these models, a brief introduction to some of the relevant topics is

necessary.

The following section provides a brief introduction to the important aspects relating to risk assessment

formulation for many of the potentially hazardous WQCs found in the water quality investigations

conducted and presented within this report. The purpose of this section is not to provide an exhaustive

review of toxicodynamic and toxicokinetic issues as they pertain to WQGs. It is rather to provide the reader

with an indication of the complexities involved in establishing causal relationships between constituents

present in water, and the direct and indirect adverse effects that may occur in users. These complexities are

presented under general headings, each of which are addressed to some extent in the rural and wildlife

models developed for this project.



2.2 Background

Recognition of the important nutritional role played by minerals has increased due to the availability of

methods to identify and measure mineral elements in body tissues and feedstuffs. and to describe responses

to pure elements. Previously, mineral nutrition was considered to be of limited importance. Theiler et at.

(1924) showed that phosphorus supplementation at Armoedsvlakte in the North Western Province increased

growth rates and reproductive levels. Salt sick, identified in 1872 in Florida, was involved with deficiencies

of Co, Cu and Fe. The acceptance of mineral deficiencies, or imbalances, as one of the most important

limitations to grazing livestock production in tropical and subtropical climates, is growing. In the rural

communal production systems in southern Africa, low energy and protein levels are often cited as the reason

for suboptimal performance. However, numerous investigations have revealed that stock do not always

respond favourably when abundant feed supply provides adequate energy and protein. Clinical signs such

as wasting, alopecia, depigmentation, non-infectious abortion, diarrhoea, anemia, decreased feed intake,

bone abnormalities, tetany, low fertility and pica, are frequently observed in ruminants in these systems,

with mineral imbalances due to the ingestion of soil, water and feed, held responsible.

Geochemical anomalies have been recorded throughout the world to have a significant influence on health,

with epidemiological studies revealing iodine, Zn, F, Al, As and many other trace minerals to induce either

deficiency, imbalance or toxicity. The relationship between animal and human health, and the distribution

of chemicals in the environment, was demonstrated by Webb (1964). Hertz (1986) documented

deficiencies in livestock due to Co. Cu, Zn, Se and iodine. Darnley et al. (1995) showed soil and pasture to

contain trace minerals at concentrations lower than requirement levels. Van Ryssen et al. (1992)

demonstrated similar deficiencies in pastures in Natal with respect to Se. Mineral deficiencies and toxicities

have been recorded in most tropical regions, including confirmed geographical areas for both deficient and

toxic conditions (McDowell et al., 1997), with F, Se and Mn recognised as prevalent toxic elements.

According to McDowell (1997) the mineral nutrition disorders characterised by vague unthriftiness or

unsatisfactory growth and reproduction are of great importance, mainly as they occur over large areas.

Consequently, large numbers of animals are affected, but additionally, the adverse effect may escape

detection as the poor performance is accepted as an environmental limit. The occurrence of poisonous

plants, protein deficiencies, infectious diseases and parasitism, complicate diagnosis. The expression of

mineral disorders as poor growth and reproduction, although vague, are significant, as they usually affect

large areas and large numbers of animals. Workers such as Denton (1967) and Becker et al. (1944)

demonstrated that the attitude of cattle toward salt in a mineral supplement is inversely related to the salt

present in water. As such, failure to correct ration and/or mineral supplement formulation for the minerals

present in water may lead to incorrect assumptions regarding feed and/or supplement intake, and

consequently mineral imbalances.



The confinement of animals and humans in a given area increase the incidence of mineral disorders

(McDowell, 1997). The increased risk that accompanies geographically localised communities in terms of

water quality, has been widely reported (Fuge. 1996). McDowell (1997) concurs with other workers as to

the increased incidence and severity of mineral imbalances in animals and humans confined to localised

geographical areas. Of the twenty-six elements known to be required by some animal species. Cr. Co. Cu. 1.

F, Fe, Mn. Mo. Se and Zn, are considered to be essential. The elements Cu. I. Mn. Mo. Se. Al. As. Cd. Pb.

Hg and F. are considered to be potential hazards which may limit livestock production due to ingestion of

excessive amounts, with excesses of F, Mo and Se extremely detrimental (McDowell. 1997). Trace

minerals such as A, B. Pb, Ni, Si, Sn and V have recently been described as "essential" (McDowell. 1992),

although practical essentiality has not been found. Fluoride and Mo, both recorded as PHCs in the areas

investigated in this report, are examples of PHCs in the geochemical environment with a narrow

concentration range (a few orders of ug/g) between essential and toxic levels.

As the water quality investigations presented in this report indicate, both cations and anions may be

supplied by water. Late-gestation cows offered negative dietary electrolyte balanced diets

(anionic/acidogenic diets) have lowered incidences of milk fever, possibly due to induced metabolic

acidosis facilitating bone-Ca resorption, with improved lactational performance and health (Beede, 1992),

and water with high concentrations of Cl and SO4 may aid in preventing milk fever. Water supplying high

concentration of Na and K, on the other hand, may induce milk fever.

Thus, WQGs need more of a composite, production-orientated or contextualised approach, if they are to

accomplish the task of accurately describing the likely effects associated with use. beneficial and

detrimental. That WQGs need to do this at all is not unanimous. The luxury of having guidelines

formulated for each WQC separately, focused on the adverse effects that may occur, and presented without

incorporating any site-specific risk factors, is only appropriate where the selection of alternative water

sources are made possible by an abundance thereof. Few communities and production systems in southern

Africa can afford such a luxury. However, currently the consequence of simply relying on guidelines as a

means of indicating the possibility for adverse effects creates the misconception that the less constituents

that are present in the water, the more suited it will be for ingestion. This misconception effectively results

in a decrease in the utilisation of water sources that may in fact be a rich, valuable source of nutrients. As

this report will indicate, the composition of groundwater in the areas investigated, according to most

available guidelines, should prohibit the use thereof for both animals and humans. In none of the areas

investigated was application of the current guidelines of any benefit, predominantly as alternative water

sources were not available. Water consumption by domestic and livestock continued irrespective of

possible adverse effects. When the role of water quantity, within the context of rural communal production
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systems, is included in the description of water quality effects, the need for guidelines describing beneficial

and detrimental effects, incorporating site-specific risk factors, becomes apparent.

New techniques for geochemical survey, trace mineral identification and speciation in biological tissues, are

leading to an increase in data indicating the nature and extent to which inorganic elements in diets or

drinking water affect humans and animals. According to Plant el al. (1996) potentially hazardous elements

tend to have adverse effects at relatively low levels, and include As. Cd. Pb. Hg and the daughter products

of U. Sposito (1989) adds Al to the list. Plant et al. (1996) also adds that all trace minerals are toxic i f

ingested at sufficiently high doses for long enough periods of time. This should be seen in light of the

fundamental basis of toxicology, relating to dose and exposure, and in context of the environmental and

production systems of the areas investigated in this report.

2.3 Factors increasing and decreasing risk

2.3.1 Requirement

One of the fundamental decisions that must be made regarding the fitness for use of a water source requires

knowledge of the degree to which the water source fulfils the user's requirement. Although this may appear

an easy task, and certainly many guidelines available adopt a simplistic approach, the discrepancy between

effects observed in case studies, and predicted effects, would indicate otherwise. One of the root causes rest

on the inherent variability of requirement. The mineral requirements for beef cattle, formulated by the NR.C

(1996), indicate at times a larger variation between ranges for levels of production, than between suggested

requirements and toxicities, partly due to buffering by homeostatic mechanisms, but also due to the variable

nature of the optimal mineral dose. Variations between livestock types with respect to the bioavailability of

specific forms of minerals, requires WQGs to be species specific. For example, elemental Se is largely

unavailable to chicks, but effective in protecting against Se deficiency in sheep and cattle (Underwood,

1981). Inadequate protein and energy levels typically found in ruminants in rural production systems during

the dry season also lowers the requirement for minerals, possibly placing livestock at greater risk to toxic

consequences (Van Niekerk & Jacobs, 1985). Although South Africa has confirmed geographical regions

with Se and F toxicities, the extent of affected areas is not generally appreciated (McDowell, 1997).

The presence of inorganic constituents in the water supply may have more of an effect on inducing trace

mineral imbalances than those in the feed (organically complexed), as organic forms lack the same degree

of interaction with vitamins and other ions as inorganic forms. Inorganic forms are considered to be more

toxic, despite many having a lower bioavailability compared to organic forms (McDowell, 1997). The Cu-

Mo-S complexing in the digestive tract of the ruminant is a well documented example of this (Nelson,

1976). For some minerals, such as Se, despite the organic forms yielding higher tissue values than



inorganic forms (McDowell et al., 1997). inorganic forms have more pronounced systemic effects on GPX

activity (Underwood & Suttle, 1999). Feeding mineral supplements can increase the probability for mineral

toxicity (McDowell, 1997). Cattle were observed to prefer an acid supplement (pH 3.5) such as dicalcium

phosphate as opposed to defluorinated phosphate (pH 8.5) (Coppock et al, 1988). The lower pH level not

only contains more F, but the uptake of F is enhanced in an acid environment. Ammernian et al. (1973)

reported Pb and As levels in Mn-oxide mineral supplements to vary between 660 - 2180 ppm and 119-

1400 ppm respectively. According to McDowell (1997) zinc-oxide sources could contain 3% Pb. 149 ppm

As, and 1290 ppm Cd. Berg (1990) reported a phosphate source to contain 1400 ppm V.

2.3.2 Livestock species variations

Distinct differences are often found in various livestock species with respect to tolerance to imbalances

induced by the ingestion of inorganic WQCc. As an example, ruminants are susceptible to a Co induced

vitamin Bi ; deficiency, a condition not yet demonstrated in non-ruminants. Horses and other non-ruminant

species appear to grow normally in areas where grazing ruminants develop Co deficiency. Copper

responsive disorders, although naturally occurring in ruminants, are rare in non-ruminants.

Differences between ruminants also occur with respect to susceptibility to excessive, or deficient, intakes of

PHCs. Sheep are more susceptible to Co deficiency than cattle, perhaps due to a higher requirement of S-

amino acids for wool growth, with ovine white liver disease a related disorder. !n this instance, the demand

in a trace-element-dependent function appears to influence the clinical manifestation of a disorder

(Underwood & Suttle, 1999). Tolerance to Cu provides another example, with sheep being extremely

intolerant of Cu excess, whereas pigs are highly tolerant. Most WQGs do not include iodine, supposedly on

the basis of a low inherent toxicity, but equines are especially susceptible to iodine poisoning. Most species

are tolerant to levels < 50 mg I/kg DM, whilst the horse has a tolerance level as low as 5 mg I/kg DM. The

implication of these variations is that water of a specific quality may be unfit for use by one species, but

acceptable by another. In the commercial livestock production system context this is easy to address, but as

most wildlife and rural production systems comprise a mixed user group that is exposed to the water

supplied, the provider must often find ways to reduce exposure, or the potential hazards, in sensitive user

groups.

2J.3 Soil factors

Soil, plant, pasture and climatic factors all influence the concentrations and biological availability of

minerals in plant matter. Most natural occurring trace mineral imbalances due to trace mineral levels in

plants are a direct consequence of soil chemistry (Reid et a/., 1984), but unfortunately, these factors do not

influence alt minerals in the same manner. For example, high soil pH can decrease plant levels, and

availability, of Fe, Mn, Zn, Cu and Co, but also increase Mo and Se levels and availability (McDowell.

1985).
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Geophagia may present a hazard for grazing animals (Barry et al. 1981). and ruminants ma\ inadvertently

ingest as much as 20% of DMI as soil (Healy, 1973; 1974). This can significantly increase the intake of

toxic elements (Rosa, 1980), with Cu deficiency being induced due to a resultant increased intake of Mo

and Zn. which are present in a biologically available form in soil (Suttle et al.. 1975). Soil factors can also

play a significant role in the outcome of adverse effects due to the presence, or absence, of a constituent in

the drinking water, and must therefore be accounted for in a risk assessment. As an example, soil

contamination of Co can significantly alleviate Co deficiency by contributing to the total ingestion (Clark el

al., 1989). On the other hand, high soil Mn and heavy liming can depress plant Co uptake, effectively

increasing the degree to which the presence of Co in the drinking water acts as a beneficial source that

fulfils the animals requirement (Minson, 1990).

Involuntary or deliberate ingestion of soil can have pathological implications. On Delrtzyl Agricultural

Research Station, very high soil fluoride concentrations have been measured, and form a significant portion

of the ingested fluoride in livestock, offering a possible explanation for the lower incidence of dental

fluorosis in goats, compared to cattle, who tend to graze closer to the ground, less selectively and do not

have the benefit of less soil-contaminated browse as a significant portion of their diet. Clays with high

cation exchange ratios can release trace minerals under acid digestive conditions, increasing the amount of

available copper, iron, manganese, zinc, and a number of macro-elements. Clays have been found to be a

causative factor in growth retardation, anemia and delayed puberty in humans in the Middle East (WHO,

1996). High soil Mo levels, and seasonal factors influencing Cu antagonists, such as high herbage Fe levels

in spring, can induce hypocuproses (Underwood & Suttle, 1999). Whilst forage Cu levels are not influenced

by soil pH, Mo levels are increased on alkaline soils. Liming on granitic soils can raise Mo levels to levels

which significantly decrease the Cu:Mo ratio (Whitelawt?* al., 1983). effectively predisposing ruminants to

Cu related disorders, effectively increasing the allowable concentration of Cu in water. The relationship

between soil pH and plant mineral levels may be linear, as is the case with Mo, or inverse, as exists between

soil pH and plant Mn uptake (Mitchell, 1957). High soil pH and arid conditions elevate plant Se levels

(Arora et al., 1975), a significant relationship is view of the Se concentrations returned from water samples

presented in this report.

Although plant species grown on the same soil vary in mineral content, herbs and legumes tend to have

higher levels than grasses. Mature plants also tend to have lower levels, with the exception of Ca. Most

subtropical forages contain lower mineral concentrations during the dry season, but soil contamination by

wind may reduce this effect. The increase in mineral deficiency symptoms observed in livestock during the

wet season, is more a factor of increased requirement than reduced plant levels. Iron deprivation is usually

of little practical significance as the Fe content of soils is typically many times that of the plants they

support, so ingestion is never low enough to produce deprivation. Hence, for grazing animals, Fe present in
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the water will usually be utilised to attain the daily requirement, but rather provide an excess which will

need to be excreted, or which will interfere with the absorption of other essential minerals.

2.3.4 Animal product quality

The relationship that exists between concentrations of PHCs in the drinking water supply and animal

products, differs from being positive, non-responsive, to negative. Milk Co. iodine and Se (Meneses ct ut..

1994) are examples of WQCs whose levels can rise significantly in response to increased ingestion rates.

Iron and Mn concentrations on the other hand are very low, and generally unresponsive to increased intake.

Differences in these relationships may also occur between various tissues and product, for example, milk is

inherently low in Cu, whilst liver meal may contain moderate Cu levels. The relationship can also be

influenced by WQC-WQC interaction, as an example the milk from sheep and cattle fed high-Mo. low-S

diets, can have Mo levels several-fold above the normal 0.06 mg Mo/L. Species variations also occur, with

normal Cu levels in milk reported to vary widely between livestock species, with cow and goat milk being

ca. 0.15 mg Cu/L, and sows 0.75 mg CVL. With regard to RCLPS. it is noteworthy that milk iodine levels

of > 2mg/L in cows confirm iodosis (Hillman & Curtis. 1980). Bovine milk iodine levels may increase to

levels which elevate the risk of thyrotoxicosis in humans, whilst still being tolerable to the cow (Phillips et

at., 1988). Hence, in the RCLPS context, simply observing the animals for early warning detection signs of

the waters fitness for use may overlook risk for humans. Furthermore, assessment of fitness for use must

not be confined to animal health effects, but rather include associated risk to humans consuming animal

products. In the Jericho, Immerpan and Hartebeeslaagte communities investigated, the majority of people

claimed that they milked cattle and goats for household consumption.

Chatterlee et al. (1995) notes chronic arsenic poison due to groundwater arsenic levels are documented on

five continents, with biological accumulation, and concentration, of geologically derived arsenic often a

contributing factor. One of the most relevant aspects requiring attention with respect to groundwater usage

by livestock and humans in rural communal systems, such as those found in the areas investigated in this

report, relates to the issue of diet quality for humans, and the important contribution that animal products

can make. Animal products such as meat, milk and eggs, are a compact an efficient source of

micronutrients (Neumann, 1998). It must be noted that benefits are both direct, via consumption, and

indirect, via the improvement of human nutrition by the added buying power sourced from the sale of

livestock products. Multiple trace element deficiencies continue to be reported in developing communities

in Africa (Neumann, 1998). Whilst this report concerns itself with minimising the risk that animal products

may hold for human consumption in the rural subsistence context, it must be mentioned that animal products

offer these people an almost exclusive source of dietary vitamin B| :. pre-formed vitamin A. riboflavin. and

a number of trace elements. As a result, the risk assessments conducted, and resultant modelling, are

designed to prevent the incorrect classification of a valuable nutritive source for the human diet. However,

in order to accomplish this cognisance must be taken of the potential for animal products with elevated
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concentrations of certain trace elements to induce, or aggravate, any predisposing imbalance and'or

deficiencies that may exist.

2.3.5 Placental transfer

Placental transfer may take place in accordance with concentration gradients, actively against concentration

gradients, or show no response, to varying levels of PHCs in water. Piacental transfer of Co is not marked

(Grace el al.. 1986). whereas calf liver Mn values can be increased by supplementing the dam (Howes &

Dyer. 1971). Placental transfer of Se responds positively to Se supplementation (Langlands el al., 1990).

This relates to water management in terms of water allocation in many of the areas investigated. A positive

linear relationship for a WQC will result in pregnant animals being classed as a sensitive user group for a

water source containing potentially hazardous levels of that WQC. as is the case for Se. The reverse is also

true, affording the manager with a means for allocating water with PHCs to non-sensitive groups without the

user incurring a health related risk.

2.3.6 Detecting adverse effects due to WQC induced imbalances

With many trace mineral deficiencies subclinical unthriftiness may go undetected, as it is readily confused

with symptoms of parasitism and underfeeding. Many trace mineral toxicities do not present with

distinctive pathological features. As is true with all cumulative poisonings, it is not the dietary

concentration, but rather the total available dietary intake, that determines the risk of chronic disorder

(Underwood & Suttle, 1999).

Low energy and protein levels, infectious diseases, parasitism and the occurrence of toxic plants, render the

diagnosis of mineral disorders difficult. Some trace minerals, such as Pb, are not phytotoxic, but may occur

in elevated concentrations in plant matter and can cause adverse effects in humans and animals, without a

clear indication of the primary source of the hazardous ingestion route. According to Mills (1996). the

whole system must be evaluated, from geochemistry to biological tissue, in order to diagnose correctly. A

common misleading statement made is that many WQCs are of low toxicity to all species, but this is only

true if toxicity is assessed as a multiple of a minimum requirement and when there is a 100-fold margin of

safety (Underwood & Suttle, 1999). Cobalt is often classed as having a low order of toxicity. but in terms

of dietary concentrations, Co is surpassed only by Cu, Se and I as a threat to health, with Held cases of Co

toxicity in ruminants having been reported (Dickson & Bond, 1974). Excess of one trace mineral can

induce a deficiency of another trace mineral. However, some deficiencies do not yield a high correlation

between depletion and deficiency phases and changes in concentrations of the trace mineral at accessible

sites (Underwood & Suttle, 1999). Thus, the clinical manifestations of deprivation may only appear once

dysfunction has already been effected, and when the animal is in a diseased stage. Iodine is a cumulative

chronic poison, causing a paradoxical hypothyroidism. further complicating detection.
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Selenium deficiency causes impaired reproductive performance in males and females in all animal species

(Underwood & Suttle, 1999). One of the most economically important manifestations of Se deficiency is

"ill-thrift", but this is subclinical with no distinctive pathological features or microscopic lesions.

Narrow margins between essential and toxic doses are known to exist for some WQCs. Although Se is

considered by Underwood and Suttle (1999) as the most toxic of the essential trace minerals, deficiencies

present significant limitations to successful livestock production. Maximum recommended levels for Se are

difficult to define as tolerance is influenced by a number of variable factors, such as the chemical forms of

Se, duration and continuation of intake. Effects may manifest rapidly, as was found in chicks exposed

drinking water levels of 4 mg Se/L, in which reductions in growth and appetite occurred within 7 days

(Canto et al., 1984). Requirements vary from form of diet and between species, as is indicated by the

following estimates for Se requirements by Underwood and Suttle (1999):

sheep (all stages) = 0.03 mg Se/kg DM (low digestibility diet - DM1 of 0.7 kg/d)

0.05 mg Se/kg DM (highly digestible diet - DMI of 0.4 kg/d)

cattle -beef = 0.036 mg Se/kg DM

cattle - dairy = 0.044 mg Se/kg DM (10L milk yield/d)

0.07 mg Se/kg DM (30L milk yield/d)

non-ruminants = 0.1 mg Se/kg DM

According to Mills (1996) there are two main groups of potentially hazardous elements in the geochemical

environment which can give rise to disorders associated with essential elements, the first order transition

elements Fe, Mn, Ni, Cu, V, Mn, Co, Cr, and Mo, Sn, Se, 1. F and B.

2.3.7 Significance of constituent-constituent interactions

Interactions between minerals confound risk assessment, but must be considered in order to establish if a

hazard exists or not. When assessing the probable adverse effects associated with the ingestion of water

containing a potentially hazardous concentration of a WQC, most guidelines assess risk independently of

significant WQC-WQC interactions. The beneficial effect of Cu on alleviating Mo induced scouring

disease in cattle illustrated the importance of the interaction between these two trace minerals (Ferguson et

al., 1938, 1943). Similarly, chronic Cu poisoning of sheep and cattle associated with low Mo intakes have

also been demonstrated (Dick & Bull, 1945). Further work showed that inorganic SO4 was required for this

limiting effect on Cu retention (Suttle, 1991), bringing the total WQCs that need to be considered when

performing a risk assessment to a minimum of three. High SO4 levels in groundwater have also been

recorded to cause growth retardation in heifers and neonatal mortality (Smart et al., 1986).
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These interactions are seldom simplistic. Antagonisms relevant to risk assessments for Cu include Mo X

Cu, Mo X S, Cu X Fe, Zn X Cu, and Cd X Cu (Jarvis & Austin, 1983; Suttle, 19%). The nature of the

relationship between various WQCs may be reversed for different livestock species. According to

Hartmans and van Rvssen (1997) the addition of Se predisposes sheep to Cu poisoning, whereas increasing

dietary Se reduced Cu induced chick mortality (Leach et a/., 1990). Prevention of Cu poisoning can be

effected by exploiting the known antagonists of Cu (Underwood & Suttle, 1999), most notably Mo and Zn.

However, Zn does not afford protection against Cu poisoning in the presence of Fe (Rosa el al., 1986) for

sheep, although Fe and Zn in similar concentrations can protect pigs and poultry (Suttle & Mills, 1966).

The absorbtion of Se in both ruminants and non-ruminants as selenate may be reduced by antagonism from

Mo and SO4 (Abdel-Rahim et al., 1985).

The relative concentrations of various WQCs must therefore be seen in relation to the type of effect,

deficiency or toxicity, most likely to occur. According to Underwood and Suttle (1999). due to prominent

antagonisms between Fe and essential trace minerals (notably Cu), Fe should never be used in mineral

supplements for grazing or mature housed ruminants. With many livestock supplements available, the

effect of these on the metabolism of WQCs must be accounted for prior to assessing the fitness of use of a

water source. As an example, conditions of high Cu supplementation can induce a secondary Fe deficiency

in pigs (Bradley et al., 1983). Although some WQCs are considered to be of importance primarily due to

deficiencies, chronic overload can lead to adverse effects. The cytotoxic action of free Fe may cause

peroxidative damage to Fe storage sites, such as the liver, under conditions of excessive chronic Fe

overload (Kent & Bahu, 1979). Excessive Mn intakes have been observed to reduce growth rate and heart

and plasma Fe concentrations, despite high background pasture levels of Fe of up to 2200 mg Fe/kg DM

(Grace, 1973). This is thought to be due to a mutual metabolic antagonism at the absorptive site. The

anorexic effect from excessive intakes of Mn supplements have been observed by Grace and Lee (1990).

Induction of the mucosal metal-binding protein metal loth ionein usually limits Zn absorption at high intakes

(Cousins, 1996). Copper, Cd, and possibly Se, effectively limit the amount of Zn available for absorption

by increasing the mucosal binding of Zn by metallothionein (Bremner, 1993; House & Welch, 1989). Most

WQG state that adverse effects due to excess Zn intakes are unlikely. However, in the absence of sufficient

Zn, heavy metals such as Hg, can have markedly increased uptakes (Kul'kova et al., 1993), with even

marginal Zn deficiencies being a risk factor in areas with high occurring levels of heavy-metals. Some of

the difficulties in estimating requirements for Zn, stem from variances in dietary Ca levels and chronic

infections of the lower digestive tract. Although livestock appear tolerant of high Zn intakes, this depends

on Ca, Cu, Fe and Cd levels (Underwood & Suttle, 1999). Toxic effects on weanling pigs were recorded at

4 g Zn/kg DM (Hsu et al., 1975), but 3 g Zn/kg DM has been found to enhance the growth of weanling pigs

in another study (Smith el al., 1997).
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Arthur and Beckett (1994) suggested that concurrent selenium and iodine deficiencies were particularly

hazardous in the induction of iodine deficiency disorders. High F and As intakes are thought to contribute to

the incidence of human goitre, a noteworthy relationship in view of the prevalence of this disease in

developing countries worldwide. Despite a wealth of evidence to indicate that interactions between WQCs

may impact either positively, or negatively, on the potential for toxicity of a given constituent. WQGs do

not take them into account, predominantly as these relationships are complex and many are still being

described (Underwood & Suttle, 1999).

23.8 Importance of WQC:WQC ratios

Knowledge of the recommended ratios of various constituents, either for absorption, excretion, or systemic

effects, not only enables a more accurate assessment of risk to be made, but also for more potential

alleviator solutions to be formulated. The section dealing with WQC-WQC relationships refers.

For example, a ratio of Cu:Mo of 4:1 is required to avoid swayback in sheep (Alloway. 1973).

Unfortunately, the ratio level does not reflect Cu stores, or the influence of S and Fe. As a result, flexible

ratio interpretation is required, taking Cu:Mo <! (or Fe:Cu >IOO) to indicate high risk, and ratios of Cu:Mo

of 1-3 (Fe:Cu of 50 - 100) to be marginal. Since Fe and Mo do not act additively, the effects cannot simply

be combined. According to Underwood and Suttle (1999), Cu:Mo:S ratios can be deterministic in the

occurrence of Cu and Mo related disorders. Although S is usually sufficient to allow for the expression of

both antagonisms, S intake from drinking water must be allowed for (Smart ei at., 1986). Information

regarding WQC.WQC ratios is used predominantly in the RCLPS models.

2.3.9 Irrigation

In New Zealand, diarrhoea was observed to occur in sheep grazing pastures irrigated with high groundwater

levels of Fe, but this was associated with Cu depletion. The depletion of liver Cu and induced diarrhoea in

cattle exposed to pastures irrigated with Fe-rich groundwater has been recorded (Campbell et aL. 1974).

Communities utilising a single, or a few, groundwater sources, and which have a food supply restricted to

locally grown food sources are at greater risk of trace mineral related effects on health due to trace minerals

in the drinking water. Often, relationships between drinking water, irrigation and solar evaporation are

insufficiently characterised to be of value in predicting risk of disease in specific areas (Mills, 1996), and

site-specific data must be collected.

2.4 The use of drinking water for supplementation and alleviator treatments

The use of mineral-containing fertilizers is mostly economically prohibitive (McDowell, 1997), with

variable plant uptake, complex soil-plant-mineral interrelationships, and animal selection, frequently

16



providing unsatisfactory and highly variable results. The most efficient method for supplementation is in

combination with concentrates, predominant]) as intake is usualK adequate. Unfortunately, this method is

not appropriate for rural systems where the animals rely on grazing for nutrition. According to McDowell

(1997) the direct administration of minerals to water, licks, drenches, injections and rumen preparations is

the most economical. The use of water as a vehicle for mineral supplementation is favoured when only one

source is available, or when the watering system allows for a continuous infusion. Major benefits to this

system include knowledge of the dosage (concentration x intake), and for drinking water as compared to

drenches or oral dosing, the lowered labour costs and reduced handling stress on the animals.

The presence of naturally occurring inorganic WQCs in the drinking water source contributes to the user's

requirement of that constituent. For some constituents, the form of the constituent typically found in water

is more available than those found in feed, for others the reverse is true. Differences in post-absorptive

metabolism of organic and inorganic Se sources are significant, with some inorganic forms more available

for the synthesis of selenoproteins than selenomethionine. the most common organic form (Davidson &

Kennedy, 1993; Henry & Ammenman. 1995). The ruminant also appears to absorb inorganic Se from

concentrates far more than organic Se from forages (Koenig et «/., 1997). In terms of reducing the adverse

effects associated with trace element excesses, prevention is required as poisoning is incurable, Se being an

example of this. Increasing concentrations of mitigating WQCs provides a form of prevention. For some

minerals there is indication that absorption is increased when accompanied by water ingestion, as opposed

to feed ingestion, due to the different digestive tract conditions that arise. Gradient differences in pH, often

saliva-flow influenced, play a major role. According to McDowell (1997) it may be more economical, and

as nutritionally sound, to supply minerals, which are only 50% available at twice the level as it is to supply a

mineral that is 100% available.

In addition, the direct addition of chemicals to the drinking water, either to supplement a deficiency, or

ameliorate adverse effects, has a number of associated benefits. Administering Co via the drinking water is

means of direct supplementation (Underwood & Suttle, 1999). Prevention of Cu poisoning can be effected

by exploiting the known antagonists of Cu (Underwood & Suttle, 1999). most notably Mo and Zn.

Inorganic sources of Mn maintain a high absorbability in the presence of phytate, being in the range of

10.3% (Wedekind et ai, 1991). This accords with values obtained for humans, and may well apply to non-

ruminant species (Johnson et at., 1991). There does not appear to be any advantage in ruminants fed

organic forms of Zn as opposed to inorganic forms (Baker & Ammerman, 1995).

A number of elements can alleviate adverse effects due to excessive Se intakes, namely As, Hg, Au. Cu and

Cd (Underwood & Suttle, 1999). Supplementation of NaiSO4 was recorded to alleviate growth inhibition

effects in rats due to exposure to high levels of inorganic Se (Halverson & Monty, I960). Problems with

the use of these elements in mitigating adverse effects have often been attributed to irregular intakes, a
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reflection of the variation achieved by the methods used. In the case of Se, the use of As containing licks,

administration of various soil and dietary treatments, all offer varying degrees of success. Supplementation

of the drinking water offers a viable, effective, alternative. This is predominantly due to better control over

the concentrations offered to animals, and a less variable daily intake. Aside from the benefits of

supplementing directly in terms of less variance in intake, both daily and weekly, one of the major benefits

with water supplementation lies in the accuracy of treatment concentrations. This does not rely on

estimating lick intakes by stock, something which not only varies for zero to far in excess of the estimated

intake within a group of animals, but which may also need to be regulated by salt percentage inclusion, at

times an unsuccessful method. McDowell (1997) recommends supplementation of the water supply as a

direct treatment of Ca and P deficiencies. However, if ground rock phosphate is used as the source, poor

palatability and excess F. may pose a risk. In some instances, defluorinated phosphates are used in

conjunction with fertilizer phosphates (McDowell, 1985).

The use of rumen pellets in correcting mineral imbalances has found but often lack the flexibility of

drinking water administration to adjust the dosage in accordance with seasonal variations in pasture levels.

Free-choice mineral supplementation is often used on the basis of the animal demonstrating "nutritional

wisdom", but as has been shown by many workers, ruminants have no particular desire for minerals other

than common salt. The major difficulty with the "free-choice" system is high individual variation in intake.

According to McDowell (1992) the following factors contribute to a highly variable free-choice mineral

intake by grazing livestock:

soil fertility and forage type

season (higher intake in winter)

availability of energy-protein supplements

individual requirements

salt content of drinking water

palatability of mineral mixture

availability of fresh mineral supplies

physical form of minerals.

Whilst water intake is variable between animals, and over time, generally it is less variable than free-choice

intake due to less of the above-mentioned factors playing a role. Between animal variation with regard to

mineral supplement intake is also highly variable. Ullrey et al. (1978) observed ewes to vary in salt

consumption from 2 - 1 4 g'day, despite the widely accepted intake figure of 15 g/day (McDowell, 1996).

White et al. (1992) observed an average consumption of 29g/day for sheep, whilst it is often reported that a

proportion of animals in a flock make little or no use of free-choice mixtures. If access to water is granted.
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water intake does not suffer from this degree of variation, with all animals consuming water on a daily basis.

Poorly designed mineral feeders may also suffer from caking, moulding and trace mineral loss due to wind.

2.5 Water quality as an indicator of environmental toxicological hazards

According to Underwood and Suttle (1999) drinking water iodine levels are inversely correlated to the

incidence of endemic goitre in humans in many parts of the world. This is primarily attributed to the water

concentration reflecting the iodine content of soils and hence forages. As such WQC concentrations offer

additional guidance as too what other geochemical hazards may exist. The wildlife and rural models

developed also rely on known WQC-WQC relationships to suggest additional constituents which should be

anaKsed in water, feed, and/or soil, by the user.

Geochemical and hydrogeochemical data provide a valuable means with which the impact of trace minerals

on health can be assessed, as diagnostically specific signs of excessive or deficient element supply are

infrequent. Water quality guideline based predictions are often insufficient in their recognition of the

significant antagonistic interactions due to inorganic imbalances to allow for accurate, or meaningful,

aetiological studies of disorders (Mills, 1996). According to Plant et al. (1988) and Darnley el al. (1995),

geochemistry, and in particular, trace mineral distribution, can be difficult to predict from geological maps

alone. Furthermore, the geochemistry of many elements is not fully, or even well-understood, for example

selenium, and predictions can be misleading. It is for this reason that water sample analysis is one of the

most valuable items in assessing the actual ingestion related exposure, and hence risk, associated with the

geochemical environment. Some relevant issues relating to geochemistry are presented next.

2.6 The role played by geochemistry

Relationships identified recently include pathogenesis of skeletal lesions associated with excessive F in

India, low Se concentrations in soil and animals inducing cardiomyopathy of Reshan disease in children,

high soil Se and selenosis in Chinese, and many iodine-responsive diseases, for which an estimated one

thousand million people are at risk (Hetzel & Welby, 1997).

Most advances made in applied investigations in mineral related deficiencies, toxicities or imbalances, have

utilised purified diets, and the recognition of the importance of site-specific geochemical factors in altering

the level at which adverse effects appear, and the nature of those effects, although fairly recent, is growing

(Mills, 1996; WHO, 1996). Concern for mineral toxicities is increasing (Appleton, 1992). A number of the

trace minerals identified to be present at potentially hazardous concentrations include those identified as

newer essential elements by Underwood and Suttle (1999), namely, B, Cr, Ni, Mo, Sn and V. According to
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Plant el al., (1996) PHCs tend to have adverse effects at relatively low levels, and all trace minerals are

toxic if ingested at sufficient doses for sufficient periods of time, incorporating contextual toxicology.

Site-specific soil and geochemical factors influence trace minerals in food (plant and animal) and drinking

water, and consequently affect the pathological consequences to animals and humans. Some examples

include the geochemical composition of rocks from which soils are derived which can results in regional

crop deficiencies of Cr, Cu, iodine, Fe, Se, Zn. and excesses of As, Cd. F, Pb and Se. The variable uptake

of trace minerals by plants can be influenced by soil moisture, acidity and/or alkalinity. Alkaline

groundwater can increase Se and Mo uptake, whereas iron-rich groundwater can restrict plant-selenium

uptake. The former is vital information when conducting a WQG based risk assessment, and of particular

relevance to the high incidence of the PHCs fluoride and selenium observed in the areas investigated.

Implications are referred to in the respective discussions, but briefly, the risk for both human and livestock

user groups is increased in these areas due to the effects of geochemistry and the toxicological interaction

between Mo and F. A critical factor aiding risk assessment for animals and people, not only the rock type

and resultant soil composition, but the main food crop used. In general, cereal grains are more stable and

have lower trace mineral values over varying geochemical factors than legumes, pulses or cruciferous crops

(Silinpaa, 1982). That establishing the predominant plant species utilised, crop and soil management

factors, and the composition thereof, remains and important step in risk assessment, is brought out by work

conducted by Aggett and Mills (1996) who found Cu to vary four times, B twenty-one times, and Mo forty-

six times, due to these factors.

Although the above-mentioned correlations have been studied, and are being used increasingly (Parr cr al.,

1992), less is known about the relationships between inroganic soil composition, diet and causes of

deficiencies of Cu, iodine. Se, Zn and possibly B, Cr. F and toxicity of F, Fe, Mo and Se (Mills. 1996).

This has lead to crop failures, decreased animal productivity, and trace mineral disorders in humans.

Mobile elements include alkalis, alkaline earth, halogens (mobile in high pH) such as B. Se, Mo, V and U,

and tend to accumulate in arid environments. Both the Jericho and Immerpan regions are classed by

Acocks (1975) as arid to semi-arid environments. Chemical elements are separated more in tropical

environments than in temperate regions (Trescases, 1992), and tend to have a greater potential for

deficiency and/or toxic conditions. Incidentally, he bulk of the data used by the WHO and EPA in

formulating drinking water quality guidelines, much of which formed the platform for the DWA&F

guidelines, was from the temperate regions.
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CHAPTER 3

RURAL COMMUNAL

LIVESTOCK PRODUCTION SYSTEM MODEL

3.1 Introduction

Water quality guidelines for domestic and animal drinking purposes provide a generic level of risk

assessment, and as such are static, tabulated values, using a mg/L formal, and independent of the

environment to which they are applied, a developmental factor which necessitates their conservative nature.

Other developmental factors contribute to their conservative nature, for example, the uncertainty factor

method applied by the World Health Organization (WHO, 1993) for intra- and inter-species extrapolation.

However, despite this seemingly conservative approach, fundamental assumptions applied to the derivation

of guideline values can result in regional factors leading to adverse effects occurring at concentrations close

to, or even below, recommended guideline values. The WHO (1993) guidelines state that local

governments and regional departments must take into account those factors that may alter the concentration

at which adverse effects may occur. In practice, however, the guideline values are usually applied as is.

One of the best examples of the widespread application of guideline values developed in temperate

climates, yet adopted by tropic or sub-tropic regions, is the recommended upper limit of water fluoridation.

This was implemented in Hong Kong. The values developed were based on a study by Dean {1958) relating

to the prevalence of dental caries and water fluoride levels where a range of 0.5 - 1.5 mg F/L was

recommended. Recommendations were made with respect to the lowering of fluoridation levels in order to

compensate for high temperatures and increased water intakes, but despite this, unacccptably high

incidences of dental fluorosis were observed in children at even 0.3 mg F/L. Subsequently the

recommendation was made to cap the upper limit of fluoridation at 0.8 mg F/L, substantially lower than the

1.5 mg F/L level. Similar examples exist and are usually a function of higher water intakes and site-specific

interactions. Duration and extent of exposure can have an overriding modification of pathological

consequences (Mills, 1996; Ottoboni, 1988). Some of the more important modifying effects of interactive

variables applicable to PHCs in rural groundwater supplies were dealt with in Chapter 2.

The purpose of the RCLPS model is to allow for the correct description of the possible ramifications of

allowing livestock and humans access to water sources, within the rural production system context, and to

also provide sufficient indication of the major sources of risk to livestock and human health so as to enable

a management plan to be formulated that will offer the best method of allocating, and utilising, the water

source to the most tolerant categories within the user groups. To achieve this, it provides a risk assessment

for both livestock and domestic users. Two separate risk assessments are thus conducted, but not
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independently of one another. It is the very nature of the association between the two user groups that

influences not only the risk assessment, but also the formulation of solution options. In terms of animal

health, there are two focus areas. The first deals with animal health, and the second with animal product

quality and resultant consumer health hazards. For the domestic user group, the aim is to generate a risk

assessment within the context of potential hazards that may exist in a localised geographical system.

3.2 Dependency on local environment

As mentioned previously, the potential risk present in rural subsistence production systems found in the

rural communities that form part of the areas investigated, are not attenuated by food and water obtained

from multiple sources. The adverse effects manifested in humans and animals due to environmental

geochemistry, either natural or anthropogenic in origin, are exacerbated in developing rural communities,

not just due to a larger incidence of malnutrition, but also as a result of the localised nature of food and

water sources. Both the Baroiong, lmmerpan and Jericho areas, both human and animal user groups tend to

reside near water, with large tracts of unused land observed between water sources which were more than

ca. 10 km apart. Dependency on a single water source was common, which exacerbates any risk present,

with previous nomadic habits which used to protect, or limit, adverse effects, no longer applicable (Meyer et

at., 2000). Drought also occurs in these areas, a further restriction on food supply and selection, and

amplify local anomalies in soil, plant and water composition.

Plant et al. (1996) observed that developing countries with communities living on subsistence agriculture

are at greater risk of adverse effects due to trace mineral deficiency and/or toxicity, and that studies

investigating geochemistry and health are more likely to be of immediate value to these developing

communities. According to McMichael (1993) developing countries are at a high risk of potentially

harmful waste accumulation due to the use of marginal farmlands and soil erosion from cash cropping. The

conversion of soil to inept mineral dust can result from overgrazing, over-cropping, the addition of toxic

chemicals, salination (due to irrigation of highly saline waters), all leading to a depletion of essential

nutrients. Pollution of air, water and soil may result in increased incidence of heavy metal poisoning related

childhood diseases (WHO, 1988; US Geological Survey, 1984). Food and water consumed by both

humans and animals is less likely to have a diverse geographical origin, especially in rural subsistence

production systems found in the rural communities that form part of the areas investigated during this

project. As a result, health risks for humans due to the consumption of animal products increase in these

production systems. The risk related to a specific WQC may increase significantly when assessed for the

system as a whole, due to multiple pathways of exposure, from water, household crops and animal products.

Chemical elements are separated more in tropical environments than in temperate regions (Trescases,

1992), and have a greater potential for deficiency and/or toxic conditions. Incidentally, the bulk of the data
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used by the WHO and EPA in formulating drinking water quality guidelines, much of which formed the

platform for the DWA&F guidelines, was from the temperate regions.

3.3 Modelling

The CIRRA model for RCLPS operates in a similar manner as the models for commercial livestock

production systems that are described in detail in WRC Report k.5/644 (Casey el a!., 1998). The reader is

referred to that report for information relating to the software programming, programming language

description, and core structure of the modelling application.

3.3.1 Aspects addressed by reference documents for the Domestic User Group

The purpose of incorporating human health issues into a guideline system for rural communal livestock

production systems has been dealt with in previously. A reference document method is employed to enable

a meaningful incorporation of the relevant issues. This involves two distinct phases. Firstly, the

relationships between the various types of data that may be collected, derived, or accessed, must be

identified and described. This must be done in a manner allowing information to provide insight that is

capable of either reducing the variability {and thus potential error) associated with assessing risk due to

exposure, or allowing for the risk assessment to incorporate significant beneficial and/or harmful factors.

Secondly, the resultant data gathered must be compared to a reference point. Without a reference point, a

measurement obtained does not hold much value for a manager, or a user, of a water source. Water quality

guidelines, albeit static tabulated guidelines, offer a form of reference.

Both of the above-mentioned phases are critical in arriving at an informed, accurate, site-specific contextual

risk assessment for a water source. The reference documents (RefDocs) also trigger additional reference

documents to provide the user with background information that may aid in assessing the fitness for use of a

water source. Usually these take the form of 'Types of Effects" (TOE) documents, made available to the

user by the activation of these buttons on the "Results Screen". The derivation, and examples, of the

reference documents used for the RCLPS model, are presented later. Included in the RCLPS model are

reference documents for water used for food preparation and irrigation. The reason for this is that many

rural communities use the same water source for drinking water for livestock and humans, for food

preparation, and for irrigation of household subsistence crops. As a result knowledge of a potential route

for hazardous effects, either via the ingestion of milk of animal origin, food crops from household crops, or

constituent concentration due to food preparation process, is required for a complete risk assessment.
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3.3.2 Aspects addressed by reference documents for the Livestock User Croup

The reader is referred to the WRC Final Report K5/644 for a detailed description of the reference

documentation used in the livestock models. The RefDocs rely on a water ingestion rate reference

document (W1RRD), which corrects for metabolic water, live weight, dry matter intake, and maintenance

and production requirements. Additional animal, environmental, nutritional and water-related RefDocs are

utilised. These form a substantial amount of reference material, all of which is used in the RCLPS model.

3.3.3 Brief overview of the RCLPS model

3.3.2.1 Main components

The RCLPS model performs two risk assessments, one for livestock and one for humans. A schematic of

the information components, inputs and outputs, is presented in figure 3.1. The risk assessments for

livestock are conducted as described in WRC Final Report K5/644. with the addition of some revised

reference values and manipulations. These are dealt with later, and the reader is referred to the final report

for an in-depth description of the modelling. The risk assessment model for humans consists of three basic

parts. A data capture phase, an evaluation phase, and a reporting phase. A fourth component deals with

solution-driven options. The data capture phase is self-explanatory and the user is guided through the

software program screens for the relevant detail, namely. Water Source, Water Chemistry, System

Description, Animal Detail, Human User Group Detail. Environmental Detail and Nutritional Detail. The

various modelling components utilised reside within the evaluation phase and solution component. These

are presented under the RefDocs later in this chapter. A brief outline of the main events handled follows.

The RCLPS model reports the results of the RefDoc-GG as a default. The reason for this is that the user

may not enter sufficient site-specific data for the other RefDocs to be utilised, and even if sufficient data is

entered, additional data concerning risk factors present may be omitted which could conceivably cause a

WQC to precipitate adverse effects, despite the entered data indicating otherwise. Thus, the user is

informed of any WQC guideline that is exceeded. This is the first level or risk assessment and is a direct

application of the available local and international guidelines. As indicated previously, a number of

guidelines are used as single sets from local and international authorities do not provide limits for many of

the WQCs found to be present in local water groundwater supplies at potentially hazardous concentrations.

The central core of the RCLPS model is the water turnover temperature corrected constituent ingestion rate

RefDoc (WTTCCIRRD), presented in detail later in this chapter. It provides a risk assessment as to the

types of adverse effects that may be expected based on the predicted ingestion of the constituent within the

user defined site-specific factors, such as user groups present and ambient temperatures. In order to remain

within the brief and scope of this project, whereas previous CIRRA versions for livestock include

synergistic and antagonistic factors as system effects with numeric values which allow for a comparison

between the RefDoc ingestion rates, the RCLPS generates a number of WQC and site-specific factor

evaluations on the relevant risk factors in addition to the WTTCCIRRD calculated ingestion.
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If the user provides detailed site-specific information, for example, actual Wl and Fl. and chemical

composition, the model uses the data in the calculation of total ingestion figures for relevant PHCs and

COCs. Should the user group be defined and a BW value provided, ihe model generates a risk assessment

based on a comparison between calculated exposure time and available reference dose information. This is

of particular relevance in the rural context, with some individuals exposed to high risk sources

intermittently, ranging from only during a portion of the day {herdsman for example) to only on weekends

{individuals commuting weekly to work in towns). Failure to account for this exposure time variation

effectively overestimates the risk present due to high concentrations of certain WQCs. For those WQCs

that may present significant risk based primarily on the concentration in water, and effectively resulting in

single ingestion exposures (once on a weekend for example) posing sufficient risk, a separate RefDoc is

used, RefDoc-ARFI and RefDoc-ARF2, presented later.

Other site-specific information is dealt with as described in the RefDocs presented later. This comprises a

number of different "relationships' between different types of factors. Some are simplistic, for example, risk

due to V is reported as being increased i f [F] > 0.7 mg^L and water pH < 7. Others are more complex, for

example, the calculation of the preferential guideline ratios between F:B:TDS:Ca:SO4:Mo.

The RCLPS model caters in the 'Solution" option presented on the 'Results Screen* for various alleviator

treatments for livestock. These are based on previous input data, and are flexible based on the ability to

provide individual, or group, treatments, either via the feed, the water, or the water and feed. This is one of

the most complex areas relating to the RCLPS risk assessment, as it relates to various tolerance levels

within the various livestock types present.

33.4 Reference documents incorporated for the Domestic User Group

A number of RefDocs are used for the RCLPS, and the method for inclusion in the risk assessment is

described in each RefDoc. Rules are developed to indicate which RefDoc is applicable, for example, i f

temperature is given in the Environmental Tab Detail, then a reference document dealing with temperate

linked water ingestion rates, RefDoc - TCG "Temperature Corrected Guidelines" is used. Table 3.1

provides a brief description of the RefDocs used in the RCLPS model.
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Table 3.1 RefDocs that arc used in the RCLPS model.

KefDoc
RefDoc-MLW
RefDoc-GG-TOFl
RefDoc-SU-TOH2

RefDoc-AV
RetDoc-FP-TOE3
RetDoc-IR-TOF.4
RefDoc-WTICCIRRD

RefDoc-ARFl + ARF2

RetDoc-PGR

RefDoc-RDl

RefDoc - DR

Components
WQC. limit (mg/D. TOLA
WQC. limit <mg/L). TORI
WQC. sensitive user groups,
range. TOF.2
WOC AV limit, text
WQC. limit range. TOE3. text
WQC. TOM
21 WQC. Tvpes A-B-C. temp,
predicted Wl! allowable |WQC).
Effective upper limit. Catergory
Ingestion (mg/dt
WQC. WQG. Notes

WQC. rules, procedures

WQC. categ. twqr. mg/d

WQC. ADD. PTWI. RfD

Basic description
Modified generic guidelines for livestock watering
Basic generic guidelines - domestic user group
Specific ranges for sensitive user groups

Antagonistic variable incorporation
Food preparation guidelines
Rules based Irrigation of household crops
An ingestion based temperature, body weight.
corrected guideline, by category, by user group.

Aesthetic and other direct and indirect WQC related
risk factors
Risk assessment and Solution driven preferential
guideline ratios
Recommended daily doses for broad categories
based on TWQR and adverse effect ranges
Allowable daily doses in mg/kg Body weight,
tolerable weeklv doses

3.3.4.1 Introduction to WTTCCIRRDs

The base reference documents for domestic drinking water are formulated to provide water quality

guidelines on an ingestion rate basis, as opposed to a mg/L basis. In-depth discussion of the physiological

principles involved in formulating an ingestion rate derived WQG is dealt with in WRC Report K.5/644, and

the reader is referred to that report for detailed modelling aspects. In brief, the primary objective for this

method is two-fold, namely to incorporate toxicodynamic and toxicokinetic principles associated with the

ingestion of PHCs, and to correct for different water turnover rates across body weight variations. The latter

is incorporated in the derivation of most WQGs to a lesser extent (WHO, 1993; DWA&F, 1993; 1996),

usually by applying a safety factor to cater for higher water turnover rates. But due to the static nature of a

mg/L basis guideline, this tends to increase the probability of system error in terms of the variations that

occur between cause and effect relationships due to inherent biological randomness, and furthermore, it

tends to enforce the acceptance of overly conservative guidelines. The reader is referred to other works

relating to the derivation of WQGs for more comprehensive information.

The WTTCCIRRD attempts to take into account the actual ingestion rates should they be available, and also

to predict the probable ingestion rates based on physiological evidence of the significant factors influencing

them. Three types of WTTCCIRRDs are used for each WQC, named Type A, Type B and Type C, dealing

with adults, children and infants respectively. WTTCCIRRD Type A is used as the default should the user

group not be specified. Should no temperature be specified, 16 degrees Celcius is used as the default

temperature. This accords with most WQGs currently in use (WHO, 1993; DWA&F, 1993; 1996).

The "Predicted WI (mg/L)" column, together with the defined category ranges for each WQC in the

WTTCCIRRDs provide the derivation basis for the calculations conducted. The former is predominantly
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adapted from values used in the WHO (1993) section on guideline formulation, and the DWA&F (1993)

and (1996) Guidelines for Domestic Use. The latter are adapted from the DWA&F (1996) and Quality of

Domestic Water Supplies (QDWS. 1998) guidelines. It is noteworthy that the values used in the derivation

of the WTTCCIRRDs may be considered conservative in the estimation of Wl and corresponding types of

effects for temperatures exceeding 16 deg C. As an example, the WHO has reported "unacceptably high"

incidences of dental fluorosis in children in hot environments such as those found in Hong Kong, and

commented that "a realistic upper limit for F in non-temperate climates should be less than 0.8 mg/L), far

less than the temperature corrected adaptations applied by many international guideline sources. The upper

limit for the temperature range was set at 44 degrees Celcius. not because temperatures higher than this are

not experienced in many of the rural communities reliant on groundwater in southern Africa, but rather due

to the fact that higher temperatures than this are unlikely to persist for more than two weeks at a time. The

calculation of the input temperature value on the Environmental Detail Tab indicates the method employed

requires Iwo-week period average. This is mainly to avoid unnecessary repetitions in evaluating a water

sample due to naturally high daily variations in temperature.

A WQC will return a different Category status within a user group for different temperatures, and between

user groups at the same temperature. This is to cater for the significant effect of temperature on Wl and for

the significant effects of WTR on WQC dose-response ingestion rates. WTTCC1RRD Type A for F

indicates the different temperature corrected values returned from an input of 2 mg/L in italics. It is also

interesting to note the resultant variation in the mg/L concentration calculated for the TWQR. For a WQC

such as F, which has beneficial and/or essential functions at low concentrations, the departure from a fixed

value as a TWQR allows the effect of one of the many significant factors which alter Wl, and hence dose

ingested, to be incorporated into therapeutic dose formulations.

3.3.4.2 WQC related risk factors for the RCLPS

Due to different aesthetic factors, certain PHCs pose less inherent risk than others. Examples of this exist

for those WQCs where the ingestion of a significant amount of water containing a potentially hazardous

concentration of a certain PHC may be prohibited due to an astringent or repulsive taste, odour and/or

appearance. Other PHCs may induce vomiting should a large enough amount of water containing a

potentially hazardous concentration of a PHC be ingested. The reverse is also true, and those PHCs which

impart no colour, odour or taste to the water, are inherently more hazardous as the user is unaware of the

potential danger. Furthermore, some WQCs are cumulative in nature and not readily removed from

biological tissues. As a result, a single ingestion event of a large amount of these WQCs may result in

significant adverse effects. Other WQCs that are more readily removed from biological tissues, may have

adverse effects reversed on cessation of exposure. These factors are addressed by the RefDoc-ARF.
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3.3.4.3 Preferential Guideline Ratios

Despite the significant nature of mineral-mineral interactions, the extent to which they are catered by

guidelines is usually limited to the incorporation of safety factors, or uncertainty factors, assigned during

guideline limit derivation. Some guidelines draw the users attention to one or two main interactions

(DWA&F. 1996; QDWS, 1998), or to the likelihood of significant feed-water interactions between minerals

(WHO, 1993). However, within a single water source, significant interactions can lead to induced

imbalances, ranging from deficiencies to toxicities. As described in earlier chapters, this in effect creates

the dual possibility of a single WQC concentration being capable of providing a valuable source of an

essential trace mineral on the one hand, and precipitating a deficiency of another trace mineral on the other.

Such interactions have been shown to be sufficiently limiting to warrant their inclusion in ration formulation

for livestock feeds, and are usually referred to as ''optimal ratios'" for the constituents concerned. Well

documented ratios include those for Ca:P and Cu: Mo:SO4 (Underwood & Suttle. 1999).

The RefDoc-PGR deals with those ratios that are known to have ameliorating effects on the toxicity of

specific WQCs. and indicates both the ratios, and recommended upper limits, for the constituents involved.

The beneficial effects may vary from precipitating effects, reduced digestive tract uptake, to systemic

effects. The RefDoc-IR alerts the user to increased risk due to exposure to WQC as a result of the influence

of site-specific factors, such as soil pH, on the tendency for plants to accumulate the constituent in edible

plant parts.

3.4 RCLPS - Domestic User Group

The following section provides alt the relevant reference documents (RefDocs) applicable for domestic

drinking water within the rural communal context. Many of these RefDocs are linked to "Types of effects"

documents, termed TOE documents. Rules are developed to indicate which RefDocs are applicable, and the

application thereof is also presented. It must be noted that the actual rules-based source code programming

is tar more complex than presented here, but to incorporate it would effectively increase the volume of this

report by a factor of at least ten.

3.4.1 RefDoc-GG-TOEl

The first of these RefDocs provide the most basic of guidelines, namely generic guidelines, referred to as

RefDoc - GG-TOEl. Generic guideline values used for the WQCs addressed for domestic drinking water

purposes. The generic guideline values consist of local and international guidelines for reasons already

dealt with, and form a base reference document, termed RefDoc - GG. on which a series of modifications,

and the generation of other reference documents, are catered for.
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Rule Number I :

The following values (all in mg/L) are used in the same manner as Generic application (as a trigger value).

Should entered value exceed the recommended limit, the WQC is reported as a PHC. and linked to the TOE

reference document dealing with the types o f effects for the WQC in question. Reporting is done in the

same manner as for RefDoc -GG. The 10% C O C rule applies ( i f reported value is within 90% of the PHC

cut-off, then it is reported as a COC).

Refi)oc-GG-TOLi for the RCLPS model.

woe
Al
Sb
As
Ba
B
Be
Cd
Ca
Cl
Cr
Cu

F
Kc
1

Li
Pb

Hp
Mg
Mn
Mo

NO,(N)
NO : (N)

Ni
PH
K

Silver
SO4

Sc
IDS

Te
Ti
Sn
Th
U
V
Zn

Limit (me/L)
0.15
0.006
0.01
0.7

1
0.004
0.003
150
100

0.05
1.3 (action level)

1
0.5
0.5
5

0.01

0.001
100
0.5

0.04
26
1

0.02
6.5-8.5

25
0.1
250
0.02
450

0.005
0.1

0.002
0.002
0.02
0.1
5

l \ nes <»f Kffccts I - General
Brain lesions.
Increase in blood cholesterol, decrease in blood glucose. Cancer.
Skin dainape. circulatory problems, increased risk ofcancer.
Increase in Mood pressure. Circulatory s\stcm clVecls.
Testicular atrophy.
Intestinal lesions. Bone and lunp damape.
Renal damage.
Hypercalcaemia. Induced deficiencv of other minerals.
Hypertension, oedema
Allergic dermatitis. Liver, renal and circulatory disorders.
Short-term eflects are gastrointestinal stress. Long-term effects include liver
and kidney damage.
Bone diseases and mottled teeth.
Cvtotoxic. Reduced liver concentrations of Vitamin E.
Hypothyroiclism.
Depression, diarrhoea, ataxia.
Decreased mental development in infants and children.
Kidney and blood pressure problems in adults.
Renal and nervous system damape.
Diarrhoea.
Neurotoxic eflects.
Testicular damage.
Methaemaplobinaemia
Methaemaplohinaemia

Heart and liver damaee.
Interference with mineral absorption.

Arpyria.
Diarrhoea.
Circulatory problems, liver damape and hair loss.
Salt overload, dehydration, disturbance of salt and water balance. Laxative
effects
Teratopenic effects.

Gastric irritation. Anaemia.
Hair loss, adverse effects in blood, kidney, liver and intestine.
Renal damage.
Growth suppression and respiratory symptoms.
Gastrointestinal irritation, nausea, vomiting.
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3.4.2 RefDoc - SU-TOE2

Rule number 1:

I f the user selects the "Sensitive Group" option, and/or the reported WQC value is within the "Sensitive

Group Range" defined therein, then this is reported under a BOX entitled "Sensitive User Groups at Risk",

and a list "Sensitive User Group Definition" with the appropriate text to Types of Effects, termed RefDoc -

SU-TOE2 is generated.

RetDoc - SU-1 Oi;2 tor the RCLPS model

WQC
As

Cd

Ca

Cl

Cu

F

Fe

Total
Hard-
CaCO,

Mg

Mn

NO, (as
NO-0

K

Sensitive I ser Groups
Infants less than 2 years old.
Users with kidney disease
Users with high water intakes

Users with sub-oplimal Zinc intakes
and malnutrition
Heavy smokers
Users with high water intakes.
Users with kidney or gall-bladder
stones
Users with high water intakes
Infants less than 1 year old
Users with congestive heart failure
or hypertension
Users on a salt-restricted diet
Users suffering from Wilson's
disease
Users with high water intakes

Children up to 3 years old
Users with HI I' infection
Users with suboptimal dietary
calcium & zinc
Users with liver or kidney disease
Malnourished users
Users on renal dialysis
Users with high water intakes
Infants under 4 years of age
Users with a hypersensiiivity to iron

Users with kidney and/or gall-
bladder stones
Infants under 1 year of age
Infants under 1 year of age
Users with high water intakes

Infants under 2 years of age
Lasers with kidney disease
Users with high water intakes

Infants under 1 year
Infants with iron, vitamin C
deficiency, anaemia
Malnourished infants
Infants under 2 years of age
Users with kidney disease

Range
0.01-0.05
0.05-0.2

0.2-2
>2

0.003-0 005
0.005-0.02
0.02-0.05

>0.05
80-150
150-300

>300
100-200
200-600

600-1200
>l200
1-1.3
1.3-2
2-15
>15

0.7-1
1-1.5

1,5-3.5
>3.5

0.5-1
1-5

5-10
>10

200-300
300-600

>600
70-100
100-200
200-400

>400
0 1-0,4
0AA
4-10
>10

26-44
44-89
89-177
>177
25-50
50-100
100-500

>500

Types of Effects - 2
Possible health effects - sensitive groups
Increasing effects - sensitive groups
Risk of chronic health effects - all users
Risk ol acute health effects - all users
Possible health effects - sensitive groups
Increasing effects - sensitive groups
Risk of chronic health effects- sensitive users
Risk of acute health effects - all users
Possible health effects
Increasing effects - sensitive groups
Risk of chronic health effects • sensitive users
Possible health effects
increasing effects — sensitive groups
Possible long-term health effects
Dehydration in infants, nausea and vomiting
Possible health effects
Increasing effects - sensitive groups
Risk of chronic health effects - sensitive users
Acute effects in all users, nausea and vomiting
Possible health effects - sensitive users
Increased effects — sensitive users, tooth staining
Increased effects -all users, marked tooth staining
Increase risk of effects-all users, severe tooth staining

Possible health effects - sensitive users
Increased effects - sensitive users
Chronic health effects - all users
Risk of Fe poisoning - sensitive users
Possible health effects - sensitive users
Possible chronic effects • sensitive users
Increased chronic effects • sensitive users
Possible health effects - sensitive users
Increased effects - sensitive users
Potential diarrhoea - all users
Diarrhoea - all users
Possible health effects - sensitive users
Increased health effects - sensitive users
Possible health effects - all users
Increased health risk - all users
Possible health effects - sensitive users
Increased health effects - sensitive users
Chronic risk - infants
Increasing acute health risk - infants
Possible health effects - sensitive users
Increased health effects - sensitive users
Possible health risk - all users
Definite health risk - all users
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Na

SO4

TDS

Zn

Infants under 2 years of age
Users with kidney disease
Users with congestive heart failure
or hypertension
Users on a salt-restricted diet.
I 'ser.s with high water intakes
Infants under 2 years of age
Users not adapted to high SO4

water.
Users with high water intakes
Infants less than 1 year old.
Users with congestive heart failure
or hypertension
Users with kidney disease.
Users on a salt-restricted diet.
Users with chronic diarrhoea.
Users with high water intakes
Infants under 2 years of age
Users receiving chemotherapy
Users with high water intakes
Users exposed to deficient/toxic
trace mineral levels

100-200
200-400
400-1000

>1000

200-400
400-600
600-1000

>1000
450-1000
1000-2400
2400-3400

>3400

>20

Possible health etTccts - sensitive users
Increased health etTccts - sensitive users
Increased health risk - sensitive users
Definite health risk - all users

Possible health effects - scnsiti\c users
Initial diarrhoea- sensiti\e users
Increased risk of diarrhoea. Poor adaptation
Probable diarrhoea. Adaptation does not occur
Possible health etTccts in sensitive users
Possibility of salt overload in sensitive users
Possible health risk - all indi\ iduals
Increased risk of dehydration

Possible health etTccts - sensitive users

3.4.3 RefDoc-AV

Rule number 1:

If a reported WQC exceeds an "AV limit", then it is reported as an ''Antagonistic Variable", with the

accompanying text "Constituent may induce trace mineral toxicity, deficiency and/or imbalance,

specifically with pre-disposing dietary conditions ". The AV limits listed in the RefDoc -AV apply.

RefDoc - AV. I vamp I es for RCLPS model.

UQC
Sr
Zn

AV limit (mg/L)
0.1
0.1

3.4.4 RefDoc - FP-TOE3

The following section provides the guidelines for water used for food preparation, which is adapted from

the DWA&F (1996) guidelines.

Rule number I:

If a reported WQC is within the limit range, the appropriate reference document is generated, termed

RefDoc -FP-TOE3, and reported to the user in the "Results Screen" with the text: "If water is used for food

preparation, TOE3 ".
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ReiDoc - FP-TOK3 for the RCLPS model.

WQC
TDS

As

Cd

Ca

a

Cu

F

Fe

Total Hardness
CaCO,

Mg

Mn

NO,

K

Na

SO4

Zn

Limit Range (rag/L)
450-2400
2400-3400

>34OO
0.01-0.2

0.2-2
>2

0.003-0.02
(J.02-0.05

>0.05
>I5O

100-600
600-1200

>!200
0.5-2
2-15
>15

0.7-1.5
1.5-3.5
>3.5
0.5-5
5-10
>10

100-300
>300

70-200
200-400

>400
0.1-4
4-10
>10

26-89
89-177
>I77

25-100
100-500
>500

100-400
400-1000

>1000
200-600

600-1000
>1000
3-10
10-20
>20

Tvpes of Effects - 3
Possible adverse health effects may occur in sensitive users
Possible adverse health effects may occur in all users
Increased risk of adverse health effects in all users
Possible adverse health effects may occur in sensitive users
Risk of chronic health effects for all users
Risk of acute health effects for all users
Possible adverse health effects may occur in sensitive users
Risk of chronic health effects for sensitive users
Risk of acute health effects for all users
Possible adverse health effects may occur in sensitive users
Possible adverse health effects may occur in sensitive users
Possible long-term health effects in all users
Dehydration in infants, nausea and vomiting
Noticeable taste
Very objectionable taste
Repulsive taste
Possible adverse health effects may occur in sensitive users
Possible health effects in all users
Increased health risk in alt users
Possible adverse health effects may occur in sensitive users
Chronic health effects for all users
Risk of iron poisoning, specifically in sensitive users
Scaling of kettles
Severe scaling of heated elements
Risk of diarrhoea in sensitive users
Potential for diarrhoea in all users
Diarrhoea and very bitter taste
Possible adverse health effects may occur in sensitive users
Possible health effects in all users
Increased health risk in all users
Chronic risk to infants
Increased chronic risk to infants
Possible acute effects to infants
Possible adverse health effects may occur in sensitive users
Possible health effects in all users
Definite health risk to all users
Possible adverse health effects may occur in sensitive users
Increased health risk, specifically in sensitive users
Definite health risk to all users
Initial diarrhoea, possible adaptation
Diarrhoea with poor adaptation
High risk of diarrhoea with no adaptation
Noticeable taste
Astringent taste
Repulsive taste

3.4.5 RefDoc-IR-TOE4

The following section provides the guidelines for water used for the irrigation of sustainable household crop

production, and is adapted from the DWA&F (1996) guidelines to inform the user of a series of adverse

effects that may arise. Some of these effects reduce crop yield, whilst others are of importance due to the

possibility of certain WQCs increasing in the edible portion of the crop, thereby leading to a significant

route of increased ingestion of the relevant WQC-
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Rule Number I:

Reporting is done per WQC according to the rules provided in the "RefDoc Irrigation Rules" under the

"Results Screen" heading of "Potential Hazards". The rules applicable draw from data input screens

throughout the software program, but predominantly from the Environmental and Water Detail Tabs, and

are invariably of the "If- Then do" type, although in some instances the user is simply referred to relevant

"Notes". Relevant types of effects are reported in the usual manner.

RelDoc-lR-TOL4 for the RCLFS model.

WQC
A l - 1 .

Al -2 .

As - 1.

As-2 .

B e - I .

Be - 2.

B e - 3 .

B - l .

B - 2 .

B - 3 .

C d - 1 .

Cd-2 .
C I - 1 .

CI -2 .

Cr(Vl)-l.

Cr(VI)-2.

C o - 1.

Co - 2.

Irrigation Rules*
• If soil pH <5.5. and Al >5 nig/L. then:
Crop yield may decrease and soil concentration may increase.
• If soil pH >7. and Al> 5 mg/L. then:
Precipitated Al may reduce available P lo plants.
• If As > O.I mg/L. then:
Root crops (potatoes and radishes) ma\ concentrate As to levels that are dangerous to consumers.
• IfAs>0.5mg/L. then:
Crop yield may decrease.
• If soil pH<7. and Be>0.1 mg/L, then:
Crop yield may decrease.
• If soil pH>7. and Be >0.5 mg/L, then:
Crop yield may decrease
• If soil pil<7. and Be >0.5 mg/1, then:
Crop may concentrate Be to levels that are dangerous to consumers, especially if soil Be
concentrations are above normal.
• lfBX).5,then:
Crop yield may decrease in plants sensitive to B (fruits, wheat, sunflower, beans, potato, carrot,
radish, cucumber, lettuce).
• lfB>6 mg/L. then:
Crop yield may decrease in plants tolerant to B (Cabbage, Maize, squash, cauliflower, lucerne,
tomato, sorghum).
• Note:
ll may take several seasons for adverse crop effects due to B lo manifest

• If Cd>0.01.then:
Crops may concentrate Cd to levels that are dangerous to consumers.
• Risk factors include: Soil pH<7. Cl > 100 mg/L
• lfCI>100 mg/L. then:
Application of water to soil surface and wetting of crop foliage may reduce crop yield.
• lfCl>350 mg/L. then:
Increased risk of crop yield decrease with wetting of crop foliage and application of water to soil
surface.

• lfsoilph<7. andCr>0.1 mg/L. then:
Crop yield may decrease
• lfCr>l mg/L, then:
Crop yield may decrease^ Crop may concentrate Cr to levels that are dangerous to consumers,
especially if soil Cr concentrations are above normal.
• If soil ph<7. and Co >0.5 mg/L. then:
Crop yield may decrease. N fertilizers may increase herbage Co levels.
• lfCo>5 mg/L. then:
Crop yield may decrease. Crop may concentrate Co to levels that are dangerous to consumers,
especially if soil Co concentrations arc above normal.
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E.coli
counts/100ml

E.coli
counts/100 ml
C u - 1 .

C u - 2 .

F - 1.

F - 2 .

F e - 1.

Fe -2 .

P b - 1 .

P b - 2 .

L i - 1 .

M n - 1 .

M n - 2 .
M o - 1 .

Mo-2 .

N i - 1.

N i - 2 .

pH

S e - I.

N a - 1 .

TDS-1 .

TDS - 2.

U - l .

U - 2 .

V - l .

V - 2 .

• If E.coli is in the range of 1 - 1000 counts/100ml, then:
Crops consumed raw, and milk from cows grazing pastures will result in transmission of human
pathogens.
• If E.coli is > 1000 counts/lOOml, then:
No contact with crop and humans should occur.
• If soil pH <7, and Cu > 0.2 mg/L then:
Crop yield may decrease. Root crops (potatoes and radishes) may concentrate Cu to levels that are
dangerous to consumers.
• IfCu>5mg'L. Ihen:
Crop yield may decrease. Root crops (potatoes and radishes) may concentrate Cu to levels that are
dangerous to consumers.
• If soil pH<7, and F>1 mg/L, then:
Crop yield may decrease. Crop may concentrate F to levels that are dangerous to consumers.
• 1 f F> 15 mg/L. then:
Crop yield may decrease. Crop may concentrate F to levels that are dangerous to consumers.
especially if soil F concentrations are above normal.
• If soil pH<7, and Fe>5 mg/L, then:
Crop yield may decrease
• lfFe>20mg/L. then:
Crop yield may decrease.
• If soil pH<7. and PbX).2 mg/L. then:
Crop yield may decrease. Crop may concentrate Pb to levels that are dangerous to consumers,
especially in potatoes, lettuce and hay.
• IfPb>2 mg/L, then:
Crop yield may decrease. Crop may concentrate Pb to levels that are dangerous to consumers,
especially if soil Pb concentrations are above normal.
• If Li>2.5. mg/L, then:
Crop yield may decrease.
• If soil pH<7. and Mn > 0.02 mg/L, then:
Crop yield may decrease.
• IfMn> 10 mg/L, then:
Crop yield may decrease.
• If pH>7, and Mo>0.0l mg/L, then:
Crop may accumulate Mo to levels that arc dangerous to animals.
• lfMo>0.05 mg/L, then:
Crop may accumulate Mo to levels that are dangerous to animals.
• If soil pH<7, and Ni > 0.2 mg/L, then:
Crop yield may decrease. Crop may concentrate Ni to levels that are dangerous to consumers.
• 1fNi>2mg/L. then:
Crop may concentrate Ni to levels that are dangerous to consumers.^especially if soil Ni
concentrations are above normal.
• lfpH<6.5or>8.4, then:
Crop yield may decrease.
• IfSc> 0.02 mg/L. then:
Crop may concentrate Se to levels that are dangerous to consumers.

IfNa>70 mg/L. then:
Crop yield may decrease.
• If TDS > 40 mg/L, then:
Crop yield may decrease.
• If IDS > 540 mg/L. then:
Likelihood of sustainable irrigation decreases rapidly.
• If pH<7. and U>0.01 mg/L. then.
Crop yield may decrease.
• IfUXM mg/L, then:
Crop yield may decrease.

If pH<7. and V>0.1 mg/L, then:
Crop yield may decrease.
• If V>1 mg/L, then:
Crop yield may decrease
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Zn-L

Zn-2.

• lfpH<7, and/n>l mg/L, then:
Crop yield may decrease.
• lfZn>5mg/L.lhen:
Crop yield may decrease.

* concentrations are in water, in mg/L. unless otherwise stated

3.4.6 RefDoc-ARF

This RefDoc deals with differences in inherent risk attributed directly to the attributes of a WQC. and also

with water quality risk factors indirectly associated to a WQC. The following table presents those WQCs

with low, moderate, and high inherent risk. Those with low inherent risk have aesthetic factors that provide

for a degree of protection at concentrations lower than the recommended guideline level. Those with

protective effects at concentrations similar to the recommended guideline level are classed as moderate,

whilst those with no protective aesthetic attribute are classed as high.

RefDoc-ARFl for the RCLPS model.

WQC (WQC)

As (0.01)

Cd (0.005)

Cr(Vl)
F( l )

Pb

Hg

No3(10) + NO : ( l )

Sc

V

Relevant Level
(mg/L)

0.01

0.005

0.05
1

0.01

0.001

10+1 (asN)

0.02

0.1

NOTES
WQC WITH HIGH INHERENT RISK

No laste. odour, or colour.
Single day exposure ma> result in serious adverse effects.

No taste, odour, or colour.
Single day exposure may result in serious adverse effects.
Single day exposure may result in serious adverse effects.

No taste, odour, or colour.
Single day exposure mav result in serious adverse efiects.

Bioaccumulation.
Single day exposure may result in serious adverse effects.

Hioaccumulation.
No taste, odour, or colour.

Single day exposure may result in serious adverse ellects.

Single day exposure may result in serious adverse effects.

Cu(1.3)

Fe(l)

Mg (100)

Mn (0.4)

Zn(20)

1.3
>2
0.2
>2
70

>IOO
>200
0.1

>0.4
1.0
4
10
20

K (50)
Na(200)
SO4 (400)

50
200
400

WQC WITH LOW INHERENT RISK
noticeable taste

very objectionable taste
noticeable taste
objectionable
slightly bitter

bitter
very bitter

noticeable taste
increasingly noticeable

objectionable
taste threshold

astringent
repulsive

WQC WITH MODERATE INHERENT RISK
bitter
salty
bitter
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RefDoc-ARF2 for the RCLPS model.

WQC (WQC)

Al

Cd

Cr(VI)

Cu

Pb

V

Zn

Relevant Level

0.15

0.005

0.05

1.3

0.01

0.1

20

Description

Risk due to ingestion of Al ma\ increase if:
water pH = neutral and F > 1 mg/L (solubilitv increase)

Risk due to ingestion of Cd may increase if:
water pH = acidic (solubility increase)

Risk due to ingestion of Cr{Vl) may increase if:
Ke < 0.1 and oxidisable organic matter not present (Ratio of

Cr(VI):Cr(II + III) increases)
Risk due to ingestion of Cu may increase if:

water pH = acidic (solubility increase)
Risk due to ingestion of Pb may increase if:

Ca<80 (less mitigation)
Risk due to ingestion of V may increase if:

water pH = acidic and F<0.7 (solubility increase)
Risk due to ingestion ofZn may increase if:

water pH = acidic (solubility increase)

3.4.7 RefDoc-PGR

The following table presents those ratios dealt with in the RCLPS model. The model reports on potentially

hazardous ratios in two ways. Firstly, the relevant WQCs involved are reported to the user as: Ratio

between WQC X and WQC Y is not optimal'. Background information is also made available on the likely

effects. Secondly, the model solves for the optimum ratio, as much as is attainable, whilst maintaining

upper limit recommendations for the ameliorating WQC. The ratio between Cd and Zn is used as an

example:

Rule 1: Report in Results Screen: "Ratio between WQC X and WQC Y is not optimal".

Rule 2:If WQC X is > TWQR, then solve for set ratio by increasing WQC Y to recommended PGR.

Example: Cd and Zn

Background information:

PHC = Cd. Ameliorating WQC - Zn.

WQG - 0.005 mgCd/L (EPA, 1998; DWA&F, 1996)

0.003 mg Cd/L (QDWS, 1998; WHO, 1993)

3mgZn/L(DWA&F, 1996; WHO, 1993)

5 mg Zn/L (secondary maximum contaminant level - EPA, 1998)

20 mg Zn/L (QDWS, 1998)

PGR - Cd: Zn = 1:300 (DWA&F, 1996)

The level at which Zn becomes unacceptable to the user in terms of taste occurs between 5 - !0 mg Zn/L

(QDWS, 1998). The WHO (1993) reports the taste threshold as being 4 mg Zn/L. Thus, the maximum

limit at which zinc may be added to water containing Cd values in excess of the TWQR, is 10 mg/L. Note

that this is well within the 20 mg Zn/L health based guideline.

If Cd - 0.0167 mg/L, and Zn - 0.296 mg/L, then:
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PGR for Cd and Zn (1:300) at TWQR for Cadmium

[Cd = 0.005mg/L]:[Zn = 1.5. mg/L]

Required Zn addition to maintain preferred ratio =

(0.0167 *300) - (0.296) - 4.715 mg/L

RelDoc-PGR for the RCLPS model.

Main
PHC

Rules

As: 0.01 -0 .2 = Tolerable (DWAF), 0.01-0.05 = Tolerable (QDWS)
C k - S e . I. Hg
Se = 0.02 - 0.05 increase OK
Hg = NO increase

Cd If Zn is suboptimal. then limit = 0.005
Can increase Cd limit to 0.01 if Zn optimal:
Usually Zn;Cd of 300:1
Z n - Increase to 20 mg/L if pH >9.5
Zn = increase to 10 mg/L if pH<9.5
Se also protects, therefore:
Se = 0.02 - 0.05 increase OK

Ca Increase to 80 (hot! to 150 (cold) OK
Cl Increase to 200 = OK. 600 = tolerable

CrtVI)
Cu Increase 1-1.3 = OK; 1.3 - 3 0 = tolerable

If pH<7.5 = more Cu available

WOC Limit Ratio Result
B
Ca
TDS
Sr
Mo
pH

3
150
450
0.1
0.07
7.5

0.7:
0.7:
0.7:
0.7:
07:
0.7:

>4.28
>214.28
>642
<0.142
<0.l
>IO.7I

Fe increase 0 . 1 - 1 = OK for children
increase 0.1 - 10 = OK for adults
If Al + Mn present, may reduce ability to coprecipitate As, Cu, Cd and Pb
If As. Cu, Cd or Pb = PHC/COC. then:
Fe: Increase to 1 children / 10 for adults

Pb 0.01 limit:
Fc: Increase to 1 mg/i. for children / 10 mg/L for for adults
Ca: Increase to 80 (hot) to 150 (cold) OK

Mn 0.05-50-OK (DWAF)
0.1-0.4 = OK (QDWS)
Ca: Increase to 80 (hot) to 150 (cold) OK

J i t
Se 0.02 -0 .05 = tolerable

CK: S, Fe. As + Cu Cd Hg
Cu: Increase to 1.3 (or 3 if Se ingestion = 0.7 mg/d)
Fe: increase to 1 children / 10 for adults
S: increase to 400

0.1 limit:
Fe: Increase to I children / 10 for adults

Zn 3 - 1 0 OK
Mav interfere with Cu and Cd
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RefDoc-GN (general notes)

This RefDoc consists of a number of relevant notes which are brought to the users attention in the Results

Screen. Examples are:

Al: If pH = 6.7 - 7.6, and AIXU5 mg/L, but <0.5 mg/L, then:

"Health risk is less due to the probable formation and precipitation of insoluble Al-salts."

V: I f p H - 8 . 5 - 11.5, and V>0.l mg/L then:

"Health risk is less due to the probable formation and precipitation of insoluble V-salts."

3.4.8 RefDoc - WTTCCIRRD (water turnover temperature corrected constituent ingestion rate

reference document)

The following set of tables present the WTTCCIRRD type A, B and C, documents use for risk assessment

in the RCLPS model. Although the basis for conducting the calculations is common to all (WHO, 1993) the

guideline values are adopted from a number of different sources, as indicated for each table.

Rule number 1:

If calculated result exceeds Category C status, or worse (DWA&F, 1996; Drinking Water for Domestic

Supplies, 1998), the relevant WQC is reported as a PHC and the appropriate supporting text is generated.

The usual COC rule applies.

Example:

If user definition = adult, WQC input = F - 2mg/L, Temp input = 14 deg C, then:

Result returned = Category D status for F.

Reason = l.63<2>3.83 for 14 degC reference line.

39



WTTCCIRRD 1 Tvpe A: Domestic

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. WI(L/d)b

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176
3.3333
3.5087
3.7735

4
4.2553
4.6511

user group = Adult (60 kg BW) for WQC = K

TWQR
0-0.7

0.69

1.38
1.19007
1.05003
o.yioo4
0.77003

0.7
0.66502
0.63001
0.59501

0.56
0.49001
0.49001
0.46898
0.44081

0.42
0.39901
0.37101

0.35
0.329
0.301

Allowable W0<
Cat B
0.7-1

' concentration
( a l C
1-1.5

n mg/La

CatD
1.5-3.5

Effective Upper Limit value used (mg/L)
0.99

Category
1.98

1.6831
1.48504
1.28705
1.08905

0.99
0.94053
0.89101
0.84151
0.792

0.69301
0.69301
0.66327
0.62343
0.59401
0.56431
0.52471

0.495
0.4653

0.42571

1.49 3.49
ingeslion (mg/d)

2.98
2.53315
2-23506
1.93708
1.63907

1.49
1.41554
1.34101
1.26652
1.192

1.04302
1.04302
0.99826
0.93829
0.89401
0.84932
0.78972

0.745
0.7003
0.64071

6.98
5.93336
5.23513
4.537!8
3.83917

3.49
3.3156

3.14103
2.96655
2.792

2.44304
2.44304
2.3382
2.19773
2.09402
1.98934
1.84974
1.745

1.64031
1.50072

CalK
>i.5

3.5

7
5.95036
5.25013
4.55018
3.85017

3.5
3.3251
3.15003
2.97505

2.8
2.45004
2.45004
2.3449
2.20403
2.10002
1.99504
1.85504

1.75
1.64501
1.50502

Adapted from DWA&F
Adapted from DWA&F

(1993; 1996) and Quality of Domestic Water Supplies (1998)
(1996) and WHO (1993); c Default temperature

WTTCCIRRD 1 Type B: Domestic user group = Children (10 kg BW) for WQC = F.

Temp-C
8
10
12
14
16(

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. WI (L/d>b

0.5882
0.6666
0.7692
0.909

1
1.052
11111
1.1764
1.25

1.4285
1.4285
1.4925
1,5873
1.6666
1.7543
1.8867

2
2.1276
2.3255

Allowable WOC concentration in me/L"
TWQR
0-0.7

(at It
0.7-1

Cm C
1-1.5

( a l l )
1.5-3.5

CatK
>3.5

Effective Upper Limit value used (mg/L)
0.79 0.99 1.49 3.49 3.5

Category inpestion (mg/d)
0.79

1.34308
1.18512
1.02704
0,86909

0.79
0.75095
0.71101
0,67154
0.632

0.55303
0,55303
0.52931
0,4977
0.47402
0,45032
0.41872
0.395

0.37131
0.33971

0.99
1.6831
1.48515
1.28705
1.0891!

0.99
0.94106
0.89101
0.84155
0.792

0.69303
0.69303
0.66332
0.6237
0.59402
0.56433
0.52473
0.495

0.46531
0.42571

1.49
2.53315
2,23522
1.93708
1 63916

1.49
1.41635
1 34101
1.26658
1,192

1.04305
1.04305
0.99832
0.9387
0 89404
0.84934
0.78974
0,745

0.70032
0,64072

3.49
5.93336
5.23552
4.53718
3,83938

3.49
3.31749
3.14103
2 96668
2.792

2.44312
2 44312
2.33836
2.1987
2.09408
1 9894
1.84979
1.745

1.64035
1.50075

3.5
5.95036
5,25053
4.55018
3.85039

3.5
3,327

3.15003
2.97518

2,8
2.45012
2.45012
2.34506
2.205

2.10008
1.9951

1.85509
1.75

1 64505
1,50505

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);c Default temperature
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WTTCCIRRD

Temp-C
8

10
12
14

I6 r

18
20
22
24
26

28
30
32
34

36

38
40
42
44

1 Tvpe C: Domestic user group = Infants (5 kg BW) for WQC

Predic. Wl <l-/d)b

0 4411
0.5

0.5769
0.6818
0.75

0.7894
0 8333
0.8823
0.9375
1.0714
1.0714
1.1194
1 1904
1.25

1.3157
1.415

15
1 5957
1.7441

TWQR
0-0.7

0.69

Allowable W(X"
( Atti
0.7-1

Effective Upper 1
0.99

= F
concentration in mg/LJ

CMC

1-1.5
imit \alue

1.49

CatD
1.5-3.5

used I ing. 1..)
3.49

CM K
>3.5

3.5

Category motion Img'd)
0.5175
1 1732
1 035

0 89704
0 75902

0.69
0 65556
0 62102
0.58654

0.552
0 48301
0.48301
0.4623

0.43473
0414

0 39333
0.36572

0.345
0 32431
0 29671

0.7425
1.68329
1.485

1.28705
1.08903

0.99
0.94059
0.89104
0.84155
0.792

0.69302
0.69302
0.6633

0.62374
0.594

0.56434
0.52473
0.495

0.46531
0.42572

1.1175
2.53344

2 235
I V3?0ti
t 63M4

1.49
1 41563
I 34105
1.26658
1.192

I 04303
1.04303
0.9983

0.93876
0. H94

0.84936
0. 78975
0 745

0. 70032
0 64073

2.6175
5.93403

5.235
4.53718
3 8391
3.49

3 31581
3 14113
2.96668

2.792
2 44307
2.44307
2.33831
2.19884
2 094

1 98944
1.84982
1.745

1.64035
1.50077

2.625
5 95103

5 25
4 55018
3 8501

3.5
3 32531
3.15013
2975 IK

2.8
2 45007
2.45007
2.34501
2.20514

2.1
1 99514
1 85512

1.75
I 64505
1.50507

Adapted from DWA&I (1993. 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);

of Domestic Water Supplies
Default temperature

1998)

WTTCCIRRD 2 Type A: Domestic user group = Adult (60 kg BW) for WQC = As,

T C M P - C

8
10

12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)"
1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

25
2.8571
2.8571
29852
3.176
3.3333
3.5087
3.7735

4

4.2553
4 6511

Allowable WOC concentration in m ^ L '
TWQR
0.009

CatB
0.01-0.049

(at C
0.05-0.19

CatD
0.2-1.99

Cut K
>2

Effective Upper Limit value used (mg/L.l
0.009

0.018
00153
00135
0.0117
0.0099
0009

0.00855
0 0081

0.00765
0.0072
0 0063
0.0063

0 00603
0.00567
0 0054

0 00513
0.00477
0.0045

0.00423
0.00387

0.049
Calegon

0.098
0-0833
0.0735
0.0637
0.0539
0.049

0.04655
0.0441

0.04165
0.0392
0.0343
0.0343

0.03283
0.03086
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

0.19 1.99
ingestion (mg/d)

0.3ft
0.32302
0.28501
0.24701
0 20901

0 19
0.1805 1

0.171
0.1615
0.152
0.133
0.133

0.12729
0.11965
0 114

0 1083
0.1007
0.095

0 0893
0.0817

3.98
3.3832

2.98507
2 5871
2.1891

1.99
1.89056
1.79102
1.69153

1.592
.39302
.39302
.33324
.25315
.19401
.13432
.05472
0.995

0.9353
0.85571

2

4
3.4002

3.00008
2.6001
2.2001

2
1 9(1006
1 80002
1.70003

1.6

1.40002
1.40002
1.33994
1.25945
1.20001
1.14002
1 06002

1
0 44

0 860(11
Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

19%) and Quality of Domestic Water Supplies (1998)
and WHO(l993); t Default temperature
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WTTCCIRRD 2 Tvpe B: Domestic user group = Children (10 kg B W) for WQC = As.

Temp-C
8
10
12
14
16C

18
20

22
24
26
28
30

32
34

36
38
40
42
44

Pradk. WI(IVd>b

0.5882
0.6666
0.7692
0 909

1
1.052
I.mi
1.1764
1.25

1,4285
1.4285
I 4925
1,5873
1.6666
1.7543
1.8867

2
2,1276
2.3255

Allowable WQC concentration in mp/La

TWQR
0.099

Cat B
0.01-0.049

Cat C
0.05-0.19

Cat 1)
0.2-1.99

Cat K
>2

Hffective Upper Limit value used (mg/L)
0.009 0.049 0.19 1.99 n 2

Caleporv ingestion (mg/d)
0.009
0.0153
0.0135
0.0117
0.0099
0.009

0.00856
0.0081

0.00765
0.0072
0.0063
0.0063

0.00603
0.00567
0.0054

0.00513
0.00477
0.0045

0.00423
0.00387

0.049
0.0833
0.07351
0.0637

0.05391
0.049

0.04658
0.0441

0,04165
0.0392
0.0343
0,0343

0.03283
0.03087
0,0294

0.02793
0,02597
0.0245

0.02303
0.02107

(1.19

0.32302
0 28503
0.24701
0.209U2

0 19
0.18061
0.171

0.16151
0.152

0.13301
0.13301
0.1273
0.1197
0.114

0.10831
0.1007
0.095

0,0893
0.0817

1.99
3.3832
2.9853
2.5871
2.18922

1.99
1 89163
1.79102
1 6916
1.592

1.39307
1.39307
1 33333
1.2537
1.19405
1,13436
1.05475
0.995

0,93533
0.85573

2
3.4002
3.0003
2.6001
2.21)022

T

1.90114
1.80002
1.7001

1.6
1.40007
1.40007
1 34003

1.26
1.20005
1.14006
1.06005

1

0.94003
0.86003

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993);c Default temperature

WTTCCIRRD 2 Type C: Domestic user group = Infants (5 kg BW) for WQC = As.

Temp-C
8

10
12
14

16C

18

20
22
24

26
28
30
32
34
36
38

40
42

44

Predic. Wl (L/d>b

0.4411
0.5

0.5769
0.6818
0.75

0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1.1904

125
1.3157
1.415

1.5
1.5957
1.7441

Allowable WOC concentration in mg/La

TWQR
0.009

( a t It
0.01-0.049

CatC
0.05-0.19

CatD
0.2-1.99

CatE
>2

Lffeclive Upper Limit value used (mg/L)
0.009 0.049 0.19 1.99 2

Category ingestion (mg/d)
0.00675
0.01519
0.0134

0.01161
0.00983
0.00893
0.00849
0.00804
0.00759
0.00715
0.00625
0.00625
0.00599
0.00563
0.00536
000509
0.00473
0.00447
0.0042

0.00384

0.03675
0.0832
0.0734

0.06362
0.05383
0.04893
0.04649
0.04404
0.0416

0.03915
0.03425
0.03425
0.03279
0.03083
0.02936
0.02789
0.02594
0.02447

0.023
0.02104

0.1425
0.32306
0,285

0.24701
0.20901

0.19
0.18052
0.17101
0.16151
0.152
0.133
0,133

0.1273
0.11971
0,114

0.10831
0.10071
0.095

0.0893
0.0817

1.4925
338359

2.985
2.5871

2.18906
1.99

1.89068
1.79107
1.6916
1.592

1,39304
1.39304
1.3333
1.25378
1.194

1.13438
1.05477
0.995

0.93533
0.85574

1.5
3.40059

3
2.6001

2,20006
2

1.90018
1.80007
1.7001

1,6
1.40004
1.40004

1 34
1.26008

12
1.14008
1.06007

1
0.94003
0.86004

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);

of Domestic Water Supplies (1998)
1 Default temperature
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WTTCCIRRD 3 Tvpe A: Domestic user group - Adult (60 kg BW) tor WQC = Cd.

T«mp-C
8
10
12
14
lfic

18
20

22
24
26
28

30
32
34

36
38
40

42
44

Predic. Wl(L/d>b

1.1764
1.3333
1.5384
1 8181

2

2.1052
2.2222
2.3529

2.5
28571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4
4.2553
4.6511

TWQR
0.0029

Allowable WOC concentration in mp/La

Cat B
0.003-0.0049

Cat C
0.005-O.019

C « D
0.02-0.049

CatE
>0.05

ttTective Upper Limit value used (mg/L)
0.0029

0.0058
0.00493
0.00435
0.00377
0.00319
0.0029

0.00276
0.00261
0.00247
0.00232
0.00203
0.00203
0.00194
0.00183
0.00174
0.00165
0.00154
0.00145
0.00136
0.00125

0.0049
Categon

0.0098
0.00833
0 00735
0.00637
0.00539
0.0049

0.00466
0.00441
0.00417
0.00392
0.00343
0.00343
0.00328
0.00309
0.00294
0.00279
0.0026

0.00245
0.0023

0.00211

0.019
ingeslion (mg/d

0.038
0.0323
0.0285
0.0247
0.0209
0.019

0.01805
0.0171

0.01615
0.0152
0.0133
0.0133

0.01273
0.01196
0.0114
0.01083
0.01007
0.0095
0.00893
0.00817

0.049

0.098
0.0833
0.0735
0 0637
1) 0539
0.049

0.04655
0.0441

0.04165
0.0392
0.0343
0.0343

0.03283
0 03086
0.0294

0.02793
0 02597
0.0245

0.02303
0.02107

0.05

0.1
0.08501
0.075
0 065
0 055
0 05

0.0475
0 045

0.0425
0.04

0.035
0 035
0.0335

0.03149
0 03

0.0285
0.0265
0.025

0.0235
0.0215

Adapted from DWA&F (1993:
Adapted from DWA&F (19%)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);' Default iemperature

WTTCCIRRD 3 Type B: Domestic user group = Children (10 kg BW) for WQC = Cd

Tcmp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

PrwMe. Wl (L/d)b

0.5882
0.6666
0.7692
0.909

1
1.052
.1111
.1764
1.25
.4285
4285
.4925
.5873
.6666
.7543
.8867

2
2.1276
2.3255

Allowable WOC concentration in mg/L"
TWQR
0.0029

CalB
0.003-0.0049

CatC
0.005-0.019

CatD
0.02-0.049

CatE
>0.05

Effective Upper Limit \alue usedlmg/L)
0.0029 0.0049 0.019 0.049 0.05

Category ingestion (mg/d)
0.0029
0.00493
0.00435
0.00377
0.00319
0.0029

0.00276
0.00261
0.00247
0.00232
0.00203
0.00203
0.00194
0-00183
0.00174
0.00165
0.00154
0.00145
0.00136
0.00125

0.0049
0.00833
0.00735
0.00637
0.00539
0.0049

0.00466
0.00441
0.00417
0.00392
0.00343
0.00343
0.00328
0.00309
0.00294
0.00279
0.0026

0.00245
0.0023

0.00211

0.019
0-0323
0.0285
0.0247
0.0209
0.019

001806
0.0171

0.01615
0.0152
0.0133
0.0133

0.01273
001197
0.0114
0.01083
001007
0 0095
0.00893
0.00817

0.049
0.0833

0.07351
0.0637

0.05391
0.049

0.04658
0.0441

004165
0.0392
00343
0.0343

0.03283
0.03087
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

0.05
0.08501
0.07501
0.065

0.05501
0.05

0.04753
0.045

0.0425
0.04

0.035
0.035

0.0335
0.0315
0.03

0.0285
0.0265
0 025

0.0235
0.0215

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993);' Default temperature
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WTTCCIRRD 3 Tvpe C: Domestic user group = Infants (5 kg BV. ) for WQC = Cd

Temp-C
8
10

12
IJ
16'
18
20
22
24
26

28
30
32
34
36
38
40
42
44

Predic. W l <L/d)h

0.4411
0.5

0.5769
0.6818

0.75
0.7894
0.8333
0.8X23
0.9375
1.0714
1.0714
1.1194
1.1904

1.25
1.3157
L415
1.5

1.5957
1.7441

rwyR
0.0029

A How able W(X" concentration in mp/L*
Cat B

0.O0J-0.0O49
Cm C

0.005-0.019
Cat 1)

0.02-0.049
( al K
>0.05

Effective Upper Limit \alue used<mg/l )
0.0029

0.00218
0 O0494
0 00436
0 0(1378
0 0032

0.00291
0 00276
0.00262
0.00247
0.00233
0.00203
0.00203
0.00195
0.00183
0.00174
0.00166
0.00154
0 00145
0.00137
0.00125

0.0049 0.019
Category ingest ion (nig/d

0.00368
0.00834
0.00736
0.00638
0 0054

0.O0491
0.00466
0.00442
0.1*0417
0.(10393
0.00343
0.00343
0.00329
0.00309
0.00294
0 0028
0.0026

0 00245
0.00231
0 002!1

0.01425
0 03219
0.02X4

0.02461
0.02083
0.01893
0.01799
0.01704
0.01609
0.01515
0.01325
0.01325
0.01269
0.01193
0 01136
0.01079
0.01004
0.00947
0.0089

0.00814

0.049

0.03675
0 0832
0.0734

0.06362
0 05383
0.04893
0 04649
0.04404
0.0416

0.03915
0.03425
0.03425
0.03279
0.03083
0.02936
0.02789
0.02594
0.02447
0023

0.02104

0.05

0.0375
0 08501

0.075
0 065
0 055
0.05

0 0475
0 045

0.0425
0.04

0 035
0 035

0 0335
0.0315

0 03
0.0285
0.0265
0.025

0.0235
0.0215

Adapted from DWA&F
Adapted from DWA&F

(1993; 1996) and Quality
(1996) and WHO (1993):

of Domestic Water Supplies (1998)
' Default temperature

WTTCCIRRD 4 Type A: Domestic user group = Adult (60 kg BW) for WQC - Ca

Temp
«teR Cel)

8
10

12
14
16C

18

20
22
24
26
28
30
32
34
36

38
40

42
44

Predicted Wl
(L/d)b

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176
3.3333
3.5087
3.7735

4

4.2553
4.6511

Allowable WOC concentration in nm/La

TWQK
79

Cat B
80-149

CatC
150-299

CatD
>300

Cat K"

I-ffcclive 1 !pper Limit value used (mg/L)
79

158

134.308
118 503
102.704
86 9039

79

75 0523
71.1007
67 1512

63.2
55 3008
55.3008
52.9278
49.7481
47 4005
45 0309
41.8709

39.5
37.1302
33.9705

149 299
Categor\ m^cstion (mg/d

298

253.315
223.506
193.708
163.907

149

141.554
134.101
126.652
119.2

104.302
104 302
99.8258
93.8287
89.4009
84.9317
78.9718

74.5
70.0303
64.0709

598

508.33
448 511
388.716
328 915

294
284.059
269.103
254.154

239.2
209.303
209.303
200.322
188.287
179.402
170.433
158 474
149.5

140 531
128.572

300

600

510.031
450.011
390016
330.015

300
285.009
270.003
255.004

240

210.003
210.003
200.992
188917
180.002
171.004
159.004

150
141.001
129.002

Adapted from DWA&F
Adapted from DWA&F
Not applicable to WQC

(1993; 1996) and Quality
(1996) and WHO (1993);
= Ca

of Domestic Water Supplies (1998)
c Default temperature
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WTTCC1RRD 4 Type B: Domestic user group = Children (10 kg HW) tor WQC = Ca.

Temp
(dee Cel)

8

10
12
14

I6C

18
20

22
24
26
28

30
32
34
36
38
40

42
44

Predicted Wl
<L/d)b

0.5882
0.6666
0.7692
0.909

1

1.052
Mill
1 1764
1.25

1.4285
1.4285
1.4925
1.5873
1.6666
1.7543
1.8867

2
2.1276
2.3255

TWQR
79

Allowable WQC concentration in mg/L"
CatB
80-149

Cat C
150-299

CatD
>3O4I

Cat K-

HtYective Upper Limn value usedtmg/L)
79

79

134.308
118.512
102 704
86 9087

79
75.0951
71 1007
67.154

63.2
55.3028
55 3028
529313
49.77

47 4019
45.0322
41.8721

39.5
37 131

33 9712

149 299
Category ingest ion (mg/d

149

253 315
223.522
193.708
163916

149

14! 635
134.101
126 658

119 2
104.305
104 305
99 8325
93 8701
89 4036
84 9342
78.9739

74.5
70 032

64.0722

299

508 33
448.545
388 716
328 933

299

284.221
269 103
254 165

239.2
209 31
209 31

200 335
188 37
179 407
170 438
158478

149.5
140 534
128.575

300

300

510 031
450.045
390 016
330 033

300
285.171
270.003
255 015

240
210011
210.011
201.005

189
180 007
171.008
159.008

150
141.004
129 005

Adapted from DWA&F< 1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO < i W ) .
Not applicable to WQC = Ca

of Domestic Water Supplies < 1998)
c Default temperature

WTTCCIRRD 4 Type C: Domestic user group = Infants (5 kg BW) lor WQC = Ca

Temp-C
8
10

12
14
I6C

18
20

22
24
26
28
30
32
34
36
38
40
42

44

Pradic.WI<L/dr
0.4411

0.5

0.5769
0.6818
0.75

0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1.1904
1.25

1.3157
1.415

15
1.5957
1.7441

Allowable WQC concentration in mg/La

TWQR
79

( a t B
80-149

Catc:
150-299

CatD
>3©0

Cat Kd

FfTectivc Upper Limit value used (mg/L.)
79 149 299 300

Category ingestinn (mg/d)
59.25

134.323
118.5

102 704
86.9023

79

75.057
71.102ft
67.154
63.2

55.3015
55.3015
52.9301
49.7732

47.4
45.0331
41.8728

39.5
37.131

33.9717

111.75
253.344

223.5
193.708
163.904

149
141.563
134 105
126.658

119.2
104.303
104.303
99.8303
93.876

89.4
84.9358
78.9753

74.5
70.032

64.0732

224.25
508388
448.5

388 716
328 909

299

284.077
269.111
254 165

239.2
209.306
209 306
200 331
188 382
179.4

170.442
158 481

149 5
140.534
128.576

225
510 088

450
390 016
330.009

300
285 027
270.011
255.015

240
210.006
210 006
201 001
189012

180
171.012
159.011

150
141.004
129.006

Adapted from DWA&F (1993. 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);
Not applicable to WQC = Ca

of Domestic Water Supplies (1998)
e Default temperature
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WTTCCIRRD 5 Type A: Domestic user group = Adult (60 kg BW) ior WQt = U .

Temp-C
8
10

12
14
I6C

18
20
22
24

26

28
30
32
34
36

38
40
42
44

Predic. WI (L/d)b

1.1764
1.3333
1 5384
1 8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4
4.2553
4.6511

Allowable WQC concentration in mg/La

TWQR
99

CatB
100-199

(at C
200-599

CatD
600-1199

Cat E
>!200

Effective Upper Lima value used (mp/L)
99

r 199 599 1199 1200
Category ingesiion (mg/d)

198
168.31

148.504
128.705
108.905

99

94.0528
89.1009
84.1515

79.2
69.301
69 301

66.3272
62.3426
59.4006
56.4312
52.4712

49 5
46.5302
42.5706

398
338.32

298.507
258.71
218.91

199

189.056
179.102
169.153

159.2
139.302
139.302
133.324
125.315
119.401
113.432
105.472

99.5
93.5304
85.5712

1198
1018.36
898.522
778.731
658.93

599

569.067
539.105
509.159
479.2

419.306
419.306
401.313
377.204
359.404
341.437
317.477

299.5
281.531
257.573

2398
2038.42
1798.54
1558.76
1318.46

1199
1139.08
1079.11
1019.17
959.2

839.313
839.313
803.296
755.038
719.407
6X3.444
635.484

599.5
563.533
515.577

2400
2040.12
1800.05
1560.06
1320 06

1200
1140.03
1080.01
1020.02

960

840.013
840.013
803 966
755.668
720.007
684.014
636.014

600
564.003
516.007

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993); * Default temperature

WTTCCIRRD 5 Type B: Domestic user group = Children (10 kg BW) tor WQC = Cl.

Tcmp-C
8
10

12
14

i6c

18
20
22
24
26
28
30
32
34

36
38
40

42
44

Predic. WI (L/d)B

0.5882
0.6666
0.7692
0.909

1

1.052
I I I !
1764

1.25

.4285

.4285

.4925

.5873

.6666

.7543

.8867
2

2.1276
2.3255

Allowable WOC concentration in mg/l-*
TWQR

99
CatB

100-199
Cat c:

200-599
CatD

600-1199
CatE
>1200

Effective Upper Limil value used (mg/l.)
99

99
168.31

148.515
128.705
108.911

99

94.1065
89.1009
84.155

79.2
69.3035
69.3035
66.3317
62.3701
59.4024
56.4328
52.4726

49.5
46.5313
42.5715

199
Category

199
338.32
298.53
258.71

218.922
199

189.163
179.102
169.16
159.2

139.307
139.307
133.333
125.37

119.405
113.436
105.475

99.5
93.5326
85.573

599
ingestion (mg/d

599
1018.36
898.59
778.731
658.966

599
569.392
539.105
509.181
479.2

419.321
419.321
401.34
377.37

359.414
341.447
317.486
299.5

281.538
257.579

1199
)

1199
2038.42
1798.68
1558.76
1319.03

1199
1139.73
1079.11
1019.21
959.2

839.342
839.342
803.35

755.371
719.429
683.463
635.501
599.5

563.546
515.588

1200

1200
2040.12
1800.18
1560.06
1320.13

1200
1140.68
1080.01
1020.06

960
840.042
840.042
804.02
756.001
720.029
684.034
636.031

600

564.016
516.018

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Suppiics
Adapted from DWA&F (1996) and WHO (1993);c Default temperature

(1998)
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WTTCCIRRD 5 Tvpc C: Domestic user group - Infants (5 kg BW) for WQC = Cl.

Temp-C
8
10
12
14

16C

18
20

22
24

26
28
30
32
34

36
38
40

42
44

Predic. WI (L/d)b

0.4411
0.5

0.5769
0.6818

0.75
0.7894
0 8333
08823
0.9375
1.0714
1.0714
1.1194
1.1904
1.25

1 3157
1.415

1.5
1.5957
1.7441

TWQK
99

99

74.25
168.329

1485
128.705
108.903

99

94.0588
89.1036
84.155
79.2

69.3018
69.3018
66.3302
62.374

59.4
56.4338
52.4735

49.5
46.5313
42.5721

Allowable WQC concentration in mE/L*
Cat B

100-199
Effective Upper

199

Cat C
200-599

Cat D
600-1199

Limit value used (mg/Lt
599

Cateporv ingestion (mg/d
149.25

338 359
298.5

258.71
218.906

199

189.068
179.107
169.16
159.2

139.304
139.304
133.33

125.378
119.4

113 438
105 477

995
93.5326
85.5742

449.25
1018.48
898.5

778.731
658.918

599

569.103
539.122
509.181
479.2

419311
419311
401.331
377 394

359.4
341.453
317.491
299.5

281 538
257.583

1199
)

899.25
2038.65
1798 5

1558 76
131894

1199
1139.16
1079 14
1019.21
959.2

839 322
839.322
803.332
755.418

719.4
683.476
635.512

599.5
563.546
515.595

Cat i:
>1200

1200

900
2040.35

1800
1560.06
1320.04

1200
1140.11
1080.04
1020.06

960

840.022
840.022
804.002
756.048

720
684.047
636.042

600

564.016
516.025

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality
and WHO (1993);

of Domestic Water Supplies (1998)
* Default temperature

WTTCCIRRD 6 Type A: Domestic user group = Adult (60 kg BW) for WQC = Cu

Tcmp-C
8
10
12
14
I6C

iS
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

1.1764
1.3333
1.5384

1.8181
2

2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176
3.3333
3.5087
3.7735

4
4.2553
4.6511

Allowable WQC concentration in mp/L*
TWQR

0.99
Cat B | Cat C
1-1.29 1.3-1.99

CatD
2-14.9

CatE
>15

I-ffective Upper Limit value used (mg/L)
0.99 1.29 1.99 14.9 15

Category ingestion (mg/d)
1.98

1.6831
1.48504
1.28705
1.08905

0.99
0.94053
0.89101
0.84151

0.792
0.69301
0.69301
0.66327
0.62343
0 59401
0 56431
0.52471

0.495
0.4653

0.42571

2.58
2.19313
1.93505
1.67707
1.41906

1.29
1.22554
1.16101
1.09652

1.032
0.90301
0.90301
0.86426
0.81234
0.77401
0.73532
0.68372

0.645
0.6063

0.55471

3.98
3.3832

2.98507
2.5871
2.1891

1.99
1.89056
1.79102
1.69153

1 592
1.39302
1.39302
1.33324
1.25315
1.19401
1.13432
1.05472
0.995

0.9353
0.85571

29.8 ~
25.3315
22.3506
19.3708
16.3907

14.9
14.1554
13.4101
12.6652

11.92
10.4302
10.4302
9.98258
9.38287
8.94009
8.49317
7.89718

7.45
7.00303
6.40709

30
25.5015
22.5006
19.5008
16.5007

15
14.2504
13.5001
12.7502

12
10.5002
10.5002
10.0496
944584
9.00009
8.55018
7.95018

7.5
7.05003
6.45009

Adapted from DWA&F (1993;
Adapled from DWA&F (1996)

1996) and Quality
and WHO (1993),

of Domestic Water Supplies (1998)
c Default temperature
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WTTCCIKRD 6 Tvpe B: Domestic user group = Children (10 kg BW) for WQC = Cu

Temp-C
8
10

12
14
I6C

18
20
22
24
26
28
30
32
34
36
38
40

42
44

Predic. Wl (L/d)b

0.5882
0 6666
0.7692
0 909

1

1.052
I I I ! !
1,1764
1.25

1.4285
1.4285
1.4925
1,5873
1.6666
1.7543
1.8867

2
2.1276
2 3255

TWOK
0.99

Allowable WOC concentration in mg/L"
(a t B
1-1.29

Cat C
13-1.99

CalD
2-14.9

Cat K
>15

Effective I'pper Limit value used imp/1.)
0.99

0.99
1 6831

1.48515
1.28705
1 08911

0 99
0.94106
0.89101
0.84155

0.792
0.69303
0.69303
0.66332
0.6237
0.59402
0.56433
0.52473
0 495

0.46531
0 42571

1.29 1.99
Calegorv invest ion (mg/'d

1.29
2.19313
1.93519
1.67707
1 41914

1 29
1 22624
1,16101
1.09657

1,032
0,90305
0 90305
0.86432
0.8127
0.77403
0,73534
0.68373
0.645

0,60632
0.55472

1.99
3.3832
2,9853
2.5871

2 18922
1.99

1 89163
1.79102
1.6916
1.592

1.39307
1-39307
133333
1 2537

1.19405
LI3436
1.05475
0.995

0.93533
0.85573

14.9

14.9
25.3315
22.3522

19.3708
16 3916

14.9
14 1635
13 4101
12.6658

1 1.92
10 4305
10.4305
9.98325
9.38701
8.94036
8.49342
7.89739

7 45
70032

6.40722

15

15
25,5015
22.5023
19.5008
16 5017

15
14 2586
13.5001
12.7508

12
10.5005
10 5005
10.0503
9.45001
9 00036
8 55042
7.95039

7 5
7.0502

6.45023
Adapted from 1)WA&I:

Adapted from DWA&F
(1993; 1996) and Quality of Domestic Water Supplies (1998)
(1996) and WHO (1993);c Default temperature

WTTCCIRRD 6 Tvpe C: Domestic user group = Infants (5 k^ BW) for WQC = Cu

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. W l (L/d)b

0.4411
0.5

0.5769
0 6818

0.75
0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1 1194
1.1904
1.25

1 3157

1.415
15

1.5957
1 7441

Allowable WOC concentration in mg/L"
TWQR

0.99
CalB
1-1.29

Cat C
1.3-1.99

Call)
2-14.9

Cat E
>I5

Effective Upper Limit value used(mg/L)
0.99 1.29 1.99 14.9 15

Category ingestion (nig/d)
0.7425
168216

1.484
1,28618
1 0883

0,98933
0.93995
0.89044
0.84098
0,79147
0 69255
0 69255
0.66286
0 62332
0.5936

0.56396
0.52438
0 49467

0,465
0.42543

0.9675
2.19225

1,934
1,6762
1 4183

1.2X933
1.22498
1.16045
1,096

1.03147
0.90256
0.90256
0.86386
0.81233
0.7736

0.73497
0.68339
0,64467

0 606
0.55444

1.4925
3.38245

2.984
2.58624
2.18833

.98933

.89004

.79047

.69103

.59147

.39257

.39257
33286
.25336
1.1936
1.134

1.05442
0.99467
0.93501
0.85546

11.175
25.3344
22.35

19.3708
16 3904

14.9
14.1563
13.4105
12.6658

11.92
10.4303
10,4303
9.98303
9.3876

8.94
8,49358
7.89753

7.45
7.0032

6.40732

11.25
25.5044

22 5
19.5008
16 5004

15

14.2513
13.5005
12.7508

12

10.5003
10.5003

10 05
9,4506

9

8,55058
7.95053

7 5
7.0502

6 45032
Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO(1993); t Default temperature
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WTTCCIRRD 7 Tvpe A: Domestic user group = Adult (60 kg BW) lor WQC = Fe.

Temp-C
8
10
12
14

I6 (

18
20

22
24
26

28
30

32
34
36
38
40
42
44

Predic. WML/d)6

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176
3.3333
3.5087
3.7735

4

4.2553
4.6511

TWQR
0.49

0.49

0.98
0.83305
0.73502
0.63703
0.53902

0.49
0.46551

0.441
0.41651
0.392

0.34301
0.34301
0.32829
0.30856

0 294
0.27931
0.25971
0.245
0.2303
0.2107

Allowable WQC concentration in rng/L'
CatB

0.5-0.99
Effective Uppei

0.99

Cat C
1-4.99

Cat I>
5-9.9

Limil value used (mg/L)
4.99 9.9

Category inpestion (mg/d)
1.98

1 6831
1.48504
I 28705
1.08905

099

0.94053
089101
0.84151
0.792

0.69301
0.69301
0.66327
0.62343
0.59401
0.56431
0.52471
0.495
0.4653
0.42571

9.98
8.48351
7.48519
6.48726
5.48925

4.99
4.74064
4.49104
4.24157

3.992
3.49305
3.49305
3.34316
3.14232
2.99403
2.84436
2.64476
2 495

2.34531
2.14573

19.8
16.831

14.8504
12.8705
10.8905

9.9

9.40528
8.91009
8.41515

7.92
6.9301
6.9301

6.63272
6.23426
5.94006
5.64312
5.24712

4.95
4.65302
4.25706

Cat E"
>IO

10

20
17.001
15.0004
13.0005
1 1.0005

II)
9.50029
9.00009
8.50015

8
7.00011
7.00011
6.69972
6.29723
6 00006
5.70012
5.30012

5
4.70002
4.30006

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993):

of Domestic Water Supplies (1998)
c Default temperature

WTTCCIRRD 7 Type B: Domestic user group = Children (10 kg BW) for WQC - Fe.

Temi>-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl <L/d)b

0.5882
0.6666
0.7692
0.909

1
1.052

i n n
1.1764

1.25
1.4285
1.4285
1.4925
1.5873
1.6666
1.7543
1.8867

2
2.1276
2.3255

Allowable WOC concentration in mg/La

TWQR
0.49

CatB
0.5-0.99

CatC
1-4.99

Cat D
5-9.9

CalE
>10

Effective Upper Limit value used (mg/L)
0.49 0.99 4.99 9.9 10

Category ingestion (mg/d)
0.49

0.83305
0.73507
0.63703
0.53905

0.49
0.46578

0.441
0.41652

0.392
0.34302
0.34302
0.32831
0.3087

0 29401
0.27931
0.25971

0.245
0.23031
0.21071

0.99
1.6831

1.48515
1.28705
1.08911

0.99
0.94106
0.89101
0.84155
0.792

0.69303
0.69303
0.66332
0.6237

0.59402
0.56433
0.52473
0.495

0.46531
0.42571

4.99
8.48351
7.48575
6 48726
5.48955

499
4.74335
4.49104
4.24175

3.992
3.49317
3.49317
3.34338
3.1437

2 99412
2.84444
2.64483
2 495

2.34537
2.14578

9.9
16.831

14.8515
12.8705
10.8911

9.9
9.41065
8.91009
8.4155

7.92
6.93035
6.93035
6.63317
6.23701
5.94024
5.64328
5.24726

4.95
4.65313
4.25715

10
17.001
15.0015
13.0005
11.0011

10
9.5057

9.00009
8.50051

8
7.00035
7.00035
6.70017
6.30001
6.00024
5.70028
5.30026

5
4.70013
4.30015

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);c Default temperature
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WTTCCIKKD 7 Type C: Domestic user group = Infants (

Tcmp-C'
8
10
12
14
16C

18

20
22
24
26
28
30
32
34
36
38
40

42
44

Prcdic. WML/d)"
0.4411

0.5
0.5764
0.6818

0.75
0,7894
0.8333
0,8823
0.9375
1.0714
1,0714
1.1194
1.1904
1,25

1,3157
1.415
1.5

1 5957
1.7441

5kf>BW)forWQC = Fe
Allowable WOC concentration in nie/L'1

TWQR
0.49

0.49

0.3675
0.83314

0.735
0 63703
0 53901

0.49
0 46554
0 44102
0.41652
0.392

0.34301
0 34301
0,3283

0.30872
0.294

0 27932
0.25972
0.245

0 23031
0.21071

CutB
0.5-0.99

CalC
1-4.99

Call)
5-9.9

Effective Upper Limit value uscd(mp/l.)
0.99

Caiepon
0.7425
1.68329

I 485
1.28705
1.08903

0.99
0.9-1059
0.89104
0.84155

0.792
0 69302
0.69302
0.6633

0.62374
0 594

0.56434
0.52473
0.495

0.46531
0.42572

4.99
mpesuon (mji. d

3.7425
8.48447

7.485
6.48726
5.48915

4.99
4,74094
4 49118
4.24175

3.992
3 49309
3.49309
3.34331
3,1439
2.994

2.84449
2.64488

2.495
2.34537
2.14581

9.9

7.425
16.8329

14 85
12.8705
10 8903

9.9

9.40588
8.91036
8.4155

7 92
6,93018
6.93018
6.63302
6 2374

5.94
5.64338
5.24735

4 95
4.65313
4.25721

Cat K
>IO

10

7.5
17,0029

15
13.0005
11.0003

10
9.50089
9.00036
8.50051

8
7 00019
7.00019
6,70002
6.3004

6
5,70039
5.30035

5
4.70013
4.30021

Adapted from DWA&K
Adapted from DWA&F

(1993; 1996) and Quality
(1996) and WHO (1993);

ofDomestic Water Supplies (1998)
c Default temperalure

WTTCCIRRD 8 Tvpc A: Domestic user group = Adult (60 kg BW) for WQC = Mp.

Temp-C
8

10
12
14
16C

18
20
22
24
26
28
30
32
34

36
38
40

42
44

Predic. Wl (L/d)"
1,1764
1.3333
1.5384
1 8181

2
2.1052
2.2222
2.3529

2.5
2,8571
2 8571
2,9852
3.176

3,3333
3,5087
3.7735

4

4.2553
4,6511

Allowable WQC concentration in mg/L°
TWQR

69

Cat B
70-99

Cat C
100-199

Call)
200-399

CatR
>400

Effective Upper Limit value used (mg/L)
69

138
117.307
103,503
89 7036
75.9034

69
65.552

62 1006
58.651

55.2
48.3007
48,3007
46,2281
43.4509
41,4004
39.3308
365708

34.5
32.4301
29.6704

99 199
Category ingestion (mg/d

198
168.31
148,504
128.705
108.905

99

94.0528
89 1009
84.1515

79,2
69 301
69 301

66.3272
62.3426
59 4006
56.4312
52.4712

49.5
46 5302
42,5706

398
338.32

298.507
258.71
21891

199
189.056
179.102
169,153
159.2

139 302
139.302
133.324
125.315
119.401
113 432
105.472

99.5
93.5304
85.5712

399

798
678.341
598 515
518.721
438.92

399

379 061
359 104
339.156

319.2
279.304
279.304
267.319
251 259
239.402
227 435
211 475

199 5
187 531
171.572

400

800
680,041
600.015
520.021
440 02

400
380 011
360.004
340.006

320
280 004
280 004
267,989
251,889
240.002
228,005
212.005

200
188.001
172,002

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);

ofDomestic Water Supplies (1998)
c Default temperature

50



WTTCCIRRD 8 Tvpe B Domestic user group = Children (! 0 kg BW) (or WQC = Mp.

Temp-C
X

10

12
14

I6C

18
20
22
24
26

28
30

32
34

36
38
40

42
44

Prcdic. H I (l./d>b

0.5882
0.6666
0.7692
0.909

1

1.052
Mill
1.1764
1.25
.4285
.4285
.4925
.5873
.6666
.7543
.8867

2

2.1276
2.3255

TWQR
69

69

69
117 307
10351

89 7036
75.9076

69
65 5894
62.1006
58.6535

55.2
48.3024
48.3024
46.2312
43.47

41.4017
39.3319
36.5718

34.5
32 4309
29 671

Allowable WOC concentration in me/ I 1

CatB
70-99

Effective Upper
99

Caicgon
99

16831
148 515
128 705
108.911

99

94.1065
89.1009
84.155

79 2
69.3035
69.3035
66.3317
62.3701
59.4024
56.4328
52.4726

49.5
46 5313
42.5715

< a t (
100-199

Cat D
200-399

Limit value used (mg/L)
199

ingestion img d
199

338 32
298.53
258 71

218.922
199

189 163
179 102
169 16
159.2

139 307
139.307
133.333
125 37
1 19.405
113 436
105.475

99.5
93 5326
85.573

399

399
678.341
598.56

518 721
438 944

399

379.278
359 104
339.17
319.2

279.314
279 314
267.337
251.37
239.41

227.441
211 48
1995

187.535
171 576

CalE
>400

400

4(H)

680 (Ml
600 06
520 021
440 044

4K0

380.228
360 004
341) 02

320
280 014
280 014
268 007

252
240 01

228OH
21201

200

188.005
172 006

Adapted from DWA&F (1993; 1996) and Qualit> of Domestic Water Sur
Adapted from DWA&F (1996) and WHO (1993);c Default temperature

WTTCCIRRD 8 Type C: Domestic user group = Infants (5 kg BW) for WQC = Mg

Tcoip-C
8

10

12
14

I6C

18
20
22
24

26
28
30
32
34
36
38
40

42
44

Predic.WI(L/d>b

0.4411
0.5

0.5769
0.6818
0.75

0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1.1904
1.25

1.3157
1.415
1 5

1.5957
1.7441

Allowable WQC concentration in mp/L*
TWQR

69

CatB
70-99

CalC
100-199

Ci tD
200-399

Cat E
>400

Effective Upper Limit value used (mg/l.)
69 99 199 399 400

Category ingesiion (mg/d)
51.75
117.32
103.5

89.7036
75.902

69

65.5561
62.1025
58.6535

55.2
48 3013
48.3013
46.2301
43.4728

41 4
39.3327
36.5724

34 5
32.4309
29.6715

74.25
168.329
148.5

128.705
108 903

99

94.0588
89.1036
84.155
79.2

69.3018
69 3018
66.3302
62.374
59.4

56.4338
52.4735

49.5
46.5313
42.5721

149.25
338359

298.5
258.71

218.906
199

189.068
179.107
169.16
159.2

139.304
139.304
133.33

125.378
1194

113 438
105 477

99 5
93.5326
85.5742

299.25
678 418

598.5
518.721
438 912

399
379.085
359 114
339.17
319.2

279.307
279.307
267 331
251.386
239.4

227.445
211 484

199 5
187.535
171.578

300

680.118
600

520 021
440.012

400

380 035
360.014
340.02

320

280 007
280.007
268 001
252.016

240
228016
212.014

200
188.005
172.008

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);

of Domestic Water Supplies (1998)
c Default temperature
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WTTCC1RRD 9 Tvpe A: Domestic user group = Adult (60 kg BW) for WQC = Mn

Temp-C
8
10
12
14
I6C

18
20

22
24

26
28
30

32
34
36
38
40
42
44

Predic. Wl (l./d)b

1.1764
1.3333
1.5384
1 SIS!

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4
4.2553
4.6511

TWQR
0.09

0.09

0.18
O.I53OI

0.135
0.117
0.099
0.09

0.0855
0.081

0.0765
0.072
0.063
0.063

0.0603
0.05668

0.054
0.0513
0.0477
0.045

0.0423
0.0387

Allowable WOC concentration in mg/LJ

CatB
0.1-0.39

Effective Upper
0.39

CatC ^
0.4-3.99

CatD
4-9.9

Limit value used(mg/L)
3.99

Category ingestion (nig/d
0.78

0.66304
0.58501
0 5U702
0.42902

0.39
0.37051

0.351
0.33151
0.312
0.273
0 273

0.26129
0.24559

0.234
0.2223
0.2067
0.195
0.1833
0.1677

7.98
6.78341
5.98515
5.18721
4.3892

3.99
3.79061
3-59104
3.39156
3.192

2-79304
2.79304
2.67319
2.51259

. 2.39402
2.27435
2.11475

1.995
t. 87531
1.71572

9.9

>
19.8

16.831
14.8504
12.8705
10.8905

9.9

9.40528
8.91000
8.41515

7.92
6.9301
6 9301

6.63272
6.23426
5.94006
5.64312
5.24712

4 95
4.65302
4.25706

Cat K
>10

10

20
17.001

15.0004
13.0005
11.0005

10
9.50029
9.00000
8.50015

8
7 00011
7.00011
6 69972
6 29723
6.00006
5 70012
5.30012

4 70002
4.30006

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993);( Default temperature

WTTCCIRRD 9 Tvpe B: Domestic user group = Children (10 kg BW) (or WQC = Mn.

Temp-C
8
10

12
14

161

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. WI (L/d)b

0.5882
0.6666
0.7692
0.909

1

1.052
1 1111
1.1764

1.25
1.4285
1 4285
1.4925
1.5873
1.6666
1.7543
1.8867

2

2.1276
2.3255

Allowable WQC concentration in mg/L1

TWQR
0.09

Cat B
0.1-0.39

Cat C
0.4-3.99

CatD
4-9.9

Cat E
>10

Effective Upper Limit value used (mg/L)
0.09 0.39 3.99 9.9 10

Category ingestion (mg/d)
0.09

0.15301
0.13501

0.117
0.09901

0.09
0.08555

0.081
0.0765
0-072
0.063
0.063

0.0603
0.0567
0.054

0.0513
0.0477
0.045

0.0423
0.0387

0.39
0.66304
0.58506
0.50702
0.42904

0.39
0.37072

0351
0.33152

0.312
0.27301
0.27301
0.26131
0.2457

0.23401
0.22231
0.20671

0.195
0.18331
0.16771

3.99
6.78341
5.9856
5.18721
4.38944

3.99
3.79278
3.59104
3.3917
3.192

2.79314
2.79314
2.67337
2.5137
2.3941

2.27441
2.1148
1.995

1.87535
1.71576

9.9

16.831
14.8515
12.8705
10.8911

9.9

9.41065
8.91009
8.4155

7.92
6.93035
6.93035
6.63317
6.23701
5.94024
5.64328
5.24726

495
4.65313
4.25715

10
17.001

15.0015
13.0005
11.0011

10

9.5057
9.00009
8.50051

8

7.00035
7.00035
6.70017
6.30001
6.00024
5.70028
5.30026

5

4.70013
4.30015

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993); ( Default temperature
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WTTCCIRRD 9 Type C: Domestic user group = Infants (5 kg BW> for WQC = Mn

Tcmp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Prcdic.WI(L/d)b

0.4411
0.5

0.5769
0.6818
0.75

0.7894
08333
0.8823
0.9375
1.0714
1.0714
1.1194
1.1904
I 25

1.3157
1.415
1.5

1.5957
1.7441

Allowable WQC concentration in m&'L11

TWQR
0.09

( a t B
0.1-OJ9

Cat C
0.4-3.99

Cat I>
4-9.9

CatE
>10

Effective Upper Limit value used (mg/L)
0.09 0.39 3.99 9.9 10

Categorv ingestion (mg/d)
0.0675

0.15303
0.135
0.117
0.099
0.09

0.08551
0.081

0.0765
0.072
0.063
0.063

0.0603
0.0567
0.054

0.0513
0.0477
0.045

0.0423
0.0387

0.2925
0.66311

0.585
0.50702
0.42901

0.39
0.37053
0.35101
0.33152
0.312

027301
0.27301
0.2613

0.24572
0.234

0.22232
0.20671

0.195
0.18331
0.16771

2.9925
6.78418

5 985
5.18721
4.38912

3.99
3.79085
3 59114
3.3917
3.192

2.79307
2.79307
2.67331
2.51386

2.394
2.27445
2.11484

1.995
1.87535
1.71578

7.425
16.8329

14.85
12.8705
10.8903

9 9
9 40588
8.91036
8.4155

7.92
6.93018
6 93018
6.63302
6.2374

5.94
5.64338
5.24735

4.95
4 65313
4.25721

7.5
17.0029

15
13.0005
11.0003

10
9.50089
9.00036
8.50051

8
7.00019
7.00019
6 70002
6.3004

6
5.70039
5.30035

5
4 70013
4.30021

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993):

of Domestic Water Supplies (1998)
1 Default temperature

WTTCCIRRD 10 Type A: Domestic user group = Adult (60 kg BW) for WQC = K

Tcap-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic Wl (L/d)b

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4
4.2553
4.6511

Allowable WOC concentration in mft/La

TWQR
24

CatB
25-49

Cat C
50-99

CalD
100-499

CatE
>500

Effective Upper Limit value used (mg/L)
24 49 99 499 500

Category ingestion (mg/d)
48

40.8024
36.0009
31.2012
26.4012

24
22.8007
21 6002
20.4004

19.2
16.8003
16.8003
16.0793
15.1134
14.4001
13.6803
12.7203

12
11.2801
10.3201

98
83.305

73.5018
63.7025
53.9024

49
46.5514
44 1004
41.6507

39.2
34 3005
34.3005
32.8286
30.8564
29.4003
27.9306
25.9706

24.5
23.0301
21.0703

198
168.31

148.504
128.705
108.905

99
94.0528
89.1009
84.1515

79.2
69 301
69.301

66.3272
62 3426
59.4006
56.4312
52.4712

49.5
46.5302
42.5706

998
848.351
748.519
648.726
548.925

499
474.064
449.104
424.157

3992
349.305
349.305
334.316
314.232
299.403
284.436
264.476
249.5

234.531
214.573

1000
850.051
750.019
650.026
550.025

500
475.014
450.005
425.007

400
350.005
350.005
334.986
314 861
300.003
285.006
265.006

250
235.001
215.003

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993);c Default temperature
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WTTCCIRRD 10 Type B: Domestic user jiroup = Children (10 kg I3W ) tor WQC = K

Temp-<"
8

10
12
14

I6C

18

20
22
24
26

28
30

32
34
36

38
40
42
44

Predk. \ M (L/d)h

0.5882
0.6666
0.7692
0 909

1
1 052
Mill
1.1764
1.25

1.4285
1.4285
1.4925
1 5873
I 6666
1 7543
1 8867

?

2.1276
2.3255

Allowable W(_X_' concentration in me/I/
TWQR

24

24

Cat B
25-49

C a K
50-99

CatD
100-499

Iiffeclive I Jpper Limit value used (mp/L)
49 99 499

(at E
>500

SIK>

Categorv digestion (mg/dt
24

40.8024
36.0036
31.2012
26.4026

24
22.8137
21.6002
20.4012

19.2
16.8008
16.8008
16.0804
15.12

14.4006
13.6807
12.7206

12

11.2803
10.3204

49

83.305
73.5074
63.7025
53.9054

49
46.5779
44.1004
41.6525

39.2
34.3017
34.3017
328308
30.87

29.4012
27.9314
25.9713

24.5
23.0306
21.0707

99
168.31
148.515
128.705
108 911

99

94.1065
89.1009
84.155

79.2
69.3035
69.3035
66.3317
62.3701
59.4024
56.4328
52.4726

49.5
46.5313
42.5715

499
848 351
748.575
648 726
548.955

499

474.335
449 104
424.175

399.2
349 317
349.317
334 338
314.37
299.412
284 444
264 483
249.5

234.537
214.578

500
850.051
750.075
650.026
550.055

500
475.285
450.005
425.026

400
350.018
350.018
335.008

315
300.012
285.014
265 013

250
235.007
215.008

Adapted from DWA&F (19**3;
Adapted from OWA&F < 1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (19931/ Default temperature

WTTCCIRRD 10 Type C: Domestic user group = Infants (5 kg BW) for WQC = K.

Temp-O
8

10
12

14
16C

18
20
22
24
26
28
30
32
34
36
38
40

42
44

Predic. WI(L/d)h

0.4411
0.5

0.5769
0.6818
0.75

0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
I.I 194
1.1904
1.25

1.3157
1.415
I 5

1 5957
1.7441

Allowable WOC concentration in mp/L*
TWQR

24
C«IB
25-49

C a K

50-99
CatD

100-499
Cat E

>500

Effective Upper Limit value used imp/L)
24 49 99 49V 51 HI

Category ingestion (mg/d)
18

40.8071
36

31.2012
26.4007

24
22.8021
21.6009
20.4012

19.2
16.8004
16.8004

16.08
15.121

14.4
13 6809
12.7208

'2 _j
11.2803
10.3205

36.75
83.3144

73.5
63.7025
53.9014

49

46.5543
44.1018
41.6525

39 2
34.3009
34.3009
32.8301
30.872
29.4

27.9319
25.9717

24.5
23.0306
21.071

74.25
168329

148.5
128.705
108.903

99
94.0588
89 1036
84.155

79.2
69 3018
69.3018
66 3302
62.374

59.4
56.4338
52.4735

49.5
46.5313
42.5721

374.25
848.447

748.5
648 726
548.915

499
474.094
449.118
424.175

399.2
349 309
349.309
334.331
314.39
299.4

284.449
264.488
249.5

234.537
214.581

375
850.147

750

650.026

550 015

500
475.044

450.018

425.026

400
350.009

350.009

335.001

315.02

300
285 019

265.018

250
235.007

215.011

Adapted from DWA&F (1993;
Adapted from DWA&F < 1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);( Default temperature
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WTTCCIRRD 11 Tvpe A: Domestic user group = Adult (60 kg BW) for WOC = Na.

Teaip-C
8
10
12
14
16'

18
20
22
24
26
28
30
32
34
36
38

40
42
44

Predic. W l ( l 7 d ) b

1.1764
1.3333
1.5384
I 8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4

4.2553
4.6511

TWOR
99

99

198
168 31

148.504
128 705
108.905

99

94.0528
89 1009
84.1515

79.2
69.301
69.301

66 3272
62 3426
59 4006
56.4312
52.4712

49 5
46.5302
42.5706

Allovsable WOC concentration in mp/L'
Cars

100-199
Effective Upper

199

( a t C

200-399
Cat D

400-999
Limil value used(mg/L)

399

Category ingest ion Img/d
398

338.32
298.507
258.71
21891

199
189.056
179.102
169.153

159.2
139.302
139.302
133.324
125.315
119.401
113.432
105-472

99.5
93.5304
85.5712

798
678.341
598 515
518721
438.92

399

379 061
359 104
339 156
319.2

279.304
279.304
267.319
251 259
239.402
227.435
211.475

199.5
187.531
171.572

999

)
1998

1698.4
1498 54
1298.75
1098.95

999

949 078
899.109
849.165

799.2
699.31
699.31

669.302
629.093
599 406
569.442
529 482
499.5

469.532
429.576

CatE
>1000

1000

2000
1700.1

1500 04
1300.05
1100.05

1000
950.029
900.009
850 015

800

700.011
700 011
669 972
629.723
600 006
570 012
530.012

500
470.002
430.006

Adapted from DWA&F (1993,
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);' Default temperature

WTTCCIRRD 11 Type B: Domestic user proup = Children (10 kg BW) for WQC = Na.

Tmp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. WI(L/d)b

0.5882
0.6666
0.7692
0.909

1
1.052

n i l
.1764
1.25
.4285
.4285
.4925
.5873
.6666
.7543

1.8867
2

2.1276
2.3255

Allowable WOC concentration in mg/L*
TWOR

99
CatB

100-199
(at (

200-399
Cat D

400-999
Cat E
>IOW>

Effective Upper Limit value used (mg/L)
99 199 399 999 1000

Categorv inpesnon (mg/d)
99

168.31
148.515
128 705
108 911

99
94.1065
89.1009
84 155
79.2

69.3035
69.3035
66.3317
62.3701
59.4024
56.4328
52.4726

49 5
46.5313
42.5715

199
338.32
298.53
25871

218.922
199

189.163
179.102
169.16
159.2

139.307
139.307
133.333
125.37

119.405
113.436
105.475

99 5
93.5326
85.573

399
678 341
598.56

518 721
438.944

399
379.278
359.104
339.17
319.2

279.314
279 314
267.337
251.37
239.41

227.441
211 48
199 5

187.535
171.576

999 \
1698.4

1498 65
129875
1099.01

999

949.62
899.109
849.201

799.2
699335
699.335
669.347
629.371
599.424
569.458
529.496
499.5

469 543
429.585

1000
1700.1

1500 15
1300.05
1100.11

1000
950.57

900.009
850.051

800
700 035
700.035
670.017
630.001
600 024
570.028
530 026

500
470 013
430 015

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993):

of Domestic Water Supplies (1998)
* Default temperature
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WTTCCIRRD 11 Tvpe C: Domestic

Temp-(
8
10

12
14
I6C

18
20
22
24
26
28

' 30
32
34
36

38
40

42
44

Predic.WHL/d)6

0.441 1
0.5

0.5769
0.6818

0.75
0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1.1904
1.25

1.3157
1.415
15

1.5957
1.7441

user group ^ lnfams<5 kg BV, ) for \VQ(. = Na
Allowable WOC' concentration in nig,.!'1

TWQR
99

C a l B
100-199

CatC
200-399

Cat D
400-999

Cat K
>IOOO

Effective Upper I unit value used <mg I.)
99 ! 199 399 999 10(111

Category ineesiion (mg. d)
74.25

168.329
148.5

128 705
108.903

99

94.0588
89.1036
84.155

79.2
69 3018
69.3018
66.3302
62.374

59 4
56.4338
52.4735

49.5
46.5313
42.5721

149.25
338 359
298.5

258.71
218.906

199

189 068
179.107
169 16
159.2

139 304
139 304
133 33

125.378
119.4

113 438
105.477

99 5
93.5326
85.5742

299.25
678418

598.5
518.721
438912

399

379.085
359.114
339.17
319.2

279.307
279.307
267 331
251-386
2394

227 445
211 484

199.5
187 535
171.578

749.25
1698.59
1498.5

1298.75
1098.93

99*)
949 139
899 136
849.201

799 2
699.319
699 319
669.332
629.41
599 4

569.469
529 505
499.5

469.543
429 59!

750
1700 29

1500

1300 05

1100 03
1000

950.089

900.036
850.051

800
700.019

700.019

670.002

630.04
600

570.039

530.035
500

470.013

430.021

Adapted from DWA&K (1993:
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies 11998)
and WHO (1993):c Default temperature

WTTCC1RRD 12 Type A: Domeslic user group = Adult (60 kg BW) for WQC - SO4

Temp-C
8
10
12
14
16*
18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d>"
1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
29852
3.176
3.3333
3-5087
3.7735

4

4.2553
4.6511

Allowable WOC' concentration in mp/1.*
TWQK

199
C a l B

200-399
CatC

400-599
Cat D

600-999
Cat K
>1000

Effecti\e Upper Limit value used (mg/l.)
199 399 599 999 1000

Category ingestion (mg/dl
398

338.32
298.507
258.71
218.91

199
189.056
179.102
169.153

159.2
139.302
139-302
133.324
125.315
119.401
113.432
105.472

99 5
93.5304
85.5712

798
678.341
598.515
518 721
438 92

399

379.061
359 104
339.156
3192

279.304
279.304
267 319
251 259
239.402
227.435
211.475

199.5
187.531
171 572

1198
1018.36
898.522
778.731
658.93

599

569 067
539.105
509.159
479.2

419.306
419.306
401 313
377.204
359 404
341 437
317.477
299.5

281.531
257.573

1998
1698.4

1498.54
1298.75
1098.95

999

949.078
899.109
849.165

799.2
699.31
699.31

669.302
629.093
599.406
569.442
529.482
499.5

469.532
429.576

2000
1700.1

1500.04
1300.05
1100 05

1000
950.029
900.009
850.015

800
700 011
700.011
669 972
629.723
600.006
570.012
530.012

500
470.002
430.006

Adapted from DWA&F (1993:
Adapted from DWA&F (1996)

1996) and Quality
and WHO (1993):

of Domestic Water Supplies (1998)
r Default temperature
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WTTCCIRRD 12 Tvpe B: Domestic user proup = Children (10 kg BW) tor WQC = SO4

Temp-C
8
10

12
14
16'
18
20
22
24
26
28
30

32
34
36
38
40
42
44

Predic. \VI <L/d>b

0.5882
0.6666
0.7692
0909

1
1.052
1.1111
1.1764

1.25
1.4285
1 4285
1.4925
1.5873
1.6666
1.7543
1.8867

2
2.1276
2.3255

Allowable WQC concentration in mg/L"
TWQR

199

( M I U
200-399

fate
400-599

C » i D
600-999

CalK
>IOOO

Effective Upper Limit \alue used I mg/L)
199 399 599 999 1000

Category ingcsiion (mp/d)
199

338.32
298.53
258 71

218 922
199

189 163
179.102
169.16
159.2

139.307
139.307
133 333
125.37

119 405
113 436
105.475

99 5
935326
85.573

399
678 341
598 56

518 721
438 944

399

379.278
359.104
339.17
319.2

279314
279 314
267.337
251.37
239.41

227.441
211.48
199.5

187.535
171 576

599
1018.36
898 59

77X731
658 966

>49

569 392
534 |05
509181
474.2

419.321
419.321
401.34
377.37

359 414
341 447
317 486
299 5

281 538
257.574

999
1698 4
1498.65
1298.75
1099.01

999

949.62
899.109
849.201

749.2
699.335
694 335
669.347
629.371
599.424
569 458
529.496
499.5

469.543
429.585

1000
1700 1
1500 15
1300 05
1100 11

1000
950.57

W0 009
850.051

800

700.1135
700 035
670.017
630.001
600.024
570.028
530.026

500

470.013
430 015

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality
and WHO (1993);

of Domestic Water
c Default tempera!

Supplies (1948)
ure

WTTCCIRRD

Temp-C
8
10
12
14
16'
18
20
22
24
26
28
30
32
34
36
38

40
42
44

12 Tvpe C: Domestic user group = Infants (5

Predic. WI (L /d) b

0.4411
0.5

0.5769
0.6818

0.75
0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1 1904

1.25
1.3157
1.415

1 5
1.5957
1.7441

TWQR
199

199

149.25
338.359
298.5
25871

218.906
199

189.068
179 107
169.16
154.2

139.304
139 304
133.33

125 378
1194

113 438
105.477

99 5
93.5326
85.5742

kgBW) for WQC = S< >4.
Allowable W'OC concentration in me/L*

OatB
200-399

Effective Upper I
399

CMC
400-599

imi l \alue
599

C a l D
600-999

used (mg/L)
999

Category ingestion (mp/d)
299.25

678.418
598.5

518.721
438.912

399
379.085
359 114
339.17
319.2

279.307
279.307
267.331
251 386
239.4

227.445
211.484

199.5
187.535
171.578

449.25
1018.48

898 5
778.731
658 918

599
569.103
539 122
509.181
479.2

419.311
419311
401 331
377.394

359.4
341 453
317.491
299.5

281.538
257 583

749.25
1698.59
1498.5

1298.75
1098.93

999
949.139
899.136
849.201

799.2
699 319
694 319
669.332
629 41
599.4

564 469
529.505
499.5

469.543
429.591

c»tr.
>IIHHI

1000

750
1700.29

1500
1300.05
M 00.03

1000
950 089
900.036
850.051

800
700.019
700.019
670 002
630.04

600
570.039
530.035

500

470.013
430.021

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);

of Domestic Water Supplies (1998)
c Default temperature
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WTTCC1RRD 13 Tvpe A- [domestic user group - Adult (60 kg BW) tor WQC = I DS.

Tcmp-C
8
10

12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

1.1764
1.3333
1.5384
1 SI K1

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4

4.2553
4.6511

TWOR
449

449

898
763.346
673.517
583.723
493.922

449

426.563
404 104
381.657

359.2
314.305
314.305
300.817
282746
269.403
255.935
237.975
224.5

211.031
193.073

Allowable WOC concentration in tnpl.'
CatB

449-999
Effeetiu* Upper

999
Categon

1998
1698.4

1498.54
1298 75
109X95

999

949.078
899.109
849.165

799 2
699 31
699 31

669.302
629.093
599 406
569.442
529.4X2
499 5

469.532
429.576

(at (
1000-2399

( ' • ID
2400-3399

l.imtt value used (nig'L)
2399 3399

ingesiion (mg/dt
4798

4078.54
3598.59
3118.82
2639.02

2399
2279.12
2159.12
2039.19
1919.2
1679.33
1679.33
1607.26
1510.71
1439.41
1367.46
1271.5
1199.5

1127.54
1031.58

6798
5778.65
5098.63
4418 88
3739 07

3399
3229.15
3059.13
2889.2
2719.2

2379.34
2379.34
2277.23
2140.43
2039.42
193747
1801 51
1699.5

1597.54
1461 59

Cat E
>34<M>

34IHI

6800
5780.35
5100.13
4420 18
3740 17

3400
3230 1

3060 03
2890.05

2720
2380.04
2380 04
2277.9

2141 06
2040.02
1938.04
1802.04

1700
1598.01
1462.02

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality
andWHO(!993)

of Domestic Water Supplies < 1998 >
c Default lemperaiurc

WTTCCIRRD 13 Type B: Domestic user group = Children (10 kgBWi tor WQC = TDS.

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36

38
40
42

44

PrcdicWKL/d)"
0.5882
0.6666
0.7692
0.909

1
1.052
.1111
.1764
1.25
.4285
.4285
.4925
.5873
.6666
.7543
.8867

2
2.1276
2.3255

Allowable WOC concentration in mj>/L*
TWQR

449
CalB

449-999
Cat C

1000-2399
Cat D

2400-3399
CatE
>3400

Effective Upper Limit value used(mg/L)
449 999 2399 3399 3400

Category inpestion (mp/d)
449

763.346
673.567
583.723
493.949

449
426806
404 104
381.673

359.2
314316
314316
300.838
282.87

269 411
255.943
237.982
224.5

211 036
193.077

999
1698 4

1498 65
1298.75
109901

999

949.62
899 109
849.201
799.2

699.335
699.335
669.347
629.371
599.424
569.458
529.496
499.5

469 543
429.585

2399
4078.54
3598.86
3118.82
2639.16

2399
2280.42
2159.12
2039.27
19192

1679.38
1679.38
1607.37
1511.37
1439.46
1367.5
1271.53
1199.5

1127.56
1031.61

3399
5778.65
5099.01
4418.88
3739.27

3399
3230 99
3059.13
2889.32
2719.2
2379.42
2379.42
2277.39
2141.37
2039.48
1937.52
1801 56
1699.5

1597.57
1461.62

3400
5780.35
5100.51
4420 18
3740 37

3400
3231.94
3060.03
2890.17

2720
2380.12
2380.12
2278.06

2142
2040 08
1938.09
1802.09

1700
1598.04
1462.05

Adapted from DWA&F (1993; 1996) and
Adapted from DWA&F (1996) and WHO

Quality ofDomesiic Water Supplies (1998)
(1993);' Default temperature
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WTTCCIRRD 13 Tvpe C: Domestic

lemp-C
8
10

12
14

16'
18
20
22
24
26
28
30
32
34
36
38
40
42
44

Prcdic. WI(L/d)b

0.4411
0 5

0.5769
0.6818

0.75
0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
I.I 194
1.1904

1.25
1.3157
1.415
1.5

1.5957
1.7441

user group = Infants (5 kg BW) for WOC = TDS.

TWQR
449

Allowable WOC concentration in mn/La

CalB
449-999

( a t C

1000-2399
CalD

2400-3399
CatE
>3400

Effective Upper Limit value used (mg/L)
449

336.75
763.432
673.5

583.723
493.913

449
426.59

404 116
381.673
359.2

314.308
314.308
300 831
282.888
269 4

255 947
237.986
224.5

211.036
193.08

999 2399
Category inpestion (mg/d

749.25
1698 59
1498 5

129875
1098.93

999
949.139
899 136
849.201

799.2
699 319
699.319
669.332
629.41
599.4

569 469
529.505
499.5

469.543
429.591

1799.25
4079 01
3598 5

3118.82
2638.97

2399
2279.26
2159.19
2039.27
1919,2

1679.34
1679.34
1607.33
1511.47
1439.4

1367.52
1271 55
11995

1127.56
1031.62

3399
)

2549.25
5779 3
5098 5

4418 88
3739
3399

3229.35
3059.22
2889.32
2719.2
2379.36
2379.36
2277.34
2141.51
2039.4
1937.56
1801.59
1699 5

1597.57
1461.64

3400

2550
5781
5100

4420 18
3740 1
3400

3230.3
3060 12
2890 17

2720
2380.06
2380.06
2278.01
2142 14

2040
1938.13
1802.12

1700
1598 04
1462 07

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993):

of Domestic Water Suppl les (1998)
' Default temperature

WTTCCIRRD 14 Type A: Domestic user group = Adult (60 kg BW) for WQC = Zn.

Temp-C
8
10
12
14
16*
18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (I7d)b

1.1764
1.3333
1 5384
1 8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4
4.2553
4.6511

Allowable WOC concentration in mg/L1

TWQR
19

CatB
20

(at a Cat D' CatE*

Effective Upper Limit value used (mg/L)
19 20

Category ingestion (mg/d)
38

32.3019
28 5007
24.701
20.9009

19
18.0505
17.1002
16.1503

15.2
13 3002
13.3002
12 7295
11.9647
11.4001
10.8302
10.0702

9 5
8.93004
8.17011

40
34.002

30.0008
26 001
22.001

20
19.0006
18.0002
17.0003

16
140002
14.0002
13.3994
12.5945
120001
11.4002
10 6002

10
9.40004
8.60012

Adapted from DWA&F (1993; 1996) and Qualitv
Adapted from DWA&F (1996) and WHO (1993)
Not applicable

of Domestic Water Supplies (1998)
c Default temperature
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WTTCCIRRD 14 Type B: Domestic user group = Children (10 kg BW) tor W QC = Zn

Temp-C
8
10
12
14
I6C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (Udf
0.5882
0.6666
0.7692
0.909

1
1.052
1.1111
1.1764

1 25
1.4285
.4285
.4925
.5873
.6666
.7543
.8867

2
2.1276
2.3255

TWQR
19

Allowable WQC concentration in mg/La

CatB
20

Cat C* Cat D' CatE'

Effective Upper Limit value used (mp/L)
19 20

Category inpestion (mg/d>
19

32.3019
28.5029
24.70!

20.9021
19

18.0608
17.1002
16.151

15.2
13.3007
13.3007
12.7303

11.97
11.4005
10.8305
10.0705

9.5
8.93025
8.17029

20
34.002
30.003
26.001

22.0022
20

19.0114
18.0002
17.001

16
14.0007
14.0007
13.4003

12.6
12.0005
11.4006
10.6005

10
9.40026
8.6003

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);
Not applicable

of Domestic Water Supplies (1998)
' Default temperature

WTTCCIRRD 14 Type C: Domestic user group = Infants (5 kg BW) for WQC = Zn.

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/df
0.4411

0.5
0.5769
0.6818

0.75
0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
I 1904
1.25

1.3157
1.415
1.5

1.5957
1.7441

Allowable WQC concentration in msJL"
TWQR

19

19

CatB
20

CatC CatD'

Effective Upper Limit value used (mg/L)
20

CatE*

Category ingestion (mg/d)
14.25

32.3056
28.5

24.701
20.9006

19
18.0517
17.1007
16.151

15.2
13.3004
13.3004

12.73
11.9708

11.4
10.8307
10.0707

9.5
8.93025
8.1704

15
34.0059

30
26.001

22.0006
20

19.0018
18.0007
17.001

16
14.0004
14.0004

13.4
12.6008

12
1 1.4008
10.6007

10
9.40026
8.60042

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993);( Default temperature
Not applicable
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WTTCCIRRD 15 Type A: Domestic user group = Adult (60 kg BW) for WQC = Al

Temp-C
8
10
12
14
I6C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. WI(L/d)h

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176
3.3333
3.5087
3.7735

4
4.2553
4.6511

Allowable WOC concentration in me/I-3

TWQR
0.15

CalB
0.15-0.5

CatC
>0.5

Cat D* Cat K*

Effective L pper Limit value used (mg/l.)
0.149

0.29S
0.25332
0.22351
0.19371
0.16391

0.149
0.14155
0.1341

0.12665
0.1192
0.1043
0.1043

0.09983
0.09383
0.0894

0.08493
0.07897
0.0745

0.07003
0.06407

0.49
Categon

0.98
0.83305
0.73502
0.63703
0.53902

0.49
0.46551

0.441
0.41651

0.392
0.34301
0.34301
0.32829
0.30856

0.294
0.27931
0.25971

0.245
0.2303
0.2107

0.5
ingestion (mg/d)

I
O.O85OI

0.075
0.065
0.055
0.05

0.0475
0.045

0.0425
0.04

0.035
0.035

0.0335
0.03149

0.03
0.0285
0.0265
0.025

0.0235
0.0215

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)
Not applicable

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);( Default temperature

WTTCCIRRD 15 Type B Domestic user group = Children (10 kg BW) for WQC = Al,

Temp-C
8
10
12
14
16°
18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

0.5882
0.6666
0.7692
0.909

1
1.052
n i l

.1764
1.25
.4285
.4285
.4925
.5873
.6666
.7543

1.8867
2

2.1276
2.3255

Allowable WOC concentration in mg/L"
TWQR

0.15
Cat B

0.15-0.5
Cat C
X).5

CatD* CatE*

Effective Upper Limit value used (mg/L)
0.149

0.149
0.25332
0.22352
0.19371
0.16392
0.149

0.14163
0.1341

0.12666
0.1192

0.10431
0.10431
0.09983
0.09387
0.0894

0.08493
0.07897
0.0745

0.07003
0.06407

0.49 0.5
Category ingestion (mg/d

0.49
0.83305
0.73507
0.63703
0.53905

0.49
0.46578

0.441
0.41652

0.392
0.34302
0.34302
0.32831
0.3087

0.29401
0.27931
0.25971

0.245
0.23031
0.21071

0.5
0.85005
0.75008
0.65003
0.55006

0.5
0.47529

0.45
0.42503

0.4
0.35002
0.35002
0.33501

0.315
0.30001
0.28501
0.26501

0.25
0.23501
0.21501

)

Adapted from DWA&F
Adapted from DWA&F
Not applicable

(1993; 1996) and Quality of Domestic Water Supplies (1998)
(1996) and WHO (.1993);c Default temperature
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WTTCCIRRD 15 Tvpe C Domestic user group = Infants (5 kg B\\ ) lor WQC = Al

T«mp-C
8
10
12
14

16'

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

0 4411
0.5

0.5769
0 6818
0.75

0.7894
0X333
0.8823
0 9375
1 0714
1 0714
11194
1.1904

1.25
1.3157
1.415
1.5

1 5957
1.7441

TWQR
0.15

0.149

0.11175
0.00494
0.00436
0.00378
0.0032

0.00291
0.00276
0.00262
0.00247
0.00233

|_ 0.00203
0.00203
0.00195
0.00183
0.00174
0.00166
0.00154
0.00145
O.OOI37
0.00125

Allowable WOC concentration in mg/La

Cat B
0.15-0.5

Cat C
>U.5

Cat D*

Effective Upper Limit \aluc used (mg/L)
0.49

Categon
03675
0.00834
0.00736
0.00638
0.0054

0.00491
0.00466
0.00442
0.00417
000393
0.00343
0.00343
0.00329
0.00309
0.00294
0.0028
0.0026

0.00245
0.00231
0 00211

0.5
ingestion (mp/d)

0.375
0.03219
0.0284

0.02461
0.02083
0.01893
0.01799
0.01704
0.01609
0.01515
0.01325
0.01325
0.01269
0.01193
0.01136
0.01079
0.01004
0.00947
0.0089
0.00814

CalE*

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)
Not applicable

1996) and Quality
and WHO (1993);

of Domestic Water Supplies (1998)
1 Default temperature

WTTCCIRRD 16 Type A: Domestic user group = Adult (60 kg I3W) for WQC' =

Temp-C
8

10
12
14
16'
18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. WI(L/d)b

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
23529

2.5
2,8571
2.8571
2.9852
3.176
3.3333
3.5087
3.7735

4
4.2553
4.6511

Allowable WQC" concentration in mg/L*
TWQR

0.05
CatB
0.05

CalC
0.05-1

( a l l )
1.00-5

CalE
>5

Effective Upper Limit value used (mg/L)
0.049 0.049 0.99 4.99 5

Category ingestion (mg/d)
0.098

0.0833
00735
0.0637
0.0539
0049

0.04655
0.0441

0.04165
0.0392
0.0343
0.0343

0.03283
0.03086
0.0294
0.02793
0.02597
0.0245

0.02303
0.02107

0.098
0.0833
0.0735
0.0637
0.0539
0.049

0.04655
0 0441

0.04165
0.0392
0.0343
0.0343

0.03283
003086
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

1.98
1.6831
1.48504
1.28705
1.08905

099
0.94053
0 89101
0.84151

0.792
0.69301
0.69301
0.66327
0.62343
059401
0.56431
0.52471

0.495
0.4653

0.42571

9.98
8 48351
7.48519
6 48726
5 48925

499
4.74064
4.49104
4 24157
3.992

3.49305
3.49305
3.34316
3.14232
2 99403
2 84436
2.64476
2.495

2.34531
2.14573

10
8.50051
7.50019
6.50026
5.50025

5
4.75014
4 50005
4.25007

4
3.50005
3.50005
3 34986
3.14861
3.00003
2.85006
265006

2.5
2.35001
2.15003

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993);c Default temperature
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WTTCCIRRD 16 Tvpe B: Domestic user group = Children (10 kg BW) WQC - Cr(VI)

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Prtdic. WI(L/d>b

0.5882
0.6666
0.7692
0.909

!
1.052
1 t i l l
1.1764
1.25
.4285
.4285
4925
.5873
6666
.7543
.8867

2
2.1276
2.3255

Allowable WQC concentration in mg/L*
TWQR

0.05
CatB
0.05

CatC
0.05-1

CalD
1.00-5

CatE
>5

Effective Upper Limit value used (mg/L)
0.049 0.049 0.99 4.99 5

Category ingcstion (mg/d)
0.049

0.0833
0.07351
0.0637

0.05391
0.049

0.04658
0.0441

0.04165
0.0392
0.0343
0.0343
0.03283
0.03087
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

0.049
0.0833

0-07351
0.0637

0.05391
0.049

0 04658
00441

0.04165
0.0392
0.0343
0.0343

0.03283
0.03087
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

0.99
1.6831
1.48515
1.28705
1.08911

0.99
0.94106
0.89101
0.84155

0.792
0.69303
0.69303
0.66332
0.6237
0.59402
0.56433
0.52473
0.495

0.46531
0.42571

4.99
8.48351
7.48575
6.48726
5.48955

499
4.74335
4.49104
4.24175

3992
3.49317
3.49317
3.34338
3.1437

2.99412
2.84444
2.64483
2.495

2.34537
2.14578

5
8.50051
7.50075
6.50026
5.50055

5
4.75285
4.50005
4.25026

4
3 50018
3 50018
3.35008

3.15
3.00012
2.85014
2.65013

2.5
2 35007
2.15008

Adapted from DWA&F (1993; 1996) and Quality of Domestic Water Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993):( Default temperature

WTTCCIRRD 16 Tvpe C: Domestic user group = Infants (5 kg BW) for WQC = Cr(VI).

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Prcdic. WI(L/d)b

0.4411
0.5

0.5769
0.6818

0.75
0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1.1904

1.25
1.3157
1.415

1.5
1.5957
1.7441

Allowable WOC concentration in rng/L'
TWQR

0.05
CatB
0.05

CatC
0.05-1

CatD
1.00-5

CatE
>5

Effective Upper Limit value used (mg/L)
0.049 0.049 0.99 4.99 5

Category ingestion (mg/d)
0.03675
0.0832
0.0734

0.06362
0.05383
0.04893
0.04649
0.04404
0.0416

0.03915
0.03425
0.03425
0.03279
0.03083
0.02936
0.02789
0.02594
0.02447

0.023
0.02104

0.03675
0.08343
0.0736

0.06379
0.05397
0.04907
0.04662
0.04416
0.04171
0.03925
0.03435
003435
0.03287
0.03091
0.02944
0.02797
0 02601
0.02453
0.02306
0.0211

0.7425
1.68216

1.484
1.28618
1.0883

0.98933
0.93995
0.89044
0.84098
0.79147
0.69255
0.69255
0.66286
0.62332
0.5936

0.56396
0.52438
0.49467

0.465
0.42543

3.7425
8.48334
7.484

6.48639
5.48841
4.98933
4.74031
4 49058
4.24119
3.99147
3.49263
3.49263
3.34286
3.14348
2.9936

2 84411
2.64452
2.49467
2.34505
2.14552

3.75
8.50147

7.5
6.50026
5.50015

5
4.75044
4.50018
4.25026

4
3.50009
3.50009
3.35001
3.1502

3
2 85019
2.65018

2.5
2.35007
2.15011

Adapted from DWA&F
Adapted from DWA&F

(1993; 1996) and Quality of Domestic Water Supplies (1998)
(1996) and WHO (1993):e Default temperature
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WTTCCIRRD 17 Type A: Domestic user group - Adult (60 kg BW) for WOC = Pb

Temp-C
8
10
12
!4
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
29852
3 176

3.3333
3.5087
3.7735

4
4.2553
4 6511

Allowable WOC concentration in mgJL*
TWQR

0.01
Cat B
0.01

CatC
0.01-0.05

Cat D
0.05-0.3

CatE
> 0 J

Effective Upper Limit value used (mg/L)
0.0099 0.0099 0.049 0.299 0.3

Category ingest ion (mg/d)
0.0198
0.01683
001485
0.01287
0.01089
0.0099

0.00941
0.00891
0.00842
0.00792
0.00693
0.00693
0.00663
0.00623
0.00594
0.00564
0.00525
0.00495
0.00465
0.00426

0.0198
0 01683
0 01485
0.01287
0 01089
0.0099

0.00941
0.00891
0.00842
0.00792
0.00693
0.00693
0.00663
0.00623
0.00594
0.00564
0.00525
0.00495
0.00465
0.00426

0.098
0.0833
0.0735
0.0637
0 0539
0.049

0.04655
0.0441

0.04165
0.0392
0.0343
0.0343

0.03283
0.03086
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

0.598
0.50833
0.44S?l
0.38872
0.328^1
0.29'?

0.28406
0.2691

0.25415
0.2392
0.2093
0.2093

0.20032
0.18829
0.1794

0.17043
0.15847
0.1495

0.14053
0.12857

0.6
0.51003
0.45001
039002
(1.33001

0.3
0.28501

0.27
0.255
0.24
0.21
0.21

0.20099
0.18892

0.18
0.171
0.159
0.15
0.141
0.129

Adapted from DWA&F (1993:
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);c Default temperature

WTTCCIRRD 17 Type B: Domestic user group = Children (10 kg BW) for WQC = Pb.

Temp-C
8
10
12
14
161

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

0.5882
0.6666
0.7692
0 909

1
1.052
.1111
.1764
1.25
.4285
.4285
.4925
.5873
.6666
.7543
.8867

2
2.1276
2.3255

Allowable WOC concentration in mp/La

TWQR
0.01

CatB
0.01

Cat C
0.01-0.05

Cat I)
0.05-0.3

Cat E
> 0 J

Effective Upper Limit value used (mg/L 1
0.0099 0.0099 0.049 0.299 0.3

Category ingestion (mg/d)
0.0099
0.01683
001485
0.01287
0.01089
0.0099

0.00941
0.00891
0.00842
0.00792
0.00693
0.00693
0.00663
0.00624
0.00594
0.00564
0.00525
0.00495
0.00465
0.00426

0.0099
001683
0.01485
0.01287
0.01089
0.0099
0.00941
0 00891
0.00842
0.00792
0.00693
0.00693
0 00663
0.00624
0.00594
0.00564
0.00525
0.00495
0.00465
0.00426

0.049
0.0833
0.07351
0.0637
0.05391
0.049

0.04658
0.0441

0.04165
0.0392
0.0343
0.0343

0.03283
0.03087
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

0.299
0.50833
0.44854
0.38872
0.32893

0.299
0.28422
0.2691

0.25417
0.2392

0.20931
0.20931
0.20034
0.18837
0.17941
0.17044
0.15848
0.1495

0.14053
0.12857

0.3
0.51003
0.45005
0.39002
0.33003

0.3
0.28517

0.27
0.25502

0.24
0.21001
0.21001
0.20101
0.189

0.18001
0.17101
0.15901

0.15
0.141
0.129

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);c Default temperature
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WTTCCIRRD

Tenp-C
8

10
12
14
I6C

18
20

22
24
26

28
30
32
34
36

38

40
42
44

17 Tvpe C: Domestic user group = Infants (5

Predic. WI<L/d)b

0.4411

0.5
0.5769

0-6818
0.75

0.7894

0.8333

0.8823
0.9375
1.0714

1.0714
1 1194

1.1904
1.25

1 3157

1.415

15
1.5957

1.7441

T W Q R
0.01

0.0099

0.00743
0.01678

0.0148
0 01283
0 01085
0 00987
0.0093 7

0 00888

0 00839
0.00789

0.00691
0.00691
0.00661
0.00622
0.00592

0.00562
0.00523

0.00493
0 00464

0.OO424

kgBWjforWQC = Pb
Allowable WOC concentration in me/'L*

CatB

0.01
Cat C

0.01 -0.05

CatD

0.05-0.3
Effective Upper Limit value used(mfi/l I

0.0099 0.049
Category ingestion (mg/d

0.00743
0.01678
0.0148

0.01283
0 01085
0.00987
0.0093 7

0.00888
0.00839

0.00789
0.00691

0.00691
0.00661

0.00622
0.00592

0.00562
0.00523

0.00493
0.00464

0.00424

0.03675
0.0832
0.0734

0.06362

0.05383
0 04893
0 04649

0 04404

0.0416
0.03915
0.03425

0.03425
0.03279

0.03083
0.02936
0.02789

0.02594
0.02447

0.023
0.02104

0.299

0.22425
0.50827

04484

0 38863
0 32884

0 29893
028401
0 26905
0 25411

0.23915
0.20926

0.20926
0 20029

0.18834
0 17936
0.1704

0 15845

0 14947
0.1405

0 12855

( »t K

>0.3

0.3

0.225
0.51009

0.45
0.39002
0.33001

0.3
0.28503
0.27001

0.25502
024

0.21001
0.21001

0.201

0.18901
0 18

0.17101

0.15901

0.15
0.141

0.12901

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);

of Domestic Water Supplies (1998)
c Default temperature

WTTCCIRRD 18 Type A: Domestic user group = Adult (60 kg BW) for WQC = Hg.

Temp-C
8
10

12
14

I6C

18
20

22
24
26

28
30

32
34
36

38
40

42
44

Predic. W l (L/d)b

1.1764

1.3333
1.5384

1 8181
2

2.1052

2.2222
2.3529

2.5
2.8571
2.8571

2.9852

3.176
3.3333
3.5087

3.7735
4

4.2553

4.6511

Allowable WQC concentration in mg/L*

TWQR

0.001

CalB
0.001

Cat C

0.001-0.05

CatD

0.05-1
CalE

>1
Effective Upper Limit value used(mg'L)

0.0009 0.0009 0.049 0.99 1
Category ingestion (mg/d)

0.OO18
000153
000135
0.00117
0.00099

0.0009
0.00086

0.00081
0.OOO77

0.00072
0.00063

0.00063

0.0006
0 00057

0.00054

0.00051
0.00048
0.00045
0.00042

0.00039

0.0018
0.00153
0.00135
0.00117

0.00099
0.0009

0.00086
0.00081
0.00O77

0.00072

0.00063
0.OOO63
0.0006

0.00057

0.00054
0.00051

0.00048

0.00045
0.00042
0.00039

0.098
0.0833

0.0735
0.0637

0.0539
0.049

0.04655
0.0441

0.04165
0.0392

0.0343
0.0343

0.03283
0.03086
0.0294

0.02793
0.02597

0.0245
0.02303

0.02107

1.98
1.6831

1 48504
1.28705

1.08905
0.99

094053

0.89101
0.84151

0 792
0.69301
0.69301
0.66327

0.62343

0 59401
056431
0.52471

0.495
0.4653

0.42571

2

1.7001
1.50004

1.30005

1.10005
1

0.95003
0.90001

0.85001

0.8
0.70001
0.70001

0.66997

0.62972
0.60001

0.57001
0.53001

0.5
0.47

0.43001

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality

and WHO (1993);

of Domestic Water Supplies (1998)
1 Default temperature
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WTTCC1RRD 18 Tvpe B: Domestic user group = Children (10 kp BW) for WQC = Hp.

Ttmp-C
8
10

12
14
I6C

18

20
22
24
26

28
30
32
34
36

38
40

42
44

Predtc. WUL/d)6

0.5882
0.6666
0.7692
0.909

1

1.052
.1111
.1764
1,25
.4285
.4285
.4925
.5873
.6666
.7543
.8867

2
2.1276
2,3255

Allowable WOC concentration in mp/L1

TWQR
0.001

CalB
0.001

Ci tC
0.001-0.05

( a l l )
0.05-1

CatE
>1

Effective Upper Limil value used Imp/I.t
0.0009 0.0009 0.049 0.99 1

Categorv ingcslion Img/d)
0.0009

0 00153
0 00135
0.00117
0.00099
0.0009

0.00086
0.00081
0 00077
0.00072
0.00063
0.00063
0.0006

0.00057
0.00054
0 00051
0.00048
0 00045
0.00042
0.00039

0.0009
OOOI53
0.00135
0 00117
0.00099
0.0009

0.00086
0 00081
0.00077
0.00072
0.00063
0.00063
0.0006

0,00057
0.00054
0.00051
0,00048
0.00045
0.00042
0.00039

0.049
0.0833

0 (17351
0.0637
0 05391
0049

0,0465 8
0 0441
004165
0.0392
0.0343
0.0343
003283
0 03087
0.0294
0.02793
0.02597
0.0245
002303
0.02107

0.99
1.6831
1.4X515
1.28705
1 08911

0.99
0.94106
0 89101
0.84155

0.792
0.69303
0.69303
0.66332
0.6237

0.59402
0.56433
0.52473

0.495
0.46531
0.42571

1
1 7001
1.50015
1 30005
1.10011

1

0.95057
0,90001
0.85005

0.8
0.70004
0.70004
0 67002

0 63
0.60002
0.57003
0.53003

0 5
0 47001
0.43002

Adapted from DWA&K (1993:
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies <1998)
and WHO (1993); * Default temperature

WTTCC'IRRD 18 Type C: Domestic user group - Infants (5 kg BW) for WQC = Hg

Tenp-C
8

10
12
14
I61

18
20
22
24
26
28
30
32
34
36
38

40
42
44

Predtc. WI(L/d)b

0,4411
0.5

0.5769
0.6818

0.75
0 7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1 1904
1.25

1.3157
1.415
1.5

1,5957
1.7441

Allowable WOC concentration in mj>/L*
TWQR
0.001

CalB
0.001

Cat C
0.001-0.05

( a t I)
0.05-1

( a t K
> l

Effective Upper Limit value used (mg/L)
0.0009

0.00068
0.00154

000136
0O01I8

0.001
000091
000086

0.00082
0.00077

0.00073
0,00063

0.00063
0.00061
O.OOO57
0.00054

0 00052
000048

0.00045
0.00043
0.00039

0.0009
Catepon

0.00068
0.00154
0.00136
0.00118

0.001
0.OOO91

0.00086

0.00082

0.00077
0.00073

0.00063
0.00063
0.00061
0.00057

0.00054
0 00052

0.00048

0.00045
0,00043
0.00039

0.049
f inpestion (mg/d

0.03675
0.0832
0,0734

0 06362
0.05383
004893
0 04649
0.04404
0.0416

0.03915
0.03425
0.03425
0 03279
0.03083
0 02936
0.02789
0.02594
0,02447
0.023

0.02104

0.99

0.7425
1.68216

1.484
1.28618
1,0883

098933
0.93995
0.89044
0.84098
0.79147
0.69255
0.69255
0.66286
0.62332
0.5936

0 56396
0.52438
0.49467

0465
0.42543

1

0.75
1.70029

1.5

1.30005
1.10003

1
0 45009
0.90004
0.85005

0.8

0 70002
0.70002

0.67
0 63004

0.6
0 57004
0.53004

0,5
0.47001
0 43002

Adapted from DWA&F (1993; 1996) and Quality of Domestic Supplies (1998)
Adapted from DWA&F (1996) and WHO (1993),' Default temperature
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WTTCC1RRD 19 Tvpc A: Domestic user group = Adult (60 kg BU. ) lor WQC = U.

Tcnp-0
8
10

12
14
I6C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Prcdk.WI(L/d)b

1.1764
1.3333
t 5384
1X181

2
2.1052
2.2222
2.3529

2.5
28571
2.8571
2.9852
3.176

3.3333
3.5087
3.7735

4

4.2553
4 6511

TWQR
0.07

Allowable WO
Cat B
11.2*4

C concentration in mg/L'
( a t ( I Cat D

0.284-1.42 >1.42
Cat h.'

Effective Upper Limit value used Imp/L)
0.069

0.138
0.11731
0 1035
0.0897
0.0759
0 069

0.06555
0.0621

0.05865
0.0552
0.0483
0.0483

0.04623
0.04345
00414

0.03933
0.03657
0.0345

003243
O.O2%7

0.283
Catepon

0.566
0.48113
0 42451
0.36791
031131

0.283
0 26886
0.2547

0.24055
02264
0.1981
0.1981
0.1896

0.17821
0.1698

0.16131
0 14999
0.1415

0.13301
0.12169

1.41 1.42
ingcsnon img/d)

2.82
239714
2.11505
1.83307
1.55107

1.41
1.339S4
1.26901
1.19852
1.128

0.98701
0.98701
0.94466
0 88791
0.84601
0 80372
0.74732
0.705
0.6627
0.60631

2.84
241414
2.13005
1.84607
1.56207

I 42
1.34904
1.27801
1.20702

1.136
0.99401
0.99401
0.95136
0.89421
0.85201
0 80942
0.75262

0.71
0.6674
0.61061

Adapted from DWA&F
Adapted from DWA&F
Not applicable

(1993; 1996) and Quality of Domestic Water Supplies (1998)
(19%) and WHO (1993);( Default temperature

WTTCCIRRD 19 Type B: Domestic user group = Children < 10 kg BW) for WQC = U.

Temp-C
8
10

12
14

I6C

18
20
22
24
26
28
30

32
34
36

38
40

42
44

Predk. W l (L/d)b

0.5882
0.6666
0 7692
0.909

1

1.052
. m i
.1764
1.25
4285

.4285

.4925

.5873
6666

1.7543
1.8867

2
2 1276
2.3255

Allowable WQC concentration in mg/La

TWQR
0.07

CatB
0.284

c«u:
0.284-1.42

Cat D
>\A1

CatE*

Effective Upper Limit value used (mg/L)
0.069 0.283 1.41 1.42

Category innestion (mp/d)
0.069

0.11731
0.10351
0.0897

0 07591
0 069

0.06559
0.0621

0.05865
0.0552
0.0483
0.0483

0.04623
004347
0.0414

0.03933
0.03657
00345

0.03243
002967

0.283
0.48113
0.42454
0.36791
0.31133
0.283

0.26901
0.2547

0.24056
0.2264

0.19811
0.19811
0.18961
0.17829
0.16981
0.16132

0 15
0.1415

0.13301
0.12169

1.41
2.39714
2 11521
1.83307
1.55116

1.41
1.3403
1.26901
1.19857

1.128
0.98705
098705
0.94472
0.8883
0.84603
0.80374
0.74734

0.705
066272
0.60632

1.42
241414
2.13021
1.84607
1.56216

1.42
1.34981
1.27801
1.20707
1.136

0.99405
0.99405
0.95142
0 8946

0.85203
080944
0.75264

0.71
0.66742
0 61062

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)
Not applicable

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);' Default temperature
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WTTCCIRRD 19 Type C: Domestic user group = Infants (5 kg BW) for WQC =

Tcmp-C
8
10

12
14
16e

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. \VI(L/d)h

0.4411

0.5
0.5769

0.6818

0.75
0.7894

0,8333

0.8823
0.9375
1.0714

1,0714
1.1194
1.1904

1.25
1.3157

1.415

1.5
1.5957

1,7441

U.
Allowable WQC concentration in rnji/l_a

TWQR
0.07

Cat B
0.284

CatC
0.284-1.42

Cat D
>1.42

Cat E*

Effective Upper Limit value used (mji/l.)

0.069 0.283 1.41 1.42
Categorv ingestion (mg/d)

0.05175
0.11721
0.1034

0.08962

0.07583

0.06893
0.06549
0.06204

0.0586

0.05515
0.04825
0.04825
0.04619

0.04343

0.04136
0.03929

0.03654
0.03447
0.0324

0.02964

0.21225
0.48062

0.424

0.36748
0.31094

0-28267
0.26856
0.25441

0.24028
0.22613
0.19787
0.19787

0.18939
0.17809

0.1696
0 16113

0.14982
0.14133
0.13286

0.12155

1.0575
2.39628

2.114
.83221

.55031

.40933

.33899

.26845

.19801

.12747
0.98656

0.98656
0.94426
0.88794

0.8456
080337

0.747
0.70467
0.66241

0.60604

1.065
2.41442

2 13
1.84607
1.56204

1.42
1.34913
1.27805

1.20707

1.136

0.99403
0.99403
0.9514

0.89466
0.852

0 X0946

0.75265
0.71

0.66742
0.61063

Adapted from DWA&F
Adapted from DWA&F
Not applicable to

(1993; 1996) and Quality
(1996)andWHO(1993);

of Domestic Water Supplies (1998)
' Default temperature

WTTCCIRRD 20 Type A: Domestic user group = Adult (60 kg BW) for WQC = Se.

Temp-C
8
10
12
14
16'
18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (lVd)"
1.1764
1.3333
1,5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2,8571
2.8571
2.9852
3.176

3.3333
3,5087
3.7735

4
4.2553
4.6511

Allowable WOC concentration in mg/L11

TWQR
0.02

CatB
0.02

CatC
0.02-0.05

( a l l )
0.05-1

CatE
>1

Effective Upper Limit value used (mg/L)
0.019 0.019 0.049 0.99 1

Category ingestion (mg/d)
0.038
0.0323
0.0285
0.0247
0.0209
0.019

0.01805
0.0171

0.01615
0.0152
0.0133
0.0133

0.01273
0.01196
0.0114

0.01083
0.01007
0.0095

0.00893
0.00817

0.038
0.0323
0.0285
0.0247
0.0209
0.019

0.01805
0.0171

0.01615
0.0152
0.0133
0.0133

0.01273
0.01196
0.0114

0.01083
0.01007
0.0095

0.00893
0.00817

0.098
0.0833
0.0735
0.0637
0.0539
0.049

0.04655
0.0441
0.04165
0.0392
0.0343
0.0343

0.03283
0.03086
0.0294

0.02793
0.02597
0.0245

0.02303
0.02107

1.98
1.6831

1.48504
1.28705
1.08905

0.99
0.94053
0.89101
0.84151

0.792
0.69301
0.69301
0.66327
0.62343
0.59401
0.56431
0.52471
0.495

0.4653
0.42571

2
1.7001

1.50004
1.30005
1.10005

1
0.95003
0.90001
0.85001

0.8
0.70001
0.70001
0.66997
0 62972
0.60001
0.57001
0.53001

0.5
0.47

0.43001
Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993)

of Domestic Water Supplies (1998)
c Default temperature
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WTTCC1RRD 20 Type B: Domestic user group - Children (10 kg BW) for WQC = Se.

Temp-C
8
10

12
14
!6C

18
20
22
24
26
28
30

32
34
36
38

40
42
44

Predic. Wl (L/d)b

0.5882
0.6666
0 7692
0.909

1

1.052
Mill
1.1764

1.25
1.4285
1.4285
1.4925
1.5873
1.6666
1.7543
1.8867

2
2.1276
2.3255

Allowable WOC concentration in mg/La

TWQR
0.02

CalB
0.02

CatC
0.02-0.05

Cat D
0.05-1

Cat E
> l

Effective Upper Limit value used(mg/L)
0.019

0.019
0.0323
0 0285
0.0247
0.0209
0.019

0.01806
00171

0.01615
0.0152
0.0133
0.0133

0.01273
0.01197
0 0114

0.01083
0.01007
0.0095
0.00893
0.00817

0.019 0.049
Category ingestion (mg/d

0.019
0.0323
0.0285
0.0247
0.0209
0.019

0.01806
0.0171

0.01615
0.0152
0.0133
0.0133

0.01273
0.01197
0.0114

0.01083
0.01007
0.0095

0.00893
0.00817

0.049
0.0833

0.07351
0.0637

0.05391
0.049

0.04658
0.0441

0.04165
0.0392
0.0343
0.0343

0.03283
0.03087
0.0294
0.02793
0.02597
0.0245
0.02303
0.02107

0.99
>

0.99
1.6831
1.48515
1.28705
t.08911

0.99
0.94106
0.89101
0.84155
0.792

069303
0.69303
0.66332
0.6237

0.59402
0.56433
0.52473
0.495

0.46531
0.42571

1

1
1.7001
1.50015
1.30005
1.10011

1
0.95057
0.90001
0.85005

0.8

0.70004
0.70004
0.67002

0.63
0.60002
0.57003
0.53003

0.5

0.47001
0.43002

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)

1996) and Quality of Domestic Water Supplies (1998)
and WHO (1993);' Default temperature

WTTCC1RRD 20 Type C: Domestic user group = Infants (5 kg BW) for WQC = Se.

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. WI (L/d)b

0.4411
0.5

0.5769
0 6818
0.75

0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1 1194
1.1904
1.25

1.3157
1.415
1.5

1.5957
1.7441

Allowable WOC concentration in me/L*
TWQR

0.02
(at It
0.02

CatC
0.02-0.05

CalD
0.05-1

CalE
>1

Effective Upper Limit value used (mg/L)
0.019 0.019 0.049 0.99 1

Category ingestion (mg/d)
0.01425
0.03219
0.0284

0.02461
0.02083
0.01893
0.01799
0.01704
0.01609
0.01515
0.01325
0.01325
0.01269
0.01193
0 01136
0.01079
0.01004
0.00947
0.0089
000814

0.01425
0.03219
0.0284

0.02461
0.02083
0.01893
0.01799
0.01704
0.01609
0.01515
0.01325
0.01325
0.01269
0.01193
0.01136
0.01079
0.01004
0.00947
0.0089

0.00814

0.03675
0.0832
0.0734

0.06362
0.05383
0.04893
0.04649
0.04404
0.0416

0.03915
0.03425
0.03425
0.03279
0.03083
0.02936
0.02789
0.02594
0.02447
0.023

0.02104

0.7425
1.68216

1484
1.28618
1.0883

0.98933
0.93995
0.89044
0.84098
0.79147
0.69255
0.69255
0.66286
0.62332
0.5936

0.56396
0.52438
0.49467

0.465
0.42543

0.75
0.17003

0.15
0.13001

0.11
0.1

0.09501
0.09

0.08501
0.08
007
0.07

0.067
0.063
006

0.057
0.053
0.05

0.047
0.043

Adapted from DWA&F(1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);

of Domestic Water Supplies (1998)
* Default temperature
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WTTCCIRRD 21 Tvpc A: Domestic user Rroup = Adult (60 kg BW) for WQC = V.

Temp-C
8
10
12
14
!6C

18
20
22
24
26

28
30
32
34

36
38
40
42
44

Predic.WI(IVd>b

1.1764
1.3333
1.5384
1.8181

2
2.1052
2.2222
2.3529

2.5
2.8571
2.8571
2.9852
3.176

3.3333
3-5087
3.7735

4
4.2553
4.6511

Allowable WQC concentration in mp/L*
TWQR

0.01
CatB
0.01

Cat C 1
0.01-1

Cat I>
>1

CalE*

Effective Upper Limit value used (mg/L)
0.009 0.009 0.99 1

Category inpcstion (mp/d)
0.018
0.0153
0.0135
0.0117
0.0099
0.009

0.00855
0.0081

0.00765
0.0072
0.0063
0.0063

0.00603
0.00567
0.0054

0.00513
0.00477
0.0045

0.00423
0.00387

0.018
0.0153
0.0135
0-0117
0.0099
0.009

0.00855
0.0081

0.00765
0.0072
0.0063
0.0063

0.00603
0.00567
0.0054

0.00513
0.00477
0.0045

0.00423
0.00387

1.98
1 6831
1.48504
1.28705
1.08905

0.99
0.94053
0.89101
0.84151
0.792

0.69301
0.69301
0.66327
0.62343
0.59401
0.56431
0.52471
0.495

0.4653
0.42571

2
1.7001
1.50004
1.30005
1 10005

1
0.95003
0.90001
0.85001

0.8
0.70001
0.70001
0.66997
0.62972
0.60001
0.57001
0.53001

0.5
0.47

0.43001
Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);
Not applicable

of Domestic Water Supplies (1998)
c Default temperature

WTTCCIRRD 21 Type B: Domestic user group = Children (10 kg BW) for WQC = V

Temp-C
8
10
12

14
16C

18
20

22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

0.5882
0.6666
0.7692
0.909

1
1.052
1.1111
1.1764
1.25

1.4285
1.4285
1.4925
1.5873
1.6666
1.7543
1.8867

2

2.1276
2.3255

Allowable WQC concentration in mn/L*
TWQR

0.01
CalB
0.01

CatC
0.01-1

CatD
> I

CatE'

Effective Upper Limit value used (mg/L)
0.009

0.009
0.0153
0.0135
0.0117
0.0099
0.009

0.00856
0.0081

0.00765
0.0072
0.0063
0.0063

0.00603
0.00567
0.0054

0.00513
0.00477
0.0045

0.00423
0.00387

0.009 0.99
Category ingestion (mg/d

0.009
0.0153
0.0135
0.0117
0.0099
0.009

0.00856
0.0081

0.00765
0.0072
0.0063
0.0063

0.00603
0.00567
0.0054

0.00513
0.00477
0.0045

0.00423
0.00387

0.99
1.6831
1.48515
1.28705
1.08911

0.99
0.94106
0.89101
0.84155
0.792

0.69303
0.69303
0.66332
0.6237
0.59402
0.56433
0.52473
0.495

0.46531
0.42571

1

1
1.7001
1.50015
1.30005
1.10011

1

0.95057
0.90001
0.85005

0.8
0.70004
0.70004
0.67002

0.63
0.60002
0.57003
0.53003

0.5
0.47001
0.43002

Adapted from DWA&F (1993; 1996) and Quality
Adapted from DWA&F (1996) and WHO (1993);
Not applicable

of Domestic Water Supplies (1998)
c Default temperature
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WTTCCIRRD 21 Type C: Domestic user group = Infants (5 kg BW) tor WQC = V.

Temp-C
8
10
12
14
16C

18
20
22
24
26
28
30
32
34
36
38
40
42
44

Predic. Wl (L/d)b

0.4411
0.5

0.5769
0.6818

0.75
0.7894
0.8333
0.8823
0.9375
1.0714
1.0714
1.1194
1.1904

1.25
1.3157
1.415

1.5
1.5957
1.7441

Allowable WQC concentration in me/La

TWQR
0.01

CatB
0.01

Cat C
0.011

CatD
>I

Cat E*

Effective Upper Limit value used (mg/L)
0.009 0.009 0.99 1

Category ingestion (mg'd)
0.00675
0.01519
0.0134
0.01161
0.00983
0.00893
0.00849
0.00804
0.00759
0.00715
0.00625
0.00625
0.00599
0.00563
0.00536
0.00509
0.00473
0.00447
0.0042

0 00384

0.00675
001519
0.0134
0.01161
0.00983
0.00893
0.00849
0.00804
0.00759
0.00715
0.00625
0.00625
0-00599
0.00563
0-00536
0.00509
0.00473
0.00447
0.0042

0.00384

0.7425
1 68216

1.484
1.28618
1.0883

0.98933
0 93995
0.89044
0.84098
0.79147
0.69255
0.69255
0.66286
0.62332
0.5936

0.56396
0.52438
0.49467
0.465

0.42543

0.75
1.70029

1.5
1 30005
1.10003

1
0.95009
0 90004
0.85005

0.8
0.70002
0.70002

0.67
0.63004

0.6
0.57004
0.53004

0.5
0.47001
0.43002

Adapted from DWA&F (1993;
Adapted from DWA&F (1996)
Not applicable

1996) and Quality
and WHO (1993);

of Domestic Water Supplies (1998)
c Default temperature

3.4.9 RCLPS REFERENCE DOSE (mg/D) Reference Documents

The following RefDocs provide additional methods of estimating risk due to the ingestion of PHCs. These

allow the user to enter information relating to the actual ingestion of a PHC in a number of different ways.

They also allow for an estimate of weekly intakes to be compared to RefDocs. This is a meaningful method

of assessment as in RCLPS many individuals will only ingest water (and related sources such as milk,

vegetables, etc.) on weekends. Others may ingest a specific source only during the weekdays, for example,

school children in a weekly hostel. As a result, the RefDocs allow for an allowable ingestion, a maximum

tolerable daily ingestion, and so forth. The results are thus provided to the user as an indication of where

the predicted ingestion resides, from recommended daily allowances or requirements, to low observed

adverse effect levels. The RefDod - RD1 provides values for broad body weight user categories, namely,

adult, child and infant, to cater to some extent for different water turnover rates.

RefDoc-RDl

The following table presents the upper limits for ingestion in mg/d for selected WQC. The corresponding

types of effects are provided in a separate TOE document linked to the category status. The RDI values are

derived from default WI estimates used in guideline derivation by the WHO (1993). Exceeding these

values for the respective user group (adult, child, or infant) will be reported as PHCs under the "Reference

Dose" tab in the results screens.
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RefDoc - RD1 for the RCLPS model

WQC

l-ad
F-ch
F-mf

As-ad
As-ch
As-inf
Cd-ad
Cd-eh
Cd-inf
Ca-ad
Ca-ch
Ca-inf
Cl-ad
Cl-ch
Cl-inf

Cu- ad
Cu- ch
Cu- inf
Ke- ad
Kc- ch
Fe- mf

Mg- ad
Mg- ch
Mg- mf
Mn- ad
Mn- ch
Mn- inf

k-ad
K-ch
K-inf

Na- ad
Na- ch
Na- inf

SO4-ad
SO4- ch
SO4- inf
TDS- ad
TDS- ch
TDS- inf

Zn- ad
Zn- ch
Zn- inf

Ipper category limits in mg/d
TWQK

1.38
0.79

0.5175
0.018
0.009

0 00675
0.0058
0.0029

0.00218
158
79

59 25
198
99

74.25
1.98
0.99

0.7425
0.98
0.49

0.3675
138
69

51.75
0.18
0.09

0.0675
48

24
18

198
99

74.25
398

199

149.25
898
449

336.75
38
19

14.25

( a t B
1 98
0.99

0 7425
0.098

0.00044
0.03675
0.0098
0.0049

0 00368
298
149

111.75
398
199

149.25
2.58
1.29

0 9675
1.98
099

0.7425
198
99

74.25
0.78
0.39

0.2925
98
49

36.75
398
199

149.25
798

399

299.25
1998
999

749 25
40

20
15

Cat(
2.98
1.49

1.1175
0.38

8 4F.-05
0.1425
0.038
0019

0.01425
598
299

22425
1198
599

449 25
3.98
1.99

1.4925
9 9 8
4.99

3.7425
398
199

149.25
7.98
399

2.9925
198
99

74.25
798
399

299.25
1198
599

449 25
4798
2399

1799.25
na

na

na

("•ID
6.98
3 49

26175
3 98

0 00017
1 4925
0.O98
0049

0 03675
600
300
225

2398
1IW9

899.25
29.8
14 9

11.175
19.8
9 9

7.425
798
399

299 25
198

9.9

7.425
998
499

374.25
1998
999

749.25
1998
999

749.25
6798
3399

2549 25
na

na
na

( a t I
1

3.5

2 625
4

0 00033
1.5
0.1
0.05

0 0375
na
na
na

2400
1200
900
30

15

1 1.25
20

10

7.5
800
400
300

20
10

7.5
1000
500
375

2000
1000
750

2000
1000
750

6800
3400
2550

na

na
na

Types: ad = adult; ch =
Based on a default WI
na - n o l applicable

: child; inf = infant
rales at 16 degrees Cclcius

RefDoc - PR

The following table presents a series of reference doses based primarily on a mg/kgBW/d basis, and are

adapted from the EPA, WHO and DWA&F drinking guidelines.

The reference doses termed "Allowable Daily Doses" (ADD) are derived from predominantly three

different sources, the EPA, WHO and DWA&F, and may be taken to be an estimated daily exposure that is

without appreciable risk of deleterious effects over lifetime exposure (EPA, 1998).
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RefDoc - DR for the RCLPS model.

WQC

Al
As
Ba
Be
B
Sb
Cd
Ca
Cr
Cl
Cu
F
Fe
Pb
Mg
Mn
K
Hg
Mo
Ni

Siiv
Na

SO4
Se

Sr
Th
V
Zn

RDI

0.007 mg/d

0.001 mg/d

15-20 mg/d

TDI
<mg/kgBW/d)

0.051

0.088

O.O1-O.O35 mg/d

1-3 mg/d

20mg/d

0.002-0.02 mg'd
0.1 mg/d
0.1 mg/d

ADD-adults
(mg/kgBW/d)

0.0165d
O.OOIq
0.07e
0.005e
0.09e

0.0004e
0.00017q

2.64d
0.0016d

6.6q
0.033d
O.O33qd
O.O33qd
0.0003d

2.31d
0.013q
1.65qd

0.00003d
0.005e
0.02e

6.6qd
6.6d

0.000d6

0.6e
0.00007e
0.0033d
0.33d

PTWI
mg/kgBW

7
0.015

0.007

3.5

5.6
0.025

0.005

7

NOAEL
mp/kpBW/d

0.51

8.8

0.004

LOAEL
mg.kpBW/d

0.017 mg/L

0.43
0.175 mg/d

0.03
(0.8-cs)
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RefDoc - DR - source material for the RCLPS model.

WQC

Al
As
Ba
Be
B
Sb
Cd
Ca
Cr
Cl
Cu
F
Fe
Pb
Mp
Mn
K

Hg
Mo
Ni

Silv
Na
SO4

Se
Sr
Th
V
Zn

ADD-adults
(mg/kgBW/d)

O.OI65d
0.00 Iq
0.07e

0.005e
0.09e

0.0004e
0.00017q

2.64d
0.0016d

6.6q
0.033d

O.O33qd
0.033qd
0.0003d

2.3ld
0.013q
1.65qd

0.00003 d

0.005e
0.02e

6.6qd
6.6d

0.000d6
0.6e

0.00007e
O.OO33d

0.33d

Source

dual"
qwds
epa
epa
epa
epa

qwds
dwaf
duaf
quds
dwaf
q-t-d
q+d
dwaf
dwaf

q+d
dwaf
epa
epa

q+d
d
d
e
c
d
d

3.5 RCLPS - Livestock User Group

The basis of the RCLPS model is identical to that for Livestock in previous CIRRA versions in the

evaluation of risk based on water, animal, environmental and nutritional detail. As such, a risk assessment

is still performed with all the detail the user provides. However, two main modifications apply.

The first modification is to cater for the results to be formulated along a best-fit principle for multiple

livestock types, and also for multiple livestock breeds and production levels. This is in effect similar to

performing many single *.wqs sample files in CIRRA for each separate type, breed, and production level,

with all sharing the common component of the environment and water, with certain nutritional elements also

shared. The key change in the RCLPS is the selection of a default category within a livestock type WIRRD,

and the presentation to the user of the results based on a ranking system. To present all the evaluated results

would defeat the purpose of aiding the management of the water source as the information presented would

be too large for a decision to be effected. As such, the livestock component in the RCLPS model conducts

risk assessments as described in WRC Final Report K.5/644, and the reader is referred to that report for the

modelling detail.
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The second modification deals with setting new reference values for specific WQCs that may pose a

significant consumer health hazard. The guideline limits are described for the Generic Guideline

Application Level in the WRC Final Report K5/644 apply. However, modifications occur by way of iwo

generic GAL types, namely Livestock Type I and Livestock Type II, designated as RefDoc-LTI and

RefDoc-LTII. Livestock Type I refers to the generic guideline application limits for identifying PHCs and

COCs for those systems where a close association does not exist between the animals and humans with

reference to the sustainable reliance by humans, specifically sensitive domestic user groups, with reference

to the ingestion of animal products. Livestock Type II refers to the generic guideline application limits

under conditions where rural communities utilise livestock in a sustainable production system, and caters for

the possible consumer health hazards related to the increased exposure of PHCs for humans consuming

animals products (milk, meat and/or organs). Those WQCs which are known to be potentially hazardous lo

human health, and which are cumulative in nature, and/or approximate a linear relationship with water

concentration and milk concentration, are set at more conservative limits under Livestock Type II limits.

The modifications are presented in Table 3.2. The relevant references are provided.

Table 3.2 Guideline modifications for Generic RCLPS
woe

As
Cd
Cr
Co
Fe
Pb
Mn
Ni
Se
Zn

RefDoc-LTI mg/L
0.05
0.01

1
1

to
0.05
10
1

0.05
20

RcfDoc-LTII me/I.
0.01 (DWA&F. 1996)
0.005 (DWA&F, 1996)
0.05 (DWA&F, 19%)

0.05 (Smith, 1988)
5 (Quality of Domestic Water Supplies, 1998)

0.01 (DWA&F, 1996)
4 (Quality of Domestic Water Supplies, 1998)

0.02 (WHO, 1993)
0.02 (DWA&F, 1996)
10 (DWA&F, 1996)

3.6 User Interface screen images for the RCLPS model

The following pages provide some of the screens available for the data capturing section of the RCLPS

model. The screen images represent the user interface portion of the program. The two other main sections

that reside within the software are the source code (modelling), and documentation data dictionaries for the

reference material and supporting information. The images are presented in this report to indicate to the

reader the document-driven Windows format of CIRRA, an attribute which should enable easy navigation

for all levels of computer literacy.
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t Coninuin.il Water Samplr DOMESTIC.WQS
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; Sample Specific Detail for C: C5PR0I WOCIS D0MES7IC.WQS

Domestic UsetDetai j Envtoranertfal Nubihonal

Mok (he ptef ened Eooihy Spectnint.

T tt* I

^ ChdnangaFeed

feed Used

Elcmortt Value
Dude Ffct© X
Dude Proton*
Dry Matter X
Mrtrfwferfiiw E iwy MEMJAg
Sim rag/kg

Batkn mQ/kg
Beqifun mgAg

g
Charade (free) mg/ko
CdtonX
Coiniun mfl/kg
Centnmg/kB
Ofanfe*
Cob* mo/kg

Copper tngAg
R d ^ k

a ooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo
aooo

|1CXL002J

^J X Caned [

87



t Specific Re*u!tsRcult*

Human RnKAnwmtert |Anmal &nk Assessment

HeakhRiikA»e»roeni JEcofegcalRi*AK«Mnent j Watering Syttern

Seted the Risk Awewmer* 'Tjpe;

:ood Preparation
mgobon tt HouKnoU Oopt
klmwabio Reference Dwe

|fW Document!

gockgrowxliNomaboo I

St**nre

£ate*ioiwnFI«u)ti 1

tl*

7 Specific Re*utU Re*ylt*

JRef Documents

Heath FW«.Ass«tawrt Ecofogical RnkAnestroenl (watering Sydem | Product Oua%

Satect Ing MBK A£jpismenl X^T^

RnkAstesanentbyEnvnmmjnt ^ ^ B ^ ^ ^
PMtAnmrantfavRM^gc^^lH^^B

Wai«mgPort
Tfouflh
Punp
DoMnsbeam

' PHC -

etc

QacKjpound infonMhon

fiatwral Commerte I

fig £ataiaiionRe»*t j

gfr EUntRgtutt I

88



t Spctifit Results Results

Hunan Risk Assessment JAmal Risk Assetsner*

HedhRefcAaetwnenl | Ecological Refc Anosroent | Watering System

Select fto Rok Assessment

Rel Documents

GG-TOE1

%.$U»TOE2

Qfa AV

% FP-TOE3

% 1R-TOE5

^ ARF

% WTTCORRO

|

|

|

I
|
|
|
|
|

89



CHAPTER 4

WATER QUALITY INVESTIGATIONS IN SELECTED

RURAL COMMUNAL LIVESTOCK PRODUCTION SYSTEMS

4.1 Introduction

This chapter presents water quality investigations conducted in a number of selected communities which all

share a close association with livestock and subterranean water, and should be read in conjunction with the

RCLPS model described in Chapter 3. The purpose of these investigations was primarily to obtain water

quality samples from those water sources, and watering points, on which the communities and their

livestock relied. Due to the extensive nature of some of the communities, it was not possible to pre-arrange

sample collection from every village or dwelling, although most collection phases were preceded by

discussion groups with the farmers groups, or relevant local authorities. Thus, some samples were not

obtainable at the time of conducting the sampling phase, and this is reflected in the different number and

location of samples collected from the same area over different sampling phases. In some instances these

differences are due to some boreholes being abandoned (usually due to palatabihty problems), and in others

due to the Chief locking the borehole in an attempt to "save" the water for the winter. This practice was

found to be quite common in villages in the Jericho District. The possible ramifications of this practice are

dealt with in the relevant discussion sections. The sampling phases also provided an opportunity to discuss

the varied roles of livestock and water within the different communities with extension officers and farmers.

4.2 Methods

The common procedures employed for the water quality investigations are presented in this section. Issues

unique to each area investigated are presented under the "Methods" section in the appropriate chapter.

4.2.1 Water sample collection and analyses

Water samples were collected in 250 ml sterilised plastic containers obtained from the Institute for Soil

Climate and Water (Pretoria, ARC), according to techniques prescribed by the ISCW (1998). The ISCW

also conducted the laboratory analyses of all the samples, and also prepared the sample containers where

necessary (for example, sample preservation with HgC!2 for NO3 determination). Samples were preferably

taken from the point of use, for example a tap in the case of domestic users, or drinking trough, in the case

of livestock use. In some cases samples were collected from the borehole and reservoir, dependent on the

nature of the available water sources to the users involved, and the watering techniques. Long reservoir
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residence times on multiple watering points were sampled. Samples were kept cool in polystyrene

containers and delivered within 48 hours to the ISCW water laboratory. Constituents analysed for were:

Full quantitative analysis:

fluoride, nitrite, nitrate, chloride, sulphate, phosphate, carbonate, bicarbonate, sodium,

potassium, calcium, magnesium, boron, pH. total dissolved solids.

Semi-quantitative analysis (ICP-AES scan):

Be, Li, Ti, V. Cr (total), Mn, Co, Ni. Zn, Cu, As, Br. Se, Sr, Mo, Cd. In. Sn. Sb. Te. \V.

Pt, Au, Hg, Tl, Pb. Bi. U.

The reader is referred to Volume 1 of the WRC Final Report K.5/644 for more information.

4.2.2 Guidelines and acronyms used for water quality assessment

Risk assessments for livestock and wildlife were formulated using the software program CIRRA. Version

1.03. The reader is referred to WRC Final Report, K5/644 for further information.

Due to the shared utilisation observed in the rural communities investigated a generic level risk assessment

was conducted for domestic drinking purposes. These results form the focus of the water quality

investigations for the RCLPS model. Although several primary guideline references were used to conduct

the water quality assessment, three main sets were used. These were the 1996 Department of Water Affairs

and Forestry Water Quality Guidelines for Domestic Use (DWA&F, 1996), the Quality of Water for

Domestic Supplies, Volume 1: Assessment Guide (Quality of Domestic Water Supplies, 1998), and the

1998 USEPA Domestic Drinking Water Maximum Contaminant Level (MCL) guidelines (USEPA. 1998).

For those constituents for which neither of these two references offer a guideline, guidelines as described by

Kempster et a/., (1985). Smith (1988) and the WHO (1993) were used.

Due to the harsh environmental factors prevalent in the areas sampled, and in the interests of erring on the

conservative side, in cases where more than one guideline is reported for a particular constituent, the lower

guideline reported was used. This is in accordance with the recommendations of how to apply developed

guidelines under local conditions (WHO, 1993). Concentrations recorded which exceeded the DWA&F

(1996) guideline for category C. the maximum recommended limit (MRL) for the WHO (1993) guidelines,

or the MCL for USEPA guidelines, were reported as potentially hazardous constituents (PHC).

Constituents that recorded values within 10% of a guideline limit were reported as constituents of concern

(COC). Definitions of these terms appear below.

• PHC: indicates that the WQC in question is likely to result in adverse effects

• COC: indicates that the WQC in question could conceivably become a PHC due to concentration

variations, such as seasonal fluctuation in the water source or evaporative effects, and should therefore

be monitored.
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Two exceptions were made in the case of F and TDS to the 10% COC rule. Due to the endemic fluorosis

problem, the high altitude effect on renal glomerular filtration rate (Janse van Rensburg & Pitout, 1991),

and high temperatures experienced in the area reviewed, concentrations exceeding 0.5 mg F/L were

recorded as a COC.

Acronyms used:

MPL maximum permissible level (Kempster et al., 1985; Smith 1988)

RL Recommended level (Kempster et al., 1985; Smith 1988)

CL Crisis level (Smith, 1988)

Cat C/D/E Category level (Quality of Domestic Water Supplies, 1998)

MRL Maximum recommended limit (WHO, 1993)

TWQR Target Water Quality Range (DWA&F 1996)

AV Antagonistic variable (Underwood & Suttle, 1999)

HA Health Advisory (USEPA, 1998)

Department of Water Affairs and Forestry (1996) Domestic Use Guidelines and Quality of Domestic Water

Supplies. Vol 1: Assessment guide (1998)

These guidelines make use of different categories to indicate the fitness for use of the water. Only

categories C, D and E for drinking health were used. The reader is referred to both documents for the actual

guideline values.

Cateeorv

A

B
C

D

E

: Types of effects

No adverse effects

No significant adverse effects
Possible adverse effects in

sensitive groups

Adverse chronic effects likely

Acute adverse effects likely

Recommendati on

water fit for use

water fit for use
water fit for use

monitor constituent levels

use with caution

(only limited exposure for sensitive

groups)

Not fit for use/serious health effects in

all users/acute health effects in all users

In this report, these appear as Cat C, Cat D, and Cat E.

USEPA Drinking Water Guidelines (revised 1998V

The USEPA provide two main sets of guidelines, Primary Drinking Water Regulations and Secondary

Drinking Water Regulations. Primary guidelines make use of a maximum contaminant level (MCL) and a
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maximum contaminant level goal (MCLG). A MCL is defined as "the maximum permissible level of a

contaminant in water which is delivered to any user of a public water system". All States are required to

comply with the MCL standards, whereas a MCLG is defined as '"a non-enforceable concentration of a

drinking water contaminant that is protective of adverse human health effects and allows an adequate

margin of safety". Some States in the USA apply the MCLG as a MCL. Secondary Drinking Water

Regulations make use of secondary maximum contaminant levels (SMCL). which are non-entbrceabIe

guidelines, although the EPA recommends them to the States as reasonable goats, and some States do adopt

them as enforceable regulations.

!n addition. Drinking Water Health Advisories (HA) and Drinking Water Equivalent Levels (DWEL) are

issued by the EPA for some WQC. The HA fall under four groups ranging from a one-day HA to a lifetime

HA. The definition of a lifetime HA is "the concentration of a chemical in the drinking water that is not

expected to cause any adverse non-carcinogenic effects over a lifetime of exposure, with a margin of

safety". The DWEL is a lifetime exposure concentration protective of adverse, non-carcinogenic health

effects, which assumes all of the exposure to a contaminant is from a drinking water source. For cases

where no MCL, MCLG or SMCL is available, a HA or DWEL is used.

National Primary and Secondary' Drinking Water Regulations (mg/l) (revised 1998)
WOC MCLG MCL SMCL
Aluminium
Antimony
As
Barium
Beryllium
Cadmium
Chloride
Chromium(t)
Copper
Cyanide
F
Iron
Lead
Manganese
lnorg Hg
N03(asN)
NO2 (as N)
Nickel
Se
Silver
Sulphate
Thallium
TDS
Zn

Notes:

na
0.0O6
na
2
0.004
0.005
na
0.1
1.3
0.2
4
na
0
na
0.002
10
1
0.1
0.05
na
na
0.0005
na
na

na
0.006
0.05
2
0.004
0.005
na
0.1
1.3 (action level)
0.2
4
na
0.015 (action level)
na
0.002
10
1
na
0.05
na
na
0.002
na
na

0.05 to 0.2

250

1

2
0.3

0.05

0.1
250

500
5

An Action Level is an additional post water treatment trigger for prevention/removal.
The EPA is considering lowering the MCL for Arsenic to 0.01 mg/l.
The F MCL is under review.
Mo* - level cited is a health advisory limit for long term exposure for a 70 kg adult.
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DWEL AND LIFELONG HA from EPA (me/1)
WQC DWEL HA
Sb
Ba
Be
B
Cd
Cr(t)
Hg
Mo
Ni
Silver
Na
Sr
Th
Zn

Additional

2
0.2
3
0.02
0.02
0.001
0.2
0.6
0.2
20
90
0.0023
10

guidelines:

30
2

0.6
0.005
0.1
0.002
0.04
0.1
0.1

17
0.0005
2

These guidelines are taken from those formulated by Kempster et al. (1985) and Smith (1988) and are

predominantly based on the median values reported in international literature, cited as MPL (maximum

permissible levels). They offer a guideline for those constituents not dealt with by the DWA&F or the

USEPA guidelines. Some of these proposals also include a crisis limit (CL).

woe MPL ime/L)
5
0.1
0.5
3(1*)
2
0.005
0.2
0.005
5
0.1
0.5
2(0.1**)

CL (me/I)
10
0.2
1
6
4
0.01
1
0.01

0.2
1

Li
Sb
Bi
Br
Ce
Au
Ti
Te
Li
Mo
W
Sr

Note: Br* = presence can lead to bromate formation. Recommended Limit = 1 mg/1 used
Sr** - AV

Antagonistic Variable

An antagonistic variable (AV) is a constituent with unsubstantiated toxicity, but which may indirectly lead

to trace mineral imbalances due to interference with the absorption of other trace minerals (Underwood &

Suttle, 1999). With regard to fluoride toxicity, molybdenum is an AV. Due to the possible antagonistic

effects of Sr on Ca (Sargent et al., 1966), and the occurrence of endemic fluorosis in the area sampled, 0.1

mg/L was taken as a trigger for COC classification for Sr. Zinc is as an additional example of a constituent

that, al a certain concentration (0.1 mg/L), may not have any direct adverse effects, but possibly interfere

with the absorption of essential trace elements.
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43 Results

43.1 Barolong Resettlement Area:

4.3.1.1 Introduction

The Barolong Resettlement Area is located in the North West Province in the Potchefstroom District.

Sampling commenced in 1998 with the expectation that farmers would be settled by 1999. At the time of

writing this report a dispute between the two main tribes claiming rights to the land had not yet been

resolved. However, people had settled there prior to 1998, and continue to live there under a rural livestock

production system context. The area contains a full spectrum of domestic and livestock user groups. Many

of the inhabitants are permanent, whilst others commute between the area and nearby towns, mainly

Potchefstroom.

Although a river is located in the central portion of the area, it does not contain water all year round, and the

main source of water is from subterranean sources. One natural earth dam and a shale dam are also used,

both by humans and stock, although fish are caught and consumed from at least one dam. Apart from these

water sources the predominant form of water is from five boreholes, of which only three were in working

order. All of these boreholes were used for drinking purposes by humans and livestock.

In total the area comprises 3486 ha of farming land inhabited by 62 livestock farmers, although at least

twice this amount of people reside permanently on the farms in association with those persons tending to the

farm and livestock. The only school present uses the same subterranean water source as a large centra!

feedlot containing 60 head of cattle, using water from one borehole as the only water supply.

A 7000 ha wildlife section has been proclaimed within the Barolong Resettlement Area, with all the

livestock having already been removed from the area. The main water supply is from three boreholes, but

the only drinking trough found to contain water was sourced from the Potchefstroom Municipality water

supply which also provides the Promosa Location with its water.

The following livestock numbers were established in June 1998 for the Barolong Resettlement Area:

533 cattle - mostly Brahman and Bonsmara types

118 sheep

225 goats

22 pigs

Numerous types of poultry were observed, including ducks, turkeys, chickens and geese.
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4.3.1.2 Methods

Two sampling phases were conducted, a summer phase in 1998, and a winter phase in 1999. Samples were

collected in conjunction with extension officers working in the area. All available water sources were

sampled. No analyses were conducted for Te or Be.

4J.1 J Results: Sampling phase 1: Barolong Resettlement Area (Feb 1998)

I = Reservoir for Ilorehole U\ (Pholerigomo)
IMK

WQC

Br
Se
Ti

Measured (mg/1)

1.688
0 047
0.408

Relevant Guideline
(mg/1)

0.01 - M C L
0.05 - Cat C
0.2-MPL

COC
WQC:

As
Sr
Zn

Measured (mg/1)

0.008
0.3
0.11

Relevant
Guideline (mg/1)

0.01 -TWQR
0.1 - AV
0.1 - AV

2 = Drinking Trough for Borehole #1 {Pholerigomo)
PHC

WQC

Br
Mn
Ti

Measured (mg/1)

2.092
0.172
0.348

Relevant Guideline
(mg/1)

0.01 - M C L
0.05-TWQR

0.2 - M P 1 .

coc
WQC

Sr

Measured (mg/1)

0.3

Relevant
Guideline (mg/1)

0.1 - AV

3 = Drinking trough for Borehole U1 (Pholerigomo)
PHC

WQC

Br
Mn
Ti

Measured <mg/l)

1.598
0.076
0.274

Relevant Guideline
(mg/1)

0 .01-MCL
0.05- TWQR

0.2 - M P L

COC
WQC

Sr
Zn

Measured (mg/1)

0.245
0.259

Relevant
Guideline (mg/1)

0.1 - AV
0.1 - AV

4 = Tub drinking trough for Borehole #2 (Radimo)
PHC

WQC

Br

Measured (mg/1)

0.550

Relevant Guideline
(mg/1)

0.01 - M C L

coc
WQC:

Zn

Measured (mg/1)

1.199

Rele\ ant
Guideline (mg/1)

O.I -AV

5 = Drinking trough for Borehole #3 (Radimo)
PHC

WQC

Br
Se
Ti

Measured (mg/1)

0.788
0.024
0.128

Relevant Guideline
(mg/1)

0.01 - MCL
0.02 - TWQR

0.2 -MPL

COC
WQC

Sr

Measured (mg/1)

0.107

Relevant
Guideline (mg/1)

0.1 -AV

6 = Inflow pipe to reservoir for Borehole #3 (Radimo)
PHC

WQC

Br
Se
Ti

Measured (mg/1)

1.035
0.056
0.257

Relevant Guideline
(mg/1)

0.01 - M C L
0.05 - Cat C
0.2 - MPL

COC
WQC

As
Sr

Measured (mg/1)

0.008
0.171

Relevant
Guideline (mg/1)

0.01 -TWQR
0.1 - A V



7 = Reservoir for Borehole # 3 (Radimo)

PI1C
WQC

Br
Se
Ti

Measured (mg/1)

1.601
0.056
0.178

Relevant (iuideline
(mg/1)

(1.01 -MCI.
0.05 - Cat C
0.2 - MPL

cot
wot:

Sr

Measured (mg'l)

0.121

Relevant
Guideline (mg/1)

0.1 - AV

8 = Reservoir for Borehole # 3 (Radimo)

PHC
WQC

Br
Pb
Mn

Hg
Ti

Measured (mg/l)

0.822
0.012
0.968
0.001

0.509

Relevant Guideline
(mg/1)

0.01 -MCL
0.015 -AL

0.05 - TWQR
0.001 - TWQR

0.2 - MPL

COC
WQC

Sr
Zn

Measured (mg/1)

0.507
1.828

Relevant
Guideline (mg'I)

0.1 - AV
0.1 - AV

9 = Reservoir for Borehole # 4
PHC

WQC

As
Se

Measured (rng'l)

0.017

0.061

Relevant Guideline
(mg/1)

0.01 -TWQR
0.05 - Cat C

COC
WQC' Measured (mg'l) Rele\ant

Guideline (mg/1)

10 = Drinking Trough for Borehole P4

PHC
WQC

Br
Se

Measured (mg/'l)

0.706

0.039

Relevant Guideline
(mg/1)

0.01 -MCL

0.05 - Cat C

cot
WQC Measured (mg/1) Relevant

Guideline (mg/1)

11 = River (Kgaphamadi)

PHC
WQC

Br

Mn
Hg

Measured (mg/1)

2.672
0.026

0.003

Relevant Guideline
(mg/1)

0.01 -MCL
0.05 - TWQR

0.001 - TWQR

COC
WQC Measured (mg/1) Relevant

Guideline (mg/1)

16 = RarthDam
PHC

WQC

Br
NO2

Measured (mg/1)

3.495
5.96

Relevant Guideline
(mg/1)

0.01 - MCL
1 -TWQR

COC
WQC

Sr

Measured (mg/1)

0.115

Relevant
Guideline (mg/1)

0.1 -AV

21 =Oame Reserve dam
PHC

WQC

As
Br
Se

Hg

Measured (mg/1)

0.012
5.262
0.065
0.003

Relevant Guideline
(mg/1)

0.01 -TWQR
0.01 - MCL
0.05 - Cat C

0.001 -TWQR

COC
WQC Measured (mg/1) Relevant

Guideline (mg/1)
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31 = Municipal water to Promosa
PHC

WQC

Br
Se

NO2

Measured (mg/l)

0.75
0.033
1.67

- wildlife drinking trough

Relevant Guideline
(mg/l)

0.01 - M C L
0.05 - Cat C
1 - TWQR

WQC

Sr

cot:
Measured (mg/l)

0.112

Relevant
Guideline (mg/l)

0.1 - AV

41 = Shale Dam
PHC

WQC

Br

Measured (mg/l)

9.812

Relevant Guideline
(mg/1)

0.01 -MCL

cot
WQC Measured (mg/l) Relevant

Guideline (mg/l)

A summary o f the occurrence o f PHCs and COCs is presented in Table 4.3.1.1.

Table 4.3.1.1 Summarv statistics for the main PHCs and COCs identified from 15 water samples collected in the
Barolong Resettlement Area during February 1998.

WQC

(n) / WP

As
Br
Hg
Mn
Se
Ti
Sr
Zn

PHC

41
2.73

2
14
3
4
2
3
0
0

coc

15
1.00
2
0
0
0
0
0
9
4

Average
(me/L)

0.0056
2.351
0.001
0.088
0.026
0.140
0.155
0.214

SD
<me/L)

0.0044
2.423
0.002
0.247
0.024
0.174
0.130
0.486

Median
(mg/L)

0.005
1.607

0
0.011
0.024
0.051
0.112
0.0!8

Range
(mg/l.)

Minimum

0
0.55

0
0
0
0

0.024
0

Maximum

0.017
9.812
0.007
0.969
0.065
0.509
0.507
1.497

Table 4.3.1.2 Companson between drinking trough and reservoir results.
Description

Number of watering points sampled
Number of watering points containing

PHCs and COCs
Average PHCs and COCs per watering

point
Highest number of PHCs and COCs
recorded within one watering point

TotaJ PHCs and COCs recorded for all
watering points

Major WQCs involved

Drinking trough
5

PHC
5

PHC
2.4

PHC
3

PHC
12

PHC
B r = 5 ; M n = 2
Se = 2; Ti = 3

COC
4

COC
1

COC
2

COC
5

COC
Sr = 3
Zn = 2

As
Hg

NO2
Se

Reservoir and other

PHC
10

PHC
2.9

PHC
5

PHC
29

PHC
= 2; Br =
= 3:Mn
= 2;Pb
= 6; Ti =

10

9
= 2
= 1
4

COC
6

COC
1

COC
3

COC
10

COC
As = 2
Sr = 6
Zn = 2

4J. I .4 Results: Sampling phase 2: Barolong Resettlement Area (June 1999)
10 = Drinking Trough lor Borehole #4

PHC
WQC

Be

Hg
Te

Measured (mg/l)

0.013
0.004
0.012

Relevant Guideline
(mg/l)

0.004 -MCI.
0.001 -TWQR

0.01 - CL

COC
WQC

Zn

Measured (mg/l)

0.313

Relevant
Guideline (mg/1)

0.1 - AV
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9 = Reservoir for Borehole # 4
PHC

WQC

Be
Br

NO,
Mn
Se

Te

Measured (mg/1)

0.017
0.180

35

0.133
0.08
0.016

Relevant Guideline
<mg/l)

0.004 - MCL
0.01 -MCL
26 - TWQR

0.05 - TWQR
0.05 - Cat C

0.01 -CL

cot
WQC

Sr

Measured (mg/1)

0.310

Relevant
Guideline (mg/1)

0.1 - AV

5 = Drinking trough for Borehole #3 (Radimo)
PHC

WQC

Be
NO3

Se

Measured (mg/1)

0.009
34

0.048

Relevant Guideline
(mg/1)

0.004 -MCL
26 - TWQR

0.02 - TWQR

coc
WQC

Sr
Zn

Measured (mg/1)

0.23
0.107

Relevant
Guideline (nig/i)

0.1 AV
0.1 -AV

8 = Reservoir tor Borehole U 3 {Radimo)
PHC

WQC

As
Be
Br

Mn
Te

Measured (mg/1)

0.027
0.011
0.164
0.059
0.0 i 3

Relevant Guideline
(mg/1)

0.01 - TWQR
0.004 - MCL
0.01 -MCL

0.05 - TWQR
0.01 - CL

COC
WQC

Sr
Zn

Measured (mg/1)

0.161
0.191

Relevant
Guideline (mg/1)

0.1 - AV
0.1 -AV

3B - New borehole - reservoir (Radimo)
PHC

WQC

As

Te

Measured (mg/1)

0.014
0.011

Relevant Guideline
(mg/1)

0.01 -TWQR
0.01-CL

COC
WQC

Sr

Measured (mg/1)

0.107

Relevant
Guideline (mg/1)

0.1 -AV

19B-New borehole - trough (Radimo)
PHC

WQC

As

Be
Br
Cd
Mn
Se
Te

Measured (mg/1)

0.04
0.016
0.281
0.055
0.104
0.06

0.037

Relevant Guideline
(mg/1)

0.01 -TWQR
0.004 - MCL
0.01 -MCL
0.05 - Cat E

0.05 - TWQR
0.05 - Cat C
0.01 -CL

coc:
WQC

Zn

Measured (mg/1)

0.644

Relevant
Guideline (mg/1)

0.1 - AV

(i) 4B - New borehole 2 - reservoir (Radimo)
PHC

WQC

Be
Br

Mn

Hg
Te

Measured (mg/1)

0.005
0.098
0.114
0.003
0.008

Relevant Guideline
<mg/l)

0.004 - MCL
0.01 - MCL

0.05 - TWQR
0.001 -TWQR
0.005 - MPL

coc:
WQC Measured (mg/1) Relevant

Guideline (mg/1)
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(i) 27B - New borehole 2 - drinking trough (Radimo)
PHC

WQC

As
Be
Br
Mn

Hg
NO,
Se
Te

Measured (mg/lf

0.035
0.006
0.244
0.131
0.002
4.91

0.078
0.003

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01 - MCL

0.05 - TWQR
0.001 -TWQR

1 - MCL
0.05 - Cat C

0.01 -CL

COC
WQC Measured (mg/l) Relevant

Guideline (mg/l)

21 =<iame Reserve dam
PHC

WQC

As
Be
Br
Mn

Hg
Se

SO4

Te
Ti

TDS

Measured (mg/l)

0.012
0.004
0.130
0.073
0.002
0.059
203

0.012
0.103
566

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01 - M C L

0.05 - TWQR
0.001 -TWQR

0.05 - Cat C
200 - TWQR

0.01 - C L
0.1 - R L

450 - TWQR

coc
WQC

Cd
Sr

Measured (mg/t)

0.037
0.184

Relevant
Guideline (mg/1)
0.005 - TWQR

0.1 - AV

2 = Drinking Trough for Borehole #1 (Pholerigomo)
PHC

WQC

As
Be
Br
Mn
Te

Measured (mg/l)

0.021
0.014
0.182
0.074
0.011

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01 - M C L

0.05 - TWQR
0.01 -CL

coc:
WQC

Sb

Measured (mg/l)

0.0056

Relevant
Guideline (mg/l)

0.006-MIM.

1 = Reservoir lor Borehole #1 (Pholenjzomo)
PHC

WQC

As
Se

Te

Measured (mg/l)

0.031
0.025
0.032

Relevant Guideline
(mg/l)

0.01 - TWQR
0.02 - TWQR

0.01 - CL

COC
WQC Measured (mg/l) Relevant

Guideline (mg/l)

3 = Drinking trough for Borehole # I (Pholerigomo)
PHC

WQC

Be
Mn

Hg
Sc
Te

Measured (mg/l)

0.005
0.081
0.004
0.06
0.02

Relevant Guideline
(mg/l)

0.004-MCL 1
0.05 - TWQR
0.001 - TWQR

0.05 - Cat C
0.01 - C L

COC
WQC

Zn

Measured (mg/l)

0.105

Relevant
Guideline (mg/l)

O.I -AV
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4 = Tubdrinkine iroueh lor Borehole #2 (Radimo)

WQC

Be
Br
Mn
Se

SO4

TDS
Te
Ti

PHC
Measured (mg I)

0.004
0.512
0.103
0.02S
202
563
0.04

0.105

11 = River (Keaphamadil

WQC

Be
Se
Te

PHC
Measured (mg/l)

0.008
0.02

0.014

Kelevanl Guideline
(mg/l)

0.004 - MCL
0.01 -MCL

0.05 - 1 WQR
0.02 - 1 WQR
200 - TWQR
450 - TWQR

0.01 -CL
0.1 -RL

Relevant Guideline
(mg/l)

0.004 - MCI.
0.02 - TWQR

0.01 -CL

COC
WQC

F
Sr
Zn

Measured (mg/!)

0.8S
0.212
0.128

Rele\ant
Guideline (mg/l)

I - TWQR
0.1 -AV
0.1 - AV

coc
WQC Measured <mg/l> Relevant

Guideline (mg/l)

(iii) New Borehole - reservoir (Radimo)
PHC

WQC

As

Be
Br
Mn
Hg
Se
Te

Measured (mg/l)

0.028
0.01

0.317
0.061
0.005
0.065
0.027

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01 -MCL

0.05 - 1 WQR
0.001 -TWQR

0.05 Cat C
0.01 -CL

COC
WQC

Cd

Measured (mg 1)

0.004

Relevant
Guideline (mg/l)
0.005 - TWQR

(iii) New Borehole - drinking trough
PHC

WQC

As
Be
Br
Mn
Hg
Se
Te

Measured (mg/l)

0.066
0.016
0.446
0.155
0.002
0.122
0.0<i7

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004-MCL
0.01 -MCL

0.05 - TWQR
0.001 -TWQR

0.05 - Cat C
0.005 - MPL

COC

WQC

Cr
Au

Measured (mg/l)

0.03
0.004

Relevant
Guideline (mg/l)

0.05 - TWQR
0.005 - MPL

41 = Shale Dam
PHC

WQC

Be
Br
Mn
S04

Te
TDS

Measured (mg/l)

0.02
0.211
0.055
202

0.036
559

Relevant Guideline
(mg/l)

0.004 • MCL
0.01 - MCL

0.05 - TWQR
200 • I'WQR

0.01 -CL

450 - TWQR

COC
WQC

Sr
Zn

Measured (mg/l)

0.206
0.266

Relevant
Guideline (mg/l)

0.1 - AV
0.1 -AV
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21B= New Borehole Tap (Radimo)
PMC

woe

Br
Mn

Hji

SO4

Te
Ti

IDS

Measured (mg/l)

0.283
0.0X4
0.004
207

0.023
0.115
558

Relevant Guideline
(mg/l)

0.01 - MCL
0.(15 - 1 WQR
0.001 -TWQR
200 - TWQR

0.01 -CL
0.1 -R I .

450-TWQR

COC
WQC

Mo
Sr
Zn

Measured (mgl)

0.013
0.193
0.438

Relevant
Guideline (mp/l)

0.04 -HAV
0.1 -AV
0.1 - AV

24B - New Borehole - reservoir
PHC

WQC

As
Br
Mn
Se
U

Measured (mg/1)

0.018
0.412
0.097
0.042
0.03

Relevant Guideline
(mg/l)

0.01 - TWQR
0.01 - TWQR
0.05 - TWQR
0.05 - Cat C

0.01 -CL

cor
WQC

Sr

Measured (mg/l)

0.113

Relevant
Guideline (mg/1)

0.1 - AV

25B - New Borehole - drinking trough
PIK:

WQC

As
Be
Br
Mn
Se
Te

Measured (mg/l)

0.043
0.015
0.374
0.135
0.121
0.026

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01 - MCL

0.05 • TWQR
0.05 - Cat C
0.01 -CL

CXK
WQC

Sr
NO3

Measured (mg/l)

0.238
25.3

Relevant
Guideline (mg/l)

0.1 -AV
26 - TWQR

31 = Municipal water to Promosa - wildlife drinking trough
PIIC

WQC

As
Br
Cd
Mn
Se
Te

Measured (mg-'I)

0.036
0.558
0.006
0.166
0.022
0.019

Relevant Guideline
(mp/l)

0.01 -TWQR
0.01 - MCL

0.005 - Cat C
0.05 - TWQR
0.2 - TWQR

0.01 -CL

coc
WQC Measured (mg/l) Relevant

Guideline (mg/l)

16 = Larth Dam
PIIC

WQC

Be
Br
Mn

NC\
Se

Tc

Measured (mg/l)

0.012
0..252
0.119

38.48
0.058

0.018

Relevant Guideline
(mg/l)

0.004 - MCL

0.01 -MCL
0.05 - TWQR

1 - MCL
0.05 - Cat C
0.01 -CL

COC
WQC

Sr

LI
As

Measured (mg/l)

0.113
0.017

0.0088

Relevant
Guideline (mp/l)

0.1 • AV

0.02 - TWQR
0.01 - TWQR
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A summary of the occurrence of PHCs and COCs is presented in Table 4.3.1.3.

Table 4.3.1.3

WQC

(n) /WP

As
Be
Br

Up
Mn
SO,
Sc
Tc

TDS
Sr
Zn

Summary statistics for the main PHCs and COCs identified from 21 water samples
collected in the Barolong Resettlement Area during July 1999.

PHC

124
5.63
12
17
16
5
16
4
14
19
5
0
0

roc

29
1.31

1
0
0
0
0
0
0
0
0
11
8

Average
(mg/L>

0.017
0.008
0.211
0.001
0.082
38.1

0.042
0.018
310

0.126
0.128

SD
(ma/L)

0.018
0.006
0.175
0.001
0.048
79.8

0.036
0.011

144
0.077
0.163

Median
(mg/L)

0.013
0.0085
0.196

0
0.082

0
0.035
0.0185

256
0.103
0.083

Range
<me/L>

Minimum

0
0
0
0
0
0

0.002
0

109
0.037

0

Maximum

0.066
0.20

0.558
0.0O5
0.166
207

0.122
0.04
566

0.310
0.664

4.3.1.5 Discussion
The first and second sampling phases differ with each phase reflecting a different pattern of WQCs which

are classed as PHCs.

The only working borehole (samples 1,2 and 3 for sampling phase 1) in the Pholerigomo section supplied a

cement reservoir which was cleaned every three months, and on inspection appeared very clean. However,

this reservoir also supplied a one meter circular drinking trough which was located at a low point with

ground slopping upwards away from it. Intense utilisation of this trough, aggravated by poor design and

placement, resulted in a very muddy area extending over six meters from the trough, which was heavily

polluted with fecal matter. Most drinking troughs sampled in the area suffered from a similar problem.

Ironically, although this increases the incidence of foot-rot and the spread of various pathogens and

parasites, due to the depth of the mud it did appear to prevent animal fecal matter from entering the drinking

trough as the animals could not climb out of the mud and into the trough, an occurrence frequently observed

in the Jericho and Immerpan Districts.

The results for boreholes 1, 3 and 4 obtained in the first sampling phase suggest that Se values tend to

decrease in the drinking trough, perhaps due to precipitation, whereas Br values appear to do the reverse, as

illustrated for boreholes I and 3. Strontium values appear to remain relatively constant. The higher values

obtained for some reservoirs, for example those for borehole 3. suggest different extraction rates due to

varying degrees of utilisation of the drinking trough by livestock. This is demonstrated for borehole 3 with

the second reservoir differing substantially from the first. According to the herdsman the second reservoir

(sample 8) was used seldom. Increased corrosion of metal structures within the water delivery system could

possibly account for the increased heavy metal concentrations recorded. The presence of nitrite in the

natural earth dam is most probably correlated to the large amount of fecal matter observed around the
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watering point, and the direction of runoff being towards the dam. The runoff direction is aggravated by a

low water level, although the low level observed was apparently normal. The high nitrite value recorded in

the drinking trough sourced by municipal water is possibly due to avian fecal matter, as a large number of

Cattle Egrets seem to gather around the trough.

More boreholes were sampled in phase two, mainly as they had been fixed since the first phase. The

spectrum of PHCs and COCs found were similar. Some PHC values declined in the samples between the

first and second phases, notably for Br, Mn and As for borehole 1, whilst others increased, as evidenced by

the Se, and Br values for borehole 4. In some cases nitrate values increase, possibly due to increase avian

presence over the second period sampled, bul definitely due to increased livestock utilisation in the case of

the natural earth dam.

The variable nature of the results are thus mostly due to differences in reservoir and drinking trough

extraction, but the types of constituents present are fairly consistent, if not between sampling phases,

certainly for sections within the area.

43.2 Zeerust District - Rietgal and Hartebeeslaagte Communities

43.2.1 Introduction

The rural area of Rietgat consists of thirty-six farmers with a total of 1326 cattle, all relying on eight

boreholes for human and livestock use. For the Hartebeeslaagte, twenty-six farmers utilise three boreholes

for human and livestsock use, which comprises 442 cattle, 239 goats, and 9 sheep.

4.3.2.2 Methods

A total of eight watering points were sampled during the month of May 1997, the majority of which were

single structures incorporating circular reservoirs with a combined circular drinking trough. Duplicate

samples were collected for each watering point, one from the reservoir, for which the sample was preserved

for nitrate determinations, and one from the drinking trough.

4.3.2.3 Results

1 Drinking trough
PMC

WQC

Br
Ti
U

Measured (mg/1)

0.028
0.538
0.02

Relevant Guideline
(mg/1)

0.01 -MCL
0.1 -RL

0.02 - MCI.

c:oc
WQC

Sr
Zn

Measured (mg/1)

0.402
0.215

Relevant
Guideline (mp/I)

0.1 -AV
0.1 -AV
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1 Reservoir
PHC

WQC

Br

Ti
Se

U

Measured (mg/l)

0.04
0.498
0.026
0.021

2 Drinking trough

WQC

Br

Sc
Ti

Hg

2 Reservoir

PHC
Measured (mg/1)

0.047
0.021
0.154
0.002

Relevant Guideline
<mg/l>

0.01 -MCL
0.1 -RL

0.02 - TWQR
0.02 - MCL

Relevant Guideline
(mg/1)

0.01 -MCL
0.02 - TWQR

0.1 -RL
0.001 -TWQR

PHC
WQ(:

Br
Ti

Measured (mg/1)

0.07
0.158

Relevant Guideline
(mg/1)

0.01 - MCL
0.1 -RL

coc
WQC

Sr
Zn

Measured (mg/1)

0.391
0.192

Relevant
Guideline (mg/1)

0.1 -AV
0 1 - AV

cot
WQC

Sr

Measured lmg/|)

0.226

Relevant
Guideline (mg/t)

0.1 - AV

COC
WQC

Sr

Measured (mg/1)

0.222

Relevant
Guideline (mg/1)

0.1 - AV

3 Drinking trough
PHC

WQC

Br
Ti

Hg

Measured (mg/1)

0.033
0.265
0.058

Relevant Guideline
(mi>/l >

0.01 - MCL
0.1 - RL

0.001 -TWQR

COC
WQC

Sr

Measured (mg/1)

0.209

Relevant
Guideline (mg/1)

0.1 - AV

3 Reservoir
PHC

WQC

Br
Ti

Measured (mg/1)

0.08
0.288

Relevant Guideline
(mg/1)

0.01 - MCL
0.1 -RL

COC
WQC

Sr
Zn

Measured (mg/1)

0.216
0.272

Relevant
Guideline (mg/1)

0.1 - AV
0.1 -AV

4 Drinking trough
PHC

WQC

Br
Ti

Hg

Measured (mg/1)

0.05
0.315
0.033

Relevant Guideline
(mg/l)

0.01 -MCL
0.1 -RL

0.001 -TWQR

COC
WQC

Ni

Sr
Zn

Measured (mg/1)

0.01
0.2

0.114

Relevant
Guideline (mg/1)

0.02 - RL
0.1 -AV
0.1 -AV

4 Reservoir
PHC

WQC

Br
Ti

Measured (mg/I)

0.074
0.318

Relevant Guideline
(mg/1)

0.01 -MCL
0.1 -RL

COC

WQC

Ni

Sr
Zn

Measured (mg/1)

0.01
0.198
0.44

Relevant
Guideline (mg/1)

0.02 - RL
0.1 - AV
0.1 - AV
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5 Drinking trough
PMC

WQC

Br

MS
Ti
V

Measured (mg/l)

0.033
0.04
0.1

0.127

Relevant Guideline
(mg/l)

0.01 - MCL
0.001 -TWQR

0.1 -RL
0.1 - TWQR

C'OC
woe Measured (mg/l) Relevant

Guideline (mg/l)

5 Reservoir
PHC

WQC

Br
Ti

U

Measured (mg/l)

0.083
0.308
0.07

Relevant Guideline
(mg/l)

0.01 -MCL
0.1 -RL

0.02 - MCL

coc
WQC

Sr

Measured (mg/l)

0.249

Relevant
Guideline (mg/l)

0.1 -AV

6 Drinking trough

WQC

Br
Ni

Hg
Ti

piic:
Measured (mg/l)

0.032
0.022
0.033
0.143

Relevant Guideline
(mg/l)

0.01 - MCL
0.02 - RL

0.001 -TWQR
0.1 - R L

COC
WQC

Zn

Measured (mg/l)

0.118

Relevant
Guideline (mg/l)

0.1 - AV

6 Reservoir
PHC

WQC

Br
Ni
Ti

Measured (mg/l)

0.082
0.034
0.154

Relevant Guideline
(mg/1)

0.01 - MCL
0.02 - RL
0.1 -RL

COC
WQC

Zn

Measured (mg/l)

0.133

Relevant
Guideline (mg/l)

0.1 -AV

7 Drinking trough
PHC

WQC

Br

Hg
Ti

Measured (mg/l)

0.043
0.087
0.620

Relevant Guideline
(mg/l)

0.01 - MCL
0.001 -TWQR

0.1 -RL

COC
WQC

NO,
Ni
Sr

Measured (mg/l)

22
0.01
0.365

Relevant
Guideline (mp/l)

26 - TWQR
0.02 - RL
0.1 -AV

7 Reservoir
PHC

WQC:

Br
Ti

Measured (mg/l)

0.064
0.688

Relevant Guideline
(mg/l)

0.01 - M C L
0.2-MPL

COC
WQC

NO,
Ni
Sr

Measured (mg/I)

22
0.013
0.355

Relevant
Guideline (mg/l)

26 - TWQR
0.02 - RL
0.1 - A V

8 Drinking trough
PHC

WQC

Br
Hg
Ti

Measured (mg/l)

0.044
0.163
0.817

Relevant Guideline
(mg/l)

0.01 - MCL
0.001 -TWQR

0.2-MPL

COC
WQC:

Ni
Sr
Zn

Measured (mg/l)

0.017
0.697
0.345

Relevant
Guideline (mg/l)

0.02 - RL
0.1 -AV
0.1 - AV
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8 Reservoir
PHC

WQC

Br
Ti

Measured (mg/l)

0.069
0.736

Relevant Guideline
(mp/l)

0.01 - MCL
0.2 - MPL

COC
WQC

Ni
Sr
Zn

Measured (mg/l)

0.01
0.63
0.257

Relevant
Guideline (mg/l)

0.02 - RL
0.1 -AV
0.1 -AV"

A summary of the occurrence of PHCs and COCs is presented in Table 4.3.2.1

Table 4.3.2.

WQC

(n) / WP

Br
Hg

NO3
Ni
Se
Ti
U
V
Sr
Zn

Summary statistics for the main PHCs and COCs identified from
collected in the Rietgat and Hartebeeslaagte communities.

PHC

47
2.937

16
7
0
4
1
19
3
1
0
0

COC

30
1.875

0
0
2
4
1
0
0
0
13
9

Average
(n.R/L)

0.0557
0.052
4.13
0.011
0.04
0.381

0.0124
0.009
0.285
0.134

SD
<mR/L)

0.0196
0.053
7.22
0.009
0.008
0.236
0.020
0.032
0.187
0.140

Median

0.0485
0.037

1.5
0.01

0
0.312
0.004

0
0.224
0.116

16 water samples

Range
(mg/L)

Minimum

0.023
0
0
0
0

0.092
0
0

0.033
0

Maximum

0.083
0.163

22
0.034
0.026
0.817
0.07
0.127
0.697
0.44

Table 4.3.2.2. Comparison between drinking trough and reservoir results.
Description

Number of watering points sampled
Number of watering points containing

PHCs and COCs
Average PHCs and COCs per watering

point
Highest number of PHCs and COCs
recorded within one watering point
Total number of PHCs and COCs
recorded for all watering points

Major WQCs involved

Drinking trough

PHC
8

PHC
2.37
PHC

3
PHC
27

PHC
Br = 8; Ti =

Hg=7

V = l

8
COC

8
COC
1.75

COC
3

COC
14

COC
Ni = 2;
NO3=1

Se= l ;S r =
6; Zn = 4

PHC
8

PHC
1.5

PHC
3

PHC
20

PHC
Br=8;
Ti = 8
Ni = 2

U = 2; Se

Reservoir
8

= 1

COC
8

COC
2

COC
3

COC
16

COC
Sr = 7
Zn = 5

NO,=1

43.2.4 Discussion

Mercury was found to be the WQC that presents the greatest risk to both human and animal health in the

Rietgat and Hartebeeslaagte communities. For all the watering points except number 1 the levels recorded

exceeded the recommended TWQR. For the watering points 2, 4, 5, and 6, the DWA&F (1996) lists the

possible adverse effects as "risk of neurotoxicity with consequent serious disabilities with continuous

exposure", whilst for watering points 3, 7 and 8, the possible adverse effects are cited as "risk of

neurotoxicity with continuous exposure, particularly to organic mercury compounds. Acute effects may

occur, particularly with organic mercury compounds".
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The risk to humans may be significantly increased due to the cumulative nature of the toxin and the eating

preferences of people in the community, which include a preference for internal organs and tissues known to

accumulate mercury. As the people in these communities depend heavily on their own livestock as a food

source, exposure to mercury from the consumption of livestock tissues may be significant contributors to the

total ingestion of mercury by humans. This is especially relevant for those families experiencing daily milk

consumption, both of animal and maternal origin (Lonnerdal, 1999). As the watering points sampled are

also used for subsistence crop production, food preparation, and in some cases used to supply dams from

which fish are caught and consumed, the total potential exposure to mercury would appear to be very high,

specifically as no alternative water supplies are available. There were no signs that the farmers collected

rainwater for household consumption. The majority of the people present in the community consisted of

infants (under 2 years of age), pregnant women, adults (over 40 years of age) and in the case of Rietgat. a

school with children (under 12 years of age), all of which are high-risk groups (WHO, 1993). No value was

obtained for mercury for reservoir samples as mercury chloride was the preservative used for nitrate

estimation.

Comparisons between the samples taken from the reservoir and drinking trough for each watering point

reveal that for six of the watering points (numbers 2 - 7 ) the reservoir tended to yield higher values, whilst

for two of the watering points (numbers I and 8), the reverse was true, with the exception of Br. which

always returned higher values in the drinking trough. It was observed that for these two watering points no

recent signs of livestock activity were evident. This appears to provide a possible explanation for the

differences obtained with numbers 2 to 7 being due to a quick rate of emptying and refilling in the circular

troughs with large numbers of animals present, and the reverse being true for numbers I and 8. The

watering point designs found allowed for water delivery to the drinking trough from a pipe collecting water

from the bottom of the reservoir, offering an explanation for the lower concentrations obtained in the

drinking trough for numbers 2 to 7, as reservoir samples were collected from the surface.

4.3.3 Jericho District: Summer Phase

43.3.1 Introduction

Water samples were collected from several communities in the Jericho District, located ca. 150 - 200 km

North West of Pretoria. During clinical evaluations of livestock by the Veterinary Faculty at Medunsa. a

series of symptoms suggestive of neurological disorders were observed, apparently in animals that appeared

otherwise healthy, thus ruling out energy or protein deficiency as a causative factor. Discussions with

farmers and members of the communities revealed a pressing water quantity and water quality problem.

The water quantity problem resulted in the closure of boreholes during summer months in an attempt to

conserve the water source for the dry winter months. The quality problems was related to two main

observations, namely, the refusal of stock to consume certain borehole water, and a rapid loss of condition

of some species when exposed to certain water sources. A number of reproductive disorders were also
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noted by veterinary clinicians in the area. Due to these experiences water samples were collected from most

communities in the Jericho District.

433.2 Methods

Two sampling phases were conducted, one during the end of summer and the other at the end of winter

during 1999. Samples were collected according to methods as described in section 4.2 by members of the

Veterinary Faculty at Medunsa, and samples were analysed by the ISCW water laboratory. Different

sources were sampled between the two seasons as many either contained no water in the winter, or had the

pump removed.

4.3.3.3 Results

43.33.1 - Summer phase sampling for Jericho Dtstrict(February)

Tolwane School: ( l . t )

PHC
WQC

Br
Be

IDS
Ti

Measured (mg/l)

0.377
0.004
457

0.424

Relevant Guideline
(mg/I)

0.01-MCI.
0.004 - MCI,
450 - TWQR

0.2-MPI.

coc
WQC

Sr

Measured (mg/l)

0.464

Relevant
Guideline (mg/l)

0.1 -AV

Madiba school (1.2)
PHC

WQC

Br
Ti

Apies (2)

WQC

Br
Be
F

Na

Measured (mg/l)

0.334
0.308

PHC
Measured (mg/l)

0.248
0.033

7.7
119

Relevant Guideline
(mg/l)

0.01 -MCL
0.2-MPL

Relevant Guideline
(itlR/l)

0.01-MCL
0.004 - MCL
3.5-Cat E

100-TWQR

COC
WQC

Sr
F

TDS

Measured (mg/l)

0.769
0.52
426

Relevant
Guideline (mg/l)

0.1 -AV
1 - Cat C

450 - TWQR

COC
WQC

Sr

Measured (mg/l)

0.326

Relevant
Guideline (mg/l)

0.1 - AV

Pienaars river
PHC

WQC

Br
Be
Ti

Measured (mg/l)

0.650
0.033
0.174

Relevant Guideline
<mg/l>

0.01-MCL
0.004-MCL

0.1 -RL

COC
WQC

Sr
V

Measured (mg/l)

0.135
0.01

Relevant
Guideline (mg/l)

0.1 -AV
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Hebron (3)
PHC

WQC

As
Be
Cd
Pb
Mn
Mo
So
Sb
Te
Tl

Vaal boss loot

Measured (mg/l)

0.192
0.033
0.054
0.037
0.065
0.092
2.292
0.033
0.311
0.018

5(4.1)

Relevant Guideline
(mp/1)

0.05 - Cat C
0.004- MCI.
0.02 - Cat 1)

0.01 -TWQR
0.05 - TWQR
0.07 - M R L

0.02-TWQR
0.006-MCI.

0.01 - C I .
0.01 - MPI.

PHC
WQC

As
Br
Be
Cd
Pb
Up
Mn
Mo
Se
Sb
Te
Ti
Tl

Vaal boss tool

Measured (mg/l)

0.288
0.079
0.051
0.115
0.03
0.179
0.451
0.204
1.526
0.077
0.461
0.183
0.027

6(4.2)

Relevant Guideline
(mg/lf

0.05 - Cat C
0.01 -MCL
0.004-MCI.
0.05 - Cat E

0.01 -TWQR
0.001 -TWQR

0.4 - Cal C
0.2-CI .

0.02 - TWQR
0.006-MCI.

0.01 - C I .
0 .1 -RL
0.02 - CI.

PHC
WQC

Be
Cd
Mo
Hp
Se
Sb
Te
Tl

Measured {mg/l)

0.021
0.08
0.086
0.444
0.334
0.045
0.461
0.051

Relevant Guideline
(mp/1)

0.004-MCI.
0.05-Cat i:
0.07-MRL

0.001 -TWQR
0.02 - TWQR
0.006-MCI.

0.01 - C I ,
0.02-CI.

roc
WQC

Cr

Measured (mg/l)

0.022

Relevant
Guideline (mt>/l)

0.05 - TWQR

coc
WQC

Cr
Sr

Measured (mg/l)

0.034
0.129

Relevant
Guideline (mp/1)
0.05 - TWQR

0.1 -AV

COC
WQC

TDS
Sr

Measured (mg/l)

413
0.158

Relevant
Guideline (mg/l)

450-TWQR
0.1 - AV

Jonathan
PHC

WQC

Be
F

Mn
Na
Ti

Measured (mg/l)

0.015
2.74
0.28
101

0.200

Relevant Guideline
(mg/l)

0.004-MCI.
1.5 - Cat I)
0.4 - Cal C
100-TWQR
0.2-MPI.

COC
WQC

Cd
Cr
Sr

Measured (mg/l)

0.002
0.027
0.179

Relevant
Guideline (mg/l)

0.005 - Cat C
0.05 - TWQR

0.1 - A V
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Rantlapane

WQC

Br
Be

I;

Mn

"R
NO,

Se

IDS
Te
Ti

U

(6.1)
PHC

Measured (mg/l>

0.227
0.015
1.74
0.14
0.018
43.6
0.334
643

0.117
0.2

0.038

Relevant Guideline
(mg/l)

0.01 -MCL
0.004 - MCL
1.5 - Cat -D

0.05 - TWQR
0.001 -TWQR

44 - Cat C
0.02 - TWQR
450 - TWQR

0.01 -CL
0.2-MPL

0.02-MCL

toe
WQC

Cr
Sr

Measured (mg/l)

0.027
0.994

Relevant
Guideline (mg/l)

0.05 - TWQR
0.1 -AV

Rantlapane (2)
PMC

woe
Br
Cd
Mn
Hg
Se
Te

Measured (mg/l)

0.175
0.008
0.14
0.041
0.093
0.031

Relevant Guideline
(mg/l)

0.01-MCL
0.005 - Cat C
0.05 - TWQR
0.001 -TWQR
0.02 - TWQR

0.01 -CL

eoe
WQC

Mo

Sr

Measured (mg/l)

0.01
0.234

Relevant
Guideline (mg/l)

0.07 -MRL
0.1 -AV

Rantlapane (3)
PMC

WQC

Br
Cd

F
Mn
Sc

Te

Measured (mg/l)

0.457
0.01
1.21
0.17

0.041
0.01

Relevant Guideline
(mg/l)

0.01-MCL
0.005 - Cat C

1 - TWQR
0.05 - TWQR
0.02 - TWQR

0.01 -CL

eoe
WQC

Sr

Measured (mg/l)

0.259

Relevant
Guideline (mg/l)

0.1 -AV

Rantlapane 4 (6.4)
PHC

WQC

As
Br

Be
Cd

Hg
Mn
Mo
Se

Sb
Tl

U

Measured (mg/l)

0.141
0.408
0.02
0.053
0.258
0.256
0.087
1.125
0.047
0.017
0.02

Relevant Guideline
(mg/l)

0.05 - Cat C
0.01 -MCL
0.004 - MCL
0.05 - Cat E

0.001 - TWQR
0.05-TWQR
0.07 - MRL

0.02 - TWQR
0.006 - MCL
0.01 -MPL
0.02 - MCL

coc
woe

Cr
Sr

Measured (mg/l)

0.021
0.149

Relevant
Guideline (mg/l)

0.05 - TWQR
0.1 - AV
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Rantlapane (5)
PHC

woe

Sh
I4r

Be

Cd
Mn
Te

Measured (my/I)

0.016

0.2X2

0.004
0.007
0.260
0.O36

Relevant Guideline
(mp/1)

0 .006-MCI .
0.01 - MCI.
0.004-MCL
0.<K)5 - Cat C
0.05 - TWQR

0.01 - C l .

WQC

Mo

Sr

Measured (mg'l)

0.(114
0.102

Relev am
Guideline (mg/lt

0.07-MRI.
O.I - A V

Ranllapane 6 6.6)
PIK:

WQC

As

He

Cd
I'h
Mg
Mn
Se
Sb
Te

Measured (mg/l)

0 145
0.013
0.03
0.018
0.03
0.1 13
1.056
0.013
0.211

Relevant Guideline
(mg/l)

0.05 - Cal C
0.004 - MCL
0.02 - Cat D

0.01 -TWQR
0.001 -TWQR
0.05 - TWQR
0.02 - TWQR
0.006 - MCI.

0.01 -CL

WQC

Sr

Measured (mg/l)

0.230

Relevant
Guideline (nig/I)

O.I - AV

Madiyane(7.1l
PIK

WQC

Be

Cd
Pb

Mp
Mn
Mo
Se
Sb
Te

Tl
U

Measured (mg/l)

0.036
0.114
0.038
0.313
0.061
0.111
1.115
0.097
0.299
0.02
0.034

Relevant Guideline
(mg/l)

0.004 - MCI.
0.05 - Cal R

0.01 -TWQR
0.001 -TWQR
0.O5 - TWQR
0.07-MRl .

0.02 - TWQR
0.006-MCI.

0.01 - C l .
0.02 - Cl.

0.02 - MCL

coc
WQC

Cr
Sr

TDS

Measured (mg/l)

0.027
0.181
445

Relevant
Guideline (mg/l)

0.05 - TWQR
O.I - A V

450 - TWQR

Koedoespoon 1(8.1)
PHC

WQC

Br

Be
Cd
Pb

Hg
Mn
Se
Sb
Tl

TDS
U

Measured (mg/l)

0.395
0.021
0.04
0.034
0.253
0.114
0.711
0.044
0.017
658

0.068

Relevant Guideline
(mg/l)

0.01 - M C L
0.004 - MCL
0.05 - Cat V.

0.01 -TWQR
0.001 -TWQR
0.05 - TWQR
0.02 - TWQR
0 006 - MCL
0.01 -MPL
500-SMCL
0.02 - MCL

COC
WQC

Cr
Mo
Sr

Measured (mg/l)

0.025
0.045
1.137

Relevant
Guideline (mg/l)

0.05 - TWQR
0.07 - MRL

0.1 - AV
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Kocdoesponrl 2(8.2)
PHC

woe

Br
Be
Cd

Pb
Hp
Mn

Mo
Se
Sb
Te

Measured (mg/l)

0.467

0.029
0.082

0.052
0.082
0.186

0.052
1.450
0.065

0.563

Relevant Guideline
(me/1)

0.01 -MCL
0.004 - MCL
0.05 - Cat F.

0.01 - IWQR

o.ooi • FWQR
0.05-TWQR
0.07- MRL

0.02 - I'WQR
0.006-MCL

0.01 -CL

coc
WQC

Cr

Sr

Measured (nig/I)

0.027

i>.13~

Relevant
Guideline (mjj/I)

0.05 - TWQR

0.1 - AV

Koedoespoori 3(8.3)
PHC

WQC

Br
Be

Cd
Pb

He
Mo
Mn

Se
Sb

Te

Measured (mg/l)

0.457

0.043
0.070
0.054

0.178
0.164

0.283
0.801

0.085
0.516

Relevant Guideline
(mp'l)

0.O1 -MCL
0.004 - MCL

0.05 - Cat E
0.01 -TWQR

0.001 -TWQR
0.07 - MRL

0.05- TWQR

0.02 - TWQR
0.006 - MCL

0.01 -CL

COC

WQC

Sr

U

Measured (mg/l)

0.123
0.018

Relevant
Guideline (me'l)

0.1 -AV

0.02 - MCL

Jericho (9.1)

PHC
WQC

Be
Cd
Pb

Hg
Mo
Mn

Se
Sb

Te
Tl

U

Measured (mg/l)

0.036
0.068
0.017

0.077

0.093
0.146
1.236
0.107

0.515
0.019

0.048

Relevant Guideline
(mjK'l)

0.004-MCL
0.05 - Cat E

0.01 -TWQR

0.001 - TWQR
0.07 - 1WQR

0.05 - TWQR

0.02-TWQR
0.006 - MCL

0.01 -CL
0.01 -MPL

0.02 -MCL

COC
WQC

Cr
Sr

Measured (mg/l)

0.026
0.162

Relevant
Guideline (ma 1)

0.05-TWQR
0.1 - A V

WileerkuiKIO.il

PHC
WQC

Br
Cd

He
Mn

Sb
Se

Measured (mg/l)

0.271

0.022
0.081

0.096
0.107
0.147

Relevant Guideline
(mg/l)

0.01 -MCL
0.02 - Cat D

0.001 -TWQR
0.05 - IWQR
0.006 - MCL

0.02 - I'WQR

COC

WQC

Sr
U

Measured (mg/l)

0.381
0.016

Relevant
Guideline (mu/1)

0.1 - AV
0.02 - MCL
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Wilgerkuil (10.2)
PHC

WQC

Br
Cd
Pb

Hg
Mn

Se
Sb
Tl

Te
TDS

Measured (mg/l)

0.498
0.0?
0.023
0.081
0.218
0.216
0.107
0.01

0.212
581

Relevant Guideline
(mg/l)

0.01 - MCI.
0.02 - Cat D

0.01 -TWQR
0.001 -TWQR
0.05 - TWQR
0.02 - TWQR
0.006-MCI.
0.01 -MPL
0.01 -CL

450 - TWQR

( O C
WQC

Sr

Measured (mg/l)

0.855

Relevant
Guideline (mg/1)

0.1 - AV

Wilgerkuil(10.4)
PHC

WQC

Br

Be
Cd
Cl
F

Pb

Hg
Mn

Na
Se
Sb
Te
Tl

TDS

U

Measured (mg/l)

0.279
0.011
0.027
316
1.29

0.044
0.047
0.055

195
0.438
0.026
0.140
0.013
805

0.02

Relevant Guideline
(me/I)

0.01 -MCI.
0.004 - MCI.
0.005 - Cat C
200 - Cat C

1 - Cat C
0.01 -TWQR
0.001 -TWQR

0.4 - Cat C
200 - Cat C

0.02 - TWQR
0.006 - MCI.

0.0! -CL
0.01 -MPL

450 - TWQR
0.02 - MCL

coc
WQC

Mo
Sr

Measured (mg/l)

0.049
0.722

Relevant
Guideline (mg/1)

0.05-HA
O.I -AV

W a t e r v a l 1 ( 1 1 . 1 )
PHC

WQC

As

Br
Be
Cd
F

Hg
Mn
Se
Sb

Te
Tl
U

Measured (mg/l)

0.147
0.281
0.024
0.043
2.03

0.025
0.154
1.075
0.038
0.202
0.02
0.032

Relevant Guideline
(mg/l)

0.05 - Cat C
0.01 -MCL
0.004 - MCL
0.005 - Cat C
1.5 - Cat -D

0.001 - TWQR
0.4 - Cat C

0.02 - TWQR
0.006 - MCL

0.01 -CL
0.02 - CL

0.02 - MCL

COC
WQC Measured (mg/l) Relevant

Guideline (mg/l)
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Water*al 3 (I 1.3
PHC

woe

Hr
I k
Cd
1
Pb
Mg
Mn
Na
Se
Sb
le

IDS
I '

Measured (mg/ll

0.266
0.025
0.105
7.09
0.03

0.229
0.280
208
1.583
0.041
0.131
567

0.039

Relevant Guideline
(mg/U

0.01 -MCL
0.004 - MCL
0.05 - Cat E
3.5-Cat E

0.01 -TWQR
0.001 -TWQR

0.4 - Cat C
200 - Cat C

0.02 - TWQR
0.006 - MCL

0.01 -CL
450 - I WQR
0.02 - MCL

cor
WQC

Ba
Mo

Measured (mg/1)

0.534
0.049

Role* ant
Guideline (mg/1)

0 .7 -MRL
O.O5-HA

Waterval4(ll.4>
PHC

WQC

Hr
Ik
Cd
Pb
Mg
Mo
Mn
Se
Sb
le
11

Waterval 5 (

Measured (mg/1)

0.380
0.023
0.017
0.026
0.182
0.089
0.083
1.031
0.037
0.243
0.028

Relevant Guideline
(mg/1)

0.01 -MCL
0.004 - MCL
0.005 - Cat C
0.01 -TWQR

0.001 - TWQR
0.07-MRL
0.4 - Cat C

0.02 - TWQR
0.006 - MCL

0.01-CL
0.02 - CL

coc
WQC Measured (mg/!) Re1e\ ant

Guideline (mg/1)

1.5)
PHC

woe

Hr
He
Cd
Pb
Hf!
Mo
Mn

NO,
Se
Sb
Te
II

Measured (mg/1)

0.275
0.031
0.113
0.090
0.124
0.074
0.172

157
1.266
0.036
0.290
0.046

Relevant Guideline
(mg/1)

0.01 -MCL
0.004 - MCL
0.05 - Cat 1-

0.01 - TWQR
0.001 -TWQR

0.07 - MRL
0.4 - Cat C
89 - Cat D

0.02 • rWQR
0.006 - MCL

0.01 -CL
0.02-CL

coc
WQC

Sr

Measured (mg/1)

0.155

Relevant
Guideline (mg/1)

0.1 - AV

15



Walerval6(ll.6)
PHC

WQC

As
Br
Be
Cd
Pb
Hg
Mo
Mn
Se
Sb
Te
Tl

Measured (mg/l)

0.197
0.196
0.039
0.034
0.088
0.129
0.177
0.150
2.008
0.095
0.700
0.045

Relevant Guideline
(mg/l)

0.05 - Cat C
0.01 - M C L
0.004 - MCL
0.05 - Cat E

0.01 - TWQR
0.001 -TWQR

0.07 - MRL
0.4 - Cat C

0.02 - TWQR
0.006 - MCL

0.01 -CL
0.02 - CL

coc
WQC

Cr

Measured (mg/l)

0.041

Relevant
Guideline (mg/l)

0.05 - TWQR

Rooiwal 1 (12.1)
PHC

WQC

As
Br
Be
Cd
F

Hg
Mn
Mo
Se
Sb
Te
Tl

Measured (mg/l)

0.201
0.628
0.036
0.072
1.40

0.197
0.319
0.073
1.468
0.064
0.271
0.014

Relevant Guideline
(mg/l)

0.05 - Cat C
0.01 - MCL

0.004 - M C L
0.05 - Cat E

1 -CatC
0.001 -TWQR
0.05 - TWQR
0.07 - MRL

0.02 - TWQR
0.006 - MCL

0.01 -CL
0.01 -MPL

coc:
WQC

Cr
Pb
Sr

IDS
U

Measured (mg/I)

0.032
0.01

0.515
426

0.018

Relevant
Guideline (mg/l)

0.05 - TWQR
0.015-MPL

0.1 - AV
450 - TWQR
0.02 - MCL

Rooiwal 2 (12.2)
PHC

WQC

As
Br
Be
Cd
F
Pb

Hg
Mn
Mo
Se
Sb
Te
Tl
U

Measured (mg/l)

0.142
0.326
0.027
0.062
2.74

0.017
0.231
0.097
0.088
1.140
0.035
0.365
0.037
0.026

Relevant Guideline
(mg/l)

0.05 - Cat C
0.01 -MCL
0.004 - MCL
0.05 - Cat E
1.5- Cat -D

0.01 -TWQR
0.001 - TWQR
0.05 - TWQR
0.07 - MRL

0.02 - TWQR
0.006 - MCL

0.01-CL
0.02 - CL

0.02 - MCL

COC
WQC

Sr

Measured (mg/l)

0.128

Relevant
Guideline (mg/l)

0.1 - AV
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lxgonvane 1

WQC

Sb
nr
Be
Cd
Pb
tin
Mn
Mo
Se
Te
Tl

(13.1)
PHC

Measured (mg/l)

0.069
0.083
0.033
0.052
0.016
0.145
0.348
0.059
0.600
0.199
0.021

Legonyane2 (13.2)

WQC

Br
Be
Cd
Hg
Mn
Mo
Sb
Se
Te
TI
Ti

PHC
Measured (mg/l)

0.172
0.022
0.038
0.234
0.573
0.082
0.057
0.824
0.152
0.017
0.209

Relevant Guideline
(mg/l)

0.006 - MCL
0.01 -MCL
0.004 - MCL
0.05 - Cat E
0.015-MPL

0.001 -TWQR
0.05 - TWQR
0.07-MRL

0.02 - TWQR
0.01 -CL
0.02 - CL

coc
WQC Measured (mg/1) Relevant

Guideline (mg/l)

Relevant Guideline
(mg/l)

0.01 - MCL
0.004 - MCL
0.02 - Cat D

0.001 -TWQR
0.05 - TWQR
0.07 - MRL

0.006 - MCL
0.02 - TWQR

0.01 -CL
0.01 -MPL
0.200 - MPL

COC
WQC Measured (mg/l) Relevant

Guideline (mg/l)

Soutpansleegte 8 (14.8)
PHC

WQC

Br
Be
Cd
Pb
Hg
Mo
Mn
Se
Sb
Te
Tl

Measured (mg/l)

0.285
0.044
0.056
0.05
0.183
0.099
0.112
1.899
0.077
0.282
0.020

Relevant Guideline
(mg/l)

0.01 -MCL
0.004 - MCL
0.05 - Cat E

0.01-TWQR
0.001-TWQR

0.07 - MRL
0.05 - TWQR
0.02 - TWQR
0.006 - MCL

0.01 -CL
0.02 - CL

COC
WQC

u

Measured (mg/l)

0.019

Relevant
Guideline (mg/l)

0.02 - MCL
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Fading 1 (15.1)
put:

WQC

Br
Be
Cr
Pb
Mn
Ni
Ti

Measured (mg/l)

0.085
0.043
0.329
0.034
2.459
0.175
4.531

Fading 3 (15.3)

PIIC
WQC

Br
Be
Cr
Pb
Mn
Ti

Measured (mg/l)

0.013
0.031
0.170
0.01
1.314
2.226

RelevanI Guideline
(mg/l)

0.01 - M C L
0.004 - MCL
0.05 -TWQR
0.01- TWQR

0.4 - Cat C
0.1 - M C L

0.200- MPL

RelevanI Guideline
(mg/l)

0.01 - M C L
0.004 - MCL
0.1 -CatC

0.01 -TWQR
0.4 - Cat C

0.200 - MPL

coc
WQC

Ba
Sr

Measured (mg/l)

0.554
0.141

RelevanI
Guideline (mg/l)

0.7-MRL
U.1 - AV

COC
WQC

Ba
Sr

Measured (mg/l)

0.585
0.119

Relevant
Guideline (mg/l)

0.7 -MRL
0.1 - AV

Fading 4 (15.4)
PIIC

wot

Br
Be
Cd
F
Pb

Hg
Mo
Mn
Se
Sb
Te
TI
U

Measured (mg/l)

0.279
0.042
0.143
1.06

0.018
0.323
0.078
0.141
0.580
0.051
0.319
0.010
0.030

Relevant Guideline
(mg/l)

0.01 - M C L
0.004 - MCL
0.05 - Cat E

1 - Cat C
0.015-MCL

0.001 - TWQR
0.07 - MRL

0.05 - TWQR
0.02 - TWQR
0.006 - MCL

0.01 - C L
0.01 -MPL
0.02 - MCL

COC
WQC

Cr
Sr

Measured (mg/l)

0.028
0.187

RelevanI
Guideline (mg/l)

0.05 - TWQR
0.1 - A V

Fading 5 (15.5)
PIIC

WQC

Br
Be
Ba
Cr
F
Pb
Mn
Ni
K
Ti

TDS

Measured (mg/l)

0.426
0.035
0.732
0.312
5.01

0.032
2.761
0.119

185
4.131
492

Relevant Guideline
(mg/l)

0.01 - MCL
0.004-MCL

0.7-MRL
0.05- TWQR
3.5 - Cat -E

0.01 - TWQR
0.4 - Cat C
0.1 - M C L
50 - Cat C
0.2 - M P L

450-TWQR

COC
WQC

Sr

Measured (mg/l)

0.163

Relevant
Guideline (mg/l)

0.1 - AV
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Falling 8 (!5.8>
PHC

WQC

Br
Be
Cr
Pb
Mn
Ti

Measured (mg/1)

0.011
0.028
0.156
0.021
1.643
2.522

Relevant Guideline
<mg/l>

0.0! - M C I .
0.004 - MCI.
0.05 - TWQR

0.01 -TWQRL
0.4 - Cat C
0 .2 -MPL

( ( X
WQC Measured (mg/l) Relevant

Guideline (mg/l)

Falling 9 (15.9)
PHC

WQC

Br
Be

Cd
Pb

Hg
Mo
Mn

Se
Sb
Te

TI

Measured (mg/l)

0.384
0.042
0.053
0.068
0.123
0.086
0.170
1.080
0.046
0.373
0.011

Relevant Guideline
(mg/l)

0.01 -MCL
0.004 - MCL
0.05 - Cat I-

0.01 -TWQR
0.001 -TWQR

0.07-MRI.
0.05 - TWQR
0.02 - TWQR
0.006-MCL

0.01 -CL
0.01 -MPL

COC
WQC

Cr
Sr

Measured (mg/l)

0.026
0.103

Relevant
Guideline (mg/l)

0.05 - TWQR
0.1 - AV

Tolwane river (1)
PHC

WQC

Be
Br
Mn
Ti

Measured (mg/l)

0.007
0.483
0.05
0.237

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 -MCL

0 05 - TWQR
0.200 - MPL

coc
WQC

Cr
Sr
Te

Measured (mg/t)

0.011
0.136
0.004

Relevant
Guideline (mg/l)

0.05 - TWQR
0.1 -AV

0.005 - RL

Toloane2(20.2)
PHC

WQC

Sb
Br
Be
Cl
Cd
Pb

Hg
Mn
Mo
Na
Se
Te
IDS
Ti
U

Measured (mg/l)

0.079
0.240
0.033

182
0.087
0.053
0.153
0.105
0.109
183

1.890
0.309
631

0.048
0.039

Relevant Guideline
(mg/l)

0.006 - MCL
0.0] - M C L
0.004-MCL
100 - TWQR
0.05-Cat I!

0.01 - IWQR
0.001 - I W Q R
0.05 - TWQR
0.07-MRI.

100 - TWQR
0.02 - IWQR

0.01 - C l .
450-TWQR

0.02-CL
0.02 - MCL

coc:
WQC

Sr

Measured (mg/l)

0.127

Relevant
Guideline (mg/l)

0.1 -AV

19



Toloane 3 (20.3)
PHC

WQC

sb
Br
Be
Cd
Pb
Hg
Mo
Mn
Se
Te
Tl
U

Measured (ing/I)

0.150
0.175
0.040
0.186
0.062
0.602
0.093
0.203
1.408
0.695
0.088
0.053

Relevant Guideline
<mp/l)

0.006 - MCL
0.01 -MCI .
0.004 - MCL
0.05 - Cat K
0.015-MCL

0.001 -TWQR
0.07 - MRL

0.05 - l'WQR
0.02 - TWQR

0.01 -CL
0.02 - CL

0.02 - MCL

coc:
WQC

Cr
Sr

Measured (ing/1)

0.024
0.224

Relevant
Guideline (mg/1)

0.05 - TWQR
0.1 - A V

Table 4,3.3.1

woe

(n) / WP

As
Sb
Be
Br
Cd
Cr
F

Up
Pb
Mn
Mo
Se
Te
Tl
Ti

TDS
Sr
U

Summary statistics for the main PHCs and COCs
PHC

386
9.414

8
28
36
35
30
4
11
28
24
35
20
30
28
22
12
8
0
12

coc:

68
1.658

0
0
0
0
1

15
1
0
1
0
5
0
I
0
0
4
32
4

Average
<mg/L)

0.039
0.037
0.025
0.261
0.046
0.039
1.087
0.118
0.026
0.35

0.055
0.752
0.209
0.016
0.433
294.3
0.254
0.016

SD
(mg/L)

0.074
0.037
0.014
0.176
0.045
0.072
0.747
0.116
0.024
0.61

0.052
0.685
0.202
0.019
1.025
200.5
0.268
0.016

identified from 4 Iwaler samples.
Median
<mg/L>

0
0.036
0.028
0.275
0.038
0.019
0.53
0.082
0.021
0.15
0.049
0.711
0.199
0.012
0.1
251

0.149
0.011

Range
(mg/L)

Minimum

0
0
0
0
0

0.003
0.01

0
0

0.01
0
0
0
0

0.033
63

0.034
0

Maximum

0.288
0.700
0.051
2.292
0.186
0.329
7.77

0.444
0.090
2.76
0.204
2.292
0.700
0.085
4.531
805
1.137
0.068

The highest recorded number o f PHCs and COCs within a watering point was 15 and 5 respectively. A l l 41
watering points contained PHCs, whilst 36 contained COCs.

Table 4.3.3.2.
Ratios
RGR*

Average
SD

Median
Minimum
Maximum

Summary statistics for important ratios influencing
K:Ca

> 166.66
34.8
37.4
29.1
1.67
142

F:TDS
>500
253.6
248.8
178.9
0203
803.8

F:B
>4.166
0.202
0.244
0.169
9E-04
0.705

fluoride toxicity
F:Sr

<0.l66
0.207
0.192
0.134

0
0.63

F:Mo
<0.0067
0.282
0.317
0.208

0
1.049

F:pH
> 1.333
11.4
21.9
5.06
1.1
80

* = Recommended Guideline Ratio (WQC/F)

A F:pH correlation o f 0.047 was obtained.
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43.5.3.2 Winter phase sampling for Jericho District

T o l w a n e Schoo l : (1 .1 )
PMC

WQ(

Br
C1
He
Mn

TDS

Measured (mg/l)

0.01
113

0.004
0.350
515

Relevant Guideline
(mp/l)

0.01 - M C I .
100-TWQR

0.001 - rWQR
0.05 - TWQR
45<i- IUQR

0 coc
WQC

Sr

Measured (mg/l)

0.4W1

Relevant
Guideline (mg 1)

0.1 - AV

Madiba school (1.2)
PHC

WQC

Br

Apies {!)

WQC

Br
Be
r"

Na
Te

Measured (mg'l)

0.015

PHC
Measured (mg/l)

0.095
0.005
7.55
10.3

0.004

Relevant Guideline
<mg.'l)

0.01 - M C I ,

Relevant Guideline
(mg/l)

0.01 - M C L
0.004 - MCL
3.5 - Cat F.

100-TWQR
0.002 - RI.

COC
WQC

Sr
Cd
IDS

Measured (mg 1)

0.634
0.002
410

Relewini
Guideline (nig'l)

0.1 - AV
0.005 - HVQR
450 - IWQR

COC
WQC

Sr

Measured {mg, 1)

0.183

Relevant
Guideline (mg I)

0.1 - AV

Pienaars river
PHC

WQC

Br
Ni
Ti

Measured (mg/l)

0.297
0.034
0.103

Relevant Guideline
(mg/l)

0.01 - M C L
0.02 -MR1 .

0.1 - R I .

COC
WQC

Sr
V

Measured (ing/1)

0.13
0.01

Re lev an i
Guideline (mg/l)

0.1 - AV
0.1 - 1 WQR

Hebron (3)
PHC

WQC

Br
Mn

Measured (mg/l)

0.031
0.06

Relevant Guideline
(mg/l)

0.01 - MCL
0.05 - TWQR

COC
WQC Measured (mg/l) Relevant

Guideline (mg'l)

Vaalbossloot 1
PHC

WQC

Br
NO,

Measured (tng/l)

0.121
54

Relevant Guideline
(mp/l)

0.01 - M C L
44 - Cat C

COC
WQC

Sr

Measured (mg/'l)

0.257

Relevant
Guideline (me't)

0.1 - AV
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Vaalbossloot 2
I'HC

HOC

Br
NO,
IDS

Measured (mg/l)

0.150
54

492

Relevant Guideline
(mg/l)

0.01 - MCL
44 - Cat C

450 - TWQR

coc
WQC

Sr

Measured (mg/l)

0.247

Relevant
Guideline (mg/l)

0.1 -AV

Vaalbossioot 4
PIIC

WQC

Br
NO,
IDS

Measured (mg/l)

0.111
145
493

Relevant Guideline
(mp/l)

0.01 -MCL
89 - Cat D

450-TWQR

COC
WQC

Sr

Measured (mg/l)

0.185

Relevant
Guideline (ma''l)

0.1 - AV

Jonathan
PIIC

WQC

Be
Br
Cl
K

Na
TDS
Ti
U

Measured (mg/l)

0.009
0.207
226
13
152
667

0.181
0.023

Relevant Guideline
(mg/l)

0.004 - MCL
0.01-MCL
200 - Cal C
1.5 - Cal D

100-TWQR
450-TWQR

0.2 -M PL
0.02 - MCL

COC
WQC

Cd
Sr

Measured (mg/i)

0.002
0.479

Relevant
Guideline (mg/l)

0.005 - Cat C
0.1 -AV

Ranllapane 1
PHC

WQC

Cl
NO3

Na
TDS

Measured (mg/l)

135
47
163
824

Relevant Guideline
(mg/l)

100-TWQR
44 - Cat C

100-TWQR
450 - TWQR

COC
WQC

Sr

Measured (mg/l)

103

Relevant
Guideline (mp/l)

0.1 -AV

Rantlapane (2)
PIIC

WQC

Br
Pb
Ni
Hp

Measured (mg/1)

0.014
0.017
0.026
0.010

Relevant Guideline
(mp/l)

0.01 -MCL
0.016-MCL
0.02-MRL

0.001 -TWQR

COC
WQC

Sr

Measured (mg/l)

0.214

Relevant
Guideline (mg/l)

0.1 - AV

Madiyane (7.1)
PIIC

WQC

Be
Br
Te
11

Measured (mg/l)

0.004
0.326
0.014
0.181

Relevant Guideline
(mg/l)

0.004 - MCL
0.0I-MCL

0.01 - CL
0.100-RL

COC
WQC

Sr

Measured (mg/l)

0.263

Relevant
Guideline (mg/l)

0.1 - AV
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Koedoespoori

WQC

Br
Cl

Hg
Na

TDS

r

1
p u t

Measured (mg/I)

0.033
201

0.002
213
918

0.054

Relevant Guideline
(mg/l>

0.01 - M C L
200 - Cal C

0.001 -TWQR
200 - Cat C
500-SMCL
0.02-MCI .

COC
WQC

Sr

Measured (mg/1)

1.179

Relevant
Guideline (mg/1)

0.1 - AV

Koedoespoort 2
PIIC

woe

Br

Hg
Mn

Measured (mg/I)

0.031
0.007
0.250

Relevant Guideline
(mg'h

0.0! - M C L
0.001 -TWQR
0.05 - TWQR

C<X

woe

Sr

Measured (mg/1)

0.238

Relevant
Guideline (me'll

0.1 -AV

Jericho (9.1)

PMC eoe
woe Measured (mg/1) Relevant Guideline woe Measured (mg-'l) Relevant

Guideline (mg/1)
Be 0.004 0.004-MCI. Cr 0.022 0.05 - TWQR
Br 0.025 0.01 - MCL Sr 0.187 U.I - AV

3.77 3.5-Cat
0.003 0.001 -TWQR

Mn 0.320 0.05 - TWQR
Ni 0.024 0.02-MRL
Ti 0.449 0.200 - M PL

Wilgerkuil(IO.l)
PHC C(>C

woe Measured (mg/I) Relevant Guideline
(mg/1)

woe: Measured (mg/I) Relevant
Guideline (mg/1)

Br 0.300 0.01 - M C L Sr 0.450 0.1 -AV
0.002 0.001 -TWQR

Na 101 100- TWQR

Wil>>erkuM(10.2)
PMC

WQC

Br

Cu
Cl

Hg
Mn
Na

TDS

Measured (mg/1)

0.064
1.282
139

0.009
0.12
137

715

Relevant Guideline
(mg/1)

0.01 -MCL
1 -TWQR

100-TWQR
0.001 -TWQR
0.05 - TWQR
100-TWQR
450 - TWQR

ctx:
woe

Cd
Sr

Measured (mg/I)

0.004
0.885

Relevant
Guideline (mg/1)
0.005 - TWQR

0.1 -AV
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WilgerkuiKIO.3)
I'HC

WQC

Br
Cl
Hg

NO,
Na
Ti

TDS

Waterval 1 (1

Measured (mg/l)

0.138
359

0.005
30
186

0.105
973

Relevant Guideline
(mg/l)

0.01 -MCL
200 - Cat C

0.001 -TWQR
26 - TWQR
200 - Cat C

O.I - R L

450 - TWQR

COC
WQC

Cd
Sr

Measured (mg/l)

0.004
1.223

Relevant
Guideline (mg/l)
0.005 - TWQR

0 1 -AV

.1)

PIK:
woe

Br
F

Measured (mg/l)

0.031
1.7

Relevant Guideline
(mg/l)

0.01 -MCL
1.5- Cat -D

COC

woe: Measured (mg/l) Relevant
Guideline (nig/l)

Waterval 2

PMC
WQC

Br
F

Waterval 3 (1

Measured (mg/l)

0.037
1.87

Relevant Guideline
(mg/l)

0.01 -MCL
1.5-Cat-n

C O C

WQC Measured (mg/l) Relevant
Guideline (mg/l)

3)

PMC
WQC

As
Br
F

Mn
Na

Ti
TDS

Measured (mg/l)

0.01
0.066
4.91
0.27

174
0.117

639

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 - M C L
3.5 - Cat F.

0.05 - TWQR
100-TWQR
0.100-RL

450 - TWQR

COC
WQC

Sr

LI

Measured (mg/l)

0.135
0.017

Relevant
Guideline (mg/l)

0.1 - AV
0.02-MCL

Roomal 1 (12.1)

PIK

woe

As
Br
Be
Pb
Mn
Ti

Measured (nig/1)

0.012
0.121
0.008
0.083
0.39
0.424

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 -MCL

0.004-MCL
0.016-MCL
0.05 - TWQR
0.200-MPL

C O C

WQC

Cr
F
Sr
Ni

Measured (mg/l)

0.029
0.96
0.154
0.019

Relevant
Guideline (mg/l)

0.05-MRL
1 - Cat C
0.1 -AV

0.02-MRL

Souipansleegte 1

PMC
WQC

Br
Be

F
NO,

Measured (mg/l)

0.084
0.01
3.58
34

Relevant Guideline
(mg/1)

0.01 -MCL
0.0O4 - MCL
3.5 - Cat E
26 - TWQR

coc:
WQC

Cd
Sr

Measured (mg/l)

0.003
0.277

Relevant
Guideline (mg/l)
0.005 - TWQR

0.1 - AV
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Soutpansleegte 2

WQC

Br
Be

F
NO,

PHC
Measured (mg/l)

0.062
0.027
1.55
134

Relevant Guideline
(mg/l)

0.01 -MCL
0.004 - MCL

1.5- CatC
89 - Cat D

COC
WQC

Sr

Measured (mg/l)

0.164

Relevant
Guideline (mg/l)

0.1 -AV

Faluns I (15. 1)
PHC

WQC

Br
Be

Hg
Pb
Mn

Measured (mg/l)

0.03
0.007
0.005
0.094
0.48

Relevant Guideline
(mg/l)

0.01 - M C L
0.004 - MCL

0.001 -TWQR
0.01-TWQR

0.4 - Cat C

COC
WQC Measured (mg/l) Relevant

Guideline (mg/0

Fatting 2
PHC

WQC

Br
Be

us
Mn
Ti

Measured (mg/l)

0.037
0.007
0.005
0.79

0.129

Relevant Guideline
(mg/l)

0.01 - M C L
0.004 - MCL

0.001 -TWQR
0.4 - Cat C
0.100-RL

coc
WQC Measured (mg/l) Relevant

Guideline (mg/l)

Fal'ung 3
PHC

WQC

As
Br
Be
Cr
Pb

Hg
Mn

Ni
Ti

Measured (mg/l)

0.01
0.035
0.188
0.099
0.021
0.002
0.48

0.049
1.19

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 -MCL

0.004 - MCL
0.05 - TWQR
0.015-MCL

0.001 -TWQR
0.4 - Cat C
0.02 - MRL

0.200 - MPL

coc:
WQC

Sr

Te

Measured (mg/l)

0.187
0.004

Relevant
Guideline (mg/l)

0.1 -AV
0.005 - RL

Kwarrie kraal
PHC

WQC

As
Be
Br
F

Measured (mg/l)

0.01
0.026
0.091
4.04

Relevant Guideline
(mg/D

0.01 -TWQR
0.004 - MCL
0.01 -MCL
3.5 - Cat E

coc:
WQC

Sr
Te

Measured (mg/l)

0.103
0.004

Relevant
Guideline (mg/l)

0.1 - AV
0.0O5 - RL
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Kwarriekraal 2
PIK*

WQC

Be
Br
Hg
Ti

Kwarriekraal

Measured (mg/l)

0.071
0.1)91
0.001

0.409

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 - M C L

0.001 -TWQR
0.2 - MIM.

PIIC
WQC

As
I k
Br
F

Mn

Klipvoorstad

Measured (mg/l)

0.012
0.058
0.089
4.52

0.100

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01 - M C I .
3.5 - Cat F,

0.05 - TWQR

toe
WQC

F

Measured (mg/l)

0.91

Relevant
Guideline (mg/l)

1 - Cat C

OCX
WQC Measured (mg/l) Relevant

Guideline (mp'l)

PIK

WQC

As
Be
Br
Cu
F

Measured (mg/l)

0.012
0.006
0.095
1.467
2.48

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01-MCL
1 -TWQR
1.5-Cal l )

COC
WQC Measured (mg/l) Relevant

Guideline (mg/l)

To!wane river (1)
PIK

WQC

Br
Cl
Na

TDS

Measured (mg/l)

0.151
131
129

502

Relevant Guideline
(mg/l)

0.01 -MCL
100-TWQR
100-TWQR
450 - TWQR

COC
WQC

Sr

Measured (mg/l)

0.287

Relevant
Guideline (mg/l)

0.1 - AV

Tolwane 2
I'lK

WQC

Br
Cl

N O j

TDS
Na

Measured (mg/l)

0.014
UK
26

478
106

Relevant Guideline
(mp/lt

0.01 -MCL
100-TWQR
26 - TWQR
450 - TWQR
100-TWQR

COC
WQC

Sr

Measured (mg/l)

0.100

Relevant
Guideline (mg/i)

0.1 -AV

126



Table 4.3.3.3
WQC:

(n) / WP

As
Be
Br
Cd
Cl
F

Hg
Pb
Mn
Na
Ti

TDS
Sr

Summarv statistics for the main PMCs and COC
PHC

148
4.48

6
14
32
0
8
I I
12
4
11
10
10
11
0

COC

40
1.212

0
0
0
5
0
2
0
0
0
0
0
1

25

Average
<me/L>

0 005
0013

0 0906
7E-04
73.9
1.204

0 00167

0.01
0.12

74 33
0.141
3982
0.272

SD
(mg/LJ

0 003
0,036
0 085
0.001
75.5
1.902

0.0028
0 02481

0.19
56,12
0.22
2299
0.305

identified from
Median
(mg/L)

0.004
0

0.066
0
53
0
0
0
0
65

0.08
377

0 183

33 water samples.
Range
(mg/L)

Minimum

0
0

0 006
0
5
0
0
0
0
4

0.008
97
0

Maximum

0.012
0.188
0 326
0.004
359
7.55
0.01

0.094
0.790
213
1.19
973

1.223

The highest recorded number of PHCs and COCs within a watering point was 9 and 3 respectively. All 33
watering points contained PHCs, whilst 36 contained COCs.

Table 4.3.3.4.
Ratios
RGR*

Average
SD

Median
Minimum
Maximum

Summary statistics for important ratios influencing
F:Ca

> 166.66
16

17.3
9.52
1.72
63.8

F:B
>4.166

0.2
0.45
0 0 4
0.01
1.59

F:TDS
>500.00
3.885
5,162
2.181
0.795
19.23

fluoride to\icit\
F:Sr

<0.166
0.064

0.1
0.027

0
0.368

F:Mo
<0.0067
1E-04
5E-04

0
0

0.002

F:pH
>l.333
3.521
2.275
2.629
1.083
9.022

* = Recommended Guideline Ratio (WQC/F)

A F:pH correlation of 0.283 was obtained.

4.3.3.4 Discussion

The results illustrate the requirement that water sampling and analytical programmes be initiated in areas

reliant on groundwater, specifically those areas where the hydrogeochemistry suggests potential risks.

The groundwater chemistry results presented in this progress report for the Jericho communities do indeed

suggest severe potential hazards exist. Many of the communities in this District rely on a single

subterranean source as the only source of water for periods exceeding 5 months at a time. Other sources are

collected rainwater or water purchased from persons who collect water from rivers many kilometers away.

Only in isolated instances was collected rainwater used for stock watering, and was usually limited to

poultry and a few goats. In most of the communities the same source was used for human drinking water,

food preparation, irrigation of subsistence crops, and stock watering. Aspects discussed in Chapter 2 refer.

A confounding factor in the Jericho District is the occurrence of endemic fluorosis, described in the 1950's

(Ockert, 1951). The occurrence of related PHCs with possibly similar adverse effects, namely Sr, Cd and

127



Mo, increase the possibility that disorders have been incorrectly, or rather incompletely, diagnosed. As

such, significant aetiological factors may have been overlooked. An obvious reason for this is to be found

in the fairly recent analytical techniques enabling the routine determination of these WQCs in laboratories.

4.3.4 Delftzyl and Immerpan Districts

43.4.1 Introduction

Previous work conducted on the Delftzyl Agricultural Research Station (Casey et al., 1998). and wilh beef

cattle obtained from Delftzyl Agricultural Research Station, focused on alleviation chronic fluorosis

endemic to the area. An alleviator treatment specifically formulated for the subterranean water used al

Delftzyl Agricultural Research Station by CIRRA software, addressed both toxicological and palalability

aspects. The results were successful for alleviating dental lesions and lameness due to skeletal lesions in

beef cattle over the growth from weaning weight lo market weight (Meyer, 1998). The treatment was

administered to a 5000 L tank on the Delftzyl Agricultural Research Station for the purposes of testing the

alleviator treatment under extensive on-farm conditions in Afrikaner cows incorporating placental and milk

aspects. As of January 2000 the Control group consisted of 8 animals, whilst the Treatment group consisted

of 7 animals. The decline in numbers in the Control group was due to severe skeletal fluorosis inducing

lameness resulting in the loss of two animals, whilst in the Treatment group, two cows were lost due to

dystocia (non-fluorosis related) problems. Apart from the absence of skeletal symptoms in the Treatmenl

group, a reduction in dental lesions (enamel hypoplasia) was also observed in treatment animals. Clinical

evaluations were conducted on a monthly basis.

Water quality assessed from farms in the surrounding area (Casey et al., 1998) revealed that F posed a

problem in the majority of subterranean sources sampled. The Immerpan District Rural Resettlement Farms

are located on the eastern boundary of Delftzyl Agricultural Research Station, and the eastern portion of the

Immerpan district was included in the sampling conducted. It was observed that many of the farms were

settled with a typical scenario existing whereby both humans and livestock utilised the same water source.

The water quality results indicated many PHCs and COCs to be present in these water sources (Casey et al.,

1998), and this prompted further investigation into the remaining farms in the Immerpan district.

The area consists of over 55000 ha of farms, averaging ca. 1000 ha each in size, and characterised by the

same extensive dry bushveld as present on Delftzyl Agricultural Research Station. Several herds evaluated

presented with clinical signs of skeletal and dental fluorosis. Although not quantified, dental lesions typical

of fluorosis and symptoms suggestive of skeletal fluorosis were observed in some of the local residents. For

most of the farmers resident, a single borehole is usually the only source of water for distances exceeding 10

km at times. The issues pertaining to the application of alleviator treatments to water in the rural communal

livestock production system context have already been dealt with (Chapters I and 3). The results

presented in this section should be seen within the context of those issues.
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43.4.2 Methods

The same procedure followed in the Jericho district was used for the Immerpan district. Three sampling

phases were conducted, two of which consist of farms bordering the eastern boundary of Delftzyl

Agricultural Research Station (western sections of Immerpan) that served as preliminary investigations to

determine the extent of the PHCs and COCs present. The third phase comprised those farms in the

Immerpan district which were in use by rural farmers in the central and eastern sections. No analyses

conducted for Tellurium.

43.43 Results

43.43.1 Sampling phase 1: Westerm section of Immerpan (March 1998)

Sample 12 IP1
PMC

WQC

As
Br
Cl
F

Hg
1

Se
Na

TDS
Ti

Measured (mg/l)

0.048
54.399

402
11.34
0.024
0.709
0.023
365
1050
0.238

Relevant Guideline
(mg/l)

0.01-TWQR
0.01 - MCL
200 - Cat C
3 . 5 - Cat E

0.001 -TWQR
0.5- Rl,

0.02 - TWQR
200 - Cat C
1000-Cat C
0.2-MPL

coc
WQC

Sr

Measured (mg/l)

0.543

Relevant
Guideline (mg/l)

0.1 - AV

Sample 3DIPI
PHC

WQC

As
Br
F

Hg
Se
Ti

Measured (mg/l)

0.037
30.768
16.95
7.195
0.04
0.174

Relevant Guideline
(mg/l)

0.01-TWQR
0.01 - MCL
3.5-Cat E

0.001 -TWQR
0.02 - TWQR

0.1-RL

COC
WQC

Sr

Measured (mg/l)

0.442

Relevant
Guideline (mg/l)

0.1 -AV

Sample 4 IP 1
PHC

WQC

As
Br
F

Hg
Se
Ti

Measured (mg/l)

0.023
31.38
12.68
0.171
0.024
0.219

Relevant Guideline
(mg/l)

0.01-TWQR
0.01-MCL
3.5- Cat E

0.001-TWQR
0.02 - TWQR

0.2 - MPL

COC
WQC

Sr

Measured <mg/l)

0.515

Relevant
Guideline (mg/l)

0.1 -AV
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Sample 5 IP1

WQC:

As
Br
F

Hg
Mn
Se

Ti

PHC
Measured (mg/1)

0.031
43.942

5.09
0.064
0.237
0.055
0.608

Relevant Guideline
<mjs/l)

0.0! - TWQR
0.01 -MCI,
3.5 - Cat K

0.001-TWQR
0.05 - TWQR
0.02 - TWQR

0.2 - MPL

coc
WQC

Sr

Mo

Measured (mg/1)

0.971
0.024

Relevant
Guideline (mg/1)

0.1 -AV
0.04-HA

Sample 6 IP I
PHC

WQC

As
Br
F
Hp
Se
Ti

Measured (mg/1)

0.028
38.579
18.5
0.058
0.034
0.371

Relevant Guideline
(mg/1)
0.01 -TWQR
0.01-MCI.
3.5 - Cat E
0.001-TWQR
0.02 - TWQR
0.2-MPL

COC
WQC

Sr

Measured (mg/1)

0.325

Relevant
Guideline {mg/1)
0.1 -AV

Sample 7 IP I
PHC

WQC

As
Br
Cl

Up
I

Se
Na
SO.,
TDS
Ti
U

Measured (mg/1)

0.054
132.678

2256
0.023
2.506
0.295
1010
520

4658
3.301
0.072

Relevant Guideline
(mg/1)

0.01 -TWQR
0.01 - M C L
1200-Cat E

0.001-TWQR
1 - M P L

0.02 - TWQR
1000-Cat E
1000 - Cat E
3400-Cat E
0 .2 -MPL

0.02-MCL

COC
WQC

Sr
V
Zn

Measured (mg/1)

6.044
0.196
0.208

Relevant
Guideline (mg/1)

0.1 - AV
0.25-RL-
0.1 - AV

Sample 8 IP 1
PHC

WQC

As
Br
Cl

Hg
1

Se

TDS
Ti

Measured (mg/1)

0.017
99.829

1800
0.03
2.290
0.169
2952
3.114

Relevant Guideline
(mg/1)

0.01 -TWQR
0.01-MCL
1200-Cat E

0.001-TWQR
1-MPL

0.02 - TWQR
2400 - Cat D
0.2-MPL

COC
WQC

Sr

Zn

Measured (mg/1)

3.420
0.145

Relevant
Guideline (mg/1)

0.1 -AV
0.1 -AV
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Sample 9 IP 1

WQC

As
Br
Cl
Hp
1

Mn
Se
IDS
Ti

PHC
Measured (mg/l>

0.033
109X44

thX9
0.024
2.528
0.414
0.163
3087
4.414

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 - M C I .
1200-Cat L

0.001 -TWQR
1 - M P 1 .

0.4 - Cat C
0.02-TWQR
2400 - Cai D
0.2 - M P L

coc
WQC

Sr
Li

Measured (mg/'l)

3.67Q
0.015

Relevant
Guideline (me/1)

0.1 -AV
0.02 - TWQR

Sample 10 IP I
PHC

WQC

As
Br
Cl

Hm
I

Se
TDS

Ti

Measured (mg/'l)

0.02
45.713

2X2
0.015
2.443
0.067
830
1.426

Relevant Guideline
(mp/l)

0.01 -TWQR
0.01 - M C I .
200 - Cai C

0.001 -TWQR
1 - MPL

0.02- TWQR
450 - TWQR

0.2 -MPL

coc
WQC

Sr

Measured (mg<l>

0.471

Relevant
Guideline (rng/i)

0.1 -AV

Sample II HM
PHC

WQC

As
Br
Cl
Hp
1

Mn
Se

TDS
Ti

Measured (mg/l)

0.03
52.426

264
0.008
1.403
0.203
0.036
913
1.265

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 - M C I .
200 - Cat C

0.001 -TWQR
1 - M P L

0.05 - TWQR
0.02 - TWQR
450 - TWQR

0.1 - R L

COC
WQC

Sr

Measured (mg/1)

0.453

Relevant
Guideline (mp/l)

0.1 - AV

Sample 13 IP I
PHC

WQC

As
Br
Cl
Mn

1
Se

TDS
Ti

Measured (mg/l)

0.025
76.52
1070

0.201
0.009
2.324
0.097
2334
1.894

Relevant Guideline
(mp/l)

0.01 -TWQR
0.01 - M C I .
600 - Cat D

0.05 - TWQR
0.001-TWQR

I - M P L
0.02-TWQR
1000-Cat C
0.2 - M P L

COC
WQC

Sr
U

Measured (mg/l)

1.733
0.018

Relevant
Guideline (mg/l)

0.1 - A V
0.02 - TWQR
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Table 4.3.4.1.Summary statistics for the main PHCs and COCs identified from 11 water samples
collected from the western section (IPI) of Immerpan District Farms ( March 1998).

WQC

(n) / WP

As
Br

Cl
F

Up
1

Mn
Mo
Se
Sr

IDS
Ti
If
V
Zn

PHC

89
8.0
11
11
7
5
I I
7
4
0

12
0
7
I I
1
0
0

cot:

17
1.54

0
0
0
0
0
0
0
1
0
11
0
0
2

1
2

Average
(mg/L>

0.031
65.097
880.8
5.869
0.039
1.345
0.106
0.003
0.0912
1.690
1910.7
1.523
0.012
0.025
0.048

SD
(mg/L)

0.011
34.676
767.7

7.523
0.048
1.092
0.138
0.007

0.085
1.885
1212.1
1.418
0.021
0.059
0.075

Median
(IHE/L)

0.03
52.426

487
0

0.024
1.403
0.033

0
0.055
0.543
1427

1.265
0.004

0
0.01

Range
(mg/L)

Minimum

0.017
30.768

282
0
0

0.144
0

0
0.023
0.325
830

0.174
0
0
0

Maximum

0.054
132.678
2256
18.5

0.171
2.528
0.414
0.024
0.295
6.044
4658
4.142
0.072
0.196
0.218

The number of watering points containing PHCs and COCs were 11. The highest number of PHCs and

COCs recorded wilhin one watering point was 14.

Ratios
RGR*

Average
SD

Median
Maximum
Minimum

F:Ca
> 166.66

1.728
2.340
0.810
5.893
0.289

F:B
>4.166
0.110
0.095
0.065
0.280
0.059

F:TDS
>500.00
121.97

88.968
84.424

280.353
68.432

F:Sr
<0.0l66

0.064
0.071
0.040
0.190

0.0175

F:Mo
<0.0067
0.0009
0.0021

0
0.0047

0

F:pll
> 1.3 33
0.793

0.466
0.664

1.611
0.437

• = Recommended Guideline Ratio (WQC/F)

A F:pH correlation of 0.393 was obtained. The following statistics were obtained for the As:Se ratios:

Average 1: 3.047

SD 2.979

Median 1.494

Max 9.941

Min 0.479
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4.3.4.3.2Sampling phase 2: Western Immperpan (November 1998)

Note, no mercury analysis as HgCI: used as preservative for nitrate determination.

D4 1P2
PHC

WQC

As
Be
Br

Ct
F

Se
Na
IDS

Measured (mg/l)

0.065
0.012
2.798
408

13.66
0.153
313
985

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004 - MCL
0.01 -MCL
200 - Cat C
3.5 - Cat E

0.02 - TWQR
200 - Cat C

1000-Cat C

coc
WQC

Sr

Measured (mg/l)

0.411

Relevant
Guideline (mg/l)

0.1 -AV

D5IP2
PHC

WQC

As
Be
Br
Cl
F
Se
Na

TDS

Measured (nig/I)

0.064

0.005
1.915

492429

14.48
0.129

415
1117

Relevant Guideline
(mg/l)

0.01 - TWQR

0.004 - MCL
0.01 -MCL
200 - Cat C

3.5 - Cat E
0.02 - TWQR
200 - Cat C
1000-Cat C

cot:
WQC

Sr

Measured (mg/l)

0.129

Relevant
Guideline (mg/l)

0.1 -AV

D6IP2

PHC
WQC

As
Br

F
Se
Mn

Measured (mg/l)

0.062
1.052

3.75
0.12

0.176

Relevant Guideline
(mg/l)

0.01 -TWQR

0.01-MCL
3.5 - Cat E

0.02 - TWQR
0.05 - TWQR

COC
WQC

Te

Measured (mg/l)

0.004

Relevant
Guideline (mg/l)

0.005 - MPL

D7IP2
PHC

WQC

As
Br
Cl
F

Mn
Se

Na
Te
Ti

TDS

Measured (mg/l)

0.079
2.294

433
15.47
0.052
0.108

495
0.006
0.159
1261

Relevant Guideline
(mg/l)

0.01 - TWQR
0.01 -MCL
200 - Cat C
3.5 - Cat E

0.05 - TWQR
0.02 - TWQR
200 - Cat C

0.005 - MPL
0.1 -RL

1000-Cat C

coc:
WQC

Sr
Mo

Measured (mg/l)

0.525
0.043

Relevant
Guideline (mg/l)

0.1 - AV
0.07 - MRL
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DXIP2
PHC

WQC

As
Be
Br
Cl
F
Se
Na
Te

TDS

Measured (mg/1)

0.046
0.007
2.314
379
12.76
0.114
382

0.007
1084

Relevant Guideline
(me/1)

0.01 - TWQR
0.004 - MCL
0.01 - M C L
200 - Cat C
3.5 - Cat E

0.02 - TWQR
200 - Cat C
0.005 - RL
1000- Cat C

COC
WQC

Sr

Measured (mg/1)

0.497

Rele\ant
Guideline (mg/l)

0.1 -AV

D9IP2
PHC

WQ(

As
Br
Cd
Cl
F
Sc
Na
Ti

TDS

Measured (mg/1)

0.058
2.404
0.005
390
7.06

0.121
353

0.142
1087

Relevant Guideline
(mg/1)

0.01 -TWQR
0.01 - M C L

0.005 - Cat C
200 - Cat C
3.5 - Cat F

0.02 - TWQR
200 - Cat C

0 .1 -RL
1000-Cat C

coc
WQC:

Sr
Mo
Te

Measured (mg/1)

0.693
0.027
0.004

Relevant
Guideline (mg/1)

0.1 - A V
0.07 - MRL
0.005 - RL

D101P2
PHC

woe

As
Br
Cl
M S

Ni
SO4

Se
Na
Te
Ti

TDS

Measured (mg/1)

0.055
10.974
2333
303

0.029
372

0.170
1014

0.006
0.585
4348

Relevant Guideline
(mg/1)

0.01 - TWQR
0.01 - M C L
200 - Cat C
200 - Cat D
0.02-MRL
200 - TWQR
0.02-TWQR
200 - Cat C
0.005 - RL
0 .2 -MPL

3400 - Cat E

COC
WQC

Sr
Mo
V
Zn

Measured (mg/1)

3.383
0.022
0.079
0.112

Relevant
Guideline (mg/1)

0.1 - AV
0.07 - MRL
O.I -TWQR

O.I - A V

D12 1P2
PHC:

WQC

Be
Br
Cl
Mg
Se
Na
Te
Ti

IDS

Measured (mg/1)

0.009
6.16
1076
106

0.078
525

0.009
0.347
2006

Relevant Guideline
(mg/1)

0.004 - MCL
0.01 - M C L
200 - Cat C
100-CatC

0.02 - TWQR
200 - Cat C
0.005 - RL
0 .2 -MPL

1000- Cat C

COC
WQC

Sr
U

Measured (mg/1)

1.402
0.013

Relevant
Guideline (mg/1)

0.1 -AV
0.02 - MCL
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D13IP2
PHC

WQC

As
Br

Cl
F

Mg
Se
Na
Ti

TDS
U

Measured (mg/1)

0.091
5.943
1212
3.15
102

0.202
604

0.507
2405
0.024

Relevant Guideline
(mg/1)

0.05 - Cat C
0.01 -MCL
200 - Cat C
1.5 - Cat D
100-Cat C

0.02 - TWQR
200 - Cat C
0.2 -MPL

2400 - Cat D
0.02-MCI.

coc
WQC

Sr
Ni

Measured (mg/1)

1.255
0.018

Relevant
Guideline (mg/1)

0.1 -AV
0.02-MRL

D16IP2
PHC

WQC

As
Br

Ca
Cl
Mg
Mn

Ni
Se

Na
Te
Ti

TDS

DI7IP2

Measured (mg/I)

0.021
13.096

202
1907
200

0.121
0.051
0.217
671

0.013
0.932
3181

Relevant Guideline
(mg/I)

0.01 -TWQR
0.01-MCI.
150 - Cat C
200 - Cat C
100-Cat C

0.05-TWQR
0.02-MRI.

0.02 - TWQR
200 - Cal C
0.01-CL
0.2-MPL

2400 - Cat D

PHC
WQC

As
Br

Ca
Cd
Cl
Mg
Mn

Ni
Se

Na
Te
Ti

TDS

U

Measured {mg/I)

0.062
11.019

173
0.005
1847
186

0.079
0.051
0.239
557

0.005
1.109
2951
0.024

Relevant Guideline
(mg/1)

0.01-TWQR
0.01 -MCL
150 - Cat C

0.005 - Cat C
200 - Cat C
100-Cat C

0.05 - TWQR
0.02 -MRI,

0.02 - TWQR
200 - Cat C
0.005 - RL
0.2-MPL

2400 - Cat D
0.02-MCL

COC
WQC

Sr

U

Measured (mg/I)

3.238
0.018

Relevant
Guideline (mg/1)

0.1 - AV
0.02 - MCL

COC
WQC

Sr

Measured (mg/I)

2.717

Relevant
Guideline (mg/I)

0.1 - AV
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D1K IP2
PHC

WQC

As
Hr
Ca
Cl
M*>
Ni
Se
Na
Te
Ti

ins
U

D19IP2

Measured (mg/1)

0.105
11.434

ISI
1648
214

0.049
0.268
699

0.005
0.905
2922
0.028

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 - M C L
150 - Cat C
200 - Cat C
200 - Cat D
0.02 - MRI.

0.02 - TWQR
200 - Cat C
0.005 - RL
0 .2 -MPL

2400 - Cat D
0.02 - MCL

PHC
WQC

Br
Ca
Cl
Mg
Mn
Ni
Se
Na
Ti

IDS

Measured (mg/1)

18
303

2947
322

0.408
0.091
0.206
925
1.504
4728

Relevani Guideline
(mg/D

0.01 - M C L
300 - Cat D
200 - Cat C
200 - Cat D

0.05 - TWQR
0.02-MRL

0.02 - TWQR
200 - Cat C
0 .2 -MPL

3400 - Cat E

cor
WQC

Sr

Measured (mg/1)

2.589

Relevani
Guideline (mg/1)

0.1 - AV

coc
WQC

Cd
Sr
Te

Measured (mg/1)

0.004
5.312
0.004

Relevani
Guideline (mg/1)
0.005 - TWQR

0.1 - A V
0.005 - RL

D20IP2
PHC

WQC

Br
Cl
F
Se
Te
Ti

TDS

Measured (mg/1)

3.351
262
1.3

0.074
0.005
0.267
599

Relevant Guideline
(mg/1)

0.01 - M C L
200 - Cat C

1 - Cat C
0.02 - TWQR

0.005 - RL
0 .2 -MPL

450 - TWQR

cor
WQC

Sr
Ni

Measured (mg/1)

0.366
0.014

Relevant
Guideline (mg/1)

0 . 1 - A V
0.02 - MRL

D21 IP2
PHC

WQC

Br
Cl
F
Se
Te
Ti

TDS

Measured (mg/l)

2.679
245
1.4

0.019
0.007
0.207
547

Relevant Guideline
(mg/1)

0.01 - M C L
200 - Cat C

1 - Cat C
0.02 - TWQR

0.005 - RL
0 .2 -MPL

450 - TWQR

COC
WQC

Sr
Ni

Measured (mg/1)

0.246

Relevant
Guideline (mg/1)

0 . 1 - A V
0.02 - MRL
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1)22 IP2
PHC:

WQC

As
Br
Cl
[•'

Mn
Sc
Ti

IDS

Measured (mg/l)

0.028
2.953
304
1.52

0.044
0.05
0.270
641

Relevant Guideline
(mg/l)

0.01 - TWQR
0.01 - M C L
200 - Cat C
1.5 - Cat D

0.05 - TWQR
0.02 - TWQR

0.2 -MPI .
450 - TWQR

coc
WQC

Sr

Measured (mg/l)

0.286

Relevant
Guideline (mg/l)

0.1 - A V

Table 4.3.4.3

WQC

<n)/WP

As
Br
Cl
F

Mo
Se
Sr
Na
Ti
Te

TDS

Summary slalistics lor the main PIICs and COCs identified from 16 water samples
collected Irom the western section (IP2) of immerpan District Farms (Nov 1998).

PHC

149
9.31

12
16
15
10
0
16
0
12
12
9
15

COC

29
1.81
0
0
0
0
3
0
15
0
0
0
0

Average
(mfi/L)

0.046
6.149
995

4.659
0.027
0.14!
1.455
459

0.454
0.005
1886

SI)
(IHR/L)

0.032
5.115
884.3
5.949
0.0073
0.070
1.537
284.7
0.436
0.0032
1386

Median
( I I IR /L )

0.056
3.152
431
1.46
0

0.1251
0.609
455

0.269
0.005
1189

Range
(mg/L)

Minimum

0
1.052
108
0
0

0.019
0.052

97
0.073

0
326

Maximum

0.105
18

2947
15.47
0.024
0.268
5.312
1014
1.504
0.013
4728

Al l watering points contained both PHCs and COCs. The highest number o f PHCs and COCs recorded for

a single watering point was 11 and 4 respectively.

Table 4.3.4.4. Summary statistics for important ratios influencing fluoride ioxicity for F = PHC
Ratios

RGR*
Average

SD
Median

Maximum
Minimum

F:Ca
> 166.66
15.587
19.200
2.097

45.384
0.252

F:B
>4.166

0.110882
0.08699

0.086093
0.309211
0.023077

F:TDS
>500.00
259.330
237.926
120.449
763.492
72.108

F:Sr
<0.0166

0.128016
0.130916
0.068554
0.398413
0.013867

F:Mo
<0.0067

0.001003
0.001355
O.OOO382
0.003824
6.91E-06

F:pll
>1.333
2.70708

2.456678
1.821441
6.507692
0.597285

* = Recommended Guideline Ratio (WQC/F)

A F:pH correlation of 0.622 was obtained.

The following statistics were obtained for the As:Se ratios:

Average As:Se - 1:144.35

SD 512.94

Median 2.515

Max 2060

Min 1.367
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43.4.3.3Sampiing phase 3: Central Immerpan farms (March 1999)

Note: No analyses were conducted for Tellurium.

27 -Vooruitgaan - seepage at fountain

WQC

Be
Br
Cl
F

Hg
Mn
Na
Sc

TDS
Ti

PHC
Measured (mg/l)

0.081
0.158
904
13.94
0.034
0.159
659

0.015
1955
0.229

Relevant Guideline
(mg/l)

0.004 - MCI.
0.01 - MCL
600 - Cat D
3.5 - Cal E

0.001 -TWQR
0.05 - TWQR
400 - Cal D

0.01 -TWQR
1000-Cat C
0.2-MPL

coc
WQC

Sr
Mo

Measured (mg/l)

0.477
0.013

Relevant
Guideline (mg/l)

0.1 -AV
0.07 - MRL

39- Hangklip(BH #1)- circular drinking trough
PHC

WQC

Be
Br
Cl
Hg
Ca
Mg
Na

NO3
Se

TDS
Ti

Measured (mg/I)

0.006
0.567
1704

0.004
580
123
282
69

0.039
2887
1.041

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 - M C I .
1200-Cat E

0.001 -TWQR
300 - Cat D
100-Cat C

100-TWQR
64 - Cat C

0.02 - TWQR
2400 - Cat D
0.2-MPL

COC
WQC

Sr
Ba
Ni
U

Measured (mg/l)

2.372
1.993
0.025
0.011

Relevant
Guideline (nij>/l)

0.1 -AV
2 - M C I .

0.1 - MCL
0.02 - MCL

34 - Hangklip (BH #2) - circular drinking trough
PHC

WQC

Br
Cl
Ca
E

Hg
Se
Na

TDS
Ti

Measured (mg/l)

0.296
1009
296
5.6

0.009
0.029

162
1584

0.671

Relevant Guideline
(HIR/I)

0.01 -MCI .
600 - Cat D
150 - Cat - C
3.5 - Cat F.

0.001 -TWQR
0.01 -TWQR
100-TWQR
1000-Cat C
0.2 - MPL

COC
WQC

Sr
Be
Ni

Measured (mg/l)

1.158
0.003
0.01

Relevant
Guideline (mg/l)

0.1 -AV
0.004 - MCL
0.02 - MRL

45 - Viersteenlaagte (BH # 1) - ciruclar drinking trough
PHC

WQC

Be

Hg

Measured (mg/l)

0.009
0.008

Relevant Guideline
(mg/l)

0.004 - MCL
0.001 - TWQR

COC
WQC

Sr
Ti
V

Measured (mg/l)

0.188
0.092
0.048

Relevant
Guideline (mg/l)

0.1 -AV
0.1 -RL

0.1-TWQR
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33 - Plaatdonng (Welievreden community)- drinking trough

WQC

Be
Br
F

HS

Na
Se

NO,
TDS

U
Ti

PMC
Measured (mg/l)

0.036
0.058
7.85

0.004
262

0.018
31.97
1012

0.081
0.109

Relevant Guideline
(tup/I)

0.004 - MCL
0.01 - M C L
3.5- Cat K

0.001 - TWQR
200 - Cat C

0.01 -TWQR
26 - TWQR
1000-Cat C
0.02 - MCL

0.1 - R L

coc
woe

Sr

Mo

Measured (mg/l)

0.5X7
0.014

Relevant
Guideline (mg/l)

0.1 -AV
0.(17 - MR[.

2 - Van dcr Merwes Kraal C'»mmunit\*

WQC

Be
Br

Ca

a
F

Mo
Na
Se

SO,
IDS
Ti

PHC
Measured (mg/l)

0.101
0.544
523
945
1.13

0.146
620

0.039
1629
3731
1.092

Relevant Guideline
(mp/1)

0.004 - MCL
0.01 - MCL
300 - Cat D
600 - Cat D

1 - Cat C
0.07-MRL
400 - Cat D

0.01 -TWQR
1000-Cat E
3400 - Cat F.
0.2 -MPL

COC
WQC

Sr
Zn
Ni

Measured (mg/l)

2.055
0.426
0.024

Relevant
Guideline (mg/l)

0.1 - A V
0.1 - AV

0.1 - RML

Hg nol analysed due to sample preservation technique

52 - Vierstccnlaagtef BH #2i - circular drinking trough

PHC
WQC

Be
Br
Ca
Cl

He
Na

NO3

Se
TDS
Ti

Measured (mg/l)

0.011
0.266

184
619

0.008
166
31

0.025
1235

0.435

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 - M C L
150 - Cat C
200 - Cat C

0.001 -TWQR
100-TWQR
26 - TWQR

0.02 - TWQR
1000 - TWQR

0.2- MPL

COC
WQC

Sr
U
Te

Measured (mg'l)

0.829
0.016
0.003

Relevant
Guideline (mg/l)

0.1 - AV
0 02 - MCL
0.005 - MPI

55 - Fangani {BH #1) - circular drinking trough

PHC

WQC

Be
Br

Cl
Na

TDS
Ti

Measured (mg/l)

0.018
0.108
207
124
895

0.317

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 - M C L
200 Cat C
100-TWQR
450 - TWQR

0.2 - MPL

COC

WQC

Sr
F
I!

Measured (mg/l>

0.567
0.7
0.01

Relevant
Guideline (mg. 1)

0.1 - AV
1 -TWQR

1)112- M C L
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30 - Faneani (BH #2) - circular drinking trough (D 1 # 1)
PIIC

WQC

Be
Br

Hg
Na

NO3
TDS
Ti

Measured (mg/0

0.016
0.077
0.012

115
79

922
0.290

Relevant Guideline
(mg/1)

0.004 - MCI.
0.01 - M C I .

0.001 -TWQR
100-TWQR
64 - Cat C

450 - TWQR
0 . 2 - M P I .

COC
WQC

Sr
F
Tc
V

Measured (mg/1)

0454
0.84

0.003
0.041

Relevant
Guideline (mg/1)

0.1 - AV
1 -TWQR

0.005 - MPL
0.1 -TWQR

51 - Fangani (BH U2)- house pipe
PIK

WQC

lie
Br
Cl
Hg
Na

NO3

TDS
Ti

Measured (mg/l)

0.02
0.099
20?

0.001
121
71

844
0.259

Relevant Guideline
(mg/1)

0.004-MCL
0.01 - M C L
200 - Cat C

0.001 -TWQR
100-TWQR
64 - Cat C

450 - TWQR
0.2-MPI .

roc
WQC

Sr
F

Zn

Measured (mg/1)

0.5
0.96
0.203

Relevant
Guideline (mg/1)

0.1 - AV
1 - TWQR
0.1-AV

25 - hangani (BH #2) - drinking trough (DT #2 - long residence lime)
PIIC

WQC

Be
Br
Cl
HS

Na
TDS
Ti

Measured (mg/1)

0.021
0.169
364

0.147
195
1084

0.118

Relevant Guideline
(mg/1)

0.004-MCI.
0.01 - MCL
200 - Cat C

0.001 -TWQR
100-TWQR
1000 -Cat C

O.I -RL

COC
WQC

Sr
F

Zn
Mn

Measured (mg/1)

0.253
0.8

0.203
0.045

Relevant
Guideline (mg/1)

0.1-AV
1 - TWQR
0.1 - AV

0.05 - TWQR

46 - Vrisgewag - drinking trough
PHC

WQC

Be
Br
Cl
Hg
Na
Se

TDS
Ti

Measured (mg/1)

0.021
0.144
378

0.007
132

0.027
761

0.291

Relevant Guideline
(mg/1)

0.004 - MCL
0.01 - M C L
200 - Cat C

0.001 -TWQR
100-TWQR

0.02 - TWQR
450 - TWQR

0.2 - MPL

COC
WQC

Sr
F

NO3
Te
V

Measured (mg/1)

0.760
0.96
20

0.002
0.044

Relevant
Guideline (mg/1)

0.1-AV
1 - TWQR

26 - TWQR
0.005 - MPL
0.1 -TWQR
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31 - Rooifontein (HI! #2) - drinking trough

WQC

Be
NO3

Hfi
IDS

Ti

PHC
Measured (mg/'l)

0.01
88

0.01
576

0.335

Relevant Guideline
(mg/l)

0.004 - MCL
84 - Cat D

0.001 -TWQR
450 - TWQR

0.2 - MPL

COC
WQC

Sr

Ic

Measured (mg,l)

0.740
0.003

Relevant
Guideline (mg/l)

0.1 - AV
0.005 - MPL

24 - holeysrus - circular drinking trough
PHC

WQC

Be
Hg

N O j

IDS
Ti

Measured (mg/l)

0.026
0.027
203
1000

0.223

Relevant Guideline
(mg/l)

0.004 - MCL
0.001 -TWQR

177 - Cat E
1000- Cat C
0.2- MPL

coc
WQC

Sr
V
Te

Measured (mg/l)

1.134
0.06
0.003

Relevant
Guideline (mg/l)

0.1 - AV
0.1 -TWQR
0.005 - MPL

54 - Restaurant - circular drinking trough
PHC

WQC

Be
Br
Cl
F

Hg
Na

NO3

I D S
Ti
U

Measured (mg/l)

0.026
0.15!

178
1.01

0.003
323
197
1188

0.107
0.02

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 -MCL
100 - TWQR

1 -TWQR
0.001 -TWQR

200 - Cat C
26 - TWQR
1000- Cat C

0.1 - RL
0.02 - MCL

COC
WQC

Sr
Se

V

Measured (mg/l)

0.830
0.018
0.045

Relevant
Guideline (mg/r)

0.1 - AV
0.02 - TWQR
0.1 - TWQR

53 - Singpore Inflow pipe to reservoir
PHC

WQC

Be
Br
Cl
Hg
Na

TDS

Measured (mg/l)

0.019
0.157
390

0.005
212
1121

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 -MCL
200 - Cat C

0.001 -TWQR
200 - Cat C
1000-Cat C

COC
WQC

Sr
F
Ti
V
U

Measured (mg/'l)

0.157
1.26

0.085
0.13

0.012

Relevant
Guideline (mg/l)

0.1 -AV
1 -TWQR
0.1 - RL

0.1 - TWQR
0.02 - MCL

44 - Singapore

WQC

Be
Br
Cl
Hg
Na
Mg

TDS

- circular drinking trough
PHC

Measured (mg/l)

0.026
0.175
407

0.007
224
123
1171

Relevant Guideline
(mg/l)

0.004 - MCL
0.01 -MCL
200 - Cat C

0.001 -TWQR
100-TWQR
100-CatC
1000- Cat C

COC
WQC

Sr
Mn
Ti
V
U

Measured (mg/l)

0.604
0.041
0.099
0.079
0.01

Relevant
Guideline (mg/l)

0.1 -AV
0.05 - TWQR

0.1-RL
0.1 - TWQR
0.02 - MCL
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26 - Marfen (Kortman) - circular drinking trough
PHC

WQC

As
Be
Br
Ca
Cl
Mp
Hp
Ni
Na
Se

IDS
U
Ti

Measured (mg/1)

0.024
0.011
0.992
682

2154
179

0.04
0.03
277

0.067
3436
0.028
1.196

Relevant Guideline
(mg/1)

0.01 -TWQR
0.004 - MCI.
0.01 -MCL
300 - Cat R
200 - Cat C
100-Cat C

0.001 -TWQR
0.02-MRI.
200 - Cat C

0.02 - TWQR
3400 - Cat H
0.02 - MCL.
0.2 - MPL

coc
WQC

Sr
V

Measured (mg/1)

2.542
0.01

Relevant
Guideline (mg/1)

0.1 -AV
0.1 - TWQR

35 - Appelfontein - circular drinking trough
PHC

WQC

Be
Br
Cl
F

He
NO,
Na
Se

TDS
Ti

Measured (mg/1)

0.022
0.131
352
2.97

0.005
88.13

187
0.024
797

0.144

Relevant Guideline
(mg/1)

0.004 - MCI.
0.01 -MCL
200 - Cat C
1-TWQR

0.001 -TWQR
89 - Cat D

100-TWQR
0.02 - TWQR
450 - TWQR

0.1 -RL

COC
WQC

Sr

Measured (mg/1)

0.522

Relevant
Guideline (mg/1)

0.1-AV

1 - Krokodilkop
PHC

WQC

As
Be
Br
Ca
Cl
Mn
He
Ni

SO4

Na
Se

TDS
Ti

Measured (mg/1)

0.021
0.134
1.376
525
1970

0.053
0.908
0.027
1641
13)0

0.127
5468
1.093

Relevant Guideline
(mg/1)

0.01 - TWQR
0.004 - MCL
0.01 -MCL
300 - Cat D
200 - Cat C

0.05 - TWQR
0.001 -TWQR

0.02 - MRL
1000- Cat E
100-TWQR

0.02 - TWQR
3400 - Cat F
0.2 - MPL

COC
WQC

Sr
Mo
Zn

Measured (mg/1)

3.049
0.032
0.539

Relevant
Guideline (mg/1)

0.1 -AV
0.07 - MRL

0.1 -AV
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22- IP3
PHC

WQC

Be
Mn

Hg
Ti

Measured (mg/1)

0.009
0.55
0.552
0.140

Relevant Guideline
(me/I)

0.004 - MCL
0.4 - Cat C

0.001 -TWQR
0.1 - R L

coc
WQC

Sr

Measured (mg/l)

0.272

Relevant
Guideline (mg/l)

0.1 -AV

Table 4.3.4.5. Summary statistics for the main PHCs and COCs identified from
collected from the Central lmmerpan District Farms during March 1999.

WQC

<n)/WP

Be
Br
Cl
Ca
F

Hg
Mo
NO3

Na
Se
Sr
Te
Ti
U
V

TDS

PHC

171
8.14
20
17
15
6
6
19
1
9
17
10
0
0
18
3
0
19

COC

64
3.04

1
0
0
0
6
0
3
1
0
1

21
5
3
5
8
0

Average

0.029
0.389
573

166.2
1.792
0.085
0.010
42.5
259.9
0.024
0.960

0.0012
0.389
0.0112
0.019
1486.4

SD
<me/L)

0.033
0.372
627.2
210.2
3.338
0.224
0.031
59.9

283.8
0.0273
0.798
0.0013
0.372
0.017
0.033
1286.6

Median
(mg/L)

0.02
0.244
358
80.5
0.82
0.008

0
18

176.5
0.0155
0.628

0.0005
0.244
0.007
0.004
1048

21 water samples

Range

Minimum

0.003
O.085

57
18
0
0
0
0
8

0.005
0.188

0
0.085

0
0

226

Maximum

0.13
1.196
2154
682
13.84
0.908
0.146
203
1310
0.127
3.049
0.003
1.196
0.081
0.13
5468

AH watering points sampled contained PHCs and COCs. The highest recorded PHCs and COCs within one
watering point was 13 and 5 respectively.

Table 4.3.4.6.
Ratios

RGR*
Average

SD
Median

Maximum
Minimum

Summary statistics for important ratios influencing fluoride toxicity for F = PHC.
F:Ca

> 166.66
77.309
146.478
27.722

462.831
1.29!

F:B
>4.166
0.557
0.851
0.214
2.725
0.005

F:TDS
>500.00
956.320
1000.117
889.682

3301.769
128.917

F:Sr
<0.0166

0.568
0.604
0.316
1.818
0.034

F:Mo
<0.0067
0.0152
0.0428
0.0001
0.1292

1.79E-05

F:pH
>1.333
5.020
3.620
6.522
9.362
0.552

* = Recommended Guideline Ratio (WQC/F)

A F:pH correlation of 0.042 was obtained.

The following statistics were obtained for the As:Se ratios:

Average As:Se = 1:7.226

SD 5.830

Median 5.5

Max 25

Min 1.4
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43.4.4 Discussion

The water quality results obtained supported those found in the surrounding areas. The occurrence of

localised rural communal livestock production systems was high in the Immerpan District, as it was for the

Jericho District. The same statements regarding aetiological aspects of endemic fluorosis for the Jericho

District also apply.

The degree to which farms in the Immerpan District rely on groundwater is greater than those in the Jericho

District, firstly as the distance between settlements is overall greater, secondly, fewer rivers are present, and

thirdly, rainfall p.a. is less. An additional factor related to the isolated nature of the dwellings (and

associated boreholes) is that the reliance on food sourced from the immediate surrounding, in the form of

subsistence crops and livestock products, was greater than many communities in the Jericho District. In the

Jericho District a greater amount of movement of people to and from industrial sectors (Rosslyn) occurred,

and a greater portion of the diet came from sources not influenced by the local geochemical environment.

Finally, it must be mentioned that the purpose for which Immerpan was developed, namely the resettlement

of previously disadvantaged ethnic groups on farms, is possibly compromised by both the hazards present to

human health, and environmental and water quality constraints to successful, sustainable, animal

production. As such, it is strongly recommended that the alleviator treatment that has been used to

successfully reduce dental lesions and skeletal manifestations in Afrikaner cattle on the neighbouring farm,

Delftzyl Agricultural Research Station, be expanded to include those livestock types in the Immerpan

District. I f only to improve animal productivity, the treatment will provide long-term benefits for the

communities involved.

4.4 Water quality results - implications for communities

4.4.1 Introduction

As most of the areas investigated in this report contain a similar spectrum of PHCs and COCs, the

ramifications of exposure to these WQCs are presented together in one section. The aim is not to present an

exhaustive review of the possible types of effects related to exposure, but rather to provide a brief overview

to the reader who may not be familiar with the constituents concerned.
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4.4.2 Main PHCs recorded in (he communal areas investigated

The following table presents the main PHCs recorded in the communal areas investigated. Although a

direct comparison is not valid as the areas are geographically different, the table does give an indication of

which WQCs are prevalent as PHCs. As indicated in each of the area chapters, some of the PHCs recorded

were recorded in all areas, whereas others were only recorded in one area. Those occurring in all of the

areas are designated as "High Incidence", those in more than one area as "Medium Incidence", whilst those

for only a single area are designated as "Isolated Incidence".

Table 4.4.1
WQC

As

He

Br

Ha

Se

l i

Sr

K

I c

M o

Mn

/ n

V

Sb
Cd
Cr

Tl

Pb

Main potentially
PH(

40

X7

130

56

91

58

0

51
56

29

66

0

1

28
30
4
22
28

hazardous constituents record

coc
3
0
0
•5

2
9

126

3
6
9

0
21
21

0
3
15
0
1

ed in ihe communal areas.
average

0.022
0.0 IKS
1.19:

00397
0.1705
0.323
0.50!

2.184
0.0777
0.0307
0.16
0.15S
0.014

0.037
0.023
0.039
0.016
0.026

Incidence
Hiuh

Hiuh*
High
High
High
Hieh
Hiph

Medium
Medium
Medium
Medium
Medium
Medium

Isolated
Isolated
Isolated
Isolated
Isolated

* not analysed in some samples

4.4.3 Possible types of effects

When attempting to establish the probable types of effects that may develop in animals and humans exposed

to the PHCs recorded in the communal areas, one question poses a central dilemma. The question is:

"Do the high concentrations recorded in the water source act as a valuable source of trace

element supplement to the diets of both animals and humans, or do they contribute a significant

additional burden to a diet already supplying amounts in excess of requirements?"

For some WQCs exposure to the concentrations recorded for a single day alone may be regarded as having

adverse effects as a consequence. For other WQCs with wider margins between requirement and toxicity,

the situation is less certain.
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A number of other questions are relevant:

• "To what extent do the site-specific risk factors present increase the probability of disorders due to

trace element imbalances?"

• "To what extent does the semi-arid environment increase water intake and hence ingestion of

constituents (Jericho and Immerpan Districts)?"

• "To what extent do the localised geochemical factors increase total exposure and intake (dust, water,

food, animal products) of constituents?"

• "To what extent does a disorder, possibly subclinical and chronic, of one constituent, mask, or

complicate the diagnosis, of the adverse effects of other constituents, for example endemic fluorosis in

the Jericho District?"

• "To what extent (and duration) do high concentrations of one WQC protect against high concentrations

of another? For example, does Se enhancing bile excretion of As (Hirunuma et al., 1999) protect

against As accumulation, and will this result in an induced a Se-deficiency over long-term exposure?"

There are many more questions, most of which have been dealt with in the opening chapters. One of the

difficulties in answering them lies in the inherent variability in trace element requirements, for both animals

and humans. Specific recommendations for a nutrient vary considerably from country to country (King,

1999). The Mn and Mo requirements of adults are almost always met by the dry matter intake (Anke et al.,

1999). If this is true then daily intake via the drinking water may have long-term, possibly subchronic,

adverse effects not yet identified. The use of molecular biomarkers to establish trace element status is

growing and will hopefully answer many of these questions in the near future. For the purposes of this

report, published guidelines addressing the probable types of effects associated with the water

concentrations recorded will be presented for the main PHCs observed. Lastly, it must be mentioned that

some of these guidelines were derived with the limit determined by practical laboratory detection limits, and

not toxicological data. For some constituents adverse effects have been recorded at levels below these

laboratory detection limits. It appears likely that as detection technology improves, some of the guideline

limits may be adjusted accordingly.

4.4.4 High Incidence PHCs

4.4.4.1 Arsenic

Accumulation of As occurs easily, firstly as inorganic As compounds found in water are absorbed readily,

and excretion is slow. Inorganic As is a documented human carcinogen (WHO, 1993). Single, once-off

exposure to a high concentration can have serious effects (DWA&F, 1996). Both chronic and acute

poisoning occurs, with chronic poisoning characterised by skin lesions, of which some are carcinogenic, and

acute poisoning characterised by peripheral nervous system damage, upper and lower respiratory,

gastrointestinal and cardiovascular failure, and may result in death.
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Studies in West Bengal (India) have revealed 6 million people to be consuming groundwater containing As

at concentrations above 0.05 mg/L, of which ca. 300 000 people present with arsenical skin lesions

(Chowdhury et at., 1999). Hair, nail and urine results suggest that 77% of those exposed have an As

burden, suggesting many people to be sub-clinically affected. The USEPA is currently reviewing the MCL

for As of 0.05 mg/L, with the indication that it will be reduced to somewhere between 0.005 and 0.02 mg/L.

4.4.4.2 Beryllium

Beryllium and Be compounds have been classified by the WHO (1993) as probable carcinogens with no

convincing evidence available demonstrating a biological role. Most studies deal with Be exposure via

inhalation and resultant respiratory disorders. Suitable oral exposure effects data are limited, although Be

has been shown to interact with DNA causing gene-mutations, chromosomal aberrations, and sister

chromatid exchange in cultured mammalian somatic celts. Intestinal lesions associated with high Be water

intake have been recorded (USEPA, 1998). Most well documented adverse effects are due to inhalation and

resultant Acute Beryllium Disease and Chronic Beryllium Disease, both of which involve damage to lung

tissue and can cause death. Very little information exists regarding adverse effects due to the ingest ion of

Beryllium, although short-term ingestion via water is less toxic than inhalation. Long-term effects due to

water ingestion can cause damage to bones, lungs and cancer. Although absorption from the digestive tract

is tow, some of the samples analysed exceed the recommended guidelines by a significant degree. Fish do

not appear to accumulate beryllium to any great extent.

4.4.43 Bromide

Excessive bromide intake leads to depression and weight loss, with most bromide-salts considered toxic.

Bromine is the only liquid non-metallic element, and poses a serious health hazard. Bromide occurs in sea-

water as the sodium salt, and recovered commercially by oxidation to bromine.

4.4.4.4 Mercury

Most guidelines for domestic drinking water are based on the more toxic methyl mercury. Mercury is a

cumulative toxin principally affecting the nervous system, with both organic and inorganic forms capable of

producing toxicity. Given the high values consistently recorded in the communities investigated, although

primarily of the inorganic form, it would appear that Hg should be added to any checklist of PHCs for

groundwater rural supplies.

4.4.4.5 Selenium

Although an essential element, the range between requirement and toxicity is narrow, and according to

Underwood & Suttle (1999) Se is the most hazardous trace element supplemented in livestock rations.

Chronic exposure via the water and feed to levels in excess of requirements can cause discoloration of skin,

pathological deformation of nails, alopecia, excessive tooth decay, loss of cognitive abilities, and
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listlessness. This is of relevance in the Jericho and Immerpan Districts as both have a high incidence of

fluorosis, making it difficult to distinguish between Se and F as to the causative WQC. or relative

contribution by each WQC, in the manifestation of the dental lesions observed. It is noteworthy that the

DWA&F have reduced the recommended TWQR and that the USEPA does not have a Reference

Concentration for Se (reference dose = 0.005 mg/kg/d). The occurrence of teratogenic effects due to Se

excess has been reported in pigs, sheep and cattle, but not yet quantified in humans (ATSDR, 1989;

USEPA, 1998). A further complication is that known deficiency disorders may not produce clinical

manifestations that differentiate between those caused by chronic selenosis. It is interesting to note that the

DWA&F (1996) guidelines state for the 0.02 - 0.05 mg/L range that although "no adverse health effects

with short lo medium-term use", the guideline also recommends that potable water concentrations should

never exceed 0.05 mg/L. The Quality of Domestic Water Supplies (1998) do not list Se in the guidelines,

despite noting that the information is based on the DWA&F (1996) guidelines, and that the guide hopes to

contribute to providing safe water for all South Africans, and defines one the intended users of the guide as

Water Resource Developers who should use the guide to assess whether a water source is safe for supply to

domestic users. The concentrations recorded in the areas investigated in this report tend to indicate that the

importance of drinking water Se contributions to the total Se intake of people has been overlooked. This is

especially true in the rural context given the known positive correlation between water Se levels and Se

levels in livestock milk, and maternal breast milk.

4.4.4.6 Strontium

According to Anke et al. (1999) drinking water is of decisive importance for Sr intake. Most guidelines do

not have an upper limit for naturally occurring Sr as it is protective of radioactive wSr (Smith, 1988), which

appears to be of increasing concern linked to nuclear fall-out. However, given the levels recorded, the

interference of both Sr and ^Sr on bone Ca deposition, coupled to the high F levels found in the areas

investigated, the wisdom of this is doubtful (Sargent et al., 1966). Evidence also exists for a very rapid

foetal uptake of Sr following placental retention (Enomoto et al., 1999), and even an active transport

mechanism from maternal blood to the foetus (Krachler et al., 1999) and as such may present a significant

risk factor for fluorosis.

4.4.4.7 Titanium

Titanium is regarded as relatively harmless, although there are reports suggesting carcinogenic effects, and

Ti has been shown to accumulate in silica-containing tissues. Smith (1988) reported a crisis limit of 0.2

mg/L, and when viewed in conjunction with the high incidence of values far in excess of this limit, the

importance of the need to ascertain a health-based limit becomes clear. Groundwater concentrations of Ti

have been recorded as being higher than previously thought (Cummings, 1989).
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4.4.5 Medium Incidence

4.4.5.1 Fluoride

Water-borne F appears to be readily absorbed, especially under low pH conditions. Placental transfer has

been documented for many species, as has water related milk levels. Adverse effects are ascribed to dental

and skeletal effects, but increasing evidence appears to implicate a number of other systemic effects,

primarily those influencing immune and reproductive factors. The reader is referred to previous WRC

reports as they cover the topic of F toxicology comprehensively (Meyer. 1992; Meyer. 1998).

4.4.5.2 Tellurium

Tellurium does not appear to have an essential biological role. All Te compounds are regarded as highly

toxic capable of producing teratogenic effects.

4.4.53 Molybdenum

Molybdenosis has been identified as a risk factor in the development of atherosclerosis in humans (Ivanov

et at., 1999). Cattle are the least tolerant of excess Mo, followed by sheep, with pigs the most tolerant

(Underwood & Suttle, 1999). Clinical manifestations vary between species, but growth retardation, weight

loss or anorexia occur in most. The sulphate content of the water can reduce Mo retention significantly

(Grace & Suttle, 1979).

4.4.5.4 Manganese

High absorption rates have been documented for Mn in infants and young animals. Neurotoxicity has been

documented, but via the inhalation route, although animal studies have shown drinking water with high Mn

to cause neurotoxicity and other adverse effects. Intakes of hazardous concentrations via the drinking water

may occur over the long-term, but are unlikely in the short-term due to the off-putting taste and colour

imparted at levels greater than 1 mg/L (Quality of Domestic Water Supplies, 1998). Active transport of Mn

from maternal blood to the foetus has been observed (Krachler et ai, 1999).

4.4.5.5 Zinc

The WHO (1993) concluded that a health-based guideline was not required for Zn. The Quality of

Domestic Water Supplies (1998) allocates a no-adverse-effect Category A status to Zn concentrations of

less than 20 mg/L, and an in significant-ad verse-effect Category B status to greater concentrations.

However, the DWA&F (1996) guidelines indicate that some instances of chronic toxicity may occur at

concentrations exceeding 10 mg/L, with acute toxicity possible at concentrations greater than 50 mg/L.

4.4.5.6 Vanadium

Vanadium tends to decrease in the body with increasing age (Anke et at, 1999). Within the rural production

context it is noteworthy that the burning of coal increases inhalation of V significantly, and can be regarded
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as a hazard for man (Cremer & Cornells, 1999). Vanadium is used for chemoproctection against certain

cancers. Excess V in livestock causes diuresis, naturesis, diarrhoea, anorexia and hypertension, with renal

and hepatic damage often irreversible (Nechay, 1984). Vanadium was reported to have the highest rate of

placental uptake compared to several oilier trace minerals by Enomoto et al. (1999).

4.4.6 Isolated Incidence

4.4.6.1 Antimony

Potential health risks are listed as increase in blood cholesterol and a decrease in blood sugar, in the

National Primary Drinking Water Regulations from the USEPA Office of Water (USEPA, 1998).

4.4.6.2 Cadmium

Food is a major source of Cd, and smoking a demonstrated risk factor. Cadmium is a cumulative toxin, and

accumulates predominantly in renal tissue, (half-life of 22 years). Renal damage with proteinuria appears

to be the main adverse effect due to oral exposure, with inhalation having carcinogenic effects. Decreased

bone mineral density has been reported prior to the onset of renal dysfunction (Ohta et al., 1999).

Subchronic Cd exposure and concomitant low dietary Fe has been observed to disrupt placental steroid

production and maternal blood levels of reproductive hormones in late pregnancy (Piasek et al., 1999).

4.4.63 Chromium

Chromium (VI) is readily absorbed compared with Cr (IN). Chromium (III) does not appear to be

carcinogenic, whilst Cr(VI) does. Adverse mutagenic effects due to the consumption of water containing

Cr (VI) is decreased i f water is consumed on an empty stomach. Chromium tends to accumulate in the

body with increasing age (Anke et al., 1999).

4.4.6.4 Thallium

Thallium does not appear to have an essential biological role, and Tl compounds are regarded as extremely

toxic, and cumulative in biological tissues. Adverse effects may take several days to appear. Teratogenic

effects have been recorded. Alopecia and renal, liver and intestinal problems may also occur.

4.4.6.5 Lead

Lead is a cumulative toxin, with placental transfer well documented. Young children absorb Pb up to 5

times more than adults. Most Pb accumulates in skeletal tissue, with central and peripheral nervous system

damage, with prenatal exposure causing significant behavioural and cognitive defects.
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4.5 Conclusion

Some of the PHCs recorded as having an "Isolated incidence", such as Sb, Tl and Cr, were only present in

the water source at elevated levels at certain times of the year, as can be observed in the results for the

Jericho District between the two sampling phases. Other "Isolated incidence" PHCs, such as Cd and Pb,

were present in the Jericho District at elevated concentrations throughout the two sampling phases. These

variations are of particular importance in terms of animal and human health when occurring simultaneously

with times of increased water demand, such as lactation and high environmental temperatures. The elevated

concentrations of Sb, Tl and Cr recorded in the Jericho District occurred during the hoi summer months.

Fractured aquifers, large variation in rainfall volume and times of year, variable aquifer recharge rates and

withdrawal periods, all contribute to the complexity of predicting the seasonal changes in water quality.

With these factors as a backdrop to the elevated concentrations recorded, the value of a water quality

monitoring programme linked to management strategies for reducing risk, cannot be over emphasised.

A few issues deserve attention. Firstly, the extent by which the WQCs exceed the WQGs available is

significantly large. The uncertainty that exists with respect to the types of effects that may occur is not

confined to single WQCs, but is extended when seen in the context of the occurrence of multiple WQCs

exceeding the guidelines within single water sources. The indirect adverse effects possible due to induced

deficiencies presents a major obstacle in diagnosing disorders related to high concentrations of single, or

multiple, constituents (see Chapter 2). Many of the water sources sampled are the only source of water for a

community, both for animals and humans, further emphasising the increased geochemical risk present with

geographically localised production systems.

Water concentrations of Fe, 2n, Cu and Mn do not appear to have a significant correlation in breast milk,

whereas maternal Se status is closely correlated to milk Se (Lonnerdal, 1999). Given the high incidence of

Se as a PHC in the areas investigated, the probability of overexposure to Se for infants is high.

151



CHAPTER 5

WILDLIFE PRODUCTION SYSTEM MODEL

5.1 Introduction

Without water wildlife cannot survive, and in a water scarce country such as South Africa, the pressures

placed on the available resources are resulting in increased levels of water pollution (Quality of Domestic

Water Supplies, 1998). The provision of water of an acceptable quality, coupled to the protection of water

resources for long term sustainability, are critical managerial issues for a wildlife enterprise. Water quality

is often an underrated aspect in game ranch management (Meyer, 1999).

At present no formal WQGs exist for wildlife. Some isolated studies investigate the effects of supplying

water on wildlife movement, behaviour, and the environment. The main deficiency with these studies is

insufficient documentation of site-specific information, rendering extrapolation to other environments

questionable. Very few studies focus on the effects of WQCs on wildlife health. These studies do not

enable risk assessment formulation, largely due to insufficient water chemistry information, complexities

between trace mineral interactions and overriding palatability effects, but increasingly emphasis is being

placed on the geochemical factors influencing water quality, and the resultant role of water on supplying a

significant amount of animal macro- and trace element requirements (Louw, 1984; Winter, 1985; Knight et

ai, 1988; Bowell et ai, 1996; McDowell & Conrad, 1986; Meyer, 1998).

In the field of WQGs for human consumption, until 1996 the vast majority of local guidelines were based

on international guidelines, mostly unsubstantiated in the southern African context. Since 1993 two new

versions of WQGs have emerged from the Department of Water Affairs and Forestry (DWA&F, 1993;

DWA&F, 1996; Meyer et ai, 1997) addressing domestic to agricultural user groups, illustrating the rapid

growth and change within the field as analytical techniques allow for increased documentation of adverse

effects occurring in user groups.

The main inadequacy of published WQGs, namely the isolated static mg/L basis, applies to wildlife just as

it does for commercial livestock production systems, where different ingestion levels occur across varying

environmental conditions. Synergistic and antagonistic factors due to interactions between WQCs, the user,

and the environment, are often more deterministic that the chemical concentration of a WQC.

Although C1RRA, Version 2.03, takes into account synergistic and antagonistic factors and is based on a

modelling approach, using ingestion rates on a mg WQC/metabolic mass, using the exponent LW °82 for

water turnover/d basis, its main application i f for commercial livestock production. Whilst in many
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instances the toxicological modelling outputs are valid for wildlife, this is not always so. Main reasons for

this are different nutritional factors, highly varied water source utilisation and hence ingestion. and different

production conditions and aims. Assessing the suitability of water for wildlife is a complex task, primarily

as multiple specie types utilise the same source, ranging from ruminant to monogastric species, and water-

dependant non-mobile herbivores to non-water dependant mobile herbivores (Thrash, 1993).

5.2 Main water quality issues for wildlife

5.2.1 Water quality constituents

Water contains inorganic and organic constituents which may be a valuable supplement for wildlife. High

concentrations and/or imbalances between constituents can. however, be hazardous. "Good quality" water

does not imply pure water, nor does it imply clear water with acceptable smell or taste. Murky water with

colour or unpleasant odour may be safe to drink, whereas clear water may contain pathogens or potentially

hazardous constituents that are harmful. As a result, water that may well be fit for use by wildlife is often

rejected in favour of water often incorrectly perceived to be of a better quality. As the water quality reports

of the Pilanesberg National Park, Klaserie Area and Selati Game Ranch indicate, there are many

groundwater and surface water sources in South Africa that, with incorrect management procedures, can be

potentially hazardous to wildlife.

Table 5.1 provides information of a sample taken from a game ranch near the Phalaborwa district. The

concentrations and constituents involved are not atypical, with similar examples having been recorded in

other areas in South African subterranean water sources (Meyer et a/., 2000). Even using a very general

water intake guideline of 4% body weight (Bothma, 1996), and ignoring site-specific risk factors, the

resultant trace mineral dose ingested from the water is significant when compared to mineral requirements

for these elements (Underwood & Suttle, 1999; NRC, 1996), and can lead to both direct toxicity and

induced deficiencies. The primary problem in identifying the effects due to the ingestion of potentially

hazardous constituents is that they are invariably subclinical in nature, and specifically in the case of

wildlife, affected animals are seldom observed. Furthermore, a differential diagnosis is often required to

establish the role of a PHC. Interactions between constituents in the water source complicate the matter

further, and may alleviate adverse effects, or may exacerbate the effects of PHCs. None of the

concentrations appearing in Table 5.1 will have a significant effect on the colour or palatability of the water

source, and game will readily consume such water, creating the incorrect impression that it is fit for use.

Furthermore, due to the varied spectrum of wildlife that may be present on a game ranch, significant

differences may exist in terms of species tolerances to WQCs.
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Tahle5.l Potentially hazardous water quality constituents from a borehole on a game ranch in ihe Phalaborwa
district.

Water Quality
Constituent

As
Se

Be
Mo
Cd
Sb
Tc

Recorded cone,
(mg/l)
0.193
2.291

0.043
0.092
0.055
0.032
0.311

Guideline (mg/l)a

>0.05 - significant risk of adverse effects in sensitive groups
>0.05 - significant risk of adverse efleets in sensitive groups:
>0. t - danger of selenium toxicity
>0.004 - risk of adverse effects in sensitive groups
>0.02 - risk of adverse chronic and acute effects
>0.02 - risk of adverse chronic and acute effects
>0.006 - maximum contaminant level
>0.0l - crisis limit

• Adapted from: Department of Water Affairs and Forestry (1996):
USEPA (1998), Kempster et al, (1985)

Water of poor quality can result in serious financial losses, especially where rare wildlife may die.

Financial losses may also occur due to reduced growth and reproductive rates, and increased equipment

replacement intervals. The action of providing a watering point for wildlife has an impact on the

environment. This not only influences factors such as soil infiltration rates, soil erosion, plant species and

plant succession, but can seriously disadvantage certain wildlife species. The provision of artificial water

supplies can change normal animal behaviour, for example, nomadic species may become permanent

residents. Water palatability plays a major role in influencing the movement of wildlife, with even avian

species such as doves and sandgrouse selecting those water sources with the least salinity (Knight, 1989).

5.2.2 Safe water - concentration versus dose

The most complex task in risk assessment for wildlife watering is determining the extent of the exposure of

different wildlife species to a PHC. This requires knowledge of the water chemistry of all available water

sources, the time spent by species at each watering point (dose intake from water) and knowledge of site-

specific risk factors present (synergistic and antagonistic effects). Risk factors may be allocated to water,

animal, environment, nutrition, ecology and production system. Examples are a high concentration of a

constituent in feed or supplement provided, time of day when water is consumed, altitude of game ranch,

seasonal variations in water quality and peak lactation times, to mention but a few. Some relevant aspects

include:

• Are the species at risk non-water dependent (giraffe, eland), non-mobile water dependent (impala,

waterbuck, warthog) or mobile water dependent (burchelPs zebra, blue wildebeest)? Can they access

alternative watering points and ingest water of a different chemical composition resulting in a different

dose intake?

• Does the feeding spectrum of the species at risk, increase or decrease risk (chemical composition,

nutritive factors, moisture percentage)?

• Does the breeding season coincide with poor water quality/dry periods?

154



• How does the spacing, design and placement of watering points advantage or disadvantage different

species (tall grass requirement - sable, roan; cluster of watering points - waterbuck) by influencing

habitat and plant species diversity?

• Do the species require water for thermo-regulation (mud pools or cattle troughs)?

• Does the game ranch fencing type, and design, allow for species ai risk to obtain water from

neighbouring farms?

Species which select for plant parts and plant species, such as steenbok, are suited to risk assessment

concerning total trace mineral ingestion predictions, as both animal tissue (used for assay and

histopathological examination), water and feed samples can be obtained to provide a representative

indication of total exposure.

5.23 Dangerous concentrations?

Unfortunately the concentration at which a constituent will have an adverse effect is not fixed. Taking F as

an example, site-specific factors such as temperature, feed salt, protein and fat percentage, physiological

adaptation to environment, and even altitude, all influence F toxicology. A concentration of as little as 5 mg

F/L may be toxic one situation, but 10 mg F/L may be safe in another. The correct concentration of Ca,

total dissolved solids (TDS), Mg, B, Sr and Mo are all needed because they influence F toxicity. As a

result, single value guidelines are misleading and conservative in nature, and it is best to perform a

comprehensive risk assessment modelling approach enabling the calculation to be performed on an

ingestion basis (mg F/kg082 BW/day). In cases of suspected water quality problems, specialist advice

should be sought An example of some types of information required to assess the water source in the

context of intended usage is given in Table 5.2.

Table 5.2 Some information required to perform a risk assessment lor water quality.

Examples of detail required
Water quality Inorganic and organic water quality constituent concentrations
Water source Type of source, design of watering system, placement of source;

distance from alternative sources
Animal specific information Wildlife species present, physiology, water intake, feed intake
Environment specific information Environment type, habitat type, temperature, altitude, soil

analyses
Nutritional information Feed and lick composition, forage/browse trace mineral content.

moisture percentage
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5.2.4 Typical problems that occur

The following typical problems can occur with water quality for wildlife:

• Water that tastes bad to wildlife can severely reduce water and feed intake, with subsequent losses of

body weight, milk production and general health. Sudden exposure to highly saline water can drastically

reduce initial intakes, followed by high intakes that may have fatal consequences. The constituents SO4.

Mg, Na, Ca and TDS are primarily involved. Usually, the ratios between constituents are more

important than the concentrations alone. Most species can adapt to high WQC concentrations if

exposure is incremental and continuous.

• Constituents which, at certain concentrations, under certain conditions, act as a poison, are termed

"potentially hazardous", and may impair health or cause death. Toxicological problems depend on the

constituent involved, but range from chronic factors such as reduced growth, to acute factors which may

be fatal. Fluoride, TDS, Cl, SO4, NO3, and several trace minerals (Se. Hg. Te, Be, U, Cd. Mo) pose the

main threats, but the condition of the animal, nutritional status and production system specifics play an

important role (Meyer & Casey, 1999).

• Water temperatures can rise significantly in black PVC pipes exposed to the sun. Burying the pipes at

least 100mm alleviates the build-up of carbonate encrustation. Regular cleaning of drinking troughs and

reservoirs not only prevents excessive salt build-up, but also results in improved water quality.

• Metals may accumulate in animal tissues and products such as milk (and hence influence suckling

young), although most do not represent serious health risks following the short-term exposure. Milk is

usually well protected against As, Cd, Hg, and F, but not against Pb and Se, although with very high

levels in water and feed, a concurrent increase in milk for other constituents will most probably occur

(NRC, 1996; Underwood & Suttle, 1999). Many metals may accumulate in tissues such as muscle,

bone, brain, liver and kidney, although other than Hg and pesticides most do not accumulate to an extent

where they pose a significant consumer health risk for the consumption of wildlife products.

• Natural or artificial water sources impact on the wildlife species present and on the ecosystem, which in

turn affects habitat utilisation, soil and vegetative parameters. Depending on alternative water source

availability, water palatability can determine game movement and watering patterns, resulting in

sensitive species avoiding the water source, whilst non-sensitive species may increase their watering due

to lessened competition around the drinking point. The presence or absence of specific species

consequently influences the surrounding area. The type of effect depends on the species involved (large

water dependent herbivores versus small territorial monogastric species), the distance to the nearest

alternative source, geographical barriers and seasonal rainfall patterns.

156



• Water provision placement and design influences the drinking frequency of certain types of game, with

some preferring secluded watering points to open ones. The physical structure can also attract or repel

certain species. A combination of these factors can alter the time of day during which the species

consume water. This alone can significantly influence the suitability of the source, as in hot. dry areas.

the concentration of some constituents can differ enough between sunrise and midday so as to result in a

different constituent ingestion rate and hence dose intake over an extended period.

• The distance between water sources, permanent and temporary, habitat diversity and ecosystem stability

must be taken into account in order to cater for the requirements of certain species. Migration and

forage utilisation patterns, habitat requirements for successful breeding, rearing of young and

maintenance, all influence water provision. Manipulation of water provision is a valuable mechanism

for allocating poor quality resources to less sensitive species, and a method for mitigating against

potentially hazardous effects.

5.2.5 Identifying animal health problems

Whilst problems associated with taste are relatively easy to observe, toxicological problems may go by

unnoticed, or they may be attributed to other factors such as poor nutrition or internal parasites. Some

effects observed are a reduction in reproductive efficiency, fertility, the viability of offspring, growth rate,

and resistance to disease. Clinical symptoms for specific poisons may also be noted. A major problematic

factor in terms of diagnosing health related disorders in wildlife is the difficulty of observing and measuring

health. Firstly, depending on the size of the area, and purposes for which the wildlife are kept, adverse

effects experienced by some species may go by unnoticed. Due to the typical subclinical, chronic course

followed by many PHCs, adverse effects may only become noticed at an advanced stage. Some of these

animals may be caught by predators, which may reduce a managers opportunity even further of observing

animals which are experiencing difficulties. Growth and health parameters often measured routinely in

livestock may be very difficult, i f not entirely impractical, to obtain in some wildlife species. Obtaining a

representative number of samples also presents a problem. Identifying site-specific factors such as chemical

composition of the primary feeding spectrum, geographical and pedological factors can provide valuable

insight regarding the changes in mineral concentrations over seasons (Jumba et ai. 1996) which need to be

considered in association with the mineral intake from drinking water.

With all these factors, the importance of knowing the quality of the water provided to wildlife, and the

various types of effects the water may have on the species present, and ecological norms, becomes apparent

as a proactive management procedure.
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5.2.6 Extent of problems in South African water sources

Many groundwater sources currently used for wildlife watering in South Africa cause adverse effects. The

types of problems encountered differ from region to region, game ranch to game ranch, and even borehole

to borehole, on the same game ranch. Although certain areas do show have a high incidence of occurrence

of a specific hazard (e.g. fluorosis), on-site variation is usually significant. This is true even between a

borehole source and a drinking trough. In some areas a correlation exists between the chemicals present in

groundwater which increase risk, an example being the correlation between F, TDS and Ca. Some

problems are due to naturally occurring levels, others are due to varying forms of contamination. Surface

water problems also occur, but tend to involve different WQCs, such as toxic algae. The water quality

results presented in Chapter 6 indicate the localised nature of occurrence of certain PHCs in the aquatic

environment.

5.2.7 What can be done by the manager?

Differences between game ranching and livestock production regarding grazing methods and the subsequent

access to water sources introduce a complex variable, namely predicting the ingeslion from a single water

source. In livestock systems this is usually fairly easy as the animals are maintained in a camp with only

one drinking trough, and information such as the number, body weight and type of animals consuming water

is often known. With wildlife the degree of free-ranging movement, territorial aspects and feeding patterns

can result in sufficient reductions in intake from potentially hazardous water sources so as to render them fit

for use, despite hazardous constituent concentrations. This is particularly true in the case of cumulative

toxins, but for some constituents an intermittent intake can be more deleterious than a continual one.

No meaningful action can occur without measurement of that which is to be managed. The first step is to

analyse the water. The second step is to identify the potential hazards present with the use of a WQG, with

the aim of recommending what the chemical composition should be, not just to prevent adverse effects from

occurring, but to achieve optimal water utilisation. The manager can manipulate the water quality by the

addition of chemicals to the water, or the manager can manipulate the effects due to the consumption of

water, either by supplementary feeding or influencing the ingestion of water from key watering points.

Knowledge of the seasonal variations in water quality and physiological stages of high risk wildlife species

is essential in encouraging or discouraging animal presence at key watering points.

5.2.8 Water quality monitoring

Water quality monitoring provides the information required to manage water sources utilised in a wildlife

enterprise, such as knowledge of potential hazards and trends regarding aquifer recharge rates, deteriorating

water quality and possible pollution sources. Drastic concentration changes can occur between seasons.

Monitoring of water quality allows the manager to allocate water during periods of poor quality to less

sensitive species. For example, in the case of F, non-lactating mature female animals would be given access
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to high fluoride waters as opposed to young growing animals. This is because young growing animals have

a higher water turnover rate and are more at risk to dental and skeletal adverse effects due to the ingestion

ofF.

Key watering points should be identified within a wildlife enterprise and be monitored on a quarterly basis.

A full analysis including a semi-quantitative scan should be obtained from the nearest water laboratory,

which should be able to advise on the correct methods for collecting water samples.

53 WPS Model
5J.I Introduction to WPS Model

The objective of the WPS model is to allow the user to enter relevant information obtained from the actual

game ranch/reserve which can be compared to reference material in order for a risk assessment to be

conducted. The risk assessment will thus take into account the significant site-specific factors that may

increase or decrease risk for the management norms evaluated. In order to make an informed judgement

regarding how safe water is for use, water quality properties must be measured and compared with a

reference value which is usually in the form of a guideline. Due to the inherent variability related to

biological cause and effect relationships, WQGs are used as opposed to water quality standards, and these

enable judgement on the following norms to be made:

• Animal health and productivity.

• Watering system equipment.

• Environmental factors.

• Safety of wildlife products for human consumption.

As described in section 5.2, the dose intake, over varying lengths of time dependent on the constituent

concerned, is one of the most critical factors that will determine whether a WQC will be beneficial or

detrimental to animal health. It is thus easily understood how a single watering point with a potentially

hazardous concentration of a WQC may, in the final instance, be tolerated without having any adverse

effects, should alternative watering points with significantly lower concentrations, also be utilised within a

short time interval by the same species. This dilution effect is of particular relevance to those species that

move over extended territories, termed mobile, as opposed to those which are non-mobile, and tend to

remain in a small, defined territory. Of equal importance is the dilution effect gained from moisture present

in the diets of the different species which either increase, or decrease, the constituent ingestion obtained

from drinking water. Placing the different species at the watering points available is one of the main tasks

of the WPS model. It requires knowledge of the wildlife species present, the habitats present, the potential
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hazards and placement of the watering points available, and the freedom of movement and accessibility to

these points for different wildlife species.

The user is referred to the WRC Final Report K5/644 (WRC, 1998) for a more in-depth discussion of the

principles of modelling for risk assessment, the use of ingestion-based reference documents to accomplish

the site-specific evaluation of a water source, and technical information pertaining to software programming

language and platforms used.

5_3.2 Procedures and relevant Reference Documents

The WPS model consists of three general sections as experienced by the user. The first may be collectively

termed data capturing screens, and comprises general and site-specific information. The second section

presents the user with the risk assessment results, and the third is a combination of solution options that

create "dummy" sample files allowing the user to manipulate certain variables and evaluate the outcome

thereof. To aid this, supporting information in the form of background information on types of effects and

calculation results, are also provided.

Five different risk assessments, termed Levels, are performed. The first, termed Level 1 RA, provides a

generic application level assessment per watering point. Level 2 RA provides a water point exposure matrix

assessment, where the predicted intake from multiple water sources is taken into account. This allows for

the potential dilution effect to be included, and is possibly one of the most beneficial aspects of the WPS

model, as it prevents the incorrect contextual classification of a watering point. This is due to the fact that

dilution effects, apparent when total ingestion is calculated, may in effect allow a water source containing

hazardous levels to be utilised without adverse effects. Level 3 RA ustilises site-specific, and species

specific, risk factors to be taken into account. A few information types used are those for the environment,

toxicology, and species feeding spectrum preferences. A Feed Exposure Matrix is compiled for Level 4

RA, and incorporates PHCs present in the feed in a total ingestion, per constituent, basis. Level 5 RA

addresses ecological issues due to the watering point and presence/absence of associated wildlife species.

The results of the risk assessments are provided in a number of different forms. For example, an output of

Level 2 RA is termed a watering point exposure risk assessment (WPERA). Further rankings, according to

WQC, WP, wildlife species, including and excluding system factors, are provided. An added benefit of this

method is that it allows for an educated user, familiar with the user group and game ranch, to accept or

dismiss possibilities based on site-specific, specialist knowledge. It also allows for the planning of a game

ranch in terms of both water provision design (which water sources, reservoirs and watering points to use),

placement (which suitable habitats to encourage/discourage tolerant and sensitive user groups respectively),

and most suitable wildlife species selection. A schematic of the WPS model is provided in figure 5.1
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5.3.2.1 Data capturing screens for multiple watering points

As opposed to most livestock production systems which normall\ reside in association with a single

watering point for a period of time, or indeed permanently, wildlife may have a choice of multiple watering

points. Some species may consume from different points during a single day. This necessitates a capability

to capture multiple water chemistry data, and detail concerning each watering point. This detail is required

as it provides a means for establishing the possible preference a species will have for a watering point,

based on its design, accessibility, and habitat placement. This information is used for two risk assessment

outputs, one for animal health, the other for ecological impact assessment. Needless to say, this capability

required complex software programming to enable multiple sample files to reside within a single sample

file, which is in reality a "ranch" file. The screen prints provided are self-explanatory.

161



H CIRRA-WPSinlKlcl

{Site-specific Detail:
Waicr source I
Watering point I
placement, design,

4 *•

Site-specific Detail:
Water source 2
Watering point 2
placement; design; r1

Multiple Waler-a
|WQC|

SSI>.
Wildlife types
category
animal detail:
Wl; Fl; Tl

SSD:
l-nviromrumi:

habnui. altitude,
soil, bicrne,..

l;igurt5 I WI'S moid

162



53.2.2 Level I RA -Generic application

At the most simplistic level water sources may be ranked independently of the wildlife species present,

using the inherent toxicity present within each water source to assess the fitness of use. However, as

mentioned above, the presence of a potentially toxic constituent in a water source does not in itself

constitute a hazard. Site-specific factors may partially or fully mitigate toxicity. Similarly, the occurrence

of low concentrations of constituents with a low order of toxicity, does not prevent a hazardous situation

from occurring. Furthermore, the presence of other constituents in the water and/or feed may induce

toxicity across a wide range of water concentrations. But, due to the vast differences in the feeding habits,

water intakes, and inherent adaptability to certain constituents, between the different wildlife species that

may be present, this entry level classification, termed Level 1. is provided to the user. The results are

provided per watering source, and watering point. This enables the user to identify any watering system

effects observed at the watering point that may be contributing to PHCs and COCs, as opposed to those

present in the water source. It is analogous to a GAL risk assessment excluding system factors, as used in

CIRRA Version 1.03. The reader is referred to the Final Report K.5'644 for more detailed information.

5.3.23 Level 2 RA

5.3.2.3.1 Water Exposure Matrix

This procedure uses information provided by the user in the data capturing screens for water, water

chemistry, wildlife species present, habitats present, and other relevant information, to formulate a series of

possible ingestion matrixes. The user is prompted for information regarding accessibility of the various

watering points to the species present, and the presence or absence of each species at the watering points.

The matrix is compiled for all possible watering point combinations, for all WQCs provided, and the output

is designated at Level 2.1. Should user information render a matrix line as false, it is then omitted from the

next step that links species to the matrix lines. The output of this second step is designated as Level 2.2. It

should be clear that this produces an enormous amount of data, from which the most probable true matrix

lines are selected. For example, a game ranch with five watering sources and five watering points, and

chemical data for 46 WQCs, produces a matrix with 1380 line outputs. This is the benefit of conducting

these risk assessments in a software environment, as time taken to conduct the same procedure manually,

with an increased possibility for errors, would prevent many persons from performing a risk assessment.
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Matrix Rules:

Resultant Concentration = X, where X = (WP1 ....WP')/n'WP

Equal ranking rule: If XI = X2, then,

where X contains WPI - WPi with lowest [WQC] = lower risk ranking (contains lowest [WQC].

where XI+X2 contain lowest [WQC], X containing highest [WQC] = higher risk ranking.

Table 5.3.1 Partial example of a Water Exposure Matrix for WPS.

\VP Exposure Matrix:

1
2
3
4
5
12
13
14
15
23
24
25
34
35
45
123
124
125
134
135
145
234
235
345
1234
1235
1245
1345
2345
12345

Resultant Concentration (urn F/L) for:
<\VPl....\VP')/nAVP

3<mgF/L)
6<mgF/L)
1 (mg F/L)
5 (nig F/L)

1.5 (mgFL>
4.5
2
4

2.25
3.5
5.5
3.75

3
1.25
3.25
3.33
4.66
3.5
3

1.83
3.16

4
2.83
2.5
3.75
2.87
3.87
2.62
3.37
3.3

Ranking of WPs:
Least risk = 1, most risk = 30

12*
30
1

28
2

26
5

24
6

19*
29
22*
13
3
15
17
27
20*
11
4
14
25
9
7

21*
10
• > • }

8
18
16

* see Matrix rules

Reference documents are contained within the following sub-levels. User defined data overrides the

reference documents (as for previous modelling performed for livestock watering), but in the absence of this

data, the RefDocs allow for the linking of wildlife species to watering point combinations, in a

{WPI..WPi}= Irue/false format. These reference documents rely on species mobility and known distances

travelled for certain species, their dependency on water, obstacles preventing access to certain watering

points, and habitat preferences for each species present. The end result is a series of risk assessments, by

wildlife species, based on the predicted WPs accessed and the PHCs and COCs contained therein. This is

termed a watering point exposure risk assessment (WPERA), and forms an output of the Level 2 evaluation.
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5.3.2.3.2Reference Documents used for Level 2 Risk Assessment

The following series of reference documents and reference codes provide information that is used to either

place the animal in a preferred habitat, for the purposes of linking it to probable water point exposure, and

to evaluate possible risk factors per wildlife type based on inherent species factors.

RefDoc - WD (Water Dependency)

The following table presents the reference material used in assigning risk factors to wildlife species. Note

that the classifications are not absolutes, only relative differences between species according to the current

body of knowledge. Some species may be water dependent, but also adapted to arid conditions, hence both

classifications are referred to.

RetDoc - WD tor the WPS model.
Non-water dependent Herbivores -
Browsers

Damara
Duiker

Cape gnsbok
Klipspringer

Steenbok
Suni

Water dependent Herbivores -
Brouzers

Bushbuck
Bushpig

Red Duiker
Black Rhino

Sitatunga

Mobile Water dependent
Herbivores

Burchells Zebra
Blue Wildebeest

Buffalo
Blue Duiker
White Rhino

Adapted To Arid Conditions

Kland
Gemsbuck

Kudu
Mouniain Zebra
Red Hartebeest

Springbuck
Ostrich

Non-water dependent Herbivores -
Browsers +

Grazers
Eland

Gemsbuck
Giraffe

Grev Rhebuck
Nyala

Sprinebok
Water dependent Herbivores -
Brouzers + Grazers

Elephant
Sharpes Grysbok

Impala
Kudu

Non-mobile Water Dependent
Herbivores

Impala
Warthog

Waterbuck

Possible non-water dependent
species

Giraffe
Common Reedbuck

Eland
Sable Antelope
Roan Antelope

Non-water dependent Herbivores -
Grazers

Oribi

Water dependent Herbivores -
Grazers

Black Wildebeest
Blue Wildebeest

Blesbuck
Bontehok

Burchells Zebra
Buffalo

l.iehlenburg llartebeest
Hippo

Hartmans Zebra
Mountain Zebra

Reedbuck
White Rhino

Tssesehc
Warthot!

Wat erb iick
Intermediate water Dependent
Herbivores - bulk feeders

Red Hartebeest
Mountain Reedbuek
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RefDoc - PVTG (Preferred Veld Types Guide)

The following RefDoc is provided as a preferred veld types guide.

RefDoc - PVTG for the WPS model.
Wildlife Species

Blesbok
Black Wildebeest
Blue Wildebeest

Bontebok
Buffalo

Burchell's Zebra
Bushbuck
Bushpig
L-land

Llephant
Gemsbok

Giraffe
Grev Duiker

Grev Rhebuck
Hippopotamus

impala
Klipspringer

Kudu
Mountain Rcedbuck

Mountain Zebra
-Cape

-Hartman's

Nyala
Oribi

Ostrich
Red Duiker

Red Hartebeest
Reedbuck

Roan antelope
Sable antelope

Springbok
Steenbok

Tsessebe
Warthog

Waterbuck

Preferred veld typ« code*
d: k: I: m
d; k: 1: m

g;h;I:j:k;m
a

a:f;g:h:I:m
f:g:h:I:j:k:hm

e;f;g:h:l
e:f:g:h:I

all except e
e:f:g:h:l

bx;d:h:j:k
e;d;g;h:l;j

all
all except e;j

g:h:l
g;h;I

ail except e
c:d:f:g:h:I:j
c:d:f:g;h:l

-a; c
-a; c

f:g;h:l
g;k:l:m

all except e
e

b;c:h;l:j:k
a:g:h;l;k;l:m

g;h;I

g;h;l
b;c:d:j;k

all except e
g;h;l

a;f;g;h;I;j:k;m
g:h:I

see Reference Codes to Veld Types.
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Reference Codes - Veld Types
Veld Type

Fynbos: western Cape Province

Desert and succulent Karoo: western Northern and western Cape; southern Karoo.

Namaqualand and Richtersveld

Arid Karoo: central Northern Cape Province

Great Karoo: central Northern Cape Province and southern Fee State

Forests: western Cape Province and eastern Cape Province

Valley hbushbeld: eastern Cape Province and KwaZule/Natal

Lowveld: Mpumalanga and KwaZulu/Natal

Sweet bushveld, mopaniveld and turf thorn veld: Northern Province

Northern Province bushveld: sour and mixed

Kalahari: Northern Cape Province

Short and mixed grassland: Free State. Mpumalanga and north-west Provinces

Mountain grassveld: KwaZulu/Natal. Lesotho and eastern Cape Province

Tall grassveld: Mpumalanga, Pietersburg Plateau. KwaZulu/Natal

Code

a

b

c

d

e

f

g

h

1

j

k

I

m

Reference Codes to Biomes
Binme

Savanna

Nama-Karoo

Grassveld

Succulent Karoo

Fynbos

Desert

Forest

Veld Type Code*

f;g;h:lu

b:c:d

k:l;m

b;c;d

a

b;c:d

e;m:g

see Reference Codes to Veld Types.
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RefDoc - PHG (Preferential Habitat Guide)

The following RefDoc is provided as a preferential habitat guide.

RefDoc - PHG for the WPS model
Wildlife Species

Blesbok
Black Wildebeest
Blue Wildebeest

Bontebok
Buffalo

BurchelTs Zebra
Bushbuck

Eland
Gemsbok
Giraffe

Gre\ Duiker
Grev Rhebuck
Hippopotamus

Impala
Klipspringer

Kudu
Mountain Reedbuck

Mountain Zebra
Nyala
Oribi

Red Duiker
Red Hanebcest

Reedbuck
Roan antelope
Sable antelope

Springbok
Steenbok
Tsessebe
Warthog

Waterbuck

Preferential habitat type code*
4,2
2.2

4.1.1.1
2-3

4.1.1.2
4.1.1.3

3,1,1:3,3
4

4.1.1,4:4,1,2:4 1.3:4,1 4
4.1,1.4

3.4
1,4:1.6:1,7

5.1
4.1.1

I 1:1.3:1.6
4,1

1.2;1.5:1.6
1.8

3.1;4.1.1.4
2.1

3-1:3.2:3,3
2,1;4.1.1.3;4.1.4:4.3

4.1.1.3;5,2
4.1.1.3

4.1.1.2:4.3.2
4.1.1.3;4,3.l

4.3-3
4.4

4-1.1.3:2.1
4.1.1.3:2 1

see Reference Codes to Habitat Types.

Reference Codes - Habitat Tvpes
Level A

1. Mountain

2. Plains

3. Thicket

4. Veld

5. Water

Level B
I.I) cliffs
1.2) dry. scattered bushes, trees
1.3) hillocks
14) high slopes
1.5) low splopes, dry
1.6) stony hills, stony patches or
slopes
1.7) plateaux, grass cover
1.8) plains
2.1) flood, vlei, short grassland
2.2) open, grassland
2.3) sea level, fynbos
3.1) dense shrub
3.2) forest
3.3) riparian
3.4) shade and shelter
4.1)bushveld
4.2) high\cld. grassland
4.3) open
4.4) grassland/bushveid edge
5.1) open
5.2) open with reeds

LevelC

3.1.1) permanent water
3.1.2) no permanent water

4 11) open
4.1.2) sparse, dry
4.1.3) dry
4 1,4) semi-desert

Level D

4.1,1,1) trees, shrubs
4.1.1.2) tall grass, shade
4.1.1,3) grassland
4.1.1.4) dry
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RefDoc - PBTG (Preferred Bushveld Types Guide)

The following RefDoc is provided as a broad reference to the preferred bushveld types guide. The reason

for including different veld, habitat and bushveld types is to cater for the different levels of detail the user

may have regarding the site-specific details of the ranch.

RelDoc - PBTG for the WPS model
Wildlife Species
Blue Wildebeest

Buffalo
Burchcll's /.ebra

Bushbuck
Bushpip

Damara dik-dik
Duiker
Eland

Elephani
Giraffe
Kudu
Nvala
Onbi

Red Duiker
Red Hartebeest

Reedbuck
Springbok
Sleenbok
Tsessebc

While Rhino
Warlhog

Walerbuck

Preferred bushveld type code*
aa b
hbc
abb

bb cc
c

bec
a bb cc

abb
bbc
bbc

a bb c
cc
b
c

a b
aa bb

a
aa bb
aab

aa bb
bbc
bbc

see Reference Codes lo bushveld Types. Double
bushveld type over the other code wilhin the row.

Reference Codes - Bushveid T>pes

letters of the same code within a row imply a preference for that
Same number letters within a row imply equal preferences.

Bushveld Tvpe
grassveld

open bushveld
dense bushveld

Code
a
b
c

RefDoc - FS (Feeding Spectrums)

The following RefDoc provides a method of linking any chemical data on the types of plants, grasses,

browse, and other feeds, to wildlife species. As such, the total exposure to PHCs present in the water and

feed may thus be estimated in order to establish if certain species are more at risk than other, specifically for

those wildlife types resident in habitats with PHCs in both feed and water. The RefDoc also provides a

rough estimation for the moisture percentage present in the feed, a factor which can significantly reduce

drinking water intake.
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RefDoc - FS for ihe WPS model.
Wildlife Type

Blesbok
Black Wildebeest
Blue Wildebeest

Bomebok
Buffalo

Burchell's Zebra
Bushbuck
Bushpig
Eland

Elephant
Gemsbok
Giraffe

Grey Duiker
Grey Rhebuck
Hippopotamus

Impala
Klipspringer

Kudu
Mountain Reedbuck

Mountain Zebra
-Cape

-Hartman's
Nyala
Oribi

Ostrich
Red Duiker

Red Hartebeest
Reedbuck

Roan antelope
Sable antelope

Springbok
Steenbok
Tsessebe
Warthog

Waterbuck

Feeding Spectrum Code
1.1
1.1
1.1
1.1
t.2
1.3

3:2:1.1

3:2:1

1.1:3
2:3

1:2:3
1:2:3

1.1:3
2:3
2:3

1.2:3

1.3

1:2:3
1.2

1.1:3
1.2
1.2

1.2:3
1.1;3

1.2:2:3
1.2.
1.1

1.2:3
see Reference Codes to Feeding Spectrum.

Reference Codes - Feeding Spectrum
Feeding Spectrum

Grass
- short
- tail
short and tall

Non-grass herbs
Leaves

Fresh Meat
Carcass

Code

1.1
1.2
1.3
2
3
4
5
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RefDoc - FD (Fence Detail)

Information concerning the fences present on the ranch are compared to the documented effectiveness of the

fence to prevent wildlife types from crossing them (jumping, climbing through, digging under). The

relevant data collected is:

height

top strand height

electrification and position of live wires

ground insert

mesh

5.3.2.4 Level 3 Risk Assessment

The reader is referred to the WRC Final Report K5/644 for site-specific information incorporation factors

as detailed on the Animal Detail Tab and the Environmental Detail Tab. These deal with biomes,

temperature, altitude and soil factors. Temperature grids, adapted form the latitude and longitude values

entered for the water sample are taken as a default should the user not specify the detail in the

Environmental Detail Tab (see WRC, 1998). The Level 3 RA includes factors, species-specific and site-

specific, that may increase and decrease risk. Soil information includes an input for geophagia, both

incidental and deliberate. The RefDoc for periods of higher water turnover is dealt with in this report as it

is unique to the WPS model.

RefDoc - PPSS (Plant parts and species selection)

The following RefDoc is for those species that may be at risk of trace mineral imbalances should

predisposing concentrations be present in specific plant parts (pp) and for specific plant species (ps). Those

animals selecting both for plant parts and plant species have less potential for dilution, in the case of

excesses, or addition, in the case of deficiencies, due to less variation in the diet. Note that most have a

benefit due to a higher moisture percentage of the type of diet consumed, but this can be negligible during

certain seasons, and during times of drought.
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RetDoc - PPSS for the WPS model.

Wildlife Species

Blue Wildebeest

Hurchells Zebra

Bushbuck

Damara

Blue Duiker

Common Duiker

Red Duiker

Getnsbuck

Giraffe

Kudu

Mountain Reedbuck

Mountain Zebra

Nyala

Oribi

Roan

Sable

Springbok

Steenbok

Suni

Tssesebe

Warthog

Selection

PP

PP

PP

PP

PP

PP

PP

PP

pp + ps

PP

ps

PP

PP

pp + ps

ps

ps

PP

pp + ps

PP

ps

PP

RefDoc - DT

The following RefDoc is based on observations relating to the preferred time of day that certain species

choose to drink water. Note that these are highly variable, and can change from ranch to ranch. The risk

rating is greater for those consuming during the day as opposed to those at night, as not oniy do the drinking

times influence [WQC], but animals habitually consuming water during midday tend to obtain more of their

water requirement from drinking water, whereas those consuming during the night, evening, or dawn, tend

to consume less of their requirement from the drinking water (other contributions, dew etc.). The user is

also provided an input screen for actual observations made on site regarding time and frequency per day of

water intake. Information regarding the design and placement of the watering point is also linked to

documented wildlife species preferences.
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RefDoc - DT for the WPS model.

Wildlife with low risk

buffalo

eland

elephant

kudu

black rhino

nyala

Wildlife with medium risk

black wildebeest

blue wildebeest

blesbok

bontebok

bushbuck

duiker

giraffe

impala

red hartebeest

reedbuck

while rhino

roan ante lope

sable antelope

springbok

tsessebe

waterbuck

Wildlife with high risk

gemsbok

warthog

zebra

RefDoc - WIRRD (Water Ingestion Rate Reference Document) + WLW (Wildlife Live Weight)

The purpose of this RefDoc is to correct for differences in body weight (BW) as they pertain to water

turnover rates, and to correct for the influence of ambient temperature on water intake. A number of

simplistic formulae exist for wildlife, and where appropriate, these are included. More complex regressions

are used from research conducted for livestock, and although direct extrapolation is not inferred, the

regressions do provide for a more accurate method of incorporating these references. The calculation

results are provided for the user, on an ingestion rate basis, for some of the wildlife species. Although it is

strongly recommended that the reader consult the WRC Final Report K5/644 that describes the WIRRD for

livestock production systems at length, the purpose of the WIRRD for the WPS is not the same. The major

reason for this is that the comparison basis for the WPS is to provide information on which between-wildlife

species ingestion rates, and hence risk, can be estimated. For the livestock production systems, the centra!

basis of comparison is within-breed, allowing the manager to determine which components of the herd/flock

are most at risk. For obvious reasons, this is not viable in most wildlife ranching enterprises, as the

components of a herd are not controlled (separated) by camps and kraals, but rather roam freely within a

large perimeter fence. The RefDoc - WLW provides a rough guide to wildlife live weight should the user

be unable to provide the figures in the Animal Detail Tab. Data on mature age is also provided as a guide to

the user.
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RefDoc - WLW for the WPS model
Wildlife Species

Blesbok
Black Rhino

Black Wildebeest
Blue Wildebeest

Bontebok
Buffalo

Burchell's Zebra
Bushbuck
Bushpig

Damara dik-dik
Eland

Elephant
Gemsbok
G irafte

Grev Duiker
Grey Rhebuck

Grysbok (Cape)
Grysbok (Sharpens)

Hippopotamus
Impala (common)

klipspnnger
Kudu

Mountain Reedbuck
Mountain Zebra

-Cape
-Hartmans

Nyala
Oribi

Red Duiker
Red Hartebeesl

Reedbuck
Roan antelope
Sabie antelope

Springbok
Steenbok
Tsessebe
Warthog

White Rhino
Waterbuck

Rough estimate of live weight (kg)*
70(61) [48]
850 (880)

180(160) [601
250 (180)f60]

61 (55)[48]
800(750)60

320(3201(48]
50 (30)

62(54)[24]
4 (4.5) [6]

650(460)[84]
5500(4000)[25]

240(210)
1192 (828*[120]

16.5 (18.5) [6]
20(20)
10(10.5)
7.5(7.7)

1490(1321)
50(401(36-48)

10(13)
250 (200)

30 (28) [15-20]

235 (245)[301
300 (245)[30]
108(62)[72]

14(14.2)
12(12)[6]
150(120)
78(51)

270 (250)
230(210)

41 (37)111-12]
II (11.5)

140(126) [36]
100(70)

2100(1600)
260(180)[40]

* ( ) = females [ | = mature age in months.

RefDoc - LP (Lactation Period)

Those animals with clearly defined increased water turnover periods provide the manager with a period

during which water quality management becomes important in terms of the sensitive user groups involved,

typically pregnant and lactating females, and suckling young. As such, knowledge of the change in water

quality of the various sources available at that time of year is vital if the manager is to allocate and control

access to reduce the possible adverse effects. The importance of water quality during this time has been

proved sufficiently in international literature, and does not require repeating here.

Identifying the breeding season differences amongst wildlife in a particular area usually highlights the fact

that different species are at risk at different seasons. Linking the seasons to changes in water quality,
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quantity available from different sources, and changes in feeding spectrum quality, allows for an informed

decision to be made with regard to the types of ticks to be provided, the habitats in which to place them, and

the management issues surrounding water provision. The RefDoc - LP refers to a high water intake period

due to an increase water demand during lactation (and late trimester). This RefDoc provides the months

during which respective female animals are at higher risk due to an increase in drinking water ingestion, and

thus provide links to times during which water quality monitoring should be conducted. These are also

linked to those animals that consume water during midday, early morning, or late evening and at night.

These may also be ranked according to risk for those following winter seasons in summer rainfall areas.

The WPS model creates a matrix comprising the wildlife species present (as selected by user input) and

formulates according to incidence, the month at which the majority of the animals are at risk. This would be

the priority month during which water quality information should be collected.

RefDoc - LP for the WPS model
Wildlife Species

Blesbok
Black Wildebeest
Blue Wildebeest

Bontebok
Bu Halo

Uurchcll's Zebra
Bushbuck
Bushpig
Eland

Hlephanl
Gemsbok
Giraffe

Grey Duiker
Grey Rhcbuck
Hippopotamus

Impala
Klipspringer

Kudu
Mountain Rcedbuck

Mountain Zebra
-Cape

-Hartmans
Nvala
Oribi

Ostrich
Red Duiker

Red Hartebeest
Reedbuck

Roan antelope
Sable antelope

Springbok
summer rain
winter rain

Steenbok
Tsessebe
Warthog

Waterbuck

lactation Code*
11.12
12:1

11:12
9:10
1:2

12:1:2
10:11

8:9; 10

8:9
2:3:8:9;IO

1-12
11:12

12:1
12:1
1:2:3

10:11:12:1

3
11:12:1:2 ;3;4
8:9:10:11:4

11:12

9:10:11
12:1:2:3:4:5

1-12
2:3

9;1O;]1;I2;1
7

9;IO;3
9:10
11:12
10:2:3

where 1 = January. 12 = December
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Examples of WPS lactation month water quality monitoring recommendations:

• North West Province - Typical complement:

Specie High intake period
impala
blesbok
blue wildebeest
burchell's zebra
warthog

N
N
N

D
D
D
D
D

J
J
J

F
F
F M

Output = Recommended sampling period = December

• Dry, open sparse habitat:

Specie High intake period
gemsbok
giraffe
nyala
red hartebeest
springbok

A
A
A

S
S
S

s
s

o
0

o
o

N
N
N D

Output = Recommended sampling period = September

• Open bushveld, tall grass, shade, water, reeds near open water:

Specie High intake period
giraffe
impala
kudu
reedbuck
sable
waterbuck

D
D

J
J
J
J

F
F
F
F
F
F

M
M
M
M A . M

Output = Recommended sampling period = February

5-3.2.5 Level 4 Risk Assessment

The chemical composition of feed ingested by the various wildlife species present may be entered in the

Nutritional Detail Tab, and is used to assess total exposure to PHCs. The Feeding Spectrum RefDocs are

used to assist the allocation of feed types to wildlife species. The user is also provided with different levels

of detail, dependent on the information available. Lick information is also catered for. The reader is

referred to the WRC Final Report K5/644 for a detailed description of the modelling thereof.

5.3.2.6 Level 5 — Ecological Risk Assessments

The environmental objectives of a wildlife enterprise do not remain solely with the wildlife species, but due

to the intricate link between the animals present and the environment, extend to ecology as well. Level 5
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risk assessments are conducted to provide the user with an indication of some of the relevant aspects

pertaining to the environment as a direct, or indirect, consequence of providing water.

RefDoc - SZ (Sacrifice Zone)

RefDoc - SZ provides a valuable means for predicting the impact of the watering point on habitat diversity.

and possible soil erosion, due to the pressure exerted on the immediate environment due to the presence of

animals in the vicinity.

ReiDoe - S/ lor WPS model.

Zone

Zone !
Zone 2
Zone 3
Zone 4
Zone 5

Description

Trampled to dust
Grazed short + trampled

Grazed evenlv short
Lightly and selectively grazed

Utilised Httlc or not at all.
unpalatable grasses accumulate

Preferred distances zone extends
from « alering point

< 100 m
< 1.6 km
<5 km
< 8 k m
>8km

* adapted from Thrash (1993)

RefDoc - LAU (large animal units)

The following RefDoc links recommended stocking rates for various bushveld habitats.

RetDoc - LAU for WPS model.

Bushveld Habitat
Mopani veld

Terminalia sandveld
Kalahari sandveld
Combrelum veld
Wild syringa veld

Mixed broad-leaved veld
Acacia tortillis veld

Knobthorn-marula veld
Turf thornveld

Recommended LAl/100ha
4-5
6-8
6-7
8

8-9
10-12

12
10-12

12

RefDoc - EIM (Ecological Index Method)

The RefDoc - EIM is used to identify the first 200 plant species counted at each watering point, with the

model performing calculations for percentages and values to each species with appropriate ratings to arrive

at a grazing value (GV). In the interest not duplicating detail, the complete list is not provided in this

report, as it appears in the list-boxes in the software program. The RefDoc - EIM provides a numeric value

with the following interpretations that influence predisposing factors to animal health relevant to adverse

effects due to water quality (which may be adjusted by the user with specialist knowledge according to the

relevant region):

El = 0-399 poor quality veld

El = 400-600 moderate quality veld

El - 600-1000 good quality veld
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RetDoe - RIM for the WPS model.

Selection from list proxided Grazing Values assigned

10
7
4
4
1
1

Indicator plants of the herbaceous layer
Pioneer plants

Iniermediate slage plants
Climax or optimal grazing stage plants

Grasses
Decreasers
Increa^ers I

Increasers I la
Increasers lib
Increasers lie

Invaders

adapted from Danckwerts & league (1989).

Other aspects influenced by the effect of providing a watering point in an area that are addressed by the

WPS model:

1 -Standing crop estimate linked to fire intensity required to control bush encroachment.

2 -Soil factors: Infiltration capacity adjacent to watering point.

-Distance between watering points and wildlife species present: Estimate effect of decline in

stands of tall grass on breeding requirements of sable, roan and common reedbuck.

3 -Dung deposits: Linked to reference information per wildlife species.

-Large Slock Units.km2: Number within 0.5 km of each watering point used to assess grazing

pressure and stocking density.

4 -Estimate of bush encroachment around each watering point: This provides an indication of the

palatability of the water source, within the context of LSU and LAU information. A list is

provided for the user to identify within a 30 m radius of the watering point for:

plants with thorns

plants without thorns

exotic plants

5.3.3 Wildlife user group: Carnivores

Many game ranchers do not consider water quality to be of any great importance for carnivores, as the

assumption is made that they do not require free drinking water, but rather fulfil their water requirement

from the ingestion of a high moisture percentage diet. Whilst most carnivores are indeed independent of

free drinking water, they will however drink readily, and regularly, if water is provided. This is true for

lions, cheetahs, leopards, spotted hyaenas, brown hyaenas, wild dogs, and even aardwolves (Bothma &

Walker. 1999). During times of hot weather, lions may obtain up to 50% of their water from drinking

water.
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In many instances the predator-prey relationship influences the amount of drinking water consumed. In the

case of the aardwolf. cold temperatures reduce the activity of Trineniiermers, effectively lowering the

amount of moisture usually obtained from this food source, causing the aardwolf to travel long distances in

search of drinking water (Richardson. 1987).

Due to the high vulnerability of man; predator offspring during the suckling and weaning phases, the

activity of the parent/s may be focused within a core section of the carnivores usual range, resulting in a far

greater ingestton of drinking water from one specific source than would normally occur. With the added

increase in water intake due to lactation demand, and the long suckling period of some carnivore pups, a

water source containing PHCs located near the den. may result in adverse health effects in growing

pups/cubs for those WQCs with linear relationships between water and milk concentrations. In many game

ranches in southern Africa, water provision is designed around a watering point that attracts game for tourist

viewing purposes, leading to an increased amount of time spent by some carnivores around watering points.

This inevitably leads to a more frequent intake of drinking water. Although many carnivores in arid

savannas are known to consume wild fruit such as the tsama melon and gemsbok cucumber, these have been

recorded to contain high percentages of trace minerals (Mills, 1978; Skinner et al., 1984: Bothma &

Walker, 1999).

Modelling the fitness of use for a water supply that is placed within the range of a carnivore is complicated

by a number of issues. Many carnivores appear to have set preferences for the ingestion of various prey

body parts. Most cats do not consume the stomach, intestines and viscera of prey killed, but there are

exceptions. This is relevant as territorial prey species may have elevated concentrations of PHCs (for

example, cadmium and mercury) in certain organs and tissues. When this is combined by a carnivore

specialising on one prey species which is water dependant, the resultant total ingestion of PHCs may lead to

adverse health effects. As an example, a leopard may reside, or primarily obtain its prey, in a range which

contains a sustainable population of warthog, which are water dependant and territorial. The cumulative

toxins ingested by the warthog from a water source containing such PHCs may over time have a negative

influence on the leopard. This is usually difficult to determine, as it may involve effects such as reduced

conception rates and or fecundity.

The water sources utilised by wildlife are influenced by the nature and distribution of vital natural

resources, such as cover, food supply and water. Ranges tend to be more stable in southern Africa, as

opposed to East Africa, as prey does not migrate to the same extent.
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53.3.1 Risk factors relevant for carnivores

• Increased Water demand

Some relevant issues incorporated by the CIRRA model for WPS are:

Low Risk Carnivores with no clear mating season:

Lions, leopard, cheetah, caracal,

High Risk Carnivores with a clear mating season:

Wild dogs (end of impala rut - weak impalas)

Hyaenas (impala kidding)

Carnivore young dependant on milk:

Lions

Leopard

Cheetah

Caracal

Wild dog

Hyaena

Brown Hyn

Aardwolf

Lactation period:

Lions =

Hyaena =

Onlv milk :

6mts

8 weeks

6 weeks

2 weeks

l y r

2 weeks

8-9 months

1 year

Cubs with restricted movement:

Still milk UD to

I2mts

12 weeks

12 weeks

16 weeks

10 weeks

18mts

I4mts

5 mts

Lions, leopard (for 6 months).

Wild dog - during the breeding season reside for extended periods at I den.

• Single feed sources

Any wildlife species focusing on a single feed source increases the possible risk due to the consumption of

PHCs in the feed. Those species with more variability in their diets have more potential for a dilution effect

from the ingestion of PHCs. The link between prey in diet variation and activity and habitats shared may be

carried over to carnivores specialising in that prey species. Although large variation exists between the

same species in different areas, and even in the same area, the following potential carnivore risk groups are

identified:
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Carnivores that may focus on I prey t\pe:

Lions - may even focus on a sex (more female buffaloes than male)

Leopard.

Caracal

The feeding preference and behaviour of carnivores influences the ingestion of PHCs from prey body parts,

some of which may have adverse long-term effects on health and reproduction. Although little research has

been conducted on this topic, recent research focus on the predisposing effects in human diets due to trace

elements on factors ranging from the immune system to circulating reproductive hormone levels, would

seem to indicate that it warrants attention.

This must be seen in the context of the life span of many carnivores, which is typicalK long by comparison

with many livestock species who are either marketed at a slaughter weight, or culled once passed their

efficient reproductive cycles. The following data is incorporated into the model for WPS for carnivores.

Sources of uptake of PHCs in carnivore prey species:

It is noteworthy that 47% of lions stomachs in K.NP are empty on post mortum examination. This

is an important risk factor in terms of the increased uptake of many heavy metal in a more acid

medium, typical of an empty stomach in monogastric species (Underwood & Suttle, 1999). Lions

are also infrequent eaters, eating in the KNP on average every 1-4 days, with a maximum interval

of 13 days.

Lions - seldom eat stomach, but do eat intestines.

Lions - buttocks

Lionesses and cubs - eat viscera

Leopard - eviscerate prey, but seldom eat viscera

Cheetah - not intestines, heart or liver - will lap blood

Caracal - not stomach, intestines

Wild dog - eat everything

Hyaena - eat everything

Brown hyaena - entrails first

The following carnivores drink readily if water is available:

Lions - no clear preference for water quality

Leopard

Cheetah

Wilddogs - drink regularly

Hyaena, Spotted and Brown
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Alternative water sources:

Lions - lick fur. plants pulled from ground to eat roots (geophagia). in hot

weather may obtain 50% of water from drinking water. Female with

cubs increases drinking water intake.

Leopard - fruits

Spotted Hyaena - fruits

Brown Hyaena - fruit, tsama melon, gemsbok cucumber

Geophagia information:

Lions - roots

Aardwolf - 50 % droppings = sand

Cheetah - kick sand onto viscera

Relevant references to this section include:

Eloff (1973); Green el al. (1984); Bothma (1996); Neser el al. (1997); Bothnia & Walker (1999); Apps

(1999).

53.4 Reporting of results

On first glance, the Results Screens appear rather complex, but due to the inherent variability of cause and

effect relationships, irreducible randomness, and many potential sources of input bias, specifically with

wildlife production systems, the results are presented on different system levels to the user. This enables the

user to track the origin of the PHCs, from the water source independently of the environment, in association

with the animal species present, and then in association with the entire system. In presenting the results in

this manner the user may also be guided as to the points in the systems where mitigation treatments or action

may be an option.

The *.wqs format of CIRRA software enables "Save As" functions to apply changes to the system to be

evaluated in 'dummy' sample files. The system is in effect recreated and the user may alter a number of

inputs, from lick supplied to structural changes to the wildlife population or ranch fences and watering

points, to name but a few. This procedure is adopted as the methods viable will differ from enterprise to

enterprise. The WPS model does however suggest those actions that may have a significant ameliorating

effect, with the accompanying reasons. This is done per watering point, and indicates the species most

affected. An example is the alteration of the palatability of the water to increase, or decrease, the utilisation

by select species on that watering point. Increases may effect a proportionate increase in ingestion of a

water source with less PHCs compared to a water source with more PHCs (or greater [PHCj), whereas

decreases may allow for the opposite in terms of the ingestion of WQCs with toxicologicai consequences.
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and at the same lime reducing the grazing/browsing pressure on soil and herbaceous plant communities

within the vicinity of the watering point.

Two recommendations made under the "Water Provision Management" screens are sourced from the WRC

Final Report K5/644, namely those for palatabilit} calculations, and those alleviator treatments, both of

which provide the user with the actual types and amounts of chemicals recommended for addition to a water

reservoir, based on the volume capacity of the reservoir. The new *.wqs file also corrects the Water Sample

data to account for changes in chemical composition.

5.4 User Interface screens for the WPS model

The following pages provide some of the screens available for the data capturing section of the WPS model.

The screen images represent the user interface portion of the program. The two other main sections that

reside within the software are the source code (modelling), and documentation data dictionaries for the

reference material and supporting information. The images are presented in this report to indicate to the

reader the document-driven Windows format of CIRRA, an attribute which should enable easy navigation

for all levels of computer literacy.
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7 Changtng a Water Source
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t Changing a Fence
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5.5 Conclusion

The role played by water quality in wildlife enterprises may be easily overlooked for a number of reasons.

Adverse chronic and acute healih effects may go unnoticed due to difficulties in observing certain species,

and in monitoring game without the process of observation itself confounding the symptoms. The presence

of a variety of species that differ significantly in their tolerance to potentially hazardous constituents

complicates the interpretation of the types of effects a water source may have on wildlife. Water quality and

habitat may deteriorate but be ascribed to climatic factors and/or poor management practices.

Despite a number of inadequacies, tabulated guidelines (mg/L format) do provide a conservative estimate of

risk and may be used as an indication of potential risk. At the highest level risk is predicted for monogastric

versus ruminant animals, and at the lowest level for wildlife in general.

Constituent ingestion based guidelines involve a multi-disciplinary site-specific approach, and are

understandably complex. They are based on a predicted (or measured) constituent ingestion rate (from all

sources) used in conjunction with animal, environmental and nutritional detail. The formulation of risk

assessments and possible solutions is done via modelling, primarily for palatability, toxicology, physiology

and significant interactions. The production system environment can alter the risk factors present, and as a

result play a significant role in worsening the problems, or alleviating them. Failure to account for the risk

factors when assessing the fitness of a water source destined for use by wildlife results in an inaccurate

assessment. This could result in water being dismissed as unfit for use when in fact it may be a valuable

source of minerals. Alternatively, it may be classed as fit for use and offered to wildlife, and in the process

incur losses in terms of animal health, reproduction and growth.

Knowledge of the significant system factors empowers the game ranch manager to base managerial

decisions on information. It is these risk factors and site-specific production factors that afford the manager

an opportunity to solve problems that occur, and manage resources with long-term sustainability an

objective. Should adverse effects be recorded, or predicted, a water source should still not be classed as

unfit for use. There are options for mitigation that should be investigated first, ranging from feed and water

manipulation, wildlife species manipulation, to the removal of sensitive species.
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Alleviator solutions take the form of:

• the addition of chemical treatments to the water source:

• manipulation of the ration or supplement fed:

• manipulation of wildlife production factors (such as allowing less sensitive categories within a herd

to consume poor quality water):

• manipulation of grazing and browsing preferences: and

• manipulation of watering practices.

All of the above can reduce the severity of adverse effects, enabling water with potentially hazardous

constituents to still be utilised without incurring a significant financial loss. As the water quality results in

chapter 6 indicate, drinking water may provide significant amounts of macro- and trace elements to the diet

of the user. The potential exits for water with hazardous levels of WQCs, with appropriate management

strategies, to provide a valuable nutritive source of many essential elements, as opposed to being dismissed

out of hand as unsuitable, or problematic, water sources.

To realise this potential the manager must possess knowledge of water and feed quality, within a site-

specific context. This holds true for game ranches that already exist and for the planning of a water

provision supply for envisaged game ranch enterprises, or mixed farming with wildlife and livestock.
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CHAPTER 6

WATER QUALITY INVESTIGATIONS FOR WILDLIFE

6.1 Introduction

This chapter presents the water quality results from three areas, the Pitanesberg National Park (PNP),

Klaserie Area, and Selati Game Ranch. The purpose of these investigations was to obtain guidance as to the

main PHCs, COCs, and types of risk factors present, in wildlife production systems.The risk assessments

provided in this report offer a generic guideline application for water sources collected from the various

areas for wildlife collectively. Knowledge of the fitness of use of the different water sources within these

areas can also enable the ranking thereof according to the hazards they may pose to wildlife in general, and

to specific sensitive wildlife species in particular, and hence enable key watering points to be identified.

Recommendations can also be formulated regarding key information detail which is needed to perform a

specific guideline application risk assessment.

Although the following norms affected by water quality received attention, the main focus of this report is

the norm dealing with the health of wildlife:

• Animal health effects (toxicology and palatability)

• Animal Product Quality (bioaccumulation of toxic substances in animal tissue)

• Watering Equipment (scaling, corrosion, sedimentation etc.)

• Ecological Impact (watering point on environment, direct and indirect)

6.2 Methods

6.2.1 Water sample collection

Samples were collected according to techniques prescribed by the 1SCW (1998) and for more detail the

reader is referred to the WRC Final Report K.5/644 (Casey et at., 1998). The collection of the water

samples was conducted by the section ranges in the various areas, and due to the vast areas involved, some

samples were collected over one or two weeks. Samples were delivered to the ISCW Water Laboratory

within one day of being available for collection.

6.2.2 Risk assessment formulation

Two sets of water quality guidelines were used as the primary guideline references for risk assessment,

namely the 1996 Department of Water Affairs and Water Quality Guidelines for Agricultural Use,

Livestock Watering Forestry (DWA&F, 1996), the Quality of Domestic Water Supplies (1998), and the

1999 USEPA Domestic Drinking Water Maximum Contaminant Level (MCL) guidelines (see Chapter 4 -
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Methods). The latter guidelines are incorporated for those constituents for which the DWA&F do not offer

a guideline. For a few constituents for which neither of these two references offer a guideline, the maximum

permissible level (MPL) based on the international median value reported was used (Kempster el al.. 1985;

Smith, 1988). The relevant guideline limits are provided in the results section.

Due to the harsh environmental factors prevalent in the areas sampled, and in the interests of erring on the

conservative side, in cases where more than one guideline is reported for a particular constituent, the lower

guideline reported was used. Concentrations recorded which exceeded the Quality of Domestic Water

Supplies (1998) guideline for category C, or the MCL for the USEPA guidelines, are reported as potentially

hazardous constituents (PHC). Constituents which recorded values within 10% of a guideline limit, or

which interact significantly with reported PHCs (induce toxicity and'or deficiency), are reported as

constituents of concern (COC). Definitions of these terms appear below.

• PHC: indicates that the WQC in question is likely to result in adverse effects

• COC: indicates that the WQC in question could conceivably become a PHC due to concentration

variations, such as seasonal fluctuation in the water source or evaporative effects, and should therefore

be monitored.

Two exceptions were made in the case of F and TDS to the 10% COC rule. Due to the endemic fluorosis

problem, the high altitude effect on renal glomeruiar filtration rate (specifically the PNP). and high

temperatures experienced in the area reviewed (specifically the PNP and Klaserie Area), concentrations

exceeding I mg F/L were recorded as a COC. Due to the effects of increased salinity (TDS) on water

intake, TDS concentrations exceeding 500 mg/L were also recorded as a COC.

The nomenclature used in the results section stems from different methods of reporting the likely effects

associated with a WQC concentration. The USEPA guidelines use a maximum contaminant level (MCL)

which is defined as "the maximum permissible level of a contaminant in water which is delivered to any

user of a public water system". These are enforceable by federal law and in some cases are the same as the

maximum contaminant level goal (MCLG), which are non-enforceable, but represent the recommended

WQC concentrations present in water supplied to a specific user group. Some of the guidelines include a

crisis limit (CL), which refer to the immediate requirement for water quality managerial and/or health

advisory intervention/action.

The maximum recommended level (MRL) equates to a Category C rating and implies that adverse effects

may occur in sensitive users, and the constituent levels should be monitored. Exceeding the MRL may

result in adverse chronic effects, and the water source should be used with caution, with only limited

exposure for sensitive groups should be allowed. An antagonistic variable (AV) is a constituent with
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unsubstantiated toxicity, but which may increase the toxicity of another WQC, either directly or indirectly.

With regard to fluoride toxicity, molybdenum is an AV.

6.3 Areas investigated

6.3.1 The Pilanesberg National Park (PNP)

6.3.1.1 Introduction

This report presents the first of two envisaged water sampling phases, namely a summer phase, with samples

collected between late September and early October 1999. The PNP was chosen as an area for water

quality investigation for two main reasons. Firstly, it represents an ideal opportunity for assessing the

viability of various water treatment possibilities due to its relatively small size compared to the KNP, also

within a variation of habitats and wildlife types. Secondly, although a unique geological feature, it was

chosen due to the similar spectrum of WQCs having been identified in preliminary water sampling, as those

found in the rural livestock production systems of (he Jericho District. As such, the intention is to collect

the appropriate animal tissues and utilise scintigraphy and the irridation of selected organs via a Safari-1

Research Reactor in conjunction with multicompartment analysis, for the purpose of evaluating the effects

on the anatomy of various organs from exposure PHCs with effects not yet quantified, such as Sr, Tl, Te and

Sb. These results would be a valuable guide for animal, and human health, investigations. Facilities at the

Institute for Life Sciences, Medical Faculty, University of Pretoria, will be used for this purpose, and the

water quality investigation presented in this report is part of the first stage of identifying whether the WQCs

occur at sufficient concentrations to warrant further investigations.

A total of 43 samples were collected in the last week of October 1999, before the summer rains

commenced.

6.3.1.2 Results

H 12 -25.26212 27.2123
PHC

WQC

Br

Hg
Au
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Measured (mg/l)
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0.007
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0.01 - C L
0.02-TWQR

COC
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Sr
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0.005
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0.1 - A V
0.1 -AV
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0.05 - MCL
0.01 - C I .

coc
WQC

Sr

27.06582
PHC

wye

As

Br

1
An
Mn
HL>

Se

le

Measured (mg'l)

0.027
0.174
4.IS

0.009
1.147
0.022
0.132
0.04

Makorwanc Dam -25.

Relevant (iuideline

0.02 - 1 WO-R
0.01 - MCL
3.5 - cat i:

0.005 - M C I .
0 .4 -MCI .

0.001 1 AVQR
0.05 - MCL
0.01 - CL

Measured img 1)

1.059

Relevant
Guideline inn; It

0.1 -AV

C O C

M o

Sr

25971 27.08507
PIK

wye

Hr
V

Mn
Se

le

Malatse Dam

Measured ime 1)

0.141
2.89

0.138
0.129
0.034

-25.21668

Relevant Guideline
(ITltl'll

0.01 MCL
1.5-Cat D

0.05 - I WOR
0.05 - MCL
0.01 - C L

Measured (my!)

0.013
1.41

Relevant
Guideline (mi: It

0.04 HA
O.I AY

C O C

WQC

Sr

27.19488

PIK1

W O O

Be

Br

I

H»!
Mn

Se

Nare Crossing

Measured (mg/1)

0.013
0.204
4.28
0.003
0.143
0.216

Relevant Guideline
(mt;/l)

0.004 - MCL
0.01 - MCL
3.5-Cat L

0.001 - " I AVQR
0.05 - TWQR
0.05 - MCL

Measured (mg 1)

1.277
Guideline iinji It

0.1 - A V

COC
WQC

Mo
Sr

-25.2442 27.0483
PIK

wye

Br
( •

Au
Mn
Se
Te

Measured (mg/1)

0.872
3.74

0.01 19
0.422
0.U46
0.016

Relevant Guideline

0.01 MCL
3.5 - t a t L
0.01 - CL
0.4 - MCL

0.02 - IWQR
0.01 - C L

Measured (mg/l)

0.025
1.20')

Relevant
(iuideline (mp/l)

0.04 - HA
0.1 AY

COO
WQC

As

M o

Sr

Measured (my/l)

0.015-
0.025
1.14

Relevant
Guideline (mjj 1)
0.02 - IAVQK

0.04 - HA
0.1 AV
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1 ilodi Dam -25.25553 27.19675
PHC

WQC

As
Br
F

Mn

Hg
Se
Tc

Measured (mg/1)

0.035
0.643
2.80

0.662
0.002
0.204
0.(122

Kemonaie Taps I -25.24224

Relevant Guideline
(mg/1)

0.01 -TWQR
0.01 - M C I .
1.5 - Cat D
0.4 - MCL

O.O01 - IWQR
0.05 - MCL
0.01 - C L

27.18141
PHC

WQC

Br
F

Mn
Se

Measured (mg'l)

0.084
8.28
0.120
0.133

Kololo Tap Water -25.24622

Relevant Guideline
(mg/l)

0.01 - M C I .
3.5- Cat H

0.05 - TWQR
0.05-MCI .

27.052
PHC

WQC

As
Br
F

Au
Mn
Hg
Se
Te

Measured (mg/1)

0.034
0.164
2.45

0.012
0.07

0.006
0.134
0.02

Manvane Borehole -25.26316

Relevant Guideline
(mg/1 >

0.01 -TWQR
0.01 - M C I .
1.5-Cat D
0.01 - C L

0.05 - IWQR
0.001-TWQR

0.05 - MCL
0.01 - C L

27.21189
PHC

woe

As
Br
F

Hg
Mn
Se

Measured (mg/1)

0.039
0.114

1.8
0.001
0.063
0.1 17

Relevant Guideline
(mg/1)

0.01 - TWQR
0.01 - MCL
1.5-Cat D

0.001 -TWQR
0.05 - IWQR
0.05-MCL

coc
woe

Sb
Sr

Measured (mg/1)

0.003
0.X59

Relevant
Guideline (mg/1)

0.006-MCL
0.1 - A V

COC
WQC

Sb
Sr

TDS

Measured (mgi)

0.003
1.53
411

Relevant
Ciuideline (mg/1)

0.006-MCL
0.1 - AV

450 - TWQR

COC
WQC

Cd
Sr

Measured (mg/1)

0.003
3.076

Relevant
Guideline (mg/1)

0.005 - Cat C
0.1 - AV

COC
WQC

Sb
Sr
U

Measured (mg/1)

0.003
1.133
0.015

Relevant
Guideline (mg/1)

0.006 - MCL
0.1 - A V

0.02-MCL
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Kemonale Taps 2 -25 24263 27.18148
Pllf

WQC

As
Be
Br
F

Au
Hg
Mn
Se
Tc

Measured (mg/l)

0.024
0.008
0.106
8.29

0.009
0.002
0.126
0.077
0.022

Relevant Guideline
(mg/l)

0.01 -TWQR
0.004-MRI.
0.01 - M C I .
3.5-Cal F
0.01 - C I .

0.001 -TWQR
0.05-TWQR
0.05 - MCI.
0.0! - C I .

coe
WQC

Sr
TDS

Measured (mg/l)

1.506
420

Relevant
Guideline (mg/l)

0.1 - AV
450 - TWQR

Tilodi Dam 2 -25.25543 27.19663
PHC

WQC

As
Br
Au
F

Hg
Mn
Se

Measured (mg/l)

0.024
0.17

0.007
2.57

0.002
0.82
0.102

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 - M C I .
0.005 - MPI.
1.5 -Ca l l )

0 001 - VWQR
0.4 - Cal C
0.05 - MCI.

eoe
WQC

Sr

Measured (mg/l)

0.806

Relevant
Guideline (mg/1)

0.1 - AV

Nkakanc Dam -25.27764 27.18058
PHC

woe

Be
Br
F

Hg
Mn
Se
Te
Ti

Measured (my/1)

0.03
0.048
2.59

0.006
0.579
0.082
0.035
0.123

Relevant Guideline
(mg/l)

0.004 - M C I .
0.01 - M C I ,
1.5 - Cat D

0.001 -TWQR
0.4 - Cal C
0.05 - MCI.
0.01 - C L
0.1 - M R L

coc
WQC

Mo
Sr

Measured (mg/l)

0.023
0.366

Relevant
Guideline (mg/l)

0.04 - HA
0.1 - A V

Tshwene/Kubu Borrow pit -25.25497 27.1112
PHC:

WQC

Be
Br
Cd
F

Mn
Se
Te

Measured (mg/l)

0.006
0.318
0.014
3.15

0.484
0.232
0.012

Relevant Guideline
(mg/l)

0 .004-MCI.
0.01 - M C L

0.005 - Cat C
1.5 - Cat D
0.4 - Cat C
0.05 - MCI.
0.01 - C L

COC
WQC

Sr

Measured (mg/l)

0.781

Relevant
Guideline (mg/l)

0.1 - A V
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PC Pump

woe

As
Sb
Be
Br
F

Mn
Sc
le

-25
PHC

Measured (mg/l)

0.058
0.007
0.032
0.164

3.5
0.203
0.097
0.047

2477 27.10554

Relevant Guideline
(mg/l)

0.05 - Cat C
0.006 - MCL
0.004 - MCL
0.01 - M C I ,
3.5 - Cat E

0.05 - TWQR
0.05 - MCL
0.01 - C L

coc
WQC

Sr

Mankwepump -25.25612 27.13102

WQC

Br
F

Hg
Mn
Se
Te

Mankwe Dan

pile
Measured (mg/l)

0.22
1.47

0.008
0.103
0.037
0.007

Relevant Guideline
(mg/l)

0.01 - M C L
1.5-Col D

0.001 - T W Q R
0.05 - TWQR
0.02 - TWQR
0.005 - MPL

Measured (mg/l)

1.718

Relevant
Guideline (mg/l>

0.1 - AV

COC
WQC

Sb
Sr
Zn

-25.26354 27.16154
PHC

WQC

As
Br
F

Mn

Hg
Se
Te

Measured (mg/l)

0.041
0.21 1
3.20
0.06
0.002
0.143
0.018

Relevant Guideline
<mp/|)

0.01 - T W Q R
0.01 -MCL
1.5 - Cat D

0.05-TWQR
0.001 - T W Q R

0.05 - MCL
0.01 - C L

Measured (nig/1)

0.004
2.361
0.532

Relevant
Guideline (me/I)

0.006 - MCL
0.1 - A V
0.1 - AV

COC
WQC

Mo
Sr

Measured (nig/1)

0.019
1.314

Relevant
Guideline (mg/l)

0.04 - HA
0.1 - AV

Kuhu Borrow Pit -25.3034 27.08181
PHO

WQC

As
Be
Br
F

Au
Mn

Hg
Mo
Sc
Ti
Te

Measured (mg/l)

0.061
0.053
0.237
5.81
0.009
0.338
0.012
0.062
0.273
0.378
0.021

Relevant Guideline
(itlR/l)

0.05 - Cat C
0.004 - MCL
0.01 - M C L
3.5 - Cat E
0.01 - C L

0.05 - TWQR
0.001 - T W Q R

0.07 -MRL
0.05 - MCL
0.1 - M R L
0.01 - C L

COC
WQC

Sr

Measured (mg/l)

1.622

Relevant
Guideline (mg/l)

0.1 - A V
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Salt Pans -25.23524 27.22267
pne

woe

As

He

Br

Cr

Cl
F

Mo

Mn

Hg
Na

Se

Ti

IDS

Ie

Measured (mg/ l )

0.072

0.051

0.274

0.0X2

208

142

0.11X1

0.174

0.004

722
0.1 4X

0.541

1733
0.017

Relevant Guideline
(mg/l)

0.05-MRL
0.004-MCL
0.01 - M C L
0.05 - MRL
200 - Cat C
3.5 - Cat £•

0 07 - M R L
0.05 - TWQR
0.001 -TWQR

400-Cat D
0.05-MCL
0.1 - M R L

1000-Cat C
0.01 - C L

COC

woe Measured <mg/h Relevant
Guideline (rmi/lj

UakubuniiOulllim -25.54242 27.0658
I'lK

woe

As

Be

Br

F
Au

I I -

Mn

Se

Ti
Te

Measured . m ^ l .

0.045
o.()15

0.4V I
1.8

0.015
0.0(12
0.177
0.165
0.107
0.012

Relevant Guideline
1 mp''l)

0.0 - TWQR
0.004 - M C L
0.01 - M C L
1.5-Cat D
0.01 -CL

0.001 -TWQR
0.05-TWQR
0.05 - MCL
0.1 -MRL
0.01 - C L

coc
woe

Sb
Sr

Mo

Measured (mg,'l)

0.004
2.441
0.029

Relevant
Guideline dmyl)

0 006 -MCL
O.I - AV
0.04- HA

Bakubunn Hippo Pool -25.54165 27.05841
piie

woe

Be
Br

Cl
Cd
A u

Mn

'•g
Na
Se

Te
TDS
Ti

I1

Measured (mg/l)

0.025
0.45 H
180

0.015
0.011
0.419
0.011
130
0.277
0.054
552
0.138
0.02

Relevant Guideline
(mgl)
0.004 - MCL
0.01 -MCL
100 TWQR
0.005 - Cat C
0.01 - C L
0.4-Cat C
0 001 -TWQR
100-TWQR
0.05 - MCL
0.O1 - C L
450-TWQR
0.1 MRL
0.02 - MCL

eoe

Sr

Measured (mg'l)

2.365

Relevant
Guideline (mi> 1)
O.I - A V
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Lcnuau Dam -25 32392 27.05533
PHC

WQ<

As

He

Br

l :

Mn
He

Se

1c

Measured (mg/l)

0.056
ll.OI !
0.171
2.8d
0.130
0.002
(I.IW
0.017

Relevant Guideline
(mg/l)
0.05 - C a l C
0.004 MCI.
0.01 - MCL
1.5-Cat I)
0.05 - TWQR
0.001 - TWQR
0.05 - MCL

o.oi - n .

roc
WQC

Sb
Cd
Sr

Measured (mg'l)

0.004
0.003

1.851

Relevant
(iuideline (mg/l)
0 . 0 0 6 - M O .
0.005-TUQR
0 1 - AV

Tshukudu Dam -25.29694 27.0299
Pile

WQC

As

Be

lir

Pb

"P
Mn
Se

l i
Te

r

Measured (mg/1)

0.061
0.817
0.101
0.0M
O.(H)I
2.995
0.235
2.596
0.061
0.059

Relevanl (iuideiinc
(mg/l)
0.05 - Cat C
0.004 - MCL
0.01 - MCI.
0.016-MCL
0.001 - TWQR
0.4 - Cat C
005 -MCI
0.1 - M R I .
0.01 - C l
0.02 - MCL

cue
WQC

Ba

Cd

Sr

7n

Measured (mg'1)

1.061
0.004
2.%3
0.312

Relevant
(iuideiinc (mp/l)
2 - MCL
0.005 - TWQR
0.1 - A V
O.I - A V

Ishukudu lap ualcr -25 30118 27.02952

PIH
WQC

Be
Br
1

Mn

Se

Te

Measured (mg/l)

0.021
0.153
3.87

0.168
0.092
0.026

Releviint (iuideline
(nip!)

0.004 MCL
0.01 - MCL
3.5 - Cat F.

DOS - | WQR

0.05 - MCL
0.01 CL

co t
WQC

Sr

Zn

Measured (mg/l)

1.936
0.73

Rele\ant
(iuideline (mg/l)

O.I - A V
0.1 - AV

1 shukudu Borehole

WQC

Be

Br

1
Mn

Sc

PIK
-25.29694

Measured (ing/1)

0.034
0.157
3.78

0.099
0.079

Relevanl
(in

0.004
0.01
3.5 -

0.05 -
0.05

27.02258

(iuideline

- MCL
- M C L
Cat K
IW'QR
MCL

WQC

Sr

U

COC
Measured (mg/l)

1.972
0.014

Relevant
Guideline (mg/l)

O.I - A V
0.02-MCL
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Leeufontein Dam -25.27921 27.05302
PHC

woe
As

Be
Br
1

Mn

\\a
Se

l i

Measured (mg/l)

0.011
0.024

0.202
6.13
0.4

0.002
0.052
0.688

Relevant Guideline
(mg/l)

0.01 - TWQR

0.004 MCL

0.01 - M C L
3.5 - Cat E
0.4 - Cal C

o.nm - TWQR

0.05 - MCL

0.1 - MRL

COC
WQC

Sb
Sr

Measured (mg/l)

0.004
2.445

Re lev am
Guideline (mg/l)

0.006 - MCL
0.1 - AV

Ruiyhoek -25.28115 27.01582

PHC

wye

As
Be
Br

r
Mn

Hp
So

Te

Measured I mg/l)

0.055
0.009

0.26
6.55

0.087
0.001
0.308

0.015

Relevant Guideline
(mp/l)

0.05 - Cal C
0.004 - MCL
0.01 MCL

3.5-Cat F.

11.05 fWQR
0.001 TWQR

0.(15 - MCL
0.01 - C L

coc
WQC

Sb

Mo
Sr

Measured (mg 1)

0.005
0.023

1.536

Relevant
Guideline (imi'l)

0.006- MCL
0.0-1 - M-\
0.1 - AY

Ballako Dam -25.25723 27.0081

PHC
WQC

As

Br

K

Mn

Se

le

Measured <mg/l)

0.064

0.136
2.12

0.088

0.255
0.022

Relevant Guideline
(me/1)

0.05 - Cat C

0.01 - M C L
1.5-Cat D

0.05 - TWQR

0.05 - M C L
0.01 - C L

COC
WQC

Mo
Sr

Measured (mg 1)

0.026
1.279

Relevant
Guideline dnt;'!)

0 .04-HA
0.1 AV

Bailie Lower Springs -25.24529 26.9974

PHC
WQC

As
sb
Be
Br
Cr

Mn

Se
l i

Te

Measured (mg/l)

0.064

0.006
0.080
0.049
0.091

0.356
0.346

1.91
0.052

Relevant Guideline
(mp/l)

0.05 - MRL
0.006 - MCL
0.004 - MCL

0.01 - M C L

0.05- MRL
0.4 Cat C
0.(15 MCL

0.1 -MRL
0.01 - C L

COC
WQC

Sr

Zn

Measured (mg/l)

1.033

0.105

Relevant
Guideline (mp/l)

0.1 - AV
0.1 - A V

209



Drielbntein Springs -25.23255 26.99934
PHC

WOC

As
Be
Br

r
Mn
Sc
Ti
Te

Measured (mg/1)

0.033
0.014
0.096
3.29

0.130
0.212
0.18
0.03

Relevant Guideline
(mg/1)

0.01 -TWQR
0.004-MCI.
0.0] - M C L
1.5 - Cat D

0.05 - TWQR
0.05- MCI.
O.I - M R L
0.01 - CL

coc
WQC

Sb
Sr

Measured (mg/1)

0.005
2.676

Relevant
Guideline (me/I)

0.006 - MCL
0.1 - AV

Metswcdi Tan*. -25.20747 27.04532
PHC

WQC

Be
Br
Mn

Hg
Sc
Tc

Measured (mg/1)

0.04
0.12
0.062
0.007
0.196
0.049

Relevant Guideline
(mp/1)

0.004- MCL
0.01 - MCL

0.05 - TWQR
0.001 -TWQR

0.05 - MCL
0.01 - C L

COC
WQC

Sb
Sr

Measured (mg/1)

0.005
1.088

Relevant
Guideline (nit;/!)

0.006-MCI.
0.1 - AV

Metswedi Borehuk -25.20891 27.04588
PHC

H O C

As
Be
Br
Mn

Hg
Se
Te

Measured (mg/1)

0.054
0.026
0.208
0.062
0.015
0.203
0.019

Relevant (iuidelme
(mp/1)

0.05 - Cat C
0.004-MCL
0.01 - M C L

0.05-TWQR
0.001 - TWQR

0.05-MCI .
0.01 - C L

COC

woe

Cu
Sr
Zn

Measured (mg/1)

0.212
1.016
0.130

Relevant
Guideline (mp/lj

1 -TWQR
0.1 - AV
0.1 - A V

Nare Camp Taps -25.17789 27.02087
PHC

WQC

As
Be
Br
F

Au

Hg
Mn
Sc
Tc
IDS

Measured (mg/l)

0.052
0.024
0.028
1.64

0.009
0.01
0.104
0.332
0.03
458

Relevant Guideline
(mp/1)

0.05 - Cat C
0.004 - MCL
0.01 - M C L
1.5 - Cat D

0.005 - MI'L
0.001 -TWQR
0.05 - TWQR
0.05 - MCL
0.01 - C L

450-TWQR

( O C
WQC

Cd
Sr
Zn

Measured (mg/1)

0.003
4.519
0.219

Relevant
Guideline (mp/l)
0.005- IWQR

0.1 - A V
0.1 - A V
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Leykraal Ke\ StatTTaps -25.
PHC

WQC

Br
Au
Mn

Hg
Se

Measured (mg/l)

0.334
0.01
0.067
0.001
0.097

Legkraal Springs -25.15028

15578 27.02426

Relevant Guideline
(mg/l)

0.01-MCL
0.01-CL

0.05 - TWQR
0.001 -TWQR

0.05-MCL

coc
WQC

Sr

27.00929
PHC

WQC

As
Br
Be

Cr
Cl

F
Mo

Mn
Na
SO4

Se

Te
TDS

Measured (mg/l)

0.090
0.609
0.034
0.054
463
49.4
0.066
0.170
605
145

0.325
0.042
1516

Relevant Guideline
(mg/l)

0.05 - Cat C
0.01 -MCL
0.004 - MCL
0.05 - MRL
200 - Cat C
3.5- Cat H
0.07-MRL

0.05 - TWQR
600 - Cat D
100-TWQR
0.05 - MCL
0.01 -CL

1000-Cat C

Measured (mg/l)

0.306

Relevant
(iuideline (mg/l)

0.1 - AV

COC
WQC

Sb
Sr

Measured (mg/l)

0.005
0.142

Relevant
Guideline (mg/l)

0.006-MCL
0.1 - AV

Blinkwater Spmil Pool -25.20228 27.11177
PHC

WOC

As
Sb

Be
Br

Au
Mn

Se
Te

Measured (mg/l)

0.020
0.006
0.015
0.074
0.012
0.107
0.156
0.015

Ratlogo Hide Taps -25.20822

Relevant Guideline
(mg/l)

0.01 - TWQR
0.006 - MCL
0.004-MCL
0.01-MCL
0.01-CL

0.05 - TWQR
0.05 - MCL
0.01-CL

COC

WQC

Mo
Sr

27.12569
PHC

woe
As

Br
Be
Cd
F

Pb
Mn

" S
Se

Te

Measured (mg/l)

0.038
0.175
0.023
0.006
1.21

0.016
0.122
0.005
0.219
0.075

Relevant Guideline
(mg/l)

0.05 - Cat C
0.01-MCL
0.004-MCL
0.005 - MRL

1 - Cat C
0.015-MCL
0.05 - TWQR
0.001 - TWQR

0.05-MCL
0.01-CL

Measured (mg/l)

0.023
1.344

Relevant
Guideline (mg/l)

0.04 - HA
0.1 - AV

COC

WQC

Sr

Zn

Measured (mg/l)

2.262
3.71

Relevant
Guideline (mg/l)

0.1 -AV
0.1 - AV
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Pilanesbere Centre Taps -25

WQC

Br

Be
F

Mn

Hp

Tc

PHC
Measured (nig/It

0.152
0.019
3.14

0.154
0.001
0.04

24853 27.10944

Relevant Guideline
(nig/1)

0.01 - M C I ,
0.004 - MCL

1.5 - Cai D
0.05- TWQR
0.001 -TWQR

0.01 - C L

coc
WQC

Sb
Sr

Sc
Zn

Measured (mg/l)

0.005
1.718
0.017
0.192

Relevant
Guideline (mg/l)

0.006-MCI.
0.1 -AV

0.02 - TWQR
0.1 - AV

Mankwe Camp Taps -25.25644 27.1302
I'HC

WQC

Br

Be

Cd
F

Mn

l lR
Se

11
Te

Measured (mg/1)

0.092
0.016
0.006
1.59

0.130
0.006
0.174
0.002
0.046

Little Bailc Spring -25.22545

Relevant Guideline
(ma 1)

0.01 - M C I .
0.004-MCI.
0.005 - Cat C

1.5-Cat D
0.05 - TWQR
0.001 -TWQR

0.05-MCI .
0.002 - MCL

0.01 - C L

C O C

WQC

Cr
Mo
Sr

Zn

27.07367

PHC

woe

As

Br

Be

CT

V

A u

Mn
Hf!

Sc

Ti
Te

Measured (mg/l)

0.064
0.215
0.089
0.121

2.7?
0.009
0.603
0.01
0.522
1.59

0.045

Relevant Guideline
(ms.'l)

0.05-Cat C
0.01 -MCL
0.004 - MCL
O.I -MR!.
1.5-Cat I)

0.005 - M I ' l .
0.4 - Cat C

0.001-TWQR
0.05-MCI .
0 .1 -MRL
0.01-CL

Measured {mg/l)

0.03
0.023
2.414
1.688

Relevant
Guideline (mg.'l)

0.05 - MRL
0.04 - MA
0.1 - AV
0.1 - A V

COC
WQC

Sr

Pb
Mo
Zn

Measured (mg/I)

0.625
0.012
0.027
0.165

Relevant
Guideline (mg/l)

0.1 - AV
0.015-MCL

0.04 - HA
0.1 - A V

Mankwe River Outflow -25.29 1 27.18066
PHC

WQC

As

Sb
Br

Be
CT

F
Au
Mn

Se

Te

Measured (mg/l)

0.082
0.008
0.361
0.019
0.052
4.69
0.008
0.295
0.251
0.037

Relevant Guideline
(mg/l)

0.05 - Cat C
0.006 - MCL
0.01 - M C L

0.004 - MCL
0.05-MRL
3.5 - Ca! E

0.005 - M P L
0.05 - TWQR
0.05 - MCL
0.01 - C L

COC
WQC

Cd
Mo
Sr

Measured (mg/l)

0.003
0.058
1.76

Relevant
Guideline (mg/l)

0.005 - Cat C
0.07 - MRL

0.1 -AV
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Springhok Pan Borrow Pit -25.31484 27.18376
PHC:

WQC

As
lir
He
r

Au
Mn
Sb
Se
Te

Measured (mg/l)

0.028
0.31

0.014
2.2

0.008
1.136
0.012
0.126
0.043

Relevant Guideline
(mg/l)

0.02 - TWQR
0.01 - M C L
0.004 - MCL

1.5-Cat D
0.005 - MPL
0.4 - Cat C

0.006 - MCL
0.05 - MCL
0.01 - C L

COC
WQC

Cr
Mo
Sr

Measured (mg/l)

0.034
0.026
1.365

Relevant
Guideline (mg/l)

0 .05-MRL
0.04- MA
0.1 - A V

Pniokuane Taps -25.24399 27.19653
PHC

WQC

As
IJr
He
F

Au
Mo
Mn

" g
Se
Te

Measured (mg/l)

0.033
0.351
0.042
2.23

0.007
2.062
0.237
0.002
0.107
0.015

Relevant Guideline
(mg/l)

0.02 - TWQR
0.01 - M C L

0.004 - MCL
1.5-Cat D

0.005-MPL
0.07 - MRL

0.05 - TWQR
0.001 - TWQR

0.05 - M C L
0.01 - C L

COC
WQC

Sr
Zn

Measured (mg'l)

2.062
0.333

Relevant
Guideline (my/I)

0.1 - AV
0.1 - A V

Table 6.3.1.

WQC

<n)/WP

As
Sb
Be
Br
Cr
Cd
K

Au
Mo
Mn
Hg
Se

TDS
Te
Ti
Sr
7n

Summary statistics lor the main PHCs and COCs
collected from the PNP during October 1999.

PHC

342
7.95

28
5
29
43
5
4
36
16
4
41
28
42
4
35
10
0
0

COC

96
2.23

1
13
1
0
2
5
0
0
13
0
0
1
0
0
0
41
12

Average
(niR/L)

0.032
0.0025
0.037
0.226
0.029
0.001
7.568
0.004
0.02 1
0.341
0.003
0.175
277

0.025
0.223
1.535
0.227

SD
<mg/L>

0.026
0.0029
0.125
0.170
0.029
0.003
22.54
0.005
0.017
0.51

0.005
0.103
324

0.019
0.536
0.887
0.636

identified from 43 water samples

Median
(mg/l.)

0.03
0

0.014
0.(74
0.021

0
2.83

0
0.017
0.141
0.002
0.17
185.5
0.022
0.044
1.387
0.031

Range
(mjj/L)

Minimum

0
0
0

0.028
0
0

0.53
0

0.004
0.019

0
0.017

54
0
0

0.07
0

Maximum

0.71
0.012
0.817
0.872
0.121
0.015

142
0.013
0.081
2.995
0.022
0.522
1737

0.075
2.586
4.519
3.71
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6.3.1.3 Discussion

A total of 286 PHCs were recorded, with all 43 samples received containing multiple PHCs. ranging from

mild hazards to severe hazards. For some of the constituents involved, site-specific factors will resuli in

toxic adverse effects occurring at reduced dose intakes, whilst for other constituenis systems factors may

significantly mitigate potential adverse effects. In order to conduct a risk assessment, additional animal,

environmental and nutritional information is required.

The following table presents ihe preferential guideline ratios with respect to F toxicology. The results are

suggesiive of ihe presence of increased risk due to the inverse correlations that exisi between ameliorating

WQCs and F concentration.

Table 6.3.2.

Ratios
RGR*

Average
SD

Median
Maximum
Minimum

Summary

F:Ca
> 166.66

15.1
15.4
8.39
62.8
0.03

statistics for important ratios influencing fluoride toxicity.

F:B
>4.I66

0.06
0.124
0.035
0.716

0.0007

F:TI)S
>500.00

118
156
52.9
794
122

K:Sr
<0.166
0.778
0.755
0.511
3.53

0.0005

F:.Mo
<0.0067

0.008
0.007
0.006
0.037

0.0006

F:pH
> 1.3 3 3
4.138
3.745
2.814
15.59
0.065

* - Recommended Guideline Ratio (WQC/F)

The desired pH ratio should be 1:1.33 (6 F : pH of 8.0) or greater. The following correlation coefficient

was obtained for F and pH.

F:pH = +0.499

Based on the incidence of occurrence in the aquatic environment, the primary WQCs that pose a potential

hazard to wildlife may be placed into two main groups, one which comprises those of known toxicokinetics

and toxicodynamics (group A), the other comprised of constituents with cause and effect relationships not

yet fully described (group B).

Group A:

Group B:

Se; F; Hg; As

Br; Te; Sr; Be

It should be noted that many other constituents were found at concentrations that pose a serious threat to

animal health, although they are not as prevalent as Group A and B constituents. These include:

Cr; Mo; Cd; Sb; Pb; U
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Example of probable intake of selenium via drinking water:

Average Se value from PNP samples = 0.175 mg/L

The risk of chronic selenosis for a 75 kg ewe = 7.2 mg Se/d

(Underwood* Suttle, 1999)

-average Se intake (water) @ 15 deg Celcius = 1.658 mg Se/d

-average Se intake (water) @ 30 deg Celcius = 2.792 mg Se/d

Highest Se value from PNP samples = 0.522 mg/L

The risk of chronic selenosis for a 75 kg ewe - 7.2 mg Se/d

(Underwood & Suttle, 1999)

-average Se intake (water) @ 15 deg Celcius = 4.946 mg Se/d

-average Se intake (water) @ 30 deg Celcius = 8.330 mg Se/d

Note that these represent Se intakes from the water alone. Additional intakes via Se accumulator

plants and geophagia will add to the Se burden, and could reasonably be expected to be of at least

the same magnitude as that ingested from drinking water (Appleton et al., 1996: Underwood &

Suttle, 1996). The contribution to the Se load from the water may increase or decrease due to

water concentration changes, bul more importantly, this represents an intake which is more stable

over time (as opposed to forage intake) and is usually a daily, long-term dosage.

Finally, the risk associated with the use of certain watering points must be seen in conjunction with the total

risk posed by all PHCs, COCs and AVs occurring within the same source.

63.1.4 Recommendations

• The results indicate that the majority of the samples collected contain constituents that exceed both local

and international recommended guidelines by large margins. The concentrations recorded for many of

the samples strongly suggest that adverse effects will be associated with the ingestion of these water

sources by wildlife. As seasonal variation is usually significant, it is strongly recommended that a water

quality monitoring programme be implemented. The types of adverse effects that could occur are

presented on a constituent basis in Table 6.3.

• Due to the independent risk represented (irrespective of possible ameliorating site-specific factors) by

the high concentrations of multiple WQCs recorded, the following water samples are classed as

completely unfit for use (Category E - DWA&F, 1998) and it is recommended that management

investigate the possibility of their immediate closure:
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Water Sample Reasons for closure:

PNP 19 (Salt Pans) F= 142; Mo - 0.081; Se - 0.198; As - 0.072

PNP 35 (Legkraal Springs) F = 49.4; Mo - 0.066; Se - 0.325; As = 0.09

PNP23(Tsukudu Dam) F = 1 1.54; Be - 0.817; Ti = 2.596; Cr - 0.121;

Mn = 2.995; As = 0.061: Se = 0.235: Te = 0.061

Hg, Pb, V

• High risk water samples which should only be offered to wildlife for a period not exceeding 14 days of

continuous exposure include:

PNP 8 Kemonate Taps; PNP 11 Kemonate Taps; PNP 26 Leeufontein Dam;

PNP 27 Ruighoek; PNP 40 Little Bailie Springs; PNP 43 Potokwane Taps;

PNP 29 Bailie Lower Springs.

• Those samples which include Te as posing a severe hazard may continue to be utilised, pending further

investigation regarding the types of effects attributable to the levels recorded (histopathological

examination of selected tissues). This is due to the lack of reference data for wildlife regarding

exposure to levels exceeding the crisis limit for humans.

• For most of the PHCs recorded, a hazard assessment regarding the species most at risk (those relying on

selected samples as the predominant water source), total exposure (additional ingest ion via feed), and

site-specific synergistic and antagonistic factors, needs to be conducted prior to formulating specific

recommendations.

• Although many of the constituents and related concentrations recorded may be of a natural origin, the

decision to open or close a watering point should incorporate information relating to the risk present.

Furthermore, the DWA&F requires by law that all managers of water bodies in South Africa attempt to

maintain long-term sustainability of those water bodies. As mentioned in the introduction, the presence

of high concentrations of toxic constituents does not constitute a hazard. However, the levels recorded

are of such a severe nature, that wildlife ingesting from them will incur chronic adverse effects, and in

some cases possibly even acute effects. As a result, it is recommended that a water quality monitoring

programme be put in place, which should serve as a source of essential background information for any

wildlife study conducted or water management action carried out within the park.
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Some additional issues:

• The potential tor bioaccumutation, and possible biomagnification, exists for some of ihe PHC's

recorded, primarily in aquatic life and selected predators. The main constituents involved are: As, Cd.

Cr, F, Hg, Pb, Se, Tl, and Zn.

• Although descriptions of the watering point designs were still outstanding at the time of compiling this

report, the low nitrate and nitrite values obtained seem to indicate that over-utilisation and fecal

pollution of the watering points do not present a hazard.

• The primary question that needs to be addressed relates not only to the degree and nature of adverse

effects which may result due to exposure to the high levels of WQC recorded, but also to the practical

management actions which can yield a meaningful opportunity to reduce health risks. The most difficult

aspect with regard to establishing the severity of adverse effects occurring in wildlife is to be found in

the typical subclinical, chronic, low level route, followed by many of the trace minerals involved. A

differential diagnosis is usually required, specifically due to multiple constituent hazards being present

within a single water source. The observation of adverse effects is complicated further in wildlife by

difficulties in observing sufficient animals for a sufficient amount of time. Unlike livestock production

systems, performance data is not available, and the best source of reference material usually consists of

tissues collected for assay and histopathological investigation.

• Ecosystem aspects (soil, herbaceous, groundwater quality) must be taken into account when opening or

closing a watering point. Possible health effects on wildlife should be taken into consideration in the

light of environmental impact the watering point, and subsequent animal presence/absence may have.

• The high F concentrations recorded are expected based on previous finding within the Rustenberg

Complex relating to the incidence of endemic fluorosis (Ockerse, 1953). The risk present due to the

high F levels may be increased due to the concurrent high incidence of antagonistic constituents within

the water source accompanying the high F values, and due to the low number of alleviator constituents

present within the same sources. These correlation, primarily between F, TDS. Ca, Mg. and B are

typical of groundwater chemistry and have been recorded in the Jericho District, near the PNP, and are

presented elsewhere in this report. Additional risk factors include the high ambient temperatures

experienced during the summer season and the high altitude of the area.

• Note that the USEPA ts currently revising the MCL values for some of the WQCs reported as PHCs in

this report, notably that of arsenic and selenium (both expected to be lowered). The guideline limit for
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Se used in this report is 0.05 mg.'L. but evidence suggests this should be lowered to 0.02 mg'l.. This

would place e\en more emphasis on Se as a \>\iC in the park.

6.3.1.5 Summary of types of effects

The results indicate that for many of the areas sampled constituents exceed both local and international

recommended guidelines by large margins. Many exceed crisis limits, or fall into the category E of

completely unacceptable. In order to view the large amount of data in a more concise manner, a brief

summary is provided in which the degree to which the limits are exceeded is indicated. Classification

according to the hazard presented is as follows:

Acronvm Dell nil ion

MON11AZ. Monitor potential hazard

MILDHAZ Mild hazard present

S1GNHAZ Significant hazard present

SEVIIAZ Severe hazard present

_Cias*i fication(D\VA&F. 1998)

COCs present

Exceeds Category C limit or WQG by a

factor of < 10.

Exceeds Category D limit or WQG by a

factor of > 10 but < 20.

Exceeds WQG by a factor of >20, or

Exceeds crisis limil. or

Exceeds Category E limit

TaMe <S ? i Classification ol 1'HCs

A rea
Sum pic site

I'NI1 1

I'M* 2
I'M' 3
!'NIM
I'NI' 5
1'N]'6
I'M'7
I'M' X
I'M"-)
I'M' 10
I'M'J_1

I'M' 12
VWYS

I'NI1 14

I'M* 15

l'Ni> \h
I1NP_UZ

\IO\H\7.

Se: Zn; Sb
F

M.i

So. Mo

As. Sr

(VI
As. f

Sr

Sr

Sr

F: Se; Zn

and O > t S invoked in the PNI' - Summer
MILDMAZ

Br; lip
Br; So. Sr

Hr. Mn. An. 1 . Sr
Br :hSr

Be:Br: 1 :Sr
Br: Mm I-"; Sr
Br: F: Mn; Hg

Sr

»r:F:Sr. Hg
Br. Sr

Be: Br; So
Sr: Au. Hn

Br:F; Mn, Hg
Bo; F. lit!
Mn:Se.Ti
Be: Br. 1
Mn: I'd

Be; Br. 1
Se; Sr. Sb
Br:Hg;Sr
Br;F;l lg

Mo, Sr

SIGMIAZ

Hg. Se
Se
Hg

F;Se

Se
So
F

So

Se

SKVHAZ

An
To
lo

le
So

le; An
So. Tc

An, To

le

le

Se; Tc

Tc

l e

Total
PH(

•>

4
X
5

ft
( i

ft
. i

8

S

5

7

7

7

_i

7
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PNP 18

PN'P 19

PNP 20

I'S'P 21

PNP 22

PNP 23
PNP 24
PNP 25
PNP 26

'NP27
PNP 28
PNP 24
PNP3U
I'NP 3!
PNP 32
PNP 33
PNP 34
PNP 35
I'NP 36
PNP 37

PNP 38
PNP 39
PNP 40

PNP4I

PNP 42

PNP 43

Cr
Mi)
As
F

K

Cd

Ba: Cd
Zn

Cr; F

Cd. F
Sr

Cr: Sr

As. Cd. F

Cd; F
Sr

Cd; Cr

Cr

Sr

As: Br. F
Mo. Sr; Ti
As: Be. Br

Hg; Ti
Be; Br: Cr
Hg. Sr. Ti
Be: Br. Cd
Mn:U;Sr

As: Be: Br; F; Hg
Sr;Ti

As;Br;Hg; U: Sr
Be; Br. F. Sr ; Sc
Be: Br. F: Sr: Se

Be. Br .Hg
Mn: Sr: Se: l i

As: Be: Br; Mg: Sr
As: Br:F: Sr

As. Sr
Be:F.Sr. Ti

Be:Br;Hg;Sr
As : Be, Br; Sr

As: Be . Sr
Be; Br; Se

As ; Be; Br. Mo: Ti
Be. Sr

Be; Br .Hg
Pb; Sr. Zn

Be; Br ; 1 ; Hg; Sr
Be:Tl: l lg. Sr; Zn

As; Br ; Cr
F; Pb; Mn

As: Be: Br; Mo; F: Sr

Be: Br: F
Sb; Sr. Mn

F:llg

Be:Hg

Se

Sc

Hg

Se

Pb: Mn. Ti

I

F

Be; Ti

Sc

Up

Hp

Hp

Sc

Se

Be: Mg. Ti

Se

Be

Sc. IV

Te. 1

IV

Se . 1 e

Tc

Be: F; Sc; Tc

Tc

Sc; 1 e

Sc. Te

Se. Te

Sc. Te

IV
Se: 1 e

Se. 1 c

F: Se. IV

IV
Se: Te

IV
Te

Se: IV

Se: Te

Tc

Sc; Mo; Te

Hi

X

X

<)

<>

12
f>

X

X
(.
b

d

(.

7
6

4

X

4

X

U

1
II

X

X

6

6.3.2 Selati Came Ranch

6.3.2.1 Introduction

This report deals with samples collected during November 1998 from Selati Game Ranch, located in the

Gravelotte District of the Northern Province. The ranch comprises 35 000 ha of farms which were formally

beef cattle farms, and have been converted into a collectively owned game ranch incorporating 14 farms.

The game ranch has been in existence, in various stages of development, for over 10 years. The Department

of Animal and Wildlife Sciences at the University of Pretoria was simultaneously involved in research at

Selati Game Ranch investigating an incidence of small body frame size in some antelope species. Possible

inferences are dealt with in the discussion.
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6.3.2.2 Methods

Samples were collected in accordance with prescribed methods for water quality ICP-AES semi-quantitative

scan and full macro-element analyses (ISCW, 1998). Samples were collected from mainly from

subterranean sources, predominantly from the point of water intake by game. Natural earth dams were also

included. Many of the samples collected were from water sources also used for domestic use, either by

workers residing in the area, or by guests at the various game lodges. However, the risk assessments

conducted in this report are concerned with wildlife norms only.

6.3.2.3 Results

Open soil Dam-<Borehole 3 DS1
Pile

\\Q(

As
Hr
l lg
Se
l i

Measured (mg'l)

0.01
2.814
1.41

0.023
0.224

Drinking trough (Borehole P 2) S2

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 - M C I .

0.001 - 1 WQR
0.05 - Cat C
0 .2 -MP l .

PIK
WQC

Br
He
llg
Se

Measured (mg/l)

2.1ft8
0.005
0.X44
0.042

Mahudt -- Reservoir (Borehole # 3

Relevant Guideline
(mg/l)

0.01 - M C I .
0.004 - MCI.

0.0MI - I WQR
0.05 Cat C

COC
U Q C

1
Sr

Measured (mg'l)

0.227
0.32

Relevant
Guideline (mg/l)

0 . 5 - R I .
0.1 - AV

roc
WQC

V

Measured (mg/l)

0.087

Relevant
Guideline (mg/lj

0.1 -TWQR

S3
PIK

WQC

Br
IDS
NO3

He
Se
V

Measured (mg 1)

2.9X3
140?
163

0.521
0.07 1
0.148

Relevant Guideline
(mg/l)

0 .01-MCL
TWQR
- M R L

0.001 - 1 WQR
0.05 -Ca tC
0.1 -TWQR

(OC
WQC

If

Measured (mg/l)

0.019

Relevant
Guideline (mg/l)

0.02 - M C I

Salahjohn - Reservoir S4
pur

woe

As
Br
Ni
Up
l i

Measured (mg/l)

0.01
2.264
0.025
•nd

0.161

Relevant Ciuidcline
(mji'l)

0.01 -TWQR
0.01 - MCL
0.02 - MRL

0.001 - TWQR
0.2 - M P L

coc
WQC

11
Sr
1

Measured (mg/l)

0.016
0.684
0.296

Relevant
Guideline (mg/l)

0 .02-MCI .
0.1 - A V
0 . 5 - R I .

•nd - not determined due to sample preservation technique for nitrate.
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Lekkersmaak - earth dam S5
PHC

WQC

As

Br

Be

Cr

Mn

Ni
MM
Se

Ti

Measured (mg.1)

0.025
1.942
0.004
0.058
0.23

0.099
0.886
0.072
0.488

Relevant Guideline
(mjj/1)

0.01 -TWQR
0.01 - M C L
0.004-MCI.
0.05 - TWQR
0.05 - TWQR
0.02 - M R L

0.001 -TWQR
0.05 - C a i C
0.2 - M P L

coc
WQO

I
Sr

Measured (nig 1)

0.227
0.208

Relevant
Guideline (in^'l)

0.5- R I .

0.1 - AV

rreinbrua - S6
PHC

WQC

Br

Up
Se

i i

Weir River 1-

Measured (mg/l>

1.648
0.535
0.054
0.1 II

S7

Relevant Guideline
<mg/l)

0.01 - M C L
0.001 -TWQR

0.05-Cat C
0.2-MPL

PHC
WQC:

As
Br

I"P
Se

I i

Measured (mg/])

(1.018
1.506
0.365
0.13
0.123

Rele\ant Guideline
(mg/1)

0.01 TWQR
0.01 - MCL

0.001 -TWQR
0.05 - Cai C
0.2 - MPL

CO(
WQC

N i

Sr

Measured (mg/'l)

0.018
0.158

Relevanl
Guideline (mj»/l)

0.02- MRL
0.1 - A V

COC
WQC

Ni
Sr

Measured (mg/'l)

0.015
0.199

Relev ant
Guideline (nig/l)

0 .02-MRL
0.1 - AV

Lily 2- Dam (Borehole #4} S8
PHC

woe

Br

Be

I 'd

M n

Ni
He

Se

le
Ti

Measured (mg/1)

0.835
0.014
0.008
0.16
0.04
0.284
0.063
0.029
1.792

Relevant Guideline
(tng'l)

0.01 -MCI.
0.004 - MCL

0.003 - TWQR
0.05-TWQR
0.02-MRL

0.001 -TWQR
0.05 - Cat C
0.01 - R L
0.2 - MPL

COC
WQC

Cr

Measured (mg/l)

0.037

Relevant
Guideline (mg l l

0.05 - IWQR

Drinking trough - SL)
PHC

woe

Br

C"d

1

My
"l i

Measured (mg/l)

1.097
0.004

1.5

0.405
0.119

Relevant Guideline
(mM/1)

0.01 - M C L
0.003 -TWQR

1 - TWQR
0.001 -TWQR

0.2 - M P L

C O C

WQC

I

Sr

Mo

Measured (mg/1)

0.269
0.157
0.01 5

Relevant
Guideline (mgl)

0 .5- RI,
0.1 - A V
0.04-RL
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F.arth dam (Borehole # 4 > S10
I'lK

As

Br

Be

Mn

N i

Ht!

Se

Ti

Measure J img'l)

0.04."
0.7X6
(lOd7

11.11
0.1122
0.24

0.041
O.X92

Lilv 1 outflow pipe (Borehole) SI

Relevant Guideline
(met)

0.01 -TWQR
0.01 - M f l .
0 . 0 0 4 - M f l .
0.05 - TWQR
0.02 -MRI .

0.001 -TWQR
0 . 0 5 - C a l f
0.2 - M I M .

C O C

WQC Measured (mg.<|) Rele\am
Guideline (me II

I'HC
WQC

As

Br

Mn

F

Hg
Se

TDS

Te

Ti

Measured <mg/l)

0.049
1.854
0.21

0.197
lt.(J57
1134

0.018
0.275

Relevant Guideline
(mg/1)

0.01-TWQR
0.01 - M f l .

0.05 - TWQR
1 -TWQRI .

(MK)l - l'WQR
0.05-Cat f

I000-1WQR
0.01 - Rl .
0.2-MPI.

WQC

Mo

1

Sr

/ n

Measured (mg'l)

0.013
0.416
0.532
4.14

Relevant
Guideline (mg/1)

0.04 - Rl .
0 . 5 - R L
0.1 - AV
0.1 - A V

1 )rinkine trough - transport S12
N I C

UQC

Br

F

Ni

Hg
Se

V

Measured (mg/1)

1.554
1

0.01X
0.183
0.097
0.112

Relevant Guideline
(mg/l)

0.01 - M f l .
1 -TWQR

0.02- MRI.
0.001 - T W Q R

0.05 - C a i f
0.1 - T W Q R

COC
WQC

U
Sr

Measured (mg'l)

0.018
0.21

Relevant
Guideline (me/I)

0.02 - MCL
0.1 - AV

Borehole outflow - peel enjin -S13
PHC

WQC

As

Br
Ni
He
Se

Ti

Measured (mg/1)

0.023
1.405
0.029
0.229
0.077
0.188

Relevant Guideline
(me/I)

0.01 - T W Q R
0.01 - M C I .
0 .02-MRI .

0.001 -TWQR
0.05 - C a l f
0 . 2 - M I M .

COC
WQC

1
Sr

/ .n

Measured (mg/1)

0.243
0.452
1.54

Relevant
Ciuidcline (me/I)

0.5 RL
0.1 - AV
0.1 - AV
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Tank - huuse camp - S14
PHC

wye

As

Hr

c-d

Se

l i

Measured (mg/1)

0.031
0.886
0.004
0.139
0.081

0.173

Relevant Guideline
(mn/1)

0.(11 -TWQR
(1.01 - MCL

i).m? - TWQR
0,001 -TWQR

0.05 - Cat C
0.2 - MPL

I O C
wye

Sr

Measured (mg,'l)

o.2<r

Relevant
Guideline (mi; l l

0.1 - A Y

Itoreliole outflow - Nexl to Sable eamp S1 5
PHC

As

Br

Uc

IDS

Ni

I k '

Se

\'

Ic
l i

Measured (mg 'h

0.011>

1.895

0.005
1040

0.023

0.193

0.098
0.023
0.012
0.37

Relevant Guideline
(mp 1)

0.01 -TWQR
0.01 - M C L
0.004-MCI
1000 - I'WQR
0.02 MRL

0.01)1 -TWQR
0.05 - Cat C
0.02 - MCL
0.01 - RI.
0 .2 -MPL

coc
w y<

i

Sr

/ n

Measured f mg It

0.379

0.647

0.86

Relevant
Guideline (inn I)

0 .5 -R l .
0.1 - A V
0.1 - AV

Borehole outflow - In Sable camp S1 h
PHC

W y C

As

Br
Ni

Hi !
Sc

l i

Measured (mg'l)

0.022
1.085
0.033
0.179
0.036
0.267

Relevant Guideline
lme/l>

0.01 -TWQR
(1.01 - M C L
0.02-MRL

0.001 -TWQR
0.05 - Cat C
0.2 - M P L

wyr

Sr

Measured (mt; h

11.475

Relevant
Guideline (mf!'l)

0.1 - A V

Gallon - Reservoir - SI7
PHC

wye

Ur

Be

Mn

Hg
Ti

Measured (mg/l)

1.511

0.007

0.1

*nd
0.233

Relevant Guideline
<mg/l>

0.01 - M C L
(1.004 - MCL
0.05 - TWQR
0.001 -TWQR

0.2 - MPL

wye

i

Sr

U
Ni

Measured (mt;. 1)

0.392

0.4
0.016

0.015

Relevant
Guideline (ine/i)

0.5 - RL
0.1 - A V

0.02-MCL
0.02 - M R L
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Borehole outflow - HalUSIS
PHC

Br
Be
F

Ni
Hg
Se

Ti

Measured (mg 1>

2.-166

11.005

2.4

0 021

*nd

0.05X

0.218

Relevant Guideline
(mi; 1)

0.0! - MCL
0.11(14 M C I .

1 1WQR
0.02 - MRL

0.001 -TWQR
0.05 - Cal C
0.2 - MPL

i
Sr

Measured ling. I)

0.2^2

O.7S2

Relevant

Guideline (mi ; 1)

0 . 5 - Rl

0.1 - AY

Reservoir - L- rmelo Ranch S20

PHC
VVQ<

As

Br
Cd

NO3
He
Se
Ti

Measured (mg/l>

o.om
1.415

0.004

96

O.(>32

0.1)6
(I.IW

Relevant (iuideline
(mg/l)

0.01 -TWQR
0.01 - MCL

0.003 - FWQR
90- TWQR

0.001 - TWQR
0.05 - Cal C
0.2 - MPL

COC
\\ Q(

Ni
Sr
V

Measured (mg 1)

11.1117

0.414
0.058

Relevant
(iuideline (nig/l)

0.02 - MRL
0.1 - AV

0.1 - 1WQR

Table 6.3.4.
WQC

(n) /WP

As
Br
Be
Cr
Cd
F

Mo
Mn

NO3

Ni
Hg
Se
U

TDS
Te
Ti
V
U
I

Sr
Zn

Sum map.
PHC

no
5.789

I I
19
7
1
4
4
0

5
2
9
16
16
1
3
3
16
2

30
0
0
0

(

2

statistics
(K

39
052
0
0
0
1
0

0

2
0
0
4
0
0
4
0
0
0
2
0
9
15
3

for the main PHC
\%cragc
(mg/1.)

(1.016
1.685
0.003
0.016
0.002
0.5

0.003
0.05
26.8
0.021
0.484
0.06
0.007
666

0.0051
0.318
0.036
0.007
0.204
0.320
0.42

sandCOCs
Sl>

<mg/L>

0.018
0.634
0.004
0.013
0.002

0.9
0.005
0.08
41.7
0.022
0.448
0.033
0.008
327

0.0076
0.405
0.04
0.008
0.112
0.227
0.99

identified trnm
Median
(me/1.)

0.01
1.554
0.005
0.013
0.002

0
0
0
9

0.018
0.325
0.06
0.003
700

0.002
0.199
0.027
0.003
0.155
0.21

0.05

19 water samples.

Range

<mK/L

[Minimum

0
0.786

0
0.002

0
0
0
0
1
0

0.139
0.007

0
83
0

0.144
0
0

0.065
0.044

0

Maximum

0.054
2.983
0.014
0.058
0.008
3.3

0.015
0.23
163

0.099
1.91
0.13
0.023
1403
0.029
1.792
0.148
0.023
0.416
0.782
4.14
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The highest recorded number of PHCs and COCs within a watering point was 10 and 4 respectively. All 19

watering points contained PHCs. whilst 17 contained COCs.

The most relevant correlation found was 0.722 between F and Mo (Pearson product moment r). This is

significant as Mo increases F toxicity (Janse van Rensburg & Pitout, 1991). A non-signitlcant F:TDS

correlation of 0.24 was obtained, supporting previous findings (Meyer & Casey, 1999) that an inverse

relationship may exist.

Results from liver samples collected from impalas (male and female specimens) on Selati and two other

game reserves in the Lowveld (Ndzalama) illustrate the importance of the WQC-WQC effect. Table 6.3.5

indicates the values obtained for Cu and Se. Despite a high Se concentration in the water sampled from

Selati, the liver values obtained may be interpreted as indicative of deficiency (Underwood & Suttle. 1999).

The values differed significantly (P < 0.05) from those obtained from three other game ranches in the

Lowveld, supporting the suggestion of deficiency in the Selati liver samples. A possible explanation for the

seemingly contradictory results may be found when viewing the water quality results for As. The average

As value obtained from the water on Selati was 0.016 mg As /L, and exceeds the recommended guideline.

Much evidence exists indicating that Se is protective of As poisoning, and that high As ma> be a risk factor

in Se deficiency (Hirunuma et aL, 1999), with hepatic As accumulation observed for Se deficient diets.

The Cu values obtained may also indicate a Se deficiency, as liver Cu stores increase in the presence of

adequate to high levels of Se (Hartman & van Ryssen, 1997). The liver values obtained support this, with

lower values obtained for impala obtained from Selati (see Table 6.3.5).

Table 6.3.5 Impala liver values for Se and Cu from Selati and other lowveld ranches.

Liver Sample

Selati
Sc np/£(DM)

Other Lowveld ranches
Senp/g(DM)

Selati
C.umg/kj>(DM)

Other Low veld ranches
Cump/\ji(DM>

average
n = 24

570.48*

725.36*

130.12

197.35

SD

104.59

258.73

53.89

48.75

median

572

661

125

195

minimum

370

407

53

120

maximum

778

1352

280

274

• - Significantly different at P < 0.05.

6.3.2.4 Discussion

The results indicate that many WQCs are present at potentially hazardous levels. The extent by which the

recommended guideline limits are exceeded is significant. Many of the constituents involved have

significant adverse single-dose effects, and therefore present a health hazard even to game that would
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normalK have a beneficial dilution effect by virtue of their movement through various areas of the game

ranch and resultant multiple water point intake.

The greatest hazard is presented by the constituents Hg. Se and As. as these are not only cumulative in

biological tissue, but appear to be a localised geochemical anomaly. This is supported by the similar results

for Br, Hg, and Se, from the outflow pipes of boreholes for samples S10. S13, SI 5, S16 and S18. excluding

the role played by air pollution from the nearby mine. Although this may well be a significant contributing

factor to total rngesiion and long-term effects on groundwater quality in the area, this has yet to be

determined. These samples were collected across the whole area, and as evidenced from at least two of

these three PHCs being recorded in all of the samples collected, they pose risk from which most animals

will not be able to gain dilution from, other than for those living within the western section that provides

access to a river, and the obvious casual water obtained during the rainy season. Futhermore. the

concentration ranges recorded for these three PHCs were consistent throughout.

It is noteworthy that the only high nitrate values recorded were for samples S3 and S20. both of which are

high-walled circular reservoirs. Examination at the site of these reservoirs indicated heavy utilisation by

elephants, with no other animals, except for giraffe, being able to access the water. Fecal matter of elephant

origin was found lo be present on the reservoir wall of S20, offering a possible explanation for NO, values.

Sample 5 was taken from an earth dam which had been fenced off for a period of one month due to repairs

effected to a lion breeding camp in the adjacent vicinity. The long residence time appears to have increased

some of the WQC concentrations, notably that of Cr. Although over 4 km away, a similar situation was

recorded for Cr at the dam for S8, with no signs of recent animal activity observed at the site. Although

difficult to model and hence predict, changes with different weather conditions, underlying soil types for

natural earth dams, and utilisation by wildlife, do play a significant role in terms of water quality changes.

The adverse effects that may occur are difficult to predict due to the occurrence of so many PHCs within

each water source. Some may be ameliorated due to WQC-WQC interaction, such as As-Se. but as

evidenced by the liver Se results, this may precipitate a Se deficiency. Adverse effects attributable to single

WQCs are well documented for most of the WQCs, with notable exceptions Tl, Te, Sb, Be and Ti. Samples

S8 and SIO indicate the relationship between water pH and TDS, yielding values of 6.87 and 108, and 6.94

and 83 for pH and TDS respectively. Despite the low TDS values recorded for these samples, they still

present with PHCs for many constituents with high inherent risk factors (Se, Hg, etc). The risk posed is in

effect increased by the low TDS value as the palatability may improve for many game species, resulting in a

higher ingestion of a single watering point.
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Other correlation coefficients between groundwater constituents are evident, notably between F, Mo and

TDS. The high nitrate values recorded for a few samples appear to be the direct consequence of poor water

provision design, leading to fecal contamination of the water supply. It is noteworthy that water chemistry

serves as a good indication of the regional geochemistry, and is suggestive in the samples collected of a

high total exposure which would increase the site-specific risk factors for the PHCs recorded, via geophagia

(both involuntary and voluntary) and plant matter, in addition to that ingested from water. Key risk

watering points may be identified from the samples collected when used in conjunction with census data,

habitat information, and linked to species tolerances. An additional area that the water quality will impact

on, predominantly via the palatability influencing animal presence, absence, and movement, are the

ecological norms. This influences sacrifice zones, herbaceous communities, infectious diseases, to name

but a few.

6.3.3 Klaserie Area

6.3.3.1 Introduction

Samples were obtained from the Klaserie Game Reserve area in the Lowveld from 15 farms, of which 4

share an open border with the Kruger National Park. The area covered was ca. 530 km2. In total 25 water

samples were collected as part of an initial phase to gather background information on water quality in the

6.3.3.2 Methods

During the end of summer 1999 samples were obtained using the same procedures as described previously.

A two-week survey period was conducted three months after at selected watering points in an attempt to

ascertain the degree to which wildlife species utilised them. Based on these observations and statements

made by rangers on the various farms, an attempt was made to arrive at a possible identification of key

watering points that fell within the range for some wildlife species. As a final step, those watering points

within a range were grouped according to clusters accessible to some wildlife species, and taking

palatability preferences into account, and water quality, differences in risk were determined. Due to sample

preservation techniques, no analyses were conducted for Hg.
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6.3.3.3 Results

Klascric-1 {24 " 16.88$ 3l°12.60E>
PHC

WQC

Br
Be
Cr
Au
Mn
Ni
Sn
Ti

Measured (mg/l)

0.218
0.028
0.303
0.234
(1.737
0.145
0.018
3.560

Relevant Guideline
(mg'1)

0.01 - M C I .
0.004- MCI.
0.05-TWQR

0.01 - C l .
0.05- i W Q R

0.02- MRI.
0.002-MRI.

0 .2 -MPI .

COC

woe

Cu
Sr
Zn

Measured (mg/l)

0.106
0.114
0.135

Relevant
Guideline (miz'l)

0.1 - R L
0.1 - AV
0.1 - A V

Klaserie-2 (24 " 16.88S 31° 12.9U-.)
PHC:

WQC

As
Ur
K

Au
TDS
Ti

Measured (mg/l)

0.016
0.843
1.21

0-267
1642

0.234

Klascric-3 (24" 16.8XS 31"

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01 - MCI.
1 -TWQR
0.01 - C L

1000 -TWQR
0.2 -MIM

COC
WQC

V
Sr

Measured (mg/l)

0.031
0.474

Relevant
(iuideline (mg/l)

0.1 -TWQR
O.I - AV

3.981-)
PHC

woe

Ur
Be
Cr
Au
K

Mn
Ni
Ti

Measured (mg/l)

0.243
0.031
0.146
0.434
1.04

0.777
0-061
2.809

Relevant Guideline
(mg/l)

0 .01-MCI .
0.004 - MCI.
0.05 - TWQR

0.01 - C l .
I - TWQR

0.05 -TWQR
0.02-MRI .
0.2-MIM.

COC
WQC

Cu
Sr
V

Measured (mg/l)

0.119
0.439
0.054

Relevant
Guideline (mg/l)

O.I - R L
O.I - A V

0.1 - l'WQR

Klaserie-J (24(117.O7S 31° 15.31E)
PHC

woe

Br
Au
1

Measured (mg/l)

0.229

0.143
1.71

Relevant Guideline
(mg/l)

0.01 - MCI.

0.01 - C l .
1 -TWOR

COC

woe

As
TDS
Sr
V

Measured (mg/l)

0.009
922

0.241
0.055

Rele\ant
(iuideline (mg/l)

0.01 - TWQR
1000-TWQR

0.1 - AV
0.1 - AV

Klascric-5 (24" I7.24S 31° 15.031-:)
PHC

woe

As
Br
Au
Mn
Ti

Measured (mg/l)

0.017
0.172
0.283
0.278
1.365

Relevant Guideline
(mg/l)

0.01 -TWQR
0.01- MCI,
0.01 CL

0.05 - 1 WQR
0.2-MIM.

COC
WQC

Cr

Measured (mg/l)

0.045

Relevant
(iuideline (mg'll
0.05 1'WQR
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Klaserie-6 <24°12.34S 31° 19.72E)
PIK:

WQC

Br
F

Au
TDS
Ti

Measured (mg/l)

0.700
3.91

0.249

1283
0.234

Reievani Guideline
(mp/l)

0.01 - M C L
1 - T W Q R
0.01 - C L

1000-TWQR

0.2 - MPI.

coc
WQC

V
Sr

Measured (mg/l)

0.065
0.935

Relevant
Guideline (mp/l)

0 . 1 - A V
0.1 - A V

Klaserie-7 (24Q12.48S 31° 12.62F)

PIK
WQC

Br
Cr
Au
Mn
Ti

Measured (mg/l)

0.281

0.055
0.257
0.296
0.666

Relevant Guideline
(mp/l)

0.01 - M C I .

0.05 - TWQR
0.01 - C L

0.05 - TWQR
0.2 - M P L

COC
WQC

Sr

Measured (mg/l)

0.149

Relevant
Guideline (mp/l)

0.1 - A V

KIaserie-8 (24 ( ' t2.16S 31°14.97E)

PHC
WQC

As
Br
F

TDS
Ti

Measured (mg/l)

0.021
1 101
6 3
1822

0.304

Relevant Guideline
(mg/l)

0.01 -TWQR

0.01 - MCL
1 - TWQR

1000-TWQR

0.2 - M P L

COC
WQC

Sr
U

Measured (mg/l)

0.853
0.015

Relevant Guideline
(m*/l)

0.1 - AV
0.02 - TWQR

Klaserie-9 (24° 12.42S 31° 15.25E)
PHC

WQC

Br
Be
Cr
F

Au
Mn
Ni
Ti

Measured (mg/l)

0.364
0.032
0.175
2.35

0.535
0-834
0.0668
3.145

Relevant Guideline
(mg/l)

0.01-MCL
0004 - MCL
0.05 - TWQR

1 - TWQR
0.01-CL

0 05-TWQR
0.02-MRL
0.2-MPL

COC
WQC

Cu
Sr
Zn

Measured (mg/l)

0.1
0.3

0.106

Relevant Guideline
(mg/l)

0.1 - RL
0.1-AV
0.1 - A V

Klaserie-U (24° 14.85S 31° 16.40E)
PHC

WQC

Br
Be
Cr
Au
Mn
Ni
Sn
Ti

Measured (mg/l)

0.413
0.02

0.373
0386
0-729
0.126
0.005
3.369

Reievani Guideline
(mg/l)

0 01 -MCL
0.004 - MCL
0.05 - TWQR

0.01 - C L
0.05 - TWQR
0.02 - MRL

0.002 - MRL
0.2-MPL

COC
WQC

Cu
Sr
Zn

Measured (mg/l)

0.134
0.109
0.114

Relevant Guideline
(mg/l)

0 1 - R I
0.1 - AV
0.1 - A V
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K t a s e r i e - I 2 a ( 2 4 " 1268S I9 .93E)

PIIC
w y e

Br

1

Measured (mg/l)

0.392
1.19

RelevaiH Guideline
(mg/l)

0.01 -MCI .
1 - 1 WOK

coc
WQC Measured (mg/l) Relevant Guideline

(mfi/1)

Klascnc- I2b<24" I2.68S 3 1 " 19.93L)

PHC
WQC

Br
ci
Au

TDS

Ti

Measured (mg/l)

1.527
1236
0.303
2359
0.48?

Relevant Guideline
(mg/l)

0.0! - M C I .
1000-TWO R

0 0! - C l .
1000-TWOR

0 2 - M P L

COC
WQC

Sr

Zn

Measured (mg/l)

1.104
0 138

Relevant Guideline
mig'l)

(l 1 - AV
(I 1 - AV

Klaseric-13<24" 13.43S 31" 16.98E)
PHC

WQC

Br

Au

TDS

Ti
U
V

Measured (mg/l)

0.811
4.2

0.213
1793
0.230
0.021

0 2

Relevant Guideline
(mg/1)

0.01 - M C I .
1 - TWQR
0.01 - C l .

1000 -TWQR
0.2 -MP1.

0.02 - TWOR
0.1 - TWQR

COC
WQC

Sr

Measured (mg/1)

0.704

Relevant Guideline
(mg/l I

0.1 - AV

Klaserie-14 (24 ° I6.87S 31(1O5.49E)
PHC

WQC

Br
Cr
Au
Mn
Ni
Ti

Measured (mg/l)

0.279
0.175
0.333
0.320
0.063
1.431

Relevant Guideline
(mg/l)

0.01 - M C L
0.05 - TWQR

0.01 - C L
0.05 - TWQR
0.02-MR1.
0.2 - M P I .

COC
WQC

Sr

Measured (mg/1)

0.1

Relevant
Guideline (mg/1)

0.1 - AV

Klaserie-15(24° I6.88S 3I°O5.34E)
PHC

WQC

Br
Au
Ti

Measured (mg/l)

0.531
0.241
0.181

Relevant Guideline
(mg/l)

0 .01-MCL
0.01 - C l .
0 .2 -MPL

COC
WQC

Sr
V

Measured (mg/l)

0.392
0.03

Relevant
Guideline (mg/l)

0.1 - A V
0.1 -TWQR

Klaserie-16 (24° 17.09S 31°O5.46E)
PHC

woe:

Br
Au

Mn

Ti

Measured (mg/l)

0.395
0.246
0.139
0.205

Relevant Guideline
(mg/l)

0.01 - M C L
0.01 - CL

0.05 - TWQR
0.2 - MPL

COC
WQC

V
Sr

Measured (mg/l)

0.03
0.542

Relevant
Guideline (mg/l)

0.1 - TWQR
0.1 - AV
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Klaserie-17 (24M7.87S 31° I7.87E)
PHC

WQC

As

Br
fie
CT

Au
Mn
Ni
Ti

Measured (mg/1)

0.01
0.398
0.037
0.303
0.273
0.795
0.152
2.495

Relevant Guideline
(mg/1)

0.01 -TWQR
0.01-MCL
0.004 - MCL
0.05-TWQR

0.01-CI.
0.05 - TWQR
0.02 - MRL.
0.2 -MPL

cot
WQC

Se
Sr

Measured (mg/1)

0.018
0.305

Role van I
Guideline (mg'l)
0.02 - TWQR

0.1 - AV

Klaserie-18 (24°15.95S 31°06.02E)
PHC

WOC

Br
Mn
Ti

Measured (mg/1)

0.311
0.109
0.338

Relevant Guideline
(mg/1)

0.01 -MCL
0.05 - TWQR

0.2-MPL

coc
WQC

Sr

Measured (mg/1)

0.117

Rele\ant
Guideline (mg/1)

0.1 - AV

Klaserie-19 (24°15.03S 31°04.06E)
PHC

WQC

Br
Be
Cr
Au
Mn
Ni
Ti

Measured (mg/1)

0.361
0.004
0.180
0.245
0.701
0.077
2.295

Relevant Guideline
(mg/1)

0.01 -MCL
0.004 - MCL
0.05 - TWQR

0.01 -CL
0.05 - TWQR
0.02 - MRL
0.2-MPL

COC
WQC Measured (mg/1) Relevant

Guideline (mg/1)

Kiaserie -20 (24 ° 14.62S 31° 04.75E)
PHC

WQC

Br
Mn
Ti

Measured (mg/f)

0.422
0.135
0.220

Relevant Guideline
(mg/1)

0.01 - MCL
0.05 - TWQR

0.2-MPL

COC
WQC

Sr
Zn

Measured (mg/1)

0.381
0.319

Relevant
Guideline (mg/1)

0.1 -AV
0.1 - AV

Klaserie-21 (24° 11.17S 31°03.59E)
PHC

WQC

Br

Au
Mn
Ni
Ti

Measured (mg/1)

0.481
0.306
0.199
0.02

0.837

Relevant Guideline
(mg/1)

0.01 -MCL
0.01 -CL

0.05 - TWQR
0.02-MRL
0.2-MPL

COC

WQC

Sr

Measured (mg/1)

0.107

Relevant
Guideline (mg/1)

0.1 -AV
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Klascric -22 (24 ° 11.59S 3rO4.O01£)
PIIC

Br
Au
Ti

Klaserie-23

Measured (mg/l)

0.579
0.157
0.256

24° 03.01 S

Relevant Guideline
(mg/l)

0.01 -MCL
0.01 -CL
0.2-MPI.

3TU.47E)
PIK

WOO

Br
Au
Mn

IDS
Ti

Klaseric -24

Measured (nig 1)

0.881
0.320
0.305
1065

0.325

(24u03.57S 31"

Rele\ant Guideline
(mg/l)

0.01 - MCI.
0.01 - CL

0.05 -TWQR
1000-TWQR

0.2 - MPI.

ooc
WOO

Sr

Measured (mg/l)

0.491

Relevant
Guideline (mg/l)

0.1 - AV

COC
WQC

Sr

Zn

Measured (mg/l)

0.7 13
0.300

Rele\ant
Guideline (miz/l)

0.1 -AV
0.1-AV

I.22K)
PIK'

WOO

Br
Cr
Au
Mn
Ti

Klaserie-25

Measured (mg/l)

0.425
0.041
0.266
0.530
0.659

(24°04.95S

Relevant Guideline
(mg/!)

0.01 - MCL
0.05 - TWQR

0.01 -CI .
0.05 - TWQR

0.2-MPI.

31°O8.52L)
PIK

WQO

Br
Cr

F
Au
Mn

Ni
Ti

Measured (mg/l)

0.394
0.124
1.08

0.119
0.319
0.034
1.127

Relevant Guideline
(mp/l)

0.01 -MCL
0.05 - I WQR

1 -TWQR
0.01 -CL

0.05 - IWQR
0.02 - MRL
0.2-MPL

COC
WQC Measured (mg/l) Relevant

Guideline (mg/l)

COC
WQC:

Sr

Measured (mg/l)

0.228

Relevant
Guideline (mg/l)

0.1 -AV
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Table 6.3.6
Sample

Kl 1
K12
KI3
KI4

KI5
KI6
K17
K18
KI9
Kl 11
Kl 12a
Kl 12b
Kl 13
Kl 14
Kl 15
Kl 16
Kl 17
Kl 18
Kl 19
KI20
K12I
K122
KI23
KI24
K125

Description of water samples taken arid species delected within iOOm of in ihe Maseru: Area
Description

Clay dam — natural water
Clay dam (borehole 1)
Round concrete trough
Concrete trough (borehole 2)
Clav dam - natural water
Natural pan (borehole 3j
Natural pan - natural water
Natural pan (borehole 4)
Natural pan - natural water
Clav dam - natural water
Borehole 5
Natural pan (borehole 5)
Concrete trough (borehole 6)
Clav dam — natural water
Concrete trough
Concrete trough (borehole 7)
Clav dam - natural water
Clay dam - natural water
Clav dam - natural water
Concrete dam (borehole 8)
Clav dam - natural water
Concrete trough (borehole 9)
Concrete trough (borehole 10)
Natural pan - natural water
Clav dam - natural water

Species present
Buffalo, hippo, hyaena, impala, leopard wildebeest, zebra
Klephant. hyaena, impala. rhino
Lion, warthog. wildebeest
Buffalo, warthog. wildebeest
Buffalo, elephant (juv). hyaena
Giraffe, impala. wanting, wildebeest, zebra
Buffalo, giraffe, impala. hyaena
Elephant, impala. lion
hlephanL impala. lion, kudu
Hlephant buffalo, lion, rhino
Lilephant, buffalo, lion, rhino
Hyaeana, impala. warthog, zebra
Buffalo, giraffe, jackal, kudu
Giraffe, impala. warthog. zebra
Giraffe, hyaena, zebra
Buffalo, giraffe, impaia. kudu
Buffalo, impala. zebra
Buffalo, civit. elephant, impala. kudu, rhino, zebra
Buffalo, kudu; rhino, warthog, wildebeest
Hyaena
Buffalo, civit, elephant, impala, giraffe, warthog
Elephant, impala, rhino
Impala
Buffalo, elephant, giraffe, impala, zebra
Buffalo, elephant, giraffe, impala. zebra

Table 6.3.7 Main PHCs and COCs recorded in the Klaserie Area from 25 samples
WQC

(n) / WP

As
Br
Be
Cr
F

An
Mn
Ni

TDS
Ti
V
Sr
Zn

PHC

135
5.4
3
25
6
10
9
21
16
9
7
22
1
0
0

coc

44
1.1
1
0
0
1
0
0
0
4
1
0
6
21
6

Average
<mg/L.)

0.004
0.51
0.0O8
0.087

I I
0.264
0.3

0.031
654
1.078
0.022
0.363
0.07

SD
<mg/U

0.06
0.315
0.014
0.108

1.5
0.089
0.29
0.049
656

1 153
0.042
0.3
0.08

Median
(rng/L)

0
0.398

0
0.029
0.6
025
0.2
0

343
0.4854

0
0.3
0.03

Range
(me/I.)

Minimum

0
0.172

0
0
0

0.11
0.01

0
103

0.086
0

0.06
0

Maximum

0.021
0.152
0.04
0.373
6.3
0.53
0.83
0.152
2359
3.56
0.2

1.104
0.32

The highest recorded number of PHCs and COCs within a watering point was 8 and 3 respectively. The

Pearson product moment correlations obtained support previous findings (Meyer, 1998). The value

obtained for F; Sr was 0.65, and between TDS : pH a value of 0.19 was obtained. The relevance of these

correlations is that they have bearing on F toxicology aspects. Firstly, the low Ca values obtained are

further aggravated by Sr in terms of bone mineralisation substitution, and the low TDS waters tend to be

favoured by animals (paiatability effect) but return a near negative correlation with pH. This will probably

lead to increased F uptake from the digestive tract (Janse van Rensburg & Pitout, 1991). Table 6.3.8
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provides a rough estimation of the probable intake of WQC from clustered watering points for a few

wildlife species (Bothnia, 1996).

Table 6.3.8 Estimation of possible ingeslion (mg/d) to hazardous constituents within range clusters for some wildlife
species in the south-east Klaserie area.

Species
Wlin
L/d*

lmpala
2-5

Zebra
12

Buffalo
31

Kudu
9

Bushbuck
1.5

Warthog
3.5

Range -
km2

diameter
-(km)

66
(9)

186.7
(14.8)

160
(14.2)

23.5
(5.4)

0.6
(0.3)

1.33
(1-2)

Cluster A:
Kl l ;2 ;3 ;4 ;5

Total diameter = 5 km
Most points within 3 km
Nearest next point = 7 km
Effective ingestion (mg/d)

F = 2.25
As =0.025
Cr = 0.252
Sr = 0.667

F= 10.8
As =0.12
Cr= 1.21

Sr = 3.2
F = 27.9

As =0.31
Cr = 3.13
Sr = 8.27

F = 8.1
As =0.09

Cr = 0.9
Sr = 2.4

**F = 2.55 -0.45
As = 0.02 - 0
Cr = 0.219-0

Sr-0.711 -0.1
•*F = 4.02 - 0
As = 0.03 - 0
Cr = 003 - 0
Sr= 1.57- 1

Cluster B:
KI7,8,9, 11,12a, 12b, 13

Total diameter = 7.4 km
Most points within 3 km
Nearest next point = 7
Effective ingestion (mg/d)

F = 5
As =0.015
Cr = 0.162

Sr=1.39
F = 24

As =0.06
Cr = 0.768

Sr = 6.70
F = 62

As =0.155
Cr = 1.98
Sr= 17.3

F = 18
As =0.04
Cr = 0.576

Sr = 5.03
***F = 4.5-1.95

As =0.01-0.004
Cr = 0.12-0.!5
Sr = 0.65 -0.75

•••F= 10.5-4.55
As =0.02-0.01
Cr = 0.28-0.36
Sr= 1.51 -1.75

Cluster C:
KI6

Total diameter = 0 km
Nearest next point = 6 km

Effective ingestion (mg/d)
•***F = 8

As =0
Cr = 0.237

Sr= 1.18
•*"F = 38.4

As =0
Cr= l . l 4
Sr = 5.66

***»F=99.2
As =0

Cr = 2.94
Sr= 14.6

F = 27
As =0.

Cr = 0.73
Sr = 3.9
F =5.85
As =0

Cr = 0.01
Sr=1.39

F=13.6
As =0

Cr = 0.02
Sr = 3.255

Bothma(1996).
Ranges possible for cluster B.
two clusters (7,8,9+ll,12a,12b,l3) possible,

one cluster (6, 7, 8, 9) possible

The results from Table 6.3.7 provide an indication of the variable intake rates for different species based on

the watering points most likely to fall within their ranges. The resultant ingestion is even more pronounced

when expressed as a percentage of body weight (due to differences in water turnover rates), but the purpose

of Table 6.3.7 is to illustrate the different ingestion rates possible within a watering point cluster. For

example, watering point 6 presents much more of a F hazard to Kudu, bushbuck and warthog, than it does to

impala, zebra or buffalo, but much less of an As and Cr hazard to Kudu, as opposed the other species.

Species comparisons on this basis are required in order to rank watering points regarding their relative

fitness for use for certain wildlife species. For example, it may be recommended to close point 4 and point

8 as they both fall within separate clusters which are within 3 km of other watering points, the remainder of

which offer substantially better water quality. On the other hand, watering point 6 is sufficiently displaced

from alternative water sources (during the winter) to warrant an alleviator treatment addition.
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6.4 CONCLUSION

The results obtained from three different regions involving game ranching and conservation suggest that the

WQCs present in the water source warrant attention. The concentrations of these WQCs further suggest

that the norms of animal health may be adversely affected. The palatability preference of large mobile

water-dependant herbivores for certain combinations of those constituents contributing to the total dissolved

solid (TDS) concentration, may furthermore play a significant role in influencing animal movement. The

inverse correlation found for many sources between the presence of PHCs and TDS exacerbate the situation

even further, as the palatability preference leads to an increased utilisation of those watering points

containing high risk constituents (see Chapter 3 - RefDoc ARF!).

The impact of increased/decreased animal movement as a result of variations in the utilisation of a watering

point extend from altering habitat requirements for reproduction of certain species, such as Roan and Sable

(Thrash, 1993), to ecological parameters, such as standing crop production herbaceous plant community

and soil erosion. A complicating factor is the lack of a comparative norm. This challenges the condition of

the wildlife taken as representative, as limiting environmental factors of a geochemical nature may affect

large numbers of animals over large areas. When planning the placement of a watering point for wildlife

the design and habitat are often decided upon based on aesthetic reasons. Seldom is the quality of the water

being provided considered further than to perhaps test for TDS (EC). Due to the difficulties in observing

the effect of potentially hazardous constituents on the health and reproduction of wildlife, knowledge of the

presence of potential risks is vital if wildlife are to be managed on a successful, long-term, sustainable basis.

The indirect and direct effects of the water provision on animal movement, and related ecological norms,

must also be taken into account.

In the final instance, there is much a manager can do to selectively encourage/discourage the utilisation of

specific sources by wildlife. Linking the factors (water palatability. design and placement of watering

point) to the supplementation of licks formulated to alleviate any water quality induced trace element

imbalance, deficiency or toxicity, can provide a means for utilising water sources more effectively.
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CHAPTER 7

RELEVANT TECHNICAL INFORMATION REGARDING CIRRA

7.1 Programming CIRRA

CIRRA is a computer program that has been developed as an aid to the assessment of water quality used by

humans and animals. It is developed to run on MS Windows 95/98 or Windows NT/2000. It is document-

based where each "document" represents a water sample taken from a source where a risk assessment in

terms of its quality is to made. A sample file contains all the information required to assess the quality of the

water in terms dictated by research results. The evaluation module of the program portrays the application

of research results in understandable terms for the fields-person to understand. This chapter describes the

development of the CIRRA program and provides an insight to the underlying technologies used.

7.2 Programming Language

CIRRA is developed using Clarion, of which the current version 5 is used. Clarion has been in existence

since the middle-80's in the days of MS DOS. It has taken the developers of Clarion some time to move

over to MS Windows, but since 1994 TopSpeed Corporation has rolled out 5 versions of the development

language with some significant improvements with each step. Although another company, called

SoftVelocity, has very recently taken over Clarion from TopSpeed Corporation, the commitment shown by

Clarion developers all around the world proves that Clarion is a powerful development language and will

still be with us for years to come.

Two of the most important plusses of Clarion are Clarion's tight integration with a data dictionary and its

use of templates, or pre-tested programming modules. The combination of the two means that, after

designing a system's database and defining the referential integrity (internal relationships) between tables,

the integrated development environment (IDE) invokes the templates to generate either a complete basic

application or only pieces of the application. This means that a substantial amount of source code that forms

part of a Clarion program (and CIRRA too) is generated by the templates, based on the data dictionary

settings and values set by the programmer. The programmer however has got the ability to add source code

to the program and thus change the way the program looks or behaves - very similar to other development

languages like MS Visual Basic or Delphi. This gives the programmer enough time to focus on the business

intended by the program instead of spending time on building screens that could otherwise easily be

generated.

Clarion supports object-oriented programming, which is integrated to all aspects of a project. The tables

defined in the data dictionary is available to the programmer as an object that can be used from any point in
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the program. The Application Builder Class library has been provided by the developers of Clarion as a set

of object classes that can assist the programmer to build an application fast and to easily change the existing

functionality of the program.

7.3 User Interface

The user interface refers to the windows, buttons, list boxes etc. that the user sees when working with

CIRRA. CIRRA uses a multiple-document interface (MDI), which means that many windows can be opened

at once. Each sample can be seen as the equivalent of a word processor document. The word processor can

have many documents opened at once, just like CIRRA can have many samples opened at once. An

advantage of using an MDI is that the "child" windows (or documents) visually all remain within the

boundaries of the MDI-frame (the "background of CIRRA containing the menu, toolbar and status bar). If

the MDI-frame is minimised, all sample windows minimise with the frame. CIRRA consists of several

functional modules. Each module can be used to assess the water quality of a different area for example

livestock, wildlife or domestic use of water. The user interface amongst these modules have been kept

similar in order for the user to easily work with a sample from any module without getting confused. A new

module can be registered from within the program and allows the user to create sample files for the

applicable area.

7.4 Database

CIRRA uses the TopSpeed file format to store information. The format is very compact in size and is fast in

retrieval or storage of data. A sample file (with extension .WQS) actually contains many "tables" which are

virtual files placed into on physical file on disk. Sample files are created by the CIRRA user with the typical

File|New action from within the program menu and because it is typically small in size, it can easily be sent

to another location either by copying it onto a disk or by e-mailing it. CIRRA also contains a number of

static data files (with extension .TPS) that are installed during the CIRRA installation in the program files

directory. These files typically contain the reference document information that is the results of the research

done which are used during the evaluation of the sample information. It is possible for specific

implementations of CIRRA to change the static data file format to a number of other formats. It will be

possible to implement CIRRA on most popular relational database management systems like Oracle or MS

SQL Server. The changes required within the CIRRA Clarion source programs can be done in a short period

of time and would not hamper any of the functionality of the program.

7.5 Distribution of CIRRA

It was decided that CIRRA would be distributed on compact disk, mainly because of its size. Currently the

program can alternatively be distributed on three 3.5" disks, but the difficulties surrounding the handling of

magnetic media overshadows the ease-of-use of compact disks.
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The CIRRA program supplied on the compact disk contains the basic CIRRA framework, the generic

application guidelines and the specific application guidelines for Livestock. Two new modules available are

those for the RCLPS and WPS models as described in this report. The distribution files of these modules

are small in size and can easily be provided on 3.5" disks or sent via e-mail.

7.6 Updates to CIRRA

Aside from the updating of CIRRA to accommodate current versions of the programming language

(Clarion), many other changes have been effected. A few a dealt with in this section.

7.6.1 Updates to Reference Documents

Updates to the reference material as provided in sections 3.5 and 4.2 have been effected.

7.6.2 Data Capturing Guide

7.6.2.1 Motivation for developing a DCG

The Data Capturing Guide (DCG) is an additional tool developed for CIRRA. The purpose of the DCG is

to aid in the collection of the required site-specific data to enable, and encourage, the user to utilise the

Specific—GAL option. The detail required to depart from the Generic-GAL and execute the models residing

in the Specific-GAL options available in CIRRA, are not only large, but also varied in nature. As a result,

users not acquainted with some of the specialised fields might omit critical information, or simply choose to

ignore the Specific-GAL option altogether. The DCG was designed to make the program more user-

friendly, cost-effective, and open to a user spectrum that does not require the user to be a nutritionist, soil

scientist or toxicologist.

7.6.2.2 Description

The DCG is an option available on the opening screens as the user selects the type of application, Generic

or Specific, as a new sample file is being created. The option allows the user to identify the type of data

that the Specific-GAL will require based on varying levels of user-defined production system detail. The

DCG leads the user through the available options, so the user need only select from the list-boxes provided.

As a result, the user does not need to know the type of production systems available in Dairy Farming, but

can obtain the information from the farmer, or consultant. The DCG provides the user with a printed copy

of the fields required to conduct a site-specific risk assessment for the selected livestock production system,

and livestock type. This includes livestock detail, animal, environment and nutritional detail. It also has a

default that provides general information on matters pertaining to the collection of on-site samples and data.

An example of a DCG generated for Dairy Cattle is provided below. The only decisions the user would

have had to make to generate the example provided would have been (I) commercial livestock production

systems, and (2) livestock type = dairy cattle.
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7.6.2.3 Example of DCG for Dairy Cattle

The following few pages present a partial example of a DCG generated by C1RRA.

Data Capturing Guide

Livestock Watering for Dairy Cattle

Information required for a Specific Guideline Application

On-farm collection of site-specific detail:

The following items are required when collecting site-specific data:

• A DCG (generated for the required livestock species)

• Sample containers for water, feed/plant and soil

The nearest water laboratory should be contacted for information concerning sample collection techniques,

preservation and storage, Most will be able to provide pre-treated collection bottles.

For Water: Sterilised plastic sample bottles (approx. 250 ml/sample), clearly marked for identification.

Further information regarding the costs and required procedures for soil, plant and water sampling may be

obtained from the following institute:

Agricultural Research Council - Institute for Soil, Climate and Water

Private Bag X79

Pretoria (012)310 2500

Where to collect the sample:

For water, feed (ration/pasture/lick) and soil, representative samples of what the animals are exposed to, and

ingest, are required. In the interests of saving costs, during the initial phase only water samples collected

from the drinking trough should be analysed, and should potentially hazardous constituents be found,

samples from the reservoir and borehole can be analysed to ascertain potential contamination sites and

treatment options.

Where to take the samples:

Most major towns and cities have laboratories capable of analysing water, plant and soil samples. The

Institute for Soil, Climate and Water of the Agricultural Research Council in Pretoria offers a water package

gibing information on 51 inorganic constituents. The price per package at 2000 rates is R155.OO. This cost

should be compared against the cost of potential damage caused to animals and equipment by water of poor

quality, or water that is mismanaged.
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Data Capturing Guide
Livestock Watering for Dairy Cattle

Information Required for a Sepcific Guideline Application

Sender Detail

Name
Telephone Number
Address

Sample Detail

Date/time taken
Source

Predominant source
Alternative Source

Site

Borehole Information
Number
Depth

Location-Latitude
Location -Longitude

Production Sytstem Detail

Breed

(e.g. borehole,
reservoir)

Production Systems

sec

Ayrshire
Crossbreeds
lYiesland
Guernsey
Jersey

Extensive grazing
Forage and Concentrate Feeding
Group Feeding
Individual Farming
Small Farming - Collectively owned
Small Fanning - Dairy Ranching
Small Farming - Individual farmers
Total Mixed Rations

1 CIKRA

Categories 1. Cows in mid-and late lact (FCM lOL/d)
2. Cows in mid- and late lact (FCM l5L/d)
3. Cows in mid- and late lact (FCM 20L'd)
4. 11 (FCM 60L d)
12. Growing veal calves fed milk milk replac
13. Large-breed growing females
14. Large-breed growing males
15. Maintenance of mature breeding bulls
16. Small-breed growing females
17. Small-breed growing males
18. Growing large-breed calves fed milk milk repl
19. Grwoing large-breed calves fed milk +• starter mix
20. Growing small-breed calves fed milk milk repl
21. Growing small-breed calves fed milk •+ starter mix
22. Period - Dry
23. Period - Early Lactation
24. Period - Late Lactation
25. Period - Mid-lactation

A n i m a l Detail Categorj Weight DMI TWI DMI of
No kt> ke/d l./d

Silage Type
High moist / wilt/haylage

Veal

Concentrate
Feeding
frequency

Fancy

Conventiona

Times/d

2. CIRRA

240



Data Capturing Guide
Livestock Watering for Dairy Cattle

Information Required for a Sepcific Guideline Application

Environmental Detail

Environment Type

Average Temperature
Altitude

Soil Detail
PH
Condition

I

Soil

Nutritional Detail

.ick Detail

Type

Compositio

TDN%
Protein

^m

Arid, Semi-Arid & subtropical
Humid, subtropical & subtropical
Temperate, savanna & Grasslands

0 C (ininT-t-maxT/2)/wcck

meters above sea level

Wet
Dry
Shales
Sedimentary Rocks

Collect a representative sample from a
predominant grazing area. PHCs and
COC'S

Category Feed Protei
No pelleted? n

Salt Crude
% Protein

Summer Mineral
Winter Maintenance
Production

Categors Numbers

Compositio

Salt%
Urea%

CaC()3%
NallC03%

Salt Detail

Compositio

Moisture%
NaCl%
Si%
SO4%
Ca%
Mg%

Zn my/kg
Fe mg/kg
Cu my/kg
Mn mg/kg
NO.i my/kg
Co mg/kg
F mg/kg

Milk Replaeer Fe

Main Forage Detail.

Main Feed

Ration

Category Numbers

Category Numbers

(mg/kg DM)

3 C1RRA
4 CIRRA
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7.7 Conclusion

In striving to improve the management of a scarce commodity, it is inevitable that a multidisciplinary

approach is required. In terms of water quality, chemistry, biology, statistics, hydrology, information

science, computers and technical journalism are a few of the fields of expertise required (Sanders et a/.,

1987). When topics pertaining to animal health and human health are included, the list of fields on which

one must be knowledgeable seem endless. One cannot be an expert on all the required specialities. But. to

be truly effective, where diverse information types may contribute significantly to the assessments

conducted regarding the fitness for use of a water source, they should be part of the assessment procedure.

Presenting risk assessment modelling in a software environment allows for an non-intimidating inclusion of

diverse disciplines which can cater for a wide range of educated users.

Of increasing critical importance is the need to incorporate new research findings (and forms of data

provision from new advances in analytical techniques) in order to apply the new information to the central

aim of correctly assessing the fitness of use of a water source within its context of usage. Once again, a

software environment caters for this need.

Although primarily developed for conducting risk assessments, CIRRA also has a valuable tuition value, as

it provides a means, through large help files, to serve as a source for various depths of information.

Finally, the benefit of the Internet connectivity Clarion provides CIRRA will become more apparent as co-

operative research and collaborative risk assessments increase.
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CHAPTER 8

CONCLUSIONS AND RECOMMENDATIONS

8.1 General conclusions

8.1.1 Rural Communal Livestock Production Systems

The project set out to incorporate two new models into the original water quality guideline index system

developed (Casey et al., 1998; Meyer, 1998). One of the first phases required water quality investigations

in selected communities and wildlife areas to be conducted. Concurrently, applications of CIRRA were

finding success in identifying potential livestock related water quality problems, and proposing solutions to

them.

During the water quality investigations for livestock in the rural communal production system context, it

became increasingly apparent that in many instances, the association between animal and man was a

limiting factor to the successful application of CIRRA generated solutions. This was primarily due to the

shared utilisation of the water source effectively prohibiting the application of chemical alleviator treatment

to the water source, due to the potential for adverse effects in humans. The link between animal product

quality and human health was an additional area of concern. CIRRA was initially developed for commercial

livestock production systems, and the application of some alleviator treatments formulated were for the

production phase of weaning to market weight. As such, an accumulation of constituents such as lead and

cadmium in renal cortex tissue did not present a significant consumer health problem, as product

concentrations and dilution with the total variation within the urban diet, effectively provided for sufficient

safety.

This does not hold true for the rural production systems. In the first instance, the production phase is

seldom as short, or well defined, as in commercial systems. Exposure periods are therefore longer, with

ingestion rates typically greater due to a number of associated risk factors (e.g. temperature, moisture

percentage of ration). Secondly, and possibly quantitatively more important, the nature of the diet differs in

terms of input origin variability. Potentially hazardous constituents in the water may find their way into the

diet of sensitive user groups, such as women of reproductive age and children, through a number of routes.

These include directly via the drinking water, indirectly via food preparation and irrigation of subsistence

crops with water, and indirectly via the consumption of animal products obtained from animals exposed to

the water source.

A number of other routes incorporating bioaccumulation and bioconcentration may also apply, such as the

consumption of aquatic organisms, and the practice of providing reverse-osmosis brine to livestock, which
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may find its way back into the human diet through the consumption of organs, eggs, or milk. This may be at

even greater levels than those occurring naturally in water, partly due to the increased concentration of

hazardous constituents in the brine, as compared to raw feed water (Schoeman, 2000), and the active

transport mechanisms that may increase the concentrations thereof in milk (Krachler et at., 1999). Most

studies on the use of brine water for stock watering do not provide an indication of the trace element

concentration in the brine, nor do they offer convincing evidence that the practice is safe for animal health.

It appears as though the sentiment expressed is that if the animals survive, the water quality is acceptable.

Localised geochemical anomalies may be magnified in semi-arid regions (Appleton et ai, 1996), and there

is increasing evidence that the additional effect of geophagia, incidental and deliberate, by both animals and

humans, is significant.

In the developing communities this project reports on, both for livestock and humans, dietary deficiencies in

terms of quantity and quality are real challenges. The link between livestock production, animal product

quality, and human nutrition, when viewed in context of the additional risk factors in rural communal

production systems, takes on a more centra! role to the modelling of water quality guidelines for the user

group. The ramifications of retaining the focus of water quality guidelines for livestock on the health of

livestock, and failing to account for norm of product quality, would be grossly negligent. There is much

evidence of animal products which may contain potentially hazardous concentrations of constituents with

clinically accepted toxicity risks for humans, without the animal presenting with any clinical manifestations

of a trace element disorder (Underwood & Suttle. 1999). As such, livestock health may not be a sufficiently

accurate measure of the fitness for use of consumption products.

The above-mentioned issues do not imply that livestock products should be deemed as an unacceptable

source of risk. Quite to the contrary, livestock products offer abundant and bioavailable forms of

micronutrients, and calcium, iron, zinc, vitamins A and B12, if managed appropriately. Low birth weight

due to fetal malnutrition has been associated with deficient maternal intakes of iron, zinc, iodine and

vitamin B]2, as have an increased risk for fatal infections, neuorlogic and cognitive impairment (Neumann.

1998). Not only are animal products compact and efficient sources of many of these nutrients, but they are

almost the exclusive source of dietary vitamin B,:, and a good source of pre-formed vitamin A. The

inclusion of health norms for water quality guidelines for livestock is warranted as successful production

has been shown to be a valuable means of income generation for rural households.

The rural communal livestock production system model presented in this report attempts to cater for the

complex requirement of balancing risk and hazard identification in the realm of environmental toxicology,

with the significant role of water quality in improving the health of animals and humans. Due to the

complexities of modelling relevant risk factors and the varied fields of specialisation that are addressed,

achieving a guideline and risk assessment system that is manageable by a wide user audience, is best done in
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a software environment. Main reasons for this are access to large amounts of data, complex modelling

performed, and Internet connectivity enabling sample files that represent a site-specific system to be e-

mailed to persons from which specialised insight may be requested.

The water quality investigations presented in this report for several communities share a number of common

observations. A high incidence of specific water quality constituents present in the water at potentially

hazardous concentrations was found for all communities. Many of these communities were typified by a

localised, often isolated, association between the environment, water, animals and humans. The

communities had a varied spectrum of user groups, but all included sensitive user groups, namely women of

reproductive age. infants and children. The valuable, and at time essential role, played by livestock was

evident for most communities. Most importantly, most systems lacked the required infrastructure to allow

for separate alleviator treatments formulated for livestock to be administered to the watering system.

It follows that animal data regarding risk of an environmental toxicological nature, may also be used to the

benefit of identifying similar risks for humans. The localised geochemical factors shared by both animals

and humans allow for some valuable information to be gained regarding the types of effects that may occur

due. in varying degrees, to water quality.

The result of the water quality investigations indicated that both local and international guideline limits were

exceed by large margins, and in many cases multiple potentially hazardous constituents occurred together.

The drinking water quality guidelines formulated by the WHO (WHO, 1993), USEPA (USEPA, 1998). and

the Department of Water Affairs and Forestry (DWA&F, 1993; 1996), are primarily based on hazard

identification from single constituent exposure toxicological studies. The outcome of exposure to multiple

constituents is not described. Ameliorating effects may be negligible, partial, or complete.

With this, and many other areas of uncertainty, animal health studies can provide a valuable means of

determining the risk present due to potentially hazardous water quality constituents with the incorporation

of significant site-specific factors. Animal health studies can provide valuable guidance to community

health based studies. They afford an opportunity to gather tissue samples, not readily available from

humans, for histopathological examination, and various assays, which may provide an indication of possible

subchronic, subclinical, effects that may occur in humans.

Finally, as the water quality results indicate, the potential problems are not isolated occurrences, but rather

localised anomalies, which have a additional problem of creating the lack of a comparative norm, as large

number of animals, and humans, in an area tend to be affected. The order by which the recommended

guidelines are exceeded, and the intrinsic high risk of the product system and related environment, suggest

that the possible solution option within CTRRA be expanded further. The identification of points in the
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ingestion route between water quality and types of health effects where risk is increased, or decreased, is of

great value to proposing solutions to reduce risk. In the modelling of the rural communal livestock

production system, this aspect was taken into account in the setting up of different data capturing screens,

and in the design of the presentation of the evaluation results. Although perhaps too complex at first glance,

once familiar, these screens offer a tool for identifying, and testing, outcomes based management decisions.

8.1.2 Wildlife Production Systems

With the rapid increase in scientific investigations pertaining to game ranching, more game ranches are

changing from an initial "untouched wilderness" concept to one that recognises the active-adaptive

approach. There is an increased awareness relating to the profit-based business potential in game ranching.

The ecological responsibility of providing water to game is also gaining recognition. The increased demand

this places on management is accompanied by an increased requirement for specialist knowledge.

The effect of water quality on wildlife has typically received little attention. Most studies do not include

chemical information on water quality, and when they do, it is usually inadequate and extended only to a

handful of macro-element values. In the case of one National Park in South Africa, the only water quality

information that existed, other than an initial borehole electrical conductivity measurement, was provided by

a study in the 1970's. The constituents addressed on that occasion were still of limited value as less than a

dozen were reported on. Studies elucidating the role of water quality constituents on issues such as

reproductive health and immune responsive disorders are increasing, but the beginning point of such studies

requires knowledge of the quality of water, spatial and temporal, as a fundamental basis.

The water quality investigations presented in this report suggest that sufficient variability in water quality

constituents exist, in terms of palatability and toxicology, to require management attention. As described in

the modelling section, the availability of multiple water sources, and the presence of multiple wildlife

species comprising different physiological stages, makes risk assessment a fairly complex task. A software

environment not only enables these complexities to be handled, but also guides the user as to the possible

types of site-specific information that can be obtained. These information types will most probably find

application for game ranch management decisions other than those regarding water quality.

It is hoped that this report provides sufficient water quality risk assessments to encourage managers of game

ranches and conservation areas to include water quality as a pre-requisite information type required for

management to bring about the successful, sustainable, existence of the ranch, or conservation area, on a

sound ecological basis.
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8.2 Recommendations

8.2.1 Rural Communal Livestock Production Systems

• On the basis of the potential hazardous found in the water sources sampled, it is recommended that

research focus on identifying, and testing, outcomes based system manipulations that can allow for the

continued use of a water source containing potentially hazardous constituents.

• The efficacy of alleviator chemical treatments administered to the water supply should be tested in the

rural communal production system context.

• The effect of using brine for stock watering in the rural communal production system context on animal

product quality, and animal health, should be investigated.

• It is proposed that a formal procedure be developed in which the role played by water quality in rural

communal production systems be determined through a series of clearly defined steps. Recommended

steps in this regard are:

1. Commencing with a risk assessment for livestock addressing health and product quality norms to

identity specific potentially hazardous water quality constituents and constituents of concern;

2. Substantiating the potential risk identified in Step I by using clinical evaluations of herd health, animal

tissue histopathology and assays for relevant constituents, geochemistry, and feed samples;

3. Formulating possible risk implications for human health on the basis of the results obtained in Step 2,

incorporating direct and indirect, site-specific factors;

4. Preliminary community-based epidemiological studies to assess the risk factors present;

5. Substantiating the potential risk identified in Step 4 through community health investigations;

6. Depending on the outcome of Step 5, viable means of reducing risk in both animals and humans should

be identified;

7. It is proposed that these steps form part of a formal procedure in a software program that consists of

different components encompassing the fields of knowledge required. It is envisaged that such a

program would enable the identification the probability of risk in potential areas to be based on

geochemistry-related data, thus in effect guiding animal and veterinary scientists for step 1. The

program can also contribute to the building of Provincial and National data bases by linking the

relevant data capturing screen information to ihe relevant specialist field. The program can also

accommodate frequent updates as new research evidence and procedure becomes available.

A specialist component-based software program catering for the variable types of data bases (animal,

geological, hydrological, climatic, epidemiological. etc.) would aid in encouraging collaborative research,

with the central theme of improving the quality of life for humans in the rural communal context, by

allowing the correct detection, and management, of critical issues pertaining to water quality to be

recognised and addressed.
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8.2.2 Wildlife Production Systems

• It is recommended that a water quality monitoring programme be designed for the National Parks of

South Africa, and that management decisions regarding water provision and the placement and design

thereof, include water quality risk assessments, for wildlife health and ecological impact norms directly

influenced by wildlife, as a pre-requisite to the information types on which the decision making process

rests.

• It is recommended that research be conducted regarding the use of mineral licks, and other forms of

supplementary feeding for wildlife, as corrective and/or alleviator treatment for water sources with

potentially hazardous water quality constituent concentrations.

Possible contamination of groundwater and the environment by both production systems, although not

typically intensive, should also receive attention.

Although water quality aspects for aquatic systems have, and continue to, receive attention, these

monitoring programmes do not always lend themselves to conducting risk assessments for wildlife health.

Those who are of the opinion that water quality for wildlife has no place in the management of wildlife not

only neglect the impact thereof on wildlife health, but also on the ecological environment. Choosing not to

obtain information on water quality effectively prevents a manager from managing those resources, and the

wildlife that rely on them. In order to manage, measurement is a pre-requisite.

The recommendations proposed for the rural communal livestock production systems, and wildlife production systems,

should be seen in context of the mission of the Department of Water Affairs and Forestry as custodian of South

Africa's water resources, part of which is to "maintain the fitness for use of water on a sustained basis", with specific

reference to two recognised categories of water use, namely, domestic and agricultural purposes.
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