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WATER QUALITY RESOURCE QUALITY OBJECTIVES

Water Quality Resource 

Quality Objectives

Patsy Scherman

 Background to setting WQ RQOs

 Approach and Principles

 High Priority EWR site

 High Priority WQ site

BACKGROUND PREPARATION FOR RQO DEVELOPMENT

 Water quality Status Quo

 Identify preliminary water quality hot spots

 Prepare for November 2022 TTG meeting

 At TTG and follow up meetings:

– ID wq role players, including non-ecological e.g. irrigation, 

settlements

– Identify indicators linked to driving variables associated with 
indicator wq role players, e.g. elevated phosphate associated 

with nutrients linked to stock-watering

– Identify pollution priority areas and / or priority protection 
areas

WATER QUALITY HOTSPOTS: W5

WQ notesWQ driving variablesWQ role playersRiver nameSQ reachRU

Klipmisselspruit drains into 

this SQ and is highly 

impacted by urban impacts: 

Jindal Coal Mine Siding, 

industries and Piet Retief 

WWTWs

Nutrients, salts, toxics, 

E. coli / coliforms

Urban impacts. Piet Retief WWTWs.AssegaaiW51D-02044W51-3

Wood-processing plantToxics, nutrients, saltsCultivation; wood-processing BlesbokspruitW51F-01986W51-4

Toxics, nutrients, salts, 

E. coli / coliforms

Industries (Woodchem + PG Bison and 

Mpact), saw mills, residential 

settlements

BlesbokspruitW51F-02019W51-4

Toxics, nutrients, salts, 

E. coli / coliforms

Urban impacts; WWTW; cultivationTholeW53C-01679W53-3

Turbidity, toxics, 

nutrients, salts

Erosion (sand-mining); Residential 

settlements and WWTWs at lower end 

of SQ - oxidation ponds systems 

overflow into rivers

MpuluziW55C-01395W55-1

Nutrients, salts, E. coli 

/ coliforms

Residential settlements and 

overflowing WWTWs

ChrissiesmeerLake within W51B, e.g. inputs 

such as W55A-01423; Majosie se Vlei

Mining activitiesToxics, nutrients, salts, 

E. coli / coliforms

Driefontein settlements; WWTWs and 

coal mines.

Tributaries flowing into Heyshope Dam 

(Northern part of the Dam) within W51A e.g., 

W51A-02082, Assegaai River, and W51B, e.g. 

W51B-02101, Ngulane River

WQ impact ratings: 3; Serious

PRINCIPLES: WATER QUALITY RQOs (1)

• If EcoSpecs not available from an EWR study, wq guidelines are used 
(linked to a level of protection, e.g. TWQR, rather than a TEC).

• WQ RQOs IMMEDIATELY applicable = ONLY where monitoring data are 
available.

• Monitoring recommendations and provisional RQOs are set for 

identified driving variables for which RQOs are not immediately 
applicable, but for which a database needs to be developed.

• Once an adequate dataset has been produced, evaluate the provisional 

RQOs provided and update the RQOs for the driving variables.

• Numerical and narrative RQOs are prepared using all existing data 
sources for identified monitoring points, and for driving variables ONLY 

for High Priority WQ sites, and for ALL variables for High Priority EWR 
sites.

PRINCIPLES: WATER QUALITY RQOs (2)

• Note that Reserve data available as A–F categories were converted to 
Ideal to Tolerable categories (required for water quality gazetting 
purposes), as follows:

• Values used for setting RQOs were linked to standard DWS methods 
and procedures, data format from WMS and DWAF (2008). Note data 

confidence.

• Monitoring data to be collected for measurement against RQOs that 

are immediately applicable and to be gazetted, should be collected 
from the monitoring sites as identified in the water quality Reserve 
documentation, if possible.

Categories A and A/B: Ideal

Categories B, B/C and C: Acceptable

Categories C/D and D: Tolerable

1 2 3
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PRINCIPLES: WATER QUALITY RQOs (3)

• Microbial compliance targets: as in NMMP (new risk guidelines) - set below

each WWTW, town and large settlement.

* The guideline value refers to raw water before treatment; although water should be used for 

drinking only AFTER limited treatment has taken place. Limited treatment refers to treatment 
that is NOT conventional. Conventional treatment includes all flocculation, sedimentation, 
filtration and disinfection.

• Toxics: Broad numerical guidelines for toxics are not suitable for areas where 

specific information on toxics are not av ailable, or where the identity of 
contaminants are not known. Where no data, biotic response and biological 

monitoring are used to indicate toxicity.

Potential Health Risk

Water use attribute HighMediumLow

Faecal coliform or E.coli counts/100 ml

> 101-100Drinking untreated water

> 20 0002 000 – 20 000< 2 000
Drinking water after limited 

treatment *

> 2 000600 – 2 000< 600Full or partial contact

> 4 0001 000 – 4 000< 1 000
Irrigation of crops to be eaten raw

HIGH PRIORITY EWR SITES

Water quality categories

EWR site

WQ TECDrivers of WQ state
Present 

state EC

BElevated turbidities and salts; small increase in nutrient levels.BEWR MA1

BElevated turbidities and salts; small increase in nutrient levels.BEWR NS1

BElevated turbidities and salts; small increase in nutrient levels.BEWR WM1

B/CElevated intermittent sulphates (upstream mining) and salts.B/CEWR BM1

Immediate: C/D; 58.3% (prevent 

deterioration).

Short-term (5 yrs): C; 68.8%.

Long-term (10 yrs): B/C; 79.4%.

Elevated intermittent sulphates and salts, presumably from upstream coal-

mining.  Toxics and elevated nutrients and turbidities. A WQ priority area in 

upstream SQR, with impacts being from the High Risk Mkuze WWTW.

C/DEWR MK1

A/BElevated turbidity.A/BEWR UP1

B/CElevated nutrient levels, with some evidence of toxics.B/CEWR AS1

BElevated turbidity and small toxics input expected. Urban impacts from 

Amsterdam.

BEWR NG1

MKUZE: Improvement through non 

flow-related interventions

 Improv ement in the management and quality of discharges from the Mkuze WWTW.

 Improv ement in the management and quality of discharges from coal-mining 

facilities upstream.  An appropriate strategy must be developed to deal with the 

problem of mine decant, especially from closed and abandoned mines.  It is difficult 

to predict what level of improv ement can be achieved, and it is unlikely that salts 

can be mov ed from the current 95th percentile of 275 mS/m to that of 85 mS/m for a 

D Category in the short term. 

 Improv ement in land management and controlled use of biocides and fertilizers; 

reducing sedimentation and toxics released into the system. 

 Reported high silt loads in the system must be v erified, considered and addressed. 

DWS (2020) proposes that a strategy/action plan needs to be dev eloped to achieve 

this.  This study must include the question of the role of silt in the Mkuze swamps 

(capacity of the swamps to absorb this silt) and the impacts of phosphates 

associated with the silt.

 Draw up a detailed water quality management strategy be drawn up for the Mkuze 

catchment to contain the potential water quality threats.

HIGH PRIORITY EWR SITE – W2: 
Black Mfolozi River, BM1

• RQOs and TPCs (Thresholds of Probable 

Concern, or ‘red flags’) must be set for all 
variables.

• Use PAI, WQ table summary table, and 
DWAF (2008) and WQ ecosystem guidelines 

to set RQOs and TPCs

EWR site:

Black 
Mfolozi, 

BM1

River Black Mfolozi 
Water Quality Monitoring Points 
RC Benchmark tables (DWAF, 2008) 

EWR Site BM1  PES 
W2H028 (WMS W22_102857, 
n=29, 2014-2018.  

 Parameter / units PES value Rating for PAI / Comment 

 
 
Inorganic salt 
ions (mg/L) 

Sulphate as SO4 
234.8: 95th percentile 
70.4: median 

Intermittent elevated sulphates  
Sodium as Na 35.13 
Magnesium as Mg 22.7 
Calcium as Ca 65.34 

Chloride as Cl 26.25 
Potassium as K 5.48 

Electrical 
conductivity  

mS/m 58.18 Due to elevated sulphate levels 

Nutrients (mg/L) 
SRP-P 0.01 1 
TIN-N 0.1 0 

Physical 
variables 

pH (5 th and 95th % 
tiles) 

7.5 + 8.3 1 

Temperature (º C) - 
1. Largely natural temperature 
range expected.  

Dissolved oxygen 
(mg/L) 

- 
0.5. Largely natural oxygen range 
expected.  

Turbidity (NTU) - 
1. Some localized erosion at the 
site due to land–use. 

 
 
 
Response 
variable 

Chl-a: phytoplankton 
(ug/L) 

-  

Macroinvertebrate 
score (MIRAI)  
SASS score 
ASPT score 

81.2% 
185 
6.3 

B/C 

Diatoms SPI=17 (n=1) 
Indicates Very Good water 

quality 
Fish score (FRAI) 75.9% C 

Toxics (mg/L)  
Ammonia (as N) 0.005 A 
Fluoride (F) 0.58 A 

Overall site classification (from PAI table) B/C (81.8%) 

 
-: no data

The assessment is of moderate confidence as recent data 
could not be sourced. Diatom results indicate Good water 
quality (category A/B for diatoms). Despite the good water 
quality state, intermittent high sulphate levels moved the 
assessment from a B to B/C category. It is assumed upstream 

mining is responsible for intermittent increases.

7 8 9
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Wat er qual ity 

met ri cs 
Eco Sp ecs T PC 

I nor gan ic sa lts 
(
*

)
 

M gSO4   
T he 95th  perc entile o f the data m ust be ≤ 23 

m g/L. 
Th e 95th p ercent ile of t he dat a is 19–23 m g/L. 

Na2SO4  
T he 95th  perc entile o f the data m ust be ≤ 33 

m g/L. 
Th e 95

th
 p ercent ile of t he dat a is 27–33 m g/L. 

M gCl 2 
T he 95

th
 perc entile o f the data m ust be ≤ 30 

m g/L. 
Th e 95th p ercent ile of t he dat a is 24–30 m g/L. 

CaCl2 
T he 95th  perc entile o f the data m ust be ≤ 57 

m g/L. 
Th e 95th p ercent ile of t he dat a is 46–57 m g/L. 

NaCl 
T he 95th  perc entile o f the data m ust be ≤ 191 

m g/L. 

Th e 95th p ercent ile of t he dat a is 153–191 

mg /L. 

CaSO4 
T he 95

th
 perc entile o f the data m ust be ≤ 773 

m g/L. 

Th e 95
th
 p ercent ile of t he dat a is 618–773 

mg /L. 

In or ganic salt s ions (* *) 

Sulph ate as SO4 
T he 95th  perc entile o f the data m ust be ≤ 30 

m g/L1   
Th e 95

th
 p ercent ile of t he dat a is 24-30 m g/L. 

Phy sical vari ables  

E lectr ical 

Con ducti vity 
 

T he 95
th

 perc entile o f the data m ust be ≤ 55 

m S/m . 

Th e 95
th
 p ercent ile of t he dat a is 44–55 

mS/m. 

p H 

T he 5th  perc entile o f the d ata m ust r ange f rom  

6. 5 to 8.0, and th e 95th p ercen tile fr om 6.5  to 

8. 8. 

Th e 5th per cent ile of t he dat a is < 6.7 an d 

> 7.8, a nd th e 95th p ercent ile is < 6.7 and 

> 8.6. 

T emper atur e 
L arg ely natu ral t emper atur e ran ge is 

ex pected . 

Abun dance an d fr equen cy of o ccur rence  of 

tem perat ur e sensitiv e species ar e lower  than  

expe cted fo r r efer ence. 

Disso lved oxyg en 
T he 5th  perc entile o f the d ata m ust be > 8.0 

m g/L.  
Th e 5th per cent ile of t he dat a is ≤ 8.2 mg /L.  

T urb idity  Small c hange s expecte d. 
So me lo calized er osion at the s ite due  to 

land  use. 

Nu tri ent s 

T otal In org anic 

Nitr ogen  (TIN-N) 

T he 50th  perc entile o f the data m ust be < 0.25 

m g/L. 

Th e 50th p ercent ile of t he dat a is 0.2–0.25 

mg /L 

PO4-P   
T he 50th  perc entile o f the data m ust be 

≤  0.015 mg /L. 

Th e 50th p ercent ile of t he dat a is 0.012–0.0 15 

mg /L. 

Res pon se va riab les (# ) 

Chl- a 

p hyto plankt on  

T he 50th  perc entile o f the data m ust be ≤ 15 

m g/L. 
Th e 50th p ercent ile of t he dat a is 12–15 μg/L 

Chl- a per iphyto n  
T he 50th  perc entile o f the data m ust be ≤ 12 

m g/m
2
  

Th e 50th p ercent ile of t he dat a is 10–12 

mg /m
2
 

T oxic s 

Amm onia ( NH3- N)  
T he 95th  perc entile o f the data m ust be  

≤ 0.02 mg/ L 

Th e 95th p ercent ile of t he dat a is 0.016–0.02  

mg /L 

Ot her va riables (# ) 

T he 95
th

 perc entile o f the data m ust be wit hin 

t he A (or  0) cat egor y in DWAF ( 2008), or  

wit hin t he Acute Effect s Valu e (AEV) as 

st ated i n DWAF (199 6a) for  th ose var iables 

n ot in  DWAF (2008) . 

An imp act is exp ected if  the 95 th  per centile  o f 

th e data ex ceeds th e A categor y r ange in  

DWAF (2 008), or  the T arg et Wat er Qua lity 

Range ( TWQR) as stated  in DWAF (19 96a). 

 
1  A guideline of 309 m g/L SO4  for aqu atic ecosystem protection for moderately har d to har d water (a ver age hard ness at 

BM1 wa s 1 42.7 mg/L CaCO3) (BC MOE, 2013)  exists. 

RESULTS

EWR BM1: 
ECOSPECS 

AND TPCs

HIGH PRIORITY EWR SITE – W5: 
Assegaai River, AS1

• RQOs and TPCs (Thresholds of Probable 

Concern, or ‘red flags’) must be set for all 
variables.

• Use PAI, WQ table summary table, and 
DWAF (2008) and WQ ecosystem guidelines 

to set RQOs and TPCs

River Assegaai 

Wat er Quality Monitoring Points 

RC 
Benchmark tables (DWAF, 2008). 
W5H006Q01, Swartwater River at 
Zwartwater: 1977-1981; n=145. 

EWR Site AS1  PES 

IUCM A data, U-26: July 2016-Feb 

2022; n=57-64. 

W5H022Q01: 2015-2019; n=49. 
 Parameter / units PES value Rating for PAI / Comment 

 
 
Inorganic salt 
ions (mg/L) 

Sulphate as SO4 - 

No impact s expected. No method 
available. Electrical conductivit y 
used as surrogate. 

Sodium as Na - 

Magnesium as Mg - 
Calcium as Ca - 
Chloride as Cl - 
Potassium as K - 

Electrical 
conductivity  mS/m 

21.63: IUCMA * 

24.74: DWS 
0 

Nutrients 
(mg/L) 

SRP-P 
0.03: IUCMA 

0.05: DWS 
2.5 

TIN-N 
0.6: IUCMA 

0.3: DWS 
1 

Physical 
variables 

pH (5  th and 95th  % tiles) 
7.4 + 8.17: IUCMA 

6.9 + 8.2: DWS 
1 

Temperat ure (º C) - Although Heyshope Dam is 
upstream of the EWR site, little 
impact is expected due to the 
distance from the dam to the site. 
Impact is on trapped sediments in 
the dam. 
Ratings: 1 

Dissolved oxygen (mg/L) - 

Turbidity (NTU) 
13.9: IUCMA 

(n=14; 2021-Feb 
2022)  

 
 
 
Response 
variable 

Chl-a : phytoplankton 
(ug/L) 

-  

Macroinvertebrate score 
(MIRAI)  
SASS score 
ASPT score 

78.6%: 2020 
IUCMA 

B/C (2020 IUCMA report) 

Diatoms SPI=15.3 (n=1) B 
Fish score (FRAI) 69.2% C 

Toxics (mg/L)*  
Ammonia (as N) 

0.20: IUCMA * 

0.22: DWS 
4 

Fluoride (F) -  
Overall site classification (from PAI table) B/C (80.6%) 

 

EWR site:

Assegaai 
River, AS1

* Data of July 

2016-Feb 2017 
seems 

problematic and 

inconsistent with 

other and 
historical data 

sources. Data 

from March 2017 

to February 2022 
used for the PES. 

-: no data

METRIC RATING 

pH

1.00

Salts

0.00

Nut rient s

2.50

W ater Temperature

1.00

W ater clarity

1.00

Oxygen

1.00
Toxics

2.00

PC MODIFICATION RATING WITH THRESHOLD APPLIED 

( MAX) 1.33

CALCULATED PC MODIFICATION RATING WITHOUT 

THRESHOLD AND WITH DEFAULT WEIGHTS 1.33

CALCULATED P- C RATING WITHOUT THRESHOLD AND  

BASED ON ADJUSTED WEIGHTS 1.32

FINAL PC MODIFICATION RATING 1.36

P-C CATEGORY % P-C CATEGORY

80.6 B/C

Upstream influences are 
Heyshope Dam, 

irrigation, afforestation 

and domestic water use. 
Commercial and 

subsistence agriculture 

takes place in the 

catchment around the 
Heyshope Dam with 

limited coal mining 

(DWAF, 2004). Piet Retief 

is located well upstream 
of the site, with an outlet 

from the Piet Retief and 

Uthiza WWTWs into the 

Ndhlozane tributary (in 
W51F) of the Assegaai 

Riv er. Main water quality 

impactors are therefore 
in the lower reaches and 

the road network. Note 

that sediments are 

trapped in Heyshope 
Dam, resulting in the lack 

of fines at the boulder-

dominated site.

13 14 15
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RESULTS: EWR AS1 - ECOSPECS AND TPCs
TPCEcoSpecsWater  quality metr ics

Inorganic salts (* )

The 95th percentile of the data is 13-16 mg/L.The 95th percentile of the data must be ≤ 16 mg/L.MgSO4

The 95th percentile of the data is 16-20 mg/L.The 95th percentile of the data must be ≤ 20 mg/L.Na2SO4

The 95th percentile of the data is 12-15 mg/L.The 95th percentile of the data must be ≤ 15 mg/L.MgCl2

The 95th percentile of the data is 17-21 mg/L.The 95th percentile of the data must be ≤ 21 mg/L.CaCl2

The 95th percentile of the data is 36-45 mg/L.The 95th percentile of the data must be ≤ 45 mg/L.NaCl

The 95th percentile of the data is 280–351 mg/L.The 95th percentile of the data must be ≤ 351 mg/L.CaSO4

Physical var iables

The 95th percentile of the data is 24-30 mS/m.The 95th percentile of the data must be ≤ 30 mS/m.Electr ical Conductivity

The 5th percentile of the data is < 6.7 and > 7.8, and the 95th

percentile is < 6.7 and > 8.6.

The 5th percentile of the data must range from 6.5 to 8.0, and the 

95th percentile from 6.5 to 8.8.
pH

Some temperature sensitive species at lower abundance and 

frequency of occurrence than expected for  reference.
Largely natural temperature range is expected.Temperature

The 5th percentile of the data is ≤ 7.2 mg/L. The 5th percentile of the data must be > 7.0 mg/L. Dissolved oxygen

Maintain within current range (median: 14.0 NTU). Small changes expected.Turbidity

Nutr ients

The 50th percentile of the data is 0.6–0.7 mg/LThe 50th percentile of the data must be ≤ 0.7 mg/L.
Total Inorganic Nitrogen 

(TIN-N)

The 50th percentile of the data is 0.06–0.075 mg/L.The 50th percentile of the data must be ≤ 0.075 mg/L.PO4-P

Response var iables (# )

The 50th percentile of the data is 16–20 μg/LThe 50th percentile of the data must be ≤ 20 mg/L.Chl-a phytoplankt on

The 50th percentile of the data is 17–21 mg/m2The 50th percentile of the data must be ≤ 21 mg/m2Chl-a periphyton

Toxics

The 95th percentile of the data is 0.018–0.22 mg/L
The 95th percentile of the data must be 

≤ 0. 22 mg/L
Ammonia (NH3-N)

An impact is expected if the 95th percentile of the data exceeds the 

A category range in DWAF (2008), or  the Target Water  Quality 

Range (TWQR) as stated in DWAF (1996a).

The 95th percentile of the data must be within the A (or  0) category 

in DWAF (2008), or  within the Acute Effects Value (AEV) as stated 

in DWAF (1996a) for  those var iables not in DWAF (2008).

Other var iables (#)

(*) I nor ganic salts onl y to be genera ted whe n the TPC for Elec trical Conductiv ity is excee ded or salt

pollution is expected, should a tool for generating salts be av ailable.

(#) Low confidence. EcoSpec and TPC boundaries may need adj usting as data becomes av ailable.

HIGH PRIORITY WQ SITES
- set for the RU; highlighting 

priority areas

EXAMPLE: 

RU W51-1: STREAMS UPSTREAM HEYSHOPE DAM

Numerical RQONarrative RQO

95th percentile of the data must be less than 15 mS/m (Eskom wq

requirements; Heyshope Dam: driver).
Ensure that salts stay within Ideal limits.

50th percentile of the data must be less than 0.015 mg/L PO4-P 

(Aquatic ecosystems: driver).
Ensure that nutrient levels are within Acceptable limits.

95th percentile of the data must be within the TWQR for toxics. 

Numerical limits can be found in DWAF (1996a) and DWAF (2008).
Ensure that toxics are within Ideal limits or A categories.

Source: No detailed water quality assessment conducted. PESEIS data

(DWS, 2014) and literature sources (e.g. DWS, 2020; DWAF, 1996a–e; data

sources e.g. NCMPdata) were used.

Model: N/A

Users: Settlements; WWTWs; mining.

Water quality issues: Toxics, nutrients, salts, E.coli / faecal coliforms.

Potential Health Risk

Water use attribute HighMediumLow

Faecal coliform or E.coli counts/100 ml

> 101-100
Drinking untreated water

> 20 0002 000 – 20 000< 2 000
Drinking water after 

limited treatment *

> 2 000600 – 2 000< 600Full or partial contact

> 4 0001 000 – 4 000< 1 000
Irrigation of crops to be 

eaten raw

 Ecology is the main “user” at stretches containing EWR sites. 

Remember Chapter 3, NWA: 

 Information on other users was “checked” at these river 
stretches.

 Driving user at sites = often ecological protection. Suitable if wq 
data is linked to the maintenance or reaching of a particular 

water quality category, which is part of a specific EC, catchment 

configuration and Water Resource Class.

 RQOs for driving variables set accordingly.

GENERAL NOTES

SUSTAINABLE UTILISATION = LONG-TERM BALANCE 
BETWEEN USE AND PROTECTION OF WATER 

RESOURCES

19 20 21
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