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Over the past 30 years, LAR Process Analysers AG has established itself as a global 

market leader in the development of high quality on-line water analysers. Since its 

foundation in 1986, the Berlin-based company has developed, manufactured and 

implemented worldwide innovative customer-specific on-line measurement systems for 

the determination of parameters such as TOC, TP, TNb, COD, BOD and Toxicity. 

LAR AG, is an ISO 9001:2008 certified company that offers a broad portfolio of 

specifically designed products used in numerous applications, such as optimisation of 

industrial and municipal wastewater treatment plants, in environmental monitoring of 

surface and ground water, as well as in process control applications for various industry 

sectors. The most relevant industry sectors include the petrochemical and chemical 

industries, as well as paper and pulp, cellulose and food production, to mention just a 

few. The services offered by LAR AG are based on numerous patented measurement 

techniques and components that underline the diverse applicability, accuracy and 

quality of these innovative LAR products. 

South African distributor – Analysers On-Line (AOL), Germiston 

LAR AG works with over 50 international partners and service hubs worldwide. This 

ensures rapid response and the highest availability of instruments. LAR AG has worked 

successfully with Analysers On-Line (AOL) in South Africa for over 6 years. Within 

the scope of the MOSA (Middle Olifants South Africa) project, AOL took over 

technical support and maintenance of the Mobile Monitoring Station as well as actively 

supported LAR AG in terms of selecting suitable measurement points during the 

monitoring periods. 

2.3.1 Objective 

Within the scope of the MOSA project, LAR AG designed and equipped an 

independently operating Mobile Monitoring Station (Figure 2.3-1) as a Mobile 

Laboratory for on-site monitoring of the water quality. A total of nine measurement 

campaigns have been completed. 

The quick and easy set-up time of the Mobile Monitoring Station allows the Mobile 

Laboratory to be ready for operation quickly. The measurement data obtained during the 

measurement campaigns was transmitted directly, with the use of a specially 

constructed data transfer system, to a server where the data was made available to all 

project partners and local authorities. This stand-alone Mobile Station is specifically 

adapted to the local conditions in South Africa. The Mobile Laboratory was equipped 

with numerous measuring instruments for monitoring and recording various parameters. 

Fast and reliable data was obtained and transmitted in real time. The Mobile Monitoring 

Station has proven itself in the measurement campaigns throughout the project.  
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Figure 2.3-1: The Mobile Monitoring Station on-site 

The Olifants River is one of South Africa’s most important rivers; therefore pollution 

levels in this river should be monitored continuously. Earlier studies have identified 

sources of pollution in this catchment area, including its many tributaries. 

Continuous monitoring of the water quality of the Olifants River is of utmost 

importance (de Villiers & Mkwelo 2009). Central laboratory analyses are only of 

limited use. Water is a fluid resource therefore the results obtained days or weeks after 

sampling is already too late for proactive action to be taken at times when pollution or 

spillages are detected. With on-line monitoring solutions, the chain of custody of the 

sample stays intact, which is not always the case with manual sampling. The aim of the 

Mobile Monitoring Station is to report fast, accurate and reliable results, enabling end 

users, authorities and interested parties to take proactive action if and when necessary. It 

is also important to analyse the impacts of household, agriculture and industrial 

wastewater on the Olifants River system. 

As part of the MOSA project, the Mobile Monitoring Station has been used at various 

measurement points – even difficult to access areas. The extensive measurement data, 

including the relevant parameters for determining water quality, as well as weather 

conditions, were made directly available to all the parties involved by means of the data 

transfer system. 

The objective of this Mobile Monitoring Station was to support and improve the 

existing monitoring systems already in place. The Mobile Monitoring Station directly 

enables inspection and monitoring of various discharges from households and industries 

in the area. This means that not only can sources of pollution be identified quickly, but 

direct measures for improving water quality can be initiated in good time. 

Measurement campaigns were conducted in cooperation with the local environmental 

authorities, project partners (for example process optimisation of sewage treatment 

plants) and those responsible for measuring stations. The Mobile Monitoring Station 

was tested with regard to reliable functionality, fields of application, costs and 

practicality.  
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2.3.2 Research Design and Activities 

The Mobile Monitoring Station was developed by LAR AG specifically for the MOSA 

project and adapted to local conditions (Figure 2.3-2). The Mobile Monitoring Station 

dimensions of 3 m in length, 2 m in width and 2 m in height and a total weight of 

around 2 tons (fully equipped) was used for mobile water quality measurement in the 

Middle Olifants catchment area. 

 

 

Figure 2.3-2: Technical drawing of the Mobile Monitoring Station  
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The Mobile Monitoring Station was equipped with the relevant analyser systems which 

can be used to determine the essential water quality parameters and weather data. This 

Monitoring Station unifies an on-line measurement station with a laboratory for local 

individual measurements. 

In on-line mode the water sample is continuously pumped to the Mobile Monitoring 

Station (24/7) using a hydraulic system adapted to the situation of the sampling point, 

where it is analysed and evaluated. This guarantees constant and reliable measurement 

values over a prolonged period. 

In off-line mode, manual sampling takes place at a measurement point close to the 

Mobile Laboratory. The samples are transported to the Mobile Laboratory under 

controlled conditions and then analysed. 

Table 2.3-1 below shows an overview of the parameters which can be analysed with the 

Mobile Monitoring Station and the relevant analysis techniques used. 

1) Determination of TOC, COD, TNb 

In the ultra-high temperature method “QuickTOC
®
” used, the samples can be measured 

in on-line and in off-line mode. The sample is reliably analysed at 1,200°C for the most 

important water analysis parameters. Total Organic Carbon (TOC) and Total Nitrogen 

bound (TNb), also the Chemical Oxygen Demand (COD) by correlation is determined 

with this analytical instrument. This system can accurately measure the most difficult 

samples including samples with particles. The high temperature method, the key 

components of which are patented, delivers results within a few minutes and has been 

proven to be successful in practice. 

2) Toxicity 

The patented on-line toxicity analyser “NitriTox
®” 

is suitable for both on-line as well as 

off-line modes and evaluates results within a few minutes. Nitrifying bacteria are used 

to determine the toxic effect of pollutants on these organisms. The test organisms are 

cultivated continuously in the analyser and are thus available for analyses at any time. 

3) Individual substance measurements using ISE 

Ion-selective electrodes (ISE) with standard addition technique are used to determine 

the relevant individual substance. Determination of ammonium (NH4) alongside sodium 

(Na), potassium (K), cadmium (Cd), fluoride (F), chloride (Cl) and nitrate (NO3). This 

procedure can be carried out in on-line and off-line mode. 

4) Individual substance measurements using a photometer 

In this technique, substances are determined using a light absorption measurement 

technique. In selected samples, compounds/elements such as sulphate (SO4), phosphate 

(PO4), nitrite (NO2), nitrate (NO3), total nitrogen (TNb), total phosphorus (TP), iron (Fe) 

and aluminium (Al) are detected photometrically. This procedure can only be carried 

out in off-line mode. 

5) Electrode unit 

A unit consisting of three special electrodes continuously monitors the pH, conductivity 

and redox potential of the sample in the sampling system. These electrodes are suitable 

both for on-line and off-line operation. 
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6) Sampling system 

Sampling is of major importance for correctly determining the measurement values. The 

sample to be measured is fed tangentially into the sample submission system of the 

Mobile Monitoring Station and the excess sample flows away via the free drain. The 

special delivery of the sample keeps it homogeneous in the submission system and 

severe contamination within the container is avoided. Given high particle loads, the 

system is especially used in on-line operation. Control samples can also be taken via a 

relay-controlled sampling system and conserved for off-line mode measurement. In the 

case of conspicuous measurement results in on-line mode, the system can also be 

directly controlled by the analyser. 

7) Climatic parameters 

A weather station continuously records the important weather parameters during 

operation, such as temperature, wind conditions, humidity, air pressure and 

precipitation. The weather station is installed on the roof of the Mobile Monitoring 

Station. The weather data can be viewed directly from a display inside and it is also 

made available via the data transfer system with the relevant time-dependent analysis 

results. 

8) Data collection and data transfer system 

The measurement results from the analysis systems are made available directly to the 

local authorities and project partners via the internet for further processing and 

evaluation. 

Table 2.3-1:  Overview of the parameters and techniques available in the Mobile Monitoring 

Station. 

Measurement techniques Parameters Operating mode 

1. Ultra-high temperature 

oxidation (HTO) 

TOC, TC, TIC, COD, TNb On-line and off-line 

2. Nitrificants toximeter Toxicity On-line and off-line 

3. Ion-selective electrodes (ISE) 

with standard addition 

NH4, NO3, Na, K, Cd, Cl, F On-line and off-line 

4. Photometer SO4, PO4, NO2, NO3, TNb, 

TP, Fe, Al 

Off-line 

5. Electrode unit pH, conductivity, redox 

potential 

On-line and off-line 

6. Weather station Temperature, wind, 

humidity, air pressure, 

precipitation 

On-line 
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Only one person is required on-site for running the Mobile Monitoring Station, whereby 

the Monitoring Station can work fully independently for up to one week after 

installation. The use of the Mobile Monitoring Station allows parallel monitoring of 

several measurement stations and measurement points from another region, because 

short transportation routes can minimise composition changes of the samples. This 

ensures that samples are analysed quickly and reliably. 

Direct connection of the analysis systems to a measurement point also allows analyses 

over a prolonged period (24/7) in order to identify any temporary loads (specific to the 

time of day). Furthermore, the analysis techniques applied cause no additional 

environmental contamination, as no chemicals are used. Within the scope of quality 

assurance measures, the retained and random samples collected in the automatic 

sampling system can be analysed and possibly verified with other lab methods. All 

measurement data are made available via the data transfer system. A summary of the 

advantages and uses of the Mobile Monitoring Station is shown in Fig. 2.3-3. 

 

Figure 2.3-3: Advantages and uses of the Mobile Monitoring Station 
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The measurement results obtained from individual measurement points for each 

measurement campaign are compared with earlier studies and measurement results from 

the DWS (Department of Water and Sanitation), University of Stellenbosch and the 

CSIR (Council for Scientific and Industrial Research) (e.g. Dabrowski et al. 2013). 

Following a successful functional test conducted by LAR AG and AOL in the spring of 

2013, the Mobile Monitoring Station went into operation for on-site monitoring. 

2.3.2.1 Practical optimisation of the Mobile Monitoring Station 

During the research project, continuous optimisation of the Mobile Monitoring Station 

is undertaken in close cooperation with AOL, especially with regard to the adaptations 

to the local circumstances and the improved functionality of the systems. 

One of the biggest challenges for the measurement points and measurement stations of 

the respective measurement campaigns, besides the local vegetation, was South Africa’s 

impressive wildlife. This includes a wealth of mammals and reptiles and especially near 

water it was important to not only safeguard the reliable operation of the Mobile 

Monitoring Station, but moreover the safety of the employees on-site. 

During the very first on-line measurements in river water it transpired that e.g. 

crocodiles could bite into or remove the floating board holding the sampling pump 

(Figures 2.3-4 and 2.3-5). The board and pump had to be protected from predators to 

ensure trouble-free operation.  
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Figure 2.3-4: Challenges regarding the sampling points 

 (Young crocodile on floating board, measurement campaign 1) – I 

 

Figure 2.3-5: Challenges regarding the sampling points 

 (Measurement campaign 1) – II  
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Furthermore, in the measurement campaigns in Kruger National Park the sampling at 

the different measurement points took place in the presence of the local park rangers 

(Figure 2.3-6) due to individuals not being allowed to leave their vehicles in the Park. 

 

Figure 2.3-6: Challenges regarding the sampling points (Kruger National Park) 

 (Source: E. Riddell/SANParks) 

The practical experience gained during the first measurement campaigns with regard to 

the improved functionality of the systems revealed that an uninterrupted power supply 

is not guaranteed in South Africa. However, this is essential for reliable operation and 

above all to prevent any damage to equipment and to avoid failures. For this reason, two 

uninterrupted power supply systems (UPS system) were installed in the Mobile 

Monitoring Station (Figure 2.3-7). These now successfully protect all the on-line 

analysers in the Mobile Monitoring Station. 

Installation of an effective and cost-saving air conditioning unit also ensures trouble-

free operation of the measurement station at high outside temperatures. Whenever there 

was no guaranteed power supply at the individual sites, a “canvas skeleton” was also 

installed at the Mobile Monitoring Station to ensure the specified environmental 

conditions. This offers improved protection, especially under extreme weather 

conditions such as rain and storms and against direct sunlight. The “canvas skeleton” 

also offers additional working space for the technicians on site (Figure 2.3-8). 

Installation of a refrigerator enabled longer storage of the samples collected (standard 

conservation), as the sample contents can change at high temperatures. Furthermore, 

following practical experience and insights into their functionality, components such as 

the electrode unit and the data transfer system (Figure 2.3-9) were optimised in the 

Mobile Monitoring Station in October 2014. 
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Figure 2.3-7: UPS system 

 

Figure 2.3-8: Canvas skeleton 
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Figure 2.3-9: Data transfer system 

2.3.2.2 Measurement campaigns and measurement points 

Nine measurement campaigns (Tab 2.3-2) lasting two weeks on average were 

successfully performed using the Mobile Monitoring Station over the duration of the 

project between 2013 and 2015. Among these campaigns there were two partner 

measurement campaigns with the project partner REMONDIS (see Chapter 2.6) in 

which the samples were made available by REMONDIS in March and November 2015 

and measured in the Mobile Laboratory. A further partner measurement campaign was 

undertaken in cooperation with HUBER (see Chapter 2.7). 

The Mobile Monitoring Station was based at the AOL office in Germiston for 

maintenance work and in the period between the measurement campaigns. Figure 

2.3-10 shows the individual sites of the measurement campaigns. 
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Table 2.3-2:  Measurement campaigns 2013–2015 

Measurement campaigns 2013–2015 

1 Kubu Kwena, 09–11/2013 

2 Loskop Dam, in cooperation with HUBER, 03–04/2014 

3 Burgersfort/Steelpoort, 08–09/2014 

4 Kruger National Park/Skukuza Camp, 10/2014 

5 AOL/Germiston, REMONDIS measurement campaign, 03/2015* 

6 Kruger National Park/Phalaborwa, 05/2015 (autumn in South Africa) 

7 Marble Hall, 08/2015 

8 Kruger National Park/Phalaborwa, 10/2015 (spring in South Africa) 

9 AOL/Germiston, REMONDIS measurement campaign, 11/2015* 

* Samples to be measured were provided by REMONDIS 

 

 
Figure 2.3-10: Sites of the measurement campaigns 

The individual measurement campaigns are briefly described as follows. The detailed 

measurement results are available upon request. 
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2.3.2.2.1 Measurement campaign 1 – Kubu Kwena, September–November 2013 

The first measurement campaign took place between September and November 2013. 

The measurement points were located in the regions of Kubu Kwena Lodge, Riverside 

Lodge, De Villa Lodge, Forever Resorts Loskop Dam and in Pretoria (see Figure 

2.3-10). Together with the South African partner AOL, the first measurement point 

“Kubu Kwena” (Figure 2.3-11) was selected, taking the necessary security and 

infrastructure into consideration. This was located on the banks of the Olifants River in 

Loskop Valley between the towns of Groblersdal (around 17 km) and Marble Hall 

(around 10 km), roughly 5 km away from the mouth of the Olifants tributary Moses 

River. 

The regions around Kubu Kwena and Riverside Lodge are largely agricultural and the 

catchment upstream Loskop Dam is dominated by coal mining. 

 

Figure 2.3-11: Site of the Mobile Monitoring Station in measurement campaign 1 

(09–11/2013) – Kubu Kwena Lodge and Loskop Dam 

The findings from the first measurement campaign with the Mobile Monitoring Station 

were good in terms of functionality and operation of the analysis systems. 

During transportation, all systems were adequately secured so that all the instruments in 

the Mobile Monitoring Station were ready for use almost immediately. The sampling 

system, however had to be modified. The existing piping system was converted to work 

well in practice, unfavourable water pressure conditions were eliminated and 

mechanical pump protection was installed. Due to the unstable internet connection, the 

data obtained was buffered locally in accordance with the concept and, once the internet 

connection was in place, was successfully uploaded to the external server. 
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As compared with earlier campaigns, the measurement results from the Mobile 

Monitoring Station showed an improvement in water quality in this part of the 

catchment area in the middle Olifants River. There were neither any transgressions of 

limits nor other abnormalities ascertained in the parameters under investigation. 

The promotional effect of this new measurement technology and of the MOSA project 

was extremely positive. Implementation of this measurement campaign has awakened 

great interest, especially among resident farmers. 

A further insight gained from the first measurement campaign and consultation with 

authorities and AOL was that the Mobile Monitoring Station in South Africa should not 

be located in unprotected areas. Emergency generators are very much sought after in 

South Africa. For this reason, a CCTV camera was also installed to monitor the Mobile 

Monitoring Station. In view of these considerations, the further sites for measurement 

campaigns were chosen in safe environments. 

2.3.2.2.2 Measurement campaign 2 – Loskop Dam, in cooperation with HUBER, 

March/April 2014 

The second measurement campaign conducted with the Mobile Monitoring Station took 

place in the period between 18 and 31 March 2014 in the Loskop Dam area, whereby 

the De Villa Holiday Resort and Riverside Lodge measurement points from the first 

measurement campaign were also included (see Figure 2.3-10). 

This measurement campaign was implemented in cooperation with the project partner 

HUBER. As part of the MOSA project, HUBER installed a pilot plant with membrane 

bioreactors (Vacuum Rotation Membrane, VRM) at the sewage treatment plant at the 

Forever Resort. The Mobile Monitoring Station was also deployed to monitor the inlet 

and outlet of the pilot plant (Figure 2.3-12). The measurement station was set up some 

distance away from the sampling point, as heavy rainfall had made using the river banks 

impossible and a site closer to the sampling point could not be secured. The Mobile 

Monitoring Station was set up at the sewage treatment plant next to the HUBER VRM, 

which is why no on-line measurements could be performed. Instead, water samples 

were taken daily from the inlet and outlet of the pilot plant. 
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Figure 2.3-12: Site of the Mobile Monitoring Station in measurement campaign 2 (2014) 

Loskop Dam 

In addition to proximity to the pilot plant to be monitored, this installation site also 

offered the possibility of measuring and comparing samples from other measuring 

points which had already been sampled during the first measurement campaign. This 

included the measurement points at Loskop Dam, De Villa Holiday Resort and 

Riverside Lodge. Both the infrastructure and security-relevant conditions were met. 

Deployment of the Mobile Monitoring Station proceeded without problems. The 

measurement data of the analysers and analysis units were provided to HUBER. 

The measurement results from monitoring the inlet and outlet of the HUBER pilot plant 

have to be interpreted by HUBER in their entirety. However, as expected, there was a 

particularly high ammonia content compared with the other measurement stations and 

measurement points. A similar trend is also to be observed to a minor extent for other 

measurement parameters. 
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The recommended pH value < 8 for Class 1 (CSIR/DWS) was exceeded at the 

measurement points Loskop Dam, Damwall, Game Reserve, De Villa and Riverside 

Lodge (Table 2.3-3). 

The results from the measuring stations and measurement points Loskop Dam, De Villa 

Resort and Riverside Lodge are comparable with most of the parameters measured in 

the previous reporting period. This was surprising insofar as higher values were 

expected after the preliminary talks with the DWS. Due to the heavy rainfall before the 

measurement campaign, it may be assumed that the measurement results from Loskop 

Dam show a dilution effect, so that the original high concentrations were not 

measurable. None of the samples showed any toxicity and there were no other essential 

irregularities either. 

The results of the daily drinking water sample are comparable with the results of the 

river samples. 

Table 2.3-3:  Violation of the Class 1 pH value limit for the second measurement campaign 

(March 2014) 

Regions pH 

Drinking Water Forever Resort 7.1–7.3 

Loskop Dam 7.3–8.8 

Damwall 8.4–9.0 

Game Reserve 8.7–9.1 

De Villa 8.1–8.8 

De Villa 2 8.4 

Riverside Lodge 7.8–8.4 

Groblersdal 1 7.86 

Groblersdal 2 7.77 

Class 1 < 8 
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2.3.2.2.3 Measurement campaign 3 – Burgersfort/Steelpoort, August–September 

2014 

The second measurement campaign in 2014 and the third campaign overall during the 

project was undertaken between 21 August and 3 September 2014. Samples were taken 

and measured at several measurement points in the Burgersfort/Steelpoort region. There 

are many mines and melting plants in the Steelpoort region that may cause anomalies in 

Steelpoort River. Burgersfort is rich in platinum, so platinum and other platinum-related 

metals may also occur in the rivers. 

The towns of Burgersfort and Steelpoort lie on Steelpoort River, a tributary of Olifants 

River. Burgersfort lies approximately 340 km east of Johannesburg towards Kruger 

National Park and around 177 km away from Middleburg. Steelpoort and Burgersfort 

are approximately 30 km apart. Steelpoort is a mining town located in South Africa’s 

Limpopo Province, bordering on Mpumalanga Province (see Figure 2.3-10). 

The water quality of the Steelpoort River is of great importance as it is the main 

tributary of the Olifants River. After establishing contact with the local administration 

of the Steelpoort and Burgersfort region, secure accommodation of the Mobile 

Monitoring Station was agreed upon with the manager of the Tubatse water treatment 

plant, Mr Tshiamo Kwati. 

The Mobile Monitoring Station therefore stood on the site of the Tubatse water 

treatment plant during the Burgerfort/Steelpoort campaign (Figure 2.3-13). Samples 

were taken here and measured on a daily basis at various measurement points on the 

site. In addition, the inlet to the Tubatse water treatment plant, i.e. the Spekboom River, 

was monitored in on-line mode during the night. In the daytime, measurement took 

place alternately off-line and on-line at the site’s measuring points and samples from the 

environment were also taken. 

Furthermore, further samples and random samples were taken on a daily basis in the 

environment and measured. Over several days, a total of approximately 160 km was 

covered and numerous samples were collected and analysed between Ohrigstad and 

Hoedspruit in the Manoutsa Caravan Park, one sample from Hoduopong River, as well 

as the Steelpoort and Tubatse sewage treatment plants. 

In this measurement campaign the sample taken from the inlet to the Tubatse water 

treatment plant (Spekboom River) on 29 August 2014 showed a raised iron value as 

compared with Class 2. Furthermore, elevated pH values were measured at almost all 

measurement points. They transgressed the recommended pH value < 8 for Class 1. 

Toxicity monitoring of both the Steelpoort and the Tubatse sewage treatment plants 

showed highly elevated toxicity values, especially in the inlet, but also to some extent in 

the outlet (Table 2.3-4). The greatly increased toxicity values from the inlet possibly 

arise due to the metals from the platinum industry present in the river. In case of the 

high toxicity values from the inlet, it was assumed that the sludge bed of the plant was 

flooded. 
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Figure 2.3-13: Site of the Mobile Monitoring Station in measurement campaign 3 (2014) 

– Tubatse water treatment plant (Burgersfort) 

 

  



MOSA – Phase II Summary Report 

Table 2.3-4: Conspicuous pH values and toxicity values in the Burgersfort/Steelpoort 

measurement campaign 

Measurement stations and 

measurement points 

Measured parameters 

pH Toxicity [%] 

Tubatse 

water 

treatment 

plant 

Inlet (Spekboom River) 8.18–8.39 0 

After flocculation 8.12–8.41 0 

Outlet from the “old” 

plant 

7.96–8.26 0 

Outlet from the “new” 

plant 

8.23–8.30 0 

Drinking water 7.66–8.12 – 

 

Steelpoort River 8.29–8.53 0 

Olifants River 8.61–8.69 0 

Hodoupong to Moopetsi 

River 

8.78 0 

Steelpoort 

wastewater 

treatment 

plant 

Inlet 7.6–7.95 89–100 

Outlet 7.81–7.98 0–100 

Tubatse 

wastewater  

treatment 

plant 

Inlet 7.80–8.47 35–100 

Outlet 7.61–7.97 0–50 

 Class 1 <8 – 

 

2.3.2.2.4 Measurement campaign 4 – Kruger National Park/Skukuza Camp, 

October 2014 

The fourth measurement campaign of the MOSA project was conducted in the Skukuza 

Camp in Kruger National Park (SANParks) from 21 to 25 October 2014. Kruger 

National Park (KNP) is South Africa’s biggest game reserve. The park located in the 

north-east of South Africa (Limpopo Province) covers an area of approximately 

20,000 km². The Olifants River supplies the park with water (see Figure 2.3-10). 

With the active support of the Manager for Water Resources, Dr. Eddie Riddell, it was 

possible to place the Mobile Monitoring Station in the Nature Conservation Service 
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Camp (N’Waswitshaka) close to the Skukuza main camp. During this measurement 

campaign, samples were measured from the Skukuza sewage treatment plant and 

besides the Olifants River further rivers in the KNP catchment area, including the Sabie 

and Selati rivers. These samples were collected and made available by the park 

employees. 

All samples were measured in off-line mode during this campaign, as the Mobile 

Monitoring Station could not be installed locally at the measurement stations for 

security reasons. On the advice of the park management, the Mobile Monitoring Station 

was not set up in the park, but in the camp instead. This not only ensures protection of 

the staff and the Mobile Monitoring Station, but also fast routes between the sampling 

point and the station, so the use of the Mobile Monitoring Station offers a significant 

advantage over environmental laboratories outside the park. The samples from the 

HUBER membrane pilot sewage treatment plant were also measured in the Mobile 

Monitoring Station. 

In addition, a delegation from the BMBF (German Federal Ministry of Education and 

Research) and project partners visited the Mobile Monitoring Station on-site on 

24 October 2014 and a practical demonstration of the Mobile Monitoring Station was 

undertaken (Figure 2.3-14). 

 

Figure 2.3-14: Nature Conservation Service Camp, October 2014 –  

Visit from the BMBF delegation 

Samples from the Olifants River at the Mamba measurement station and samples from 

the Selati River showed relatively high phosphate values. The sample from the inlet of 

the Skukuza sewage treatment plant showed abnormally high pH values of up to 11.4 

(Table 2.3-5). 

The measurement results from monitoring the inlet and outlet of the HUBER pilot plant 

have to be interpreted by HUBER in their entirety. Nonetheless, there was good 

comparability with the measurement results during measurement campaign 2 at Loskop 

Dam in March/April 2014.  
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Table 2.3-5: Conspicuous pH values and phosphate values in the Skukuza measurement 

campaign (excerpt) 

Measurement stations and measurement 

points 

Measured parameters 

pH Phosphate [mg/l] 

Skukuza sewage 

treatment plant 

Inlet 11.1–11.4 0.84–1.05 

Last step 8.15–8.67 5.61–6.5 

Outlet 6.67–7.83 6.82–8.69 

Skukuza Camp 

Drinking water No data 0.009–0.012 

Sabie River 9.12 0.045 

Olifants River 

Upstream of the 

confluence 

9.22 0.29 

Downstream from the 

confluence 

7.48 3.72 

Mamba 7.16 8.77 

Selati River 

At the railway bridge 7.15 3.63 

Upstream of the 

confluence 

5.82 16.3 

 Class 1 <8 No data 

 

2.3.2.2.5 Measurement campaign 6 – Kruger National Park/Phalaborwa,  

May 2015 

Following the successful first measurement campaign with KNP/SANParks, two further 

measurement campaigns were agreed with the Manager of Water Resources of the 

KNP, Dr Eddie Riddell. This was particularly intended to record and illustrate the 

effects of the different seasons, the dry season (autumn in South Africa) as compared 

with the wet season (spring in South Africa). 

The first of these two campaigns was conducted in the period 3–15 May 2015 with the 

site at the SAEON (South African Environmental Observation Network) centre in 
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Phalaborwa. The Phalaborwa entrance to the KNP is approximately 500 km east of 

Johannesburg. 

Numerous samples from the Olifants and Selati Rivers were taken at various 

measurement points. In addition, samples were taken from the sewage treatment plants 

at Olifants Camp, as well as Namakgale and Phalaborwa. The samples were collected in 

the period from 6 to 11 May and all measurements were undertaken in off-line mode at 

the SAEON centre site (Figure 2.3-15). 

The water management days (training and demonstration), to which school classes and 

universities were invited, was organised by IEEM gGmbH within the scope of this 

measurement campaign. Furthermore, a workshop on the topic of improving water 

resources was held on 14 and 15 May and was attended by a broad specialist audience. 

 

Figure 2.3-15: Site of the Mobile Monitoring Station at the SAEON centre 

– Phalaborwa May measurement campaign 

The samples from this measurement campaign were measured and revealed elevated 

concentrations of iron, phosphate, sulphate and increased pH values. With 10.3 mg/l 

especially the iron concentrations were very pronounced as compared with the Class 1 

limit value of <0.2 mg/l. The phosphate values, some of which were >2 mg/l, were well 

above the average of the measured samples. The limit value of Class 1 for sulphate is 

<400 mg/l, whereby a value of 644 mg/l was measured in a sample at the Namakgale 

sewage treatment plant. 

The vast majority of samples showed a highly elevated pH value (limit value < 8). 
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2.3.2.2.6 Measurement campaign 7 – Marble Hall, August 2015 

The sixth measurement campaign overall took place in the period 18–28 August 2015 in 

the Marble Hall region. The town is around 260 km north-east of Johannesburg. The 

Mobile Monitoring Station was installed at the Lepelle Northern Water Marble Hall 

water treatment plant (Figure 2.3-16), which processes drinking water for the region 

around Marble Hall (see Figure 2.3-10). 

 

Figure 2.3-16: Site of the Mobile Monitoring Station in measurement campaign 7 (2015) 

– Marble Hall 

In the first five days (19–24 Aug.) the canal inlet from Loskop Dam was monitored on-

line, as this represents the inlet of the water treatment plant. Water samples were 

collected in the second week in the region of Loskop Dam Wall, Groblersdal and 

Marble Hall and were subsequently evaluated in the Mobile Monitoring Station in off-

line mode. 
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The results of the on-line measurements of the canal inlet from Loskop Dam showed 

relatively low concentrations of ammonium, COD and TOC. No toxicity was 

ascertained during the day. The results of monitoring during the night showed outliers 

in toxicity monitoring. No reproducibility was verified in these measurements. 

The results of the on-line and off-line measurements of the canal inlet from the Loskop 

Dam are comparable with one another, although they are from different days. 

The samples from the Olifants River in Groblersdal showed high concentrations of 

magnesium, sulphate, nitrate, COD, TOC, conductivity and alkalinity in the form of 

calcium carbonate (CaCO3). The Elands and Moos rivers showed high concentrations of 

phosphate. 

While the outlet from the Lepelle Northern Water Marble Hall water treatment plant has 

a Nitrate concentration of < 0.25 mg/l, it was ascertained that the drinking water 

available in Marble Hall had significantly higher nitrate concentrations of 1.4–2 mg/l. 

The causes for the rising Nitrate load following processing have to be subsequently 

investigated. 

The samples from the local sewage treatment plant (inlet and outlet) that treats 

wastewater from Marble Hall and Groblersdal show high toxicity values. 

2.3.2.2.7 Measurement campaign 8 – Kruger National Park/Phalaborwa, 

October 2015 

Besides the autumn campaign (autumn in South Africa) in May 2015 (measurement 

campaign 6) in Phalaborwa, this campaign was conducted in the dry season 

(20–30 October 2015). Both measurement campaigns were intended to specifically 

investigate the effects of the different seasons.  

The samples were measured off-line in this campaign (Figure 2.3-17). Various 

measurement stations and measurement points were sampled here, including sewage 

treatment plants and rivers. Samples were also collected and made available by KNP 

staff. 

The results from the wastewater of the Olifants Camp sewage treatment plant showed 

elevated concentrations of ammonium, nitrate, phosphate, TOC and COD. The various 

measurement points on the Olifants River also showed higher TOC and COD 

concentrations. 
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Figure 2.3-17: Site of the Mobile Monitoring Station in measurement campaign 8 (2015) 

– Phalaborwa 

2.3.3 Outcome and Impact 

The objectives set for the deployment of the Mobile Monitoring Station / Mobile 

Laboratory were met in the project period 2012–2015. Deployment of the Mobile 

Monitoring Station allowed new and dependable data records to be obtained for selected 

measurement stations and measurement points in the catchment area of the middle 

region of the Olifants River, thus indicating a possible improvement over the existing 

government monitoring system. 

Measurement campaigns were conducted in cooperation with the local environmental 

authorities, project partners, sewage treatment plant operators and water treatment 

plants, as well as KNP, wherein the Mobile Monitoring Station proved to be very 

reliable, versatile in its use, as well as easy to operate and cost-effective. It proved to be 

a very good choice for timely processing of the relevant measurement data with regard 

to water quality of a river system in comparison with a remote environmental 

laboratory. 

Although the measurement stations, measurement points and regions of the 

measurement campaigns were selected on a random basis, the environmental 

authorities, water and sewage treatment plant operators, as well as park administration 

of KNP/SANParks, were able to obtain fast and reliable findings on the river water 

quality and the quality of the water treated in each case respectively. 

The Mobile Monitoring Station was convincing in comparison with external 

laboratories, especially in terms of the very rapid reaction time (Table 2.3-6). The 
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samples are taken on-site and can be promptly measured. The results are automatically 

transmitted and are therefore available for evaluation and further processing within a 

very short time. 

Representative sampling is of particular importance (e.g. Balfour et al. 2011, p. 39). On 

account of the short transportation routes and safe storage, the risk of chemical 

modification of the sample in the use of the Mobile Monitoring Station is minimised. In 

case of irregularities, the measurements of the sample can be repeated a sufficient 

number of times on-site or sent to external laboratories, as necessary. 

In parallel to the analysis of the water sample, all relevant weather parameters are 

recorded and automatically compared directly with the measurement results using the 

data transfer system. Not only the validity of the data obtained, but also the speed as 

compared with external laboratories proved to be very advantageous. 

The rapid availability of the measurement data also allows early detection of any 

possible limit value violations or noticeable changes in water quality and therefore also 

allows countermeasure to be adopted. This reaction time is not possible in collaboration 

with external laboratories. 

Table 2.3-6: Comparison of methods: LAR Mobile Monitoring Station with an external 

laboratory 

 LAR Mobile Monitoring 

Station 

External laboratory 

Representative sample ++ -- 

Repeat measurements ++ 0 

Quick availability of results ++ + 

Relevance of the parameters ++ + 

Rapid adoption of 

countermeasures 

++ -- 

Reference to Table 2.3-5: -- very poor / - poor / 0 neutal / + good / ++ very good 
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2.3.4 Conclusion 

The Mobile Monitoring Station has very much proven its worth in practice and was 

therefore a complete success. Both the selection of the measurement stations and 

measurement points, as well as on-site deployment, proceeded most satisfactorily so 

that at the end of the project further collaborations are strived for on both sides. 

Collaboration with the project coordinators, project partners and stakeholders was 

consistently very good, so that special measurement campaigns like those with the 

project partners HUBER and REMONDIS, and especially with KNP/SANParks, 

proceeded extremely successfully. On the basis of the results, the park administration is 

very interested in a continued in-depth measurement campaign. 

Additionally, within the framework of the local projects already ongoing, cooperation 

with the current main user of the Mobile Monitoring Station – the regulatory authority 

(DWS – Department of Water and Sanitation, Republic of South Africa) – is to be 

expanded in the future to develop a strategy for the Olifants River system. Here there is 

a possibility of regularly sampling previously monitored measurement points e.g. in the 

catchment area and of defining further measuring stations. 

The rapid availability of the extensive measurement data, the easy operation and 

especially the high reliability of measurements offered by the Mobile Monitoring 

Station improve the basis for suitable water resource management measures in the 

catchment area of the Olifants River. 

Based on studies on Olifants River water quality and several reports on animal deaths 

between 2005 and 2011 (e.g. Ashton & Dabrowski 2010, Huchzermeyer et al. 2011) 

further studies can be conducted with the Mobile Monitoring Station to investigate the 

cause of animal death and to ensure continuous control of river water in South Africa. 

After the project the Mobile Monitoring Station will be available for further 

measurement campaigns in South Africa. Authorities, sewage treatment plant and water 

treatment plant operators, as well as other interested parties, can continue to deploy the 

Mobile Monitoring Station to monitor river water in South Africa and to continuously 

improve water quality. The Mobile Monitoring Station/Mobile Laboratory is also 

offered as a training station for the universities in South Africa to give students practical 

experience in monitoring and safeguarding water quality. 
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