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Nanoscience and nanotechnologyNanoscience and nanotechnology

• Nanoscience : The study of the 
fundamental principles of molecules and 
structures with at least on dimension 
roughly between 1 and 100 nm

• Nanotechnology :  The application of 
nanoscience in technology devices

• The prefix “nano ” which is a billionth of a 
meter (10-9) comes from the Greek “Dwarf”



OpportunitiesOpportunities

• Nanotechnology is cross cutting and some 
applications are in:

• Energy (solar, fuel cells)

• Medicine (targeted drug delivery, diagnosis)
• New process (bottom up manufacturing)
• Minerals (especially in SA)

• Many new applications we don’t know as yet
• Water



Risks: Less is known aboutRisks: Less is known about

• Human health effects

• Environmental effects

• Risk research and Governance



Proposed solutions Proposed solutions 

• Need for detailed materials 
characterisation

• Need for realistic exposure scenarios
• Need for methods to track nanomaterials 

in biological experiments
• Need for sensitive detection methods to 

determine dose metrics, and
• Need to identify key indicators of toxicity



Madibogo case studyMadibogo case study
Research site
Community involvement
• Madibogo Batlhaping Primary School



Characteristics of the NorthCharacteristics of the North--west Province:west Province:

• Mostly semi-arid region

• Surface water is scarce
• Mostly rural

• Communities depend on groundwater for 
livelihood

• No prior treatment of groundwater

• Some groundwater sources polluted with NO3
-, 

SO4
2-, Cl-, F-, Mg2+ and Ca2+

• Pollutants are a health risk.





Materials
• Nanomembranes bought from CHC (Cape 

Town, South Africa), a subsidiary of 
Filmtec (USA);

• 3 x NF membranes; NF 90, NF 270, desal-
DL;

• 3 x RO membranes: BW 30, GM, S5;
• Deionized water
• Electrolyte solutions



• Cross-flow reactor



Characterization of nanomebranes
• Dead-end reactor
• Clean water flux
• Retention of electrolyte solutions. 

Nanomembrane filtration of Madibogo 
groundwater.

• Permeation through dead-end reactor;
• Permeation through cross-flow reactor. 



RESULTSRESULTS

Characterization
Clean water flux

Table 1: Water permeability (Aw) for nanomebranes
Membrane Aw (l.m-2.hr-1.bar-1)
Desal-DL 7.41
NF 90 6.64
Nf 270 9.70
BW 30 1.02
GM 1.29
S5 1.75



• Flux range of NF nanomebranes is 6.64-
9.70 (which is within literature range of 
1.4-12);

• Flux range of RO nanomembranes is 1.02-
1.75 (the S5 is out of RO range of 0.05-
1.4);

• Rate of separation is faster in NF 
nanomembranes.



Single salts

Table 2 : Retention of single salts
Membrane Retention (%)

NO3
- Cl- F- SO4

2-

Desal-DL 61 63 61 95

NF 90 54 40 79 94  
NF 270 47 26 67 82

BW 30 84 79 85 99
GM 74 74 71 98

S5 62 40 74 91



• All nanomembranes satisfactorily rejected 
SO4

2-;
• All nanomembranes negatively charged;
• RO nanomembranes (BW 30, GM and S5) 

have higher retentions than NF 
nanomembranes.

• NF nanomembranes (NF 90 and NF 270) 
are not suitable for rejection of Cl- and 
NO3

-.
• Best membrane for retention of pollutants 

is BW 30.



Table 3 : Retention of anion pollutants in Madibogo 
groundwater by nanomembranes. (Dead-end)

Membrane Retention (%)
NO3

- Cl- F- SO4
2-

Desal-DL 22 15 50 80
NF 90 42 17 86 82
NF 270 17 15 49 80

BW 30 76 62 89 97
GM 17 15 86 83

S5 53 23 77 91



• Retention of SO4
2- by all nanomembranes 

is good, particularly RO; 
• Retention of Cl- by all nanomembranes is 

poor, with exception of BW 30 (RO 
nanomembrane);

• Retention of F- by RO nanomembranes is 
good, ranging from 77-89%

• Optimal nanomembrane for rejection of all 
anion pollutants is BW 30.



Cross-flow reactor

Physical water quality
• Physical water quality of groundwater was 

determined in the brine, feed and permeate.
• RO nanomembranes produce the recommended 

compliance conductivity;
• All nanomembranes produced permeate TDS 

which conform to recommended compliance 
limit.



Chemical water quality

• Concentrations of anion pollutants 
determined in feed; 

• Feed permeated through membrane and 
concentrations of anion pollutants 
determined in permeate and brine.

• Retention of anion pollutant 



Table 4 : Rejection of anion pollutants by 
nanomembranes in Madibogo groundwater. 
(Cross-flow)

Membrane Retention (%)
NO3

- Cl- F- SO4
2-

Desal-DL 66 49 52 52
NF 90 78 97 86 88

NF 270 57 40 48 47
BW 30 84 98 88 92

GM 77 96 84 84
S5 67 96 84 84



• Rejection of anion pollutants by RO 
nanomembranes is higher (67-98%) than 
that of NF nanomembranes (40-97%);

• BW 30 (a RO nanomembrane) had the 
highest rejection for all the anion 
pollutants.



Conclusions Conclusions 
• BW 30, a RO nanomembrane, should be used for 

Madibogo groundwater treatment.
• Discussion paper not prescribing to all
• South African case study might be taken as an example 

of community involvement in technology ventures
• This one example of nanotechnology in water 

purification. Nanofiltration, cheap and suits 
developmental conditions

• Some other examples of new nano related technologies 
are still being developed.

• Knowledge sharing is vital to understand risks and to fully 
exploit the opportunities presented by nanoscience
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