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Nanotechnology: Course 101 (Introduction) Nanotechnology: Course 101 (Introduction) 
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The ratio ofThe ratio of one nanometreone nanometre to theto the human headhuman head is equivalent to the is equivalent to the 

diameter ofdiameter of human headhuman head toto the earththe earth’’ss diameter diameter 



Soccer BallSoccer Ball
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1,77 x 10-8 fold

2010 Soccer World Cup:

South Africa!



Nanotechnology applications and products…

But… are we sure we do know what happens when these 
materials and products enter into humans and the 

environment ????

√√√√

X



Nanotechnology Risk Concerns in South AfricaNanotechnology Risk Concerns in South Africa

Web link: http://intraweb.csir.co.za/news/inthenews/2009/TheStar_Nanotech.pdf

Example 1Example 1

•••

Star, February 16, 2009Star, February 16, 2009
• Questions on potential risks were 
explicitly raised by the media 
• Link of CNTs and asbestos health     
effects on lungs were inferred 

• Robots replacing humans and getting 
out of control

• Unethical aspects related to 
nanotechnology were raised 



Nanotechnology Risk Concerns in South AfricaNanotechnology Risk Concerns in South Africa……

•••

Sunday Times, May 25, 2008Sunday Times, May 25, 2008
• CNTs link to health risks similar to 
asbestos suggested
• Current researchers’ findings reported 
in Journal of Nature supports this view 
• Not yet single case of disease has been 
reported associated with CNTs
• Cautionary approach was proposed 
• Risk health effects postulated after the 
products lifespan
• Greatest risk for workers in research 
labs and manufacturing sector were 
raised 

Example 2Example 2



Risk Assessment of NMs in Product Lifecycle Risk Assessment of NMs in Product Lifecycle 

Helland et al., Environ. Sci. Technol., 2008;42(2):640-646



Nanoproducts Inventory Nanoproducts Inventory 
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Dominant nanomaterials in nanoproductsDominant nanomaterials in nanoproducts
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The most dominant nanomaterial(s) in nanoproducts necessitates uThe most dominant nanomaterial(s) in nanoproducts necessitates urgent rgent 

attention in determining their potential risk to human and envirattention in determining their potential risk to human and environmental onmental 

health. In South Africa, that is NOT YET KNOWN. health. In South Africa, that is NOT YET KNOWN. 



Nanoproducts inventoryNanoproducts inventory ……(cont..)(cont..)
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• Risk a function of: hazard (toxicity), and exposure potency 

• Expected hazard (toxicity) owing to constituent NMs ( end-points 
results of Bacillus subtilis, Daphnia magna, Oncorhynchus mykiss, P. 
subsapiata, Micropterus salmoides, etc)

• Likelihood of exposure (normally computed using bioaccumulation 
and biopersistence) – loci of NMs in products/applications is 
currently applied as exposure potency computed suing 
bioaccumulation and persistence is currently unavailable.

Qualitative Risk Assessment of NanowastesQualitative Risk Assessment of Nanowastes



Qualitative Quantification of NMs Toxicity  Qualitative Quantification of NMs Toxicity  

MediumDendrimers
Low Nanoclay particles
Low Silicon nanowires Others

High Cadmium telluride (CdTe)
High Cadmium-selenide (CdSe)Quantum dots 
Low Silica (Si)
High Gold  (Au)
Medium Silver (Ag)Metals

Medium Iron oxide (Fe2O3)
LowSilicon dioxide (SiO2)
Low Yttrium iron oxide (Y3Fe5O12)
Medium Aluminium oxide (Al2O3)
Low Titanium oxide (TiO2)
Medium Zinc oxide (ZnO)Metal oxides

High Multi-walled carbon nanotubes (MWCNT)
HighSingled-walled carbon nanotubes (SWCNT)
High Fullerenes Carbon based 

Hazard (toxicity)1ExamplesNMs type

1 Classification based on Globally Harmonized System (GHS, 2003; Silk, 2003) 

aquatic toxicity can be expressed in five classes namely; extremely toxic (<0.1 

mg/l); very toxic (0.1-1 mg/l); toxic (1-10 mg/l); harmful (10-100 mg/l); and 

none toxic (>100 mg/l) which were reduced into the three classes (high, 

medium and low).



Loci of NMs in Products/ApplicationsLoci of NMs in Products/Applications

Bulk-based NMs 

(one or multiphase)

Structured surface, film or

Structured film 

Surface bound

NMs suspended in liquids NMs suspended in solids Airborne/free ENPs

Nanomaterials classification framework (Hansen et al. 2007)

EP: Very low to low EP: Very low to medium EP: Low to high

EP: Highly likely EP: Medium to very high EP: Highly likely

EP: Exposure potential



Nanowastes ClassificationNanowastes Classification



Risk  Profiles Nanowastes Risk  Profiles Nanowastes 

Medium HighMedium Dendrimers 

High HighHighFullerenes

Low HighLow TiO2

Medium High MediumZnO

Sunscreen lotions 

Medium Medium Medium Dendrimers 

High Medium HighFullerenes

Medium Medium MediumZnO
Low Medium Low TiO2

Food/beverages  

Low High Low TiO2

Medium HighMedium Fe2O3

HighHighHigh Fullerenes 
Low HighMedium Ag 

Personal care products 

Low Low High MWCNT

Low Low HighSWCNT  
Low Low MediumAg
Low Low Low SiO2

Sports equipment

Risk at disposal Exposure potency Hazard NMsApplication 



Quantitative Approach: Computer ModelQuantitative Approach: Computer Model

• Exploit computational power to predict or make estimates –
based on best available input data

• Make predictions or estimates of quantities (parameters) 
characterised by:

• High costs of measurement

• Limited technologies for actual environmental measurements 

• Effective initial screening mechanism to elucidate whether actual 
environmental monitoring is justifiable 

• Provide basis for developing a protocol on best representative data 
for measurements

• Explore and create different environmental scenarios that would 
assist in designing and developing mitigating responses



Probable Environmental NMs flows in SA ScenarioProbable Environmental NMs flows in SA Scenario

Production

Cosmetics 

Use

Other NMs applications

Untreated WW

WWTP

Sewage sludge 

Treated WW

Solid waste
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Effluent 

Other soils 

Agricultural soils

LeachateSolid waste landfills

Oceans
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s
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rs 

Sediments
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System boundary NMs flow in cosmetics 

Environmental compartments  NMs flow in cosmetics 

Aquatic environment

WWTP: wastewater treatment plant WW: wastewater 

Terrestrial environment 

A

B
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Quantitative Risk Assessment of NMs in Quantitative Risk Assessment of NMs in 
Environment Environment 

• Computation of the predicted environmental concentrations 
(PEC)

• Determination of predicted no effect concentration (PNEC)

• Risk profile of a given NM pollutant

NMi

NMi

PEC
RQ

PNEC
=

R

RQ: Risk Quotient



Cosmetics in SA: Model assumptionsCosmetics in SA: Model assumptions

• Use of surrogate data exploited. Switzerland (SW) published 
data used

• Economic, social, GDP figures used in computation equations 
to map SW values to SA scenario

• Companies operating in the cosmetic industry are multi-
international – likely to market the same form of products in 
SA as in other parts of the world (concentration of NMs in 
products constant)



Map of JHB: Case StudyMap of JHB: Case Study



Case Study: City of JohannesburgCase Study: City of Johannesburg

Quantities of NM in JHB computed based on the expression: 

1 2 3
JHB

NM NM
SA

GDP
JHB SW cf cf cf

GDP
= • • • •

1
SA

SW

POP
cf

POP
=

2

/ ( )

/ ( )

GDP capita SA
cf

GDP capita SW
=

3cf Market penetration= −

cf: correction factor

:Population ratio of SA to SW

: GDP ratio of SA to SW (0.391) -2007

: 3 scenarios (0.1, 0.25, 0.40)



Computed NMs  Quantities in JHB (total Computed NMs  Quantities in JHB (total nAgnAg))

0.2631.0508.6000.0071230[3]Maximum

0.0850.4273.5000.007500Probable

0.0380.2562.1000.007300Minimum

JHBSASWFactor[2]GP[1]Scenarios

[1] Global production of nAg in 2007

[2] Ration of Switzerland population to major nanotechnology-based countries 

[3] Values by Muller and Blasser Articles based on scenarios in Switzerland and EU, 

respectively 

Values in tonnes per annum

(Computed nAg quantities in cosmetics: 0.009, 0.021, and 0.063  t/a)



nAgnAg Distribution in NanoproductsDistribution in Nanoproducts

+ In addition with supplements

# In addition to cleaning agents 

0.4320.0740.0111.7300.3720.0732.9171.1870.712Paint/Sealings

0.1350.0230.0030.5400.1160.0230.9110.3710.222Textiles 

0.2180.0380.0060.8740.1880.0371.4730.6000.360Sprays#

0.3070.0530.0081.2280.2640.0522.0700.8430.506Cosmetics+

0.0340.0060.0010.1350.0290.0060.2280.0930.056Metal products

0.1480.0260.0040.5940.1280.0251.0010.4070.244Plastics 

MAX-E
JHB

PRO-E
JHB

MIN-E
JHG

MAX-E
SA

PRO-E
SA

MIN-E
SA

MAX E
SW

PRO E
SW

MIN-E
SW

JohannesburgSouth AfricaSwitzerland
Nano-based 

products

Values in tons/annum (t/a)



Computed NMs Quantities in JHB (total nTiOComputed NMs Quantities in JHB (total nTiO22))

59.233236.931400+----Maximum

2.19310.96935.000.0075000Probable

0.3232.15321.000.0073000Minimum

JHBSASWFactorGPScenarios

Values in tons/annum (t/a)

+Schmid, K., and Riedieker, M. Use of Nanoparticles in Swiss Industry: A Targeted Survey, 

Environ. Sci. Technol. 2008: 42(7); 2253 - 2260 



nTiOnTiO2 2 Distribution in NanoproductsDistribution in Nanoproducts

14.4980.5370.07957.9932.6840.52797.9068.5675.140Paint/Sealings

0.2250.0080.0010.900.040.0081.520.130.08Textiles 

7.250.270.0428.991.340.2648.954.282.57Sprays#

1.2890.0480.0075.1580.240.058.710.760.46Cosmetics+

34.771.290.19139.106.441.264234.8020.5412.33Metal Products

1.200.050.0074.820.220.048.130.710.43Plastics 

MAX-E
JHB

PRO-E
JHBMIN-E

JHG
MAX-E

SA
PRO-E

SA
MIN-E

SA
MAX E

SWPRO E
SW

MIN-E
SW

JohannesburgSouth AfricaSwitzerland
Nano-based 

products

+ In addition with supplements

# In addition to cleaning agents 

Values in tons/annum (t/a)



Total NMs into Aquatic EnvironmentTotal NMs into Aquatic Environment

, , , Re(1 ) ( )Water inputi WW Totali STPi WW Totali STPi STPi movaliNM NM f NM f f f= • − + − •

, , Re(1 )Water inputi WW Totali STPi movaliNM NM f f= • − •

Untreated wastewater Treated wastewater (effluent)

A B



NMs in JHB Aquatic Environment (Higher NMs in JHB Aquatic Environment (Higher EffEff))

825.2126.012.53TiO2water:  TiO2 entering into the aquatic environment (kg/a)

515.7514.321.41TiO2, untreated:  TiO2 in untreated WW  (kg/a)

309.4511.691.12TiO2STP,removed: TiO2released effluents from WWTPs (kg/a)

464.1821.724.50TiO2STP,removed: TiO2 removed in WWTP (Ag in sludge) (kg/a)

773.6333.415.62TiO2STP: TiO2 entering into WWTPs in (kg/a)

0.600.650.80: fraction of  TiO2 removed in WWTPs

0.600.700.80: fraction of WW treated in WWTPs 

1 289.3847.737.03TiO2total : total  TiO2 released into WW (kg/a) 

TiO2

205.4126.922.86Agwater: silver that enters into aquatic environment (kg/a)

122.6315.841.55Aguntreated: silver in untreated WW (kg/a)

82.7811.093.93AgSTP,removed: silver released effluents from WWTPs (kg/a)

101.1725.874.91AgSTP,removed: silver removed in WWTP (Ag in sludge) (kg/a)

183.9536.956.22AgSTP: silver entering into WWTPs in (kg/a)

0.550.700.79: fraction of Ag removed in WWTPs

0.600.700.80: fraction of WW treated in WWTPs 

306.5852.797.77Agtotal : total silver released into WW (kg/a)

Ag

MAX E
JHB

PRO E
JHB

MIN-E
JHB

Variable



JHB WWTP (High Efficient Plants)JHB WWTP (High Efficient Plants)

WWTP efficiency 20-30% less values reported by Westehoff et al., 2008



JHB WWTP (High Efficient Plants)JHB WWTP (High Efficient Plants)…… contcont……



Calculation of Calculation of CCSTPsSTPs, PECs & , PECs & PNECsPNECs

12
, , 10i WW STP

WW STP
percapita STP

NM
C C

WW f POP

×
= =

• •

12
, ,

, ,

10i Water i Water STP
i STP

percapita k i WW STP k

NM NM f
PEC C

POP WW D NM D

•
= = • •

• •

PNECs derived from the literature: 40 & 1 ug/l for nAg and nTiO2, respectively



Growth InhibitionGrowth Inhibition



NMs Effects on DNA NMs Effects on DNA 

DNA fragmentation



Quantitative Model Results (Higher Quantitative Model Results (Higher EffEff))

2.79E+006.25E-014.46E-021.78E-022.48E-031.57E-03RQ (no dilution) (no units)

9.31E-012.08E-011.49E-025.95E-038.26E-045.24E-04RQ (D=3) (no units)

2.79E-016.25E-024.46E-031.78E-032.48E-041.57E-04RQ (D=10) (no units)

2 791.6E-03625.4E-0344.6E-0317.8E-032.5E-031.6E-03Dilution factor: 1 (PEC, µg/ℓ)

930.5E-03208.5E-0314.9E-035.9E-030.8E-030.5E-03Dilution factor: 3 (PEC, µg/ℓ)

279.2E-0362.5E-034.5E-031.8E-030.3E-030.2E-03Dilution factor: 10 (PEC, µg/ℓ)

4 361.9E-03977.2E-0381.8E-0332.7E-036.9E-034.4E-03Concentration in STP (µg/ℓ)

nTiO2

1.74E-023.90E-031.15E-034.62E-047.01E-054.44E-05RQ (no dilution) (no units)

5.80E-031.30E-033.85E-041.54E-042.34E-051.48E-05RQ (D=3) (no units)

1.74E-033.90E-041.15E-044.62E-057.01E-064.44E-06RQ (D=10) (no units)

695.7E-03155.9E-0346.2E-0318.5E-032.8E-031.8E-03Dilution factor: 1 (PEC, µg/ℓ)

231.9E-0352E-0315.4 E-036.2E-030.9 E-030.6E-03Dilution factor: 3 (PEC, µg/ℓ)

69.6E-0315.6E-034.6E-031.8E-030.3E-030.2E-03Dilution factor: 10 (PEC, µg/ℓ)

1038.48E-0323.268E-0390.58E-0336.28E-037.68E-034.8E-03Concentration in STP (µg/ℓ)

nAg

MAX-ESWPRO-ESWMIN-EJHBParameters

Under each scenario, first column results based on calculated WWUnder each scenario, first column results based on calculated WW per capita, per capita, 

and second column based on values provided by experts in WWT in and second column based on values provided by experts in WWT in SASA



JHB WWTP (Low Efficient Plants)JHB WWTP (Low Efficient Plants)

WWTP efficiency 25 – 40% values by experts in WW in SA



JHB WWTP (Low Efficient Plants)JHB WWTP (Low Efficient Plants)…… contcont……



JHB WWTP (Low Efficient Plants)JHB WWTP (Low Efficient Plants)…… contcont……



1 096.036.004.50TiO2water:  TiO2 entering into the aquatic environment (kg/a)

515.8014.301.40TiO2, untreated:  TiO2 in untreated WW  (kg/a)

580.2021.703.10TiO2STP,removed: TiO2released effluents from WWTPs (kg/a)

193.4011.702.50TiO2STP,removed: TiO2 removed in WWTP (Ag in sludge) (kg/a)

773.6033.405.60TiO2STP: TiO2 entering into WWTPs in (kg/a)

0.250.350.45: fraction of  TiO2 removed in WWTPs

0.600.700.80: fraction of WW treated in WWTPs 

1 289.3847.737.03TiO2total : total  TiO2 released into WW (kg/a) 

nTiO2

260.9039.905.00Agwater: silver that enters into aquatic environment (kg/a)

122.8015.801.60Aguntreated: silver in untreated WW (kg/a)

138.1024.003.40AgSTP,removed: silver released effluents from WWTPs (kg/a)

46.0012.902.80AgSTP,removed: silver removed in WWTP (Ag in sludge) (kg/a)

183.9537.06.22AgSTP: silver entering into WWTPs in (kg/a)

0.250.350.45: fraction of Ag removed in WWTPs

0.600.700.80: fraction of WW treated in WWTPs 

306.5852.797.77Agtotal : total silver released into WW (kg/a)

nAg

MAX-E
JHB

PROE
JHB

MIN-E
JHGVariable

NMs in JHB Aquatic Environment (Lower NMs in JHB Aquatic Environment (Lower EffEff))



Quantitative Model Results (Lower Quantitative Model Results (Lower EffEff))

3.71E+008.31E-016.18E-022.47E-024.41E-032.79E-03RQ (no dilution) (no units)

1.24E-002.77E-012.06E-028.24E-031.47E-039.31E-04RQ (D=3) (no units)

3.71E-018.31E-026.18E-032.47E-034.41E-042.79E-04RQ (D=10) (no units)

3 707.6E-03830.6E-0361.8E-0324.7E-034.4E-032.8E-03Dilution factor: 1 (PEC, µg/ℓ)

1 235.9E-03276.9E-0320.6E-038.2E-031.5E-030.9E-03Dilution factor: 3 (PEC, µg/ℓ)

370.8E-0383.1E-036.2E-032.5E-030.4E-030.3E-03Dilution factor: 10 (PEC, µg/ℓ)

4 361.9E-03977.2E-0381.8E-0332.7E-036.9E-034.4E-03Concentration in STP (µg/ℓ)

nTiO2

2.21E-024.94E-031.71E-036.83E-041.22E-047.72E-05RQ (no dilution) (no units)

7.35E-031.65E-035.69E-042.28E-044.06E-052.57E-05RQ (D=3) (no units)

2.21E-034.94E-041.71E-046.83E-051.22E-057.72E-06RQ (D=10) (no units)

882.6E-03197.7E-0368.3E-0327.3E-034.9E-033.1E-03Dilution factor: 1 (PEC, µg/ℓ)

294.2E-0365.9E-0322.8E-039.1E-031.6E-031.0E-03Dilution factor: 3 (PEC, µg/ℓ)

88.3E-0319.8E-036.8E-032.7E-030.5E-030.3E-03Dilution factor: 10 (PEC, µg/ℓ)

1038.48E-0323.268E-0390.58E-0336.28E-037.68E-034.8E-03Concentration in STP (µg/ℓ)

nAg

MAX-EJHBPRO-EJHBMIN-EJHGParameters

Under each scenario, first column results based on calculated WWUnder each scenario, first column results based on calculated WW per capita, per capita, 

and second column based on values provided by experts in WWT in and second column based on values provided by experts in WWT in SASA



Summary Summary 

• Qualitative and quantitative models used in quantifying risks 
of NMs in the environment – based on current scientific data

• Presently, high degrees of uncertainty noted in the data used 
in the model 

• Quantities released into environment driver for the risks levels
(nTiO2 > nAg) – yet nAg more toxic than nTiO2

• Ecotoxicological data for tropical organisms needed 
(presently lacking) – this limits the models replica to actual 
environmental conditions in JHB

• Necessity for inventory of NMs and nanoproducts in 
developing countries such as SA to ascertain levels of risks 


