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No safe level of exposure 

d 

Recent empirical evidence about the shape of the PM 
concentration-response function is not consistent with a 
well-defined no-r: f fect s threshold. Concen t ra tion-re- 
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Little or no knowledge of the 
toxicity of particulate effluvia 

Relative Toxicity and Role of Sources and 
Copollutants 

One of the biggest gaps in our knowledge relates to what 
specific air pollutants, combination of pollutants, sources 
of pollutants, and characteristics of pollutants are most 
responsible for the observed health effects. Although the 
literature provides little evidence that a single major or 
trace coniponent of PM is responsible for the observed 
health various general characteristics may af- 
fect the relative toxicity of PM pollution. For example, 
with regard to particle size, the epidemiological, yhysio- 
logical, and toxicological evidence suggests that fine par- 
ticles (indicated by PM,,) play a substantial role in affect- 
in2 human health. These fine mrticles can be breathed 

David Jefferson 
Jniversity of 
Clambridge 

Figlure 5.2. (a) Schematic model 01 a Spherical meld nanoperliclo wilh tho fcc SiruCIUlO. 
shoruing atoms a1 surface fleps (b) A model of R cubcDclahedral panicle of similar size, 
containing 777 atoms (c) Icosahedron wilh lbi MmB numbot of aroms. constructed using :he 
homogeneour strain model. (d) decahedron. atso with 777 81omS. 
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Micro ’98 - London 
Wed 8th July 1998 

“Particulate Aerosols - 
Physical, Chemical & 
B io-pathologic a1 
Prop ertie s” 

organised by th.e 

Royal Microscopical 
Society 

ISBN 1-85996-4 72-X 

Royal Society 
Discussion 
Meeting lSh & 
16* March 21000. 

“Ultra fine 
Particles in the 
Atmosphere’” 
Organised by L.M.Bro\vn, 

N. Collings, R.M.Harrison, 

A.D.Maynard & R.L.Maynard 
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i Co-sponsors : EMAC, insiitute of Physics f 
CME AxTediIation h beiw sought 

: .................................................................... 2 

Royal 
Microscopical 
Society 

NANOTOX 2004 

Nan0 Particles and 
Nanostructured Materials: 

Implications for Health 

13 and 14m January 2004 
Daresbury Laboratories 

Warrington. Cheshire, U.K. 

Where is nanoscale? 
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T i e r e  is nanoscale? 

res 

Routes tlo nanoparticle cytotoxicity 

4 I Distribution-} I 

Metabolism to 

Interaction witn macromolecules 
Proteins DNA: RNA, phospholipids 

From Hodgson and Levi (1997) 
Textbook of modern toxiw/ogy 
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Nanoparticle view of human nasal 
epithelium 

Nanoparticle view of human nasal 
epithelium 

4/22/2008 
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P u I imonary defence 
mechanisms 

Nose, pharynx & larynx: impaction 
Trachea &. bronchi: muco-ciliary 

Terminal bronchi and alveolar air 
escalator and ingestion 

space: alvleolar macrophages, engulf 
particles and transport to lymphatics. 
They do not easily recognise particles of 
< 65 nm arid are easily overwhelmed by 
large numbers 

Tern poral perspectives 

Life started about 3.5 billion years ago 
Unicellular organisms primarily 
internalise larger objects by pinocytosis 
Multicellular organisms appeared about 
450 million years ago. 
Although niulticellular organisms have 
complex digestive systems, they rely 
totally on the ability of cells to engulf 
particles 
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I 

Engulfing mechanisms 

Phagocytosis Endocytosis 
-----7 > 

Receptor- 
1-2 urn mediated 

r h 

membrane surrounded 
by plasma 
membrane 

Cytoplasm 

Caveolar mechanism 

8 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 26-07-2013:01:18:34



, -  

Definitions of particle size 

Coarse pairticles = PM,, = particles 
with average diameter less than 10 pm 
Fine particles = PM,., = particles with 
average diameter less than 2.5 pm 
Ultrafine particles = PM,., = particles 
with average diameter less than 100 nm 

4/22/2008 
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412212 00 8 

0.01 i3>i,,, 
0. I I 10 0.01 

diameter @mi 
Figure 1. Typical particle number and i n a s  distribution averages from approximately 10 000 

single measurements, Erfurt. From Wichmano et d. c20CMla). 

Wichmann HE & Peters A (2000). Phil. Trans. R. Soc. Lond. A 358: 2751-2769 
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+' I i 1 I 0 0  
0001 001 01  I 10 O.oO0 I 

diameter (pm) 

Figure 6 Predicted deposittoti of inhaled particIC; of different SL'LCS of intit density 111 the hutitan 
respiratory tract cluring nose ihieathlng. hght cxercisc (ICRP 1994) 'NPL' denotes nasophary~- 
golaryiigeal deposition: -TB denotes tracheobronchial depositton: .A' denotes al%eolr~ deposi- 
tion 'total' dcnotes thc sum of particle depositions 111 the respiratoiy tract for 811 three coin- 
partineiits 

b 

C 

University of 
Wales at 
Cardiff 

d 

f 
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Table 8.5. Percentage PMN irr lavage 6 h following instillalion of 125 rng of carbon black of 
various primary particle sizes (Irom Li el al., in press) 

Carbon black primary particle size (nm) Neutrophils in the bronchoalveolar lavage (%) 
(mean (SEM)) 

14 
50 
260 

39.9 [4.2) 
13.7 (2.6) 
4.2 (0.73) 

;en Donaldson 
Japier 
Jniversity 

0.8 1~ 

1 

Figure 1. hlflammation, measured the number (mean f SEhI of three rats) of neutropliils 
(PAl8) iii the lavage of rats instilled with either 155 or 500 Fg of fine or ultrafine carbon black 
(CB): titaiiium dioxide (TiOl) or latex 24 11 previously 
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- 3.0 
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- 2.0 nL 
- 
c 

Y 

- 1.0 

L- 0.0 

fresh 

n 

aged r 4.0 

- 

CMD = 132.4 nm 
>= 1.6 

CMD = 20.3 n m  II I 
GSD = 1.5 

2 .o 

1.5 

h 
w. 

0, 

r;Y1.0 
X 

5 
2. 

0.5 

0.0 

Figure 1. Particle size distribution of freshly generated and aged PTFE fittiies showing the shift 
from ultrafine particlc distribution to a siae distribution with a median greater than 100 nin due 
to coagulation after 3.5 min of ageing. 

IO 50 100 
diameter (nm) 

500 

so 

60 

z 

8 
E 40 

20 

PMNs 
0 protein 

* 

' T  

" 
sham fresh 

-- 
aged 

Figure 2. Lung lavage parameters of rats 4 h after a 50 niin exposure to fresh and aged PTFE 
fumes. The prceutage of neutrophils of the total lavage cells and thc lavage protei11 content a11: 
shown. (Ar = 4 per group; tncan 3SD; *: sigirificaitly different froin sham and aged (ANOM, 
p < 0.05).) 
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eters. Phil. Trans. 
oy. Soc. Lond. 

' P M L S  

o s 0 0  
""a1 CY R. uihcr 

_.. . . 

I 

uianr 
9119'! 

c 
1 2. 

winter 
97/08 9RNu 

Wichmann HE & Peters A (2000). Phil. Trans. R. Soc. Lond. A 358: 275 1-2769 
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Routes tlo nanoparticle cytotoxicity 
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What are the sites of cellular 
vu I ne ra b i I i ty ? 

Sites of especial cellular vulnerability 

Maintenance of the integrity of cellular membranes 

Aerobic respiraticin 

Protein synthesis 

Critical for ionic and osmotic homeostasis 

Mitochondrial oxidative phosphorylation and ATP production 

Structural integrity of cellular compartments 

Presentation of intermediary metabolism 

Preservation of the integrity of the genetic apparatus of the cell 
Prevention of alterations to genetic material 

Repair of damage to DNA 
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Mechanisms of nanoparticle 
cytotoxicity 

Catalysis 

Membrane perturbation 
Often oxidative damage 

Lipid peroxidation 
Surfactant effects 

Chaperone effects on proteins 

Physical darnage 
Pathological effects on folding 

Accumulation at extracellular or intracellular sites 

Mechanisms of nanoparticle 
cytotoxicity 

Catalysis 

Membrane perturbation 
Often oxidative damage 

Lipid peroxidation 
Surfactant effects 

Chaperone effects on proteins 

Physical darnage 
Pathological effects on folding 

Accumulation at extracellular or intracellular sites 

4/22/2008 
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Mechanlisms of nanoparticle 
cytotoxicity 

Catalysis 

Membrane perturbation 
Often oxidative damage 

Lipid peroxidation 
Surfactant effects 

Chaperone effects on proteins 

Physical darnage 
Pathological effects on folding 

Accumulation at extracellular or intracellular sites 

M ec ha n i snns of na no pa rticle cytotxici ty 

C60 fullerene 

Nucleus 

Intracellular distribution of a modified C60 
fullerene, C61 carboy-fullerene detected using 
an antibody 

The fullerene derivative gains access to the 
interior of the living cell and accumulates in 
association with the mitochondria 

Foley et al (2002) BBRC 294 116-119 
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Mechanisms of nanoparticle cytotoxicity 

Internal membrane fractions from tumour cells 
are damaged by peroxidation of membrane 
lipids on exposure to fullerenes, which act as  
photosensitisers 

The lipid peroxidation eventually leads to loss 
of membrane flexibility, a drop in trans- 

permeability to ions and eventually cell death 

,n 1 / 
0 membrane potential, progressively increased 

mM8 Leo* 

@ y g $ p m m o ; , w e  .ub.tMu 

Kamat et al (2000) Toxicolosgy 155 55-61 

M ec han ismls of nano pa rticle cytotoxicity 

5. 

neuronal cells 

The mechanism was initially 
obscure, but became more 
apparent when the surfactant 
properties of the 
nanoparticles was examined 

Cottingham et al (2002) Biochem 41 1353947 
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Cat a lysis 

Membrane plerturbation 
Often oxidative damage 

Lipid peroxidation 
Surfactant effects 

Chaperone effects on proteins 

Physical damage 
Pathological effects on folding 

Accumulalion at extracellular or intracellular sites 

4/22/2008 

M ec h a n isms of n a n o pa rt i cl e cytotoxicity 

-... Self-assembling biological nanoparticles, 
in this case oligomers and fibrils of an 

7tmNlm amyloid-forming peptide, were found to 
be strongly surface active 

ST - Moreover, other examples of self- 
assembling toxic amyloid species, such 

Alzheimer’s Disease, are also highly 
surface active 

The conditions under which cytotoxicity is 
detected closely parallel conditions under 
which oligomer assembly takes place and 

%7*h 

0 0  

0 ,  .D lm I- as the A-beta peptide associated with 
,l\mtYV1-%aBrU 

D 

I surfactant properties emerge 
IO roo 

w1F-Ql-q w-I 

Cottingham et al (2004) Lab Invest & 523-9 
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Engine emission particulates may be similar in 
scale to subcellular structures 

675 rpm-0 SC load loo0 rpm - 100% load 

I iii 20 10 

I:[ n 
~ , l ~ l . ~ , . ~  
20 30 10 50 ='io m 3o 4o 5o 

d. Inn4 d p t  

Characterization of Paniculate Sizes, MiCmSLNCtUres and Fractal 
Qeometly of a Light Duty Diesel Engine via Themophoretic Sampling 
Kyoeng Lee. Jinyu Zhu and Raj Sekar (2003) Center for Transpxtation 
Research. Argonne National Labratory 

2500 rpm - 100% load 
1 I  

1m 

Bo 

60 

03 

m 

0 
10 20 Y) 40 50 

Engine emission particulates may be similar in 
scale to subcellular structures 

Diesel particulates Cent ri o I e 
a subcellular protein assembly 

critical in cytoskeletal regulation 
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Outcomes of protein-nanoparticle 
interaction 

Nanoparticles stabilised as monodisperse suspension 

Aggregation of rianoparticles minimised 

Protein adsorbeld onto nanoparticle surface 

Protein conformation and function unaltered (e.g. antibody label) 

Protein conformation altered with loss of function (molten globule) 

Protein conformation altered with altered function (chaperone) 

Outcomes of protein-nanoparticle 
interaction 

Nanoparticles stabilised as monodisperse suspension 

Aggregation of rianoparticles minimised 

Protein adsorbed onto nanoparticle surface 

Protein conformation and function unaltered (e.g. antibody label) 

Protein conformation altered with loss of function (molten globule) 

Protein conformation altered with altered function (chaperone) 
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Outcomes of protein-nanoparticle 
interaction 

Colloidal gold nanoparticles (1 Onm 
diameter) have been stabilised with a 
protein, in this case an antibody that 
recognises a protein found in the inner 
membrane of mitochondria 

The antibody adsorbed to the 
nanoparticles retains normal folding and 
function, targeting the gold particles to 
the inner membrane of the mitochondria 

Outcomes of protein-nanoparticle 
interact ion 

Nanoparticles stabilised as monodisperse suspension 

Aggregation of rianoparticles minimised 

Protein adsorbed onto nanoparticle surface 

Protein conformation and function unaltered (e.g. antibody label) 

Protein conformation altered with loss of function (molten globule) 

Protein conformation altered with altered function (chaperone) 
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I -1.0 

-3.0 2 

*w -5.0 

-7.0 

-9.0 

-1.1 

8 
8 

Outcomes of protein-nanoparticle 
i n te ract i o n 

103 103p77 103 

103 t 
! #  ! '  

5 8  I '  88 

103 

104 
180 190 200 210 220 230 240 250 260 

Wavelength (nm) 

Billsten et al (1997) FEBS Lett 402 67-72 

Silica nanopatticles (9nm 
diameter) have been stabilised 
with a protein, in this case a 
human enzyme, carbonic 
anhydrase II  

The circular dichroism spectrum 
shown reveals the secondary 
structure of the enzyme in 
solution (solid line; 
predominantly beta-sheet) and 
after exposure to the 
nanoparticles for 24 hours 
(dotted line; most beta structure 
lost) 

0 ut co m e s of protei n - n a no particle 
interaction 

Nanoparticles stabilised as monodisperse suspension 

Aggregation of rianoparticles minimised 

Protein adsorbed onto nanoparticle surface 

Protein conformation and function unaltered (e.g. antibody label) 

Protein conformation altered with loss of function (molten globule) 

Protein conformation altered with altered function (chaperone) 
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Outcomes of protein-nanoparticle 
i n te ract i o n 

'"7- Amphiphilic hydrogel nanoparticles (18nm 
diameter) can act as chaperone to prevent 
heat damage to an enzyme 

In this experiment, carbonic anhydrase 
was heated to different temperatures for 10 
minutes, cooled and assayed for activity. 
The black dots show permanent heat 
damage to the enzyme; the open dots 
shows the protective chaperone effect of 
the nanoparticles 

I UI y1 m m on w im 

Tcmpcnlurr I 'y1 

Akiyoshi et al (1999) Bioconj Chem 10 321-324 

Cellular clhaperone machinery can 
interact with nanoparticles 

b 

P X  

Coagulation 
I 

6' 

- 
IGroEL-CdS nawparriclel,, 

Chaperonin-mediated stabilization and ATP- 
triggered release of semi-conductor 
nanoparticles 
lshii et al (2003) Nature 423 62:8-32 
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Outcomes of protein-nanoparticle 
interaction 

Mechanisms of nanoparticle 
cytotoxicity 

Cat a lysis 

Membrane perturbation 
Often oxidative damage 

Lipid peroxidation 
Surfactant effects 

Chaperone effects on proteins 

Physical darnage 
Pathological effects on folding 

Accumulation at extracellular or intracellular sites 

Lam et al(2004) Tox Sci 77 126-134 

Carbon black Raw Carbon nanotubes Nanotubes in granuloma 

Rats were challenged by intratracheal instillation of carbon as carbon black (a low toxicity 
dust) or as single walled rianotubes and the lungs were examined after 90 days 

Although the carbon black has been taken up by alveolar macrophages, these cells have 
remained dispersed in the lung. In contrast, macrophages that have taken up nanotubes 
have migrated, become astivated and have proliferated to form granulomas 
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I Can ultrafine particles travel? 

Yes, thousands of miles 
Uranium Iii high-volume air sample fllters near Aldermaston, UK 
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Gulf Wa,r II 'Shock and Awe' 

I lJranium in HVAS near Aldermaston 
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