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Abstract Nanotoxicology and nano-risk have been

attracting increasing attention of toxicologists and regula-

tory scientists as the production of nanomaterials increases

worldwide (Oberdorster et al. in Environ Health Perspect

113:823–839, 2005). In general, nanotoxicology is associ-

ated with manufactured nanomaterials. In atmospheric

science and environmental health science, however, very

small particles that exist transiently at high count concen-

trations near road intersections and roadsides are called

environmental nanoparticles, and most of these have orig-

inated from automobiles. Accordingly there are two types

of nanoparticle in toxicology and health science—envi-

ronmental nanoparticles and manufactured or engineered

nanoparticles. In this minireview I would like to address the

following issues: (1) What is a nanoparticle? (2) Why is the

nanoparticle currently a significant health issue? (3) How

has ‘‘testing manufactured nanoparticles’’ been discussed

worldwide? (4) What problems have scientists encountered

in assessing the health hazard of nanoparticles? and (5)

What research is required in the future in nanotoxicology?
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What is a nanoparticle?

Manufactured nanoparticles are defined as particulate sub-

stances of nanoscale dimensions (usually \100 nm). In

atmospheric science particles \100 nm have been called

ultrafine particles and most atmospheric nanoparticles

are usually \50 nm. It has been shown that the particle-

count distribution peaks at 20–30 nm at roadsides with

heavy traffic [2]. The differences between environmental

and manufactured nanoparticles are summarized in Table 1.

Environmental or atmospheric nanoparticles contain semi-

volatile alkanes that originate from fuels and lubricants [3]

whereas components of manufactured or engineered nano-

particles vary, depending on the type of product. It should

be noted that nanoparticles are also used in drug-delivery

systems (DDS), because nanoparticles can evade phago-

cytosis and efficiently reach the target points.

Why is the nanoparticle currently

a significant health issue?

Diesel-exhaust particles (DEP) are usually black carbona-

ceous soots with particle dimensions 200–300 nm. They

are major components of fine particles or PM2.5 (particu-

late substances less than 2.5 lm). Installing a diesel-

particle filter (DPF) can reduce the number of larger

particles in the exhaust. However, nanoparticles, which

account for a much greater particle number concentration

in the atmosphere than the larger particles, are produced

during regeneration of the DPF. It has not been well

investigated whether nanoparticles are responsible for

pulmonary and extrapulmonary health effects of PM2.5,

although the fine particles are reportedly associated with

mortality from cardiovascular diseases [4]. Nanoparticles

can permeate through tissue walls, translocate to other

tissues from the deposition sites, and cause cardiovascular

dysfunction. However, we do not have a clear answer as to

whether nanoparticles have a distinctive toxicological

aspect and are more toxic than larger particles.

S. Hirano (&)

Environmental Nanotoxicology Section,

RCER, National Institute for Environmental Studies,

16-2 Onogawa, Tsukuba, Ibaraki 305-8506, Japan

e-mail: seishiro@nies.go.jp

123

Environ Health Prev Med (2009) 14:223–225

DOI 10.1007/s12199-008-0064-7



How has ‘‘testing manufactured nanoparticles’’

been discussed worldwide?

Two major international organizations have discussed

guidelines for testing nanoparticles. The Organization for

Economic Co-operation and Development (OECD) has

published a series of guidelines for testing chemicals and

those guidelines are generally accepted by many developed

countries. The OECD has been struggling to decide whe-

ther current OECD test guidelines are applicable to human

health and environmental aspects of nanoparticles or

nanomaterials. The International Organization for Stan-

dardization (ISO) also has an Environment/Safety Working

Group for nanomaterials. It may not be easy to apply

current test methods to nanoparticles or nanomaterials,

because most of these particles are insoluble and current

guidelines are primarily designed for water-soluble sub-

stances or the water accommodated fraction (WAF) of

poorly water-soluble substances.

What problems have scientists encountered

in assessing the health hazard of nanoparticles?

There are many debates about the metric which best

describes the toxicity of nanoparticles. The most com-

monly accepted dose metric is probably the surface area.

Particle shape (e.g. fibrous or spherical), chemical com-

position, and the physico-chemistry of the particle surface,

including the zeta-potential, are also important factors that

determine the toxicity of nanoparticles. Also, impurities

and the degree of agglomeration in the nanoparticle

suspension in test media may affect the toxicity. An

appropriate endotoxin-free medium should be chosen to

prepare the suspension of nanoparticles [5]. In nature the

nanoparticle has a large surface area which may function as

adsorption or even catalytic sites and interfere in various

bioassays.

What research is required in the future

in nanotoxicology?

Exposure to nanomaterials should be assessed as soon as

possible, because most nanomaterials are about to be pro-

duced on a large scale and some of these materials (e.g.,

nano-silver and nanosize titanium dioxide) are already

present in commercial products. The environmental fate of

nanoparticles should also be studied as a matter of urgency.

Reference substances are required to evaluate the toxicity

of nanoparticles and to prepare a proper test procedure. It

has been reported that the carcinogenic potency and tox-

icity of asbestos [6, 7] and the toxicity of MWCNTs [8]

largely depend on fiber length. Fibrous titanium dioxide

particles have been shown to be much more cytotoxic than

spherical nanosize titanium dioxide particles to alveolar

macrophages [9]. Special attention should be paid to

fibrous nanoparticles, because fiber length may be pre-

dominant metric determining the toxicity of biopersistent

fibrous nanoparticles. An inhalation study, rather than

intratracheal instillation, is needed to evaluate the toxicity

of airborne nanoparticles, because nanoparticles agglom-

erate easily in suspension and toxicological outcomes from

bolus injections of nanoparticles may differ significantly

from those of dispersed nanoparticles.

The overall physico-chemical properties of nanoparti-

cles/nanomaterials are important factors determining their

toxicity. Nanotoxicology is a new research field and

appropriate reference methods are required for assay of the

toxicity of nanoparticles either in vitro or in vivo.

Table 1 Differences between

environmental and

manufactured nanoparticles

Environmental nanoparticles Manufactured nanoparticles

Size B50 nm (B100 nm: ultrafine) 1–100 nm (biomedical nanoparticles can

be larger than 100 nm)

Dimensions Two or three dimensions are

on the nanoscale

Three dimensions are on the nanoscale

(nano-objects with one and two

nanoscale dimensions are called

nanoplates and nanofibers, respectively)

Names Nanoparticles, fibrous

nanoparticles

Nanoparticles, nanospheres, nanotubes,

nanorods, nanofibers, nanowires,

nanoropes, nanosheets, nanoeggs,

nanoliposomes, dendrimers, etc.

Components Carbon soot, hydrocarbons

(alkanes), heavy metals, sulfur

Carbon (fullerene, nanotube), metal oxide

(TiO2, ZnO), CdSe, metalloids,

transition metals, polymers

Sources Automobile exhaust, friction,

catalysts

Production of nanomaterials, cosmetics,

friction

224 Environ Health Prev Med (2009) 14:223–225

123



References

1. Oberdorster G, Oberdorster E, Oberdorster J. Nanotoxicology: an

emerging discipline evolving from studies of ultrafine particles.

Environ Health Perspect. 2005;113:823–39.

2. Fushimi A, Hasegawa S, Takahashi K, Fujitani Y, Tanabe K,

Kobayashi S. Atmospheric fate of nuclei-mode particles estimated

from the number concentrations and chemical composition of

particles measured at roadside and background sites. Atmos

Environ. 2008;42:949–59.

3. Hirano S, Nitta H, Moriguchi Y, Kobayashi S, Kondo Y, Tanabe

K, et al. Nanoparticles in emissions and atmospheric environment:

now and future. J Nanopart Res. 2003;5:311–21.

4. Dockery DW, Luttmann-Gibson H, Rich DQ, Link MS, Mittleman

MA, Gold DR, et al. Association of air pollution with increased

incidence of ventricular tachyarrhythmias recorded by implanted

cardioverter defibrillators. Environ Health Perspect. 2005;113:

670–4.

5. Hirano S, Kanno S, Furuyama A. Multi-walled carbon nanotubes

injure the plasma membrane of macrophages. Toxicol Appl

Pharmacol. 2008;232:244–51.

6. Brown RC, Chamberlain M, Griffiths DM, Timbrell V. The effect

of fibre size on the in vitro biological activity of three types of

amphibole asbestos. Int J Cancer. 1978;22:721–7.

7. Stanton MF, Layard M, Tegeris A, Miller E, May M, Morgan E,

et al. Relation of particle dimension to carcinogenicity in

amphibole asbestoses and other fibrous minerals. J Natl Cancer

Inst. 1981;67:965–75.

8. Poland CA, Duffin R, Kinloch I, Maynard A, Wallace WA, Seaton

A, et al. Carbon nanotubes introduced into the abdominal cavity of

mice show asbestos-like pathogenicity in a pilot study. Nat

Nanotechnol. 2008;3:423–8.

9. Hirano S, Anuradha CD, Kanno S. Transcription of krox–20/egr-2

is upregulated after exposure to fibrous particles and adhesion in

rat alveolar macrophages. Am J Respir Cell Mol Biol. 2000;

23:313–9.

Environ Health Prev Med (2009) 14:223–225 225

123


	A current overview of health effect research on nanoparticles
	Abstract
	What is a nanoparticle?
	Why is the nanoparticle currently �a significant health issue?
	How has ‘‘testing manufactured nanoparticles&rdquo; �been discussed worldwide?
	What problems have scientists encountered �in assessing the health hazard of nanoparticles?
	What research is required in the future �in nanotoxicology?
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


