
1. INTRODUCTION

Size concentration of atmospheric aerosol has re-
cently been an active research topic in a variety of

locations including rural and urban areas (Woo et al.,
2008; Qian et al., 2007; Jeong et al., 2006; Watson
et al., 2006, Kim and Ahn, 2005). Measurement of
size distributions inclusive of particles in the 3~100
nanometer (nm) size range, while always important
and of interest, has gained increasing attention due
to the role of nanoparticles in aerosol formation and
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Abstract

Understanding the Nano size particles is of great interest due to their chemical and physical behaviors such
as compositions, size distributions, and number concentrations. Therefore, accurate measurements of size
distributions and number concentrations in ultrafine particles are getting required because expected losses
such as diffusion for the instrument system from ambient inlet to detector are a significant challenge. In this
study, the data using the computed settling losses, impaction losses, diffusion losses for the sampling lines
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rections for the sampling lines and the size instrument make a large difference for any measurement condi-
tions with high numbers of particles smaller mobility size. Both with and without the loss corrections, which
can affect to size distributions and number concentrations are described. First, 80% or more of the smallest
particles (less than 10 nm) can be lost in the condition of a flow rate of 0.3 liter per minute and the length of
sampling line of 1.0 m, second, total number concentrations of measurements are quite significantly affected,
and the mode structure of the size distribution changes dramatically after the loss corrections applied. With
compared to the different measurements, statistically diffusion loss corrections yield a required process of the
ambient particle concentrations. Based on the current study, as an implication, a possibility of establishing
direct revelation mechanisms is suggested. 
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growth, in manufacturing and nanotechnology, and
in human health effects, to name a few (Park et al.,
2009; Lee et al., 2006; Dal Maso et al., 2005; Jeong
et al., 2004; Kulmala et al., 2004; Stanier et al.,
2004). In most studies, the aerosol size distributions
and total number concentrations have been measured
using a Scanning Mobility Particle Sizer (SMPS)
and a Condensation Particle Counter (CPC), respec-
tively. The SMPS instrument is commonly used for
measuring aerosol particles with diameter less than
20 nm (Lee et al., 2008; Watson et al., 2008; Hogrefe
et al., 2006). 

However, measuring as particles these entities that
consist of as few as a couple of molecules as particles
is a significant challenge in terms of detection sensi-
tivity. In conditions in a flowrate of less 1.0 liter per
minute (l pm), particle losses such as diffusion can
be expected, need to be considered. This note address-
es a post-measurement correction that has been appli-
ed to particle size distributions measured with Scan-
ning Mobility Particle Sizers (SMPS). The science
behind the correction is not new application-it has
been described numerous times (Wang et al., 2002;
Brockman, 2001; Hinds, 1982; Gormley and Ken-
nedy, 1949). Even though the loss processes and
correction algorithms for particle measurement sys-
tems are well-known and established in many circles,
as size distribution measurements have become more
common, and are being made to smaller and smaller
particle diameters, data sets are being published and
archived that do not account for particle losses in the
sampling systems. These losses grow exponentially,
and become very important below roughly 20 nm.
Accounting for these losses by applying a post pro-
cessing correction can lead to dramatic changes in
the final reported concentrations and size distributions
in environments with large concentrations of particles
with mobility diameters of less than 20 nm. 

Each measurement technique and instrument has
inherent limitations. While some of the physical pro-
cesses responsible for these systematic errors are
complicated and require a substantial effort to be
quantified, others can be evaluated by simpler means
and the measurements adjusted accordingly. Inlet
and sample line diffusion loss is an example of the

latter, caused by particle deposition onto sample line
and instrument surfaces. Particle losses due to diffu-
sion are more pronounced at lower flow rates and
for smaller particles. 

Diffusion losses will most often have a greater
impact on the measured concentration. Such diffusion
losses in the SMPS have been observed in experi-
ments conducted with polydisperse NaCl aerosol in
laboratory conditions (Frank et al., 2008), losses are
shown to occur in various parts of the Electrostatic
Classifier. Other investigators have also found signif-
icant diffusion losses occurring within the Differen-
tial Mobility Analyzers (DMA), a part of the SMPS
(Rodrigue et al., 2007; Reineking and Porstendörfer,
1986).

A diffusion loss correction for the TSI SMPS has
recently been determined (TSI, Inc. 2006), which is
intended to compensate for diffusion losses in the
SMPS for particles with diameters less than 100 nm.
These diffusion losses are characterized in terms of
total penetration, which is the product of the penetra-
tion for five composite flow paths through the SMPS:
impactor inlet, bi-polar neutralizer and the internal
plumbing, the tubing to the DMA and Condensation
Particle Counter (CPC), the DMA itself, and the CPC
(including penetration inside the CPC, activation
and optical detection efficiencies and CPC inlet loss-
es). The diffusion loss correction also compensates
for the effect of diffusion losses on the determination
of the SMPS mean particle size, causing it to shift
towards smaller particle sizes (Frank et al., 2008).
In order to address these concerns, with and without
diffusion loss corrections by the sampling lines and
the SMPS, particle number concentrations and size
distributions are recalculated and compared to Fast
Mobility Particle Sizer Spectrometer (FMPS), and
n-butyl alcohol based CPC (CPC 3025). 

2. EXPERIMENTAL METHODS AND
DATA ANALYSIS

2. 1 Aerosol generation chamber system
A schematic of the generation system for aerosols

is shown in Fig. 1. One of the aerosol-generation in-
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struments utilized is a constant output atomizer (TSI
Model 3076) operating in the recirculation mode.
Droplets are produced by atomizing a solution of
NaCl in this study. The generated aerosol is mixed
with a dry airflow, which leads to its dilution and

partial evaporation of the solution. The aerosol pass-
es through an aerosol neutralizer (TSI Model 3054)
following by a dilution capillary, and then enters a
dilution chamber system. Three different setups are
operated. 
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Fig. 1. Schematic of the generation system for comparison of the selected size concentration in the range of 15~~
90 nm to test the sensitivities of n-butyl alcohol based CPC (CPC 3025) and water based CPC (CPC 3785) [Setup
01]. Schematic of the generation system for aerosols for the size distribution comparison of the Nano and Long
DMA Scanning Mobility Particle Sizer (Nano SMPS and LDMA SMPS) spectrometer related to the positions of
Particle Losses (PL), Fast Mobility Particle Sizer (FMPS) spectrometer, and n-butyl alcohol based CPC (CPC
3025) [Setup 02]. Schematic of the generation system for aerosols for the total number concentration compari-
son of n-butyl alcohol based CPC (CPC 3025), water based CPC (CPC 3785), and FMPS [Setup 03].
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At the first setup, to analyze a selected aerosol size
for testing n-butyl alcohol based CPC (CPC 3025)
and water based CPC (CPC 3785), the polydisperse
aerosol flow is directed into an Electrostatic Classifi-
er (TSI 3080) with a Long Differential Mobility Ana-
lyzer (LDMA TSI Model 3081) prior to entering the
Aerosol Electrometer (TSI 3068a) and two CPCs.
Polydisperse aerosol particles pass through a charger
and then are separated in the DMA according to their
electrical mobility. The DMA voltage and the aerosol
flow are adjusted so that particles of a preselected
size range (from 15 to 90 nm in this study) leave the
DMA. To reduce relative humidity, which can affect
the mean size of the dry aerosol distribution, the
sheath flow has a Drierite column. Once preselected
size looks stabilized, air-outlet of electrostatic classi-
fier is connected to Aerosol Electrometer 3068a, n-
butyl alcohol based CPC (CPC 3025), and water
based CPC (CPC 3785) in order to capture the con-
centrations. 

The second setup is the condition for a targeted
number concentration to compare the size distribution
of the Nano and Long DMA Scanning Mobility Par-
ticle Sizer (Nano SMPS and LDMA SMPS) spectrom-
eter related to the positions of Particle Losses (PL),
Fast Mobility Particle Sizer (FMPS) Spectrometer,
and n-butyl alcohol based CPC (CPC 3025). 

The last setup is the condition for a variable num-
ber concentration controlled by a capillary pressure
to compare the total number concentrations of n-
butyl alcohol based CPC (CPC 3025), water based
CPC (CPC 3785), which is a part of the SMPS, and
FMPS. During the analysis, the flow rates of instru-
ments are checked by a flow reader. 

Typically the SMPS components are an Electrosta-
tic Classifier, Nano or Long DMA (LDMA) and a
CPC. The SMPS is operated with a sheath flow and
a sample flow rate of generally less 1.0 lpm (Frank
et al., 2008; Desantes et al., 2005). A bypass flow
(around 5.0 lpm) is also available to reduce diffusion
losses by the sampling lines. The target aerosol size
ranges are about 2~168 nm for the Nano SMPS and
5~830 nm for the LDMA SMPS depending on a
size of selected orifice in the sampling inlet. Neutral-
izers used within Electrostatic Classifiers have an
intensity of 10.0 mCi. Measurements of particle num-
ber concentrations and size distributions using two
different Scanning Mobility Particle Sizers (SMPS).
In this study, the Nano (TSI Model 3085) DMA
SMPS components are an Electrostatic Classifier (TSI
Model 3080) and a water based CPC (TSI Model
3785). The SMPS inlet flow is 0.3 lpm with 3.0 lpm
sheath flow. Long (TSI Model 3081) DMA SMPS
components are an Electrostatic Classifier (TSI
Model 3080) with the same water based CPC (TSI
Model 3785) as same as Nano SMPS flow settings
(Table 1). Data used for analysis are 3-min averages.

The FMPS (TSI Model 3091, a flow rate of 10.0
lpm) which measures submicrometer aerosol particles
from 5.6 to 560 nm with one-second resolution are
operated to compare the Nano SMPS and LDMA
SMPS spectrometer related to the particle diffusion
losses. The benefit of FMPS is to safely ignore the
diffusion losses due to its high flow rate (10 lpm)
with particle-free sheath air (40 lpm). A n-butyl alco-
hol based CPC (CPC 3025) is operated to compare
the total number concentrations in this study. 
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Table 1. Flow description of the Nano and Long DMA Scanning Mobility Particle Sizer (Nano SMPS and LDMA SMPS)
and n-butyl alcohol based CPC (CPC 3025).

Sheath flow (lpm) Inlet flow (lpm)

Nano SMPS(1) Electrostatic Classifier 3080 3.0 0.3
Water CPC (CPC 3785) 1.0(3)

LDMA SMPS(2) Electrostatic Classifier 3080 3.0 0.3
Water CPC (CPC 3785) 1.0(3)

CPC n-butyl alcohol CPC (CPC 3025) 1.5

FMPS 3091 40.0 10.0

(1)TSI 3081 Long DMA. (2)TSI 3085 Nano DMA. (3)Flow includes 0.7 lpm of make-up-air



2. 2 Diffusion loss correction for the sampling
lines and the SMPS

Sample line diffusion loss caused by particle depo-
sition onto sample lines is expected. In order to esti-
mate the diffusion losses in the sampling lines, an
equation for circular tube penetration efficiency for
aerosols can be derived as function of D (the paricle
diffusion coefficient), L (the length of the sampling
lines), and Q (the volume flow rate through the sam-
pling lines) (Hinds, 1982).

Diffusion loss for the SMPS can be caused due to
attractions between molecules and surfaces. Smaller
particulate matters (⁄100 nm) have higher losses
due to diffusion. Thus, diffusion losses by the wall of
sampling lines or the SMPS system itself are inevi-
table during the sampling. Since the SMPS measures
in the size range from around 3nm, diffusion loss cor-
rection should be applied.

Fig. 1 presents the Schematic of the component
Scanning Mobility Particle Sizer (SMPS) spectro-
meter related to the positions of Particle Loss (PL).
PL 1, described above, indicates the diffusion losses
for the sampling lines, PL 2 presets the diffusion
losses related to the SMPS impactor depending on
the Reynolds number (function of the flow rate and
the gas properties of the working gas), and PL 3, PL
4, PL 5, & PL 6 show bi-polar neutralizer (function
of the particle diffusion coefficient and each instru-
ment specified flow rate), the connecting tubing , the
Differential Mobility Analyzers (DMA), and the effi-
ciency of the CPC with diffusion losses, respectively
(TSI, Inc., 2006; Chen et al., 1998; Birmili et al.,
1997; Reineking et al., 1986). 

3. RESULTS AND DISCUSSTION

There are several mechanisms that can cause parti-
cle losses in a sampling system we need to consider.
These include the size-dependent sampling efficiency
of the inlet and deposition within the sampling lines
that transport particles to the measuring instruments.
Mechanisms by which an aerosol particle can be
deposited onto the wall of a sampling line include:
interception, inertial impaction, diffusion, gravitatio-

nal settling, thermophoresis, electrostatic attraction,
and others. During the sampling, particle losses relat-
ed to settling, impaction, and diffusion could be the
most. Fig. 2 presents that estimated losses for the size
of under 100nm caused by settling and impaction can
be safely neglected. However, it is very important that
when a sampling is performed for the PM10, these
losses are not insignificant, should be considered. 

Fig. 3 shows the percent of diffusion losses for the
sampling lines, which are depending on the particle
diameter (nm), length of sampling line (m), and flow
rate (lpm). To explore the large realms of the diffusion
losses for the sampling lines, under several condi-
tions, the diffusion losses are examined. (1) Diameters
are chosen from 8.35~96.5nm, (2) the length of sam-
pling lines are from 0.2~5.0 m, and (3) the flow rate
of 0.3 and 0.6 lpm are selected in the condition with
and without the bypass of 5.0 lpm. In this study,
applying the correction to the very smallest size bins
(below 8 nm), which produced sporadic and noisy
data with unrealistic extreme values, are avoided
both the diffusion loss calculations for the sampling
lines and the SMPS. 

The right panels of Fig. 3 show diffusion losses
for the sampling lines in the condition of the bypass
of 5.0 lpm for the SMPS. Total averages of the diffu-
sion losses for the sampling lines yield less 5% losses
(sampling lines of less 1.0 m), so these diffusion loss-
es in the sampling lines could be inconsiderable for
total aerosol nanoparticle number concentrations.
However, without the bypass, since the diffusion
losses are size dependant, the smaller particle present-
ed the more susceptible it is to diffusion (up to 28%
and 19% diffusion losses in the size bin of 8.35 nm
with the flow rate of 0.3 and 0.6 lpm, respectively).
It is very important that these amounts of particle
losses cannot be ignored when sizing nanoparitcle
aerosols. 

The effects of the diffusion correction on the data
sets are presented below, all data used has been recal-
culated with the updated software to compensate for
diffusion losses (in addition to the standard multiple
charging correction). The diffusion losses of aerosol
size distributions from particle counts recorded dur-
ing SMPS measurements can be described in terms
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of the instrument empirical diffusion losses, which
operationally produces the reported number of parti-
cles in a given bin without the diffusion losses calcu-
lated and with the diffusion losses calculated. That
is, the empirical diffusion losses are given by the ratio

of without and with the diffusion loss corrections by
the TSI software. 

In Fig. 3 we present the empirical diffusion losses
by percent for the SMPS, and they can be the diffu-
sion loss correction (DLC) factors themselves. These
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Fig. 2. Computed settling losses and impaction losses in the sampling line. (Note: fixed parameters are Sampling Line
Diameter of 1/2 inch, Horizontal Length of 2.0 meter, Number of 90 degrees bending of 1.0, Sampling Line Angle
in horizontal of 30 degree, and Flow Rate of 16.7 lpm).



percents in Fig. 3 are computed for each flow rate of
0.3 and 0.6 lpm. Any increase in the DMA sample
flow means a larger fraction of the particles in the
sample are being detected due to reduction of diffu-
sion losses by virtue of a reduced residence time.
Fig. 3 shows the percent for the diffusion loss correc-

tion only to the empirical diffusion loss. For our
conditions, the diffusion correction is 12~15% at
100 nm, increases to about 45~55% at 20 nm, then
increases rapidly with decreasing diameter, reaching
values at the lowest reported mobility diameters of
almost 78% and 87% for SMPS flow of 0.6, and 0.3
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Fig. 3. Diffusion Losses for the Sampling Lines and the Scanning Mobility Particle Sizer (SMPS) [Note: DLC==Diffusion
Loss Correction].
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lpm, respectively. 
As described above, the rapidly increasing diffu-

sion correction presents a dilemma for those trying
to obtain size distributions for particles down to very
small sizes. Clearly the correction is necessary to
produce reliable data for sizes on the order of 20 nm
or smaller. However, again, applying the correction
to the very smallest size bins (below 8 nm) produced
sporadic and noisy data. It causes single count in the
smallest size bins get tremendously over emphasized
resulting in unrealistic particle size distributions. We
compromised by only considering sizes above 8 nm,
which unfortunately required excluding data for
smaller size bins.

Fig. 4 shows the combined diffusion losses for the
sampling lines and the SMPS (Fig. 3). The diffusion
losses for the sampling lines indicate relatively small

increments of losses of total, without the bypass, the
smaller particle presented the 19~28% in the size
bin of 8.35 nm. These changes will certainly impact
both the mode and number concentrations when
particle nucleation and growth events occur. 

As a result, the diffusion correction is certainly
required, for example, amount of 91% (8.35 nm),
85% (10.4 nm), 58% (21.3 nm), 34% (40.7 nm), 23%
(62.6 nm), and 15% (96.5 nm) with a condition of
0.3 lpm and the length of sampling line of 1.0 m. 

Before comparing the size distributions affected
by the diffusion loss correction, we need to indepen-
dently compare sized aerosols and total number con-
centrations by Aerosol Electrometer 3068a, n-butyl
alcohol based CPC (CPC 3025), water based CPC
(CPC 3785), and FMPS to see their good agreement
in a range of concentrations. 
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Fig. 4. Combined Diffusion Losses for the Sampling Lines and the Scanning Mobility Particle Sizer (SMPS) [Note:
DLC==Diffusion Loss Correction].



Fig. 5 shows intercomparison of n-butyl alcohol
based CPC (CPC 3025), water based CPC (CPC
3785), and Aerosol Electrometer 3068a in the range
of 15~90 nm and intercomparison of total number

concentrations by n-butyl alcohol based CPC (CPC
3025), water based CPC (CPC 3785), and FMPS.
To quantify the comparison for these instruments,
number concentration data are plotted on pair-wise

Comparison of Nano Particle Size Distributions by Different Measurement Techniques 227
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scatter graphs, and the correlation explored using a
least square linear regression analysis. The data are
averaged on a common one minute time basis. Note
that the number concentrations of water based CPC
(CPC 3785) only captured at the single counting
mode are compared. Fig. 5(a) and (b) shows these
scatter plots for each pair of continuous instruments.
In each graph the one-to-one line, the overall linear
regression fit (with the intercept fixed at (0,0)), the
slope of the regression with coefficient uncertainties
calculated at 95% confidence intervals, and the values
of r2 are given. The regressions are compared, but
the differences are very modest, and not statistically
significant between instruments within 10% differ-
ences. This comparison indicates that the major dif-
ferences between Nano & LDMA SMPS and FMPS
are not the instrument efficiency itself. 

The 3 min averaged Nano SMPS (6~156 nm),
LDMA SMPS (14.9~173 nm), and FMPS (6~523
nm) data are compared with and without diffusion
loss correction for a targeted number concentration
by the generation systems for aerosols in Fig. 6. This
analysis demonstrates the effect of recalculating the
data to account for diffusion losses. For the generated
NaCl in Fig. 6, while the average number size distri-
bution has a peak with about 1.2*105 dn/dlogdp
(1/cm3) at about 34 nm by FMPS, Nano SMPS dis-
tributions without diffusion loss correction shows a
relatively much lower concentration of 8.8*104 dn/
dlogdp (1/cm3) at approximately 35 nm. When cor-
rected for diffusion loss, almost same size distri-
bution, but rela-tively higher number concentrations
are observed with about 1.4*105 dn/dlogdp (1/cm3) at
about 35 nm. The comparisons of the LDMA SMPS
and FMPS present the similar to comparisons of the
Nano SMPS and FMPS as shown in Fig. 6. In addi-
tion, compared number concentrations at a range of
measured sizes show the good agreements between
FMPS and SMPS with the diffusion loss correction. 

Fig. 7 shows time series of the total number con-
centrations of the Nano SMPS and LDMA SMPS
with and without the diffusion loss correction, FMPS,
and n-butyl alcohol based CPC (CPC 3025). We
performed the pairwise correlations, which provide
insight into the range of each measurement, allow

comparisons between the instruments, and demon-
strate the effect of recalculating the data to account
for diffusion loss. Table 2 shows the summarized
slopes by pairwise correlation analysis for n-butyl
alcohol based CPC (CPC 3025), FMPS, and SMPS.
The SMPS number concentration with diffusion loss
correction and the CPC & FMPS number concentra-
tion agree well when the diffusion loss correction is
applied to the data, statistically significant increases
(closer to 1) in the slope with linear regression slopes
of 0.99 and 1.06 (forced to zero). This is a strong
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Fig. 7. Time series of the measured total number con-
centrations of the Nano and Long DMA Scanning
Mobility Particle Sizer (Nano SMPS and LDMA
SMPS) related to the Particle Diffusion Losses,
Fast Mobility Particle Sizer Spectrometer (FMPS),
and n-butyl alcohol based CPC (CPC 3025).

Table 2. Slope Comparisons of total number concentra-
tions of the Nano and Long DMA Scanning Mobil-
ity Particle Sizer (Nano SMPS and LDMA SMPS)
related to the Particle Diffusion Losses, Fast
Mobility Particle Sizer Spectrometer (FMPS), and
n-butyl alcohol based CPC (CPC 3025).

Slope FMPS CPC 3025

Nano SMPS 0.69 0.67
Nano SMPS DLC (1) 1.06 1.04
LDMA SMPS 0.59 0.57
LDMA SMPS DLC (2) 0.99 0.96

(1)Nano SMPS DLC [Diffusion Loss Correction]
(2)LDMA SMPS DLC [Diffusion Loss Correction]
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indication that applying the diffusion loss correction
yields a truer representation of the ambient particle
concentrations. 

Thus, the diffusion loss correction affects both the
absolute values of the particle concentrations and
the basic shape of the size distribution. These results
show that diffusion loss correction is always neces-
sary for SMPS data, specially having higher concen-
trations in smaller size particles. When the diffusion
loss correction is applied to the data, it yields statisti-
cally significant differences. This is a strong indica-
tion that applying the diffusion loss correction yields
a representation of the ambient particle concentra-
tions. 

4. SUMMARY AND SUGGESTIONS

Understanding the role of nanoparticles is of impor-
tance in aerosol chemistry and dynamics such as for-
mation and growth. With potential hazards of nano-
particles will require the ability to determine not only
their chemical nature but also their size, shape, and
number. However, accurate measurements of size
distributions inclusive of particles in ultrafine size
range are a challenge due to expected losses by diffu-
sions. We analyzed the data using the diffusion loss
correction for the sampling lines and Scanning
Mobility Particle Sizer (SMPS) to obtain concentra-
tions and size distributions. As expected, this correc-
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Table 3. The United State of America-Federal Environmental Statues (Source: Clakson, Kenneth et al., West Business
Law, p.827).

Popular name Purpose Statute reference

Rivers and Harbors Appropriation To prohibit ships and manufacturers from discharging and 
33 U.S.C §401~418

Act (1899) depositing refuse in navigable waterways

Federal Insecticide, Fungicide, and
To control the use of pesticides and herbicides 7 U.S.C §136~136y

Rodenticide Act (FIFRA) (1947)

Federal Water Pollution Control Act To eliminate the discharge of pollutants from major
33 U.S.C. §1251~1378

(FWPCA) (1948) sources into navigable waters

Atomic Energy Act (1954) To limit environmental harm from the private nuclear industry 42 U.S.C. §2011~2297g-4

Clean Air Act (1963) To control air pollution from mobile and stationary source 42 U.S.C. §7401~7671q

National Environmental Policy Act
To limit environmental harm from federal government activities 42 U.S.C. §4321~4370d

(NEPA) (1969)

Marine Protection, Research, and
To regulate the transporting and dumping of material into

Sanctuaries Act (Ocean Dumping
ocean waters

16 U.S.C. §1401~1445
Act) of 1972

Noise Control Act (1972)
To regulate noise pollution from transportation and

42 U.S.C. §4901~4918
nontransportation sources

Endangered Species Act (1973) To protect species that are threatened with extinction 16 U.S.C. §1531~1544

Safe Drinking Water Act (1974) To regulate pollutants in public drinking water systems 42 U.S.C. §300f to 300j-25

Resource Conservation and 
To establish standards for hazardous waste disposal 42 U.S.C. §6901~6986

Recovery Act (RCRA) (1976)

Toxic Substances Control Act (1976) To regulate toxic chemicals and chemical compounds 15 U.S.C. §2601~2692

Comprehensive Environmental 
Responses, Compensation, and To regulate the clean-up of hazardous waste-disposal sites 42 U.S.C. §9601~9675
Liability Act (CERCLA) (1980)

Low Level Radioactive Waste To assign to the states responsibility for nuclear power
42 U.S.C. §2021b~2021j

Policy Act (1980) plants′ low-level radioactive waste

Nuclear Waste Policy Act (1982)
To provide for the designation of a permanent radioactive

42 U.S.C. §10101~10270
waste-disposal site

Oil Pollution Act (1990)
To establish liability for the clean-up of navigable waters

33 U.S.C. §2701-2761
after oil-spill disasters



tion makes a large difference for any measurement
conditions with high numbers of particles smaller
mobility size. As compared to Fast Mobility Particle
Sizer Spectrometer (FMPS), and n-butyl alcohol
based CPC (CPC 3025), the diffusion loss corrections
for the Nano and LDMA SMPS yield a required illus-
tration of the ambient particle concentrations. 

5. IMPLICATIONS: Direct revelation
mechanism as enforcement

The United State EPA (US EPA) attempts to update
pollution-control standards when new scientific infor-
mation becomes available. Although the US EPA
sets primary and secondary levels of ambient stan-
dards (the maximum levels of certain pollutants and
the states formulate plans to achieve those standards),
Section 112 of the Clean Air Act (CAA) requires the
EPA to identify toxic air pollutants that cause serious
illness or death to humans (42 U.S.C. §7412 (b): Sec-
tion in hazardous Air Pollutants). The Clean Air Act
sets 4 types of air quality goals; (1) to establish na-
tional ambient air quality standards(NAAQS), (2)
not to deteriorate in those areas that meet the natio-
nal ambient air quality standards already, (3) to re-
quire the natural visibility to be preserved within
major parks, and (4) to let EPA establish emission
standards to protect public health from hazardous
air pollutants. The act requires the US EPA to esta-
blish standards to install maximum achievable con-
trol technology (MACT) to control emissions of
toxic substances. Even though the Act establishes
control standards through state implementation plan,
technological control and mobile-source controls set
by EPA, there leaves still room for improvement be-
cause new sources or pollutants comes forth into the
air as time goes. Enforcement mechanisms under the
Clean Air Act included administrate penalties, orders
issued by the administrator of the US EPA, and cri-
minal actions brought by the U.S. Attorney General,
including fines of $1,000,000 for each violation and/
or imprisonment of up to 15 years in cases where
one knowingly releases hazardous air pollutants into
the ambient air (Table 3) (Clarkson et al., 1998).

Classical concept of enforcement mechanism devel-
oped by Hurwicz and Marschak (1985) stated that
“what the competitive (or price) mechanism achieves
cannot be achieved at a lower informational cost,”
which means without development of measurement
technology or information technology, optimal mar-
ket condition cannot be attained, but there still lies
incentives to hide their pollutant emitting behavior
and evade regulations. When the mechanism, per se,
is designed to give incentives and economic benefits
to those who hide their actual amount of pollutant
emission, enforcement mechanisms by themselves
cannot be valid completely, only to increase the
possibility of bribing or lobbying motivations. En-
forcement mechanisms themselves are not sufficient
for economic agents to keep and follow the environ-
ment related rules unless accuracy guaranteed mea-
surement technology is equipped with the enforce-
ment mechanism. In this point, the Act, amended in
1990, provides “best available control technology
(BACT)” and “lowest achievable emission rate
(LAER)” standards to regulate before construction
of major sources of emissions. 

The National Environmental Policy Act of 1969
(NEPA) requires all federal agencies to prepare a
detailed Environmental Impact Statement (EIS)
whenever the agency proposes legislation, recom-
mends any actions or undertakes any activities that
may affect the environments. Given the substantial
data gathering necessary for successful compliance
with the prerequisites of an EIS, many agencies have
tried to exempt themselves from having to prepare
this statements. It is nearly impossible to gauge with
precision the so-called “threshold levels” of air pol-
lution. Regulators therefore are relegated to setting
exposure levels that kick in only when demonstrable
adverse effects already have occurred. The CAA,
which focused on multistate air pollution and provid-
ed assistance to states, and its amendments reflect
complexities the ever-expanding recognition of the
health risks associated with pollution, rapidly chang-
ing technologies, a veritable explosion of scientific
data relating to air pollution, and industry resistance
to policymakers attempts to redress the problem.

Identifying the Nano size particles is getting of
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great concern due to their chemical and physical
behaviors. Recently their anthropogenic sources relat-
ed to combustion sources could be related to human
health rather than nature sources such as nucleation
(gas to particle conversion) due to their unknown
chemical structure and toxicity. However there is no
statute, certainly need to be specified associated with
anthropogenic sources. In this study, hereafter, a pos-
sibility of establishing direct revelation mechanism
as enforcement will be required as the first. Direct rev-
elation mechanism (Garcia, 2005; Marschak, 1985)
is a mechanism that leads economic agents by them-
selves to true reporting behavior even though they
got an option of no-reporting or of false reporting.
To attain direct revelation mechanisms in action for
such societal incentives as public health and ambi-
ent air quality, technological development of accu-
rate measurement with construction of new sources
of emission is required. Accurate measurement such
as diffusion loss corrections associated with size
distributions and number concentrations in ultrafine
particles (as shown here), in line with the enforce-
ment mechanisms, can certainly contribute to ensure
compliance mechanism, which will be designed to
strengthen the environmental integrity. 
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