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Environmental Concentration Analysis of Manufactured Nanomaterials

Eunjoo Bae, Byoung Kyu Kwak, and Jongheop Yi'

School of Chemical and Biological Engineering, Seoul National Universty,
Gwanak-gu, Shillim-dong, San 56-1, Seoul 151-742, Korea

As nanotechnology has rapidly expanded the application areato a variety of industries, the potential toxicity
of nanoparticles became the hot issue. Especialy, the human health and environmental safety in the workplaces
handling nanomaterials have been recognized as an urgent problem. However, at this point, a proper mon-
itoring/characterization techniques of nanomaterials have not been standardized due to the technical difficulties.
In this paper, the existing monitoring methods were investigated for the particulate matters. The rational mon-
itoring methods of nanoparticles also are proposed. In order to precisely measure of nanoparticles, electrical
mobility or diffusion of particles should be introduced instead of intial impaction or gravitation force. In addi-
tion, it is recommended that the concentration of nanoparticles should be expressed based on the numbers or
surface areas, not by mass concentration. SMPS (scanning mobility particle sizer) could be one of the proper
methods to monitor nanoparticles. It is expected to develop new test guideline with improved precision after
considering some factors, including portability and cost.
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Fig. 1. An idealized size distribution showing fine and coarse particles and the nucleation, Aitken, and accumulation
modes than comparison fine particles (EPA/600/P-99/002aF).
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Table 1. The instruments and techniques for real-time measurement of nanoparticles

Metric Device Range Comments

Not size selective. Pre-separator is needed.
Mass TEOM PM  Measure mass concentration of PM.
Measures only nonvolatile components of PM.

0.030-10 Size distribution with time resolution from 2-15 s (aerodynamic dia.).

ELPI um  Low pressure may cause volatile particles to evaporate.

Not size selective. Pre-separator is needed.

CPC 10 nm < Diffusion screen to limit top size to 1 pm.

Pre-separator must be used to remove particles larger than 1.0 um for aerosol

measurements.
0.01-0.7 Measqre nurnl?er concentra.tion. (mobility diameter). o
SMPS 'Mm. 2-4 min scan time for 100 size intervals - can ramp DMA electric field to reduce
scan time.
Scan times as short as 30 s may be used with lost resolution.
Not portable or user friendly and cost
Nano- 3.50 nm Time resolution of about 10 s required to scan all intervals.
SMPS Not fully characterized and developed.

Pre-separator must be used to remove particles larger than 1.0 um for aerosol

Number measurements.
0.003-1.0 Measure number concentration (mobility diameter).
EAA (EAD) . . . L
wm Time resolution between 2-3 min, 11 size intervals.
Results for diameters <10 nm are questionable unless number concentrations are
high, due to diffusional losses.
Pre-separator must be used to remove particles larger than 1.0 um for aerosol
0.01-0.5 measurements. . B .
DMPS m Measure number concentration (mobility diameter).
H Discrete changes in electric field of DMPS makes sampling for entire range slower
than for SMPS.
APS 0'451?;20 Time-of-flight aerodynamic sizing accounts

Measure number concentration (aerodynamic dia.).

Diffusion 0.01-0.5 Slow sampling time requires steady-state conditions.

battery um Strongly distorted results if concentration and size change during scan.
Pre-separator must be used to remove particles larger than 1.0 um for aerosol
< 100 measurements.
DC om Measure active surface area (for below 100 nm particles).

Note that not all commercially available diffusion chargers have a response that
scales with particle active surface area below 100 nm.

Measure Fuchi surface area (for 0.10 - 7 um particles).
Time resolution is between 5-30 min depending upon the analysis code used.
Bulky, complex, and costly.

Surface  Epiphanio- <70
area meter um

Pre-separator must be used to remove particles larger than 1.0 um for aerosol
<1 measuremeqts. . o
PAS m Measure active surface area (for below 100 nm particles) of compounds containing
W PAH.
Response time < 1s

Aaerodynamic diameter and chemical composition

Composi-
i Real-time measurement of up to 600 part/min.

ATOFMS  0.3-50 um
tion




Az Eeade] EE

S, YAl 7] Babs, W A&

A 571 (CPC).
CPCe dx}e] =717} UF Zolr] 338}
o] EAL 85

] YA AlFTE 8o

3

=

AL

—l]I 1z

o2 o e e doow

AR=2] 5% (number

g % qdrsom,

il

2.23. A} °o%
SMPSE EHo|
(CPO)E 7444

712747)(SMPS)
447)(DMA)H
A Y 71 CKr F

sheAl 1ol

~10,000Ve] A
IE=e 97k 2715
g2 10~700 nm(50% 7l
$+= 0~10* particles/

SMPSE =&~
t}. ELPL= ahd®
oz AAE 2
A=71e] wel DMASY
Hog YAE ¥
A= CPCE AH F5Es
= FAEg, =
QIApe] wope] mpeh

oA w2

o

i

o 2o

¥

719 211

J
o:

$R5e] FUY wYl A§ ELPI P2lolA AAn
o Akl 21t A s AFel Arke By
7

9}1—4_9,13,16,19,20)'

ok

224 Y=FAL o]5 % YA} H71247](nano-SMPS)

Nano-SMPS= SMPS 7171¢]l v=9iA} 547155
Zslst whalolty. DMAS] Zolof| we} Y& s}
= A%e 98Xy, DMAS Zolo] wEt LDMA,
MDMA, nano-DMAZ ¥t} SMPSH|ZA] w}e}
DMAS] Zole Fx|/dsol 2A 24 =9, 7F8 &
< nano-DMAE |83t Z©] nano-SMPSelt}. =74
99L& 3~50 nm7HA] Wz 762D,

225. A714 oej2F A 7)(EAD =2 EAA)

PAhs FFHA ol A= R7IE Bl
s e =dsA =, 717199 =
BetHA Htel wEr b A7) &
olF=E 7H YAk= JHE ST
£ 7H gz DEjdlel] A7 o]FA
k= ZEo] A9 AYAZ AsErt. EDAE Z
of AT I HtE AojF= We|B=E, SMPS
W23 g YPRte] A5E FAPL ojf s,

i

oxl
)
N
%

il
X
o v
off H
I—PrrlI rl}g

Mo
I
i i,
iR

o

2.26. &2 olFkE Y71 5471(DMPS)

A71Hez e dAE Arlolee BAVIE &
A, 54 W99 ols kg Zhe YAE Ao
2 FHeEs fFEA7l= dolth. CPCE AHE-shed
Agshs oA SMPSe}, A7]ols® ztel& o83
the Aol EADSE v fAlsith. skARt EADe]l
HlsiA FH A2 A7) AEER 240 Jhest,
SMPS¢} €] 9rke] A&A FAll gt o] &7t
softks Aollx Zteldol ltk. DMPSE EADelA
SMPSz] 717] 52l $2F DAl = FAE ol
%1:].15)'

Lo

22.7. 3715884 4271 S71(APS)

Pk 7158 eE A7l Qs s EsEA
71&8lElE S o8 AR ET. dRke A7 5
& o] A7) o] u =gA 7iEEnth gAEel
oWE Fle WS FHHA &S WA U2 o
APS 7171 F 79 5927t Jde #e 2 7
B-9-2] Afole] 7HAL AP F-HAIZHS YERH, ©]

F15ESE AP0z AEHSI,

O

rr



212 WjeF - 2y - ol

Table 2. The sampler for the nanoparticles

Device Range Comments

An instrument for the classification of aerosols (Aerodynamic dia.).

A series of orifices of decreasing size; the air flow is normal to collecting surfaces on
PM2.5 (PM10) which aerosols are collected by inertial impaction.

The particles, by their momentum differences into a number of size ranges, are

collected simultaneously.

Cascade
impactor

An instrument for the classification of aerosols (Aerodynamic dia.).
LPI 0.030-10 um A low pressure impactor is an impaction device to separate airborne particles at low
pressure condition.

An instrument for the classification of aerosols (Aerodynamic dia.).
Not real-time, gravimetric and chemical analysis performed after collection.

Same as MOUDI
Low pressure may cause evaporation of the volatile particles.

MOUDI 0.056-10 um

Nano-MOUDI 0.010-18 um

An instrument for the classification of aerosols (mobility dia.).

The particulate collection device that removes particles from a flowing gas (such as
ESP < 1.0 pum  air) using the force of an induced electrostatic charge.

Electrostatic precipitators are highly efficient filtration devices that minimally impede

the flow of gases (for below 100 nm particles).
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Table 3. Comparison between particulate matter and nanoparticle monitoring

Items

Particulate Matter

Nanoparticles

Diameter

Aerodynamic diameter (> 0.5 mm) Stokes diameter (0.5 um<)

Size separation

Mechanical mobility

Electrical mobility

Velocity Gravitational settling velocity Brownian diffusion velocity
Density Dependent (1g/cm®) Independent
Example of the monitoring instrument
Instrument WINS + TEOM DMA + CPC
. Real-time measurement of Real-time measurement of
Description . .
mass concentration number concentration
Range PM2.5 or PM10 0.02 um ~ 0.7 um
Flow rate 16.7 lpm 1.0 Ipm (laminar)
Measurement 5 o =
Condition Temp. 50°C for TEOM 0 to 35°C (not specified)
Relative Humisity Sensitive (< 30%) 0 to 90% (not specified)
 Gravimetric method .
Limits « Relative high temperature Not portable, complex, costly instrument

« Sensitive about humidity

* Low flow rate limitation
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Fig. 2. Dynamic range of monitoring particulate matter..
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Abbreviation

APS : Aerodynamic particle sizer, 571
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