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higher efficiency when aerosols are charged. Inthe present study,
Experiments were performed that examined how the electri- the effect of both manikin and sampler conductivity was exam-

cal conductivity of personal samplers and the manikin on which ined to study the relative size of each parameter on sampling
the samplers were mounted affected sampling efficiency. These ex'efficiency.

periments were done in a wind tunnel using a 7um Mass Median
Aerodynamic Diameter (MMAD) aerosol with conductive Institute
of Occupational Medicine (IOM) samplers and conductive andnon-  pMATERIALS AND METHODS

conductive 37 mm cassettes mounted on a life-sized manikin, which Th . ¢ di ind | havi
was conductive or nonconductive. The charge on the aerosol was e experiments were performed in a wind tunnel having

neutralized for some experiments. Nonconductive samplers gave@ 183 ¢cm wide by 122 cm high cross section that was de-
lower sampling efficiency than conductive samplers for both the scribed previously (Smith et al. 1999) at a wind speed of 0.5 m/s
conductive manikin and nonconductive manikin, and the noncon- \ith the manikin facing the wind. Descriptions of the place-

duct!ve manikin gave Io_wer sampling efficiencies with both con- ment of the manikin and reference samplers, the generation
ductive and nonconductive samplers. These effects were smaller at

reduced levels of charge on the aerosol. It is important to consider SYStem, the aerosol charge neutralization system, angim 7
the conductivity of the manikin when designing experiments to de- MMAD aerosol have been given previously (Smith et al. 1999).
termine the sampling efficiency of personal samplers mounted on The manikin was painted with graphite paint (Energy Beam
a manikin. Sciences, Agawan, MA) to make it conductive, and the sur-
face of the manikin was made nonconductive by covering it
with a tight-fitting polyethylene plastic film. Six personal sam-
INTRODUCTION plers were mounted on the front of the manikin a.t one time.
A recent study examining the sampling efficiency of co '[hese experiments used IOM sa_mplers (Markand _Vlncer_1t 1986)
: Part No. 225-70: SKC, Inc., Eighty Four, PA) with stainless
monly used personal samplers for mhalable du;t (Kgnny el.;r%{eel filter assemblies (Part No. 225-75: SKC, Inc., Eighty Four,
1997) found low anq poolrly reprqduuble sampling eﬁlc_lenp|ta|§A) and conductive (Part No. A-003750-3AC: Omega Specialty
at the smallest particle size studied1(0 xm aerodynamic di- Instruments Co., Chelmsford, MA) and nonconductive (Part

ameter). In an effort to explain some of these results, the presgil ,5c 2. sKc Inc Eighty Four, PA) 37 mm closed-face cas-

study examined electrostatic effects on the sampling efﬁciengé(ttes_ The IOM samplers pointed out from the body, while the

of manikin mounted samplers. 37 mm cassettes pointed down, the same orientations that these

Several stud|e.s. in the past- have.e.xammed the 'nﬂuencesg‘nplers have in field applications. For experiments involving
sampler conductivity on sampling efficiency (Turner and Coh H? IOM samplers, all 6 samplers on the manikin were conduc-
132‘71 P_ths kar ei a(;.. 1991, Blardon di?ld tDeyedeSO, Johnslton ett@e; the experiments with the 37 mm cassettes used 3 conduc-

)- These studies concluded that conductive samplers 9RVE and 3 nonconductive cassettes mounted alternately on the

_ manikin.
Received 10 December 2001; accepted 20 May 2002. Filters from isokinetic reference samplers and manikin
Mention of any company or product does not constitute endorsemeg nted personal samplers were weighed before and after expo-

by the Centers for Disease Control and Prevention. syre to the aerosol to the nearegt@with an analytical balance
Address correspondence to Jerome Smith, U.S. Department o P y

Health and Human Services, Division of Applied Technology, 467@7_‘0deI ATZO Mettler Toledo Inc., Hights'town, NJ). The sam-
Columbia Parkway-R23, Cincinnati, OH 45226. E-mail: jps3@cdc.gging efficiency was calculated as the ratio of the concentration
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measured by the manikin mounted samplers to the isokinetic Table 2
reference concentration. Experiments with 37 mm cassettes; 6 samplers were mounted
For each of the experiments involving IOM samplers, the re-on the manikin (3 conductive and 3 nonconductive mounted
sults from all 6 samplers were averaged. For the experimentsalternately on the manikin); the manikin was conductive
using the 37 mm cassettes, results from conductive and noi@ond) and nonconductive (Non), and cassettes were made of
conductive samplers were treated separately (3 of each kind of conductive (Cond) and nonconductive (Non) plastic
cassette were used in the experiments). Data from experiments — .
conducted under the same conditions were pooled to obtain@nikin Cassette Efficiency Pooled SD  Significance
overall mean and standard deviation artésts were used t0 g og0l charge not neutralized

examine the significance of differences of mean values obtaine¢cong  cond 0.79 0.02
under different conditions. Cond Non 0.69 0.04 t=5.09,n=10,
p=.0004
Non Cond 0.63 0.02 t=13.4,n=10,
RESULTS AND DISCUSSION p <.0001
Three sets of experiments were conducted. The first 2 setg g, Non 057 0.03 t=14.6,n=10,
were performed before an effective technique for assessing and p <.0001
neutralizing the charge was developed. The first set of expekis;osol charge was neutralized
ments was done with IOM samplers, which were available only o4 Cond 0.82 0.01
as conductive samplers. A second and third set of experimentg Non 0.76 0.0 t=12,n=4,
were performed using 37 mm cassettes since these were avail- p=.0002
able both as conducting and nonconducting samplers. In the las{on, Cond 0.74 002 t=7.1n=4,
set of experiments, the charge was neutralized. p=.002
The set of experiments with the IOM samplers (Table 1) nop Non 0.70 002 t=11.2n=4,
showed the clear influence of the nonconductive manikin on p=.0004

sampling efficiency. The sampling efficiency for the noncon
ducting manikin was significantly different from that of the con- Pooled SD= pooled standard deviation.
ducting manikin. At test performed on the data gaise 28.1 ~ Cond= conductive manikin or cassette.
Non= nonconductive manikin or cassette.
andp <.0001 for 34 degrees of freedom. However, the resuI'[SSignificance: statistical significance of difference between experi-

with the nonconductive manikin were reproducible (better thafental condition studied and experiment with conductive samplers and
5% coefficient of variation(CV)), even if they were lower tharonductive manikinp was calculated based on the calculatesidn

those obtained with the conductive manikin. degrees of freedom.
The same conclusion concerning the nonconductive manikin

can be made for the 37 mm cassettes (Table 2), along with iessettes, where CV was 5.8%) even when they were lower than
additional conclusion that the nonco_nductlve samplers alwayg se having the conducting samplers and conducting manikin.
gave lower results than the conductive samplers. glalues  pqr he third set of experiments (Table 2) in which the charge
calculated indicated differences were significant at the 99% cQpss neutralized. the same conclusions can be reached. The ef-
fidence level. The combined effect of the nonconducting manikifjency was always lower with the nonconducting manikin and
and nonconducting samplers was to give even lower efficiengynconducting samplers, and the combination of nonconducting
than either effect alone. Again, the results from the nonconduglysiers and a nonconducting manikin gave lower efficiencies
ing manikin and the nonconducting samplers were reproducible, jther effect alone. Again, better than 5% CV was obtained
(better than 5% CV for all experiments, except for the expetis; g conditions studied. Experiments in Table 2 where the
ment done with the conductive manikin having nonconductiyg,arge was neutralized showed higher efficiencies than the ex-
periments done under the same conditions where the charge
Table 1 was not neutralized (also shown in Table 2). It appears that the

Experiments with IOM samplers; 6 samplers were mountedcharged aerosol results in lower efficiency, especially in com-
on the manikin; the manikin was painted with graphite paintdination with the nonconductive manikin and nonconductive
(conductive) or covered with plastic (nonconductive); — Samplers.
the aerosol charge was not neutralized

Manikin Efficiency Pooled SD CONCLUSIONS
Conductive 0:82 002 oot mankin mounted personal sampers. It is mporta
Nonconductive 0.67 0.01 y p piers. p

to consider the conductivity of the manikin and the charge on the
Pooled SD= pooled standard deviation. testaerosol, in addition to the conductivity of the samplers, when




EFFECT OF CONDUCTIVITY ON PERSONAL SAMPLING 81

designing experiments to determine the sampling efficiency ofollaborative European Study of Personal Inhalable Aerosol Sampler Perfor-
personal samplers mounted on a manikin. mance Ann. Occup. Hyg41:153-153.
Mark, D., and Vincent, J. H. (1986). A New Personal Sampler for Airborne Total
Dust in WorkplacesAnn. Occup. Hyg30(1):89-102.
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