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" Preparation of the particulate sample for calibration
of inter-laboratory analysis -

Kikue Qikawa*, Yoshikazu Hashimoto™* éf_:d Tsunehiko Otoshi®*

- Abstract: . A procedure for preparing the
. particulate sample for calibration of the
. results of inter-laboratory analysis has been
- proposed. : :

A large amount of the dust;, that was
collected from the filter attached to the air
conditioning unit fixed on the roof of an
office building, was mixed and - riffed to
obtain the homogeneous dust mixture. Ho-
mogeneity of the mixture was statistically

examined by treating the analytical data of
the aliquots. . Evaluation was made by
comparison of the variance due to analytical
error and inhomogeneity to that of analytical
error; the prepared sample was distributed
to six laboratories and analyzed by reutron
activation analysis, atomic absorption spe-
ctrometry, and X-ray fluorescence analysis,
and the results are shown for 35 elements.

tandard reference samples are useful to
compare analytical procedure and analytical
results of inmer- and inter-laboratory study.
There are many kinds of the standard
reference samples of high quality, i.e., G-2
and W-1 of the U.S. Geological Survey.
These standard samples are widely distribut-
ed aver the world and their analytical data
“are collected and systematically examined.
These samples include various materials
rocks and minerals, soils, foodstuffs and
even biological substances in their stable
forms. However, atmospheric samples,
which are recently required to have been
assayed, are not contained in these series of
standards, probably because of the wide
variety of the sample guality. .
There was a requirement to prepare a
comnon sample for analytical study of air-
borne particalate matters, and an investiga-
tion was made on the method of preparation
of the common sample.
Particulate matters existing in the atmos-
phere of urban districts are mostly less than
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100 pg/m?®, and we only get milligrams of
samples by filtration of 100m? of air even
in the heavily polluted areas. This amount
is not sufficient to prepare samples to suit
our purpose of preparing a large amount of
uniform sample.  Therefore, we decided
to use the dust collected from a filter at an
air inlet of a large office building.

The dust collécted was dried and mixed
well, and the degree of mixing was examined
by statistical techniques. An estimate of
the uniformity of the sample was made by
a comparison of the variance of analytical
and mixing errdrs_, Vanatemis, and the variance
of analytical érrors, Va of the analytical
data of the sample. The sample is regarded
as statistically uniform when the value
defined by the next formula becomes unity,
so there is no significant difference between
two variances questioned, which also means
ne increase of analytical errors due to in-
homogeneity of the samples.

; . F.m_vanal-i-mixllvanal ( i ) |

Experimental

- "About 6kg of the dust precipitated on &
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cloth filter attached to an air inlet of an air
conditioning unit, which was placed on the
roof of an office building of some 50 m high,
was collected by a vacuum cleaner for home
use. The collected dust was carried to our
laboratory in a polyethylene bag. 2kg of

the dust was dried in an oven of 105+£5°C:. -

for one hour and sieved through the standard
sieves of 50, 100, and 200-mesh sieves, and
it was again dried in an oven under the
same conditions for about one hour, by levell-
ing the dust powder in a vat to about 1lcm
thickness.

The dried powder was put into a 5-litre
poiyethylene bottle with a large mouth, and
mixed by rotating the bottle enclosing the
stirring bodies in it : one hundred of 28 mmg
balls of 34 g each, and twenty of 25 mmgx
25 mm cylinders of 22.5 g each, both covered
with pelyurethane film.

The degree of mixing was examined by
chemical analysis of the six aliquots of each
sample taken from the mother body before
mixing, 3hrs and 6hrs after the start of
mixing. The coefficients of variations of the
analytical data for zinc in the samples were
4, 3, and ! to 2%, respectively, and no
improvement was seen for the samples longer
than 6 hrs mixing, The stirring time, there-
fore, was decided as 10hrs for the sample
preparation. o _

For further mixing, the following pro-
cedures were repeated four times, i.e., the
powder was divided into two equal parts by
a riffle, and half of each part was spread
one over the other in a large vat to form
four layers from the bottom to the top, and
th surface of the layer was divided into 16
equal parts for the repeated riffling pro-
cedures. By four repeated cycles of this
procedare, the sample powder is to be
divided into 1.7x10" parts theoretically,
hence if the original dust powder was 1kg
in weight, one singlé division by this riffling
is to be some 60 pg.

The prepared sample was named for
convenience as AS-1, and was statistically
examined for homogeneity by the data obtain-
ed by chemical analysis of the sample.

100mg of AS-1 was first extracted, in a
250 ml Erlenmeyer flask with a reflux con-
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densor, with nitric acid (1+1) by direct
heating for 30min. Add 3ml of hydrogen
peroxide and heat another 30min. The
residue was filtered off from the extract
through a filter paper (No. 5¢, Toyo Roshi
Co.) and filled up with water to a mark in
a 100 ml volumetric flask. The solution was
then analyzed by atomic absorption spectro-
metry employing the Varian-Techtron AA-5
instrument.

Two series, A and B, of samplings of the
aliquots were made for statistical evaluation
of AS.1. In seties A, the 100mg aliquots
were taken randomly from the whole sample,
while series B consisted of the pairs of 100
mg aliquots taken from 0.3g of the “very
carefully mixed’ samples; the 0.3 g part of
AS-1 was taken by the same procedure as
in series A, and mixed again for three
minutes ‘ thoroughly’ by a vibrational mixer
(Spex Mixer-Mill, No. 5100).

Results and discussion

If we assume the aliquots of series B are
mixed ‘throughly’, and if, also, errors of
analysis are the same for both series, the
difference of the errors of A and B series

Table 1 Analytical results of the aliquots of
series A by atomic absorption
spectrophotometry (pg/g)

Element Zinc Copper Lead Manganese

i{;’du‘;ﬁ (X109 (X109 (X109 (X108
X 3.13 3.5 2.6 1,07
Xe 311 3.4 2.6  1.06
Xs 310 3.3 2.7 1.09
X4 3.06 3.4 2.6 1.08
% 3.00 8.6 2.6  1.10
Xo 3.0 3.4 2.6  1.08
X 2.95 3.8 2.6  1.08
Xs 2.97 8.5 2.8 1.0
X 2.08 8.5 26  1.10
X 3.00 3.4 2.7 1.09
% 304 8.4 2.7 1.08
v ag970 99 4900 210
v (8) 21 2.8 26 1.3

v:.i“l (x5 (0-1)
2
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will show the degree of uniformity of the Table 4 Analytical results of AS-1 (individual
mother body. For this comparison, the aliquot) by instrumental neutron activation
principle of analysis of variance (equation 1} analysis* (pg/g)
~ was applied, in which F values of the Element Aluminum Chlorine Vanadium
analytical data were compared with Fgg (2) g?du?:i €104 (X104 (X109
from the F distribution table at significance < 514 550 o
X 5.58 3.34 2.9
Table 2 Analytical results of the aliquots Xj ‘ 5 45 3.15 2.9
of se.eries B ;Jy atomic absorption X, 5:48 3:% 3:{}
spectrophotometry {ug/g) X 5.60 3 91 57
Element Zinc Copper Lead Manganese .0 5.73 3.31 3.0
No. of , ; . , X 5.66 3.42 3.0
aliquot {(x10%  {x10% (x10%) (x10% <. _ 5 67 426 58
Xu 3.06 3.7 2.5 1.11 Xa 5.79 3.32 31
Xe 310 3.7 2.6 1.16 X0 5.56 3.12 3.0
Ko 3.05 3.7 2.6s 1.10 % 5.57 3.31 2.9
Xep 3.15 3.62 2.5 1.09 e 5.34% 108 1,79 106 134
Kst 3.11 3.5 2.5 1.09 ev. (%) 2.3 4.0 4.0
)&3?’ 3.02  34s 2.5 1.10 * T. Mamuro (Radiation Center of Osaka
Kat 3.01 3.44 2.7 1.10 Prefecture)
Xa 2.96 3.6 2.64 1.10 - n{ I
Kot 3.02 3.4, 2.5  L.11 =2 b /n
heY: 2.97 3.5 2.6 1.10
Yot 2.00 3.8 2.5,  1.08 Tabli 5. )ina%ytical resullts oft AS-1 -{.repe'ated
o 301 3.3, 2.6 1.08 analysis) by m:rtl:!}.l::;e;j:a( r::;)mn activation
Xut 3.00 85 2.5 Ll v
Koo 207 3.4 350 1.10 : Element Alaminum Chlorine Vanadium
Xt 3.07 3.4s 2.6 1.10 AR (X109 (X108 (X109
Xaz 2.94 3.4q 2.6z 1.08 X: 5.74 3.34 2.8
X1 2.94 3.5 2.5  L09 X 649 3.9 2.8
T ) 2.99 3.3 2.5  1.10 Xs 5.3 3.40 2 8
Kior 3.04 3.46 2.1 1.06 X 5.39 3.35 3.0
Xz 3.01 3.4 2.5 1.0; X 5.44 3.37 3.0
R* (.06 G.08 0.05 G.09 be 5.48 3.37 2.9
Vs 2680 48 1800 50 ML 2.29%x108 5.73x108 120
ev. (% 1.7 2.0 1.6 0.7 cv. (%) 2.8 2.4 3.3
- n # T, Mamuro (Radiation Center of Osaka
* R:‘M_igx;lxil zlfn Prefecture)
S " n
# N =Rfe, where c=1.16 WV=.Z:1 (%) */n-1
: frm

Table 3 Analysis of variances for the atomic Table 6 Analysis of variances for the data of

ghsorption data neutron activation analysis*

Element Vanalsmiz Vanal yaiféa(%ejem Element Vanatsmix Vanet yaat::)a&;?e,m
Zinc 3970 2680 - 148" - - Aluminum 3.34X108  2.29%108 1.46.
Copi}er 90 48 1.9 ghlor(;}'le . 1‘751:41{}5 5.7322 106 . i ]1.;
Lead 4900 1800 2.7 e ' e
Manganese 210 50 a5 % T Mamuro (Radiation Center of Osaka

Prefecture):
* F9(0.05) =3.18, Fe?(0.01)=5.35 = EO (0,06) =6.00
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Table 7 Results of inter-laboratory analysis of AS-1 (pg/g)
;“j}}}l’?gﬁ INAAD - INAA® NAA® INAA® XFe AASD ASSD
element
Ag 3 3.7
Al /38000 56000 56000 53000
As 60 43
Au 0.09 0.42 0.4
Ba 680 150
Br 350 350 350
Ca 5000 56000 53000
Cd 19 19
Ce 33 28
cl 33000 34000
Co 23 30 30 17
Cr 370 360 230 340 300
Cs 3.8 4.1 ’
Cu- 600 370 2100 340 320
Eu . 0.8 0.9
Fe 47000 48000 . 38060 42000 47000 43500 44400
Ga ' 14 '
Hf 3.3 C 8.4
Hg . ] 4
K 9700 8300
La 21 17 13
Lu 0.3
Mg 20000 16000 23000
Mn 1200 1900 1300 1300 00 1080
Na 12000 15000 13060 15000 '
Ni 250 160 200 175 164
Ph 1800 2640 2050
Rb 45
Sb 39 44 20 3
Se 12 8.6 2 9.5
Se 2 16 10
Sm 3.2 3.6 .
Ta 1.2
Th 3.9 6.2
Ti 5600 4500 4300 2900
v 200 290 240 270 100 300
W 3.2 28 _ 34 _
Zn 2800 3800 - 4100 3300 3040

INAA : Instrumental neutron activation analysis, NAA : Neutron activation analysis,

XE: X-ray fluorescence analysis, AAS: Atomic absorption spectrophotometry,

a) Japan Atomic Energy Research Institate, b) Radiation Center of Osaka Prefecture, ¢ Atomic
Energy Research Institute, Rikkyo University, d) Faculty of Engineering, Keio University,

¢) Keihin Branch, Kanagawa Prefectural Environmental Center, f} Japan Environmental Sanitation
Center. ’ :




Ao = B

‘level, o, and degrees of freedom of ¢ and
2. Hypothesis Hy which predicts no signi-
-ficant difference presents hetween Vapaizmx
and Vipa is evaluated in the following
criteria ;

(1) Hypothesis Hy is rejected if FEFgH{e)

(2) Hypothesis Hy is rejected if F>Fii(a)

The analytical data of series A aliquots
are shown in Table 1. The coefficient of
variations of the analytical results of zine,
copper, lead, and manganese are 2.1, 2.8,
2.6 and 1.39%, respectively, and wvariance
"\ Vanatamix, 15 shown at the second line from
the bottom. Analytical results, coefficients
of variations, and variances of the aliquots
of series B are shown in Table 2.

The F values of each element caleulated
from the analytical data are shown in Table
3 those of zine, copper, lead, and manga-
nese are 1.5, 1.9, 2.7, and 3.5, respectively.
Fo¥{0.05) cited from the F distribution table
is 3.18 for 59% significance level, so the
hypothesis Hy is accepted for zine, copper,
and lead. The F value of 3.5 for manganese
is rejected as it exceeds 3.18 slightly, but it
is accepted for 1% significance level F’(0.01)
=5 35.

Therefore, the homogeneity of the AS-1
sample has been proved by statistical treat-
ment of the analytical results atomic absorp-
tion spectrophotometry.

Homogeneity of the AS-1 sample was
also examined by instrumental neutron
activation analysis at Radiation Center of
Osaka Prefecture (Mamuro, 1975). The
analytical data for ten individdal aliquots
and those of five repeated determinations
of one aliquot are shown in Table 4 and 5,
respectively. With these datz, F values of
aluminum, chlorine, and vanadium are 1.46,
3.12, and 1.12, respectively, all of which
are smaller than 6.00 for Fi%(0.05), conciud-
ing the acceptance of the hypothesis Hy, i.e.,
_ statistical homogeneity (Table 6).
T i The AS.1 sample thus prepared was
: distributed to several laboratories for level-
ling reliability of the analytical data. The
results are shown in Table 7.
Due to the hygroscopic property of the
AS-1, it must be kept in a controlled
atmosphere of 50% humidity at 25°C, at

#®
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least for 24 hes before weighing. This can
be done in a desicator whose atmosphere
is equilibrated with 43.2 wt% of sulfaric
acid at 25°C. The AS-1 equilibrated in the
atmosphere of 509% humidity increases its
weight by 0.15% in 30min. To minimize
the effect of inhomogeneity, the AS-1 has
to be sampled at least 100 mg or more as an
aliguot.

Conclusion

An atmospheric sample for calibration of
analytical procedures and tools was tenta-
tively prepared, and it was shown that the
proposed procedure for preparation of the
homogeneous sample is usable for evaluation
of the analytical results of the environmental
samples.
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