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Abstract:

A method is developed for the determination of lead in air particulates using furnace atomic absorption.
By using porous graphite as a filter medium the atomic absorption determinations can be carried out
with no intermediate treatment. Using particles generated by the condensation of lead chloride vapors
and which ranged from 0.1 to 1.5 um in diameter a statistical comparison was made between porous
graphite filters and membrane filters and the values obtained were found to be statistically similar at
95% confidence. Both the porous graphite filters and the membrane filters failed to retain any traces of
organic lead from even large excesses. Porous graphite filters, however, were much more convenient to
use and they were found to be more precise.

The application of the method to cadmium and manganese in air particulates is briefly demonstrated.

Since mercury is present in air not only in the particulate form but also as elemental vapors the cups are
modified to enable their use for flameless determinations of mercury. By plating the inner surface of a
cup or tube with a thin layer of gold, mercury is quantitatively filtered from the air. Furthermore, when
using solutions, mercury was found to be retained during the drying process. Since the atomization
temperature for mercury is less than 900°C there is no measurable loss of gold from the cup walls.

A method is developed whereby one can generate particulate standards and control the diameter of the
resulting particles. This is done by using ultrasonic nebulization to generate a monodisperse aerosol
mist. This mist then passes through a desolvation chamber. The diameter of resultant particulates can
be controlled by varying the concentration of solids in the solution fed to the nebulizer. These
particulates can then be used to evaluate various filter media.

A model is developed to demonstrate the various processes that occur describing the filtration of
aerosols by porous graphite. These processes include direct interception, inertial deposition,
gravitational deposition, and diffusion deposition. The tortuosity of the porous graphite used improves
the efficiency of the various mechanisms described.
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ABSTRACT.

A method is developed for the. determination of lead in air particulates
using furnace atomic absorption. By using porous graphite as a filter medium
the atomic absorption determinations can be carried out with no intermediate
treatment. Using particles generated by the condensation of lead chloride
vapors and which ranged from 0.1 to 1.5 ym in diameter a statistical compar-
ison was made between porous graphite filters and membrane filters and the
values obtained were found to be statistically similar at 95% confidence. Both
the porous graphite filters and the membrane filters failed to retain any traces
of organic lead from even large excesses. Porous graphite filters, however,
were much more convenient to use and they were found to be more precise.
The application of the method to cadmium and manganese in air part1cu1ates
is briefly demonstrated

‘Since mercury is present in air not only in the particulate form but also
as elemental vapors the cups are modified to enable their use for flameless
determinations of mercury. By plating the inner surface of a cup or tube"
with a thin layer of gold, mercury is quantitatively filtered from the air.
Furthermore, when using solutions, mercury was found to be retained during
the drying process. Since the atomization temperature for mercury is less
than 900°C there is no measurable loss of gold from the cup walls.

A method is developed whereby one can generate particulate standards
and control the diameter of the resulting particles. This is done by using
ultrasonic nebulization to generate a monodisperse aerosol mist. This mist
then passes through a desolvation chamber. The diameter of resultant par-
ticulates can be controlled by varying the concentration of solids in the solu-
tion fed to the nebulizer. These particulates can then be used to evaluate
various filter media. '

A model is developed to demonstrate the various processes that occur
describing the filtration of aerosols by porous graphite. These processes
include direct interception, inertial deposition, gravitational deposition, and -
diffusion deposition. The tortuosity of the porous graphite used improves the
efficiency of the various mechanisms described.




GENERAL INTRODUCTION

1

Until the introduction of atomic absorption by Walsh in 1955 (1), the
analysis of trace metals in air particulates was a time consuming process,
Sampling periods were relatively long term and sampling methods were often
relatively complicated. ngpling methods éommdnly in use were sedimenta-
tion, impingement methods such as cascade impactors, electrostatic precipi-
tation, thérmal precipitation, centrifugal metﬁods sﬁch as cyclone 'separators,
and filtration techniques (2, 3). Filter materials 'commonly in use were gran-
ular filters, inorganic fiber filters—, paper filters, -énd, more recently,
cellulose ester meﬁb.r.ane filters (4).

More recénﬂy, atomic absorption spectrometry, by virtue of its selec-

A ) .
tivity, sensitivity, relatively simple operating;,r techniques, and reduced sample
preparation, has been applied by several investigators to the analysis of t,raée
metals in air particulates (5-11). This méthod on the other hand, does suffer
from a few disadvantages such as large consumption rate of sample solutiogs,
inability to perform 1i1tr_atrace ‘analysis, and chemical interferences in obta;n-—
ing accurate analytical results (12).

Recently atomic absorption techniques have been developed in which the |
. flame is feplaced by a graphite tube (13-19) or a filament or strip of graphite

or tantalum (20,21). Not only have these deviced simplified the use. of atomic

absorption, but they have also greatly extended its sensitivity.

»




STATEMENT OF THE PROBLEM

It Waé my goal in this work té develop methods for the collection and pr\e‘;-
paration of samples of particulates in air Whicil were corﬁpatible with flameless
atomization devices in general and, in particular, with the Woodriff atomic
absorption furnace. The porous graphite developed for uﬂse as diffusion cell
electrode.s (22) was investigated as a possible filter medium for ai_r particu-

lates, Cups made of this material may prove to be ideal for use in nonflame

systems, particularly those constructed of graphite.
Secondly, it was desired to standardize the filtration characteristics of

porous. graphite. Initially this can be accomplished by comparison with 0.45

pm millipore filters which are presently universally accepted as the standard’

filter for air particulate samples. Since a relative comparison involves the

acceptance of several assumptions which are not necessarily justifiable, it

was also my goal to develop a particulate air standard in which both the parti¥ '

cle size and the concentration could be controlled.or at least calculated, I
further expected to use thls absolute standard'to evaluate various fﬂter.
media,

Finally, using the results of the evaluati-on for porous graphite, I

expected to develop a model for porous grabhite as a filter medium,




THE DETERMINATION OF LEAD IN ATMOSPHERIC PARTICULATES
BY FURNACE ATOMIC ABSORPTION

Introduction
Lead is the most Widely used of the non ferrous .-metals. Atmospheric
Lead comes from 'Ir'lanufacturing, use of pesticidés, ir.lciheration of refuse and
combustion of coal and leaded gasoline. of fhese,vgasoline combustion is the
-major source (23)0 Lead aTkyls have been added to most gasoline as anti- |
knock compound's sirTce 1923‘:° The organic scavengers ethylene dichloride and
ethyl_ene dibromjde are also added to prevent leaq oxide from depositing in the
combustion cha.ncl}'aer° .This ‘results in a discharge to thg atmosphere of the
mixed chloride and brémide salts of lead (24). Currently ambient concentra-
* tions of athaospﬁeric lead are rising at appro;iimately 5%/year.
| The toxicological effects of inhaled lead hax}e béen documented (25, 26)
and will not be discussed preséntly. On the other hand, a discussion of the
relation of pgrtiqle size to respiratory -x"etention is pertinent to this study. In
' d.et.reloping.' a fiitratidn method it is helpful to know the mechanisms and effi-
cient.:ies §f gepositidn of particles in the respiratory system, and of the
retentit.)n in and cl'earancel from the system, Ideélly if atmospheric pérticulate
concentrations are to be related to health hazérds, the filtration system should

"'have collection characteristics similar to or the same as the human lung. An
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e.xc.ellent discussion is found in the referenced. U S. Department of Health,
Educat:@on and Welfare publication. The size of a particle has a béaring on
whether it is deposited.and where. Larger particles tend to deposit in the '
mucous linings of the nasopharyngeal passages. The maximum efficiency of
depo_sition in the alveolar region is at a part.iclé size between 1 and 2 ym.
There is minimum efficienéy for a size of around.OA pm but the efficiency
increases again as particle size decreases., -

According to the results of the National Air Surveillance cascade impac-
tor network (27) 75 to 85% of the lead particulates for 6 cities were less than
2 ym mass median diameter for the year 1970 and 60 to 70% 'Were less than
1 ym. The a@ual mass median diameter ranged' from 0.42 to 0.69 pm for
lead. Lead aséociated aerosols, hbwever, have been found to have é,fairly
large particle size distribution. The standard deviation from this mass median
diameter was reported to be 45.9% (81).. By comparison, this value is much
greater for lead associated aerosols than for those of other elements. This
is in agreement with the.findings of earlier workers &ho investigated the size
distribution of particulate automobile exhausts (24).

Although there has been a great deal of consideration given to the possi-
‘ bility of converting to the use of 1éad free automotive fuels, indust'ry;-wide
change to unleaded gasoline of the current octane rating Would require exten=-

sive replacements and additions of refinery equipment (28). Therefore,

°
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change would not be immediate and sudden but, at best, a slow phasing out of
leaded fuels is the most that can be expected. 'In the meanﬁme, monitoring

the concentrations of lead in the atmosphere is sﬁll a necessary task, For
this reason, development of accurate and sensitive methods of determining
lead in the atmosphere which are also expedieﬂt yet inexpensive are desirable-
goals. Atomic absorption, particularly coupled with modern flameless devices,
is ideally .suited for this purpose. Varic;us authors have sought to fnake use of
the. advantages of atomic absorption for the determination of metals in air

29, 30,31). More recently, flameless atomization devices have been applied
due to the increased sensitivity that results from their use (52-34).

The graphite tube atomic absorption furnacé as designed by Woodriff
et al. has demonstrated its sensitivity and precision for a number of elements
@5-19). The very g;'eat sensitivity resulting from the applicatioﬁ of this
instrument suggests its usefulness for the detérmination of elemgnts in par-
ticulates in air samples.

There are, at present, no sampling methods which are readily applied
to nonflame AA determinations. Most filtration methods that might be em-
ployed would require either an ashing step or a.dissolu.tion of the filtrate
- @2,3). For most other techniques this does not introduce substantial errors.
Furnace techniques, on the other hand, are so sensitive that small volumes

of air can be used and small amounts of the element of interest are determined.

e
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Under these circumstances, errors of greater relative magnitude are intro-
duced with pretreatment. Since no pretreatrhent step is necessary using the

following method, these errors are eliminated, -

Experimental

Apparatus and Materials

The spectroscopic app'aratus: and thé atomic absorption furnace used have
been deécribéd prevfously (19, 35) and for the sake of brevity the description
will not be repeated here.

~ Two types of cﬁps are used for different purposes, The cups used for
direct air filtration aré of the same diménsions as those commonly used in
emission Spectroscopy for carrier distillation (ASTM No. 83). These cups,
however, are macie of a type of graphite With' a closely controlled porosity.
Tﬁé dimensions are rloughly 16 mm long by 6 mm o.d. with the center drilled
out 4.75 mm to a dep’gh of 7 mm. A grade of graphite designated Spectro XA-3
was fabric;ted at 'Po;:o Graphife Inc., P, O. Box 2121, becatur, Texas 76234.

Its density is 0.94 to 0.96 g/cc with impurities of less than 2 ppm, <

This graphite contains a network of large pores (induced or functional porosity) in
a graphite matrix which contains smaller pores (the incidental porosity). The

meandiameter ofthe former is 1.4y whilethat of the latter is 0.4 y. The volume %
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porosity is 55.3% and the larger pores are interconnected to the extent of 96%.
| This graphite was further characj:erized (22) -and developed to be used as elec-
trodes in diffuéion fuel cells (22,36). The nature gf this material makes it ideal
for filtration of particles of the types and sizes usually f'ound in air samples
(2). The cur;s used for solutions are similar but are 4 mm shortér and are
made of a higher density graphite. It is necessary for this graphite to be
impervious to relatively concentrated (5 M) nitric acid solutions. W‘he:n the
cup was wetted by these solutions the reagent blank was found to be qui1.:e
high, This was probably due to the fact that the wet ‘outsides of the cup in con-
tact with the titanium cup holder picked up trace contaminants on its surface.
This was overcome by making cups of Poco g;_'ade FX 91 which was found to
be impervious to nitric acid.

Thé original adapter which was designed to hold the graphite crucible
for filtering is sﬁown in Figure 1 (37). A few prototypes were machined ‘of
acrylic plastic but these were difficult to clean and exhibited pronounced
! memory effects. These problems were co.mpletel‘y eliminated by machining
'the adapters out of 3/4-inch diameter Teflon (Du Pont) bar stock. The Teflon
holder could be so\aked in a number of acids without fear of decomposition and' ‘
;axhibited no memory effects. Another advantage that was found using Teflon was
that the threads were self sealing so the O-ring could prbbably be eliminated.

. Tile cupholder used for air filtration, pictured in Figure 2, also machined from




LA‘%I’L%/J“@
%

Vi
1%

Figure 1. Original Adaptor for Graphite Filtration
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Teflon bar stock, is an improvement from the one shown in Figure 1 since it
has no threaded sidearm which was found to be an occasional source of leaks |
and the linear design is easiér to insert into a line. Thé filtration units are
checked for possible leaks by immersing thgm under water and applying pres-
sure to them. No air seepage was detected eithe‘r at the Teflon threaded c;on—
nections br at the surgical tubing connector, |

Millipore filters used for compariéon were t'yp;e HAWP plain \;vhite
cellulose ester filte.rs 13 mm in diameter with a pore diameter of 0.45 e
Swinnex 13 adapters were used to hold the millipore ﬁlters during the filtra-
tion. Glassware used was soaked overnight in hot 2-3 M nitric aciq prepared‘
from reagent grade nitric acid and then in hot 2-3 M nitric acid which was pre-;-
pared from concentrated nitric acid redistﬂléd once in Pyrex'. The latter step

-was repeatgd until the values obtained from blank determinations no longer
deviated significantly from those de1.:ermin.ed previously.

The apparatus depicted in Figure 3 was constructed to generate standard . |
particulaté a:tmospheres.‘ It consists of a surplus Muitiple Unit tube furnace.
with a Pyrex or vycor tube through the center. Air from the house line is

\ bled in at 50 ml/min through a miniaturé valve of the type used in small
agquaria and the flow rate is monitored on a Gilmsnt flow meter. Lead chlor-
ide or bromide is placed in a ceramic boat which is run into the hottest zone ’

of the vycor tube. . At the exhaust end is a 2-way valve. One is usually
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12
connected to the filter apparatus énd the other. is le'd thfdugh a tube up into the
exﬁaus’; duct to prevéﬁt contamination of 1;he Wc;xfk area.
Orgax;ic Ieéd staﬁdards were generated in the éppgratus shown in Figure
"4 which consists simply_of. a sidearm test tube with a one-holed rubber stoppexj
at the top and a éépiiléry tube down the center. Ten microliters of an appro-
priate concentration of tetramethyllead (TML) in toluéne is pipetted into the
bottom of the t'ube.' The éafnblihg .apparat.us is gttached'at the sidearm. A
capillary is useci inf order to increase the linear velocity 6f the sweep gas (air)
as it impinges on the TML solution at the boﬁ:om. in order to insure that al}
of the.sample hés 'been swel::ﬂ; from the tu-be a volume of sweeb gas is allowéd.
- to pass fhr‘ougﬁ the tﬁbé equal to séve'ral times the internal volume after the
TML solution can no iongexj be detected visibly.
Reagents | |
.Concent.rated nitric acid.used was distilled once in Pyrex. | Organic lead
used for standardization was 80% tetraniethyllead in toluene obtained from Alfa
. -Ihorganicsho\ Water u‘sed was low conduc;civity.wat_er distilled twice in Pyrex.
. TML. solutions were diluted with reagent grade toluene from Baker Cheﬁical Co.
" Procedure’
In order to determine the optimum furnace temperature for determining
lead', approﬁrﬁately a nanogram of lead is added to the impervious cups as

‘lead nitr;ate solution. The cups are then placed under an infra-red heat 1ah1p
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and the solutions; are evaporated to dryness. Th.e‘ cups gre then placed in a
desiccator to prevent possible contamination. Each cup is then threaded onto
a 1/8" graphite rod and inserted into the furnac.e.o. Absorbance values a;re fhen.
measured in triplicate at various furnace temperatures. Prior to use the cups
must be cleaned of possible contaminants. This‘is best done by merely insert-
ing the uﬁused cups into the furnace and removing them when the absorbance
reads zero (about 3 minute).

Standard curves are then run in the same manner except that the furnace
‘ temperature is held constant and the amount of lead added to the cups is
varied. In all cases background absorbance of all types of samples was checked
at the nonreson.ance 220.35 nm lead line and none was found to be present.
Standard curves were run for e.ach 'type of graphite cup at the 217.0 nm lead
line. Stéhdards were also run at the less sensitive 368.3 nm lead line. This
line is not commonly used for absorbance 'measurements; however, the lower -
energy state of this line is only 7819 cm-'1 above the ground state 'and it could
be shown that at 185000 this energy level is sufficiently thermally populated
to result in a metastable state from which absorbance can take place.

According to Boltzmann: 2
| N =—- No o BE/KT

)
where: Ni = number of atoms in the higher energy state;

No = number of atoms in the lower energy (ground) 'state;
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AE = energy difference in ergs.’
k = Boltzmann's constant (1.381 x 10_16 erg/°C)
T = te'mperature (OK)
g, and gO = statlstlcal weights (or degeneracies) of the
ith and ground states respectively. This is
given by 2J + 1

Boltzmann's equation can also be expressed relatively:

N _ 8% _-AE/KT
No go |
In the case of the lead lines that originate 7819 cm-l above ground,

-1 1.99x 10716 ergs
lem™t

AE in ergs = AE in cm

S0
: _ 1 _
“ AE inergs =7.819 x 103 cm . x1.99 x10 6 ergs/cm 1
AE =155 x 1()-'12 erg
Since the spectral term for the lead ground state is 3P0 and for the

state 7819'cm_1 above ground is.3P1, g, =3andg =1

From all this the ratio Ni/No can be calculated:

-12.
- 1,55 x 10
Ni/No = 3e _ig =
1.38 x 107 x 2,125 x 10
-5.1
= 3e ®
= 0183

This means that there may be a population at the metastable state sufficient

to give a measurable absorbance signal.
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As a result of this calculation, temperature curves were run for two lines .

which originate from thi's energy level--the 261.4;: nm line and the 368.3 nm
line. The results are shown in Figure 5. Although these curves show that
much higher temperatures would be preferred, a standard curve was run at
the 368.3 nm line at 185000 for convenience. Tﬁe 368.3 nm line was chosen
since its sensitivity fell in the proper range.

jhe filtering procédure for porous. graphite cups is relatively simple.
Aﬁer a set of cups has been'cleaned by insertiéh into the furnace and has
cooled dov_vn, one of them‘is placed in a Teflon hoidei'.' A 60 ml syringe is
attached to one end of the holder with a piece of surgical tubi.ng in such a
way that upon drawing out the plunger, air is forced to flow through the cﬁp
from the inside to the outside. This results in the deposition of the particu-
lates on the inner surface of the cup. The volume of air sampled can be
adjusted so as to result in a sufficient amount of deposited lead to give a
significant absorbance. Commonly 100 cm3 are .si.lfficient. The lead in the
filtrate can then be détermined without further pretréatment by inserting
the cup into the furnace and reading the resulting absorbance.

If one is in the field, the graphite cruéibie can be stored in a titanium

holder in a desiccator until one is able to perform the determinations. Titan-

ium is used since it can be soaked in dilute nitric acid for cleaning purposes.

We have found that cups containing sample can be kept for a day before

o
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insertion into the furnace but no attempt was made to store them for longer
periods.

For membrane filters, on the other hand, after the air sample is drawn
through the filter, the filters must undergo digestion to éecgmpose the filter
material, thus eliminating backgrounld absorbance.' Wet digestion is preferred
over dry ashing since the filters vaporize rather vigorously during the dry
ashing procedure with a possible loss of sample. After the filtration step the
membrane filter is removed from the holder and placed into the bottom of a
graduated centrifuge cone, Three hundred yl of concentrated distilled nitric
acid are then added. The centrifuge cone is then placed in a boiling water
bath and the fil';er is digested until the solutiop ceases to fume and appears
nearly colorless. The solution is then diluted to 1 ml aﬁd 100 1 aliquots are

placed in the impervious cups and dried and the absorbance is determined as

described earlier.

Results and Discussion

Figure 6 shows the variation of absorbance with temperature for 2 x 10‘_9
Ag Pb at the 283.3 nm line. Approximately the same curve is obtained with
different _furnacés and different optical arrangements. From this curve it caﬁ
l;e seen that the best operating temperature for lead is 18 OOOC. If standard

éurves are run as close to this temperature as possible, ‘then the temperature
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for running samples can vary as much as + 250C' without losing accuracy.

Original work on this problem was done on the instrument described by
Woodriff and Shrader (19). This instrument has the advantage that the absor- .
bance due to background or scattering can be monitored continuously. On the
other hand, the Glan-Taylor polarizers used inAt‘his system absorb in the 217
nm regidn so the 283.3 nm line had to be used. | This resulted in a sensitivity
of 5 x 10—'12 gram per sample for the sténdard curve shown in Figufe 7.

Since no interferences were found to be present in air samples, the
single chanmel system with phase-lock amplification‘described by Woodriff,
et al., was uséd for subsequent analyses (35).

The standard curves for lead -;for this system shown in Figure 8 are.at '
the usual 217.0 nm analytical lines. Since the shapes of the two types of cups
differ as well as the densities and heat capacities of thé two different graph-
ifes used, it is necessary to run standard curves for each, The sensitivities
for the two are similar (2.5 x 16_12 grams). Bpth curves were run under the
same conditions, i.e., photomultiplier 850 V, hollow'cathode 6 ma, entrance -
slit 150 pm, exit slit 120 ym reciprocal linear dispersion 1.1 x_lm/mm.

Plots of the vaﬁation of the éoncentration of legd with time can be seen |
in Figures 9 and 10, Figure 9 represents 250 cm3 samples taken on the
Montana State Univers‘ity campus on June 8, 1971: which was d'uring the week

of final examinations; therefore traffic was not expected to be very heavy.

o il
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Figure 9. Plot of Variation of Lead Concentration onthe Montana State University Campus on June 8, 1971
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The windé were out of the west at about 5 miles per hour and the temperature
was abouf 750F., It can be seen frém the figure that the levels were fa’cher low
in the morning, averaging 0.1 microgram per cubiq meter, but were generally
higher in the afternoon with sharp increases at 3:05, 4:30, 5:00 and 5:30.
Theée levels. are genefally consistent with the traffic flows that were observed.
Figure 10 was taken at Nox"th ‘Seventh Avenue and Main Street in Bozeman,
Trafﬁc from the interstate highway as well as ’cr-affi.c going to Ye,llowsfone
National Park must pass this point. The samples were taken on June 11, 1971,
and it was sunny, calm and dry all.day. These data were evgluated with the
earlier experimental system.

Using the porous graphite cups and the 1atter optical system, several
100 crn3 air samples wefe takep throughout the day on the Montané State Uni-
versity campus 'épproximately one week before and one week after the beginning
of the séhool terlﬁ. Since it takes only a few minutes to collect a sample it is
possible to deter.mine short term variations in atmospheric concentrations.
CIn Figure 11 are comparative plots of the time variations in concentration on
.these two days. Weather conditions were simﬂar on both days. Thg overall
effect of studeni:,pobulation on the4 local concentrations of lead in the air can
be seen. Not only is the average concentration greater on September 27, but

the fluctuations are also greater.
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Figure 11, Comparative Plot of Variation of Lead Concentration in Front of
P. C. Gaines Hall on September 10 and September 27, 1972
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Figure 12 shows the results of samples taken along Interstate 90 north
of Bozeman, Montana, one day before and week after the official opening. of
that section of highway. Care was ’;;aken to select a location as far removed
from local traffic centers as possible. Even though vacation traffic was
already at an end, there'i‘s a noticeable differenc'e in the atmospheric concen-
trations on the two days. én the average, the iead concentrations on the latter
" date were twice as high; hoWever, it should be pointed out that the énomaly at
4:4:6 is due tb the .traffic from the construction workers.
In order to determine the validity of these resﬁlts, it was felt that the '
porous graphite cups used should be characterized with respect to precision
and accuracy. For this the previously described apparatus shown in Figure 3 . .
was used. Tt was later found that comf;resséd air from the house line could be
used in place of the nitrogen tank with no additional blank absorbance. A rheo-
stat was also connected in series with the tube furnace to enable finer adjust-
ment of the furnace temperature. A cardboard and glass shield was constructed
“around the furnace gnd t}lbe. to serve as a convection éhield since drafts would
change the system temperature a few aegrees rather suddenly. A regulated
power supply was also found necessam.z since Io-cally there are substantial
~ voltage fluctuations. With these modifications the temperature at thg center
of the tube within the furnace could be held constant to within + %OC for several

hours. With lead bromide in the ceramic boat, a temperature of 38100, and

°
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a sampling tim;e of 1 minute at a flow rate of 50 ﬁl per ininute, 18 samples
were takén. The average amount of lead collected was 9.7 x 10_10 grams and
the relative standard deviation was 10.0%.

Using nitrogen instead of air, several samples of the particulate con-
taining carrier gas after being filtered through tilé porous graphite were
injected airectly into the furnace., This could l;e done by fitting a shortened
side arm x.)vith a rubber septuﬁ and injecting bdth unfiltered and filtered gas
int;> the furnace through the septum, Filtration“of the particulates by the
porous graphite was found to be quantitative. Figure 13 are photomicrographs
of the paﬁicles which are generated. These particles were collected by
placing microscope slides in the bottom of the Pyrex tube and lowering the
flow rate to 5-10 ml/min to allow the condensation _particlés to settle. They
range in particle size frpm 0.1 ym to 1.5 pym. This is very similar tc; the
situation typically found in air sé.mples (2'.7).

A question can be raised at this point as to‘whethe_r a éignificant number
of particles of ;air are bqing sampled if one only takes a 100 cc air sémple.

" In other words, is there an inherent disadvantage to be’found in a method of
" greater sensitivity due to the fact that there is a particle size distribu-
_tion, If foo few particles were coliected, this particle size distribution would

lead to an inherent error in an individual sample.
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The number ofh pai*ticles sampled can easily be determined. Say we téke
a 160 qm3 air sampié with a resulting concéﬁtration of 1 ,,Lg/ms. This is a éam=
131e .Weight of 10-10 grams, Since 0.5 is the mass médian diameter, the mean

number of particles deterniined is g‘ifren by

or ams/s ample
4/3 mr3 p
5

where : r =radius of particle = 2.5x10 " em
' _ p = density of particle = 6.26 _g/cm3

this gives us ' 10~10 grams/sample

4,08 x 10-13 grams/particle

or 270 particles/sample. - The statistical standard deviation for 270 particles'

V270

270

is or .06. The standard deviation reported for particle size is .459. The

total minimum standard deviation that one can then expect for an air sample of

this -size is S“= \/(.06)2 + (.459)2 = ,463 or 46.3%. This error is from sam-
pling. The error from the analytical method 'Was shown to bé only 10%.

| '_ Since aétiyate(‘i carbon has been successfuily used by others to adsorb
organic lead quantitafively (38), the adsorptive properties of our porous gra-
' ph.ite' cups fox; oi'génié leads was investigated., When 10_7 grams of lead as
TML in tol'uenel was pipetted into the organic lead evaporator (Figure 4)
monitoring flie less sensitive 3.68.3 nm line, there was no absorbance above
bleltnk values detected for several determinations for either fhe graphite cups

or the millipore filters. In order to determine if there is some saturation
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point below which org'anic_ leads are qdantitativeiy adsorbed, the same proce-
dure was repeated using 10_9 grams of lead as TML and monitoring the more
sensitive 217.0 nm line. Again, n(‘)-organic 1eadlwas found to be retained By
the porous graphite cups. | |

In order ‘go determine the accuracy f(ﬁj fiitrétipn of particulates by
porous graphite, a comparison with membrane filters was attempted since an
absolute air particulate standard would Be a difficult task. Several. filters from .
4 d;ifferent lots of 13 mm millipore filters Wereifour'ld to have_ an average of
about 9 nanograms per filter, with relative standard deviations for the different -
lots ranging from 18% to 67‘%, ’I;he results are shown in Table I, This is un-
Iéuitable for comparisén at the 217,0 nm line so the pair of standard curves at
the 368.3 nm Iiné (Figure 14) having a lower sensitivity, i. €., 1x 10-_9 grams,
was used. This enabled a comparison between the two filtration methods since
the millipore filter blank was insigniﬁcanf at this line,

Using the pé,rticulate generator of Figure 3, samples were paken of the
effluent particulate contgining gases alternating between porous graphite filters
and millipore filters so that any drifts in the rate of evolution of lead would
be seen in both filters. It turned out, however, that n§ such drifts or trends
_were observed, The results of this com;\)arison‘are listed in Table . Since
the millipore filters are digested and only an a]iqubt used for analysis, par-

ticulate from the generator is collected for a longer period of time. In order, -

o




Lot. No.

58408 13
76020 12
8823

95434 13

g

TABLE 1

IL.ead Content of Millipore Filters

Average Amount

No, of _in Nanograms Standard Relative Standard
Samgles per Filter Deviation Deviation
12 7.8 4,19 53%
"8 9.0 2.8% 319,
10 . 9.3 1.6% 189
9 9.4 67%

- 6.2%

4
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Figure 14, Insensitive Lead Standard Curve at the 368.3 nm Line
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TABLE II

Comparison of Methods for Particulate Filtration

Method Porous Graphite Millipore Filter
No. of samples | 14 - 9
g/min x 10° .16 . 2.84

" Standard deviation .25 ' 51

" Relative standard
deviation 8% h 18%
Population mean at p=3.16+.15 B =2.84 + .39

95% confidence
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then, to facilitate comparison, the number of gréﬁs collected per minute is
calculated. The values obtained were found to be similar at 95% confidence
using the student t analysis. The value obtained fbr t was 2.00 aé 6pposed to
a rejection criteria of 2.08 for that confidenqe level. An F value of 4.1 shows
that the precision of porous graphite filtration i:s.greater than that for filtration
using miilipore filters. In both cases one Value v-vas' rejected at 95% confidence
as a resul;c of a rejection quotient calculétion.

At this point it appeared necelssary to see 'how well this system could be
applied to the determinatioh of other elements in air. An excellent candidate
for this was cadmium. According to McCaull (39), cadmium reléase into the
envirénmeﬁt constitutes a more insidious threat to human health than lead
or mercury. Accumulating scientific evidence pc;ints to coincident cadmium
pollution as contrit')'uting to fatal arterial hypertensive disease. The death rate
from these causes was considerably greatér in-cities with high concentratiops.
of cadmium in the air (40). There has been increasing recognition of chronic
poisoning to industrial Wprkers who breathe in small amounts of cadmium com-
pounds over an extended period (41-44)., |

Widespread evnvironmentél cadmium cdntéminatioln is certainly connected

to increased technological use and to the need for recycling iron. An NAPCA
report (26) i.ndicates that 4.6 million pounds of cadmium 'were put intothe air from

\

human activities in 1968 45). This study shows that 2.1 million pounds or

o
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45% of the'total was releé,sed during the proces's:i-ng .and réfining of the cadmium-
bearing ores of zinc':,'-lead, and copper and.th'e :processing c;f cadmium. A
large amount of cadmium is‘also released into fhe atmosphere from the incin-
'eration, disposal, or recovery of cadmiu'm containing products. The largest
amount in this c;a1;egory is from the cadmium eleétroplating used as a corro-
- sion resistant coating for iron and steel products. A['l estimated 2 million
pounds of cadmium were released into the atmosphere_ during the recovery of
ihe 38.5 million 'to.n_s- of scra:p steel purchased by the steel industry in 1968.
Thesc_a two sources alone account for 90% of the cadmium released to the atmos-~
phere.

Alt}iéugh cadmiﬁm compounds which are presentinthe #tmosphere at very
low concenfratioﬁs appear to be very harmful to health, their determinati_on isren-
deredfacileby an exceiotionally g're at sensitixizity in atomic absorption as exhibited
by the standard curve in Figure 15, The sensitivity for cadmium based upon an absor-
bance of 0.094 using this curve 1s 7.5X 10_5grams. Thisis 3to4 orders of magnitude
'bé&er than for mos;t other elements using tile Woodriff furnace for atomic absorption.

-Sin(j;e cadmium is found in brazing rods 100 cm3 samples were taken in
two locations within a local welding shop and co.m;.)ared to a 500 cﬁs sample
from main street. Within the welding shop cadmium concentrations found
were 0.75 and 0.60 ng/ M3., The cadmium level on main street was not detec-

ted at the level of 0.015 ng/M3.
















































































































































































































