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I TNTRODUCTION

The chenleal analysis of atmospheric dust is of
interest to two major groups, namely-=the workers in
industrial hygiens and the workers in the sir clesning
and ventilating industries, The Industrial hygiohlatl.
who are concerned with the prevention of occupational
discases and the maintance of the health of industrial
workers on a high level, are mainly interssted in the
concentration of irritating dusts, toxiec dusts,
fibrouseproducing dusts, inert dusts and allergy-
producing dusts that would ocbviously affect the health
or comfort of industrial workers. Thelr Interest, as
ene would expect, is in atmospheric dust of small
particle sizes (10 mierons and smaller), and in gaseous
substances which they believe to be the most important
from a health atnndpoint.s

The air cleaning and ventilating industries face
an additional espect of the problem of air pollution,
Their problem is to devise instruments for capturing
and removing solid matter from a stream of air, This
80l1d matter ineludes fibrous material, such as ling,
particles of esarth, carbon, sand, ash, pollen, ete,

Prcbably the most abundant of these solld particles 1s



carbon, which is the chief offender in solling,? The
removing of this very undesirable property of soiling
from the atmosphere 1s equally as important as removing
materials that are hamful to health, The problem of
eontrol of soiling is unigque with the air cleaning

and ventilating industries and has led to the develop-
ment of considerable testing technology for 1ts evalution.
Fxperience in these industries has shown that it is not
only necessary to know the type of dust, 1ts con=
centration and 1ts chemical composition but also the
percentage of soiling material present in the atmoe
sphere, 1f a synthetic testing material is to be

created which will give a true effeciency rating for

a filter in the laboratory. Studies indicate that

there are variations in opinions as to what per cent
carbon black (Free Carbon) a synthetic testing material
of this nature should contain, The results of the anal-
ys8is presented in this paper should help to clearify
this problem of testing filters under conditimns

similar to those of actial fleld operations,

The chemical analysis of atmospheric dust is a
complex problem, The complexity arises not only from
the diversity of elements and compounds present in
each local section of the earth's crust dut also from

the various local artificial dust produced by man,



Perhaps just as important as the concentration of these
elements or compounds 1s the varlety of physical forms
these materials may take, The methods applied to the
analysls of a dust sample depends primarily upon its
physical form, and how much of a sample has been col=
lected, and how much contaminant is present in the sample,
These variations in the collected samples have led to
the development of various methods of annlysio.v A
preliminary survey of this analytiecal problem revealed
that the gravimetric method was most suitable for
these analyses,

This research program has been devoted to (1)
developing a suitable analytical method for the
determination of free carbon in atmospheric dust (2)
analyzing thirtyeseven samples of atmospheric dirt,
collected in various nited States clties by sales
representatives of the Americen Alir Filter Company,
during the first four or five months of 1949, for
free carbon, ash, mixed oxides, and silica, (3) adapting
the developed analvtiecal method for the detoarmination
of free carbon in atmospheriec dust to a semimicro
scale, (4) analyzing dally and weskly samples collected
with electrostatic dust samplers in order to deter=
mine what the solling eonditions are in a given

location at a glven time,



For clearness to all readers, the temm free
carbon is uncombined carbon in any of its various
forms and termm ash refers to the product left after
a sample has been burned in the laboratory under

controlled conditions, This latter term should
not be econfused with fly ash,



ITI DRVELOPMINT OF ANALYTICAL MFTHOD FOR
THE DETERMINATION OF FREE CARBON

Although the literature of the analytical chemistry
of carbon is very volmﬂnous, a literature search did
not reveal definite evidence of a previous detemmination
of free carbon in atmospheric dust samples. There are
numerous instances in the literature where cnﬁm
dﬁtonmtimn have been reported, but apparently they
are total carbon rather than free carbon, The detere
mination of free carbon in atmospheriec dust 1s a proe-
blem of determining frees carbon in a mixture of carbon-

aceous materials as well as inorganic substances,
Since there was no method for the determination of
free carbon avallable, it was necessary to develop an
analytical method for this purpose.

A consideration of the possible avenues of attack
on this problem led to the inv-stigation of the work
on gray solutions by the Cerman workers. Preliminary
investigations ruled out this possibility because of
rapid sedimentation of the suspended dirt, since the
method of collection had caused agglomeration of
particles to greater than colloidal dimensions, A
second and more promising approach was the application

of wet oxidation methods to destroy the organic com-



pounds, the free carbon being very resistant to
oxidation, Wet oxidations of this type are well
established, with superoxol being widely used in bioe-
chemical research for destroying tissues, but here
superoxol did not completaly desatroy the linty materials
of atmospheric dirt,”

Although nitric acid is a standard analytical
reagent for wet oxidation, there is evidence that 1t
will attack free carbon on prolonged hot digestion,
However, 1t seems to be the most sultable oxidizing
agent available, The sxperiences in ressarch by the
rubber industry® and by the Pure u of Standards®
stentiate this view since its use as a reagent for
determining carbon black in rubves ha3 become a widely

sube=

accepted analytical procedure, This free carbon deter-
mination is based on the fact_ that the rubber polymer
is soluble in hot nitric acld, leaving degradation
products which are soluble in water and various ore
ganie solvents, This fact permits the transfer of

the insoluble materials to a Gooch cruclible, where
they may be collected, dried, and welghed, The cru=-
cible is then ignited and the loss in weight calcu-
lated as free carbon, The determination developed for
the analysis of free carbon in atmospherie dirt does
not require the use of organic solvents to wash out the



degration products and In general produces a methnd of
greater simplicity,

In order to determine the effectiveness of wet
oxidation on ecarbon bleck and the efficlency of the wet
oxidetion teshnique in determinirg carbon blqck in
atmecspheric dirt, a seriles of experiments were carried
out using as test dirt substarces alreadv i~ vse as
stardard test materiaels In the alir cleaning field. To
test the effeet of nitric acid on pure carbon black,
samples of 0,1 to C.€ grams of carbon black were welghed
into 250 ml, beakers and 25 ml, of 70¥ nitriec acid
added, The mixture was covered with a watch glass and
beiled for various lengths of time as shown in Table I,
The sample was diluted with 125 ml, 6§ nitric acid and
allowed to stand overnight, The supernatant lignid
was decanted through tared Selas crucibles and the
insoluble material collected and washed with water.

The crucibles and contents were dried for two hours

at 140°C,, cooled, weighed, and r-corded, Then they

were ignited for two hours at 700°c,, cooled, end weligheds
the loss in welght being free carbon, The valuve of the
mear 1s 100,5 20,24 carbon recovered. This positive
error is in agreement with results obtained at the

Puresu of Standards? but 1s less in magnltude proe

bably because of wide differences 1n teochnigue employ=



eds The magnitude of the error is well within the
limits nommally expected for this type method,.

Then to further test the wet oxidatlion technique,
mixtures simulating atmospheric dirt were prepared
from earbon black, wood flour, and finely powdered
white sand., These mixtures were prepared ;n four |
approximate compositions-«10%¢ carbon dlack, 20% silica,
70£ wood floury 20¢ carbon black, 707 silica, 10¢ wood
flour; 50% carbon black, 25% silica, 25¢ wood flour;
80% carbon black, 104 silica, 10¥ wood floure-in order
to cover all probable carbon compositions, These
samples were digested with "O‘ nitric acid until the
wood flour had lost its gelatinous appearance, The
digestion required from 20 minutes to an hour depending
on the per cent wood flour present,

The amount of the various constituents recovered
was deteranined by the following formulassg

Wood Floule=
(A+B+C4D)=(E) = wood flour found,

Carbon Elacke=
(R)=(F) = carbon black found,

Silica=-
(P)=(D)= silica found.

wheres
A= grams of wood flour taken,

B zgrams of carbon black
taken,



ce of minersl matter
Sﬂ.o') taken,

Dz welght of Selas cruecible.

Ez welght of cruecible and
contents after drying,

Fs welght of crucible and
ash (Si0g) after ashing.

The results of this series of tests are summariged
in Tables IT, III, IV, and V, The values for the free
carbon found in the mixtures are no longer uniformly
high, 'u in the case of the pure carbon, but dcviato‘
from the mean in a manner indicating accidental errors,
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TARLE I
DICSSTION OF CAREOY ILACK WIFE 708 HNO
Time
Grams Crems Difference Percent Carbon D:g:sted
Taken _ Found Plack Recovered (minutes)
0.,5897 0,59086 + 0,9 100,.2 15
03249 00,3265 + 0,4 1001 30
00,3186 0,3200 + 1,4 100.4 45
0,3574 00,3381 + 0.7 100,28 60
00,3405 04,3419 + 1,4 100,4 75
0,3063 04,3080 + 1.7 100,56 S0
0.3487 04,3480 + 0,3 100,1 30
00,3421 0,3422 + 0,1 100,0 45
00,3513 0,3521 + 0.8 100.,2 20
0,109 0,1104 + 0,9 100,868 15
0.1106 041114 + 0,9 100,8 30
0,1048 0,1083 + 0.5 100,56 60
00,1010 0,10256 o+ 1.5 101,.3 20
0.,110C 04,1108 + 0.8 100,86 30
0.1046 0,1066 + 1.7 101 .6 45
00,1118 0,1129 + 1.1 101,1 78
00,1148 0Q0,11568 + 0,8 100,8 90

Arithmetical mean ==~ 100

Average deviation =e-20
Average deviation of mesn e=e 0,01%




TAELE II
Digestion of Synthetic Samples with 70% HNo,

(Approximate composition - 10§ carbon
black, 20f silica, 707 wood flour,)

11

Grams Taken Grams Pound Difference Percentage
(mg,) Found
Carbon Black
00,1077 0,1080 4+ 03 100 .2
0,1081 00,1087 - leé 98.71
0 .101! 0 .1001 - 1 .1 ” .”
0,10586 0.,1047 - 0.8 99.22
0,1135 0,1133 - 0.2 99 .82
Silieca
00,2034 0.2044 + 1,0 100,3
0,2186 0,2183 - 03 99,86
0.,2147 0.2151 + 0.4 100.2
0.,2413 0.,2404 - 0.9 99,63
0,2029 0.,20356 4+ 0.6 1003
Wood Eour
0,.,8966 00,8963 - 1,3 99,83
0.8592 00,8609 + 1,7 100,2
0,.8883 0,8890 + 0.7 100,1
00,8083 0.8100 + 1.7 100,.2
0,9292 0,9288 - 0,4 - 99.95
VYalues for Carbon Only
Arithmetical mean === 99,34%

Average deviation «-=_20,

Average deviation of the mean --- 0,21%



TABLE III
Digestion of Synthetlc Samples with 70% HNO,

(Approximate composition - 20%¢ carbon
black, 70f silica, 10¥ wood flour,)

Grams Taken Crams Found Difference Percentage
(nge) Found
Carbon Hlack
0,2282 0.2276 - 0.6 99,74
0,2384 0 + 0.2 100.1
0,2048 0.,2048 - 0.2 99,91
0,2041 0.,2036 - 0.5 99,77
0.,2099 0.21086 + 0,6 100,282
Silica
0,.8576 0.8578 + 0.2 100,0
0,8153 0.8154 4+ 0.1 100.0
0,.,9922 0,9923 + 0.1 100.0
0.,8232 0,.8246 + 1.4 100.2
0,9511 | 0.9499 - 1.2 99,88
Wood Flour »
0.,1219 0.,1223 + 0.4 1003
0.,1018 0,1015 - 0.3 994,63
0.1089 0.1090 4+ 0,1 100,1
0.1096 0,1087 - 0,9 99.40
0,1036 0.1042 4+ 0.6 100,%

Yalues for Carbon Only

Arithmetical mean === 99,047
Average deviation ---1 0,167

Average deviation of mean wee 0,07¢



TELE I
Digestion of Synthetic Samples with 70% HNO.

(Approximate compositi-n « 50% carbon
black, 257 silica, 25% wood flour,)

Grams Taken Grams Found Difference Percentage
(mg,) Found
arbon Black |
0,5432 045435 + 0,3 100,0
0. 4339 ) . 43 4-3 -+ 0 c‘ 100.1
0,4730 0,4745 + 1.5 100,3
0,5358 045360 + 0.2 10040
0,4691 0,4692 + 0.1 100,0
8ilica
0,2954 0.,2944 - 140 99,77
0,2602 0,.,2564 - 0.8 99.48
0.,2116 0.,2108 - 0.8 99 .62
0,2203 0.,2203 x 0.0 100,0
0.8774 0.2782 4 0.8 100.2
Wood Flour
0,2287 0.,228%7 0.0 100.,0
0,2306 0,2310 4+ 0.4 100,.2
042263 0.,2256 - 0.7 99,93
0.2174 0.,2172 - 0.2 99,91
0.2257 0.2248 - 0.9 99,556

Values for Carbon Only

Arithmetical meean === 100,1%
Average deviation =--%0,10¢

Average deviation

of mean === 0O,



TARLE Y
Digsstion of Synthetio Samples with 70% HN0s

( oximate composition = 80§ carbon
® *’ 10‘ .‘-118‘. 1“ wood ﬂ.oul‘;)

14

Grams Taken Crams Found Difference Percentage

(mge) _Pound
Carbm p._uk
0,9051 0,9032 - 30 99,82
0,9016 0,9012 - Oud 99,98
0.9127 0,9127 x 0,0 100,0
0,8400 0,8406 + 0.6 100,1
0,8736 0.,8744 + 0,9 100,1
Sillca
0,12564 0,1257 - 03 100,2
0,1351 0.,1353 - 0.2 100,2
00,1196 041196 2 0,0 10040
0,1320 0,1316 + 0.4 100,2
00,1156 04,1150 + 046 00 ¢30
#ood Flour ‘
0,1109 0,1115 + 0.6 10046
0,1098 0,1097 $ 0.2 100.2
0,1086 0,1086 0.0 10040
0,1122 0.,1120 - 042 99 .82
0,1078 0,107 - Oyl 99,61
Values for Carbon Only

Arithmetical mean we= _.}00.01
Average deviation «--X 0,084
Average deviation of the mean =e- 0,047

s e
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III SAMPLING

After considering the sampling problem from all
its varlous aspects, it was decided that the best avail-
able source for a representative sample was from the
PL=24 filter installations, The PL~24 183 a mechanilcal
filter constructed by folding sheets of six ply Alrmat
‘paper into a metal frame, The Airmat paper, which is
a soft porous paper that has been previously treated
with a high grade white petroleum oll, covers the 2' x
2' frame and constitntes a cell. m™ach cell has 29 square
feet of exposed duat-collecting surface and 1s called
en air filtering unit, The face velocity of the air
stream for a unit of this typs 1s 250 feet per min-
ute and the velocity throigh the filtering medium is
35 feet per minute, A large industrial installation
(Fig. 1) 18 composed of a number of these cells
placed on a single laysr across the alr Intake duct,
This type arrangement has a collecting efficlency of
about 85¢ - 95%,

The samples to be analyzed were collected from
the PL~24 installations, during the first four or five
months of 1949, by American Alr Filter Company sales

representatives in various cities, Care was exercised
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during the colleecting period to operate the PL-24 ine
stallations under as similar conditions as the units
would permits The sales representatives reported all
factors that they considered important In the collect=
ing process, Some of the rnétdro that were considered
of significance deseribed the enviroment and loecation
of the unit and the per cent fresh air used, This in-
formation, and samples, representing a dirt accumulation
of from several davs to several months, ware packed in
plastic bags and malled to the laboratory,

This method of sampling has several undesirable
factors:

1, The dirt concentration in the alr belng
sampled cannot be determined,

2, This filter does not stop all the "fines"e
particles below 2 to 3 mierons,

3+ Some of the particles first caught by the
filter cannot be removed for analysis
because they have embedded themselves In
the filtering fiber,

4, The Alrmat paper, even though wet with
petroleum oil, contributes a small amount
of 1lint to the samples
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IV PREPARATION OF SAWPLTS FOR ANALYSIS

The Alrmat paper containing the collected dirt
was shaken over a plece df glazed wrapping paper and
the ollesocaked dirt which fell off was retained for
mlrih. The semple was extracted with several small
portions of ether to remove the oill, was oven-dried, and
‘the semple then put through a 60 mesh lcroen}to remove
any particles of paper that may have come off the
eolleoting medium, ¥ach sample was dried for one hour
at 100° ¢, before welghing.
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V AVALYTICAL PROCEDURES

A.Determination of Free Carbm

Duplicate samples of 0,15 to 0.2 grams of the dust
were weighed into 250ml, beakers and 25 ml, of 70% nitrie
acid added, The mixture was covered with a watech glass
and boiled for twenty minutes, diluted with 125 ml, of
6N nitric acld and allowed to stand overnight. (It is
necessary that the supernatant liquid be strongly aecld
or the carbon will become dispersed and incapable of
being filtered,) The supernatant liquid was decanted
through a tared Selas crucible and Insoluble material
collected. The crucibles and contents were dried for
two hours at 140°c.. ecooled, wolghed, and recorded.
Then they were ignited for two hours at voo"c.. coole
ed, and welghed, the loss In welight belng free carbon,

BeDetermination of Ash

Duplicate samples of 0,3 to 0,6 grams of the dust
were weighed into platinum crucibles ard ashed at 800°C
in a muffle furnace, The gain in weight of the cooled
crucible is the ash, The per cent combustibles can be
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determined bv sub’tneting the per cent ash from one

hundred per cent.
Ce Determination of Silica

The ash was fused with anhydrous sodium carbonate
and silica determined by a standard analytical pro-

eedul'o.e
De Determination of Mixed Oxides (Rg0z)

The mixed oxides were determined by treating the
filtratea resulting from the silica determination with
a standard analytical \_:wrocmi!m'e.a

Fe Results of Analyses

The results of analyses of the thirtyeseven
atmospheric dust samples are given in Table VI, For
convenionce, the samples have been grouped by citles
or geographical areas rather than consecutively by

sample numbers,
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SABLE VI

RISULTS OF ANALYSTS
le nstallation Presh
tion Alr Remarks Cerbon Ash
Commaodore Perry 80 Intake gsecnd floor 36,52 36,23 48,352
!o‘.l. ,01.40.
thie
Landers CoPrps, 100 Company manufactures 35,089 43,85 34,38
Toledo, Ohlo cotton fabriecs « intake
gecond floor
Collonnade Go.. 100 Sample taken at 9th B6,79 64,856 18,656
Bulkley floor = roof
c‘lcvullnd, ohio
We Ty Orvant 09.. 100 Downtown area 17,49 64,86 26,04
Cleveland, oOhlo
Talbott Building 4 From 1 instal- 18,87 60,77 21,30
Darton, thio lation, building-just
onnod in April
ied Mﬂ‘ is, 7 Sample taken over ldde 14,58 69,28 34,08
ﬁmwo. igisd hour period, fans on,
intake on ground level
securlty National 285 Intake loocated on 38,456 6€8.,42 21,28

10

Battle Creek,
niohi

fourth floor

xed
Stlica oxides

16,29

14,74

31,68

20,40

9,98

30433

18,52

12



!‘&E H (gcn't.)
RFSULTS OF ANALYSIS

or Percent "DATA: PIR CINT B wrionr
le Installation Fresh Tree T xed
Number and Loecation Alr Remarks Carbon Ash Silica Oxides
40 General Wotors 100 Very satisfactory fil- 36,13 62,30 30,51 19,70
Research Blds. » “ms results, mtlke
Detrolt, Mich, 751-80% above street
29 Rockham Ruilding, 100 Pildter in use 12 hours 32,30 44.24 31,38 9.87
Detrolt, Michigan per day- Sat, & Sun,
exocluded
7 Nash Kelvinator 100 Semi-industrial area, 20,04 65,52 30,40 19,70
Company, Milwauvkee, Inlet over rallroad
wiacmlin yvard, 5th floor level
24 Ues S, Rubber Co., 75 Intake on 4th floor 30,87 52,98 22,98 16,20
Mishawaka, Ind,
33 Miles Laboratories, 25 Intake on floor of 11,67 48,16 21.84 15,07
Inc,, Flkhart, Ind, warehouse, Tota of
floor dust,
15 Joe Low Corporation}00 Industrial area, In- 27,08 52,51 21.46 21.26

Ne Flston,, Chicago,
Illinols

take on roof of 2nd
floor,



TARLF VI (Con't)
RISULTS OF ANALYSTS

= mallding or Percent

Sample Installation Fresh
!ér and Loestion Alr Remarks

"I PE O Y T —

Carbon__Ash Silica Oxides
16 Phoenix Metal Cap 100 Near rallroad switch d8.,B7 47,290 21,78 18,42
Coeyp l6th Ste, vard, Intake on roof
thieago, Tll, of 4th floor, ¥Not a
clean area, but fairly
1cal of industrial
ch CagOCe
14 .thl“m m.ll’ 100 Gromwnd Floor Ihhk., 88089 51.53 34.88 180”
Niagara Falls, near open area
New York
13 Ne Yo Telephone 100 System ™ms 24 hours 40,90 35,56 21,39 11,4
Company, Puffalo, r day, 5th floor
Yew Ym& evel
18 Chase Yational ? Seeond floor intake 38 426 40,23 28,33 21.28
Bank, 15 PBroad
Street, Vew
York Clty
37 Walters Art 100 Shopping district, 27495 62,73 32,50 16,73

Gallery, Ffaltimore,
mrylnna

Intake 18' above
street level,



"TABLE VI (Con't)
RFSULTS OF ANALYSTS

ﬁftam or Percent ﬂ'!!g PR U,M T WTIlonT
Sample Installation Fresh Fres TIxed
Humber and Location Alir Remarks carbon Ash  Silica Oxides
22 Julius Sechmid, 100 Open countrye- 24 hour 23,13, 62,53 36,98 19,38
Inc,, Little per day operation
P‘ll.‘ 'OJ.
39 Smith Kline & 100 Presh air intake at 32,78 58,84 27,63 18,38
French Company, 5th floor level on
Philadelphia, west side of building
Pennaylvanlia
17 Smith, Xline & 100 Abova second floor 3l.48 50,40 23,96 13,42
French Company,
Philadelphia,
Pennsylvania
8 Shawinigan 100 600 hours continuous 55 .82 0,43 5,85 3.23
Resins, Indian service, Intake 30!
Orchard, Vass, to 40' above ground,
9 Federal Land 100 Intake at floor level 435,25 55,51 32,93 11.88
Banlk, Springfield, adjacent to parking lot
Massachusetts
31 Deerfoot Pams, ? Intake on 2nd floor 21,71 64,10 32,55 22,67
Newton, Mass, near smokestack and in-

cinerator exhaust

ve



TABLE VI (Con't)
RESULTS OF ANATYSIS

= Balldlng or ____ Percent DATA: m

Sample mnstallation Presh TTee — Mixed

Number and Loecation Alr Remarks Carbon Ash Silica Oxides

32 Stone & Webster 100 Intake on 3rd floor 46,47 45,45 16,74 7«81
Pilding, Boston, near center of Poston
Massachusetts business district ;

2 Travelers'! Ine 100 Center of town, Fresh 770 74,60 40,40 15,80
surance Company, air taken in at the
Hartford, Conn, 10th floor,

23 South Vecational 50 Wear industrial and 364,03 45,08 20,07 18,81
H School, business section, In=- ;
Pittsburg, Penn, take 40' sbove street

21 Letsche Flementary 100 Poor residentlal area, 46,65 34,79 15,23 12,10
School, Pilttsburg, Intake 40' above street
Pennsvlivania

20 Whittier ™Lementary 70 Good residential area, 33,96 50,76 24,60 12,73
lohool. Pittsburg, Area intake on roof 50!

innh above street,
29 Southwes tern Pell ? Intake 2' above side~- 23,15 65,63 33.22 20,58

Telephone Company,
8t. Louls, ¥Missouri

-~
b

walk,



E!Iaﬁg or Percent ] .
Sample Installation Fresh Tree Hixed
Number and Locestion Alr Remarks Carbon Ash S81lica oOxides
1 8 & W Cafeteria, 285 PL-24's located on 3rd 38,90 48,70 23,90 20,40
Enoxville, Tenn, floor of building in
downtown seection
3 T.V.A, Power 20 Weather mild, Intake 32,40 47,10 27,60 15,60
Building, Station 6 floors up
0, Chattanooga,
Tennessee
< Federal Reserve 100 1004 for 4 weeks, 75% 27,60 51,60 32,20 16,80
Pank, Atlante, recirculated for 1 week
Georgla
5 Retall Credit Co., 90 26,20 58,40 32,90 18,70
Atlanta, Georgia
28 A, Purglass Pure 50 12,97 69,10 20,48 10,91
niture Company,
1300 cenal 8t,,
New Orleans, La,
27 Kress Store, 75«100 Sample taken over 6 7.96 66,756 42,328, 9,36
Tulsa, okla, weeks' period
6 Us Se App~ 100 Air intake at 18th 24,54 46,79 26,54 18,53
ralsers Pullding, floor

S8an Franclsco,
California



VI THR DETERMINATION OF FRER CARBON IN ATMOSPHERIC DUST

BY A S™MIMICRO METHOD

A. INTRODUCTIGH

The soiling property of atmospheric dust if of
major sconomie Importance in heavily populitad areas,
Since thias property is due chiefly to the amount of
free carbon present in atmospheric dust, 2 convenient
analytical method has been devsloped for evaluating 1ts
concentration, This method, although accurate, has two
undesirable factora, numelye-=1i% requires s relatively
large sample which in turn necessitates a long collecte
ing periods In order to determine just what the soil-
1ngAconditions are in a gi#en location at a given time
it was found necessary to slimate these two undesirable
factors, The eliminations were accomplished by adapte
ing the free carbon determination to a semimicro scale
and collecting daily”™ and weekly samples™ with an

electrostatic dust sampler,

# Dally Seamples ~ Samples c¢ollected over a twenty-four
period,

#% Weekly Semples = Samples collected ovar a seven day
parlod.



VII ADAPTATION PROCEDURE

In order to adapt the previously developed ana=
lytical procedure for the guantitative determination of
free carbon in atmospheric dust to a semimiero scale
the effect of nitric acld digestion on small pure
carbon black samples had to be determined, The validity
of this wet oxidation technique was tested by weigh-
ing samples ranging from 30 to 100 mgs. into 100 ml
bonkoﬁ and adding 10 ml of 70f nitric acid. The
mixture was covered with a wateh glass and bolled for
fifteen minutes, diluted with 50 ml of 6N nitriec acid
and allowed to stand overnight., The supernatant li-
quid was decanted through a tared Selas crucible and
the inscluble material collected and washed with water,
The crueibles and contents were dried for two hours at
140°C., cooled, weighed, and recorded, Then they were
ignited for two hours at 700°C,, cooled, and welghed;
the loss in weight being free carbon, The value of
the arithmetical mean 1s 100,537 carbon recovered,
which 1s in close agreement with the value obtalned
with larger samples in the previous section,

The wet oxidation technique was further tested
for adaptation to a semimlero scale by preparing various
mixtures of carbon black, wood flour, and powdered



white sand, These oynﬁ:gtic samples were prepared in
100 and 200 mge. portions, each portion having four
different approximate compositions in order to cover
all probable carbon compositisns. The four 100 mg.
portions had the following approximate compositionge=
104 carbon black, 20f silica, and 70¢ wood flours
207 ocarbon black, TOf silica, and 107 wood flour;
50% carbon black, 257 silica, and 25% wood flour;
80% carbon bdlack, 107 sillea, and 10% wood flour,
The approximate compnsitions of the four 200 mg, por-
tions were=-15¢ carbon black, 75¢ siliea, and 10%
wood flour; 30f carbon black, 10% silica, and 607
wood flour; S50% carbon black, 25¢ silica, and 25¢
wood flour; T70% carbon black, 157 siliea, and 15%
wood flour, mach mixture was digested ﬂth 10 ml. of
70Z nitric acid for fifteen minutes and the free carbon
wvas determined as descridbed on the previous page,
The results of thess t-sts are given in Tables
VII through XV,



TARLE VII
Digestion of Carbon Black with 70% HI Oy
Digestion Time 15 ¥inutes

Ngs. Taken Wgs. Found  Diflerence Percentage

(mg,) Pound
65.82 66423 4+ 0.4 100,62
45,39 45,70 + 0431 100 469
98,22 98,62 + 0,40 100.41
93.11 93.22 + O.d1 100,12
50,69 51,00 + 0,31 100.61
30,62 30,91 + 0.29 100.9‘
80 .ﬂ 80 .70 R 0.3’ lmou

Arithmetical mean --- 100,5
Average deviation =--¥0,1
Average deviation of mean -=- 0,07¢

TABLE VIII
Digestion of Synthetic Samples with 70% HiO,

slpproxﬁutc welght « 100 ¥illigrems)
Approximate ecompesition = 10% carbon
black, 20% silica, 70% wood flour,)

Wgs. Taken  Ngs, rownd —ﬁl'?orenoo ~ Percentage

Found
2,11 9.91 + 0,80 108,78
11.10 11,89 + 0,79 107.11
9.68 10.26 + 0,58 105,99
10,71 11.00 4+ 0.30 102,80
12,14 12.31 + 0,17 101,40
8 .09 2,60 <+ 0 71 107 .99
9.19 10,01 + 0.82 108,92
18070 13.48 4+ 0073 103014
12,39 135.12 + 0,73 105,89

Arithmetical mean --- 105,
Average deviation ==-%1
Average deviation of mean === 0,567




TARLE IX

31

Digestion of Synthetic Samples with 70% ENO,

Approximate weight - 100 ¥illigrams)
Approximate composition - 204 carbon
black, 70¢ siliea, 10% wood flour,)

. en £8. oun erenoe ercensage
Pound
19,40 19,98 + 0,58 102,99
20431 20,87 + 0,56 102,75
24,69 25 .48 + 0,79 103,20
22,10 22,97 + 0,87 103,93
18,80 19.19 + 0,59 102 ,07
21 .29 22,11 + 0.82 103,85
24,31 24,70 + 0,39 101,60
16,68 17,42 + 0,74 104,45
19,62 20,01 + 0,39 101,98
15.91 1l6.22 + 0,31 101,94
18,81 19.01 + 0,20 101,06
19,19 19.80 + 0,61 103,17
16,88 17.38 + 0,50 102,96
18,11 18,71 + 0,60 103,31

Arithmetical mean --- 102,
Average deviation ---2*0,
Average deviation of mean === 0,194

TARLE X

Digestion of Synthetic Samples with 70% ENO,

Approximate weight -« 100 Willigrams)
Approximate ocomposition - 50% carbon
black, 25% silica, 25% wood flour,)

. en + Foun erence Percentage
- Pound
44,11 44,91 + 0480 101,79
48 .89 49,69 + 0,80 101 .69
8,7 43,68 + 0,91 102,10
45,23 45,77 4+ 0,54 101,19



TABLE X (Con't.)

Wgs. m-n Wgs. round  DifTerence rercentage

(mgo) Found
41,89 42,40 “+ 0,51 101 .22
41 .22 41,41 + 0,19 100,46
45,31 45,59 + 0.28 100,62
45,40 45,81 + 0,11 100,24
47,72 47,95 + 0,23 100,48
52,79 53,16 + 0,37 100,68
50441 51.10 4+ 0,69 101,36
45,09 45,60 + 0,61 101,13
49,11 49.24 + 0,13 100,29
50,01 50,60 + 0,569 100,99
79,70 80,61 4+ 0,91 101,14
47 .90 48 .35 + 0,45 100,94
50461 51.25 + 0,64 101 .26
44,80 45,67 + 0,87 101.94
414,00 44,57 + 0,57 101.29

Arithmetical mean === 101,21
Average deviation -~-%0,
Average deviation of mean === 0,104

TABLE XI
Digestion of Synthetic Samples with 707 HY Og
(Approximate weight « 100 Willigrams)

(Approximate composition - 80% earbon
black, 10¢ silieca, 10¥ wood flour,)

Wgs. Taken Wgs. Found Tiflerence Percentage
(mgo) Found

74,49 75.13 + 0,64 100,86

80,01 80,75 4+ 0.74 100,92

77 «60 78,39 + 0,79 101,01

82.59 83,19 + 0,60 100,72

80,12 80,52 + 0,40 100,49

Arithmetical mean «=-- 100,
Average deviation =--%0,1
Average deviation of mean === 0,07%




TABLE XII
Digestion of Synthetic Samples with m gg,

Approximate welght - 200 Milligrams)

Approximate composition =

carbon

black, 75¢ silica, 10£ wood flour,)

Wgs. Taken  Wgs. Found Difference TPercentage
e (mg.) Found

45,89 46,39 + 0,50 101,08

56458 37,30 + 0,72 101,69

31,11 31.67 + 0,56 101,83

32450 33.09 + 0,59 101,82

26 .52 29,11 + 0,59 101,72

Arithmetical mean --- 101,
Average deviation =--%0,

Average deviation of mean === 0,099

TABLE XIII
Digestlion of Synthetic Samples with 70% HNO,.

5

Approximate welght - 200 willigrams)
Approximate composition =

earbon

black, 107 silica, 60% wood flour,)

¥gs, Taken  Wgs, Found DifTerence Percentage
(mg.) Found

62 .20 62,57 + 037 100,59

52.51 §3.41 + 0,90 101,71

68 .89 69,37 + 0,48 100,69

71.28 72 28 + 1,00 101,40

61,45 61,77 + 0,32 100,42

Arithmetical mean ==~ 100
Average deviation ---10,

g

Average deviation of mean === 0,217
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TABLE XIV

Digestion of Synthetic Samples with 708 HNO,

Approximete weight - 200 uilligrams)
Approximate ecomposition - 50% carbon
black, 259 silica, 259 wood flour,)

Wgs, Teken  Wgs. Fomd TliTerence Pcreentage
(mge) Pound
99,59 100,21 + 0,62 ' 100,64
108,84 109,82 + 0.98 100,920
106,18 105,99 4+ 0.81 100,70
102,67 103,60 4+ 0,93 100,96
105,92 106,51 + 0,59 100,56

Arithmetical mean =-~- 100,
Average deviation =--20,1
Average deviation of mean === 0,

TAELE XV

Digestion of Synthetic Semples with 70f HNO

(Approximate weight = 200 Milligrems)
(Approximate composition = 70% carbon,
black, 157 silica, 15¢ wood flour,)

Wgs. Taken Wgs, Found DifTerence  Percentage
(mg.) Found
166,12 166 .80 4+ 0,68 100,41
133,86 134,60 + 0,74 100,55
125,20 126,19 + 0,96 100,77
169,98 170,90 + 0,92 100,54
117.71 118,51 4+ 0,80 100,68

Arithmetical mean ==~ 100,5
Average deviation =--~X 0,11
Average deviation of mean ==- 0,059




VIII SAMPLING

The electrostatic precipitator offerl & very
accurate and convenient means of collecting atmospheriec
dust samples that are to be subjected to chemical ana=-
lysis, PFesically, the electrostatic sampler can be des=
eribed as being an slectrode-in-cylinder type of ine
strument that operates on the following prineiple, Dust-
liden air is drawn through a strong electrostatic field
by suction, where every particle of foreign matter,
regardlsss of size or composition, receives a positive
charge, The charged particles ars then transported to
the collecting electrode (evlinder) by the force ex=
erted on them by the eléctric field,

Two different instruments, operating on the above
prineiple, were used in collecting the dally and weekly
samples, A commercisl sampler,” whose precipitation
unit is shown in (Pig.IXI), was employed to collect the
daily samples, whereas the weekly samples were cole
lected with a sampling instrument designed arnd cone
structed by the American Air Filtsr Company. Although
unlike in appearznce the only essentall 4ifferencqs in
these two units are slight variations in the precipie-
tating and collecting electrodes, In the commercial

# The ¥.8,A, electrostatic sampler manufactured by
the Mine Safety Appliances Company.



unit the central attachment, which supports the plati-
num precipitating electrode at one end only, is remove
able, whereas the constructed unit employed a removable
tungsten wire electrode supported at both ends, The
collecting eleetrodes differ only In that one ls remove
able (ecommercial sampler) and the other 1s staticnary
(constructed sampler).

| Collection was made directly upon the slides of the
aluminum cylinder in the commercial unit but the cone
structed unlt required a celluloid lining for collec=
tion because of its stationary collecting electrode,

In both cases, the dist deposit, which is held in the
form of a dry powder, 18 usaglly very denses 2t the ene
tnhco followed by a gradnal tapering off. A small
quantity of dust 1s alsoc collected on the central attach-
ment of the commercial unit; the corstructed unit held
this condition to & minimum, This deposit arises only
when the dust does not stick well on the cuter sampling
tube and after a rather heevy deposit of such material
has been mades The efficlency of the sampler, which 1is
sald to be 100% at 3 on,ft, per minnte, is not affecte
ed by this ceposit, however it does necessitate welighe
ing this attachment along with the outer tute ir order
to determine the total emount of dust collect=d,l



A, Locatirn and ™Mmviroment of Samplers

The electrostatic samplers used to eolleect the
daily and weekly samples were situated so thelr sampling
tubes extended out a seeond floor window (approximately
30 feet above ground level) of the American Alr Filter
Company's research laboratory, A number of small ine
dustries located near an average reslidential section
eonstituted the outlying area; the immediate aves
conalsted of a coal and a railroad switch vard,

Be Procedures

Daily Samples=-«The sampling tubes and central
attachments are thoroughly washed, dried, cooled, and
welghed, After washing and wiping, care must be ex=
ercised in handling, It was found convenient to wrap
a small plece of paper around the tubes, and hold 1t in
place with a rubber band after the first weights were
taken, The tubes can then be handled and the samples
taken without getting the tubes dirty on the outside,
Afver the sample is collected, the tube and the central
attachment are dried, cooleé, and weighed. Then the
dust sample is completely removed by washing Into a
125 ml beaker with hot water. In order to determine the



welght of the sample recoverad for snalysis (which in
most cases was 1007) the tube and central attachment
were agaln dried, conled, and welghed., PEefore pro-
ceeding with the free carbon determination the wash
solution was evaporated just short of dryness,

Weekly Samplese—«-A simpler procedure was used in
collecting the weekly samples, The sample was collected
on & plece of celluloid snugly fltted against the in-
8ide wall of the aluminum tube; then removed from the
celluloid by scraping the dust loose with a metal spa-
tula and brushing into a 100 ml beaker that had been
previously washed, dried, cooled, and weighed. The
welght of the sample recovered for s.alvsis was obe
tained by subtracting the welght of the beaker from
the welight recorded after dryving, cooling, and welghing

the beaker and sample,
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IX ANALYTICAL PROCFDURE

As Determination of Free Carbon

The previously weighed sample is treated with 10
ml, of 70% nitriec acid. The mixture is covered with a
watch glass and boiled for 15 minutes, diluted with
50 ml, of 6N nitric acid and allowed to stand overnight,
( It 18 necessary that the supernatant ligquid be strongly
acid or the carbon will become dispersed and incapable
of belng filtered,) The sipernatant 1iguid is care-
fully decanted through a tared Selss crucible and the
insoluble material collscted, The crucibles and cone
tents are dried for two hours at 140°c., oooled; welgh=-
ed; then they are ignited for two hours at 700°C,,
cooled, and welghed, the loss in welght belng free
earbon,

Bs Results of Analyses

The results of the analyses of the daily and
weekly dust samples are given in Tables XVI and XVII
respectively.



TABLE XVI

DATA FOR DAILY SAMPLFS

geme g getvow s o Lna
(D¢ wmv,) ATRAMIN, (W cu,FT,) (IN MGS,)

1,536 2.5 3,838 21,40 40,19
1,350 2.5 5,375 34,51 42,90
1,440 2,5 3,600 21,19 30,16
1,508 2.5 3,262 28,45 45,77
1,440 2.5 3,600 42,31 44,28
2,880 2,5 7,200 41.29 40,19
1,470 2,0 2,940 16,48 48,18
1,410 2,3 3,243 31.21 44,12
1,440 2.3 3,312 32 .44 42,04
1,290 2,0 2,580 22.99 45,06

Average ¥ Free Carbon --- 42,207



TABLE XVII
DATA FOR WEEKLY SAMPLYS
“Wr. OF SANPLE
DATE SAMPLE RFMOVED % FREE
WAS COLLECTED 4GS, CAR
AUG, Bth TO 130,31 58,86
AUG, 15th
AUG, 15th TO 77,03 38,83
AUG, 22nd
AUG, 22nd TO 112,55 57,68
ATG. 29th
AUG, 20th To 219,23 39,32
STPT, 12th
SEPT, 12h TO 75.63 52,85
STPT. 19th
SEPT, 19th To 38.32 39.86
STPT, 26th
STPT, 26th TO 202,10 52,79
ocT, 3rd
00T, 3rd TO 135,61 53.24
0CT. 10th
0CT, 10th TO 104,70 45,84
0CT. 17th
00T, 17th TO 100,72 45,68
0CT. 24th
0CT, 24th TO 271,61 53,60
WOV, Tth
WOV, 7th To 60,50 44,97

NOV, 14%h




TABLE XVIT (Con't.)

DATA FOR WEFKLY SAMPLTES

W, OF SANPLE
DATE SA¥PLT RF OVED { FRIE
WAS COLLECTED (mcs, ) CARBON _
WOV, l4th To 71.22 42,99
WOV, 21st
HOV, 213t.T0 86,54 36 427
NOV, 28th
NOV, 28th To 90,00 49,30
DRC, 5th

Average ¥ Free Carbon w=e-e 47,34%



X SUMMARY AND CONCLUSIONS

le An analytical method, which has an absolute
error of 20,5%¢, has been developed for determining
free carbon in atmospheric dirt, The vallidity of this
wet oxidation method was tested by determining the
effect of nitric acld digesstion on standard ecarbon
black, Then the method was further checked against
i'ynthetio dust samples prepared from standard test
materials us~d in the a%r cleaning fiesld,

2., Thirty-seven samples that ver§ collected with
the PL-24 filters, during the first four or five months
of 1949, iIn various urban areas, have been analyzed
for free carbon, ash, mixed oxides, and sillica, These
samples varied widely in appearance and composition,

3¢ Results of the free carbon determinations, in
atmospheric dirt collected by this method, varies from
7.70% (Hartford, Comnmeecticut sample) to 55,827 (Indien
Oorchard, Massachusetts saemple), This does not mean
that Indian Orchard, Wassachusetts, 1s the dirtest ecity
included in the survey. This view 1s taken because a
dust sample represents only an area of a few blocks
around the spot where 1t is taken,

st samples from industrial areas ns:ally cone

tained from 30 to 40 per cent free carbon,



SAMPLFS

NUMBFR OF

45

The distribution of samples of various fres carbon

contents 1s shown in the chart below,

7

5 10 15 20 25 30 35 40 45 50 55
PER CENT FRFE CARBN

4, Samples taken from installations, which have
the air intake on the upper floor levels, usually have
a higher free carbon per cent than those taken from
units having intakes at street level,

- B¢ The developed analytical procedure for the dee
termination of free carbon in atmoapheric dust has heen

adapted to a semimicro scale, thereby making 1t pos-

60




8ible to determine what soiling conditions are pree
sent In a given location at a given time. This
adaption was accomplished by determining the effect of
nitric acid digestion on small (30 to 100 mg.) pure
carbon black samples and on various synthetie dust
samples prespared from carbon black, silica, and wond
flour, These synthetic dust samples, which weare pﬁ-
pared in 100 and 200 mg, portions, had four diffarent
approximate compositions in ordsr that all probable
carbon compositions might be covered.

6s Dally and weekly samples were collected with
electrostatic dust samplers and analyzed for free care
bon content, The daily samples were collected during
the month of May, whereas the weekly samples were
collected from July through ¥ovember of the same year
(1950)s The average per cent free carbon for the
daily samples was 42,297, as compared to the value of
47,341 obtained for the weekly samples, This variation
is probably due to the different seasons of the vear,

7« The results of these analyses show that the
free carbon content of stmospheriec dust varies eone
giderably from eity to eity and somewhat less at
different locations within a given city, It would
be practically impossible to prepare dust mixtures



representative of each locality or community because of
the ?ifference of free carbon content found in atmo-
spheriec dust in various communities. These results in=-
dicate, however, that a test dust mlxture should cone
tain approximately 35%¢ free carbon if 1t 18 to repre-
lqnt atmospheric dust of the mejorlty of areas tested,
Samples collected in the semi-industrial area by means
of the electrostatic samplers indlcate that a test dust
mixture should contain 40 to 50¥¢ free carbon,
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