with low moisture content, usually have a
higher content of water-soluble phos-
phorus.

Conclusions

In this study not enough samples
represented any given set of chemical,
mechanical, and physical conditions to
prove any point. However, trends in
results did suggest some factors or group
of factors which influenced the water
solubility of phosphorus in these fer-
tilizers. Any addition to superphosphate
(except sulfuric acid and borax) reduced
the percentage of water-soluble phos-
phorus. High moisture in mixed goods
usually reduced the content of water-
soluble phosphorus, unless the super-
phosphate had been previously based
down as ammoniated superphosphate.
Rapid drying and cooling to decrease the
moisture content generally maintained a
high percentage of water-soluble phos-
phorus. Mechanical steps in plant

ATMOSPHERIC POLLUTION

operation could be an important factor
to watch in maintaining high water-
soluble phosphorus.

The average water-soluble phosphorus
value for about 250 samples was 48.49%.
well within the limits of 40 to 509
proposed by research agronomists. Less
than 239, of the samples failed to reach
the minimum value of 409,. These
lower values were mostly from the south-
eastern part of the country, where the
need for a high water-soluble phosphorus
is less, as most soils have been fertilized
for a long time and are higher in avail-
able phosphorus, and from the older and
less modern plants. As the more modern
plants manufacture fertilizer of con-
sistently higher values, it seems that
fertilizer of 60 to 659, water-soluble
phosphorus content can be made in a
regular fertilizer plant with the usual
fertilizer ingredients, if continued agro-
nomic study suggests that this is desir-
able.

Spanish Moss and Filter Paper Exposures
for Detection of Air-Borne Fluorides
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Intensities of fluorine emissions to the atmosphere in certain eastern and central Tennes-
see locales were determined by month-long covered field-exposures of Spanish moss in

cotton (cord), nylon, and dacron bags and of 12.5-cm. limed filter papers.

Fixations

in covered cord and nylon bags were similar to and greater than fixations in the less por-

ous dacron bags, and were greater in the outer zones than in the cores of the moss.
ing the moss decreased its capacity to fix air-borne fluorides.

Dry-
Fixations by the moss in

the protected cord and nylon bags and by protected limed filter papers were consistently
concordant in spotting high and low occurrences of fluorine in the atmosphere.

THE WASHDOWN OF FLUORIDES and
their fixation by Spanish moss have
served to indicate atmospheric emissions
deemed responsible for abnormal in-
cidence of fluorine in nearby field crops
(6) and a resultant economic problem in
livestock farming (5). The quantities of
fluorine carried by single rainfalls at six
locations in 1948, 1949, and 1950 were
reported in 1952 (8) and, in 1951,
atmospheric  occurrences were deter-
mined also through the quantities fixed
in month-long exposures of Spanish
moss at multiple locations in relation to
industrial emissions in three Tennessee
counties (7).

No fluorine contamination occurred
in the vegetation grown in pot cultures

! Present address, 4201 Twenty-eighth
Ave., No., St. Petersburg, Fla.

at  Knoxville. but fluorine content
increased during further growth out-
doors at the Middle Tennessee Station,
although not in the transported vegeta-
tion grown in the fluorine-free atmos-
phere of an adjacent chamber (7).
Thus the transported plants acquired
fluorine from both soil and air during
their 21 days’ growth at Columbia,
whereas the plants in the chamber de-
rived fluorine solely from the soil.

The atmosphere near Knoxville was
examined frequently through exposures
of sodium carbonate and hydrated lime,
and hydrofluoric acid was identified as
the chief fluoric contaminant at the
university’s Blount County Farm, some
6 miles from the manufacture of alumi-
num in a large operation (6). Hydro-
fluoric acid was identified also as the
chief fluoric emission in the thermal con-
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version in the defluorination of Tennessee
brown rock phosphate into “‘fused
tricalcium  phosphate” (1), whereas
hydrofluosilicic acid and silicon tetra-
fluoride are emitted in the nodulization
of charges of rock phosphate for the
electric reduction furnace and in acidu-
lations of rock phosphate. At one time
all three processes were in operation in
Maury County.

The findings reported here were from
further studies of the fixation of atmos-
pheric fluorides by Spanish moss, vari-
ously bagged, and by exposures of limed
filter papers at multple locations in
Blount and Maury Counties.

Source and Composition of Moss

Several 100-pound supplies of moss
were obtained at intervals from the same
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Table I. Partial Analyses of Spanish Moss

(Before and after month-long exposures in Maury County in 1954, moisture-free basis)

Components® Sample A Sample E Sample B Sample C
Parts per Million
Fluorine 15 51 13 3"
Per Cent
SiO, 1.05 1.40 1.43 0.93
Calcium 0.70 0.75 0.70 0.70
Magnesium 0.26 0.26 0.34 0.29
Potassium 0.76 0.95 0.97 0.63
Sodium 0.44 0.47 0.44 0.56
Fe,O, 0.71 0.76 0.36
PO, 0.13 0.16 0.10 0.10
Al O3 0.50 0.39 0.30
Nitrogen 0.78 0.73 1.00 0.60
Sulfur 0.17 0.18 0.17 0.18
Ash 4.38 5.10 6.20 3.55

¢ Determinations other than fluorine made by A. J. Sterges by AOAC methods. Deter-
minations of fluorine made by junior author by 12 perchloric acid distillations of limed
5-gram charges calcined at 500 ° C. and calcines subjected to 3 KOH fusions (3).

Slamplc A, Notexposed; from bulk of moss received in February 1954, ground immedi-
ately.

E. Sample A after month-long exposure in Maury County.

B. Not exposed; received in August 1954,

C. Received in June 1954 and left in bulk indoors at Knoxville until ground for analysis,
February 1955,

Table lll. Fluorine Contents of Samples of Spanish Moss

(Through analyses of moist and dried charges and computations to dry basis subsequent to
2-weeks umbrellaed exposures in Middle Tennessees)

Fluorine Content of Analytical Charge, P.P.M.

Undried Dried Computed to
Placement Bag Moisture, T charge? charge® dry basis?

Originale ce. Ca 7.34 . 23.1
Old MTES Cord 33.2 26 35 39
35.6 32 43 50
29.7 30 42 43
30.9 36 51 61
Mean ... 31 43 48
Nylon 30.6 37 33 53
31.4 40 35 58
39.5 38 57 63
31.7 43 56 63
Mean ... 40 55 59
Baker farm Cord 42.0 40 60 69
28.6 32 44 45
41.2 46 76 78
29.1 40 58 56
Mean ... 40 60 62
Nylon 46.9 43 85 81
51.3 33 64 68
51.6 26 49 54
56.9 30 58 70
Mean ... 33 64 68
Crossville Cord 36.2 22 25 34
43.0 13 21 23
38.0 14 22 23
36.3 19 27 30
Mean ... 17 24 28
Nylon 41.9 16 26 28
46.7 15 26 28
50.1 15 25 30
55.4 12 21 27
Mean ... 15 25 28

a Duration, April 17, 1954, to May 1, 1954,

b Charge of undried moss was limed, dried, ashed, and fluorine distilled from ash by
means of HCIO..

¢ Moss dried 5 days at 50° C.

d Calculated from fluorine determination on undried charge in relation to per cent
moisture by following equation:

p.p.m. F, undried basis
1.00 — fraction wt. H,O

¢ Findings are for actual contents; data for original sample are given in Table I.

= fluorine, dry basis
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Table il. Fluorine Occurrence in

Spanish Moss
(HClO, distillations of 5-gram charges

limed and calcined at 500° C. Calcines
alone and after fusions with NaOH or

KOH)
NaOH KOH
Nonfused, Fusians, Fusions,
Moss P.P.M. P.PM. P.P.M.
la 19 20 20
19 20 20
18 20 21
Mean 19 20 20
2% 29 30 27
29 29 29
29 30 .
Mean 29 30 28
3 . 76 83
77 78 79
78 77 79
Mean 78 77 80
4% 81 80
78 78
76 74
Mean 78 77

@ Composite, not exposed.
b Same composite, subsequent to ex-
posure in field.

location near Tallahassee, Fla., through
collaboration of R. C. Crooks, assistant
state chemist. The analyses of Table I,
other than determinations of fluorine,
were made by AOAC methods (7). Al-
though the moss is an epiphyte, it
acquired appreciable mineral composi-
tion, nitrogen, and considerable ash
during its life in Florida. Samples A
and E were identical before the month-
long exposure of sample E had caused
significant increases in fluorine and
silica content and some gains in calcium,
potassium, phosphorus pentoxide and
ash. The substantial intake of fluorine
indicates that the moss had taken up
atmospheric fluorides and the other
increases suggest contamination from
phosphatic dusts.

The compositions of the moss samples
of Table I afforded an opportunity to
ascertain whether the incidence of silica
could be charged with the low value from
the perchloric acid distillations from un-
fused calcines of limed charges of moss.
The analyses of Table IT show uniformity
in the fluorine determinations on the un-
fused and the sodium and potassium
hydroxide fusions of calcines of limed
5-gram charges of four samples of moss.
The distillations were by means of the
Willard and Winter procedure (72) with
modifications (2).

Although silica is essential to the
perchloric and sulfuric acid-induced
expulsion of silicon tetrafluoride, the
presence of hydrated silica in an analyti-
cal charge will cause incomplete recovery
of fluorine, especially when silica accu-
mulates on the walls of the Claisen flask.

The concordance in the distillates from



the unfused calcines and the parallel so-
dium hydroxide and potassium hydroxide
fusions indicates that the silica contents
of the moss did not necessitate the
prefatory fusions that have been found
imperative in the determination of
fluorine in certain types of low-growth
vegetation, such as Bermuda grass (77).
The analyses also register identical
values from the two hydroxides as fusion
reagents (3). The alumina contents of
samples A, E, and C were determined
because experience demonstrated that
although fluorine was recovered fully
from greenhouse cultures on soils forti-
fied with fluorides (9), fusion of the
calcines of limed charges of Bermuda
grass and similar field vegetation usually
had a concomitant incidence of alumina
with high contents of silica. Many
samples of vegetation had higher silica
and alumina contents in portions closer
to the ground, and it appeared probable
that the low values for unfused calcines
of the lower growth field vegetation were
attributable to spatterings of clayey
material, rather than to silica itself.

Preliminary Determinations

Because of natural variance in the
structure of the Spanish moss, exposures
were made in quadruplicate. Grinding
of the moss of multiple collections to
provide analytical samples by means of
the Wiley mill would have required
many hours of labor. Although the
moss seemed relatively dry, it had a
moisture content of 609, and could not
be ground without previous drying. A

Table V.

Fluorine Acquired by Outer Layers and Cores of Umbrellaed

(Figure 2) Charges of Spanish Moss
(After month-long exposures at two locations in Blount County in 1955)
Fluorine, P.P.M., Dry W1, Basis

Location? Entire exposure
Alcoa 19% 39, 24, 23, 44

Mean 33
Alcoa 20° 47, 31, 33, 41

Mean 38
Alcoa 19¢

Mean 754
Alcoa 20¢

Mean 63¢
Blank, applied 19

29, 36, 32, 42
37

56, 38, 44, 32
43

Core

17, 37, 28, 47
32

Outer layer

42,27, 38, 28
34

93, 113, 40, 62, 54, 65, 29, 59,
104, 141, 79, 97 56, 76, 27, 43
91 51
80, 76, 88, 62 54, 30, 40, 37
100, 54, 78, 74 76, 24, 38, 48
77 42

@ Designations for locations given on grid of Figure 1.

b Exposed April 22 to May 20.
¢ Exposed May 20 to June 17.
4 Value computed.

partial drying of a month-long exposure
of moss would have necessitated two
moisture determinations on every “ex-
posure.” It was feared, however, that
heating the bulk of the moss at the
temperature of boiling water might cause
an appreciable loss in fluorine content
before analysis. The alternative was to
heat the multiple tared exposures of
normal moss moderately, immediately,
and simultaneously upon receipt by the
laboratory, the temperature and duration
being such as to assure minimal losses of
fluorine in the moisture-free samples for
bottling and analysis. Consequently,
multiple samples of unground normal

moss were subjected to 50° C. for
successive weighings after intervals of
2, 3, 4, and 5 days and an uninterrupted
interval of 5 days. In comparisons to
register removal of moisture contents up
to 599, the moisture-free values ob-
tained after the 2-day heatings at 50° C.
were virtually the same as those obtained
from the longer heatings.

However, because of the possibility
that heating, even at 50° C. might cause
the moss to lose fluorine, quadruplicates
of unheated moss and of heated charges
of the same moss were analyzed. The
findings given in Table III are without
deduction of the natural content of

Table IV.

Fluorine Content of Spanish Moss

(After exposure inside and outside® at 6 points in Blount County and at University of Tennessee lysimeters)

First Collection

Second Collection

Third Collection

Fourth Collection

Roinfall, Fluorine,® Roinfall, Fluorine,? Roinfall, Fluorine,? Roinfall, Fluorine,?
inches p.p.m, inches p.p.m, inches .p.m. inches p.p.m,
Exposure® 6-15-51 7-12-51 8-24-51 9-18-51

Hitch farm (5-21-51)

Inside L C 8.91 25 3.50 32 2.89 54

Outside 5.41¢ 50 3.50 75 3.50 76 2.89 92
Magill farm (5-4-51)

Inside 4.97 38 3.50 34 3.50 70 2.89 130

Outside 4.97 53 3.50 107 3.50 101 2.89 146
Kidd farm (5-4-51)

Inside 4.97 91 3.50 80 3.50 168 2.89 192

Outside 4.97 64 3.50 105 3.50 63 .. L.
Pumping station (5-14-51)

In shed 4.19 52 3.50 91 3.50 268 2.89 534

In tree 4.19 99 3.50 107 3.50 210 2.89 67
Near pot room (5-26-51) 7-5-51 7-30-51

Qutside 7.78 1240 1.86 1300 1.42 2418 2.89 1760
Operation A (5-26-51)

Outside 7.78 50 1.86 127 1.42 126 2.89 133
U.T. farm (Blount;

(5-26-51)

Inside 7.78 38 1.86 99 1.42 79 2.89 103

Outside 7.78 29 1.86 44 1.42 58 2.89 48
U.T. lysimeters (5-26-51)

Inside 2.12 31 1.57 29 4.83 27

Outside 6.314 61 2.12 51 1.57 60 4.83 70

« Inside, protected from rain, but subject to atmospheric circulation; outside, generally in tree.

» Air-dry basis.

- Rainfall atlocations other than six U.T. lysimeters measured at U, S. Weather Bureau, Knoxville airport.

¢ Rainfall measured at U.T. lysimeters.

Fluorine content of Florida moss, 27 p.p.m. on air-dry basis.
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fluorine, which is reported as “original.”
The moss exposures had been in cord
and nylon bags at the abandoned Middle
Tennessee Experiment Station, on loca-
tion 15 (Baker farm) in Maury County,
and near Crossville on the Cumberland
Plateau.

The means of the quadruplicates of the
dried charges were less than the corre-
sponding means obtained through com-

putation of the analytical findings from
the normal moss to dry basis. The six
means for the 24 findings for fluorine
contents of the dried charges registered
45 p.p.m. against a corresponding over-
all mean of 49 p.p.m. for the values
calculated from the analyses of the
original samples. The determinations
by the two procedures indicate that the
normal, or original, charges suffered

Table VI.

Fluoride Contents of Samples of Spanish Moss

(Unbleached, water-leached, and ethyl alcohol-leached before and after 2-week exposure
at Blount County Farm, March 27, 1954 to April 10, 1954)

Fluorine Content, P.P.M.

In Unleached

in H:O-leached® in Ethyl Alcohol—

Charge Charge Leached® Charge

Moisture,® Wet Caled. to Wet Caled. ta Wet  Caled. to

Sample Bag % basis¢  dry basis¢  basis¢ dry basis®  basis® dry basis®
Original 57.9 9.0 21 8.0 19 7.8 19
57.9 10 24 7.3 17 9.1 22
56.2 9 21 5.4 12 7.7 18
Mean 9.0 22 7.0 16 8.2 20
Exposed Nylon 57.9 13 31 10 24 14 33
60.9 12 31 10 26 16 41
Mean .. 13 31 10 25 15 37
Cord 58.0 12 29 9.0 21 11 26
56.3 11 25 9.0 21 12 27
Mean 12 27 9.0 21 12 27

2 Charge of undried moss leached with 250 ml. of boiling distilled water, limed, dried
ashed; fluorine determined through HCIO, distillation.
b Charge of undried moss leached with 100 ml. of boiling ethyl alcohol, limed, dried,

ashed, and fluorine determined as in <.

¢ Mean of five moisture determinations on charges of each of 9 samples after 5-day drying

at 50° C. was 589%.

@ Charge of undried moss was limed, dried, ashed, and fluorine determined by means of

HCI10, distillation (8).

¢ Calculated from wet moss fluoride determination and per cent moisture, using equa-

tion:

P.p.m. F, dry basis =

p-p.m. F~, wet basis

1.00 — fraction wt. H:O

small losses of fluorine during the 2-day
heating at 50° C. However, the analysis
of variance showed no significant dif-
ference and possible losses of fluorine
during the immediate conversion of the
collections of the ‘‘exposures” to a
moisture-free basis are not rated as
enough to vitiate appreciably the analyti-
cal findings as to intake of atmospheric
fluorides by the dried moss. Conse-
quently, the subsequent periodic collec-
tions of moss were heated immediately at
50° C. for 2 days to obtain analytical
charges of moisture-free vegetation.

Intake of Air-Borne Fluorides by
Field Exposures of Spanish Moss

Table IV reports occur-
rences of fluorine in moss
after month-long exposures
in 1951 at the six locations in Blount
County, where aluminum is manufac-
tured in absence of phosphate operations,
and at the lysimeters at Knoxville. The
exposures were made in outdoor shelters
and in the open. In general, the “out-
side” exposures showed larger fixations
of fluorine, in spite of rainfall or because
of it; but the relationships varied. The
nearer the location to the “pot room” of
the aluminum operation, the higher was
the fluorine fixation by the moss, to a
maximum of 2418 p.p.m. All the
collections at the lysimeters in Knoxville
showed gains in fluorine content, pre-
sumably because of emissions from the
stacks of manufacturing operations.
Surface vs. Cores of Moss Exposures.
A question arose as to whether the fixa-
tion of fluorine was effected throughout

In Blount
County

Table VII.

Fluorine Acquired from Atmosphere

[By identical charges of Spanish moss placed 7 feet above ground at 12 locations in Middle Tennessee, 1954, as indicated by analyses of
charges after month-long exposures in coarse-mesh cotton and nylon bags, under individual umbrellas of aluminum foil (Figure 2)]

May June July August September October November ~ Mean
No. Farm Cce N C N C N C N C N C N C N C N
Parts per million
1 Old Station 77 81 35 26 43 29 60 45 23 24 43 34 44 41 46 40
670 460
18 New Station 41 45 31 30 38 32 43 64 19 19 27 29 21 26 32 35
Franklin 38 30 13 15 20 19 32 45 22 12 27 25 19 23 24 24
15 Baker 97 117 145 144 63 53 99 106 38 30 40 41 38 41 74 76
57 56° 82¢ 53¢
78 Goodwin 92 103 37 7 102 65 41 24 51 49 63 53 130 123 74 65
(Dungye)
90 Southern 78 69 29 37 36 42 28 17 38 18 35 31 50 53 41 37
66 Webster 34 41 28 28 40 45 25 36 22 17 7 59 56 53 39 38
58 Pitts (Allen) 81 91 42 34 68 43 33 40 37 27 132 162 88 97 69 72
37 John Gray 41 36 21 7 39 34 35 23 25 15 41 35 43 27 35 28
(Garrett)
23 Holcomb 34 37 . 27 38 34 31 24 15 17 16 10 25 16 27 24
5 Watson 52 62 34 32 41 25 43 33 17 21 36 39 31 33 36 35
109 Murrey 126 135 60 46 55 76 23 23 33 30 50 40 58 58
Mean 62 48 43 44 25 46 49 46 44
Crossville 11 10 1 6 11 10 13 18 1 0 3 3 9 4 7 7
8b 6»
Blank 12

e (. Coarse-mesh cotton bag.

in means of month-long exposures.

N. Nylon bag, comparable to C in size.
5 After 15-day exposures, quadruplicate bags were removed to ascertain whether 2-week duration was ample for exposure; not included

¢ On parallel charges sterilized before exposure.
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Blount County

180° i mile

Grid showing numerically

Figure 1.
locations of exposures of Spanish moss

and limed filter Blount

County

papers in

Numbers correspond to those used in generol
fluorine survey, center being Aicoa pot rooms

the bulk of a moss exposure, or entirely
on its outside layers. Consequently, the
normal exposures were made in parallel
with exposures in which the cores were
demarcated and made available for
comparative analyses. The data of
Table V show that the outer lavers of
the ““‘umbrella’-protected exposures ac-
quired somewhat higher fluorine con-
tents; but the cores also effected con-
siderable stoppages of the air-borne
fluorides (Figure 2).

Nature of Fluorine Fixations. The
findings in Table VI are for fluoride
residua after separate aqueous and alco-
holic extractions from moss charges that
had been exposed in cord and nylon bags
under the protection afforded by the
aluminum foil uinbrellas on the Blount
County farm, March 27 to April 10, 1954,
The nine charges of the original moss
had a common moisture content of 589,
and 9 p.p.m. of fluorine, which was
computed to 23 p.p.m. on a dry basis.

The boiling water extractions effected
239, removal of the original fluorine
content, but the leachings with hot
ethyl alcohol did not remove fluorine.
The alcohol-leached charges showed a
mean of 27 p.p.m. of fluorine against
26 p.p.m. for the unleached moss.
Although initial and acquired contents of
fluorine were retained tenaciously against
the alcoholic extractions of the moss, the
question remains as to whether the
retentions are attributable to engendered
organic forms or to surface tension.
Fluoric pollution of the
atmosphere from multiple
phosphate  operations in
Middle Tennessee locales was decidedly
more complicated than in Blount County
where the emissions were from a single
operation. The intensities of atmos-
pheric occurrences of fluorine at 12 loca-

In Maury
County

Spanish moss exposures 7
feet above ground

Figure 2.

In cord and nylon bags with aluminum foil
umbrellas and bottoms tied to lower horizontal
pipe to keep bags upright

tions in Maury County were indicated by
means of month-long umbrella-protected
exposures of Spanish moss (Figure 2) in
cord and nylon bags, side by side, from
May through November 1954. The
exposures at each location in Maury
County were in quadruplicate at 7-foot
elevation (Figure 2); but because of the
meager occurrences of fluorine in the
atmosphere at Crossville, eight bags of
each type—cotton cord and nylon—were
exposed there as controls. The bags were
protected from rain by umbrella cones of
aluminum foil, shown in Figure 2. The
100-gram charges of moss of established
content of fluorine were bagged at
Knoxville and transported to the Maury
County locations designated on the grid of
Figure 3, and to Crossville on the
Cumberland Plateau. Because Spanish
moss would not be expected to survive
through the winters of East and Middle
Tennessee, the moss exposures were
made in the interim between the frosts
of spring and fall.

The fixations by moss in the side-by-
side exposures in the cord and nylon
bags represent parts per million of
acquired fluorine. The fluorine fixations
by exposures in cord (C) bags and by the
nylon (N) bags may show some variance
for a given month in 1954; but the
pairings in Taple VII indicate no decided
differences between maximal or between
minimal fixations by the moss at the
several locations. In May, June, and
August, location 15 (Baker) showed the
largest gains in fluorine content but th=
intakes at that location were less in
September, October, and November.
This was true also for 10 of the other 11
locations.

YOL.

Midd(e Tennessee

I miles

Figure 3. Grid showing numerically
locations of exposures of Spanish moss
and limed filter papers in Middle
Tennessee, chiefly in Maury County

Numbers correspond to those used in general
fluorine survey, center being the old Middle
Tennessee Experiment Station

The largest over-all means for luorine
gains in the 7-month interval were at
locations 15, 78, and 58. The largest
mean of the gains per month was 62
p.p-m. for the 22 fixation values by
exposures in May, and the smallest mean
was that of 25 p.p.m. in September.
The other means for monthly gains were
in the range of 43 to 49 p.p.m.

The over-all comparisons of fluorine
gains (last two columns in Table VII)
register close to identical values for the
moss in the two types of containers.

The greater occurrence of fluorine in
the atmosphere of Maury County is
reflected in contrast with indicated
occurrence at Crossville in Cumberland
County, the grand mean for the fixations
at the 12 points in Maury County being
6.4 times the fixations at Crossville.

The fixations of fluorine by the moss
in cord bags at the same 13 points were
determined in May, June, July, and
August 1955 (Table VIII). In general,
the fixations were less than those in the
corresponding months of 1954, especially
in locations 15 (Baker), 78 (Goodwin),
and 58 (Pitts).

After the analyses of Table VII had
registered only small difference between
fixations by the moss in the cord and
nylon bags, a similar comparison was
made for the moss in cord and dacron
bags at three locations in May, June,
July, and August 1955, with inclusions
of nvlon bags in exposures in July and
August (Table IX). Nylon and dacron
cloths were compared. Intake of fluo-
rides was less in dacron bags of finer
mesh. Every comparison shows a sub-
stantial difference between the fixations
of fluorine by the moss charges in cord
and dacron bags, as indicated by the
ratios of 43:11; 46:16; 48:13, and 28:16
for  month-long  exposures. The
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Table VIII.

Fluorine Acquired by Month-Long Umbrellaed Exposures of

Live Spanish Moss
[In cord bags at 13 points in Middle Tennessee, May—-August 1955 (Figure 2)]

No. Location
1 Old MTES?»
18 . New MTES®
Franklin
15 Baker
78 Goodwin
90 Southern
66 Webster
58 Pitts
37 Gray
23 Holcomb
5 Watson
109 Murrey
Crossville

Blank, applied

Fluorine, P.P.M., Dry Wi, Busis®

May June July August
33 21 34 26
20 29 22
22 . 16 20
44 54 60 31
31 63 61 36
35 27 28 14
33 31 48 14
51 62 50 26
20 23 25 11
24 22 25 18
39 34 26 23
29 24 18
5 8 4 8
19 19 18 18

* Means of quadruplicate determinations of fluorine contents of monthly samples.

¢ Middle Tennessee experiment stations.

Table IX.

Fluorine Acquired by Month-Long Exposures of Live Moss

(In umbrellaed cord, nylon, and dacron bags at three locations in Middle Tennessee, May—
August 1955)

Fluorine, P.P.M., Dry Weight Basis

May June July Avgusf
No. Location Cord Duacron Cord Dacron Cord Nylon Dacron Cord Nylon Docron
1 Old MTES 33 8 21 9 34 38 13 26 34 12
15 Baker 44 12 54 15 60 29 13 31 39 12
58 Pitts 51 13 62 24 50 44 14 26 33 23
Mean 43 11 46 16 48 37 13 28 35 16
Blank applied 19 19 18 18

differences reflect the restricted move-
ment of air into and through the moss
in the dacron bags. The fixations in the
nylon bags were intermediate between
the fixations in the cord and dacron bags
in July, but in August were somewhat
greater than in the cord bags. However,
the over-all means for the cord and
nylon bags were 38 and 36 p.p.m.,
respectively.

Effect of Heating Moss upon
Its Capacity to Fix Fluorine

To obtain an indication as to whether
fluorine gains by the live moss might be
due in part to stomatal action, charges
were heated 5 days at 50° C. and then
exposed in juxtaposition to like unheated
charges for 4 weeks at the Baker farm,
location 15 on the grid of Figure 3,
where the atmospheric occurrences of
fluorine are always high.

The comparisons for the May, June,
July, and August exposures show that
the heating of the moss caused a decided
decrease in its capacity to fix fluorine
from the atmosphere. The means for
the fluorine fixations by the live moss and
heated moss in May, June, July, and
August 1955 were 43:32; 46:33; 48:31,
and 28:29, respectively (Table X).

It is uncertain whether a substantial
fraction of the fluoride fixation by the
live moss was through stomatal action,
because the heating effected dehydration
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and permanent contraction in the physi-
cal structure of the moss, with resultant
decrease in surface capable of mechanical
stoppage of air-borne fluorides.

Field Exposures of Limed
Filter Papers in Buckets

The fluorine fixations by the bagged
moss in month-long exposures were paral-
leled through quadruplicate fixations
by lime-saturated 12.5-cm. filter papers
that were clipped to four wires strung
perpendicularly inside inverted half-
gallon new lard cans or buckets (Figure
4). The cover of each can was soldered
to the outside of what had been its
bottom for protection against rainfall and
to allow ready passage of air through the
containers. An advantage in the use of
the protected papers in the field is that
month-long exposures can be obtained
throughout the year, regardless of
weather, whereas the moss exposures are
restricted to certain seasons. The
fluorine content of every filter paper was
determined, but the values given are
means. Lime-soaked filter paper ex-
posures were used by Miller and others
(70) for chemical measurement of ex-
tent of fluorine damage to tips of field
grown gladiolus and nearby pasture grass.
The micrograms of fluorine
fixed by the limed papers
exposed in the buckets at
seven locations in Blount County in the

In Blount
County

AGRICULTURAL AND FOOD CHEMISTRY

Fluorine Acquired by Month-Long Exposures of Live and Dried Moss

Table X.

(In umbrellaed cord bags at thrce locations in Middle Tennessee, May~August 1955¢2)

Fluorine, P.P:M., Dry Weight Basis

July

June

Mean

32,23,23,27 26 29,19,29,28 26

29 34, 28, 34 31

Mean

Dried

Mean

Mean

Dried

Live

Mean

Mean

Live
36, 40, 27, 32

Dried
7,18, 22, 22

Mean

Live
13, 23, 23, 25

Mean Dried

Live
36, 44, 29, 23

Location
Old MTES
Baker

Pitts

No.

29

34 29, 58, 34, 33
60 28, 32,35,44 35

17
32
49

6

20 21

33 25,13, 26, 17
36, 41,50, 47 44 36, 43, 37,26 36

1
15
58

23, 23, 28,32 27

23,22, 30,30 26 33,32,39.28 33
11,8,6,7

28

50 31,31, 19, 32
4 3,3 212

46, 49, 54, 52

47, 55, 74, 63
2,327

62 63,52, 34, 46
8 6,10,3,5

49, 49, 65,52 54 24, 32, 34, 38

66, 71, 60, 52
5,6, 10, 11

47,39, 41,38 41

50, 63, 47,45 51

9

5

4

Crossville

8 8, 7,15,7

18

5 53,2,6

19

6,4,6,5

18

19

Blank, applied

e In comparison with Crossville parallels as controls.




'$19%onq X15 ur pourejuod sioded JO SUONEUWIINIP JO ueay o

NI pue utmpoos) ueyl 1agio Sualresof uoy je suiony jo Soyelul Lo} ueswt puelr) , UUST, ‘UIpfuely JesN ,
“$3990q om1 uy siaded a0y ueow se ‘amsodxo qruow-z |, ‘¢ 2In31g jo pus uo A[Teouswnu uoaLs Suonesof oy suoneuSisa(y »
"SS61 ‘pT yoIEN 01 ‘pGg ‘S IqUIBIR(T woly PIPY Ul o1 sopdwes 03 parjdde juelq Atenuer “Hustaded d1050q J1B Ul panp pue
‘[013U02 SB popudlu] 4 *(HO)®D Jo uoisuadsns snoanke JVS'0 yum pajeanyes ‘aaded INY WI-¢'Z] ‘7 "ON UEUIIRYA) 4
'$3939nq 218uts ur paureiuoo siaded 30 suoneuwuinlop yo uesyy | "SIONG poeNULA jo ed yowa ul paoerd sxaded 1oyy Aq pannkoe SUMONY 10] SUBIPA] o
SL'¥ 4.8 c9°¢ Yo L 6179 s0°¢ 80°L L6°C 9L°0 sogout ‘rejurey
cl 8 L4 S S 4 I € 6 6 I paydde “juerg
L ( av I 0 9 6 L L 6 ) ! o T 46 ¥8 B ) | I 1 0 S 14 8 I[1ASE0ID)
«(1¥
L9 UBIPN puein)
€C [44 L s 21 £l £ [44 143 £e 0¢ ve 144 149 9l 8 6C 1e 0 €l ST 9¢ ) 8 pAotmpy 6o
19 SS 6Z 0¢  ¢¢ 2% 99 6¥ 0L 9 59 €S 8L 051 $9 09 99 Vi LE 8¢ (114 8¢ (44 92 uosiepy g
62 4 Le (4 4 (74 e 62 8¢ 9¢ Ve 9¢ |84 8¢ (44 81 144 Ly 14 |14 (44 Sl 9! S quodjoy ¢z
0S 14 0C 91 8¢ € 94 6¢ 144 0¥ (44 144 66 143 8L L9 €L L LL »9 °LC ¥Z o o (Waren) dexry ¢
€Ll 8vl 6§ 8% 6 v6 WL vl 6 S6 W1 L ¥0Z J6I b6y et s9¢ ¢oc 1oz o1y 8C¢ <6l 0z 6t (wny) sy gg
99 6S Le ¥e  6¢ 6¢ +9 A L&) 8y LS 14 8 29 Z8 LL 81 W1 7L LL 8¢ SS St 62 19ISQIA - 99
(34 (44 ¢l oL 81 |44 44 6¢ 9S |84 8L vL 89 96 €S 14 SL 19 or 14 0L §S 0¢ 91 uyneg g
0eT 861  ¥OI  ¥8 /g1 YL 822 62z  bi1 ¥ Ols  L0o¥ 9v1  og1  cor 8L L8C 61z 661 16y 9¢e 8lc  ¥¥Z 107 (o48unq) suimpoony g/
LS 0s 65 SS9 139 v <9 |54 €S V9 96 19 IS 149 S 001 8L 8¢ 8¢ (14 S¢ (4 Ll oIeg gy
£C 0C cl I 81 81 144 6l 4 62 6¢ (24 194 149 91 81 8¢ 0¢ 31 4! Ll °1Z cl 6 pUIPURL
€ 6¢ oF PATN Y4 0c 142 LT 6¢C (47 €e S¢ 09 Ly LZ 124 [49 9§ 1c 91 61 91 |14 9 SHULN MoN g
9 9s ) s 0L 19 4 144 69 09 08 9L 29 S 6L €L 0L 8G 6¢ 8¢ oy €€ 5¢ 6C SALN PIO |
tliTe] .w..: uao ‘suf no .ME\ nQ ‘suf nQ - uy tiie] “suy no .n,:\ N0 ‘suy no ‘suy no .h-: mbo .u..: s\-o .mt_\ \E_.\OQ mt_.\*nvh [ 420]
unsyy snBny Anp aung Aoy ,[ 11ady cuucv<:ll A1pniqog Ai1onuoyp +taquedeg ’ Jaquisaoy 43qopp } . ko
{1P-4340 N o T  sser T T - T - ¥S61 T 200307 Buijdung
o a © siedogspiup, pun epsing, jo Tiing PIDAnIpOND Uf Suioni] jo soyoiu) wibomyy -
($561 ut sqiuowr g pue ¥S61 1911eN0b yIy Gossouuny, SIPPIA UT suriey 71 je s1oydsoune o4 ut soansodxa Juol-yyuow uy)
Siodng Jogpy WH-GZ1 pawiy pauibjuo)-axong Aq pasnnbay LLQuloniy ‘[jx ajqoy
"0C BOJY pUE ] eOD[Y Uey) 19130 suoneso] ¢ ye suany jo soyejur 10, ,
19)2nq suo ul pourejuos siaded vo SUOHEUTUIIIIGP Jo uvopy ,
‘1 21314 Jo pras uo swoox jod o) diysuonerar ut Sloquinu Aq pajeudisap solnsodxos 10J suoneso ,
“1usmaoerd sa05eq a1e ur parip pue Y HO )eD jo uotsusdsns snoosnbe VS0 PIm porernyes “wio-g-z | ‘roded IANY 7 "oN uewreyp
"« N0, 2IIM 1030Nq JO [Tem IsoTedU sToded om) ¢ «SUl, 9Iom siaded jsouriouui om L "$1930nq parenuaa jo ared yoes ur paoed sxaded 1oy Aq paainboe suviong 1oy SUBDIN 5
SL°¥ e8¢ 29°¢ ¥9L 619 S0°¢C 80°L L6C 9L70 oYUt ‘[rejurey
8 (74 14 S S 4 I € 6 6 Il paydde ‘yuerg
0%)
9/ uEOW pueir)
§S St €9 Ly 0T 81 9 59 LL 95 99 »L¥ 9¢l 811 9¢ 123 43 9 T T e [4% € T1 €
82 9¢ ve 1z ¢ S be 1% ¢ 0¢  »€2 »SC e T 374 bl 9 9¢ Y 4 Ic Ll 91 . BOOY b
14 9% 34 o 0 1z s¢ L €S 0S €s 144 6L I 4 8 133 L01 16 0L bl L9 8S 0c ¢1 Sutuuepy ¥4
91 ISI 6L e 1€ $IT S91 93 6L L4 (44 9.S 1299 S61 6S1 9¢ce € o €I 801 19 g9 OOy »0C
el I €01 9. ¢ ¢¢ ¢ez ¢eT L0 96 (49 0S 86¢ Sle 601 v8 vSi ver o oo 69 69 ¥S ¢ BOOTY »61
SS 49 L&) 9 €9 ¢ b 8¢ +9 02 peg 4% 4 (384 2539 £e 0s b6 rl6 £9 59 Sg K14 (L 4 BOOIY aC
cL S9 6S SS 8 IS oy be L 99 191 4 L9 §s 6C 134 PECL  pbII 9 €9 18 89 IS ¢ 96
[LTe) suy ubo ‘suj tiife] suy file] ‘suy no E tiife] <u=~, tlle) ) ,[.MM‘) s\-O .h&W fife) .u:\ H.o ‘suy *30 .n-:: mbo .u,:\ QELDL uo .Oz
upayy SG61 $G61 SS61 $661 SS61L $S61 SS61 $S61 14T rSéL 4Ty S4nsodxg
1D-43A0 1snBny Ang auns Aoy Jady Y310py Aipniqay Aspnuog +9quad3q 13quason Heqoa0y

A W...waam oE&:O t:aw%.a.: 40 sipg t&u&:&aﬁca@i&ﬂﬁ:o:ﬁ Jo ayojuy
(41unopy yunopg Ul surrey usAss Je s1sydsowe ul saansodxa Juol-yruow-g uy)

(¥ @anb1y) siadny 194114 paw] pauinjuo)-jaxang Aq pannboy Loullonly  “Ix ajqoy

619

VOL 4, NO. 7, JULY 1956






