
47.77& in the high protein dietary lot to 
55.0% in the low protein group receiving 
Aureomycin. From these data the high- 
protein dietary levels appear to decrease 
the total solids content of hams; how- 
ever, the variance mean squares were not 
significant, but appreciable. The ob- 
servation that the hams having the great- 
est protein content also have the greatest 
water (volatile matter) content is in 
agreement with the knowledge that mus- 
cle contains more water than nonmus- 
cular tissues, such as fat. 

Conclusions 

The data present concentrations of 
several phosphorus and nitrogen com- 
pounds in hams that apparently have 
not previously been reported. The 
values obtained show that an appreciable 
range of protein in the ration, with or 
without Aureomycin, does not affect 
either the concentrations of acid soluble 
and nucleic acid phosphorus, or nucleic 

acid and ammoniacal nitrogen and total 
solids, at statistical levels of significance. 
The interaction effect of protein and 
Aureomycin on the lipid phosphorus 
may be associated with the fact that the 
swine receiving the antibiotic had greater 
back fat thickness (5). The dietary 
protein and Aureomycin effects on the 
phosphoprotein phosphorus and nitrogen 
suggest that phosphoprotein metabolism 
is a determining factor in the amount of 
total protein found in the hams. In 
general, the level of dietary protein as 
indicated by the data has a greater in- 
fluence on nitrogen compounds than the 
antibiotic. 
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Fluorine Acquired by Forage Cultures in Outdoor 
And Washed Atmospheres at Columbia, Tenn. 

W. H. MaclNTIRE, 1. J. HARDIN, and MARY HARDISON 

The University of Tennessee Agricultural Experiment Station, Knoxville, Tenn. 

Multiple pot cultures of red clover and of rye grass were grown 6 weeks at Knoxville, with- 
out any additive, in normal atmosphere on soil low in fluorine content, and then were trans- 
ported to Columbia, where the atmosphere was purported to have higher occurrences 
of fluorides. After 21 days, the fluorine contents of the plants grown outdoors andyin 
the washed atmosphere of an adjacent closed chamber were compared to the fluorine 
content of check plants that were retained at Knoxville. Sudan grass cultures were used 
in similar comparisons in two subsequent experiments. In all three experiments the trans- 
ported plants acquired substantial increases in fluorine contents during their growth out- 
doors at Columbia, in comparisons with the check plants that were kept outdoors at Knox- 
ville. The removal of the fluorine content of the Columbia atmosphere was reflected in 
the relatively low content of fluorine in the transported plants that were grown in the washed 
atmosphere of the nearby chamber. When forage cultures were grown in an atmosphere 
contaminated with ionized fluorides, the plants acquired more fluorine than they acquired 
in the washed atmosphere and the amounts derived from the atmosphere exceeded the 
uptakes of fluorine from the soil. However, the results do not demonstrate that the in- 
creases in fluorine content acquired by the plants grown outdoors were due solely to ion- 
ized fluorides. 

LUORINE OCCURRESCES IS THE at- and abilities of particular plant roots to phate, phosphorus, and other manufac- F mosphere are minute at points distant effect uptake of fluorine. However, turing operations ( 7 ,  3) .  Such occur- 
from industrial operations. Hence, un- abnormal occurrences of fluorine may rences have been determined through 
der normal atmospheric conditions, field occur as particulates in localities where 3-year analyses of a succession of re- 
crops derive their fluorine content from rock phosphate is mined and processed, plicated exposures of Spanish moss a t  
the mineral fluorides that occur discretely and as gaseous phases in those locales different points in Tennessee (5). 
in most soils, and according to soil pH where fluciric emissions come from phos- Of particular concern are contentions 
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that forage crops acquire abnormal ron- 
tent of fluorine from the atmosphere in 
twa widely separated Tennessee counties 
in which livestock show symptoms of 
fluorosis. As one phase of a project as- 
signed jointly to the Departments of 
Chemistry and Animal Husbandry of 
The University of Tennessee Agricul- 
tural Experiment Station, fluorine occur- 
rences in forage vegetation on fluorine- 
enrichcd soils have been studied through 
pot culture and lysimeter experiments 
(6, 9) .  Experimentally grown crops did 
not acquire abnormal contents of fluorine 
from rational incorporations of fluorides 
in soils adequately supplied with calcium 
through inputs of either wollastonite or 
limestone (8). The same proved true of 
the quenched slag, which contained 
nearly 4y0 fluorine and imparted rela- 
tively high concentrations of fluorides ta 
the free water of the soil (6, 7). The 
Maury silt laam of Tennessee and Ken- 
tucky are relatively rich in their contenls 
of native fluorides. The Kentucky for- 
mation is richer, but neither soil imparted 
abnormal content of fluorine to vegeta- 
tion grown on it after the soil had been 
transferred to large lysimeters at Knox- 
ville. Although the Kentucky soil had a 
fluorine content almost five times that of 
the Tennessee soil, the two Maury soils 
imparted fluorine contents of only 6 to 8 
p.p.m. to eight successive crops grown on 
them at Knoxville. Moreover, the 
fluorine content of the alfalfa grown on 
the two Maury soils in the lysimeters at  
Knoxville was virtually identical to the 
content of fluorine in the alfalfa grown in 
the field on the Maury sail at  Lexing- 
ton, Ky. But, in each case where 
alfalfa was grown at  Knoxville on the 
Maury soils from Columbia and Ken- 
tucky, and also grown at  Lexington, 
Ky., the fluorine content was only a 
sixth as much as the fluorine content of 
the alfalfa that was grown outdoors on 
the Maury soil at  Columbia. 

ned to reverse parallel 
,+ _ L r + c  .",n.,I,l ; I rmncn 

Therefore, it was plan 
the order of transfer so thb. ~.y..- .."-.~ 
be grown experimentally at  Knoxville 
and then transferred to Columbia for 
further growth of 3 weeks, so as to 
ascertain whethm those plants and those 
retained at  Knoxville would acquire dif- 
ferent contents of fluorine. An addi- 
tional objective was to compare further 
growth of the transported plants in out- 
door and washed atmospheres at Colum- 
bia. 

Figure 1. Over-all view of opened 
chamber, showing exhaust tube, in- 
take, baffle, and watering tubes, with 
an example of a clover culture 

The present paper reports findings 
from three experiments as to fluorine 
acquired by three types of vegetation in 
pot cultures during early growth at  
Knoxville on soils of meager content of 
fluorine, and during 21 days further 
grbwth there and at Columbia. The pot 
cultures of red clover, rye grass, and 
Sudan grass were grown in respective 

s, outdoors, and in the washed 
-....vo,here of an adjacent chamber at  
the Middle Tennessee Experiment Sta- 
tion at  Columbia. 

Experiment I, Red Clover and Rye Grass 

A Fullerton silt loam was used in 
'Oil the comparisons of Table I. That 
soil had a fluorine content of 0.015%, or 
150 p.p.m., pH of 5.3, and cation con- 
tent of 6.02 meq. per 100 grams of dry 
soil, accounted for by the milliequivalent 
values of 2.02 for calcium, 0.33 for 
magnesium, 0.17 for potassium, and 
3.50 for hydrogen. Twenty-four 2-gal- 
Ion pots of soil were seeded to red clover, 
and 24 to rye grass, a t  Knoxville in April 
1952, and the resultant seedlings were 
allowed to grow 6 weeks. Twelve pot 
cultures of both plants then were trans- 
ferred to the Middle Tennessee Station, 
where the atmosphere was deemed repre- 
sentative for that locality. There, four 
cultures of each crop were placed near 
the edge a f a  field, in the sparce marginal 
shade of a nearby tree, and in thc adja- 
cent gas-tight chamber (Figures 1, 2; and 

The chamber was an air-tight wooden 
box 2 feet X 5 feet X 18 inches, with 
capacity for 10 2-gallon pots. Its re- 
movable Plexig-las top was sealed after 
introduction of the pots. Each enclosed 
culture was watered by means of a 
sealed-in glass tube that passed through a 
long side of the box and reached to the 
center of the culture. Delivery of water 
was into a small glass funnel, the stem of 
which was joined to the outer end of the 
glass tube by means of rubber tubing, 
with a clamp for closure. However, 
because of the humidity imparted io the 
water scrubbed air, the enclosed cultures 
required only occasional watering. 

Air was blown into the chamber by 
means of a tank-type electric vacuum 
cleaner. Inblow was governed by means 

3). 

Table 1. Fluorine Acquired by Transported Cultures of Red Clover and Rye Grass 
(After growth in outdoor and washed atmospheres at Middle Tennessee Experiment Station) 

Fluorlne [Air-Dry Vegetatlon), PAM. 
Rye Grass Afler Red Clover AUer 

21 Doyr a1 Columbia 6 3  Doyr of Knoxville 21 Days at Colvmbla 6 3  Doyr 01 Knoxrllle 

Ovldoorr In green- In open Under I" Outdoors I" green- Culfure In open Under I" 
tree chamber Initiol' Fino1 houseb N O .  field tree chomber lnitioia Final househ field 

1 18 20 15 7 4 8 21 32 17 9 11 12 

3 17 24 13 7 5 7 22 31 17 10 8 12 
4 17 25 19 7 7 6 17 30 17 7 11 12 

Mea" 1 8 O  23 16 7 5 8 2Od 31 17 10 I l b  12 

2 18 24 15 7 5 10 19 31 17 13 12 13 

At time of transfer of &week old cultures to Columbia and to Crossville. 
b Retained control cultures were kept outdoors and in greenhouse throughout 9 weeks between seedipg and harvest, May 28, 1952. 
r Corresponding four-unit cultures of two crops were grown simultaneously at Crossville, Tenn., on Cumberland Plateau and analysis of 

d The cultures were grown 6 weeks,at Knoxville and then transferred to Middle Tennessee Station. 
L.S.D. at 596 level for red clover and rye grass, 2 p.p.m.; at 1% level, 3 p.p.m. 

cornposited crops showed fluorine content of 4 p.p.m. 
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Table II 

(Afte 

CVltVre 
NO. 

1 
2 
3 
4 
5 

Mean 
Increases' 

The cultures were grow 
From triplicate determi 
Over the concentration 

. Increases in Fluorine Concentration Acquired b y  Transported Sudan Grass 

r growth in outdoor and washed atmospheres at Middle Tennessee Experiment Stations) 

Fluorine in Horverh of  Air Dry Sudan Grarr, P.P.M. 
After 42 Dmyr Growth 

mt Knoxville After 21 Days Growth at Columbim 

In June 1953 In Sept. 1953  In  June I" sept. 
I" I" 1953 1953  

Outride chomber Outride chomber outride outride 

34 
37 
37 
39 
36 

27 37 

11 
12 

9 
9 
7 

10 
. .  

40 i n  4 .  
51 10 7 
45 8 2 
47 10 .. 
51 12 . .  
47 10 8 
37 . .  .. 

m 21 days at Knoxville before transfer to Middle Tennessee Experiment Station. 
nations on composite from growth on three pots. 
of fluorine in chamber plants 

10 
13 
15 
14 
14 
13 
. .  

bility (Figure 3). The 
was through a vacuum- modi 

if 1.25-inch diameter and rent ( 
:d bottle that contained 4 tion I 

,., ~ . .  , .. . ~ ~ ~ ~ .  

of a conventional domestic I._.._. __..__ ~ 

device for delivery of 21 cubic feet of air 
per minute and a Variac for 5-minute 
operation per 0.5 hour. Blower, stoker 
device, and Variac were housed in a 
wooden box.for their matection and to 
facilitate porta 

Air inblow 
cleaner hose c 
into a stoppen 
gallons of water ana rnence rnraugn rnree 
outlets that served as a manifold through 

. 

r-.."." .- _.._1. ..._ l" .... Y..".. 

of fluorides that yield fluorine to per- 
chloric acid distillations. The necessity 
for such fusion and their efficacy were 
demonstrated in the papers by Remmert 
et ol. (70) and Rowley et al. ( 7 1 )  in 1953. 

Willard and Winter technique was 
fied also through the use of a cur- 
if steam, instead of the initial direc- 
b r  dropwise additions for tempera- 

LUTC control of the digestion. In 1939, 
MacIntire and Hammond ( 4 )  showed 

which the air passed into three 3.5-gallon 
bottles, each ofwhich contained 2 gallons 
of water. The three air inlets were 
fronted by a perpendicular baffle plate to 
assure that the washed air would be dis- 
tributed uniformly within the chamber. 
Exhaust was through a 1.25-inch sealed- 
in metal tube that was joined to a 6-inch 
section of Gooch rubber tubing. Under 
pressure the tubing was tubular; upon 
release of pressure it collapsed and folded 
on its horizontal axis, and thus pre- 
vented backflow of unwashed air. 

After 21 days of growth, the Analyses clover and rye grass of the 
1952 experiment were harvested simul- 
taneous&, and conveyed to Knoxville 
for fluorine determinations. The sam- 
ples were dried, ground in a Wiley 
mill, and 5-gram charges were mixed 
with lime water and calcined at  500" C. 
The calcines were fused with sodium hy- 
droxide, and the cooled fusions were sub- 
jected to perchloric acid distillation at 
135" C., and the resultant, 500-ml. distil- 
lates, were titrated with thorium nitrate, 
as in the method of Willard and Winter 
(72). In their 1933 proposal these 
workers demonstrated that full recoveries 
of fluorine were obtained from certain 
pure fluorides, and they stated that full 
recoveries were not obtained by the per- 
chloric distillation of the ash of vegeta- 
tion. Several laboratories adopted the 
fusion of the calcines by means of sodium 

that the passage of a balanced current of 
steam accelerated fluorine removal to a 
5070 saving in duration of distillation 
and also eliminated "bumping." That 
technique is now in general use, and it 
may have been adopted in other labora- 
tories prior to 1939. 

Figure 2. Over-all view of closed 
chamber, showing filter bottles, mani- 
fold, watering tubes on the long sides, 
and a clover culture 

Rye Grass Cultures 
After additional growth outdoors far 

21 days and in the chamber at  Columbia 
(in May 1952), the two sets of trans- 
ported plants were comparable in growth 
and appearance. The data of Table I 
show that while growing outdoors, the 
red clover and r y e  grass cultures attained 
fluorine contents that were substantially 
greater than the corresponding contents 
of the cultures that were retained at 
Knoxville. After initial growth of six 
weeks at  Knoxville, the red clover con- 
tained 7 p.p.m. of fluorine, against 
respective final occurrences of only 5 and 
8 p.p.m. in the outdoor and indoor cul- 
tures at  the greenhouse. In contrast, the 
outdoor cultures of red clover at  Colum- 
bia had acquired fluorine occurrences of 
23 and 18 p.p.m., which were far greater 
than the occurrences acquired by parallel 
controls during their entire 63-day 
growth. In corresponding transported 
cultures that were grown for 21 addi- 
tional days at  Crossville on the Cumber- 
land Plateau, the clover showed a final 
fluorine content of only 4 p.p.m. 

The fluorine content of the red clover 
cultures that stood in the field was some- 
what less than the content of the cultures 
that were under the tree. The varia- 
tion may not be significant; but, in case 
it is real, the difference may be attribut- 
able to a combination of effects, greater 
washing action by direct rainfall on the 
plants in the field, and the impeded rain- 
fall through the tree leaves, which, how- 
ever. may have yielded some of their 
fluorine to the clover below. The cham- 
bered clover also showed a gain in fluo- 
rine during the final 21 days of its growth 
and obviously, such gain represented an 
enhancement in uptake from the soil, the 
moisture content of which was main- 
tained more effectively than was possible 
for the moirture in the exposed cultures. 



The crops from the two sets of outdoor 
cultures of rye grass at  Columbia showed 
means of 20 and 31 p.p.m. of fluorine, 
whereas the corresponding values for 
cultures retained at Knoxville were only 
11 and 12 p.p.m. 

Statistical treatment for the fluorine 
contents of the harvest of clover and rye 
grass at Columbia registered significance 
for the rye grass, hint not for the rlnwr in 

comparison betw, 
rence of fluorine 
the chamber and 
plants grown in t 

Experiments I1 and 111 

The Clarksville sill loam used in these 
experiments had fluorine content of 169 
p.p.m., or 0.016970, and pH of 5.6. An 
exchange capacity of 6.9 meq. per 100 
grams of dry soil was accounted for by 
milliequivalents of 1.74 far calcium, 0.48 

The fluorine determinations on the 
crops of the two 1953 experiments 
(Table 11) were analyzed as described far 
the comparison of the 1952 experiment, 
except for the use of potassium hydroxide 
instead of sodium hydroxide in the ash 
fusions, as described by Hardin, Mac- 
Intire, and Hardison (2). In 48 parallel 
analyses for fluorine contents of eleven 
simples of alfalfa, Bermuda, orchard, 

crab grasses, fescue, and Spanish 
is, in fluorine content range between 7 
1 137 D.P.m., those workers found vir- 
Ily id;ntical mean values of 55.5 and 

33.4 p.p.m., respectively, of fluorine for 
sodium hydroxide anc 
droxide fusions of the lii 
The perchloric acid c 
made with the passage 
current of steam" as citGu aIIOLLLLY yl 

Figure 3. Close-up view of blower, 
control assembly, manifold, and wash 
bottles 

far magnesium, 0.08 for potassium, and 
4.6 for hydrogen. Fifteen cultures of 
Sudan grass were grown to height of 6 
inches in 2-gallon pots in successive 
series at  Knoxville in June and in 
September 1953. Ten cultures of each 
set in both series then were transported 
to Columbia for 3 weeks' additional 
growth of five cultures outdoors and five 
within the descfibed and illustrated 
chamber, which was located under the 
lightly shaded border of a tree to protect 
the plants against full sunlight. The 
third five-unit set of each experiment was 
retained at  Knoxville and exposed out- 
doors. As in the 1952 experiment, the 
air was drawn into the scrubbers from a 
point near the outdoor cultures by means 
of a plastic hose or 3/. inch in inside diam- 
eter. 

concentration, the vapor pressure of 
hydrofluoric acid is virtually nil, and 
that highly desiccant acid could not 
have been swept through the scrubbers. 
Since the amount of fluorine trapped 
during the 21 days was determined, and 
since the pump registered the quantity of 
air thct was pumped into the chamber 
during the second experiment, the occur- 
rence of fluorine in the atmosphere then 
could be computed in terms of parts per 
billion. 

Even though the increases in fluorine 
content acquired by the plants grown 
outdoors at  Columbia came from the 

lose plants could have be- 
inated by dusts of high 
It, as well as by the gaseous 
-ine known to be emitted 

aL.iLu.phere at nearby points (3), lllLu 

I potassium hy- atmosphere, tt 
med ash calcines. come contam! 
Millations were fluorine conter 

phases of fluor of "a balanced 
--I in\ :""*-",I ̂P :"*..*Lo *̂...̂". 

dropwise water replacement. 

Fluorine in 
Sudan 

Wirhin the 21-day 
growth a t  Columbia in 
June 1953, the trans- 

ported Sudan grass cultures acquired a 
mean increase of 27 p.p.m. of fluorine 
over the content of the plants that grew 
twice as long at  Knoxville (Table 11). 
Within the corresponding duration of 
growth outside at  Columbia in Septem- 
ber, the Sudan grass attained a fluorine 
content of 47 p.p.m., which represented a 
gain of 37 p.p.m. over the content of the 
plants that had been retained at Knox- 
ville. 

When grown inside the chamber at  
Columbia in June, and in September, the 
transported cultures of Sudan grass at- 
tained fluorine contents that were, respec- 
tively, 27 and 37 p.p.m. less than the con- 
tents of the companion crops that were 
grown outdoors nearby (Table 11). 
The apparent gain in the fluorine con- 
tent of the grass cultures in the chamber 
in June crop over the content of the cul- 
tures retained at Knoxville (10 p.p.m. vs. 
4 p.p.m,) is offset by corresponding com- 
parison of 10 p.p.m. us. 13 p.p.m. for the 
September crop. 

Those larger and statistically signifi- 
cant differences in the two experiments 
of 1953 lend support to the trend that was 
indicated by the smaller differences in 
the findings for fluorine occurrence in the 
transported cultures of clover and rye 
grass that were grown in parallel, out- 
doom and in the chamber a i  Columbia, 
in the comparisons for the clover and rye 
grass crops of 1952. 

Implicdiont 

The emissions of fluorine from ihe 
several thermal operations for production 
of fused phosphates and phosphorus in 
Maury County are chiefly hydrofluoric 
acid (3),  to which is attributed the 0.18 
p.p.m. of fluorine and the 6.82 mgm. 
content in the composite of the clear 
distilled water washings of the inblown 
air of the June experiment. At that 

and established through analyses of 
filtered rainwaters (5). Although the 
higher content of fluorine acquired by the 
plants grown outdoors at  Columbia can- 
not be proportioned absolutely to solid 
and gaseous contaminants, the lesser 
content of fluorine in the plants grown in 
the chamber can be accounted for by the 
fact that the plants were breathing in an 
atmosphere from which gaseous and par- 
ticulate fluorides had been removed. 
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