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ABSTRACT

The removal of flnorine by raw bone-meal.  puriticd  bov .
caleium phosphate has been studied. It is shown that the ren
fluorine by raw bone-meal, purified bone-mesl and cidcium
takes place in  the manner of Freundlich adsorption ttbens
adsorption of fluorine is shown to be ionic. jnvolving the vacloe
Huoride with the already adsorbed anions tike bydroside, curbo
phosphate of these substances.

[NTRODUCLION

In the first part! the data have been presented on the mode of fedetion briveen
a solution of sodium fluoride and calelum oxide, sulphate, carbomite, fech phieo
phate, fluor-apatite and chlor-apatite. In this part, the reaulis ere yien on thw
mode of reaction between a solution of sodium fluoride and ruw honcanead, puriied
bonc-meal aund calcium phosphate.  The general provedure follosed. amd  the
methods of analysis employed are the same us deseribed in the et pars.

RESULTS
The results arc presenied in Table L.

In Table 1 are given the data on the mode of reaction hetween raw hos
purified bone-meal, calcium phosphate and sodiun fluoride sodution,
action. between bone-meals and sodium flueride solution. the lgtid phuse at egute
Librium was found to be alkaline, and was found to comiain carboma W i
phate. As certain peculiar difficulties were encountered in the accurate sstimation
of carbonate, the data on the presence of carbonate in the liquid phase are not
included in Table I Its presence in the liquid phase is covered by the determination
of the total alkalinity of the liquid phase. From the results prownted, it iy noticed
that (i) the clear filtrate, in every case, has the same sodivm concentration a5 the
original solution; (ii) the filtrate is alkaline, contains phosphorus and smalt guanti-
ties of calcium; (i) the fluorine concentration of the filtrate is less than that of the
original solution, indicating that fluorine is removed by these substanoes,  When
the logarithm of the quantity of fluorine removed per gm. of the substance is plotted
agdinst the logarithm of the concentration of fluorine remaining in the solation w
equilibrium, a straight line relationship is obtained in each ease {Fig. 1), indicating
that the removal of flucrine by these substances is brought about by the mux:h;m%sz;;.
of adsorption. Thiy is supported by the observation that the gquantity of fluvrine,
46




TanLe 1

Reaction beiween raw bone-meal, purified bone-meal, calcium phosphate and sodium fluoride solution

Composition of the solution

Compuosition of the clear filtrate in mg. per 100 c.c.

Alkalinity in

in mp. per 100 e.c. terms of N /5
sodinm
hydroxide®
Na F (a) Na F (8) Ca POy as (P) (c.c.)
1 €0-00 00-00 REM 00-00 00-00 265 03¢ 1950
. ) PBM 00-00 0000 0-35 00-00 8:64
cp 00-00 00+00 0-36 . 0:39 2.06
2 1035 854 RBM 10+75 ! 045 0.38 198 2584
IBM 10-70 } 4-59 0-18 ! 0-77 11.41
. cp 1085 i 620 0-24 ! 112 4.91
{ .
3 21.76 17.98 RBM 22.21 . . 8-55 0-20 ; 2.88 2711
. PEM 2154 | 13-49 014 ! 1-72 12-05
cP 22412 : 14-44 020 : 1-47 6-26
2. 2804 2317 RBM 29-57 | 12-62 0-20 ! 3.60 27-90
. PBM 2957 17:26 0-18 2.06 14.58
cp 28.97 19:15 0-20 1.79 6-81
5 5098 42.12 RBM 52.12 26.84 0-20 6-30 30434
PBM ° 5054 33.12 018 3-35 15.90
cr 51.98 35-65 015 2.71 7.13
[ 76.45 43.18 RBM 79+21 42.55 018 8.76 31-95
PBM 78.75 52.34 0-14 4-73 16-75
. cp 77:12 54.76 0-15 3-59 848
7 i02-00 84-24 RBM 10420 59.40 0-18 11-18 33.30
PRM 10090 7060 0-09 5-83 17.45
; cr 10100 74.84 - 0-00 4-51 9-19
8 127-50 10530 RBM 130-20 77.51 0-20 13-69 34.45
PBM 130-20 88.88 0-09 7+00 1865
cy 129-90 93-35 0-11 5-24 9.75

J[—SIDS Wra[v) £q [paoudy dULIONLY [0 WSIUDYSSRY ay [

Ly



TasLg L—~Continued

Reaction bétween raw bone-meal, purified bone-meal, calcium phosphate and sodium fluoride solution

-

. { ¢
Alkalinity due - s ncincticn o
T} to the reaction F removed ‘Rag‘gv. Pgeifa,)f Total ¥ coxrej[rxzudm& t‘:’ OH™ st
F removed NaF NaOH as a result PR Mg XLy B FO* in the filtraze ]
z NP P Renaining  {Total phosphate
Neo. {a—2): | (Total alkalinity of this {mem.) ins phosphate =« - -
(g} ménnes alkalinity resofion =T m‘mut-;gl m:ﬁz\g s, .
[ i the tdank) {mgm.} 3F P H - Tow
i {ec) ; § {Csle)
i !
RBM 0000 0000 U004 (LY . .
PBM 00-00 00-00 00-00 13 ) P .- .
cy 00-00 0000 ° 0000 Qu 00 . . .
RBM Be09 | 6-34 - 241 J-68 2.41 2-95 LRt
M 3485 « .77 10d 260 105 1-41 %03
cr : 234 2.85 1-08 126 1.08 1:34 234
RBM H D48 781 ; 284 4034 2.89 467 Y58
PRM B 448 341 1:28 320 1-20 3-14 iF
P H 354 4-20 1:58 1-08 1.58 108
RDM i 10-55 840 318 TR 3.10 616
PEM 581 5.84 £.23 netin 235 B85
cr 402 475 1-31 2.2z Tewd .57
RBM T8 1a 4012 3012 Ut
PLM L 7 27 213 d-1h
orp fied? 1wy T3 400 AR
KBN £ 473 15 0¥ a0
PEM LT 2 1 +
or 2.4y e :
R 1
BN Hels
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0—6 Raw bone meal.

s—aPurified bone meal

o—s Calcium FAos/oAaée.

wxHeabed paw Bonemeal.

o—eHealed Purifiedbone meal. -
150k A—a Healed Caleium PAOSanée.
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F1G. 1. Freundlich adsorption isotherm curves for equilibria batwze1 rew bone-mzal,

ed bone-meal, calcium phosphate, the corresponding heated prodicts aad sodinm flaor de
ion.

rbed per gm. of the material increases with the concentration of fluorine in
solution, and with the period of contact between sodium fluoride solution and
solid substances till equilibrium conditions are established (Fig. 2). As the
inal solution and the filtrate have the same sodium concentration, and as the
yval of fluorine in each case is followed by the production of phosphates and
linity in the filtrate, it is adduced that the adsorption of fluorine is an instance
mic adsorption, involving the exchange of fluorine with the adsorbed anions

ad



30 T. K. WADHWAN

o0 84 Aﬁs,

P
L TOAPS,
d L T4 /}ﬂs_
Fide o

st 20 hrs.
o= 18 hrs.

S

log. =,

o L. ek, L 1. . i x
e 24 =22 20 28 I o
/ ag. 144

Fyi. 2. Freundlich adscrption fsolherm curvey for puritied honeagwad s sodiims fuorde
sclution at different time jntervalds,

to assume that bone saft and calcium phosphate have, on their serfuvce, sirendy
adsorbed groups, acquired during the period and process of formation,  Ondinarily
it would be a simple maticr to prove, by ordinary methods of anibisis, whether 4
particular compound is pure, or has got, on its surface, certain adsorbed groups,
provided the constitution of the compound is firmly established. The comtitution
of bone salt and calcium phosphate is not definitely known,  Based on their Xeruy
diffraction studies on calcium phosphates, Hodge and his associates® postaluted that
commercial tertiary calcium phosphates are probably hydroxy-apatite with more or
less adsorbed phosphate fons to give empiricai formule upproaching the theoretical,
Manly and Levy® and Hodge and associates? using the radiosctive lsotope, found
that enamel, dentine, bone and hydroxy-apatite, when expased to the solution of

on the solid substance. 1t will therefore be necessary 1o eaplain fome 8
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sodium phosphaie, adsorb phosphate.  Thus, it should not be considered irrelevant
to assume that bone salt and calcium phosphate have certian adsorbed anions.

It has been assumed that the production of alkalinity in the filtrate is due to
the ionic adsorption of fluorine, involving, in he case of calcium phosphate, the
cxchange of already adsorbed hydroxide with fluoride ion, resulting in the formation
of sodium hydroxide, and involving, in (he case of bone salt, the exchange of already
adsorbed hydroxide and carbonate with fluoride ion resulting in the formation of
sodium hydroxide and carbonate. Based on this assumption, the quantity of fluorine
removed by exchange with the adsorbed hydroxide and carbonatc is calculated from
the alkalinjty of the filtrate, employing the factor, 1 c.c. of N/50 alkali is equal to

o—0 Raw bone meal.
” y— Purified bone meal.
0751 o o Calcium PAos/oAaée,
s—aHeabed Caleium /”Aos/oéaée.
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Fi. 3. Frenndlich adsorption isotherm curves for equilibria between. raw bone-meal,

parified bone-meal, calcium phosphate, hested calcium phosphate and sodium flucride solution
(for explanation, vide data given in Tables I & 111 and the comments thereon).
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0-38 mgm. of fluorine.  The alkalinity of the filtrate reftrred to e the tomal ol bt
of the fitrate punus the alkalinity due to the sodium phospboi formed. For one
mgm. of phosphorus. 2:75 c.e, of N30 sodium hivdrovide busy bevn duduetud,
This figure for the alkalinity of sodium phosphate was obtained by determining the
alkalinity of sodium phasphate solution of knownt concenteation.  Thy T
of the calenlated value has been plotted against the Togarithm of the concentzgtion o}
fluorine in the filtrate at equilibriunt

*

Straight line relationship has been obtained in cach case (hig, 3 Hhie colendated
value of fluorine, removed by exchange with (he adsorbed Todve 30 fasd sl
carbonate in the case of bone salt), has been doducted from the vbsered wafue of
total fluorine removed.  The logarithm of the remidning fuorise renused b Ben

o—a Raw bone meal
15} s—tPurified bone meal, -
oo Caleiurm Fhosphale,

14y wHeuled Caleium Pﬁosp/;mée_

' 1 Lo x

B

o ’ '
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_ Fre. 4. Frcundlicl; adsorption jsotherm curves for equilibrin baween raw bovrmsengitd,
purified bonc.:mcal, caleium phosphate, heated calcium phosphate and scdivm Huotide solution
(for explanation, vide data given in Tables I & I and the comments thereon),



The Mechanism of Fluorine Removal by Calcium Salis—I1 53

plotted against the logarithm of the concentration of fluorine in the filtrate at euqi-
librium,  Straight line relationship has been obtained in this case also (Fig. 4).

The ratio of remaining fluorine adsorbed to phosphate. present in the filtrate,
has been calculated. The ratio varies from 1-59 to 3-770. If it is assumed that
the remaining adsorbed fluorine is removed by exchange with adsorbed phosphorus,
the ratio, fluorine to phosphorus, 3 F~: PO,~ = 57/31, will be 1-839. Though there
is considerable variation in the observed values of the ratio, F : P, it may be mentioned
that this wide variation either represents some unkown course of reaction or it
arises from the error involved in the determination of fluorine. To prove that

o0 Raw bone meal.
' Punt’/’z’ea’ éone mea/.
16 oo Calcium PAos/oﬁaée.

L e /Ieaéec/ﬁawéone mea/.
o——o Heabed PuriFied borne meal.
14 o aHealed Calcium Pﬁosf‘éaée,
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FiG. 5. Freundlich adsorption isotherm curves for calculated equilibria batween raw bone-
meal, purified bone-meal, calcium phesphate, the corresponding heated prcducts 2ad sodium
fluoride sotution.
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i the methied

the variation in the observed values is due very tikely to the :
of m(imz\tion of fluoring, it has been assumed that the atkalinit wd th
in the filtrate have been determined more accurately than Huorine, 2wl
moval of fluerine takes place partly by exchange with the adworbed by dronude jo
also carbonate in the cuse of bone salt), and partly by cxwwhange sl adsorbed
phosphate. and the total quantity of fluoriae remeved iy the sumof Huorine remesed
by these two reactions,  The total quantity of flucrine ranoved has b valeulated
from the atkalinity and phosphate coneentration of the filtrute b oo the
factors. one ¢, of NSO alkali 0038 mgm. of fluorine, aml vne wypm, ot 70 b

1839 mgm. of fluorine.  The calentated quantity of fluoripe remnad o v:‘xv
tracted from the total quantity of fluorine i the originad solution, The valae, thas
oblained, is regarded as that of the concentrations of Nuoring i the sefobon at
equilibrium.  The logarithm of the ealeulated gquantity of fluorme remoned
been plotted against the fogarithm of the fluorine concentrution ot apniiboum
(Fig. 5). U iy seen that, in this case. more plotted points e on o sraight line than
in the case of observed vatues of fluorine removed, and w cquibbimane Thas, the
assumption has been more or less experimentally proved that bone <alt amd calcnim
phosphaies are not pure compounds, but have, on their surfaces, wireds adsorbed
anions like hydroxide, carbonate and phosphate.  In probahiliny, the furiber ade
sorption of phosphates by these compounds takes place by the mc-;t;.xz;,u»m af denwy
adsorption, involving the cxchange of already adsorbed bvdeoxide or carbonsie with
phosphate.  Fluorine. in part. replaces the adsorbed hydronide and carbosats,
and in part, the adsorbed phosphate.  To separate that part of Huorine, which
replaces the hydroxide and carbonate, from the part, which cepliges the ohowedh o
or to so modify the compound that the removal of fluoride raken place by vither
of these reactions only would naturally be o step further in the evperin
fication of the above hypothesis.  Various methods have been tried tr achios
end, and the one. that has been foand useful, is that requiring the heating of ﬁw
compound at 300" C. in a muffle furnace for about 30 min. Rex  bose-meal,
purified bone-meal and calcium phosphate were  heted in a4 muflle foroace for
30 min. The compounds were analysed before and after heating,  The date wre
given in Table 1,

Khs"\

tt will be seen that the caleium: phosphorus ratio is the same after heating as
before it, indicating that no loss of phosphorus has taken place during the comrse
of heating, and that the change. if any. in the adsorptive propertios of the vompeirind
is not duc to the loss of the mineral complement of the compound but due 1o the
change in its essential structure.

The beated compounds were shaken with sodium fluoride solution of different
concentrations, and the results obtained are presenied in Table {1

It will be seen that, in the case of raw bone-meal and purificd bone-meal, the
filtrate does not contain any phosphorus but is highly alkaline, What »me.a
the bone salt has undergone during the course of heating is difficutt sty in the
absence of data regarding the initial constinrtion of bone saft,  From the loss in
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Tasre 11

Effect of heating at 500° C. on the composition of raw bone-meal, purified
bone-meal and calcium phosphate

Percentage
Period Percentage Percentage  phosphorus
of heating loss in phosphorus  corrected for
(min.) weight  after heating  percentage

loss in weight

I. Raw bone-meal .. 5 30-14 1672 11-68
Purified bonc-meal ., 15 2:56 16-39 15-97
Calcium phosphate .. 15 1-80 16-30 16-01

2. Raw bone-meal . 30 30-58 16-75 11-62
Purified bone-meal .. 30 2-62 16:32 15-96
Calcium phosphate .. 30 1-94 16-35 16-03

3. Raw bone-meal .. 45 30-61 16-82 11-67
Purified bone-meal .. 45 2-70 16-92 16-46
Caleium phosphate .. 45 2-10 16-42 16-07

4. Raw bone-meal .. 60 30-81 16-45 11-38
Purified bone-meal .. 60 2-70 16-75 16-29
Calcium phosphate .. 60 2-12 16-52 16-17

5. Raw bone-meal .. 75 30-54 16-56 11-24
Purified bone-meal .. 75 2-92 16-21 15-76
Calcium phosphate .. 75 2-22 16-55 16-78

Percentage phospaorus in unheated samples:

Raw bene-meal ..o 11468
Purified bone-meat . 15-94
Calciun: p.osphate .. 15-97

weight, and no loss in the mineral complement of the bone, it may be inferred that
the reaction musi be intramolecular, taking place inside the compound itself. Accord-
ing to Hodge and associates,* when calcium phosphate is precipitated from
the solution rich in phosphate, many multipolar phosphate ions are drawn around
the tiny crystals, and the precipitate consequently contains an excess of phosphate.
Upon ignition, there may be a reaction between the excess phosphate and the crystal
of hydroxyl apatite, producing the $-CazP,0y in amounts, limited only by the amount
of excess phosphate.

The filtrate from heated calcium phosphate contains phosphate, and is alka-
line. It will be observed that fluorine has been adsorbed by all the three heated
compounds. As the filtrate and the original solution have the same sodium con-
centrations, the adsorption of fluorine is ionic, involving the exchange of fluorine
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Reaction between heated raw bone-meal, purified bone-meal, calcium phosphate and sodium fluoride solution

1
Composition of the solation ! “ e ¢ e clear Bltrate - - l
in mgm. por 100 c.c. i Compasition of the tlear Altrate in mgn, per W o Albafinity in terms
No. PSS — e i S, . ! 0f N/AY Naoif
; :
i {re,
Na ! ¥ial : Na o F( Ca Peig as (1
: i
1 oo 60-00 mREM | ondn oo 2.43 Diren
L {Pure 1,0} HPBM § fliRed] ! () oaud 101 IR
H HCP ; G0l : 0N 138 1eTn
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TaBLE 111—Continued
Reaction berween heated raw boue-meal, purified bone-meal, calciunt phosphate and sodium Jluoride sofution

Alkalinicy due . . . .
to the reaction | F removed Ratio. Remaipiny| 1otal F corresponding to OH and
Fremoved | Nab NuOH ¢ as aresait  Remaining ' F 1 POy as (P), PO4-= in 1he flirate Fluorine
No, (a—58) H{Total alkainity oftms re- ¥ {Total phospbatel - removed
{mgm.) minus alaalinity . action {mgm.)  memus  pho>phate - (obsersed
in the llank) . {(mgm.) : i in the blank) F corresponding to = Tatal mym.
ec ' ; OH~ +  POg= (Cale.j 1
! | —

HRBM 00-00 00+00 0000 00-00 | . . . )
HPBM 00-00 00-00 00-00 00-00 | . - b “'
uce Qu-q0 00-00 00-00 00-00 . - i "
HREM 3:50 7-95 3.02 048 . 3.02 00-60 3.02 3.50
HPBM 1.74 5+ 0 2.94 —0-50 . 2:24 00-00 2.24 174
Hee 2:90 2.81 1-00 1-20 1-30 1-00 1:68 2.69 2.90
HREM 520 12:59 478 042 " 478 00-00 478 5.20
HPBM !} 3.59 2-45 3+80 —0-01 . 3.60 0000 366 359
HCP 269 2-85 108 1.61 141 1-08 2.09 2.17 2.09
HRVM 7:10 1099 G-43 0-65 . 645 0060 G453 7.10
HPEM 5.14 13-08 487 0-17 . 4-97 00-00 4.97 514
HCP 3.2¢ 3.72 14l 1-83 132 1.41 2.53 3.94 3.21
HRBM 712 20-43 178 —~0.04 . 776 00:00 776 7.52
HPBM 5-57 14-68 5.58 0-29 .- 5438 0000 5.58 5.87
HCP 4+48 4:04 1.53 2-95 1.83 1-33 2.96 449 443
HREM 850 23+45 8.91 ~0441 .. 8.91 00-00 8-91 8-50
HPLM $+79 1703 647 023 . 547 00-00 847 6472
HCP, 5-37 4:20 1-60 3.77 1-95 1.60 8-65 515 537

HRBM = Heated raw bone-meal; HPBM == Heated purified bone-meal; HCP = Heated calcium phosphate.

I-—syvs wmop) &q oaowdy surion)f fo wistuoyrapy sy,
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with the adsorbed hydroxide, and carbonate in the ciew of raw amd penfed hopee
meal, and with the adsorbed hydroside and phosphiaie fn the vase of va BRI
phate,  The quantity of flureine adsorbed o cach cuse bas boen calvulaed from 1
alkalinity and phosphute concentration of the Blirate m the mumier ysdiosted dhone,
and the caleulated values have heen, similurly. fooarithion 0 plotted aparing the
caleulated values of fluorine at equilibrivin,  As with enhested vongposids o iz &4,
so with the heated onex, more pointy have been found to e e «irg
in the case of observed values,  Thus, by this additional evdene, st Jurth
that the adsorption of fluerine by raw bone-meal, purified bonvamead imd cabium
phosphate involves the replacement of the adsorbed aniens bhe badiossde, vars
bonate and phosphate with fitoring, and that, on heating the o RGNS
for half an hour, the adsorption of fuorine, o the cane of maw and poniad e
ragal, takes place by the replacement of adsorbed hadeodd, and varbee

Iy than

RIS v

3
FEPICE Y

From the results presented in the foreguing tubles, it B beow sharaad tha,

in no cuse, sodium from sodium fluoride solution hus been adsorbed Bo ran b

meal, purified bone-meal and caleium phosphate, This v dbrect ciiirag e

the findings of Hodge and his associates,” who observesd that, when espeosadd 1o
TawvLy 1V

Sodium concentration in the heginning and at the cnd oF the rew. o

Sodium in mgm, Sodium i g,

No. per 100 c.e of the per 106 e,

original solution of the Hitate
i 20900 RBM 213
PBM 2130
e -3
2 41800 REM EX T
PBM 42641
cp 427-0
3 627-00 RBM f40) -1
PBM 6350
CP 6372
4 836-00 RBM #43-2
PBM Blb-8
cp 8432
5 1045-00 RBM 1622-0
PBM 1025-0
Cp 10350

RBM == Raw bone-meal; PBM = Purified bone-meai; CP .« Calehum phosphate.



The Mechanism of Fluorine Removal by Calcium Salts—IT 59

solutions of sodium chloride, containing the radioactive isotope Na24, samples of
powdered apatite, bone, dentine and enamel picked up sodium in a manner that
could be expressed by the Freundlich adsorption equation. It was thought that this
disagreement in the results might be due to the fact that comparatively more dilute
solutions of sodium, and less accurate methods for the estimation of sodium, have
been employed in this case than those employed by Hodge and his associales.
Radioactive sodium was estimated by Hodge by the usual Geiger Counter method,
whereas sodium, in this case, was estimated either colorimetrically or gravimetri-
cally, in both cases, precipitating sodium with °zinc-uranium-acetate reagent.
Bearing this in mind, larger concentrations of sodium fluoride were employed for -
studying the reaction between sodium fluoride solution and bone-meals and cal-
cium phosphate, and sodium was estimated gravimetrically.

The values of sodium in the beginning and at the end of the reaction from one
set of experiments are given in Table IV.

It will be seen that there is some scatter in the values of sodium at the end of
the reaction. Bearing in mind that not more than 7 mgm. of sodium can be esti-
mated by the method employed, the variation in the results is not regarded of any
significance. The smallness of the quantity of sodium that can be estimated
accurately, will necessitate the employment of a very small aliquot of the fiftrate
for sodium ecstimation, and any error in the actual estimation of sodium, in the
final computation of the results, will be multiplied by 100 or even by 200 times.
The conclusions already arrived at therefore stand further confirmed.

Discussion

Calcium oxide and calcium sulphate remove fluorine from aqueous solution
by the process of double decomposition between the dissolved sulphate or oxide and
the soluble fluoride. For the complete removal of fluorine by such procedure,
the solubility of the precipitated calcium fluoride is the limiting factor. Rock
phosphate, chlorapatite and fluorapatite, in spite of being akin to calcium
phosphate and boue salt in the placement of principal molecular lattices, do mnot
show any fluorine removing property. When present in very small concentrations,
fluorine is notl removed by calcium carbonate. However, calcium carbonate does
remove fluorine from its aqueous solution, when it is present in sufficiently large
concentration, in a manner that, approximately, can be mathematically expressed
by the Freundlich adsorption isotherm, such an adsorption of fluorine by calcium
carbonate differs from any normal adsorption in the following ways: (i) the
adsorption does not take place when fluorine is present in very low concentration;
(il) the percentage of fluorine adsorbed increases with the increasing concentration
of fluorine.

Raw bone-meal, purified bone-meal and calcjum phosphate remove fluorine,
from its aqueous solution, by the process of ionic adsorption, involving the exchange
of fluorine with the anions like hydroxide, carbonate and phosphate. The concen-
tration of sodium in all cases has been found to be the same in the solution before
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and after adsorption. Hodge and associates working on the nature of the e
soluble sodium of bone, and with radionctive sodium, found that sodium was -
sorbed by bone. hydroxy apatite, dentine and enamel, und that hone, which &s 1o,
contains about 2 mgm. of sodium per g, is capable of twhing ahout 7 v the
quantity from a 3 M sodium chloride solution,  Expluining the mechanism of b
sorption of sodium by bene. the authors first suggested the fullowing e mevha.
nisms: (i) Na®® marked with Na® exchapges with Na® or with other vatusts or
Na® preferentially exchanges with Na#, and thus gives a fabse rate of Nad rarnover
or (ii) sodium as sodium chloride is adsorbed as a molecule.  Avvcording te the
authors, the first mechanism was not likely to take plave. and to insestipate the
possibility of the occurrence of the second, enamel samples, befire and after e
posure to 3 M sedinm chloride solution, were analysed fur vhloride vontent. Be.
fore exposure, the enamel samples contained 0045 mgm, of clidoride per HE g,
of the sample. Afier exposure. the samples contained 0-330 mgm, of chloysdy
per 100 mgm. of the sample. The increase, after vyposure. correspotids fo abws
2-8 mgm. of chloride per gm. of enamel, which, as sodiun chioride, woukd he
accompanicd by 18 mgm. of sodium.  Enamel, under these comditions, s taben
up about 14 mgm. of sodium per gm. The adsorption of molecular sadiwn chivride
can account for only one-cighth of the total, i.e., nearly the wmount 2 supn, of sodinm
per gm. of bone) usually present in the bone in wive,  In conspine the suthors
suggested that the exchange of sodium from solution with other cattons of the
calcified tissues might be the mechanism of adsorption of sodivm.  Hewever, no
evidence has been presenied to support this hypothesiv, nor, sodiuny, i the proseng
case, has been found to be adsorbed from a solution of sodiue fluoride v
or purified bone-meal, calcium phosphates, rock phosphate, fuere aml Cliors
apatites.

One fact that emerges clear from the results presented, is that the Bune walt
and calcium phosphate have adsorbed anions like hydroside, carbonate and phine
phate. This is partially supported by the X-ray diffraction studies of Hodge and
associates? on the constitution of tertiary calcium phosphates,  According to them,
the commercial tertiary calcium phosphates are probably hydroxy! apatites with
more or less adsorbed phosphate jong, resulting in caipirical Tormude, approw i
the theoretical values for calcium phosphate. The observation of Gabael® cone
firmed by Logan,” that bone, wet ashed, contains an excess of 6 per cent. busic over
acidic equivalents, can be explained on the basis of bone possessing udsorbed
hydroxide. Bone salt and calcium phosphate can thus be expected to uguitibrate
the concentration of adsorbed anions with the concentration of these or oiher
anjons in the surrounding medium. Such a behaviour has heen recorded for eud-
cium phosphate in vifro,® and for bone salt in vivo.™ 1% Thus, it may be stated that
bone salt or calcium phosphate is not a single chemical entity. The boune salt seerms
to be composed of two parts: the one, that is in immediste equilibrium with the
body fluids, and whose composition is determined by the componition of the liguid
phase, may be termed the labile part; and the other, which is relatively much less
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affected by the composition of the liquid phase, may be termed the non-labile part.
The labile part of the bone has the adsorbed hydroxide, carbonate and phosphate,
and probably other anions, and according to Hodge and associates,® also adsorbed
cations like sodium.

The author wishes to thank Prof. M. S. Thacker, Director, Indian Institute of
Science, for his keen interest in the work.

REFERENCES
1. Wadhwani, T. K. .. J. Ind. Inst. Sci., 1254, 36, 250.
2. Hodge, H. C., LeFevre, Ind Eng. Chem. Anal. Ed., 1938. 10, 156,

M. L. and Bale, W F,
3. Manly, M. L. and Levy, J. Ane. Chem. Soc., 1939, 61, 2588.
S. R.
4, Hodge, H. ., Von Huysen, J. Blol. Chem., 1941, 138, 45:.
G., Bonner, 1. Foand Van
Voorhis, §. N

5, s it} Agsociates lbid , 1943, 148, 321.

6. Gahriel, S, oo Ztchr. Physiol. Chem., 1894, 18, 257.
7 logun, M. A, .. J. Biol Chem., 1935, 110, 375.

g, = oo tned Taylor, thid., 1938, 125, 377.

H. L.

9, Chiewitz, O, and Hevesy, G, Netwre, 1935, 136, 754.

10.  Hahn, L. A., Hevesy, G. Bigrherm., J. 1937, 31, 1705.
ungd Lundsgeacd, B, C.

11. Manly, M. L. 2nd Bale, J. Biol. Chem., 1939, 129, 125.
w. E.

12, Hevesy, G. and Armstrong, Ihid., 1940, 133, 44.
W. D.



