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High-Purity Calcium Carbonate in
Ereshwater Clam Shell

Abstract. The calcium carbonate in
freshwater clam shells is similar in pur-
ity to that designated reagent grade. A
simple reprecipitation of the shell ex-
tract results in a produci having less
Sr oand My than reagent grade CaCO,.
Clams are harvested commercially, and
discarded shells are a high-quality raw
material for the production of CaCO,.

Biogeochemical prospecting is a gen-
erally accepted technique based on an
anomalous disiribution in the environ-
ment of chemical clements created by
organisms, Most  investigations have
been concerned with abnormal chemical
cancentrations in plants or plant paris
{1). Utilization of knowledge of bio-
geochemical relationships among plants
and their environment has obvious eco-
nomic implications in locating subsur-
face ore deposits. Another facet of bio-
geochemistry that may be of economic
importance is the mefabolic discrimina-
tion against trace elements in biogenic
calcareous materials, The biogenic ma-
terials, such as c¢lam shell, are a renew-
able natural resource rather than ap
exhaustible one, such as ore bodies. The
purpose of this paper is to compare
trace element concentrations in com.
mercially available reagent grade CaCO,
with those deposited in freshwater clam
shell and to suggest clam shell as a pos-
sible commercial source of CaCO,.

The distribution of stable Sr in clam
shells was studied in connection with
the behavior of 8r in the Clinch and
Tennessee rivers {2). Because of the
low Sr concentration in freshwater clam
shell, a new analytical technigue was
developed to measure accurately Sr
concentrations in calcareous material
(3}, When Sr concentrations in un-
purified clam shell and reagent grade
CaCO; were compared, it was appar-
ent that CaCO; from clam shell was
of equal or hettér purity.

The clam shells were ashed in a
muffie furnace at 800°C for 2 hours.
A portion {1 to 5 g) of the ash was
transferred to a 250-mi beaker and dis-
solved in 2M HCl. The sofution was
transferred to a 100-ml volumetric
flask and diluted with water to cali-
brated volume. Portiens were taken
from this solution and element conten-
trations were determined by flame emis-
sion spectrophotometry (Table 1). All
data were confirmed by an emission
spectrographic method (4).

Table 1. Flame conditions for the determina-
tion of trace elements. Instrument: Jarrel-Ash
flame spectrophotemeter and modified ORNL
1887A power supply. Maultiplier phototube:
RCA, 1728 for all elements except potassium;
ITF-FW-118§ for potassium. Fuel gases: oxy-

hydrogen. Aspirating medis Indicated by
italics. .
Wave Concen-
Element length tration Ref.
(mp) (eit/ml)
0.G0IM HCT
Li 670.8 0.1-6.5 (3
Na 589.0 0.1-0.5 (13}
K 766.5 0.1-0.5 (F3y
I9-percent glveerol; 0.1M HCIO,
Mg * 2852 0.5-2.0 (73
Ca 4227 13 #ES]
Sr 460.7 0.1-0.5 {3
50 percent acetone;
10 percent glveerol; 6.1M HCIO,
Mn 403.1 0.1-0.5 3
60 percent acetone!
F9 percenr glycerol; 0.0M HCIO,
Ba 3538 0.4-2.0 (I5

* Concentrations less than 0.5 were determined
by atemic absorption spectrophotometry,

The CaCO; (clam shells) was puri-
fied by necutralization of the solution
(pH 7 1o 8) with ammonia gas or
ammonium hydroxide and then filtered
if any precipitate was formed. Solid
ammonium carbonate was added to the
solution to precipitate the Ca as CaCO,,.
The precipitate (CaCO,) was washed
with a saturated solution of ammonium
carbonate and dried at 130°C for 2
hours. The product was white, finely
powdered CaCQ,,.

Strontium concentrations in eight dif-
ferent lots of reagent grade CaCQ,
were variable (Table 23 and Sr con-
centrations in the better commercial
products were similar to clam shell,
Magnesium concentrations in clam shell
were lower than in the prepared chem-
icals. Otherwise, the ashed clam shell
contained slightly greater guantities of
Ba and K and.much higher concentra-
tions of Mn and Na. In all instances
Li concenirations were below the lmits
of detection by either flame spectro-
rhotometry or emission spectrography.

The purified clam shell (lot 2A} was
equal to or better than reagent grade
chemicals in all respects. The simple
purification procedure was particularly
effective in reducing the Mn and Na
concentrations to those in reagent chem-
icals. The CaCO, deposited by clams
has less Mg than any of the reagents
tested, and the precipitation procedure
resulted in a considerably better prod-
uct, Clam shells were used as a raw
material for the preparation of a re-
agent stundard CaCO, having <2 g
of Sr per gram. Also, the shell material
was used in emission spectrography for
standards having low Mg conceatra-
tions.

An element having blogeechemical
significance either must be required for
the metabolic activities of the arganism
or must occur in the organism in great-
er concenfrations than in the environ-
ment {5). With all elements a higher
concentration exists in the shell than

Table 2. Trace element concentrations in clam shells, reagent grade caleitm carbonate and

river water,

Sample Sz Mg Ba

Mn Li MNa X Ca

Micrograms per gram

262 <02 1700 i1
486 <02 1900 5
<5 <02 S60 4
<5 <02 130-700 25

Micrograms per nillilirer

Lot 1% 229 30 84
Lot 3t 147 21 71
Lot 3AL 10 <10 36
Reagent grade

CaCO: § 174-13508 55-1500 T-40
River water

TRM 591.8 | 0063014 5.5*2.8

River water

CRM 14.4 9 1.065*.009 T80 0027%

59.5=3.7 1.370.4 2175

0.0042 2.420.5 1.30.2 2122

*Elliptio crassidens, collection site, Tennessee River mile (TRM) 521. (River miles are measured from

the mouth of the river.)

% Purified Quadrula pustilose.
facturers.
age of two analyses.

T Quadrula  pustulosa, collection site,

§ Range of results obtained on eight lots of CaCOx from three manu-
i Weekly samples for 28 months (16),

Clinch. River mile (CRM) 16,

4 Weekly samples for 58 weeks (16). * Aver-

Table 3. Biological fractionation ratio of the element io calcium in the shell dividad by
that in the environment, of trace elements in shelf deposition.

Clam Sr Mg Ba Mn Na K
Quadrula pustilosa 0.112 G.000143 0.138 6.38 0.0416 0.0202
Elliptie crassidens 198 000286 939 0444




in the river environment {Table 2). and
classically all elements in the shells
would have biogeochemical significance.
Ashed clam shell is essentially pure
CaCO; and contains 40 percent Ca or
1.9 10% times the Ca concentration
in water from the Clinch and Tennessee
rivers. However, of greater interest is
the discrimination during concentration
against several elements with respect to
Ca.

Discrimination in deposition resuits
in a biological fractionation of the ele-
ments relative to Ca between the ens
viconment and the shell (Table 3).
Biological fractionation of the several
elements is a reflection of physiological
processes rtelated to shell deposition.
Each element shows a similar distribu-
tion between the shell and the environ-
ment for both species although the
factors are somewhat smaller for Quad-
rula pustulosa. The fractionation fac-
tors for Sr and Na are similar {o those
for contemporary marine moliusk shells
(6). Comparatively, about one-tenth as
much Ba occurs in the freshwater mol-
lusks as in the marine forms. Manga-
nese, having a concentration factor of
1.2 % 10°, is the only element with a
greater concentration in the shell rel-
ative to Ca.

Biological fractionation results in a
calcareous material that is quite pure
initially. A simple chemical precipita-
tion results in a CaCO, that compares
favorably with available commercial

products. The analytical data from
clams (Table 2} are from compos-
ite samplec of eight Elliptio cras-

sidens and 12 Q. pustulosa shells. Pre-
viously, over 200 individual clams of 16

species from the Clinch and Tennessee
rivers were analyzed for Sr (7). Ano-
donta corpulenta specimens contained
the highest Sr concentrations, Q. pusfu-
losa the lowest, and E. crassidens was
typical of the remainder. While some
variation in chemical composition with-
in individuals of a species was observed,
these wvariations were generally small
{&8). Strontium concentrations were re-
lated directly to growth rate in some
species and with A. corpidenta the Sr
concentrations were higher in the older
individuals. The CaCOy in all unjonid
clams that have been examined i3
aragonite (9% consequently mineralogy
is not a factor in the observed differ-
ences in chemical compaosition.

The freshwater clam fauna is restrict-
ed primarily to rubble-gravel-sand bot-
toms (70). Most species are found to-
gether in the suitable habitats and are
harvested indiscriminately by crowfoot
brails dragged across the river bottoni.
The harvested sheils are considered es-
sential to the cultured pearl industry
(I73. Annual vyields of high quality
shelis have ranged from 5,000 o 10.000
tons, but recently yields decreased be-
cause of overfishing, pollution, or silta-
fion of the habitats.

Large quantities of shells are har-
vested and discarded because they have
undesirable color or structural charac-
teristies for the pear] industry. The dis-
carded shells have desirable chemical
qualities, E. crassidens being an ex-
ample. The sugpestion of using a bio-
genic calcareous substance as a raw ma-
terial in manufacturing is not unusual
(12), although production of a high
quality chemical reagent from these
shells would be unigue. Current research

[

{11) on the life histories and manage-
ment of this valuable, repewable nat-
ural resource is indeed opportune.
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