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Introduction

With the recent trend toward the use of higher temperatures and
more severe service conditions in the metallurgicel snd refractories
industries there hap developed n» constantly grenter demsnd for high-
alumine claye, that 18, cluys in which the alumina content is con-
siderably above that of pure kaolinite, A120323102-2H20.

However, the known reserves of good dlaspore sre so smell that
ceramic engineers sre already turning to basliec refractories in order
to have sufflclent materisls for work at high temperatures. Even the
slightest reflection on the needs of the refrectories industry will
show that such substitutions sre estriotly limited, and possible only
vhere the new materiel does not introduce further complications and
difficulties.

Since 1891 it has been known that diastoms cen decompose clay to
obtain the silice for thelr frustules. HRecent research in the Academy
of Science of the USSR has elucideted some of the finer points of this
action of diatome, but as the work was done in pure culture, and in
minute quantities, there remsina the question, can diatoms be induced
to grow on & large enough scele Bo thet man can use them to ralse the
alumina content of clays?

In the convictlon that in the near future there will be & demand
for high~alumina ¢lays greater then the supply, this study was undertaken
in order to learn whether an industrially practical process could be
worked out, and if not, at least scme further addltion to knowledge

could be made,
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Review of LAiterature

It has long been kuown thut the frustules of diatoms are composed
of opal, or hydrated eilies. The earliest microscopists were very in-
terested in the great beauty.snd seemingly endless variety of form
presented by these siliceous algae, which they called by verious nemes,
fuch a8 Diatoms, Infusoria, Kieselalgen, Diatonacsea, snd Bacillariess.
The frustule contributes 30 to 55% of the dry weight of diatoms, and
this is nearly pure silica.2 Most diatomists have not been concerned
with the source of this silicu, and seem content with the theory that
diatome depend upon "dissolved silice.®

Murresy and Irvine, however, calculated thet dlatums would be obliged
%o ingest from 250,000 to 300,000 times their weight of water in order
to obtain the sillem necessary for their Bkolotona.3 The silica in true
solution in natural waters caan not, therefore, be considered as a source
of milice for dietoms or other siliceous plants and snimels. That
diatoms extract their silica from clay wae firast demonstrated by Murray
and Irvine.*

Vernadsky slso proved thet distoms can decompose kmolinite, and
definitely identified free hydrated alumine as a product of the reaction,’

The decomposition of alumincsilicates requires & considerable
amount of energy, according to methoda customary in the ceramic
industry. The following resction might be considered typical:

A1703 + 28403 + 2H0 + ca.500 Cal./g. 600 § 281072+ Al203 + 2HZ0

Nature has & slow but economical way of decompcsing minerals,
Heretofore, the formsation of residusl clays by the decomposition of
feldspar has been considered primarily a procees of chemical

weathering, i.e. solution and removal of the potash, leaving silioca



and hydrated aluminum silicate as the produciss

K’?U v 11203 . 63102 + 23201' co 52803+ Al.O -28102’2 H: O

2 — 3

+ 45104
Contlaued weatherlng lemde tc the formation of hydrated slumina, snd
finally to free rluminag

2 372 o
Al20 .28102.2H20 —— 11203 +  2810,+ 280

3 4 2

That thls ia not & completu explanstion was shown by Couplin, who
found diatoms were able to attack both orthocloge feldspar and kaolinit¢.6
Quarts, glass, eilics gel, &nd alkell silicates were unaffected by
diatoms in hie experiments, euggesting that the form in which silieca
occurs is important in the nutrition of diatoms.

These reowesrches, mainly on salt-water diatoms, indicated that a
more precise study of the mechanism of elay decomposition might yleld
veluable clues z# to the nature of the resction, and clear up the
quesation of the influence of baocteria.

¥ith thesze objects in mind, Vinogradov and Boichenks separated
pure nacrite from kmolin and treated 1t with Niltschla Palea W. S5m. snd

Newicula minuscula Grun in pura culture., They found both apescies of

diatome altered the erystalline structurs of nacrite, though the
resulting structurs could not be deciphered. They showed the ocuter
gelatinous, or pectinous gheath %o be the mesns of contact by which
diatome attacked the clay mineral. When muoh pectlinous aliﬁe wae
preseat, nacrite wes deatroyed.7 Harvey considers this ®alime® 4o be
protoplaem, which ®In the pennate diatoms...... streams out through

holes from the interlor of the cell, moves over the skeleton and



passes into the cell eagsin through other holes; & fresh surface of
protoplasm is more or less continuocusly being exposed to the water,
The centric distoms have msny amall pores in the skeleton exposing
the protoplasm, and there is evidence (Schutt, 1899) that it extrudes
to form a film on the axtmriér of the skeleton. The cell gsp 1s acid
in resctionj Dr. F. Grosc (unpublished data) found s pH of about 4.5
by crushing diatoms in an unbuffered fluid with indicators. The cell
contents, in common with other living cells, .probably have & low
oxidation-reduction potantial."8

Diatoms, elone among elgae, store their food in the form of an
0il. The nature of this substance called by some authors "Diatomin®
is not yet clearly established. However, Straln end Hennlng have
discovered 2 type of cerotene in the marine diatom Navisula
!gggg&&gg,g Also, Pool claims thet Vitamin D is synthesized by
diztoms, 20

Hylander, referring to the hydrocarbons known t{o be present in
dead diatoms, developes the theory that by the death of distoms a large
enough quentity of hydroeerbons could be developsd to explain the
origin of much of the worldt's petrolnum.ll

Card and Dun descrile a deposit of mud four hundred miles in
length and one bundred twenty miles wide, found at u depth (in the cceen)
of between two hundred and four hundred eet, near Victoria Land in
70 degrees South Latitude. "This deposit is composed of dlatom cane,
its thlckness is unknown. In the Antesrctic Reglons the sea is often
thick with Dletomaceae which also tinge it and the lce & dull yellow,

Instances are on record of shallow estuarine herbours being choked by



their rapid sccumulation."l2 Kew gives still better evidence im
gupport of this theoryi

PAccepting the theory of the orgenic origin of petroleum, he
say®, '"That the oilxlhe Loa Angelss-~Venture region has been derived
from the orgenic shsleas of the Eccene and #locene ie extremely
probable,....A% the time of the depoaltion of these formations the
seug swarmed with oountlesa numbers of minute orgenmisms, whieh on
dying dropped to the bhottom...eseaDf thess organdisma thes distoms
were the most numerous.'® +7

The fatty drope thrown out by diatomz are not by themselven
capable of decomposing nacrite.t Woether the formetion of these
olls is necessary to kaolin decomposition or meraly incldental to
diston growih snd death, remalns to be clarifled by future study.

Rofold stressed the lnfluence of floods, which first inhibilt
plankton growth in streams, then encourage 1t after a period of 10-20
duys.13 He also ecompared the barrea Danube, (which Steusr found to
be poor in-organic materisls, carbonates, and silica), with the
Illincis River, which possesged an wubundance of nuiriests during
the ssme parioﬂalﬁ

King and Devidson found thatl low comcentratlon of sillca as scdium
pilicete could funcilon me & limiting faector in the growth of distoma;
that up to sbout 100 mg. per liter growth wea satisfactery, bul that

above these comoentratlons sillicate was en inhlbltory, even toxic

£lcter.l7



No study of distoms would tbe complete without mention of
dimtomaceous earth. Also called kieselguhr and (incorrectly) ine
fusoriml eerth, or tripoli, it is compoped msinly of the remsins of
diatoms, along with sllt, clay, and send which sre ususlly laid down
simultrneously. Even the pu&est dlatomaceous earth contains some
alumina, probebly as adveatitious clay, but some clay appears to be

18 or frustules,

inglide the diatom shells,

Large deposits of diastomeceous earth, or dietomite, are worked
in the United States of America and abrosd. The chief uses of thia earth
are in the filtration of sugar and other organic chemicals, and as a
eupnort for various catwulysts in the chemlcal industry. Its high
norosity and permeability mske it & valuasble material for insulating
brick, though its use for this purpose has dealined due to competition
of chsaper materials.

Need deecribes diatom beds in process of formation near the
Emerald Springe of the upper Geyser Basin, Yellowstone National Park.lg
Cooled brackish weter flowing from hot springs into certain low-
lying, swampy arese supported & great quantity of vegetation. Nany
spescies of diastoms were identified in the bottom cose from this swamp,
of whiech Denticuls velida Ped, comprised the msjor portion. Analyszia
of certsin geyser weters, ghown in the following Teble I, indicates a
high per cent of silica, dbut whether all in soclution or partly in
suspension &8 clsy and other aluminosilicates, the author does not
epeuify.zo He believed that slgee play s major role in the deposition

of siliceoue sinter or "geyserite® from such waters.



{Constituents grouped in probsble combinetion.

Tablie I -~ Ansalyses of geyser watera<d

Gremmes per kilogram)

Asts Splendid Grand 0ld Great Gyser, ¥hite Terrzce
Spring Geyser Gyeer Feithful Iceland Geyser,
Geyser Hew Zs:rlend
3102, Sildca v o « 4 & .1650 -2%4 + 3035 13%1 -5190 6060
¥aCl, modium chloride «1320 +A940 5643 6333 <379 1.6220
LiCl, 1ithium chloride .0048 »0140 0218 0340 vraes *,0550
[Cl, Fomlm Ghlaﬁd‘ .022-1 .0231 003-19 -0478 srans aasree
IBr, potasgimm bromide ..... asoas Trece 0051 rerae ssanes
Ba 50,, sodium sulphate .0575 -0281 .0387 0270 1342
Elza‘o'?’ ﬁOdi\.l.Ii hrat. LR N RN | 00335 l0350 0&13 apBES -e -
l‘z‘ﬂz’ B’Qd.im Ir&eniﬁta.... .0‘&25 ow 00027 [ E R E] [ N
l.zsw p sodium aillicate .... cseme cenes L0279 tevwe 42290
!32003, sodlum cartonste .1463 »5286 « 3205 .2088 2567 cervas
NgC04, magensium cag%gn- .0035 .0018 None .0021 saces Trsce
CaCO,., lize carbonzte .0295 «O0075 L0700 0038 cesaa 025
,ﬁcos’ m e’rmt' anppea -m apoaw Tr&“ sasw s IEXE Y )
11203, Alumine 0112 Q051 0061 <0017 srasn L0058
st’ w’d!ﬁgm Sulphid. rvane I XX Trm .0002 sawew LR N
HHLGl, anmonium chlorlde ....s » 0002 0012 Trace = ccess seses
002, mmc acid '1w '1989 .058‘7 AR R vaASERD IEYRNE ]
‘2504, mt&ﬂ.i.um Bulpheu caws vesaew amsesn ravee Q180 0750
uSDA, ugnesium lulphatrt seeas csamae avsee seaves L0091 smonny
H‘ES, lodim B\llpbidﬂ LA B LR N N [EXE R RN ] .m FEET Y A
tﬂm » - L - L] - .6764 1-63‘&0 11-3%5 1.3%8 1.2.305 il‘ﬁ?
1.00132 1,00108 1.00096 1.000205 1.00077

Specific gravity seves

# CaCl,, + Mo, 0



Allen, in checking the findings of Weed, confirmed the
preasnce nf many different species of distoms in thermal waters,
but never found living diatoms in waterz whare the temperature was
higher than 40° ¢.%%

S5ilice 15 deposited from slkeline thermel waters by purely
inorganie processes also, e fact which confused Weed and other
early writere on the role of algae as rock-formers. Also,

diatomacecua ezarth, as usually mined, contains about B4.5% of

3405 , about what should be expscted upon dscomposition and

removal of the orgsnic substenee of dlatome.

¥hether dlatomites higher lu silica have been secondarily
enrighed by silica-beering solutiznes is a watter to be deler-
mined by further atudy. 4lza, Mttle attsuiicn seems to have
been glven to the effect of suspsnded clay on the dlatoms and
other planicton in diatom beds, either at present in prooess

nf formation, or ian deposits from past geologlc srams.



Table II -

Orgenlisas N Crude Ether

Pentos- Carbo- Crude Gh-free Organico 11203 520
and Protein Extract ans hydrat:s PMiber XExtrset Matter

Authority Nxb.25
IMatons, Albumdn
chiefly 10-11,5% 2.5 21.5
Cha°22§
cers

R cruds

proteln

do 23 1.56  9.75  2.80
Asteri-
onella 3 2.20 13.75
Dlaton—
acea 23 3.66 Z2.87 13.60 2.87 1.43 22.60

Dlatoms,
chiefly
khyso—
lenis,
Chaeto—
ceros, &nd
B8O~
thrix 24

#8411ce Soluble in Aeoid

Chawical Composition of Distoms (Dry Weight Basis)

16.75 1.38 4.87

ish 810

64.5 50.0
to to
66.0 5B.5

65.2 54.5

57.52 £49.48

39.50 30.78
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Table III - Anslyses of Diatomaceous Earths of the

United States of America®>

Loocation and Per Centage Composition
Original Ref-
srence Fater 810, A1203 Foo,0; CaC gl  Miscel- Total
ianeous
Herkimer Co., N.!fﬂ! 12,12 B86.51 0.4% 0.37 0.12 Q.42 — 99.99
Richmond, Va.® B.37 75.86 9.88  2.92 029 0,69 0.9 98.95

Wilmont Wharf, Va.®  3.40° 82.85 6.76 2.3 0.35 1.06 3.15° 99.91

Pope's Creek, 4. 3,47 81.53 3.43 3.3 2.61 5.63 - 100.00
Clermont, Fla.® — 98,43 - -~ - — — -—
Ellensburg, Wash.B  5.98 84.91 1.75 2,04 0.1L 0.19 4.9 99.92

Fosail Hill, Nev,i £.99 86.90 4.09 1.26 0,14 0.51 1,18 100,07

Lompoo, Calif.J $.00 89,30 4.00 070 0,40 0,40 0.20 100,00
Yonterey, Calif.L1®  4.89 #6.89 2.32 1.28 0.43 Trace 3.58 99.3%
Pit River, Calif,t — 96,02 1.03 0,62 0,12 —= = 97,79

a, Water-settled to remove clay prior to analysis

b. Inoludes *loss on ignitlon®

e¢. Includes "Soda, 0,99 per cent; Potash 1,07 per centj Titanium oxide
1.09 per cent®

d. N. Y. State Museum, Ann. Rept, 57, 1, Bec., 1, 171

o, Matson, Mineral Rescurces Va., 1907, 218

f. Calif. State Mining Bur. Bull. 38t 289 {1904)

g. C. Lindley Wood, Private Coummunication

h, 8. &, ¥Milton, Private Commmication

i, Arnold and Anderson, U, 8. Geol. Survey Bull. 315, 445; from Calif,
State Mining Bur. Bull. 38128 (1906)

j. Thatcher, U. 5. Patent 1,477,394 (1923)
X. Lawvson and Pasada, Univ, Calif. Dspt. Geol., Bull. 1125
1. Root, Calif. Bur. Nines 22, No. 2 (1926)
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3.58
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16.17
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81.25 G.15
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89.76
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74.00

Alkalis

Katter+ £19, TiG; 78203 11203 Ca0 MgO K0 Nas0 Hisc.Total
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As silica 18 only a portion of the food requiremente of diatoms,
and other factors also are ilmportant, an understanding of the general
conditions of diatom growth is necessary if optimum growth is to be
obtained in the laboratory. A diatom cell resembles = pill box, having
two halves, called valves, which fit one over the other. Growth is
by cell division. Before the division takes plsce a new half to match
each valve is developed inslide the already existing halfy hence it is
slightly smaller then the mother cell., One of the dasughter cells is
therefore exactly like the mother cell, but slightly smaller. The
process is said to continue until further decrease in sise is im-
poasible, utfggiggnan auxospore is formed by conjugetion. The latter
is of large size, end will on multiplication give a new large cell
resembling the mother cell in every detail.BO

More than ten thousand varieties are kno'n.31 A1l known geometric
shepes are represented, and many are of extraordinary beesuty and
delicacy. The marine types ere usually thick-walled end circular,
trianguler, or sguare in shapes, whereas fresh water types sre thin,
long, and diaphenous. In sise they vary from the very tiny Cyoclotells,
less than ten microns in dismeter, to such large forme as Surirslla end

Naviculs, which sometimee occur as long as one millimoter.32

Dirtomaceous earth contains diatoms from several geologic epochs,
at leset 88 old as the Jurassic.?? As some diatoms have become extinct,
the presence of their fossils in certain strate gives an indication of
the geologic age of the stratum or formstion. %
Analogous to their use by geologists is the uas of diatoms to
identify certain typical conditions of sslinity, temperature, currents, etc,
in the oco:ne.35 Both oceanographers &nd ssnitarisns have studied dlatome

and other phytoplankton for their importent function as food for fish
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end lower squatic life. From these standpoints considerable work
has besn done, and it will now be dimrcussed briefly.

Temperature wee at firet thought to be a primsry factor in-
fluencing distom growth, but ae date began toc accumuiate it became
clear thut other fsctore were of greater eigulficance. The scanty
information avsileble is given in Table ¥ Ttelow:

Table V - Relation of Tempsreture to Nicroscople Growth536
Nuabsr of occurrences of growths of 1000 standerd units or
over - Croton Reservoirs, 1921
After Hale

Temperature, Legrees F,

Organism 30-40 40-50 50-60 60-70 70-80
Diatomacese;
Eynedrs 3 Q 5 2 1
Fragllarie 1 G 0 0 0
Melosira 1 5 4 ) d
Asterionella 1l 8 7 h Y 0
Tabellaria g 2 Q Q g
Total & 15 16 4 2
Cyanophycexe)
Aphanizomenon 54 10 4 7 4
Anabaena 1] 5% T 9 12
Coelosphasrium 0 0 0 0 i
Mixture i * 4 5 13
Total 7 17 15 21 30

#Persistence, not start of growth

It will be seen fTom the sbove table that the optlmum
temperature for growth of the five diatom specles studled is in the
neighborhood of 4.5 to 16 degrees Centigrude, and that with rising tem-

perstures dlatoms give way to the blue—green algaa.36
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Diatoms and many other algse ars ssld to thrive best in somewhat
pubdued light, but the optima are not the same for all specles. In
fact, for Biddulphis mobiliensis it is about 1600 luzes, whereas certain
arctic specles will grow under the ice in March., But high illumination
does not necessarily mesn high rates of photosynthesis, for Schreiber
found thet raute of multiplication wes proportional to light inteneity
only from 200 to 400 luxes.>’

Fhen subjected to very bright light, dlatoums tend to group together
their otherwlse scattered chromatophores intc knots. This condition
was described by SBchimper, and 1s known &s & Bystrogho.ja In addition
to systrophism, many individuals will combine into thicik, felted
groups, thus acquiring additionsl protection. These felted groups
(flocs) consist of several different gensra and species, and
necemssarily hear no reletion to the true colonial species such as

Fresh water diatome appesr to be very sonsitive to light. Aocord-
ing to Whipple they can not grow in darkness nor in bright sunlight.

The close correspondence between light intensity and diatom growth is

39
shown by Fig. 1:0 9,000 4,000
!

T Number per c.c.

020 Bo 100 Intensity of light
of I TTT T T LTTT
- Leke Cochituate water located
* in Lake Cochituate Nov. 29, 18Y5.
i / Diagram show= Fxemined Dec. 9, 1895
K2 {/ ing the growth Temperature 40 - 44° Color 0.33
/| of dlatoms and The diatoms were chiefly Asteron-
e /| the intensity ellc end Melosira.
2 | of light at The intensity of light at different
¢ | vericus depths depths was calculated on the

assumption that & layer of water
one foot in depth abeorbe 5% of
the light fulling upon it,

Fig. 1 - Relation of Light Intensity to Diatom Growth



Verietion in the pH of the nutrient solution hes a very marked
influence on distom growth. Bachraeh end Lucclardil, working with
marine forms of Neavieulae and Nitgchia in sea water enriched with
ureea, eltered the pH of cultures by addition of acid or alkeli, and
exposed them to north light. Diatom counts were made at the

beginning, end after four to five days, The optimum rate of inorease

sppesred to be between initisl pH walues of 7.3 to 8.2.40
Table VI - Influence of pH on Diatom Growth 41
Résultsts au bout de cing jourss
pH primitife pH moyens pH moyens Croit Tableau I1I
des des Nombre de 3 Croit
cultures temoins Diatomées au mm Opaci~
metrie
9.7 Bak7 8.27 2 b
8.2 8.75 8.37 in 5.75
Y 8.45 8.26 =205 8
6.6 8.32 8.25 86 2
854 g.15 8.3 162 3
46 743 6.68 1n 0
36 3.7 3.7 0 0



Table VI (conTinwed)

II -~ Experisnce en tubss bouches zmu llege et paraffines
pH Linltiel pH final pH final Croit Teblesu ITI
cultures temoins NuméTation croft
(moyeunes) (moyennes) par rectsngle Opacimetrie
ot au mm
5.7 917 G.15 0 (precipite) O 1
8.9 916 8.86 1.06 106 2.6
g.2 9.16 8.0 2.1 211 hal
T3 8.¢ A 2.01 201 3.8
6,7 a.35 7.03 0.68 68 1.4
5.8 6.4 6.4 0 0 0

a1t
leo

41
X Bo

2.9

106

a~

Crolt XNureration

&8 14

Croit Opacimetirie

Influence du pH sur le erdlt, (Tableau I1II) Erpe;'ienoen/ su
tubes bouché® et peraffines. (En pointill(, courkes interpolees
entre la pointe expériment aux corrsspontemt sus pH 7.4 et 8.0)

Pig. 2 =~ Influence of pH on Distom Growth 41
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In the culture of Nitgghis Closterium, Btanbury eouncluded that
the wave length of light ie not nerrly s#o important s&e the total amount
of energy abaorbsd.42

Dissolved nmutrient salts play & vital role ia influencing diatom
growth., Liebig's law of the minimum states that growth 1s limited by
that factor shich is preseat in minimal qusntity. Brendt appears to
have been the first to sbow tbat low concentraticns of nitrogen snd
phosphorous might be limiting factoras for dintons. 3

Distoms utilire nitrogen aasd phosphorus at & ratic of about 15
atoms of nitrogen to one of phosphorus, with a deviatlion called the
fanomaly of the Nitrate~Phosphate vatlo.” Ketchum has shown that
two synthetlo processes appear to be &t work: cone lorming & compound
conteining both nitrogea amd phosphorus; end the other forming a2 phos-
phorus compound having noc nitrogan.“ The present writer suggests that
this dual functiorn of phosphorus in diatom metabolism may be reaponsible
for the anomaly.

The fundamentsl role of phoaphatea in phytoplankton nutrition in
the fea is demonstrated by the almost exact colncidence of areas high
in plankton produstion with areas of high phosphsts concentration.

Yor exaumple, in the SBouth Atlantic where P205 48 highest, {(ca. .0l mg.
per liter), the maximum number of individusis is found (ea. 100,000 per
1iter).4%

Harvey found that phofiphates were not only directly necessary for
formation of phosphorus-bearing organie compounds, but were also
inatrumentsl in increasing the rate of photonynth.ﬂit.‘ﬁ He alsgo found
that nitrate-nitrogen and ammeopium—nitrogen were equally effective as

nitrogen foods for diatoms; end that duriug the vernal outbursts .’
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of growth in the sem, the distoms consumed two and one half times
as puch nitrate-nitrogen &s phosphorus {ae PEOS)' However, in his
experimente, ten times as much nitrate-nitrogen was reguired to bring
about the same amount of carbon fixetion as was necesssry under
astural conditions.47

ZoBall compared the velue of nitrogen &s nitrate, nitrite, and
ammonium-nitrogen in the nutrition of Nitsohia Closterium, Nitmehi«

bilobsote, Navicula sp., and Chioreila sp, He concluded that diatoms
extracellularly reduce nitrate to nitrite.48 Beckwlth demonstrated the

seme in the case of Chlorella, adding that this diatom sssimilatep
nitrogen in the form of nitrite.4? Bchreiber’” and Brearud and F¥yn®l
found certain phytoplankton utilized nitrogen more efficiently as
ammonium than =8 nitrate, Bond found certain other phytoplankton
responded well to smmonium nitrogen, though apparently no compariscn
with nitrate was made,”?

Table VII ~ Effect of Various Nitrogen Concentrations
on the Growth of Nitschis Closterius 33

Yors of nitrogen nillimols nillimols in sen water
Optimum inhibitory average range
Ammonium G.01l - 0.05 & G.001-0.003 0-0.C2
Nitrite 0.05 - 5.00 25 0.0001 00,001
litrate 0.10 -40.0 300 0.002-0.01 0-0.08

As in higher plante, carbon dloxide is & fundemental requirement
for diatom growth. Marine diatcms csan obtaln their carbon diocxide
readily sither from solution or by hydrolysis of bicarbonates.’®
Eddy claims that 002 i8 a very definite fsctor influenecing diatom
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growth in fresh water. He dlvided e culture of dietoms, mainly Synedrs,
into four pairs of tezte. To the first peir he added 002; to a second,
air, and into a third he allowed water to drlp, causing considerable
eeration. The fourth pair of cultures wes ellowed to remain undisturbed
as & control. The COp-fed cultures showed a greater increase than the
gir-cultures, dbut less thac the controls,d?

Gren snd Harvey state that leck of lron may at times function as
a factor limiting diatom growth. During periods of heavy plankton growth
the quantity of iron in see water has been shown to diminish, probably
dus to withdrawel by diatonl.56

Dlatoms will aisorb both phoephate and iron on thelr surfaces,
utilizing only s minute porilon of the Airon inside the cell. One
milliigram of Fe gave the same growth response mg 175 ug. of phosphorus,
yot several times more iron then phosphorus is found in and on diatoms
in nature.5’

In diatom research considerable use has been made of & culture
medium known as *Erdschreiber?, s solution prepared from sterilised
sea water enriched with nitrates, phosphates, and soil extract.
Harvey found that s subculture of the centric diatom Ditylum brightwelld
Ehrdb. when transformed to natural sea water enriched with nitrates,
phosphates, silicates, and iron, falled for some remszon to show netis-
factory growth, Allen (1914) observed similar results when the distom
Thalassiosire grevida was transferred to an artificisl sea water
prepared from distilled water and pure chemicals, but when & very
small quantity of natural sea water or of a bolling wuter extract of
Ulys was added, a rich growth of this diatom occurred. As & result

of much resenrch he concluded that nastursl sea water contained a



substsnce or substances of sn orgiailc neture necessary for the growth

of Thalassiosirs grevida.’®
Purther ressarch showed that there were two aubstances possessing
growth promoting aétivity, an "AM wocaessory waloh s atlorbed on charcoal
and insoluble in ayueous butyl alcohol, and an H" mccessory which 1is
not adsorbed on charcoal and dissolves in sgueous butyl slcohola
Several organic compounds, Buch ag smeurla (Vitamin By}, blotin, cystine,
glutathione, and methionsne have beea shown to possess "A¥ activity.
It will be noted that ell of these compounds contein divalent sulfur,
in the group —-$--CH,-CH(NH,) COOH.3?
The nature of the "NV accessory required by distoma hae not yet
been clearly determined. Howewer, Harvey gives s method of concentratioa
which may prove useful to future investigators.eo
Mangenese and other elements appesr to be necessary to dlatom

metabolismj they nesd be present only a& minute traces, yet their absence

may prove & limiting factor.él
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Nethod of Approach

Pirst of all it wus decided not to uze sult water species of
diatcms, as the high eoncentratione of alkalls and alkaline eartha present
in the eultures would very probably render the clays unsuitable for
ceramic uses. Even 1f very satiafectory improvement in the clumins
content were &0 obimined, the subsequent purificetion required
would he likely to add too much to the cdst,

Fresh water diatoms were therefore decided upon, and the problem
of sn adequate source of live diatome was teckled. No live diatoms
were obtainable from blologleel supply houses, and =zt that astege of the
racsaroh 1t was pot known what speciss would be sultable. Whsther to
work with pure cultures of diatoms, 1, e, cultures containing only
one species of diatoms, and free from bacteris, or to develop sad use
"persistent cultures® wus then declded. The latier are cultures
developad in the laboratory from natural sources by enrichment of
nstural cultures with the various chemical substences needed for
healthy growth. This in itself proved to be an important problem, as
there appesrs to be no present knowledge of the nutrition requirements
of freah water diatoms, in spite of the abundant referemcee tc them
in asnitary and general blologienl literature.

For the purposee of clarity, then, collections of distoms {roa
ponds and streams, and their concentrates will be termed "natursal
cultures.® If upon addition of suitable nutrients a vliable culture is

obtained, it will be called a ®persistent culture.®
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Preparstion of Diatom Cultures

For the firast series of experiments scum and greeu algse, etc.
vere taken from a stagnant pond in a nearby town. Cultures from this
source were named "J*, for the initial letter of the name of the source.
To vary the poassible species a sample of botiom debris and shoreline
mud were obtained from e pond in Rolla, Missouri. These cultures were
named *R", according to the same system. HNatural cultures from both
sources were stirred and macerated for several hours to free the diatoms
from algee and higher plantis with which they sre usuaslly associsted.

An ordinary steel razor blade, attached tc & simple oclamp (of brass) was
used for the cutter. At the end of the macerstion period the brass
portion of the jig was obLserved to be highly polished, and in contrast,
the steel of the blede wae stained reddish brown to black. Iron and
sulphur beacteria may heve been respongible, but the matiter was not
investigated.

The first attempt to filter through 100 mesh, through 200 mesh, and
through & coarse Mendler porcelain filter proved unsatisfactory. No
dietoms would pase the lestter, and examinetion of the 100 mesh and
200 meah portions microscopically showed poor lepﬁratian. Each natural
culture was then filtered through 200 mesh, through 270 mesh, and through
323 mesh. The resulting portions were placed in cylindrieal glaas battery
jars, and transferred to a south window. ©Small portions of & thick meat
#oup were sdded to provide nitrogenous food. All cultures so fed a peared

to grow well in comparison to thoce which were left unfed.
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The next question wasg, out of the lmumenses number of warletles of
diatoms, and the wide difference of growth conditions, such es tropical
heat, Arectic cold, fresh or brackish water, stromg or dim light, limnetic
or lecustrine conditions, how to find within ressonable time the right
spscles for the job In hand, that ig, the decomposition of clay. Davel-
opment of pure streins would be tiwme-consuming end expensive, &e the
writer was thinking in terms of an economic process, . g. cheaper high~
alunina clays. Persistent cultures, in which cne spescies was dominant,
were thought to be supsrior, bul their development entalled almost as
much time, Therefore, the writer hit upon the ides of reversiug the
approach completelyt ochoose the conditions deemsd practical from an
aconcmic standpoint, and subject » heterogenscus mixture of distous to
the froatment, Ths varlety which survives ought to be the right one for
the task.

The action of diatoxs on clay, or pimply, the resction, might proceed
in s pumber of different poseible ways. Under moist, eemi-solid conditions,
Coupin and Vinogradov report that one to two months sre required for any
substantisl change in the physicel and chemical appesrance of the treated
clay. On the other hsnd, it might be induced to proceed more rapidly
in higher dilutions.

As King and Davidson had worked with water-cultures, using sodium
silicete as the siliceous nutriemt, it was decided to try using rather
strong clay slips, in which the mctusl cley content was falrly high, yet
not sc high as to impede easy stirring. The lutier authors had pointed
out that in concentrations sbove 100 mg. per liter, sllicate showed

inhibitory, even toxic effects, tut the writer thought the very low



solubility cf clays, and their emasy colloidal dispersion, might make it
posalble to conduct the resction et a mederate rate, under condltions not
too inimical to diatom growth.

For the clay, a common briok clay of Pleistocene age wam chcsgen. This
was done becaurss practically &ll the inorganic nutriente could be provided
fron the clay 4itself, snd if the results proved sctimfactory, the same resction

could be done with o pure clay, employing suitable enrichments, 1f nacessary.

Investipations

The first experiment was tried in bLright sunlight, using ures as the
scurce of nitrogen., 400 ;\e\. veskers were used, veonh containing 10 grams of
the common brick clay, 200 Je. of distilled water, insemineted with 2.5 ml.
of oculture. 100 :el.' of urea solution were wdded in amounts according to

the following geometriec scale:

Table ¥III -~ Tolersnce to Ures, in strong sumlight

Sample Numbsr N-Content, Urea Used
Grams
J 1 26.2 56.0 g. crystalline urea
J % 6.56 14.02 n n
J 3 1.64 3.50 " o
J 4 241 875 ® "
J 5 +1024 «2185 . v
J 6 +0256 100.0  nl. of solin conbng 546 mg./L.
J 7 0064 25.0 M I N
J 8 0016 6.25 ml. of above sclution
Jj 9 «3004 1.5 LA .
J 10 Q001 .39 L R "
11 - R 20 (same amounta eas in the J cultures)
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The tests were exposed to strong sunlight in August, with daily
turaing to -quulise-illumiAation. After 17 days they were removed to the
laboratory for oomparigon wiih the natural cultures. The urea tests showed
as yeot no slgne of viszlile growth, whereas all the nutura) cultures showed
vigoroue growth, The pH of all tests was destermined, wsing a Beckmann Meter

with ore glass and one calcmel electrode, with resulie as shown in Table IX:

Table IX - pi of Hetursl Cultures Compared with Urea Tests

J, Teaste R. Testa Natural Cultures
i. 8.30 11, 8.8 J (~270) 9.00
. 8.00 12. 8.z8
30 8.11 13- 8033 J ("325)-‘1 9130
L. B.22 4. 8.30 i
5. 8,00 15.. 8.30 J (-325)2 8.28
6. 7.80 16. 8.00
Te 777 17. 8.09
8. 7.7T0 3. 8,10 B ludl 9.02
3. 7T.70 19. 8.1

10. 8.1s 0. B8.00 R Huﬂz 8.42

R Liquid 8.60

A ocrust tad eceusulated on the sides of the battery jars housing the natwral
cultures. Scrapingge were analyred, and found to consist of 15.90% total
#clide on the molst basie. (o the dry besis, the ignition loss wap 42.,7%)
the ash wan composed of siliea 44.8%, other conatituente 55.2%.

Attompts were made to count the mumber of dictoms per cublc centimeter
in the natural cultures and in the tests, Diatom counte of the natural
cultures varied from 800,000 cells per mi. to 2.6 willion cells per ml.
The wide veriction belween sucososive counts on the cene sample puggested that
an ordinary mioroscope slide would not glve scoursoy sufficieat to warrant

the drawing of any conclusions.



The urea tests were stirred vigorously with a pipette, and 1 ml. with-
drawn, diluted to 100 ml., and the resulting liquid teeted for distom con-
tent. Very few dlmtoms were cobserved, indicating that growth was scenty,
or that 1t wus conocetled by ihe suspended olay. Without oiher diaturbance,
the urca tezts were left in the liboratory upon s table exposed to light
from an enst window sud ¢ south window. Evsporation losses were made up
with distilled water. Little, 1f any, direct sunlight reached the tests
during thie peried.

After 43 deys in the laborstory, & green and brown color at ths
clay-water interface indicated distom growth, especially in the teats where
the urez oconcentration was low. Tests J-8, G, and 10 end R-19 and 20
ahowed marked green coloratlion. Blight green coloraticn was slso obmarved
in tests R~16, 17, and 18, 4 slight brown colorstiocn was found in tests
J-6, 8, and 10, R-17 and 20. The brown coloration was marked in tests J-9
and R-18., In & few tests the brown colorstion had developsd to & felted
maas which trapped gas bubhles.

On the 64th day growth appeared %o have reached & meximum. pH waa

dotermined and appearance noted as ghown in Table X3



Table I - Tolerance to Ures, in subdued light

Sample Zero 5 Color Fllm Remarka pl

No. * light Blight

(8)green Brown (&}
(b)lu-kad Marked (b)

1 x Urea crystals 7.6

2 X . . 802

3 x 8.03

F X 7.08

L x 7.1%

6 x 7.23

7 x 7.73

8 {v) x Trapped bubbles 8.00

9 x . . 8.26
10 (b)g x x 7.93
& | x Urea orystals 7.65
12 x . . 8.2
13 x 7.98
14 x (a) 7.13
AS x 7.3%
16 x x Trapped bubbles 7,94
17 x b 4 8.16
18 (b) E x 8009
19 x x x B,23
20 Z (b 8.18

(b
% Zero ocolor indicates no change from original color of clay, a tan to
CIream,

In all ocultures which developed the brown, felted mass of film and
trapped gas bubbles, sxamination under the microscope showed an lumense
maos of distoms, practically all being a variety of Naviculas. They were
found to be about 4.9 microns in diameter and 48.9 mierons in length.
A fow Nitschis and sigmold types, both larger varleties, were present.
Bafore a comparison between raw and treated clays could be drawm,
soms msthod had %o be devised for making a fuirly clesn separation of diatons
from clay. Live dintona have a speoific gravity slightly greeter than 1.0,
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but due to their minute sire, most methods of sedimentation give sludges
high in dlatome, A comwplicating fector 48 that meny are actually firmly
atteched to clay perticles of sisze larger than themselves, or have on

their surface ndaorbod clay particles.

Separation of Diatoms from Clay

The Bhsrples Super-Centrifuge was used in the attempt to separate
diatoms from clsy, without substsntisl result. At 50,000 R, P. M. 12.58
of the diatoms passed over in the water phase, 87.5% remaining in the clay.
At 43,000 R. P. M, the proportions were found to be 28.6% and 71.4% respect-
ively, suggesting that considerably lower speeds should be used. Here it
should be noted that in the pure distom-containing liquid obtained at 50,000
R. P, M. the diestoms showed & merked tendency to attack the glass, forming
& thin, sdherent crust in only 24 hours. Beskers conteining clay and
diatoms which had been standing almost three months showed no such crust,
indicsating that dietome appear to prefer clay, but in its absence will
attaek glass. Natural cultures which contained little or no initial clay
aloo developed a liuiiar though weaker crust.

Prom 43,000 R, P. M. down to 24,000 R, P. M. there appeared to be about
20 to 25% separation of diatoms from clay, with incressing contamination
at lower speeds. It was therefore, decided to try classification in slowly

moving water. A simple elutrlator was devissd, as shown in Pig. 3



Fig. 3 - FElutrlator for Separating Distoms from Clay

| 4L ]

Diatom~olay suspension from the urea run was fed to the feed-tank, P,

and repeatedly washed with fresh diatilled water or clear efflusnt from

t1e jer E. Some 1dea of the efficiency of slutriation can be obtained by

an examination of Table XI, Analysis of Elutriated Diatom-clay suspensiona:

Table XI -~ Analysis of Elutristed Diatom-clay Buspensions

Portion Dry We. Ign. Loss

%
P 5.292 8.53
A l.452 9425
B 8479 13.40
c 6862 13.20
D 8179 23.65
E «2355 40.65

810,
p

61.90
59.5
50.8
34eb
37.4
31.65

y 4

b3
052
.63
«56
bl
43

|

1.53
2.60
6.60
T.38
6.75
Lald

3

17.02
3.08
18.72
25.5
26 .ol
96

1102 70203 AlgO; Hote; This and sub~

sequent snalyses done
by A.8.T.M. methods,
7102 colorimetricslly;
Fe,04 and Ti0, by the
Cupferron method o
Baudisch and Xing.°%
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The suspended wmetier ln E proved on sstiling to be a fine yellow
flooculent precipitate. Oa lgnition it gave « falnt odor of buraing
nitrogen compounds, To learn what effect the slutriator might have on the
purlty of the elay itself, an equal weight of raw, dried, cley was passed

through the slutriator, with results as shown in Table XII;

Table XII - Effeot of Elutriation on Common Briek Clay

Portion Dry weight Ignition loss 810, Ti0, 10203 11203

P 7.0068 7.92% 61,66 1,05 1.70 1.5
A 8649 8.26 57.9 1,22  6.88 12.47
B «3070 1.79 %6.5 1,79  3.80 18,06
C «2353 13.50 41,5 2.02 9,05 18.72
b 5246 424T5% 7.3 67 5.29 12.34
E #2391 16.1 38.8 «80 11.63 16.39

#* Probably represents sample incompletely dried,

As test number 16 appeared to have the best growth, it was passed
through the elutriator. LIdiquids from the jar E wers repesatedly discarded
and ssttled clay raturned to the beaker A. Fresh distilled water or
efflusats from X after settling were used for the slutriation, Comparison
of treated ¢lay with starting clay showed little, if any chaoge in the

chemical composition, =e shown in Table XIIXg

Tsble XII1 -~ Compariscn of Treated Clay with Starting Clay, Urea Run

Constitusnt Starting Cley Trested Clay
8ilice 59.70 60.47
Tiiania 1,19 1.20
Perric Oxide 5e2L 6,17
Alumina 16,20 10.63

Not determined (mostly alkaline
earths and slkall metal

oxides) G215 23:19
100,00 100,00
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It is apparent that if any change hed been accomplished, it was outweighed

by srrors of manipulstlion or analysis, or both.

Promotion of Rapid Grewth

In the hope that the growth of dlatome could be speeded up with greater
feeding of nitrogenocus foode, sgitation, and higher temperatures msny experiments
were tried, both im north light, end under a common mercury-vapor laup,
but all such attempte ended in fallure. Brilefly, they mey be cutlined as
followss

Weuk intensity artificlal light with fifteen litere of culturs plus
1 kg. of oclay, and 20 g smmonium eorbonate; stirred very slowly. Visible
growths 4id not appear, end mieroseopic counts could not be relied upon due
to the high errors of sampling and estim.tion.

dercury vapor lamp * 30 foot-candles, 100 g clay, plus 1.96 BzO,
temperature controlled at 38 degreea C., fed with 10 nl. sach of ihse
following nutrient solutionsi

8tock potassium nitrate, etrength 21,6 g, per liter

%  phosphioric acid L S50 g 0 .
" urea " A0 g o "
Growth promoting substances, 20 ng. per liter (Alphs~alanine,

l-cystine, and commercial vitemin By were used for this purpose)

Tests were run on ihe same clay in grain sizes obtsined from the
hazmer mill, and from the ball mill. Equsl quantities of distcm culiure were
placed in a1l jars, end the wholes placed in the constant-temperature bath.
pH of all oultures was adjusted to 8.0, and kept close to that figure hy
daily doses of carbcn dioxide. After thres weeks & heavy oil filc had formed
on all tests, and there were no diatoms present, A parently those added had

died and gone into solution.
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With simdler amcounts of nutrients s cold weethsr experiment was run
in & lerge open wooden tank on the roof. Atmospheric temperatures varled
sopewhat, but due to ice formatlon, the water above the clay leyer remained
about 4 degrees centigrade for the five weeks observed. (reen algee appeared
to flourish wnder theee conditions, for they grew so rapldly that they egcon
covered the sutire clay surface. llorcscopic examination showed many gresn
algae, along with many protozoa and metszoe, Oonly a few live diatosme,
£p. Havicula aurvived.

To determine whether the iron content of the common brick clay had
been the inhibiting factor causing the fallures, & series of Lests wag run
vith waghed (eorgia Kaolin, toth pure, and with verious smounts of 1ron
added. The latter was added as ferric chloride, precipitated with smmonia,
and pH adjusted to 8.0. 8&even samples were sxpossd to north light at
20-25 degress C., five to north light at 13-18 degress C., and four to
strong percury vapoxr lamp light, tumed consiently on the blunger used for
preparing slips, Prom time to time the machine was stopped and the culture
tested for sppearsnos of bubbles. There appeared to be no gas formation, or
pone proced#sd by which it wae absorbed rapidliy, for at sach examination a
rush of air into the jurs showed the presence of gases ln the Jar at reduced
preasurs, In eight deys all cultures were deead or doramant, Tha caase of
the fallurem had yst to be explained.

Pour kg. of Plorida Esolin were placed in the conetant temperature bath
with 400 liters of tap water, Ted with .433 g KNO;, 043 mk, of 85% HaPOy»
iwo gracs alpha-alanine, two grsms l-cystine, snd the temperature controlled
at 25 degreea C. for five days. Carbon dioxide was bubhled in et intervals
to kesp the pH between 7,0 and 8,0. No growth could be observed, and few

of the atarting oultures survived,
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The above experiment was repeated with Georgis Xeolin, using a fresh
sample of distoms from a stream peseing through the school goll course.

An unauthorized person switched on both heaters sometime during the second
day, for the temperature wuas then found to be 35 degrees €, No live diastoms
were found either in the wain tank or io the 1% liter glses tank Tun
simultaneously. Because of the previous feilure with Georpia Kaolin ia
north light se well ae in artificial light, it was not deemed necessary

to repest the experiment.

On the theory that a lack of *trace slements™ was linmlting growtk,

1.0 kg. of coal esh vwas ground in a ball mill, weahed with water, extrected
with boiling HCL, filtered, mnd the flitrate neutrslized. T:e reeultant
suspension was divided into an lron-beering portion and cane from whieh the
iron was removed by ether extraction. The two portions were them eveporated
to dryness snd ground in an sgete merter. TYThese extracts appesred to lend
nelther adventege nor disadventage, indiceting that the ceuse of poor growth
mist be sought elaewhere,

One faotor wes common to all the expsriments tried up to this timee
& high proportinn of clay to water in the test runs. As it was suspscted
that the olay was 1tself the inhibiting factor in the ecncentrations used,
expsriments were then planued using very low concentrations of clay.

Netural cultures were taken from the above-mentioned strean in such a
manner &8 to kesp the proportion of clay, eilt, and higher plsnts and animels
to a minlgum, snd no separations nor soncenirstions were attempted. Two
liter samples of etream water were collected from plaeces in the atream where
the surface fiow was impeded for some cause, such as submerged loge, wide

channel flowing over patches of grass, etc. In this manper cultures were
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obtained which conteined somewhere in the neighborhood of 200 to 500 cells
per cubic millimeter. Counts on the samples were nade with & 8pencer Bright-
line Hmemacytometer, in sodiwm light using Leitr 3x oculer and 45x objective,

with estimeter as follows:

Table IIV - Disntom Counts on Natural Cultures

Date Gethersdy Marveh 12, 1946

Jar No. 1 180 ecells per mm.j -
n 2 780 % LA
B R 3 575 ¢ " % (average of two determinations)

A preliminery run indiceted that sbove 1.0 g. pure clay per liter,
growth wes slofed downj for the first experiment of tihls seriee concentrations
wers therefore, chooen from 0.0 g. to .80 g. clay per liter, For reasons
which will now be explained this series wilil be known ag the first, second,

and third Turbldity Runs,

Turbidity Ruans

If diatoms can attmck clay micelies snd sssimilate the silics, freeing
the alunins, then the reault should be a continucus lowering of the
turbidity csumed by suspended clay, Turbidity caused by the diatome them~
salves shouwld not Le confused ¥ith turbidity dus Lo the colloidal clayjp
hence & mesus had to he devised to cepurcta the effects of the two factors.
Actively growing diatoms rime to the surface of the culture due to buoyancy
from the oxygen formed by the photosyuthetic reaction. Vigerous stirring
sets thess tubhles free. The floca, now become heavier than the culture
medium, begin to eink, rapldly at first. After allowing three minutes for

the éilatom floos to settls, the writer found 1t practicable to take 25 c¢o.
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samples of the culture solution from & point § cm. under the aurface,
Samples were then teken to the laboratory where they were stirred vigorously
and turbidity resd on a Klett-Bummerson Colorimeter., Nunbers sc obtained
were not stsndardized in terms of turbidity stendards used in sanitary
snalysin, but they nevertheless indlcated the trend of the reaction.

Five jars were marked at the 1.9 liter mark, and filled to the mark
with culture solution prepeisd in the following manners All samples
were bulked and the diatom-rich sediments separaied by decantation. 4n
equal portion of eupernetant liquid was then added to euch jer, followed
by an equal guaentity of dietom sediments.

No chemicels were added, samples were not filtered, and no water wss
added, The small amount of adventltious sand wss discarded. Jers were
then numbered as follows, and fed with their respective weights of Georgila

Eaoling

Table XV - Firet Turbidity Ruu

¥umber Purpose Georgia Ga, Kaolin, 3 Miuute Turbidity Reading

Keoldn, g. g./L. Initial T. Initial 2. Change

pure after acd,

of clay
6 Control 0.0 0.0 10 — -~
7 0.38 0.200 10 59 49
g 0.88 0.463 10 68 58
9 1.4 0,600 2 107 105
10 1.52 0,800 5 132 127

Jare were then placed in north light, open to half the sky. (The south

light wee excluded Ly & high wall.)



Table XVI - Macroscepic Evidence of Fhotosynthesis, Firet

Days
Test

6.
7
8.
9.
10.

Many very prowinent.
all tests checked under the microscope.
too large to count.,
vhite (no, 10).

turbidity with time, see Fig. 4.

Turbidity Eun

0 1 2
No. 20.0 14.5 7°
T AT
++ ~ + t
++ A
++ + - +
++ + - 4+

3
9.5

++
+
44
+
+

4
15

6t
37
b
4+
++

6

———

nil
e
4+

E
A

Femerke

Temperature, °C.

Allowed to stand in
lsboratory, 5th day.
Flus signs indicate
butitle formation,

The grester the amount of clay added, the whiter wers the dliatom flocam.

Test weas stopped at end of the fourth day, and

All had live diatome in pumbers

For curve showing reduction of three-~minute

Color varied from dark browa (no. 6) to almost



ning of curve indjientes

clay added in miliigrams
| oo per liter,

Note: Figure at begin~
f40 T

Twrbidity Reading

y L 1 . Sl
1 2 3 &
Dayn

Fig. 4 Effeot of Dlatoms on Turbldity, First Turbidity Run.
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Becond Turbidity Run

In order ws secure eeriier response of dimtoms to oloy treatment
it was declded to try sgein the transition to work with persistent
enltures, though graduslly. Therefore, dlatoms from {the preliminary
turbidity run were used as etock culture, Tec them wee added 2.5 liters
of weter in which dead lesves and other residues from previous gatherings hed
beesn atanding for about three months. The extract wes not steyiliszed, as it
wvas wanted for its growth promoting proparties, which are to s certain
extent destroyed by bolllng. As 1t was supporting a vigorous growth of
grasses and some clover, it was thought to be capable of reviving a dormant
diatonm culture, as was indeed the cuse.

500 ecc. of the sbove plant extract were added to esmeh of five Jurs.
Diatom liquid &nd concentrates were added es hefore, in eguel quentities,
in such manmer as to oblsin approximately the ssame number of diatoms per
culture. The cultureg 80 obtained were found under the miecrosgope to be
much more sctive than they were at the close of the preliminary turbidity

run, Q(eorgla Kmolin was then sdded as followst

Table XVII ~ Becond Turbidity Run:i Clay Added

Number Clay added, mg./L. 3 Minute Turbidity
pure with clay difference
11 (control) gou 64, — e
12 200 64 107 43
13 400 64 156 9z
§VA 600 74, 203 129

15 800 70 231 161



Table XVIII - Second Turbidity Kuny Macrosccpic Evidence of

Photocgyuthesis
Ko. Date O 1 2 3 A 5 6 Remearks
U5 7 9.5 15 19 <1 18  Tempereture, °C.

. Fifth day: f{loes
1l(eontrol) nil nil 8+ 6+ 44 5+ &5+ beconing felted.

1z ail nall 44 S5t 34 Ly A4

13 ndl all 3+ 4t 3+ by 3+

) VA nll ol ++ 3t ++ ++ 3+ See Plg. 6 for curves
15 nil ndl + 4 ++ ++  +Y  showing reduction of

turbidity v. time

On the seventh day, dietoms from test number 15 were checked
under the microscope and found to be moderately active. On the eleventh
day ciatoms from the seme test were again ewsmined, and found viable,
but there wse nu viglble bubble formailen. All dietom cultures and
tegle were gombined into a 10 liter jar, f4lling it to about the & liter
level. The contents were enriched with .4 ml, of stock phomphoric aeid
golution (4.3 ml. of 85% acid diluted to 1.0L.), and allowed to
stand in an open north window,

ATter 24 hours the diatoms hnd become very sotive, lndicating that
their dorment state had been due prlmarily 1o lack of phosphates. To
check whether nitroganoda foods were aneeded, fowr portlons of 1,5 llters
were withdrawn, The first was left alone, while tu the second 4.3 mg of

1103 were added, to the &hird were added 4.3 mg. of ﬂxoB plus .45 mg. of



Hote: Figure at begimning
of curve indioates clay

added in milligrams per
liter.

Fig. 5 Reduction of Turbildity by Enriched Diatom Cultures,
Second Turbidity EKun.



ures, and to the fourth wes added only .45 mg. of urea. After 24 hours

the firet had less bubbles than the remaining culture in the 10 L, jar,

the second showed mors tuhble formatios then the first, the third was still

tetter, and the fourth waz sbout tho same es the third. Ar & subesguent

sttempt to enrich culdures with potassium nitrate ended in feilure, it was

concluded thut no such additione were regulired for that perplstent culture,
The dominent dlatom in the cylture at this stage wue protebly Nitzchia

#cteulniir. Tle dinteom or diatoms sssociated with 1t peem to liave a

strong attraction for s unjdentified mwmeldl black fly, for lerpe numbers of

them were found drowned in the stream and in cultures on the rcof uf the

leborstory. It is quite porglble thut decomposition of bodies of insects

snd other faorms of life ylelds adequete supplies of nitrogencus food,

for adequate growth wes obtmined with-ut addition of nitrogen in eny

form; it was only necessary to continue addlng small quantities of phosphoric

acid from time tc time,

Third Turbidity Run

To make sure that the peasible range of favoruble growing conditiona
wag sdequately covered, turbidity wes determined on tests in which the
elay concentration varied frow .5 g. per liter tc &4.0 g. per liter. To
save time, readings were teken at the euc of two mlnutes' settling time.
A blank was mm on 2 g. of cliey guspended in s liier of waier. Initial
turbidity on three cultures, before additica of clay, was delermined as
before. The saverage, 48, was assumed to be true of all tests, as the number

of distoms was epproximately equsl. For results, see Table XIXg



| Note: NRumbers on curves
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Fig. 6 Reduotion of Turbidity by Emriched Diatom Cultures,
Third Turbidity Run.



Na. Clay 0
g/L.
16 2 370
17 nil 48
i8 5 123
19 1.0 175
20 2 3aus
21 4 435
22 8§ 2 x345
z3 16 5 x1.77
24 32 sx
158
25 64 Sx
165

Dey
Tamperature,oc
Teast No,

16

17

18

19

20

21,

22

23

24

25

Tablie XIX - Third Turbldity Run

A,

4£27
76
75
93
1z
140
288
30

Turbigity Readinge

r2

440
6@
77
72
20

137

157

405

3 4
45 430
53 66
54 66
62 68
66 17
82 84
120 143
<20 430

2x 1x680 150 L4L5
455 23490 2x 408
Zx 7O e B5Q

680 X 565 2670 23610

B, Bubble Formationi

9

19

all)
nil
all
ail
nil
nil
uil
nil
nil

nil

b 2
21 18
nil nil
=23 8+
7+ g+
64 6+
g+ 5+
4 4t
3t 3¢
R = 1
+ +
T, nil

5 & Tda.,
® LS LS
56 59
5} 75
4B 76
57 10z
92 143
13 270
204 380
435 560
o
280 2x%530

3 4
19 18
nil nil
g+ 8-+
a+ 8+t
8+ B+
B+ e+
6+ &+
L+ 4t
3+ 3+
++
S

Remsrks

#ho rdg. leken}
Blankt no dlatomas
Control

2nd da. diluted 5 ml to
10 al-rdg = 468

#* gbave 900
For curves, use Fig., 7.

Judged by Floating Flocs

5 6 7da, Remarks
24.5%

adl  nil il

g+ 8t

8+ 8+

8+ 8%

8+ 87 gese pH below
6+ 6+

4+ 3

4+ 4

3+ 3%

4 ++

8.3; on the

pH of test no. 20 at beginning of run was found to be
ajirth day it had fellen to 7.4
PH of stream water op received st laboratorys
pH of L ]

8.5

plus equel quantity of

plent extracty 8.6



Teble XIX - {continued)

C. Additlomml Renarka

Pirst dey

Nos. 17-19. HNo unchanged (white) clay on bottom.
No. RJ.Fhows brown color (distoms) and grey color {d8lstom clay).
L2 S v ¥  plue congideradlie gray color,
.22 " W ® u * *,more than No. 21)
some white clay presant.
¥ 23 Slmiler to No. 22, tut with m>re uncninged alay,
" 24 Much unaffected cloy; appareatly few live dlatous.
P 25 Ho flosting dlatoma,

Third day

No. 17=21 %Yo clzy visible to some grey clay in test No. 2i.

* 22 Much'white clay still present. Dittom floca oo clay-xater interface
and weakly &tteched to glass wzllp, pide mad bottom, below that
level. No.visible Tloce attuched to glessz alove clay-water interfacae,

®* 23 MNore white clyy uznd fewer distom floes than in Ro. 2.

-] 2‘ . » L ] L] | » | ] | 23.

25 Thin brows ®ilm on gzlsss in clay layer; a fex diatom fioes on
eclay-water interface.

Nog. 17 to 20 mre practically equal to esch other, mad 10 wmits of tur-
tidity bhigher than at the stert: Question: Is the increased turbidity,
with a1l clay apparently abesnt, due to ¢olloids) sluminat In the thrse
duys now elapsed, dintoms in nuabers 17 to 22 appear to have removed all
tarbidity due to clay,

el fest No.  Turb., 3rd de. less Initlal Turb.m Diff. Clay edded
1lsg 54 - 48 6 »5 g
19 62 v 14 1.0
23 66 o 18 2.0
21 a2 " 34 4e0
22 120 . 72 8.0

It will be readily ssen that the difference obtsined by this hypothesis

is roughly proportional to the mmount of olay added, i.e., the curves are
flattening out, In these tests the dlrtome were observed to be very sactive
when viewsd under the microsoope.

Sixth day
Hoa, 17-20 Apparently all diatom floecs, no unchanged rlay.
e 21-22 Diatom floos and a grey clay.
®  23-2, Dietom flocs snd considersble uncnanped clay.
He, 25 Nuch unchanged cley remsins; conpiderably wore diatom floce
compered with previous ohservailon (third day),

Beventh day: HRemoved ell tests to laborstory et sundowa. Temperature 20° C,

Bighth deys &)00 e.m., Examined under microscope thoss tests which will be
enelyzsed.



Table XIX - (continued)

Bighth dey (aontt)

Nae 17 Most distomne, including Hitccolils, insctive; a few active Havic .
¥ 21 Meny active diatouwsj floos heevier, i.e., more dense, Nitszchia

and Neviculse bolh nctive,
n 24 Mitacrle active,

Results of Third Turhidity Run
Teste numbers 17, 21, end 24 were elutristed e# in the Urem Run, with
the difference that settled fructions were repentedly returned to the beaker A,
and dintom-rich sediments frox Jor E wore dlecurded. 4s test number 17 was
mostly dlatoms, it was, of coursa, reserved ror unalysisj only zdventitious
sand was discarded. Comparison of control with sturting clasy and the two

treated clays 1s given in Table XI1

Table XX - Analyses, Third Turbidity Run

Coastituent Distom Culture Piatom Culture+ Diatom Cultured Fsshed

Taat, No. 17 Ag» olay/L 32g. /L Georgila
Tect No. 2 Tvot Noeo 24 ¥solin
Ignition loss 14.36 14.29 13.8 13.73
81licu 07,15 £9.57 44492 44,70
Titania 08,3 1.57 1.52 1.50
Faerric Cxlde 3.37 1.63 «63 1.02
Alumine 10.70 3240 35.00 39.05%
Dthara 3459 134 4als :
100,00 100.00 100,00 100,00

# By difference; was 40.48% sz detormined.

YLarge Ares Run
Io order to determina whether the resction would be hastened by expoeing
& large area to the light of the open #ky, at high diluticas, 176 g. «falay
ware added to & oulture sclution prepared as will be sxplsined loter, and
edded to the tank plucaed on the roof ian sBuch e pozition that no shadows fell

on it at eny time of the day., The ures ol the tank waa 17,600 cad s which
gave a distribution of 0.0l g. of olay per cm<,



Log of Run
0 Daye - Dlstomp collected from golf course stream. Added all persisgteat
cultures on hand which showed rctive bubble formation. Liquids,
nutrients added ms follows:
Tap water; 20 L,
Persistent culturess
Supernatant liquids: 9 L.
Diatom concentratess 200 co.
Fresh oultures {todey's gathering)
Supernatent liguid: L% L,
Dlatom concentrstey 150 ce.
Mixed 8, 1. Rixed 4, concantrates.
Yolume of this made up to 1.0 L.
Distom sownts 22.5 x 107
Enrichmanti
PyOgenrichment of .26 mg m 260% / L. was previcusly successful,
Rense for 35 L., must use 35 x .25 mg. » 8,75 mg. For this,
used 17.5 of stock phosphoric soid, which has .5 mg. / =3,
Enriched eulture plup clay plus 4. culturea edded to liquids
in sank.

Tirat Day - Bome bubble formation over sntire area of bottom.
Becond Dey ~ Bubbles larger than yesterdsy. Cloudy
Third DPay = Cloudy. T, at 4300 p.m. wes 13 degrees C,

Fourth Day @ .Bubblés still lasper - no lsrge flocs in evidencs yet, T,
20 degress C. Small flomting material exsmined under miero-

scoper Hesvy growth of Asterionella ep.
’-—'-—-———'———-—-—
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Added 20 L. water from tap.
10 cc. stock phosphoric acld (same strength es above)
1 g. of Fe~ beuring trace element solids

Eighth Day - Bubbles were absent from fourth day until today. Weather
cold and rainy during the interval, 4 fuw bubbles now
forming over the entire eres of tank.

Eleventn Dey ~L&rgs nusber of bubbles, but not much fioatiog materisl.
T. 18 degreep O, Weather has been mogtly cold and rainy
since the eipghth day.

Pifteenth Dey-Thicker portions of tho clay layer show felting and large
quantity of trappsd ubbles.

Aa this experiment was run simultensously with the last triokling
filter run, from which reportable results ensued, under conditions of
more precise control, it was not thought practicable to make chemical
analysea. It wiil be meen that comparison with the Urea Bum 1a very
favorable. The results which took two wmonths in the luboratory wers
reproduced on the roof, (where the intensity of illumination was very
much greater, in spite of the aloudy weather) at low temperetures, in a

period of only two weeks.

Prickling Filter Runs
Suppose diatome are capable only of effecting & partisl disintegrstion
of the kaolinite molecule, In thet event, clays treeted by them should

have their molecules degraded in slze by the loss of tha siilea tetrabedrons,
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and the loss should show ia a higher proportion of alumina to eilics in
the remaining clay.

However, if diatoms cen disintegrate the molecule completsly, &all
#llica would be assimileted and only hydretes of alumina would remain,
in solutdon or colloidal suspension. Any clay which remmina would there-
fore be unreacted clay, 1. e., its chsmicel compoaition would not be sub=-
stantially altered—Iit wonld be merely reduced in guentity.

¥ith these considerations in mind, it was decicded to set up s trick-
1ing filter =c that e cleen separztlon of 1llquid and Bolid reaction products
could be made. The first triekling filter cousisted of a glass aspirator
bottle fitted with top end bottom etopcocks, end filled with glass beads.
Platom concentretes weres to be supported on the beads, and clay slip plus
nutrients introduced from above. &8 the bLeads were not properly eised,
dlatom flocs passed out of the filter into the effluent recelver, and
the first run was shandoned.

Pour pieces of half-inch gless tubing were assembled in parallel to
glve a large surface for 1llumination. is before, clay slip wap to be
introduced &t the top, snd clear effluent was to be drawn off at the
bottom. After several attempts it was found that the ton layer of the
filter would permit flow, yet retain the viuipla dimtom flocs, when
composed of powdered glass -25 mesh plus 80 mash,

The zecond trickling filter run was trled with the appsratus just

described, but falled for the mame reason ae the firet.
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Pig, 7 - Appsratus, Trickling Filter Runs IXI & III

. :
S LI
Feed jsr, containing \E
elay siip and nutriente il
Volume: 1.5 L, _——2 ! il USSR ———6Biphon

} it
}I

|

Valve for protection of ,,/”’#/;v L

siphon, normally opsn e A

Total 701 . of
tubeg 316 ml.

North light or
(lapst 5mm per leyer fluorescent lamp
~25380m -4 e
=10+25m
~3+10m
-4+ 8n
+4m

Flow eontrol valve

Effluent reosviver




Third Trieckiing Filter Run
Ae this run failed for ressons which will be explained presently, no
formel attempt will be made to present deta, but the log cof the expsrizment
will be given, in chronological ordert

Zero Day - 2:30 p.m. Froesh sample teken frem piream -- pH = 7,7

11230 p.m, Boriched 1.0 liters of this culture with .5 L plant
extract and .03 ml. stock phosphoric seld = 15 garmma = ,01% mg Pp0g

Clay:t 3 g. added = 2 g./L

Lighty Open N. window, Intensity =» 110 ft. cendles at 10145 a.m.
Distoms stay on top of filter bed. Flow limited by diatom metting,
not by glass grain aslse,

Pirat Day -~ AN, Two hours required for slip to run through the dietom
P17 Repeated |
flocs.n Thess two rung gave sn effluent which had no settled solids
sfter 18 hours standing, Apparently & true colioid, Closed flow
carntrol valve, let stand overnight with tubss full of culture. So

far no bubble formstion.

Becond Day - 10100 a.m. T = 17° ¢. A1l tubes now show active bubble

formation, including floating flocs. Waather cloudy.

12100 noon, Effluent started through a third time. Light
intensity 205 ft. cendles. T. = 23°C. Bubble formation very active.

4100 p.m. Clay had floculated in feed jar; decanted super-
natant liquid, added clay floecs to tubes and replasced liguid in feed
jar. Plow started again. Small portion of floculated clay sxamined;
meny diatoms present; most ware rather inactive. Light intensity
215 ft. candles. ©8ky beginning to clear.
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Third Day -~ 3:00 p.m. Sempled brown scum on surface of feed jur:
Many protozoa and a few metaror; trace only of distoms, Odor of
feed and receiver Jjurs decidedly similar to that of sour cottage
cheese or lactic acid., T = 23°C,

6130 p.m. T = 239C, About 5 om of each tube hus been cccupled

by oxygen; flow very slow. Bubbles still forming.

Fourth Dey - A.M. T = 18°C, Bubble formation active; still much unrescted chay.

P.M. T =20°. Stirred to mix all clay with distoms. Very

many bubbles in d. layer. Flow very slow.

8ixth Day -~ Many trapped bubbles rele:sed on vibration induced by striking
epparatus with hand.

Seventh Day ~ Ditto.

13th Day Sampled a dietom floc from obe tube. Had en immense number of
live d., meiniy Nitzchie acicularig. All d. showed chromoplssts, but
did not move. Inactive stste? Bubbla formation slow: no iiquid
pasaing intc recelver.

15th Day ~ HRemoved Irom window aand kept 4n dim light. Bubble formation
atill very slow, but proved by rising and sinking floes. Odor of zll
4 tubes now resembles fish oil, Sampled tube having strongest odor.
All 4. under the microscope showed bright yellow-green spots, but did

not wove. Experiment abandoned.

Pourth Trickling Filter Run
In order to give the distoms a grester quantity of nutrient solution
at sny one time, and to permit better flow through the filter, a new filter

was prepared in the neck of an inverted bell jar. As before, the filter

bed was composed of gless, with particle sizes ag shown in Fig. 8t
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Fig. 8 ~ Diatom Filter Number 4

To be striectly scourste, this run shculd have been numed otherwige,
for the filter ls no longer of the trickling type. As will be seen from
the log, thie apparestue met all the requirements of the rusesrch under-
taken:

Zero Day -~ 2.5 liters from laboratory stock culture taken for culturs
liquid. Had, in bottom, a few wotive d. and many dormant 4, Bitbbled

GO2 into liquid for fifteen minutes. Let stend overnight.

Pirst Dey - Checked pH of liquids 6.55. 4idded trace of Na,C0q ~— pH to

8.9. More COy added to pH of 7.7.

Counted diatoms from gathering four daye old. BStrength of
diatom concentrate about 145 x 106 distoms per cc. Total number edded

o8 LeS x 109.

Cleys Washed Georgia Kaolin, through 80 m., 8 g. per liter = 20 g.

Luiture:3l ml. of diatom concentrate.

Enrichments .1 ml. of stock phosphoric aeid (containing 500 gamma



Pgojml. Placed on roof, open to bright eunlight at &«l)l times of
the day.

Third Dsy - Firat slgn of htubble formation.

Fourth Day =Entire surface of cleay covered by bubbles. Color of surface
greenish yellow., Some tiny floaes begluning to rise tc¢ surface.
Tempersture 9° C.

Fifth Day - Very rapid bubble formationy Many floce on surfaee of liquid,
Entire clay leyer has large guantity of bubbles which escape on
stirring elightly, or jarring the apperatue slightly. T. = 18°C,

Eixth Dey = T = 189 C, pH = 8.75. Observed flocs frow surfece under the
microscope. Very great number: onct counted, as reaction does
not appear to be complets. Drew off &30 cc. Addodlcoz to the
600 oc. portion and returned same to jar, pH now 7,8, Three
hours later, bubble formation found to be very active. Sky
partly cloudy) Intenaity = 860 ft. candles,

Seventh Ddy-9 e.m. partly cloudy, T. = 18.5° C.

12100 noon slightly cloudy, ¥. = 26° O, Intensity through clouds
ea 2,000 foot-candles; In open sky, much greater. Entire 4.
layer active. Stirring liberates large number of bubbles at
every polnt on the diestom~clay layer. OSeveral bleck flies
drowned on surface of supernatant liquid.

Bighth Day- 9130 a.m. Very darkj has been raining steadily sinee sbout

| £300 a.m. Covered top of jar agailnat rain by mesns of cellophane.

7, = 99 0, Mo butbles in evidence.
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2330 pem. T = 13,59 ¢, Bubble formation active; as rein
had ceaped, removed the cellophane cover.
Ninth Day -~ 10:00 a.m. T = 13° C. moderate bubble formation, Almest
clear sky.

3:30 p.m, T = 190 C, Very active bubble formation; sky
cleayr, Intenaity over 3,000 ft, cendles, E = B.4.

Tenth Dey -~ 33100 p.m. Active bubble formation. 8ky elear, T = 26°C. ph=8.85.
Twelvih Day - 10100 e.m. B8ky clear. pH = 8.83. T = 31° C, Bubble
formatlon only moderate.

3330 pom. pH = 8.60. T = 32° C. Bky clear, bubbles cnly
moderate. Stopped the run, Drew off supernatent liquid for
analysis, Removed diatom clay with some glass fines. Freed by
#averal decantetions, disecarding olean glass. Once free from
glase fines, volume made up to 1.0 liter for dietom count.
Strength wae 6.7 milliun cells per ce., indicating & total number
of 6.7 x 307 , Thie is an inoresase of 2.2 x 10? tn twelve deys.
The olay wus separated from dlatoms by elutriation, as desoribed

earlier in thia paper.



Table XXI - Analyses, Trickling Filter Hun No. 4
A, Before Treatment

Constituent Dietom concentrate Supernatant liguid Washed
% ng./L. Georgla
Kaolin ~X
Ignition loss 18.7 189 13,73
Eilica 56.85 20 ki T0
nt&nil 1009 8.0 1!50
Perric oxide 4.36 19.5 1,02
Alumine 1,7% 10,0 39.05#
Others 27,25 Total —
100,00 eolids 517.0 100.00
Sp. Oravity 1.069 #By differsnce

B, ifter Treetment

Constituent Treated elay Diatom realdues Supernatant Liquid
(washed) (wasbings) 5g./L.
Ignition loas 13,51 34,30 i77.0
Bilica 45425 45,21 5.7
Titanin 1.48 1.0% 1.2%
Ferric oxide v70 78 .75
‘l:.inl 360162 36097 13,00
Others - 1.69 Total
100.36 100.00 8011d8966."7

In the treated clay 4s compared with the washed CGeorgis Xaolin, wery
little qualitative cohange has been mede, except perhaps the pddition of
& little silica and some Gecrease in ferric oxide,

Howevar, if comparison is made betwesn the supornetant liquid before
and after;, it will be noted that the diutoms effected a reduction of milica

from 26 mg./l. to 5.7 mg./l., and on incresse of alumins from 10.0 mg./l. to

13 »g./1.



These changes in cumposition sre obwviously of no imgortance commercially
due to the slowness of the reaction and the very dilute nsture of the
culture mediur required. Put viewsd from &« geologic standpoint, the resction
is of the grewstest importance in interpreting the processges of chemiesl
westhering. The supernatent liquid after diatom treatiment contains, it:
is thought, most of the elumina freed hy the decomposition of the kaolinite
molecule. It will be noticed that the proportion of sluminae to silice in
the liquid is much higher than that demsnded by the formula for pure
kaolinite.

Assuming for the moment that ell silica remeining in the liquid is
combined as clay, the 5.7 mg. will account for 4.83 mg. of aluxins, lesving
8.17 mg of alumina to form bauxite, gibuaeite, or diaspore. The writer is
therefors of the opinion that the action of dimtoms on clay and feldspar
must be considered as one of the biclogicel factors in weathsring and

redeposition of clays.

Conclusions

1. Dlatoms attacK the sluminosilicate linksgoe in clay snd feld-
epar, aesimilating the silice, and freeing hydrated alumine to the
surrounding medium.

2. The resction is zlow, even umder optimum conditlons as knowm
at present.

3. 7The lower the cley comeentration, the more rapidly are diatoms
able te utilize the sililcs.

4. Distoms will adsorb on their frustules much more clay than they
ey need,
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8. Incremsing the clay concentrations inhibits dirtom growth directly
by reduction of light intensity, end

6. indirectly by adsorption ou the dletems, impedlng their access
to other nutrient subslances.

7. Pormation of oll-fllmg on streums in the sutumn end winter months
ie due lergely to the decomposition of diatome znd other algee.

8, Formetion of oil films on persistent cultures 1s invarlsbly ecssociated
with stugnation end decth of the culture,

9. The bigh quantity of suspended c¢lay sad silt in sutum floods,
sombined with falling temperstures, kills or reuders dorment enormous numbers
of dietome, pernpps explaining the crgunic origin of petroleum without the
need to postulate great gevlogle catastrophes.

10. Fresh water dietome can be cultured in the laboratory for long
periods without nitrogenous enrichment, provided minimal quantities of
phosphates cre udded from time to timae,

11, If in the futwre this asction of dimtoms on elay is to be used
industrially, a sstisfactory mesns mist be worked out whereby dimtoms
can be grown in stogk cultures of several milliuvna of cells per cuble
osntimenter, and then transferred without sbhock to treatment temkts of the
eptimum dilution for the result desiraed. The writer is not eatisfied that
this can be done with present knowledge.

iZ2. Coneilderable study will have to be made of fresh weter distoms
hefore their nutrition requirementg cwun be stited with ressonable gceurscy.
13. Crowth of distome Iln a puspension of clay tende to coagulate the

elay into largsr and larger particles.
li. The growth-controlling fastovs affecting diatoms are interrelated



and interdependent. The achievement of successful growth depsnds upon
the right comblnstion of aseveral factors.

15. Bacteris do not sppaser of themselves to interfere with the
action of diutoms 1n dec mposing the kaolinite moleculs.

16, Carbon dioxide may be used in small quantities to sld growth
of fresh water dlistoma, provided the pH is kept on the alkeline side, sud
not too far from 8.2.

17. Distoms attech themeelves to olay miceliles and eryetals by
weans of a sheath of protoplasm or pectinous substaness. This bond may

be partially broken when diatoms are trunsferred to #istilled water.

Suumary

Dietome attsck cléye under natural conditions, at a rate which is
meagurable, though very slow, The 8ilica whieh dlatoms absolutely require
for thelr frustules is nevertheless an inkibiting factor when presont as
eluy, inconcentretions in the neighborhood of twenty graus per liter. The
inhibiting infiuence of eclay on diatom growth is roughly proportional
to the amount of clay added. Under optimum conditione in nsture, diatoms
sre able to free enough alumina ts account for the farmstion of highe

alumine claye such as dlaspore, and the minerals Gibbsite and Boshmite.
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decompositbon of _, 1, 3
Gaorgla Eaolin, 33-: 52
growth of d.%ecagulates _, 57
high-alumina _g, 1,458
inhibiting factor, 33, 58
inkibits d, growth, 57
_ micelles, 34, 58
suspended _, 8, 57
treated 55
muiubl-:, 21

E\J.ltm‘.l. 31’ 32’ 3'8
dead _,32
diatom count, 34
dormant _, 32
euriched _, 46, 50, 52
experinental #J% and *R%, 22
filtered _, 22

fresh 46

satural _, 21, 33
peTalstent _, 21,38,41,46,57
preparation, 22

pure _, 21

stock _, 57

Cyelotella, 12
Danube, 5

# lbvbreviation for diatoms; msme for the singular,
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Indax

Denticuls velide Ped, 6
Disspors, 56, 58
Diatomacasa, 2, 4
Diatomaceous earth, 6,8,12
Diatomin, 4

NMatom
beds, 6
concentrates,46,52,55
oounts, 25,31, 52,54
cultures, fresh, 46
growth, 5
- Affected by light,13-14
- o by pH, 1816
- - o vemperature, 13
003¢, 4
strepgth, per eg., 54

Distomite., Ses diatomaceous
"-‘{ho

depoaite of 6
seoondary cn;imt of , 8

Ddatons . Se= /’-Mfy:?r's
attach salvas to clay, 58
attack olays, 53
bugyanay of _, 34
coagulate clay, 57
decomposition of _, 57
desoription of 12
fresh water _, ﬁ, 57, 58
glass attacked by _, 28
sutrient salts required by ,17
sutrition of _, 3, 12
- ©f fresh water _, 2
pH ot _, 15
reproduction of _, 12
separdtion of _, 27,

Dityluwm brightwelli Eurb,, 19

Elubriation, 29, 30, 5,
effect on oowmon brick olay, 30

Pasrald Spring, 6

Farichment,
nitrogenous, 57
phosphoric acid, 39

Erdschreiber, 19

Feldspar, 2, 56
decoaposition of _, 2
orthoclase, 3

Ferric oxide. BSec Iron Oxide

noci,u,%,36.45.46,48,50,51.53
ﬂﬂm - 43’ 50

Florida Kaolin, 32
Fossil diatoms, 12

W’u

Frustules, 2, 58
clay ioside _, 6

Georgla Kuolin, Washed,33,52,55 =5

Guyserite, 6
Gibbaite, 56, 58

Glass, 3
attack by d., 28
beads, 48
filter bed, 51
fines, 54
po‘dor.d ] i3

(reen algae; 32

Growth accessories, 20
PAY, 20
o~alanine, 30, 32
ansurin, 20
biotin, 20
1‘@'31-'1‘" 20' 31' 32
divalent sulfur group, 20
glutathikone, 20
panganese, 20
methionine, 20
*p%, 20
sulfur, 20 .
trace elements, 33
vitamin By , 20, 21

Growth-controlliing factors, 57

Growth, promotion of, 31
Haemagytozmeter, 34



Hydrocarbons, 4
Illinots river, 5
Inactive state, 51
Industry, ceramio 2
Infusoria, 2
livestigations, 24

¢old weathsr experiment, 32
common brick olay, 24

aicroscople 3'. 25’ 27’32. 36,38’39 »
5

44,456,51,
pH, 25
strong light, 24
fhwrbldity, 34,35,37,38,45
urea, 24-26
_ tolersance, 24

Im, 19
adsarption ¢ea d. 19
sontént, oommon clay, 32

Iron axide, 5%
inhibiting faotor, 32

liniting factor, 19
utilisation of _ _, 19

Jursssiae, 12
¥aolin, See Georgia Xaolin
Kaolindte, 1,2,3,47,56,58

decomposition of _, 2, 356
disintegration of _, 47

Kiasclalgen, 2

Iarge Arasa Rum, 45
- > 108,

Law of thes ainiawm, 17
Idsbigi's law, 17

Tight, L3-14
artificial, 3, 33
dim, 51
tntenadly, 14, 50, 53, 54
- Mmtion of, 54
maToUry vaper, 31, 32

Index

Light, (continued)
north . 31332’35
cpen sky, 45
south, 22
sunlight, 24---
wave length, 17

liwiting fectors
slica, 5
Ses also the foliowing:
growth accesczorles,

PE,

light,
BANgANGsS,
autrients,
Arace elements

Manganese, 20
Netazoa, 51
Miocroscopista, 2

Mt‘.p 3. 5
decompasition of _, 5

Batiural eultures, 21, 3
pi, 25

pil

Mcnll' 12, 15’ 13, 27’ 32' 45
_ minuscula Qrum, 3
- Jorquatum, 4

K trate-phosphate ratio, 17

Witrogen, 18, 41
as ammonium, 18
_ nitrite, 18
_ nitrats, 18
limiting concentrations, 17
utilization of _, 18

ntm‘, 15' 18. 2’?. &5
- scicularis, 41, 51
- bilobecta, 18
- Cloaterium, 18
w ot BFOWth of, 18

— 2 Ditrogen conoentraticns, 18

- Palea W, &.’ 3

Nutrients, 17, 46, 51
meat soup, 22
poosphates, 19, 31, 39, 41



Index

Matrients, (ocontinued) Sea Water
Potassium nitrate,31,39,41 artifiodal __, 19
silicates, 23 enxricked _ _, 15
sodivm silicate, 23 snriched with urea, 15
ures, 24, 31 Erdschreiber, 19

01, 4, 5 Separation of distoms, 28
Distomin, 4 contrifugs, 28
Los Angeles~Vontura region, S elutristor, 28, B

Opal, 2 ﬂil.‘lca,’l. 3y 55 55, 56, 58

gel
Oxifation-reduction potestial, 4  hydrated _, 2

irhibiting factor, 58
Pectinous substances, 58

dtlicates
Persistent ocultures,21,33,41,46,57 alkali, 3
oil frilme on _ _, 57 sodiwm _, $
Petrolewm, 4, 57 Silioscus sinter, 8
pi, 15-16,31,32,43,52,54,58 fkeloton, 3.
!ho’ip?mto, 17’ 57 M.hn', 20
grovth limiting factor, 17
minimal quuntities of _, 57 Surirells, 12
utdlisation of _, 19
fynedre, 13, 19
Photosynthesis, 14, 36, ¥ 00y Seats on _, 19
fystrophs, 12

Phytoplanktion, 18
' Temperature, 13, 46’ 53

Planicton, 3 oold westher,32

constant _ bath, 31
Potash, 2 falling _s, 57
Protoplasa, 3, 4, 58 Thalassiosira gravida, 19
Frotosca, 351 Trace eolementy, 33, L7
Pure cultures, 21 Trickling filter, 43-50, 5L

- T8, 47, 48,756 7T
Quarts, 3

Turbidity, 35, 36, 39, 43
Refractories, 11, 2 effeot on diatoms, 37
basic _, 1

readinga 43
reduction of _, 43
Roak forsers, 6 rons, 34,537

Salintty, 12



Index

Urea, 15, 24, 41

pE, 25
"tolerance to - 24, 27

-tests oz 2y,
Victoria Land, 4
Vitamin
mi®
Yavo-langth of light, 17
Yellowstona Wational Park, 6
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