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ANEIMTY
X T SES

CONDITIONS Modifying the EFFECT of DELETERIOUS AGENTS

upon the TUNGY,

Tor some time it has been known that traces of
metals in solution can be remaved from such solutions by
the introduction of insoluble substances, N#geli found in
experiments with Spirogyra that distilled water,as well as
tap water,often proved injurious. ijcaraful experimental
study of all the factors which might be involved,he was
able to trace the injury to soluble copper,which in the
first case came from the distilling apparatus,and in the
second ,,from the brass faucet. By varying the quantity of
the solution into which a definite number of Spirogyra
filaments were placed,it was determined that the amount of
solution was an important factor.

Tilaments placed in 1000

e. ¢. of harmful distilled water died,while the ssme number
placed in 100 ¢. ¢, were able to survive, It may be conelu-
ded from the above that there is an inverse relation between
the deleterious agent and the bulk of the organism acted
upon, With a few orgenisms the toxic agent,even when in
great dilution,may manifest itself in time, In this connee-

tion,it may be said also,that the surface of the containing
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vessel offers a place of attachment for poisonous molecules
or ions, N#geli found by the introduction of insoluble
substances such as granite,starch grains,and ocotton fibres
that the toxicity of the solution could be reduced,and
rendered harmless to'Spirogyra., He also attempted to
determine the effect of thse presencs of insolublise substances
on miutrient solutions,but found that they exerted none,
Ndgelli experimented with many of the heavy metals,platinum,
gold, merecury, silver and copper, thouzh chiefly with
copper, The copper used as alloy in a gold crown was
sufficiently soluble that its presence could be distinectly
detected in water into which such coins had been dropped.
Following N&geli,little was done with this
DProblem until the summer of 1902 when True and Geis made
preliminary experiments to determine the effect of insolu-
ble substances on toxic solutions, In their work,a solution
of CusOy of sufficient concentration to permit growth for
about twenty-four hours was required, Such a solution was
experimentally determined,and to it insoluble substances
were added., Lupinus albus seedlings were placed into
these solutions,where they were left twenty-four hours, The

results were so favorable,that in the summer of 1903,C. S.
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Oglevee ocontimied the work,

In t&e more extended scope of the work,
cus Oy, AgN03 , HgCLiir%hymol, Resoreinol and Phenol were
used. A maximum congentration nermitting growth was deter-
minoed,and from thig dilutions were made, These solutions
were poured into beakers of 300 c. ¢. capacity,a duplicate
being made for each, As in the previous experiment,
Lupinus albus seedlings were used as test objects. The
cultures stood twent&-four hours,sometimes longer,at the
end of which time,the average growth made was taken as the

growth for each concentration., In all cases cited from

True and Oglevee,the molecular weight of the toxic agent

is dissolved in the number of liters of distilled water

mentionsd, The following data may be taken as typical of
their results |-

36,000 L. 4 Mol. wt. Cuso, 4 m, nm,
" " " " ¥ glass 10 m, m,
" " " " 4 filter vaper 18 m, m,
" " " * 4 starch grains lzvm. m.
" " " * 4 paraffin 8 m, m,
Distilied) HqO 12 m. m,

The growth of the control for twenty-four hours was

12 m. n. Distilled water plus the toxic agent gave 4 m, m

*






or 8 m, m, less than the growth of the control, The

presence of glass gave an increase of 6 m, m, , filter
paper,an inerease of 60 % above the control. All of these
insoluble substances acted as agents of dilution, filter
paper being so effesctive in reducing the toxic aetion that
solutions containing this substance in conjunction with the
toxic agent were sufficiently diluted to cause stimulation,
or increased growth z2bove that ziven by the control eulture.
Mercuric Chloride and silver nitrate gave the

following results'-

2000 L, 4 HgCl, 10

" " +-glass 18.9
Distilled H,0 12
20,000 L. + AgNOg 13 m, m,

" " + sand 18 m, m,
36,000 L, " 14 m, m,
" " ] +glass 14 m, m,
. " " + filter paper 19 m, m,
Distilled H,0 14

In the ocase of the addition of glass to the HgCl,
solution,an inecrease of 6.9 m, m. was obtained,an accelera-

tion of 4.9 m, m, above the econtrol,l2 m, m. Silver
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nitrate also gave some interesting results as may be seen
from the above table,

To show the relative effect of a more
concentrated solution,as compared with a highly ionized

one,results obtained with Thymol are given;-

2800 L. 4+ Thymol 0.5
" . + sand 7.0
Distilled Hy0 | 10.

In this specisal czse,the results were marked, In

general,howsver,True and Oglevee found dilute solutions of
stronzer toxioc agents to be more effesctive than more
concentrated solutions of weaker poisons,

One other experiment is deserving of speeciml mention.
A solution of CusO, m/35,000 was taken,and to equal volumes
of the same,different amounts of sand were added. The
solution gave a growth of 2 m, m, The solution+440 grams
of sand gave 8 m. m. The addition of 80 grms. gave 10 m, m./
of 120 grms,.,18 m, m, ; 160 grms.,14 m, m, ; while 200
grms, gave practically 12 m, m, The addition of 40 and of
80 grms.of sand diluted the solution sufficiently that
8 m, m, and 10 m, m, were the resulting growths as compared

with the greatly depressed growth of 2 m, m, 120 grms.still






further reduced the toxiec agent so that that remaining in
its solution was sufficient to cause acceleration,as is
shown by 18 m, m, growth, 180 grms+ 200 ‘zmms, caused such
a great dilution that the accelerating effect was no longer
menifested,zrowth gradually approaching that of the control.
Dapndeno hsas also prosecuted studies along
a similar line using inorganic and arganic salts, His exper-
iments dealt partioularly with Mass action., Seedlings of
Lupine,corn and pea were used in amounts of toxiec solution
varying from 1 ¢, ¢. to 26 ¢, ¢. Results showed thst the
smaller the amount of solution used,the greater the concen-
tration which could be resisted, e.g. a seedling may grow
several gillimeters in l}o. ¢, of a solution,and be killed
by 2 and 1/2 ¢. c. of the same solution. By the introduc-
tion of an amount of sand nearly equal to the volume of the
solution,the toxicity was in some cases reduced thirty-two
tinmes,

Since in the work already done along this 1ine,
phanerogams have been used,it was thought that something
interesting as well as profitable might result from a
repetition of the above using fungus forms., Experiments
which employ seedlings must of necessity »un only a short

time, It is also difficult to determine at just what point






death oceurs,

In order to insure uniformity,it was not
possible to use Erlemnmeyer flasks,as on the addition of
insoluble solutions,the level was changed and the surface
area reduced. Bostom prescription bottles of 126 c. c.
capacity were used instead,as the parsllel sides gave the
ssme surface whatever the variation &n volume of the solu-
tion. The solubility of the glsss,which must have been
slight,entered as a common factor. After each experiment,
the bottles were thorouchly clesaned,and sterilized from one
hzlf 10 one hour at from 120°C to 140°(Q.

sea sand of two grades,crushed window glass
of three grades,absorbing porous plates,and ash free filter
paper were used as insoluble substances, The sea sand and
filter paper were boiled in several changes of distilled
nater so that all soluble parts micht be removed, The sand
was not treated with acid for the reason that it has been
shown to be practically impossible to remove all traces even
by very careful washing, The glass,however,was treated
with acid as it came from the laboratory,

Beet decoction and beef bouillon served as

media, 1In the preparation of beet decoction,460 grms,of
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suzar beet root were allowed to each liter of %ta2p water,

This was boiled for two hours,filtered, and cleared by
heatinz with white of egg., In boulllon,l lb, (453+zrms,)
of lean beef was allowed to each liter of tap water, All
fat was trimmed from the beef,after which it was finely
ground in a chopper, Late in the afternoon,one liter of
water was added for 4653 grms.of chopped beef, This was
allowed to stand all night in a cool plsce, The following
morning,the liquor was drained off,and cleared by heating
under pressure, To each liter,10 grms, of peptone and 6
grms,of salt were added., This decoction was now thorouchly
sterilized, NaOH was used in neutrsalizing,

Toxic agents used were CuSQ, anqgﬂiso4 (Merck,
1 - 84)., The solutions were made as gram equivalent solu-
tions, n/4 or n/8 being the usual concentration,and
dilution#made from these, Twenty-five ¢, ¢. of the nutrient
solution plus the toxic agent were used in esch bdottle,

Each culture was set up with a duplicate, 1In
series where Penicillum was used,the eultures stood two
weeks ; in the case of Aspergilius,however, one week was a
suffiecient length of time, Cultures of Aspergillus were
kept at 28° C,in order that conditions might be the same,

After the solutions were poured out,and the insoluble
substance added,the bottles were sterilized at 120° ¢, and






when cool,inoculated from pure cultures. After standing
the required length of time,the growths were filtered off
on papers of known weight ,washed,and afterwardsdried for
several hours at from 100°C to 110°C. From the oven,they
were placed in a dissicator until weighed., In all cases
the average dry weight of two cultures was taken as the
growth for the oculture,

In many instances,there was quite a difference
in the two weights. If it were possible to get approximate-
ly the same number of srores into esch bottle,it seems
reasonable that this différence might be lessened,

Preliminary experiments were made using Cuso+
as the toxliec agent,and Penicillum as the test object, Two
amounts of sand and three grades of glass were used. Results
were not very satisfactory owing to precipitation,and to
impurity of the sand used,

In the experiment given,an equal amount of
insoluble substance was added to each culture,

I. Cu 80,~ Penicillium in Beet decoction two weeks,-

n/266 Solution Large glass .1814 grms,
Medium 15680
Small « 1780
None 1892

Control in decoction alone .1190
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From this table it is seen that the presence of Cu sq4in
the mutrient media had a stimulating effect when ,1692 grms.
is compared with .1190 grms,or the growth in the control.
The addition of fine glass acted as an agent of dilution
reducing the toxicity of the solution so much that it aeted
even more effectively as a stimuilating agent, Large pieces
of glass had little effect,while pieces of medium size for
some reason seemed,from the result,to have increased the
toxic effect of the solution,

Penieillium grew slowly,and as an usual rule,
did not form a continuous stroma over the surface, Recause
of its more thrifty habits and more rapid zrowth,Aspergillus
niger was used in the subsequent exreriments, H,S0,wass also
substituted for Gusoqas it gave less precipitate,thus
insuring greater accuracy in results,

In one experiment it was thought desirable
to test widely differing absorbing surfaces, Porous plates
and window class of the same thickness were obtained,and
pieces two inches square cut from each, These were welghed
to ascertain the amounts of each it should be necesszary to
add in order that equal surfaces would be offered,

The following table gives the results obtained-






- 11 -

IT,- Aspergillus niger in Beet decoctions,-
Insoluble subst. H,S0, Control
n/8 n/lé n/32 nfé4 n/l128
Pottery(22.26grms) .0444 ,0786 ,0966 ,1081 ,1008
Glass(12.47 grms) .0080 ,1142 ,1206 ,170%7 .1465
None .0014 ,14892 ,1371 ,1628 ,1493
None . 15688

The growths obtained in solutions containing
pottery,&hen considered by themselves show a gradual in-
crease which reaches s maximum at n/8s4 , with a slight
irregularity in the decogtion4-the toxic agent,the same
thing is true of the other two. It is at n/8 with pottery
and glass,and at n/84 with glass that growth exceeded
that produced in solutions in which no insoluble substances
were present, These then,in this experiment ,mark the places
at whiech insoluble substances were most effective, Pottery
showed 2n injurious effeect,2s will be more fully trneated
later,yet even under such unfavorable conditions,growth
showed a gradual increase and a decline wholly comparable
with that in decoctions to which QJSQ$had been added,

ITY,- Aspergilius niger in Beet decoction,- '

Insoluble subst. H,S0, Control,
n/8 n/l6 n/32 n/64 n/128
Pottery(22,26 grms).0800 .,1189 ,1307 ,1439 ,1548
Glass(12.47 grms) ,0885 ,1732 ,1939 ,1802 ,1836

None ,1028 ,1506 ,15639 ,1859 ,1932
None _ _ - _ _ .1668
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Results obtained in the repetition of the previous ex-
reriment are more satisfactory,though they do not agree in
all partieunlars, Here again,growth in the cultures contain-
ing pottery did not in any instance @qual that in decoction
+H,80,. There was a gradual increase from n/8 to n/izs,
cultures containing glass showed ghreatest prowth at n/sz2 ,
pyizs in decoction H,80, gave ,1932 grms.dry weight , n/32
in the solution to which glass was added gave ,1932 grms,

To produce the same growth,the solutions mast have been of
practically the same coneentration,a condition,in this case,
produced by the glass., Concentrations of n/84 and n/128

‘ gave,with slight irrezularity,the characteristic decline
which approached growth in the control,

These results may also serve as an illustration
of the general effects of toxic agents, When the toxie
solution is too concentrated,suppression of growth results,
As the concentration is reduced,growth gradually approaches
that of the control., PFurther dilution weakens the solution
to such an extent that the toxie agent becomes an agent of
growth acceleration., As dilution is continued,the toxie
agent becomes so much weskened that it loses its effect and
growth approaches that of the control. The above experimemnt
shows that reduction of the toxie agent may be brought
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about in two ways.-either by dilution with the medium,or
by the introduction of insoluble substances,

To determine the cause of the results obtaineal
by usingz vottery as an sgent of dilution,a third series was
set up. In two sets of bottles,the usual weight of pottery
was placed,and the solutions noured over it. 1In set two of
the above,however,the solutions were transferred to other
bottles econtaining no pottery., This was to determine

whether or not there were soluble substances in the nottery.

The resulte were as follows:-
IV, - Aspergillus Niger in Bouillon,-
Insoluble subst, HlsQ*
n/8 n/lié n/s2
Pottery(12.,47grms) .0072 0694 ,04838
Poured from Pottery 0071 ,08F0 ,0467
None- .0880 ,0791 ,071H
Growth in the presence of pottery,and in the
solutions noured from pottery were practically the same,
herice it was just to conclude that the solutions were the
same, The same depressed Jrowth again resulted,so it may
be concluded without a doubt that this depression was due
to some injurious soluble substance which came from the
pottery,
In the next experiment,the absorptive power of fine

and of coarse sand was compared with that of fine and of
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coarse glass,

V. - Aspergilus Miger 1in Beet decoction,-~

Insol.subst, H‘SO9‘. Control,

(10 grms) . n/4a n/8 n/1é6 n/32 n/62 n/ies

Fine sand 1507 .2144 ,2133 2204 ,1900 ,.2073

Coarse sand None ,2120 ,2081 ,2148 ,1985 ,1692

Tine glass - «1374 ,1466 ,1802 ,1507 ,1582

Coarse glass " .1328 ,1427 ,1894 ,.1553 ,1601

None . .1837 .1633 ,1530 ,1448 ,1588

None _ _ _ - _ .1669

VI:~ Aspergillus niger 1in Beet Decoction,-

Insol.Subst. - H S04 Control.
(10 grms) nfa n/8 n/i6 n/32

Fine sand .1480 ,1871 .2032 .2141

Coarse sand .0434 ,1768 .2187 ,.2844

Fine glass None .0620 ,1B76 ,1813

Coarse glass o .0487 ,1644 ,1668

None . .0089 ,1199 ,1800

None - .1669

In series V., both fine and coarse sand showed

themselves to be geod absorptive surfaces,the fine sand

being the more effectime., This proverty may well be attrib-
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uted to the greater surface area offered. The presence of
the fine sand in the n/4 solution gave a growth nearly

the same as that of the econtrol., The maximum point of
accelerated growth was reached at n/?z , and was followed
by a marked decline in n/84 and n/128. With fine glass
also,maximum growth was at n/s2, while cultures containing
coarse glass seemed to reach their maximum at n/128 . The
effest of fine and of coarse sand,in series VI. was especial-
ly marked in the n/4 solution. As a whole,this series
was not as uniform as seriés V. It showed the common
tendency of a gradual inoreasq in growth which,judging from
the previous series would have reached a maximm near the
n/s2 concentration,

VII.-Aspergillus niger in Bouillon,-
Insol,.Subst, H,80,. | Control.
n/4 n/8 n/ié n/32 nf84 1n/i28

20 grms.sand .1641 ,1733 ,1649 ,0998 ,0998 ,0820

10 » » .1606 ,1797 ,1326 ,1081 ,000€ ,0894

5 . * .1048 ,1766 ,1014 ,.0963 ,1181 ,0704

None None ,1049 ,1006 .0986 ,0789 ,0885

None _ 0794
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VIII.- Aspergillus nigsr in Beet Decootion,-

Insol,Subst. H,80,- Control.
n/4 n/8 n/i8 n/32
20 grms,sand .2808 .2084 ,2497 ,20646
10 o " .1094 ,23827 ,2288 ,2782
5 o o None ,1420 ,.2328 2397
None . .0824 ,0811 ,.2207
None .18583

A compariBson of the results of series made in beet
decoction and in pouillon showed that growth in the former
was always greater than in the latter, There was zlways a
shifting of the maxirum growth towards the stronger solu-
tions when bouillon was used. This was very evident in the
two preeeeding tables,bouillon ziving a maximum growth
at n/8 ,beet decoction at n/32. The presence of twenty
grams and of ten grams of sand in n/4 of series VII. gave
a growth nearly twice that obtained in the eontrol. In
series VIIT,growth in the n/4 solution to whii.igyenty
grams of sand were added,vas greater than that in the

decoction+H, S0, at n/32,






IX,- Asperg

Insol,Subst,

2 grms.filter
paper

1l grm.filter
paper

2 grms sand
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illus niger in Rouillon.-

H SO Control,

n/4 n/8 n/lé n/s2 n/é4 n/le8

.0084 ,0978 ,0841 ,0876 ,0865 .0852

.0179 .1018 .0885 ,0898 .0718 ,0627

.0364 .1638 ,126%7 ,0821 ,0764 b ¢

1 grm.sand .0124 ,1189 ,.,1142 ,0844 ,0708 X
None .0946 ,1012 ,0721 .0879 ,0891
None e e o _.0666
x = Contaminated.
X.-~ Aspergillus Niger 1in Beet Deecootion,-
Insol,Subst, HXSO#. Control.
| n/4 n/8 n/ié n/32
2 grms filter
parer Nohe ,0239 ,2048 , ,2030
1l grm filter
paper . .0864 .1999 . 2218
2grms. sand " .1186 .2380 .2692 -
1 g™ sand " .18056 1734 . 2468
None " .0608 ,1872 .2318
None _ _ _ _ . 2308

The results.of series IX,were interesting
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for several reasons, Maximum growth was obtained at n/s
where insoluble substances were present,and at n/16 in
their absence., In the higher concentrations,one gram of
filter paper proved more effective than two grams, The
converse was true with regard to the sand, A repetition
of series IX,the results of which are regorded under table
X.strengthen statements made with regard to series IX., 1In
two csses out of three,one gram of filter paper was mere
effective than two grams, In two cases out of three,again
two grams of sand proved an effective dilution agent,
Weight for weight comparisony of the two was not possible
owing to peculiar properties exhibited by the two decoetions.

In conclusion,it may be said that insoluble
substances act as agents of dilution or of absorption
removing in some way toxic molecules or ions, This effect
is most noticeable in solutions of high concentration,
usually n/B,and in solutions giwving maximum growth,-_.n/sz
or n/e4,

A toxic solution gives greatest growth at n/iza. On
the addition of a sufficient amount of an effective insolu-
ble substance,greatest growth is obtained at n/%z }or n/B4.
Such results lead to the conclusion thgt the immediate

effect of the presence of insoluble substances is to move
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the region of growth from one of lower to one of higher

concentration,

0f the insoluble substances used,sand proved
the most effective diluting agent ; glass was somewhat
effective when of medium fineness,but large pieces showed
little or no effect. Powdered zlass is undesirable since
in such a finely divided state it is known to be soluble
to a considerable extent, Although filter paper was effec-
tive in some instances,its peculiar effect will be a prob-
lem for further investipation., Potterpy has been previously
ruled out as harmful,

Reet decoction is the better medium,
Bouillon is not so favorable on account of the facts which
are to be found in some of the tables given,

The results of these experiments confirm
conclusions drawn by NEgeli,Daudeno and True and Oglevee,
namely,that the presence of insoluble substances inutoxic
solutions reduces the toxiecity of such solutions, True and
Oglevee found filter paper to be more effective than sand.
Presgnt evidence is to the contrary. PFungus forms as test
objects are undoubtedly more desirable than the seedlings
used by the above experimenters,as the growth in each cul-

ture is an aceurate snd delicate response to the eonditions






under which it was produced.

It is a fact worth noting that two such
mitrient media as beet decoction and beef bouillon have
such different effects upon the same fungus form, When the
toxic zgent is added,it also is found to be affected differs
ently in the two media as is indicated by reference to the
tables, In future work, just such variations may be exneeo-

ted unless the eame medium is used throughout,
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