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The isolation of pure cultures of nitrous and nitric fernients baffled for
a long time the efforts of many bacteriologists. It was reserved for
Winogradski' to offer a brilliant solution of the difficult problem, and to
demoustrate that the isolation of these organisms may he acconiplished
with comnparative ease where the proper cuiture methiods are emploved.
Our knowledge of such culture methods has Leen awmplified further by
Omelianski®* who has proposed the following culture solution for tle

preparation of crude cultures of the nitrous ferments :

Aminonium sulphate «oovvvirv i 2 gns
Sodium cliloride « v ovv e ine et v ini it 2
Potassium phosphate. ... ..ol I
Magnesium sulphate . ....vvevin i, o5
TFerric sulphate «veeevieiei et iviiinanas 0.1
Distilled water.co e ve e vere it tee i 1000 CC.

To each 100 cc. of this solution there is to be added 1 g, of magnes-
ium carbonate, which is to serve as the base for neutralizing the nitrous
and nitric acid formed in the oxidation of the ammonia,

The same solution has also been employed for tlie systematic study of
the nitrifying power of different soils, or of the same soil under different
conditions of treatment. Remy® who was the first to propose sucli system-
atic investigations of the varions bacteriological functions of soils inocu-
lated measnured portions of this culture solution, and by means of quali-
tative tests noted the rate at which thie ammonia reaction disappeared,
and the nitrite and nitrate reactions became 1nore intense. ‘T'he same, or
a similar procedure was followed by Wohltmanu, Fischer, aud Schneider,
and Ehrenberg’. Lohnis’ found the addition of magnesiuin carbonate
impracticable for the quantitative study of nitrification, because of the
very considerable losses of aminouia from the culture solutions. He
employed, instead, calcium carbonate with solutions containing only one
gm. of ammonium sulphate per liter.

It was noted in our own studies on the nitrifving power of various
soils that the ammonium sulphate culture solutions prepared according
to the directions of Omelianski, lost large quantities of amnmonia. In
order to secure more exact data as to the extent of tliese losses we pre-
pared one liter of the ammonium sulphate culture solution, and distrib-

1 Ann, inst. Pasteur., Vol. 4, 1890, No. 4; Ibid, vol. 5, 1891, No. 2.
? Centr. Bakt. Parasitenk., II, 5, 539, (1899).

3 1bid, 8, 637, (1902).

1Ibid, 12, 304, (1904).

? Landw, J., 33, 1, (1904).

¢ Centr. Bakt. Parasitenk., II, 13, 709, (1904).
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uted it in 100 cc. portions in round flat-bottomed Jena flasks. FEight of
the ten flasks were sterilized in the autoclave at two atmospheres of pres-
sure, while two were left unsterilized. Immediately after sterilization
aminonia determinations were made in two of the sterilized portions of
the solution, and likewise in the two unsterilized portions. The six
remaining portions were placed in the incubatorat 28° C.,and two of these
analysed for ammonia at the end of six days, twelve days and twenty-
four days, respectively. The following table shows the amount of am-
" monia found in each case:

NITROGEN AS AMMONIA IN THE CULTURE SOLUTIONS.

Tusterilized .. .. 43.43 .
Uusterilize 43.45 mg } Average 43.45 mg.

Analysed o ceee 43445

Imimediately Ster‘i‘lized:::::: g?fg ““ } « 3699
Alras o sy ma
Mavedays o LIIEB L L0 wwe
Attfx}éif}l']-(}o?fr days. o ;;gz ¢ } ” 17.44

The figures in this table show clearly that the losses of ammonia from
the Omelianski culture solutions may be very large. It is evident that
considerable amounts of it are lost during sterilization in the autoclave,
for we note that the sterilized portions contained, on the average, 36.09
mg. of nitrogen as against 43.45 mg. in the unsterilized portions. Fur-
ther losses of ammonia occurred in the sterilized portions, when they were
allowed to stand for louger or shorter intervals, Thus at the end of six
days the sterilized portions contained on the average 27.17 mg. of nitro-
gen ; at the end of twelve days 24.40 mg., and at the end of twentv-four
days ounly 17.44 mg. In other words, almost three-fifths of the entire
amount of ammonia present in the fresh culture solution were lost in the
course of twenty-four days.

Another series of culture solutions was prepared partly to check the
foregoing results and partly to furnish information as to the losses in
sterilized and inoculated solutions. ‘Twenty 100 cc. portions of the
Omelianski culture solution were prepared in the usual manner with the
single difference that calcium carbonate was used instead of magnesium
carbonate i1 ten of these portions. All but four of the tweunty portions
were sterilized in the autoclave, and ammonia determined in four of the
sterilized portions, as well as in the four unsterilized portions. The
following amounts of ammonia nitrogen were found :

Unsterilized Sterilized
{f No. 1—40.03 mg. No. 5—34.84 mg.
MgCO; { No. 3—40.20 MgCO; | No. 7—34.92
{ No. 2—41.07 ** No. 6—40.55 *
CaCo; I No. 4-—40.72 ¢ CaCO, {No. 8—40.37 ¢

We note here that in the portions supplied with magnesium carbonate
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there was a distinct loss in the sterilized solutions as compared with the
unsterilized portions. It seews, furthermore, that there was a slight
loss even in the unsterilized portions provided with maguesium carbon-
ate: for thie vields in culture solutions 1 and 3 were jo.03 mg. and
40.20 mg., respectively, as against 31.07 mg. and 40.72 mg. for the cor-
respounding solutions 2 and 4, where calcium carboiate was employed.
Moreover, the losses of ammonia from the sterilized portions supplied with
calcium carbonate were quite slight when compared with those in tlie
corresponding solutions supplied with magnesinm carbonate.

The remaining 12 sterilized portions of the culture solution were
placed in the incubator and four of them analysed at the end of six days,
four at the end of 12 days, and the last four at the cud of 235 days. Six
of these solutions were each inoculated after sterilization with 10 cc. of
soil infusion equivaleut to 5 gms. of soil. Tlie following amounts of
ammonia nitrogen, and, in the inoculated portions, also of nitrite and
nitrate nitrogen, were found in the several solutious.

Ix Six Davs.

Nitrite Nitrate
Ammonia Nitrogen. Average Nitrogen Nitrogen
.~ f Sterile— No. g—31.63mg. ) .
MgCO, Inocnlated — No. 11--19.64 nig. § 30.63 mg. 019 mg.  0.062 1g.
o 9 S g
oy S Sterile— No. 10~39.60mg. ., _. .
CaCO, 1 Inocnlated— No. 12—539.86 g, y39:75 Mg, 0.15 mg.  0.08g mg.

Comparing tlie amounts of nitrogen found at tlie end of six days with
those found in the corresponding fresh solitions, we note further losses.
The latter are greater in the portions containing magnesium carbonate,
and are slight, but noue the less distinct, inn the portions containing cal-
cium carbonate. In the inoculated culture solutions 11 and 12, small
quantities of nitrite nitrogen were already present at the end of six days.

Ix TwrLvE Davs.

Nitrite Nitrate
Ammonia Nitrogen. Average Nitrogeu, Nitrogen,
i Sterile— No. 13— 22,96 mg. )
MoCO, c 3 3 L2720 .
MgCO, { Inocuiated 15— 23.65 mg. T IME 606 mg. 0.078 mg.
{ Sterile— I4— 38.83 mg. |
< : 7.23 M.
CaCO; { Inoculated— 16-~ 35.64 mg. | 37.23 My .30 mg. 0,250 mg.

At the end of twelve days the losses in the maguesium carbonate solu-
tions had become much greater. Ouly 23.30 mg. of ammonia nitrogen
remained, on the average, in these solutions. The inoculated portion 15
showed scarcely any nitrite and nitrate, indicating thus that the process
of nitrification had not yet become active. In culture solutions 14 and
16, where calcinm carbonate was used, small but distinet losses occurred.
In the inoculated solution 16, tlie loss was greater than that in the cor-
responding uninoculated solution 14, a loss which was but partly ac-
counted for by the nitrite and nitrate nitrogen found. It should be noted
liere, also, that in the inoculated solution 16 tlie amounts of nitrite and



LOSSES OF AMMONIA 1361

nitrate nitrogen were 0.30 mg. and o0.25 mg., respectively, as against
0.15 mg. and 0.08¢ mg. in the corresponding solution 12 at the end of
twelve days. The nitrification process had evidently made some head-
way in the intervening six days, where calcium carbonate was used, but
not in the solutions where maguesium carbonate was used.

IN TwWENTVY-FIVE Davs,

Nitrite Nitrate
Ammonia Nitrogen. Nitrogen. Nitrogen.
No. 17 Sterile — 18.64 mg. 0.15 mg. 0,023 mg.
MgCO, { 19 Inoculated — 18.04 mg.
CacCo 18 Sterile— 335.56 1ng. 1.74 mg. 1.000 mg.
4 20 Inoculated — 22.32 mg.

A still further loss of annnonia occurred in solutions 17 and 19, con-
taining magnesium carbonate. The second of these, which was inocu-
lated with soil infusion, showed the greater loss without corresponding
increase in the amount of nitrite and nitrate nitrogen. On the other
hand, tlie solutions containing calcinm carbonate not only suffered smaller
losses of ammionia, but sliowed active nitrification in the inoculated por-
tion. We note, thus, tliat at the end of twenty-five days the magnesium
carbonate solutions had lost cousiderably niore than one half of the am-
monia nitrogen which they originally contained. whereas the calcium
carbonate solutions lost scarcely more than one-eighth of the initial
amount. In the inoculated portion, supplied with calcium carbonate,
the amount of ammonia nitrogen found at the end of twenty-five days
was only 22.52 ng., as compared with the 35.56 mg. found in the corres-
ponding sterile portion. We find, at the same time, that a portion of the
ammouia nitrogen which had disappeared from the inoculated portion
had been converted into nitrite and nitrate nitrogen to the amount of
1.74 mg. aud t.co mg. respectively. The quantity of nitrite and nitrate
nitrogen thus recovered is not sufficient to account for the greater loss of
ammonia from the inoculated solution. The discrepancy observed here
wonld teud to support the claim made by Godlewski' aud others that
gaseous nitrogen may be liberated in the nitrification of ammonia. God-
lewski attributes this loss not to the respiration processes of the bacteria
themselves, but to the reaction between nitrous acid and ammonia.

NH, + HNO, = 2H,0 + N,,.

It is to be added here that the formation of nitrite and nitrate may
proceed simultaneously even where large quautities of ammonia are still
present in the culture solution. Winogradski and Omelianski point out?
that the nitrate ferments are very susceptible to ammonia and do not
show any appreciable activity until nearly all of it had been converted
into nitrite. Their results were secured with solutions containing mag-

! Centr. Bakt. Parasiter.lk., 11, 2, 438, (1896).
* Ibid, 5, 439, (1899).
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uesiwut carbonate, aud find strong support in observations made else-
where. Where calcium carbonate iustead of maguesium carbonate is
present in tlie culture solitions, the process of uitrification is wmodified,
and the presence of unoxidized annmonia does not seem to inhibit the
development of the unitric feriments. TUnder actual soil conditions the
formation of uitrites and nitrates nay not only occur at the samne time,
but tie nitrites may be oxidized as fast as they are formed, and the activ-
ity of the nitrous ferments may thus be councealed. It should be uoted
here, however, that organisms may exist in the soil, which have the
power of converting animnonia directly into nitrate withont the internie-
diate formation of nitrites. Such, at least, is the claim made by Kase-
rer,’ and there are observations made by others, which would lend sup-
port to this claim.

NEW JURSEY LNPURIME \ T STATIONS,
New Brunswick, X, J.

THE FLUORINE CONTENT OF MALT LIQUORS.

By A, G. WoOODMAN AND H. P, Tarsor.
Received Inly 3d, 1907,

In a previous paper’ the authors ontlined a method for the approxinate
estimation of fluorides wlen present in minute quautities, such as might
occur in food products. At that time the hope was expressed that it
miglit be possible to examine by means of the method, various classes of
food prodicts with a view to determining the limiting valies for their
fluorine content. For obvious reasons, malt liquors seemed excellent
material for beginning such an investigation, and it is tlie purpose of the
present paper to sumnarize the results obtained in the examination of a
number of the brands of malt liquor on the market, as well as the
materials used in brewing.

Method. —The method used was similar to that already described, ex-
cept that on account of the large amouuts of carbouic acid in the beers,
it was found necessary in every case to add a somewhat greater quantity
of barium acetate, enough being used to eusure an excess in the filtrate
fromn the barium sulphate and fluoride. For the same reason more sul-
phuric acid (3-4 cubic centimeters instead of 2-3 as previously directed)
is necessary during the etching. An insufficient amount of either of
these would occasion negative results, even if au appreciable amount of
fluioride were present.

In extracting the fluoride from alts and barleys it was found inad-
visable to grind the sample and extract with hot water, as would be done
in the brewery operation of mashing, because the large amount of sugary
and starchy matters extracted interfere with the subsequent precipitation

of the fluoride. Satisfactory results were obtained in the case of malt by
! Centr, Bakt,, Parasitenk., II, 16, 681 and 769 (1906).
?’This Journal, 28, 1437, (1906).



