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 L.—THE OXIDATION OF SULPHUR IN SUSPENSIONS OF
ACTIVATED SLUDGE AND ITS INFLUENCE ON THE SOLU-
BILISATION OF MINERAL PHOSPHATES.

By C. V. Ramaswams Ayyar, T. S. S. Pevimal and Roland
V. Norwvis.

In recent years much work has been done to render the insoluble
mineral phosphates available for plant nutrition. A number of methods
have been devised for this purpose and of these, the one developed by
Lipman and his associates (Sodl Sci., 1915-1923) in America has given
the most encouraging results. It consists in composting raw phosphate
with sulphur and soil under carefully controlled conditions of moisture
and aeration, when the sulphuric acid produced by the biological oxida-
tion of the sulphur acts upon the phosphate and renders it soluble.
The amount of * available ' phosphate thus obtained being quite consi-
derable, the application of this process warrants extended trial in agri-
cultural practice. . .

Very little attention has been paid to utilising the large deposits
of high grade mineral phosphates found in India, though useful work
has been done by Hutchinson (Agric. /. India, 1924, 19, 4) and by
Sivan (Mem. Dept. Agric. in India, Chemisiry Series, 1925, T, 145)
who have studied the problem from two different aspects. The former
investigated the solubilisation of mineral phosphate in culture media
by pure strains of sulphur-oxidising organisms and observed that 89
per cent. of the total phosphate became soluble in less than 10 weeks.
Sivan examined the influence of decomposing green manure on the
solubilisation of mineral phosphatesin paddy soil and noticed a gradual
production of ‘ available " phosphate both in the'laboratory and the field
experiments. These results only emphasise the necessity for more
extended investigations of the problem by other-methods also.

One of such methods consists in the utilisation of activated sludge,
which is rich in oxidising bacteria, and was also found to contain
organisms capable of oxidising sulphurrapidly to sulphuric acid ; it was
therefore considered to be an excellent medium for effecting solubilisa-
tion of insoluble phosphates in presence of sulphur and the necessary
supply of air.

Experiments showed that under such conditions considerable aci-
dity soon developed and resulted in a marked selection of the micro-
flora, most organisms other than the sulphur oxidisers being eliminated.
This observation led to the study of the influence of this reaction, under
various conditions, on the solubilisation of pure tricalcium phosphate

£ .-
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and the mineral phosphate obtained from Trichinopoly ‘deposits con-
talning 44 per cent. and 26 per cent. of total P,Os respectively in the
insoluble condition.

EXPERIMENTAL.

Suspensions of activated sludge containing varying amounts of
sulphur, phosphates and other mineral salts, as indicated in the follow-
ing scheme, were aerated vigorously with compressed air for about
twelve weeks; samples were taken at weekly intervals, and their
titratable acidity, water-soluble phosphates and sulphates along with P
determined. To 100 c.c. lots of a 15 per cent. suspension of activated
sludge were added the phosphates (1 gm.), flowers of sulphur (5 gms.)
and in those cases where certain salts were used, 0'025 gm. of the salt in
question, these mixtures being aerated in jars, using compressed air.

The scheme of experiments involved the tollowing series ;-—

Activated sludge only.
" s»  with 5 gms. sulphur.

l
2

3 ” " »w 1 gm. tricalcium phosphate.

4. ' . »» 1 gm. mineral phosphate.

5. ” "y 1 Cag (PO4)2 and Su]phur.

6. " v »» Mineral phosphate and sulphur.

7 ” 3] " ) )y ) MnSO,‘.

8 3y s " ”» yy " FeS()‘.

9- Y] 'y K] vy 1) "y AIZ (SO4)3'

Water-soluble phosphoric acid was determined by the volumetric
method according to A. O. A. C. methods (1925, 3). Water-soluble
sulphate was estimated by the usual gravimetric method of precipitation
with barium chloride. Acidity or alkalinity was estimated by boiling
the solution for 5 minutes to remove carbon dioxide and titrating with
methyl-red as indicator using A/s50 sodium hydroxide or sulphuric
acid, the results being expressed for 100 c.c. of solution, in all cases.
Py values were determined colorimetrically by employing Clark and
ubs (/. Bact., 1917, 2, 100, 191) series of indicators using the colour
standards prepared after the method recommended by Medalia (/. Bact.,
1920, §, 441 ; 1922, 7, 589), for comparison.

The Py values obtained are represented graphically in Fig. I. A
study of these curves will show that treatment with sulphur has pro-
duced marked acidity..

The series without sulphur was characterised by a more or less
constant P, which in the sulphur series without added phosphate fell
to 1°6.  The curves thus arrange themselves in two groups, (1) controls
without sulphur and (2) those containing sulphur with or without added
phosphates. It will be clearly seen that in the former the P, remained

Y. YA
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in the range 7°8 to 6'0 and it may be noted that this is the range in
which nitrification proceeds most vigorously (Ranganathan and Norris,
This Journal, 1927, 104, 114).

In the sulphur series without added phosphates the acidity increas-
ed to a Py of 1°6 and nitrification was inhibited ; there was thus an
accumulation of ammonia which was fixed as ammonium sulphate.
This rise in acidity naturally had a marked influence on the bacterial
flora and only a few limited types were able to survive,

In the presence of pure tricalcium phosphate, a buffer action was
noticed, the Py remaining at about 46 and more phosphate being
steadily dissolved as further acid was produced. The course of events
was not quite the same when mineral phosphate was employed. In this
case there were two stages at which the buffer action became notice-
able, one at Py 5°8 and the other at 4°9.  The first might be traced to
the temporary influence of the calcium carbonate present as impurity.
Subsequently the real buffer effect due to the phosphate was ex-
perienced. This buffer effect naturally did not persist indefinitely
and it will be noticed that in the series to which manganous sulphate,
ferrous sulphate and aluminium sulphate were added the Py values
were 180, 1'95 and 1'86 respectively after 16 to 20 weeks of aeration
with a corresponding increase of water-soluble phosphate and sulphate.
The chemical changes involved might be presumed to bg of the normal
type resulting in the continuous production of .sulphurlc acid and the
action of this on the tricalcium phosphate leading to the production of
di- and monocalcium phosphates, or even in extreme cases to the
accumulation of free acid. This alone would explain such a fall in
P, shown by the crude phosphate series with sulphur and salts.

TABLE L
Titvatable Acidity in 100 cc.; Acidity ( + ), Alkalinity ( — ).

. [ i Sludge + | Sludge 4+ | Sludge 4
Time blu?ge bslﬁ?ggu-: , éiud(%%_g I Mineral S + S+ M%neral
only P | T s 'ti phosphate { Ca, (PO,), | phosphate
o | Sy | S | S | S
. . —96 —_ . _— . — > —_— . ! —1 .2
Altgfeilémmg — &8 4+ 08 | — 60 — 148 - 12 | - 68
3 Woeks — 36 + 40 — 60 — 14'0 + 12 i - 12
3 — 36 + 112 — 52 —12:0 + 28 + 08
: — 36 4 424 — 43 110 + 12
5 —36 | + 640 — 38 - 100 l + 36 + 12
g ~36 | 41384 — 36 - 90 | + 16
7 " —36 | 41478 — 36 — 90 | 4+ 54 + 16
g ~36 | 41700 - 32 — 80 | +16 + 86
s ~36 | .. — 32 ~ 80 | 4120 + 86
16 " — 36 | 41828 - 32 - 80 | 4120 + 86
0 “36 | o6 | - 32 - 80 | 4120 + 86
" ! {
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T'he titratable acidity produced is shown in Table I. The initial
reaction was usually alkaline in all cases and it is to be noted that the
titration figures for series 1, 3 and 4 exhibited relatively little change,

whereas the in_m_)duction of sulphur led to a progressive development 350, Y3
in titratable acidity up to the final analysis. T'here has, in fact, been 1g.11.
an increase from an initial alkalinity equivalent to 6°8 c.c of N/s50 (/VON - Cata'[\yst Ser’e S)

sulphuric acid to an acidity equivalent to 2016 c.c of V/so sodium
hydroxide. It1s cafe to assume therefore that, in a medium «uch as : 1&2 Wa l’er Soluble }32 0
5

activa%ed sludge, f(:ltir\y well supplicd as it is with nitrogen and S 300F

phosphate compounds, sulphur-oxidising organisms multiply sufficiently

to convert an appreciable amount of su?pht?r into SLIl[)hUi‘liC>21Cid. Witl)) S Jt-o 5 Wa Ler Soluble 504

addition of the phosphate, even though there was a general production S

of acid as indicated by the formation of water-soluble sulphates =

shown in Figs. Il and Il given later, there was Jittle development 250

of free acidity, however, the acid as produced being utilised for the S

production of soluble phosphate. +
Solubilisation of the phosphate was much less marked in the case (?)

of impure phosphate, for the impurities present, viz., 17 to 18 per cent. o 200

of calcium carbonate and 5 per cent. of iron and alumina, consumed I

the acid developed, thus reducing to a minimum the amount of acid o

available for action on the phosphate.  In ather words, no acid would QY

be available for the production of soluble phosphate in such cases until e 150

all the @n}puritie§ were neutralised. This doubtless explains the slow
availability of mineral phosphates when used as manure.

The water-soluble phosphoric acid found in the different mixtures
with and without salts is recorded in Figs. IT and IIL. It will be
noted that the amount of water-soluble phosphate increased in all those
mixtures which had received additions of both sulphur and phosphates;
but the increase in the mineral phosphate series without salt did not
reach the same value as when pure tricalcium phosphate was used, for
the reasons already explained.

Milligrams o
S

16
S

It was also found that only slow production of soluble phosphate
(in the range I to 4 mgms. per 100 c.c.) took place in the non-sulphur
series where vigorous nitrification proceeded, and supports the view
that the nitrification process had but little influence on the solubilisation Lt
of phosphates. This confirms the observations of Ames and Richmond 0 1 2 3 4 5 6 7 3] 9 10
(Soél Sci., 1918, 6, 351) who emphasise the fact that nitrification will Time in k
have no effect on the solubility of mineral phosphate, or only acts to a weeks.
limited extent. :

As has been pointed out above, in the case of mineral phosphate
the production of water-soluble phosphate was low. The addition
however of certain salts such as manganous sulphate, ferrous sulphate
and aluminium‘sulphate in very small quantities increased the production
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of soluble phosphate from 22722 mgs. to 921, 610, 1212 mgs.
respectively, and as might be anticipated there was a corresponding
change in the P, of the solutions. The stimultating power of
manganous sulphate in biological precesses has been previously
established, and its influence on nitrification and ammonification studied
by Brown and Minges (Soz/ S¢i., 1916, 2, 67), Greaves (/éid., 443) and
others. Montanan (Staz. Sper. Agr. Ital., 1914, 417, 441) also found that
manganous salt greatly stimulated nitrification, the salts, in his opinion,
either directly or indirectly furnishing oxygen to the nitrifying organisins.
The influence of this compound in the oxidation of sulphur and the con-
sequent increase in water-soluble phosphate in that series may well be
similar.

Baudisch and Welo (/. Biol. Chem., 1924, 61, 261) hold the view
that the assumption of variable oxidation stages in the conversion of
ferrous to ferric iron does not explain the specific catalytic power of
iron salts, for when once the ferrous salt is converted into ferric the
re-conversion of ferric to ferrous iron requires considerable energy, so
that the possibility of ferrous salt acting as a continuous catalyst
appears to be out of the question. They explain the catalytic action
in biochemical processes to (1) the peculiar _power of divalent ferrous
iron to absorb oxygen from the air and link it co-ordinatively ; the
auxiliary valence forces being stronger it is able to draw various organic
and inorganic radicals or compounds into the inner sphere selectively :
(2) the formation of ferro-ferric complexes in the presence of air, and
(3) the oxidising power of the ferrous salt being enhanced by virtue of
this co-ordinative linkage of oxygen, this power being governed by the
concentration of each component of the mixture ferrous salt, carhon
dioxide and oxygen. Under the conditions of our experiment the for-
mation of such compounds appears quite possible, as evident from the
increased solubilisation of phosphate, .but f}lrther investigation is
required to elucidate the nature of the stimulation.

Aluminium sulphate (Devison, Soé/ Sci., 1922, 13, 81) and other
soluble salts of aluminium have been found to stimulate ammonifica-
tion but to inhibit nitrification, for the latter process is readily checked
in an acid medium. In view of the fact that the hydrolysis of the sy-
phate or chloride produces an acid medium it would be” expected that
the sulphur-oxidising organisms which readily tolerate acidity would
thrive at the expense of other less adaptable organisms. Consequently
it was not surprising to find that aluminium salts had a distinctly
stimulating effect on the oxidation of sulphur and in consequence on
the solubilisation of mineral phosphate.

The data for water-soluble sulphates produced in the various
series showed clearly to what extent the sulphur was oxidised at
different periods. It will be noted from Figs. II and I1] that there

2
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has been a rapid increase in the amount of culphur oxidised. Tt will
be seen further that in the case of activated sludge to which sulphur
and tricalcium phosphate were added, the oxidation of sulphur was
much more rapid than in the mixture containing sulphur without phos-
phate, the sulphate being increased by nearly 11 times. The increased
oxidation of sulphur in the phosphate series is probably due to two
reasons, the phosphate by serving as a food supply for the oxidising
organisms increasing therr multiplication and also tending to maintain
the reac¢tion of the medium at a favourable P,,.

Considering the ratio of the water-soluble phosphate produced to
the amount of sulphur oxidised and leaving out for the moment any
insoluble sulphates which have not been estimated, it will be seen that
in the pure phosphate series approximately two parts of soluble phos-
phoric acid (P,0;) have been produced by the oxidation of one part of
sulphur (227 mgs. PO, to 113 mgs. sulphur). In the mineral phos-

phate series, however, without catalysts the phosphate required nearly

four times its weight of sulphur (24 mgs. P,Os to 91 mgs. sulphur);
but in the presence of catalysts or salts used above, the proportion
becamc 1: 1. The influence of these salts on the oxidation process
and the solubilisation of mineral phosphate is thus very clearly
indicated. ’

SUMMARY.

1. The influence of sulphur-oxidation on the solubilisation of
mineral phosphate in an activated sludge medium under various con-
ditions is discussed.

2. In the sulphur series without a neutralising agent the P, fell
to 1'6 and there was a rapid production of titratable acidity. With the
introduction of tne phosphate, although there was a greater production
of acid, this was utilised for the production of soluble phosphate the
Py; remaining at about 4°6.

3. In the absence of catalysts, even though there was increased
sulphur oxidation, as indicated by the sulphate figures, there was not
a corresponding increase in the production of water-soluble phosphate ;
but with sulphates of manganese, iron and aluminium the solubility
rapidly increased. ‘

4. With the rapid oxidation of elemental sulphur there was an

accumulation of water-soluble sulphate. Generally the amount of
sulphur oxidised in relation to the water-soluble phosphate produced
was found to be in the ratio of 4 of sulphur to 1 of mineral phosphate.
The introduction of the catalysts reduced the ratio to 1: 1.

Department of Bio-Chemistry,
Indian Institute of Science,
[Accepted, 28-2-28]. . ) ‘ Bangalore.

- PART L—THE PROTEINS OF RAGI (ELEUSINE CORACANA):

ELEUSININ, THE ALCOHOL-SOLUBLE PROTEIN,

By Nuggehalli Narayana and Roland V. Noryis.

Ragi (Eleusine coracana), the staple cereal crop of the Mysore
State, forms the greater part of the diet of the lower classes in that
province. Its food-value is popularly supposed to equal that of wheat
and to be much higher than that of rice.  The proteins of this grain,
hitherto uninvestigated, therefore appeared to mert study. Ragi
contains from 1-1 to 1°7 per cent. of nitrogen or 6 to 11 per cent. crude
protein (N x 6°25), typical analyses of the dry grain being given helow
expressed as percentages. o,

: T e
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Analysis of Ragi: dvicd at 100°.

TABLE L

‘ f
| .l Crude protein*: de fb Carbohydrates
i Ash Ether extractives (N x 625) | Crude fibre (by diftarency)
| ] o o _
o . I '“
IS 2:78 182 | 690 327 8523
i I
n o 252 e | 983 3-54 82-50

In common with other cere:al grains a considerable proportion of
the protein consists of a prolamine, or alcohol-soluble protein which
may be given the name eleusinin. In the present paper a preliminary

" account is given of an examination of this substance.

Separation of Eleusinin.

The grain was finely ground and passed through a 30 mesh sieve.
The flour was then treated with three times its weight of 70 per cent.
alcohol and vigorously stirred by mechanical means for six to ten

hours. The extract was then filtered, yielding a clear, yellow liquor.

* True protein, 6:78 and 975,
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In the earlier experiments the prolamine was separated by concentrating
the extract at a temperature not exceeding 45° under reduced
pressure.  When the volume is reduced by about one-third precipita-
tion of the protein begins and is complete when about half the liquid
has been evaporated.  Separated in this way, however, the protein is
tough and leathery ; after being washed, dried, powdered and extracted
with ether toremove fatty material it was found to containonly 139
per cent. of nitrogen, and was therefore obviously impure. Moreover,
probably owing to denaturation, it is no longer soluble in 70 per cent.
alcohol and its further purification becomes a matter of difficulty.

A more convenient method of separation is to concentrate the
alcoholic extract under reduced pressure until the first signs of preci-
pitation are evident. The liquid is then filtered and poured slowly
with constant stirring into ten times its volume of distilled water. A
milky fluid results from which, on addition of a small quantity of an
electrolyte such as sodium chloride, the protein is readily precipitated
in flakes and being then easily soluble in 70 per cent. alcohol can be
purified by repeated solution and reprecipitation. The precipitated
protein is finally washed on a filter-funnel with large quantities of water
to remove the sodium chloride and dried in a desiccator over sulphuric
acid. The dry powder is then extracted in a Soxhlet with ether to
remove traces of fat and again dried, when the protein is obtained as a
greyish white powder containing on an average 159 per cent. of nitro-
gen. After treatmentin the above manner it is no longer soluble in
dilute alcohol. It gives positive reactions with the usual protein tests
and contains both tyrosine and tryptophan. It contains no phosphorus

however, and cystine is probably absent; but this point is receiving
further investigation.

1t is advisable not to prolong the preliminary extraction with 70 |

per cent. alcohol for more than ten hours: Otherwise denaturation
takes place and the protein is always precipitated in a leather-like
mass insoluble in dilute alcohol and therefore incapable of further
purification. For comparative purposes slight variations were made
from time to time in the method of preparation, e.g.,

(@) Direct extraction of the flour with cold 70 per cent. alcohol.
(6) Extraction at 50-60°.

() A preliminary extraction with 4 per cent. sodium chloride
for 12 hours followed by extraction with cold 70 per cent. alcohol.

(@) As in(c) but with the alcoholic extraction carried out at
50—60°,

93

All four methods have given a final product with much the same
degree of purity, the figures obtained by elementary analysis being as

follows :—

TABLE 1l
Composition of Eleusinin preparved by Different Methods.

Method of Prepa-

|

od of o l b ¢ d Mean Result
e a3 | 5387 53-56 5292 ) 5320

u RV 760 773 73| 735 -

N 1610 1598 1591 | 1565 1591

0 2393 I‘ 2253 2279 2409 2334

The nitrogen distribution was next determined in a mixed sample
by the Van Slyke method (/. Biol. Chem., 1911, 10, 15) as modifi-
ed by Plimmer (/. Biol. Chem., 1925, 10, 1004). Hydrolysis was effect-

ed by boiling 34 grams of the protein with 1wo c.
HC1 under a reflux condenser for.30 to 36 hours:
oluble residue is invariably left containing
g per cent. of the total nitrogen.

“longed digestion an ins
nitrogen equivalent to about 0:8-0°

TABLE IIL
Nitrogen Distribution in Eleusinin.
(Results expressed as percentages of total nitrogen).

c. of 20 per cent.
Even after a pro-

Sample L .o m Average
. Humin
Insoluble 085 o8 * 089 087
Soluble 0-25 0-29 031 028
Amide =1 1972 2097 2087 2052
Basic, comprising 571 623 5-87 5-93
Arginine 2:37 290 2:54 2:60
Histidine ¥ 252 2:76 260
Lysine . 0'55 081 0-57 064
Non-basic, comprising 71:86 70-52 71°11 ' 71'16
Awino 6931 6893| ° 688 | & 6903
Non-amino 2:55 1-59 2:26 2:13
' Total ...| 9830 98-89 | 9905 9876
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Vorume IX (A)—1926.
Part 1.—Contributions to the Scientific Study of the Lac Industry. Part Xi. Early

Recognition of Sex among Lac Insects, by S. Mahdihassan. Price, Rs. ¢..

Part 11.—Vegetable Oils Containing Glycerides of Erucic Acid, by J. J. Sudborough,
H. E. Watson and P. Ramaswami Ayyar. Price, Rs. 2-8.

Part 1I1.—The Production of Ether by Solid Catalysts, by 5. K. Kulkarni Jatkar and
H. E. Watson, Price, Rs. 3.

Part 1V.—The Constituents of Some Indian Essential Oils, Purt XVIil. Derivatives of
Abietic Acid, by Madyar Gopal Rau and John Liovel Simonsen. Price,
As, 8.

Part V.—The Fat from ¢ Salvadora Oleoides’ , Khakan Fat, by C. K. Patel . Nara-
yana Iyer, J. J. Sudborough andH.. E. Watson, Price, As. 1?

Part VI.—The Constituents of Some Indian Essential Oils.. Part XIX. The Essentiat
Oil from the Rhizomes of Kaempferia galangq, by Puthan Madhatbil
Bbaskara Panicker, B. Sanjiva Rao and Johu Lionel Simonsen. " Part
XX. The Essential Oil from the Rbizomes of Curcuma Asomatica
Salisb., by B. Sanijiva Rao, Vishnu Purushottam Shintre and John Lionel
Simonsen. Part XXI. The Esseatial Oil from the Wood of Erythroxylon
monogynum Roxb., by B. Sanjiva Rao Vishau Purushottam Shmtre and
John Lionel Simonsen. Price, As. 1

Part VII.—Reactions of Chromates at ngh Temperatures, Part II.. The 5yggm.

Ca0—Cr,05 ~— O, by K. 8 Nargund and H. E. Watson. Price, Re, 1

Part VIIL.—I. The Catalytic Hydrogenation of Carone, by Subramania Narayana im ’

. and John Lionel Simonsen, II. Conessine, by Darab Dinsha Kanga,
Panchanada Ramaswami Ayyar and John Llonel _Simonsen. Prien.
As. 8.

Part I1X. —Derivatives of Naphthaquinolines and Naphtha:soquinolmes. By Chaﬂu
Stanley Gibson, Kalvoi Venkatakrishna Hariharan, Kctt:azath Narayana
Menon and John Lionel Simonsen. Price, As, 12,

Part X.—1. Isomeric Phenylserines. [1. The Unstable Modification ‘of isoNitrosa:

camphor. 1L - d-Mannitol ‘from Gardenia Turgida, byM 0. Forster
and Keshaviah-Aswath Narain Rao.  Price, As. 12.

Vorume IX (B)-—1926

Part 1,...Doublc Syncbronous Speed Alternators, by K. P. Roy Pnce. Re. 1. .

Part II.~The Characteristics of Beam Travsmitting Aerials, by I. K.. Catterson»Smith
Price, Re. 1.

Part 111 —Aerial Testing, by J. K. Catterson-Smlth Price, Rs, 1-8. ‘ ." ‘

Past IV, —Circulating Currents in Wave-Wound Armatures, by F. N, Mowdawalh M

G. K. Pradhan. Price, Rs. 1.8

Part V.—Madras (Fort) Radio Field Inmnsity Mwsnremems gt Bugalore by K Sﬂr
nivasan, Price, Rs. 3 -

Voroue X (A)-—1927
part 1.—I. Some Reactions of Carone, by Kottiazath Nnrayana Menon and John Lionet

Simonsen. II. A Synthesis of Morindone, by Ramkanta Bhattachary( |

and John Liomel Simeusen. IIL. Derivatives of Aoenaphthpyﬁd‘!ne.
Part 1, by Snkttmaran Unn} Nair. and Joho qucl Simonson Price
As. 12, '

Part 11.—Ofls and Fats from the Seeds of Indian Forest Plams “Part VIIL  The Oif

4

from the Seeds of Zhevetia Neriifolia (Juss.) By Ramkanta Bhatta- -
charya and P. Ramaswami Ayyar. Part IX. The Oif from the Seeds of -

Cerbera Odollam (Gaertn). Part X. The Oil from the Seeds of

Holayrhena Antidysenlerica.  Part X1. The Oil from the Seeds of ,4,,”,

Sgnamosa (Linn.). By RamachandraVlslmu Ghanekazandl’ R&mlswami g

© Ayyar. Price,As.12.
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part 111.— Influence of the Sulphur Atom on Optical Rotatory Power. By . P. Shukla.
Price, As. 8.

Part 1V. ‘The Constitution of the Acid formed by the action of Sulphuric Acid on
Camphorquinone. By Madhav Balsji Bhagvatand John Lionel Sitnonsen.
Price, As. 8. ’

pPart V.—isoErucic Acid. By Tahilram Jethanand Mirchandani and John Lionel
Simonsen. Price, As. 8.

part VI.—Note on the Sorting, Classification and Briquetting of Chrome and Manganese
Ores. By K. R. Krishnaswami. Price, As. 8.

Part VI1. Esterification in Mixed Solvents. By B. V. Bhide and H. E. Watson. Price,
As. 8.

part ViIl.—Nitrogen-Fixation by * Azotobacter Chroococcum '. By S, Ranganathan and
Roland V. Norris. Price, Rs. 1-4.

Part 1X.—Studies in intensive Bacterial Oxidation. The Oxidation of Ammonia to
Nitric Acid, Parts I—1V. By Gilbert J. Fowler, Y. N. Kotwal, Roland
V. Norris, S. Ranganathan and M. B. Roy. Price, Re. 1.

part X.—7The Decomposition of Alkaline Earth Sulphates. By L. A, Bbattand H, E.
Watson. Price, As. 12.

VorLume X (B)—1927.

Part 1.— Tests on Suspension Insulators after Ten Years’ Service. By A. 8. Venkates-
waran and U. Ganguly. Price, Re. 1.

Part 11.—The Measurement of Voltage Gradient on a String of Suspension Insulators.
By G. Yoganandam and R. K. Sen. Price, Re. 1.

part 111.—Intensity Variations of Madras (Fort) Radio Station. By K. Sreenivasan.
Price, As. 8.

Part 1V.— Suspension Insulator Testing. Py G. Yoganandam. Price, As. 8.

Vorume XI (A)—1928.

Part I.—1. Studies on Invertase, Part 1. Preparation and Purification of the Enzyme.
By B. N. Sastri and Roland V. Norris. 1I. Note on a Simple Method for
concentrating Enzyme Solutions. By B. N. Sastri. Price, Re. 1.

Part I1.—The Bleaching of Lac. By M. Venugopalan. Price, As. 8.

part I11.—Contributions to the Study of .Spike-Disease of Sandal (Santalum Album,
Linn.). Part]. Diastatic Activity of the Leaves. By M. Sreenivasaya
and B. N. Sastri. Price, As. 12.

Part IV.—A Micro-Method for the Determination of Knzyme Activity. By B. N. Sastri

: and M. Sreenivasaya. Price, As. 12.

Part V.~ The Dieclectric Constants of Ammonia, Phosphine and Arsine, By H. E.
Watson. Price, Re. 1.

Part V1.—The Fermentation of Toddy and an Account of the Micro-Organisms producing
it. By M, Damodaran. Price, As. 12

Part Vii.—]. Estimation of lodine in Soils. By Roland V. Norris and D. A. Rama Rao.
1I. Carbohvdrate Changes during the Ripening of Plantains. By S.
Ranganathan (Junior). Price, As 12. : -

Part VIII,—1. The Oxidation of Sulphur in Suspensions of Activated Sludge and its
Influence on the Solubilisation of Mineral Phosphates. By C. v.
Ramaswami Ayyar, T. 8. 8. Perumal and Roland V. Norris. II. Studies .
in the Proteins of Indian Foodstuffs.  Part 1, The Proteins of Ragi
(KLleusine coracana) : Eleusinin, the Alcohol-Soluble Protein. By.j
Nuggehalli Narayana and Roland V. Norris. . Price, Re. 1. 9
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