
258 HATTON ON THE OXIDATION OF 

XL1.-On the Oxidation of Orgcrnic Matter in Water b y  Filtration throtiyh 
various dledia ; and On the R e d u c t i o n  of Nitrates b y  Hewage, h'pongy 
I r o n ,  and other Agents. 

By FRANK HATTON. 

IN a paper read by Dr. Frankland to  the Chemical Society (Chetnical  
Society 's  Journal, July, ISSO), the question of oxidation of organic 
matter in water was treated of a t  length. Dr. Frankland showed 
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ORGANIC MATTER IN WATER, ETC. 259 

that the alleged self-purification of rivers by flow, was to be accounted 
for  by other reasons than those advanced in a paper by Dr. Tidy 
(Chem. Xoc. Journal, May, 1880). In one instance in which the 
Thames was referred to as an example of oxidation by flow, Dr. 
Frankland says :-“ For several miles above Hampton, the Thames 
runs through a vast deposit of flint-gravel and sand, which sops up 
its water like an immense sponge, restoring i t  again to the river, 
either near the place of absorption, after floods, or below the next 
lock in dry weather. Thus vast volumes of Thames water are purified 
by this exhaustive filtration through gravel and sand, that is to say, by 
oxidation in a porous medium, which I have again and again shown 
to be the most potent agency in nature for the removal of organic 
matter in water.” 

Bearing in mind the previous experiments on the oxidation of 
organic matter in water by filtration through various media (published 
in the Sixth Report of the Rivers Pollution Commissioners), I have 
investigated the influence of intermittent filtration through sand on 
animal and vegetable matters dissolved in water. The reduction of 
nitrates by sewage and other agents, and the influence of filtration 
through spongy iron on animal and vegetable matters in water, were 
also subjects of my investigation. 

The inquiry divides itself therefore into three heads, which may be 
stated thus : 

1. On the influence of intermittent filtration, through sand, on 
animal and vegetable matters dissolved in water. 

2. On the reduction of nitrates by sewage and other agents. 
3. On the influence of filtration through spongy iron on animal and 

vegetable matters dissolved in ~ a t e r .  
Throughout the whole of these experiments, wherever practicable, 

estimations of the amount of dissolved atmospheric air contained in 
the water or mixture experimented upon, have been made. The 
method employed for these observations was that recommended by 
Miller in his “ Organic Chemistry.” 

1. The Influence of ITztennittent Filtration throuyh Sand on Animal and 
Vegetable Matters dissolved in Water. 

For the purpose of studying this branch of my subject, a glass tube, 
14 feet long and 3+ inches in diameter, was fixed in a vertical position 
and 12 feet of the whole length was filled with sand. At the foot of 
the tube a smaller glass tube was let in for the purpose of allowing 
the water to filter through, drop by drop. To filter four litres of 
water took a whole day, the sand and apparatus being repeatedly 
washed with distilled water, until the filtered water contained no 

s 2  

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
81

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Fi
nd

la
y 

on
 2

3/
10

/2
01

4 
20

:5
3:

06
. 

View Article Online

http://dx.doi.org/10.1039/ct8813900258


260 HATTON ON THE OXIDATION OF 

estimable amount of organic impurity, and no nitrogen as nitrates or 
nitrites. 

For estimation of dissolved atmospheric air after filtration, the 
sample, with the exception of the first experiment, was always col- 
lected directly from the tube into a bottle filled with mercury and 
standing inverted in a mercury trough. 

For the first experiment a sample of natural peaty water was diluted 
with its own volume of distilled water and filtered through 96 feet of 
sand. This experiment occupied eight days, the water being passed 
through once daily. 

The following were the results obtained :- 
Dissolved atmospheric air before $filtration. 
From 345 C.C. of water (345 C.C. being the capacity of the bulb em- 

ployed for boiling out) 6.9367 C.C. of air were obtained, which corre- 
sponds to 20.106 C.C. air per 1000 C.C. of water. 

The percentage composition of the gases from analyzis was : 

Parts per 100,000. 
CO, .... 1.98 Organic carbon . . . . . . . . . .  2.912 
0 . . . . . .  31.96 Organic nitrogen . . . . . . . .  0.167 
N . . . . . .  66.05 N as nitrates and nitrites.. O*OOO 

-- 
99.99 

A.fter $Ztratiom through 96 feet of sand an analjsis of dissolved 

Volume of air from 345 C.C. of the water 7.7920, or 22.58 C.C. per 

The percentage composition was :- 

atmospheric air gave the following figures :- 

1000 C.C. water. 

Parts per 100,000. 
CO, . . . .  6.55 Organic carbon . . . . . . . . . .  1.385 
0 . . . . . .  31.53 Organic nitrogen . . . . . . .  0.144 
N . . . . . .  61.92 N as nitrates and nitrites.. 0.007 -- 

100~00 

It will be observed from these results that the decrease of organic 
carbon by filtration through 56 feet of sand is 1.527, or 0.00015 per 
cent . 

The organic nitrogen decreased 0.023, or 0.0023 per cent. 
The increase in nitrogen as nitrates and nitrites was only 0.007. 
The CO, in the dissolved air increased 4.56 per cent., and the 

water became asrated, 3.04 C.C. per 1000 C.C. of the water used. 
These results show that the organic nitrogen of peat is very little 

affected by filtration through sand, and that a peaty water would have 
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ORGANIC MATTER I N  WATER, ETC. 261 

to  filter through immense depths of porous material, before all the 
nitrogenous matters would be converted into their inorganic repre- 
sentatives. 

The next experiment was made with a view to  ascertain whether 
the presence of a nitrifying agent in ths water would determine the 
nitrification of the peat;. It was made with the same peaty water, but 
with the addition of some stale urine. The mixture contained 12 litres 
peaty water, 1+ litres distilled water, and 2.5 C.C. of stale urine. This 
mixture gave the following results :- 

An analysis of dissolved atmospheric air showed that the mixture 
contained 7.3917 C.C. of air per 345 C.C. water, or 21.42 C.C. air per 
litre of the mixture. 

Percentage composition of the gases :- 
Parts per 100,OOO. 

C 0 2  . . . .  10.07 Organic carbon.. ........ 5*4& 
0 . . . . . .  30.09 Organic nitrogen ........ 1.353 
N . . . . . .  59-84 n as nitrates and nitrites.. 0.007 

100~00 

This mixture was then passed through the sand eight times, and so 
filtered through 96 feet of porous material. 

After $filtration an estimation of dissolved atmospheric air gave 
7.3317 C.C. of air from 345 C.C. of the filtcred mixture ; or 2125 C.C. 
air per 1000 C.C. of the water. 

Percentage coinposition of the gases :- 
Parts per 100,000. 

CO? . . . .  7.56 Organic carbon . . . . . . . . . .  2.013 

N . . . . . .  61.54 N as nitrates-and nitrites.. 0.044 
0 ...... 30.90 Organic nitrogen . . . . . . . .  1.199 

-- 
100.00 

The temperature during the filtration of this last mixture was rather 
low (average from 16-5-18.5” C.). Suspecting that the organic 
nitrogen was converted into ammonia, another experiment was made 
with a stronger mixture of urine aud peaty water. 

This second mixture consisted of peaty water 2 litres, distilled water 
2 litres, and stale urine 5.0 C.C. 

An analysis of dissolved gases gave the following percentage com- 
position :- 

c02 . . . . . . . . . .  10.09 
0 . . . . . . . . . . . .  2919 
N . . . . . . . . . . . .  60.72 
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262 HATTON ON THE OXIDATION OF 

The volume of air from 345 C.C. was '7.4390, 
Or per 1000 C.C. of the water, 20.73 C.C. of air. 
The mixture also contained- 

Parts per 100,000. 
Organic carbon . . . . . . . . . . . . . . . .  8.003 

Nitrogen as nitrates end nitrites. . 0.027 
Ammonia .................... 0.088 

Organic nitrogen . . . . . . . . . . . . . .  1.457 

The experiment was performed under conditions similar to those of 
the previous one, but a t  a higher average temperature, the range 
being 20.0-26.0" C .  

The nitrogen as nitrates and nitrites was estimated daily after each 
filtration of 12 feet, so as t o  observe the increase in nitric nitrogen. 
These daily observations were made with a standard solution of indigo 
according to directions given by Warington. 

The following table shows the 1-esults. 

Daily increase of nitrogew as nitrates and nitrites, By filtration through 
Taken by the indigo 

Nitrogen aB 
nitrates and nitrites 

per 100,OOO. 
Before filtration. ........................... 0.027 
1st day after filtration through 12 feet of sand.. 0.027 
2nd 9 ,  ? 9  1 ,  24 7 3  . . 0-030 
3rd ,7 7 7  9 ,  36 7: . . 0.044 
4th 9 7  9 1  7 ,  48 1,  . . 0.072 
5th 7 ,  9 7  9,  60 7, . . 0.090 
6th 7, 7 7  9 ,  '/a 9 7  . . 0.150 
7th 9 7  7 7  7 7  84 9 9  . . 0-300 
8th 9 ,  3 ,  9 ,  96 9 1  . . 0-750 
9th ,, 7 7  1 ,  108 9 7  . . 1-152 

lCth ,, 1 9  9 ,  120 7 9  . . 1.204 

sand of a nzixtum of peaty water and urine. 
method. 

11th ,, ,) 132 7, . . 1.204 
9 ,  

After filtration of the mixture of peaty water and urine through 132 
feet of sand, analysis of dissolved atmospheric air gave the following 
results :- 

COz . . . . . . . . . .  11.46 
0 . . . . . . . . . . . .  21.62 
N . .  . . . . . . . . . .  66.92 

100*00 
-- 
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ORGANIC MATTER IN WATER, ETC. 263 

The volume of dissolved atmospheric air from 345 C.C. of the mix- 

Or per 1000 C.C. of the mixture, 20.73 C.C. of air. 
The mixture after filtration through 132 feet of sand also yielded 

ture, after filtration through 132 feet of sand, was 7.4547, 

on analysis the following results :- 

Organic carbon ................ 0 807 
Organic nitrogen .............. 0.164 
Nitrogen as nitrates and nitrites., 1.204 
Ammonia .................... 0.218 

From the previous analysis of the mixture of peat and distilled 
water given in the first of my experiments, I am enabled to arrive 
at the following data connected with the experiment now being con- 
sidered :- 

The organic carbon due to urine in this mixture was 5.091. 
The organic carbon due to peat was 2.912. 
The organic nitrogen due t o  urine, or animal organic nitrogen, 

The organic nitrogen due to peat or vegetable organic nitrogen, 

It will be seen that the total decrease in organic carbon was 7.196 

The total decrease of organic nitrogen 1.293 pts. per 100,000, 
The organic nitrogen left unoxidised during the filtration was 

0.164, or aJmost excrctly the amount of organic nitrogen due to 
peat. 

Prom an inspection of the results of the analysis of the first peaty 
water experiment, it will be seen that the results just stated are very 
easily arrived at. For instance, the organic nitrogen from a previous 
analysis of the same peaty mixture was 0.367. After the addition of 
the 5 C.C. of urine the organic nitrogen is increased to 1.437. There- 
fore by subtracting, this gives 0.167 pt. vegetable organic nitrogen, 
and 1290 pts. animal organic nitrogen per 100,000 pts. of the mixture. 
The total decrease in organic nitrogen was 1.293 pts. per 100,000 ; 
and subtracting this from the amount originally present, gives 0.164 
pt. per 100,000 of unoxidised organic nitrogen, the amount of 
vegetable organic nitrogen present before the filtration of the mixture 
being 0.167. 

It may therefore be concluded that animal organic matter is quickly 
oxidised by filtration through sand ; but that vegetable organic matter 
is not so quickly oxidised, and that peaty organic nitrogen, in the 
presence of animal organic matter, which is itself undergoing conver- 
sion into ultimate inorganic substances, does not, to any considerable 
extent, become converted into either ammonia or nitrates. 

1.290. 

0,167. 

pts. per 100,000. 
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264 HATTON ON THE OXIDATION OF 

The results obtained from the dissolved atmospheric air experiments 
are si'gnificant. The oxygen has decreased to the extent of 8.56 per 
cent., and the 430, has increased 1.37 per cent., while the general 
volume of dissolved air curiously enough harJ become but slightly 
altered. 

In  order t o  ascertain whether the results just stated applied also to  
other kinds of vegetable organic matter in water, a solution of rape 
cake, prepared by infusing rape cake in warm water. After it had 
digested a short time, the whole was filtered through linen. The 
extract was of a deep brown colour azid very frothy, giving off an 
unpleasant odour. This was diluted considerably, and the following 
experiments made with it :- 

The volume of dissolved atmospheric air, &c., from 350 C.C. was 
8.0189 or 22-20 C.C. of air per 1000 C.C. of the solution. 

This percentage composition of the air was- 
Parts per 100,000. 

CO, .... 22.78 Organic carbon .......... 6.532 
0 . . . . . .  23.63 Organic nitrogen . . . . . . . .  1.404 
N . . . . . .  53.59 N as nitrates and nitrites.. 0.035 

-- Ammonia .............. 0.066 
100~00 

The solution was then filtered nine times through the tube, making 
108 feet of sand in all. I The temperature average 18*0-20*5" limits. 
A specimen was taken after each filtration, and the amount of nitro- 
gen as nitrates and nitrites estimated daily by the indigo method. 

Table of the Increase of Nitrogen us Nitrates and Nitrites by Filtration 
of a Solution of RaTe Cake through 108 feet of Xard,  

Before filtration .................... 0.040 0.030 
1st day after filtration through 12 feet . . 0.040 
2nd 7 7  9 ,  24 ,, . . 0.040 
3rd ?, 9 ,  36 ,, . . 0.075 
4th ,. 9 9  48 ,, . . 0.075 
5th ,, 7, 6b .. a-112 
6th 7, 7 9  72 ,, . 0.112 
7th 7 ,  7 7  84 ,, .. 0-1 12 
8th 9 ,  ,? 96 ,, . . 0.112 
9th 9 ,  9 ,  108 ,, . . 0.150 0.198 

Indigo mcthod. Gas method. 

- 
- 
- 
- 
- 

I - 
- 
- 

After the filtration through 108 feet of sand, the volume of dis- 
solved atmospheric air from 350 c . ~ .  of the solution wa's 7.9938, or 
per 1000 C.C. 22.83 C.C. of air, having the following percentage com- 
position :- 
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ORGANIC MATTER IN WATER, ETC. 265 

Parts per 100,000. 
COz .... 17.29 Organic carbon.. . . . . . . . .  1.088 
0 . . . . . .  23.02 Organic nitrogen . . . . . . . .  0.298 
N . . . . . .  59.69 Ammonia . . . . . . . . . . . . . .  1.300 

-- N as nitrates and nitrites.. 0.150 
100~00 

It will be seen t,hat the oxygen and the CO, have decreased, 
and the nitrogen increased, while the general volume remains the 
same. All these samples for  the estimation of dissolved atmospheric 
air after filtration were collected over mercury. 

The decrease in organic carbon was 5.444. The decrease in organic 
nitrogen, 1.106 pts. per 100,000. The increase in ammonia, 1.234, 
corresponding to 1.026 pts. increase .in N per 100,000pts. The in- 
crease in N as nitrates and nitrites, 0.115. 

From this experiment it will be seen that the oxidation of certain 
kinds of vegetable matters is rapid. The organic carbon is quickly 
oxidised. The organic nitrogen is for the most part converted into 
ammonia. 

In order to confirm this lafit experiment a second one was made 
with a fresh solution of rape cake, and the following data were 
obtained : - 

Before filtration the volume of dissolved atmospheric air from 
340 C.C. was 8.1030, or 23-85 C.C. per litre of the solution, having the 
following percentage composition :- 

Parts per 100,OOO. 
CO, .... 22.10 Organic carbon.. ........ 8.458 
0 ...... 24.14 Organic nitrogen . . . . . . . .  1.97U 
N ...... 53.76 Ammonia . . . . . . . . . . . . . .  0.G80 

-- N as nitrates and nitrites.. 0.000 
100~00 

Under circumstances almost exactly similar to those of the last 
experiment, at  an average temperature of 17-215", this mixture was 
filtered nine times through 12 feet of sand, making 108 feet alto- 
gether. 

On the completion of the filtration a specimen collected for  dis- 
solved air determination gave '7.2450 c . ~ .  ~f air from 340 c.c., OF 

21.30 C.C. of air per litre. 
The percentage composition was- 

Parts per 100,000. 
CO, .... 11.76 Organic carbon.. . . . . . . . .  2.071 
0 ...... 22.04 Organic nitrogen . . . . . . . .  0.293 
N . . . . .  67.30 Ammonia . . . . . . . . . . . . . .  2.000 

-- N as nitrates and nitrites.. 0.016 
100~00 
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266 HATTON ON THE OXIDATION OF 

From this it will be seen that t'he increase in ammonia was 1.920, 

The increase in N as nitrates and nitrites, 0.016. 
The decrease in carbon, 6.387. 
The decrease in organic nitrogen was 1.677. 
In the first experiment with rape cake solution, the total loss in 

organic nitrogen was 1.106 pts. per 100,000, of which 1.026 pts. 
became ammonia, and 0.115 pt. was oxidised to nitric and nitrous 
acids (the excess, 0.035 pt., may fairly be stated as experimental 
error). 

In the second experiment the total loss in organic nitrogen is 
1.677 pts. per 100,000, of which 1.581 pts. became ammonia, 0.016 pt. 
becoming oxidised (the error or loss here is 0.090). In the second 
experiment the dissolved air results show a marked diminution in 
oxygen. 

The increase of the formation of nitrates and nitrites is shown by 
the following table :- 

corresponding to 1.581 pts. of N per 100,000 pts. solution. 

Nitrogen  determined by the  I i d i g o  Process. 

1st day after filtration through 12 feet . . . . 
2nd ,, 24 ,, . . . .  
3rd ,, 36 ,, . . . .  
4th 3 7  48 ,, .... 

,, 
9 ,  

9 ,  

5th 9 ,  9: 60 ,, .... 
6th ,, 9 7  72 ,, . . . .  
7tah ,, 84 ,, . . . .  
8th 7 ,  9 ,  96 ,, ... 
9th ,, ?, 108 ,, .. .. 

7, 

0~000 
0.000 
0.000 
0.010 
0.013 
0.016 
0.016 
0.016 
0.016 

2.. On the  Reduction of Ei t ra tes  by Xezuage a n d  other Agetzts. 

The reduction in the quantity of nitric nitrogen which takes place 
when fresh sewage is added to  a solution of nitre is an observation 
which has been recorded by the Rivers Pollution Commissio~~ers, but 
no authenticated experiments have to my knowledge been made on 
the subject. In  the following pages will be found the results of my 
inrestigations on the subject. 

A solution was made of 0.0853 gram of N02K0 in dist'illed water; 
5 per cent. of moderately clear fresh sewage was then added. The 
sewage was full of bacteria. 

Before adding the sewage the solution contained:-O.514 pt. of 
nitrogen as nitrates and nitrites per 100,000, according to the gas 
method, and 0.526 pt. according t'o a standard indigo solution. 

The mixture was then put into rt large stoppered bottle, and agitated 
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ORGANIC MATTER I N  WATER, ETC. 267 

from time to time. Estimations of nitrogen as nitric nitrogen were 
made daily, at  first, and then after at  iutervals, with the following 
results :- 

Indigo Temp. 
Decreaae of nitrogeu as nitric nitrogen. method. Centigrade. 

1st day after admixture with the sewage.. 0.451 18.1" 
2nd ,7 9 ,  7 7  . . 0.376 21.5 
5th 7 7  9 7  7 9  . . 0.338 23.0 
7th ,, 7 ,  7 7  . . 0.338 21.0 
8th 9 7  7,  ?, . . 0.301 23.3 
9th 7,  7 ,  7 7  . . 0-301 24.0 

10th 7 7  7 ,  7 7  . . 0.370 23.7 
11th 7 7  7 7  7 7  . . 0.370 22.0 
12th ), 7 ,  7 )  . . 0.413 22.5 
16th ,) 9 7  7 ,  . . 0.450 19.0 
30th ,, ,, 9 7  . . 0.500 21.0 

Another experiment was made with a solution containing 
0.0835 gram of NOzKO and 5 per cent. of similar sewage, and the 
whole mixture kept at 0" C. in an ice safe. 

Before adding the sewage the solution contained 0.512 pt. of 
nitric nitrogen per 100,000 by a gas method experiment, and 
0.526 pt. by the indigo process. 

The reduction is shown in the following table :- 

Indigo method. 
0.451 1st day after admixture. ....... 

5th 9 ,  . . . . . . . .  0.413 
7th 9 7  . . . . . . . .  0.376 
9th 7 7  ........ 0.376 

11th ,, . . . . . . . .  0.313 
16th 7 7  . . . . . . . .  0.313 
30th ,, ........ 0.313 

9 7  

7 7  

9 )  

, 9  

7 

Temp. 
0" 
0 
0 
3 
4 
5 
0 

From these experiments it will be seen that the reduction is very 
gradual, but is more rapid with a higher temperature. Nitrification 
of the sewage itself seems to set in in the case of the specimen kept at 
the temperature of the laboratory after the reduction, and this nitri- 
fication was suspended, if not stopped, by the lower temperature. 

I next made a solution of nitre containing 0.0745 gram per 
2250 C.C. water, and added to this 25 per cent. of fresh clear sewage, 
containing no nitrates. This was kept in a bottle, which stood neck 
downwards over mercury. The air standing over the nitre solution 
and sewage was analysed, and also the dissolved atmospheric air. 
These experiments were made at the commencement and close of the 
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2 68 HATTON ON THE OXIDATION OF 

observation. A specimen of the liquid for  the estimation of nitric 
nitrogen was removed daily, without letting in air, by an arrangement 
which has already been described. 

The niti-ogen as nitrates and nitrites before the addit)ion of the 
sewage mas- 

Gas method. Indigo. 
0-406 0.375 pt. per 100,000. 

Table of reduction. Temp. 
2 days after admixture with sewage . . 18.0 
3 ,* 7, 7 9  . . 21.0 
4 7, 7 9  , 9  . . 20.0 
5 7, 7 ,  77 . . 23.0 
8 7, >, 7, . . 24.5 

16 7 9  9 7  9 ,  . . 21.7 

Indigo process. 
0.228 
0.1 50 
0.150 
0.150 
0-150 
0.07.5 

At the commencement an analysis of dissolved atmospheric air gave 
9.1800 C.C. from 346 C.C. of water, or 26.55 C.C. of air per litre, having 
the following percentage composition :- 

Air standing above. 
CO, . . . . . . . .  31.52 0.08 
O . . . .  . . . . . . . .  15.88 20.73 
N . . . . . . . . . . . .  52.60 79.19 

100*00 100.00 
-- -- 

The high percentage of CO, is accouiited for by the sewage, and 
also by the fact that the distilled water contained a large volume of 
CO,. 

After the mixture had stood, with agitation from time to time, for 
eight days, an estimation of dissolved atmospheric air gave t,he follow- 
ing data:- 

Volume of gas from 345 C.C. = 9.9270, or per litre, 28.77 C.C. of air, 
having the percentage composition- 

Air standing above. 
CO, ........ 32.52 0.02 
0.. . . . . . . . . . .  20.37 15.77 
N . . . . . . . . . .  47.11 84.1 1 

100-00 100.00 
-- -- 

The CO, in the dissolved atmospheric air has increased 1-00 per 
cent., and 0.06 per cent. of this has been absorbed from the air stand- 
ing over the liquid. 

The oxygen in the dissdved atmospheric air has increased 4.49 per 
cent., while the oxygen in the air standing in the bottle has decreased 
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4.96 per cent. From this it will appear that during the reduction of 
nitrates by sewage GOz is generated in the liquid, and perhaps free 
nitrogen given off while oxygen is absorbed. The level of the liquid 
in the bottle marked from day to day did not alter. 

In  order to confirm these results, and also to observe the effect of 
the reduction on a much -stronger solution of nitre, I tried another 
experiment of a similar nature, only with a much stronger solution of 
nitre. 

15 per cent. of thick sewage was added to this solution. 
Before the admixture with the sewage the solution gave the follow- 

ing results :- 
Indigo method. Gas method. 

Nitrogen as nitrates aad nifrites.. 2.483 2.509 
The experiment was performed under the same conditions, and in 

An analysis of dissolved atmospheric air, after immediate admix- 

Volume of gas from 346 C.C. = 7.8730, or per 1000 C.C. 22.75 C.C. 

The percentage composition of which was- 

0 . .  . . . . . . . . . .  17.29 
N . .  . . . . . . . . . .  52.46 

fact at the same time as the one just described. 

ture with the sewage, gave- 

of air. 

COZ . . . . . . . . . .  30.25 

100.00 

The former analysis of the air of the laboratory previously men- 

The following table represents the rate of reduction of the nitric 
tioned was taken. 

nitrogen estimated by the indigo process :- 
Parts N 

Temp. per 100,000. 
2 days after admixture . . 19.5" 2.483 
3 9 ,  3 ,  . . 18.5 1.956 
4 9 ,  9 ,  . . 20.0 1.655 
5 9 7  7 7  . . 22.3 1.505 
8 , Y  7 ,  . . 24.0 1.505 

16 9 ,  9 ,  . . 25.0 1.279 

The total reduction during 16 days effected by 25 per cent. of thick 
sewage being 1.204 pts. of nitric nitrogen per 100,000. 

In  lio experiment on the reduction of nitrates by sewage except the 
first, which was continued for SO days, was I enabled to observe the 
subsequent nitrification of the sewage itself after the reduction of the 
nitric nitrogen. 
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270 HATTON ON THE OXIDATION OF 

After this mixture had stood eight days an analysis of dissolved 
atmospheric air gave from 345 C.C. of the water, 8.9683 C.C. of gas, or 
25.99 C.C. per litre. 

The percentage composition being- 
Air standing above. 

CO, . . . . . . . .  28-21 0.60 
0.. . . . . . . . . . .  21-71 16-51 
N..  .......... 50.08 82.89 

100~00 100~00 
-- -- 

In  this second experiment with the thick sewage sediment oxygen 
was absorbed, as before, to the extent of 4.42 per cent. in the liquid, 
and a loss of 4.22 per cent. in the air. But in this experiment CO, 
W R S  given off, or there was at least a loss of 2-04! per cent. of CO, in 
the liquid, and again of 0.52 per cent. of CO, in the air standing above. 
This experiment only shows the difference in the action of clear and 
thick sewage on nitrates, the reduction in the Recond case being greater 
than the former. The fact of free nitrogen being given off cannot 
of course be established, but it seems a probable and certainly a pos- 
sible action. 

The effect of SH, on nitrates was next studied. A solution contain- 
ing 0.0385 gram KN09 per 7 litrea was made. 

The amount of nitric nitrogen per 100,000 pts. was determined, 
and gave 0.188 by the gas method. 50 C.C. of saturated SH, solution 
was added, and the whole allowed to stand. After immediate admix- 
ture? the mixture gave 0.155 pt. of nitrogen per 100,000 pts., which, 
when the dilution caused by the 50 C.C. of water being added is taken 
into account, is no reduction at3 all. When nearly saturated with 
gas, the solution gave 0,075 pt. of nitric nitrogen ; and after standing 
two days, no nitrates could be detected at all. 

The temperatures in both cases were about the same. 

A similar experiment gave- 

KN03, 0.0385 gram. 
Before adding SH,, 0.188. 
After adding 20 C.C. SH, solution, 0.158. 
Saturated and allowed to stand two days 0.000. 

From these experiments it seems reasonable to conclude that small 
quantities of SH, do not reduce nitrates ; but that when the water is 
saturated with gas the nitric nitrogen is wholly reduced. 

I: next tried tlhe effect of shaking up, in a bottle, a solution of nitre 
with spongy iron. Before adding the spongy iron, an analysis of dis- 
solved atmospheric air gave- 

6.8703 C.C. of air from 340 C.C. of ~0lilti011; or 20.20 C.C. of air per 
litre of the solution. 
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The percentage composition being- 

co, . . . . . . . .  . :  11.99 
0 . . . . . . . . . . . .  30.36 
N . .  . . . . . . . . . .  57.64 

99.99 
._L- 

The large quantity of CO, present is accounted for by the fact that 
distilled water was used, wbich I always found to contain a large 
quantity of CO,. 

Estimations of nitrogen as nitrates and nitrites, and of ammonia 
before the spongy iron was added gave- 

Ammonia .... 0.016 part per 100,000. 

Nitrogen as nitrates and nitrites. . 6.059 6.059 
Gas method. Indigo method. 

The spongy iron was then added, there being 100.0 grams of i t  in 
The bottle filled with the solution stood neck 

The whole was shaken up from time 

After standing 10 days, the results on analysis of dissolved air 

2 litres of the solution. 
downwards in a mercury cup. 
to time. There was no great oxidation of the iron. 

were :- 
6.2873 C.C. of air from 340 c.c., or per litre 18.49 C.C. of air. 

Percentages of gases- 

co, . . . . . . . . . .  0.00 
0 . . . . . . . . . . . .  5.49 
N . . . . . . . . . . . .  9447 

99-96 
-- 

During the 10 days the experiment lasted, there was a constant 
evolution of gas, but in quantities too small for analysis. In the dis- 
solved atmospheric air 11.99 per cent. of COO, being all that was 
present, has been absorbed by the iron, the iron becoming carbonate. 
The oxygen, too, has been greatly reduced, and the gas remaining 
dissolved is now almost pure nitrogen. 

The nitric nitrogen was estimated and found t o  be- 

Indigo process. Gas process. 
3.361 3.360 

The ammonia was 1.200 pts. per 100,000. Thus the total decrease 
in nitrogen as nitrates and nitrites was 2.698 ; while the total increase 
in ammonia was 1.184 pts. per 100,000, which corresponds to 0.975 pt. 
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272 HATTON ON THE OXIDATION OF 

Before jltration. 
Vol. of air from 340 C.C. OH, = 

6.9177, or per litre of' water = 
20.34. 

of N. There is thus a loss of 1.723 pt. of N during the conver- 
sion of the nitric nitrogen into ammonia. It is also safe to conclude 
that oxygen and carbonate of iron can exist together in solution. The 
spongy iron converts the nitrogen present as nitric nitrogen into 
ammonia, the bases probably becoming carbonates. 

After 5 filtrations. 
Vol. of air from 340 C.C. OH, = 

6.4372, or per litre of water = 
1893. 

Percentage composition- 
CO, .... 22.60 
0 . . . . . .  24.42 
N . . . . . .  52.98 

100-00 
-- 

Percentage composition- 
co, . . . .  0.00 
0 ...... 23.30 
N . . . . . .  r6.70 

100~00 
-- 
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ORGANIC MATTER IN WATER, ETC. 273 

Although there was a marked diminution in 0, and the CO, had 
all disappeared, I am confident there would have been a far greater 
diminution in the volume of gas, had i t  not been for the unavoid- 
able exposure caused by pouring into the filter for a second filtration 
and running out. In the second and all subsequent experiments with 
the spongy iron filter, this exposure was avoided as much as possible by 
collecting the water, in a bottle closed with a bored cork (with two 
holes in it), and pouring it into the filter quickly but gently. The 
following results will show that these precautions were to some extent 
successful. 

Before filtration :- 
Indigo method. Gas method. 

Nitrogen as nitrates and nitrites.. 1.986 2.006 
Ammonia . . 0.018 per 100,000 parts. 

A second experiment was tried with a fresh solution of nitre in dis- 

I generally found distilled water to contain about 0.016 of NH3 and 

The solution was then passed through the spongy iron filter eight 

The decrease of nitric nitrogen per 100,000 is shown by the follow- 

tilled water. 

a large quantity of CO, in solution. 

times. 

ing table :- 

Decrease of Nitrogen after each Filtration. 
Indigo method. 

Before filtration. . . . . . . . . . 
After one filtration . . . . . . 1.580 9 9  

After two filtrations . . . . . . 9 9  

After three filtrations . . . . 0.903 9 ?  

After four filtrations.. . . . . 0.602 9 ,  

After five filtrations . . . . . . 0.489 ,? 

After six filtrations . . . . . . 0.225 3 ,  

After seven filtrations . . . . 0.075 ,, 
After eight filtrations . . . . 0.000 9 ,  

0.006 parts per 100,000. 

1.200 

Although the reduction has not taken place so quickly in this 
experiment the result is the same, the total reduction is 2.006 ammo- 
nia, after eight filtrations 1.400, corresponding to 1.152 pts. of N. 
There is here a loss of 0.854 pt. of N during the reduction. 

VOL. XXSIS.  U 
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274 HATTON ON THE OXIDATION OF 

Besgl ts  of Dissolved Atmospheric Air. 

BeforeJiltration. 
Volume of gas from 340 C.C. 

’7.6300, or per litre 
22.44 C.C. air. 

Percentage composition- 
co,. * 19-89 
0.. . .  27.87 
N. .  .. 52.24 

100.00 
-- 

After four$ltrations. 
Volume of gases from 

340 C.C. 5.455, or per 
litre 16.04 C.C. air. 

Percentage compositiori- 
co, .. 0.00 
0 . . . .  14-05 
N . . . .  85.95 

After six $filtrations. 
Volume of gases from 

340 C.C. 5.2079,. or per 
litre 15.31 C.C. air. 

Percentage composition- coz .. 0.00 
0 . . . .  14-02 
N . .  . .  8598 

100*00 
-- 

Although the precautions before referred to were put in  force during 
this experiment, I was unable to reduce the percentage of oxygen 
below 14.02 per cent. This seeins to point a g a n  to the fact before 
stated, that  oxygen and carbonate of iron can exist together in  solu- 
tion. On standing, after filtration, most of these solutions deposited 
oxide of iron. 

The effect of filtration through spongy iron on a solution of peat 
was next tried. 

An infusion of peat in  hot distilled water was made. The whole 
was filtered hot through paper, and then estimations of dissolved 
atmospheric air, and of organic carbon, &c., made. 

The following results were obtaincd : - 

Volume of air from 340 c.c.. . 
or per litre crf the solution. . 21.37 

7.267 

Percentage composition of gases- 
Parts per 10070(i0. 

CO, . . . .  43.040 Organic carbon . . . . . . . .  2.296 
0 . . . . . .  0.006 Organic nitrogen.. . . . . . .  0650 
N . . . . . .  56.955 N as nitrates slid nitrites. . 0.000 
CH, . . . .  0.000 Ammonia.. . . . . . . . . . . . .  0.144 

The solution was then filtered through a spongy iron and gravel 
filter. It required about 25 minutes for the whole to pass through. 
‘ h e  filter was covered aud precautions taken for the prevention of the 
entrance of “ blacks ” and other organic matter. During the filtra- 
tion, some slight evolution of gas was observed. This fact was ascer- 
tained by thrusting a steel needle into the filter when small bubbles of 
gas were seen to rise. 

A sample was collected after each filtration, and an estimation of 
organic carbon made. 

An attempt to collect any quantity failed. 
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Decrease of Orga#nic Carbow and Nitrogen after each F'iltratiou. 

C . . 1.513 0.484 0.276 0.192 0.075 0.060 
N . . 0.414 0.187 0.080 0.028 0.000 0.000 

1. 2. 3. 4. 5 .  6. 

Thus the fatal decrease in organic carbon by six filtrations is 2.236 ; 

The increase in ammonia was studied after each filtration and is 
the total loss in organic nitrogen is 0.650. 

shown in the following table :- 

Imrease in AnunoiLia aj'ter each Filtmton, 

Before filtration. . . . . . . . . .  0.144 part per 100,000. 
Once through.. . . . . . . . . . .  0.200 ? )  

Twice through . . . . . . . . . .  0.437 7 3  

Thrice through . . . . . . . . . .  0.589 9 

Four times through . . . . . .  0.750 7 .  

Five tirties through . . . . . .  0.900 7 

Six times through. . . . . . . .  0.900 , 
Thus the total indrease in ammodia is 0.156, correspondiag to 0.622pt. 

of N per 100,000; and the total loss of organic N of peat is 0.650. 
Allowing for experimental error, it is Been that the whole of the organic 
nitrogen of peat becomes in time ammonia during filtration through 
spongy iron. There was no nitrogen as nitrates or nitrites after six 
filtrations. 

A dissolved atmospheric air estimation gave- 
5.5028 C.C. cvf air from 340 C.C. of water, or 16.18 C.C. of air per 

A n  analysis of the gas was made, and suspecting that CH, might be 
litre. 

formed, the 0 was determined with pyrogallic acid and potash. 

coz . . . . . . . . . .  0.00 
0 . . . . . . . . . . . .  16.50 
N . . . . . . . . . . . .  76-69 
CH, . . . . . . . . . .  6-79 

99-98 
-- 

The results drawn frdm this experiment are that the organic nitro- 
gen of peat is wholly converted into ammonia ; and the organic com- 
pounds and substance partly reduced to marsh-gas. No nitric nitrogen 
is found. 

I next t,ried the effect of filtration on a solution of egg albumin. 
A portion of the white O E  an egg was poured into 8 litres of distilled 
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276 HATTON ON THE OXIDATION O F  ORGANIC MATTER, ETC. 

water. 
solved air and organic carbon, &c., made. 

The following results were obtained :- 
Volume of dissolved air from 340 c.c., 7.3148, or per 1000 C.C. 

Having the following percentage composition :- 

This was then filtered through linen, and estimation of dis- 

Parts per 100,000. 
CO, .... 12.40 Ammonia .............. 0.125 
0 . . . . . .  28.10 N as nitrates and nitrites. . 0.00 
N . . . . . .  59.49 Organic carbon.. ........ 25.200 

Organic nitrogen ........ 7.162 
99.9’3 

This solution was then filtered through the spongy iron filter eightl 
It thus times, and allowed to remain after each filtration all night. 

took eight days to filter. 
The results obtained after filtration are given below :- 

Ammonia ................ 0.500 
N as nitrates and nitrites. . . 0.000 
Organic carbon . . . . . . . . . . . .  0.492 
Organic nitrogen .......... 0.220 

The decrease in organic carbon was 24.708, and of organic nitrogen 
6.942, of which only 0.375 pt. is transformed in ammonia ; no nitric 
nitrogen is formed. 

An estimation of dissolved atmospheric air gave- 
4958 C.C. of air from 34 C.C. of water. 
An analysis gave the following figures :- 

co, .......... 0.00 
0 ............ 13.72 
N . . . . . . . . . . . .  85-63 
CH, . . . . . . . . . .  0.61 -- 

99-98 
The conclusion drawn from the experiments as to the influence of 

spongy iron on organic matter in water are: 1. That it acts as a very 
powerful reducing agent on the carbon compounds composing the 
organic matter dissolved in water. In  some cases marsh-gas itself was 
produced ; probably the organic matter was first oxidised to CO,, and 
then the action of metallic iron on this gas giving rise to CH, by the 
ordinary decomposition of water. 2. The organic nitrogen is in nearly 
all cases reduced to ammonia. 
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