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On rust precipitates present in drainage pipes

and on the means of preventing their formation

By Vivcso PuusTiirvi and TANELI JUUSELA

Helsinki University Department of Agricultural Chemistry

In several cases where the deep drainage does not function properly,
it has been found that precipitates dyed yellowish-brown by iron
compounds have been formed in drainage pipes, seriously diminishing
the flow of water and in some cases even causing complete blockage.
The flow capacity of pipe joints may also deteriorate directly as a
result of precipitates accumulating at the seams. The effectiveness of
drainage thus tends to decline continuously. Blockage of deep drainage
pipes is common in Finland too, where precipitates are found, not
only in fine-sand and sand soils, but particularly in postglacial clay
soils and peat soils. Scientific research into the origin of precipitates
and into methods for the prevention of their formation has been
carried out e. g. in Germany, Denmark and Sweden, but the methods
recommended to date for their removal have proved so ineffective
that we have considered it advisable to endeavour to throw light on
this phenomenon. It is a phenomenon of increasing importance in~
our couniry as well, with deep drainage becoming more and more
general. A method both effective enough and economically service-
able must be found to counteract it.

Rust precipitation and deep drainage

The influence of the so-cailed rust precipitates obstructing the
?vorking of deep drainage is known wherever migrating iron is present
in the soil of cultivated lands (ENGELHARDT 1949, FEILBERG, AA. &
FErLBERG, C. L. 1921, JENsSEN 1938, LanciscH 1930, SCHLEDERMANN—
LARSEN 1949/50 and WikLANDER 1945). The precipitates obviously do
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not consist of iron compounds alone, but generally contain, even by
ocular estimates, in mineral soil drainage clay and silt elements and
in peat soil drainage fine-grained peat. Rust precipitation seems most
frequently to occur when draining certain peat soils in the process
of being reclaimed, into which surface and soil waters continue to
flow from the surrounding iron-containing mineral soils. The risk
of precipitation can often be detected almost immediately after they
are dug, from the abundant yellowish brown precipitate that appears
on the bottom of trap ditches. After the deep drainage of such peat
soils, rust precipitate is first formed in silt wells, the water flowing
through them being in direct contact with air, and in the discharge
drain at the point of entry of the deep drainage outlet.

Should real rust blocks form in the drains or such quantities of
- precipitate seltle there that the operation of the drains is unfavour-
ably affected, the drains must be cleaned. Drains requiring clecaning
are readily observed in the spring by the delayed drying up of the
area above it. To remove rust precipitate from the piping system,
the drain pipe must be dug out at 30—40 metre intervals and opened,
the precipitates loosened by means of a lath or wire strip cleaner, and
flushed by water through the outlet. It is often necessary to use a
firepump for flushing.

Experience has shown that formations of “rust precipitates” gen-
erally diminish annually.

No detailed information has been published in literature regarding
the nature of rust precipitates. They have simply been defined as
iron-containing and gelatinous precipitates. According to observations
while
others do not posses that tough, binding quality to the same extent.

The present investigation was carried outl in the commune of Uta-
jirvi, province of Oulu, on a peat soil being cleared for cultivation,
belonging to Kolehmainen Farm. The ash contenl of the dry matter
in the rust samples taken in connection with the investigation varies
considerably, even with control drains (table 3). This may be due to
the fact that the dry matter was obtained by emptying the test drain
pipe throughout its length; hence, the dry matter includes both the
precipitate proper and any possible silt. The same table also shows
that sesquioxides constitute the main part of the ash. The ALOs-
determinations taken of two control drains (AarNio 1915; CorRNEY &
SCHOLLENBERGER 1928) show that aluminium was present in a con-
siderably smaller quantity than iron, and hence iron was really the
most important component in the ash in these cases.

by men of practice, some of the precipitates are “rag-like’
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Like iron and aluminium, silicic acid is also present in the soil in
colloidal form, forming gels. In addition to these, attenfion must al§o
pe paid to the amount of humus when studying the precipita?es in
drains. In the samples examined (table 3, silicic acid has constltut.ed
the most important component, after iron, in the ash. Compared with
jrom, aluminium and silicie acid, the other mineral substances have
constituted a very small part only of the ash of the precipitates.
Moreover, the amount of dry matter in the precipitates in question
is fairly small. In the form of gels in natural condition and due to
their fairly high water content, they may, however, be large in volume
and hence prevent the free flow ol water.

The samples examined have contained in declining order of im-
portance humus, iron, silicic acid and aluminjum (table 3). It is to
pe noted, as mentioned above, that any possible siit that does not
pelong to the precipitates proper, but is included in the dry matter,
increases the relative proportion of humus, as the experiment was
carried out on a peat soil. Hence, the results do not indicate the humus
content of precipitates proper.

Humus is very active but being difficult of solution it is not capable
of migrating except in the form of colloidal complexes or humates.
Arriving from almost anaerobic surroundings in the drain pipe, such
compounds may oxidize to some extent or the colloidal complexes may
change their composition, whereas changed conditions bring no con-
siderable alteration in the solubility of humus. Hence it might be
expected that insofar as humus enters the drain pipe with water, it
is likely to migrate further in it without forming any major obstruc-
tions to the flow of water. '

When studying the activity of iron in the conditions in question, a
distinction must be made between, on one hand, bivalent and trivalent
iron, and on the other hand, iron bound to inorganic and organic
compounds. Tron migrates in trivalent and simultaneously in inorganic
form only in soils so acid that they are incapable of cultivation (TUR-
NER 1931; WikLaNDER & al. 1950). In the ordinary reaciion conditions
of our fields under plough it migrates primarily in bivalent form.
(HAaLvorsoN 1931; IeNATIEFF 1941.) When such dissociated iron enters
a drain and comes into contact with air, it is oxidized — either micro-
bially or purely chemically — and precipitates as ferric hydroxide, its
pH simultancously declining slightly. The mobility of the resulting
sol depends on the reaction conditions prevailing. With pH increasing,
the sol changes into gel, becoming increasingly slow of motion, and
coagulates completely in neutral conditions (MATTSON 1930). Provided
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the drain contains aclive humus or silicic acid, the precipitated ferrie
hydroxide will form with them a colloidal eomplex, the composition
of which complies with prevailing reaction conditions (MATTSON
1930). The higher the pH, the more iron is bound to the ecomplex, and
vice versa.

Iron may also migrate into the drain bound to organic compounds
or silicic acid, in ferrous or ferric form. While bound to a colloidal
complex, the reaction conditions prevailing in the drain may change
its mobility. If the complex migrates into the drain in the form of
either an anionie or cationic colloidal complex, and if the reaction
of the water flowing in the drain is closer to the isoelectric point of the
complex than that of the soil outside the pipe, the complex is precipi-
tated, the precipitation being more complete the closer the pH of the
water in the pipe to the isoelectric point of the complex (MATTSON
1931). If again the above reactions differ greatly from one another,
the complex, compared with the solution, receives an inereasing either
negative or positive charge and hence acquires increased mobility. If
the flow of water in the pipe is slow the complex may have time,
before emerging from the drainage system, to undergo a change in
composition and to precipitate isoelectrically. If the new isoelectric
point is below the former, the relative proportion of sesquioxides is
reduced; in the opposite case it is increased. Ferrous and ferrie iron
react in these cases approximately in the same way, except that fer-
rous iron may be oxidized into ferric and that, due to the higher
isoelectric point of ferrous humates, the ferrous complexes require a
higher pH in order to form cationic complexes. In accordance with
the above, it is obvious that the degree of dispersion of the iron-con-
taining colloidal complexes in a drain depends on the reaction con-
ditions prevailing both in the drain pipes and in the soil surrounding
them.

In the above, the precipitation of iron in drains was discussed from
(he chemical point of view. Generally, however, all the investigators
dealing with the origin of the precipitates in question have unani-
mously ascribed it mainly to microbes (Laxciscn 1930; JENSEN &
JAKOBSEN 1946 and JEnseN 1938), and considered chemieal precipita-
tion quantitatively insignificant (WIKLANDER & al. 1950). When seep-
ing into the drain pipe, and apparently in most cases even while in
the pipe itself, the soil solution comes into a very close conlact with
the oxygen of the air: hence, the ferrous ions bound to the ionized
compounds may oxidize as follows:

"4 Fe'*+0,+2H" =4 Fe' - +2 OH,
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from which is obtained, according to the law of mass action,

AFe'-.;.AOa.AH'z K
AFe- - +.AOH=

where A denotes the activities of the relevant ions.

The equilibrium equation shows that with oxygen pressure remain-
ing constant and pH decreasing, bivalent iron is oxidized into trivalent.
In the pH range in question in drain pipes, the ferric ion does not
remain in solution but is oxidized in the form of ferric hydroxide. If
the pH were I airly high and no oxidization were to oceur, then bivalent
iron would precipitate more completely in the form of ferrous hy-
droxide the higher the pH.

Bound io organic compounds, iron may remain in solution even
in conditions where, if inorganic, it would precipitate. This is due to
the slight ionization of organic compounds. The precipitation of iron
pound to these compounds results from the decomposition of organic
radicals, in consequence of which the amount of ionized iron grows
beyond the solubility limit. The decomposition of organic radicals,
again, is due to microbial action; hence, the microbes in this case
indirectly precipitate iron (STARKEY & HALVORsON 1927).

Generally it can be said that the precipitation of iron in nature is
determined by the pressure of oxygen and carbon dioxide and by the
hydrogen ion concentration of the solution. Bacterial action has gen-
erally been found in connection with the precipitation of iron, but
this can hardly suffice, however, to prove that iron does not precipitate
purely chemically and wherever conditions are favourable for chemical
precipitation. This again does not exclude the possibility that the
oxidization and precipitation of iron by bacterial action might not
advance fl.lI‘theI‘ than they would by purely chemical processes.

. Hence, iron enters drain pipes iomized, but is precipitated there
:in the form of ferric hydroxide. The origin of ferric hydroxide still
oes .not. presuppose its precipitation as, being a colloidal sol, it may
remain in sol}ltion. Positively charged it is, however, capable of ab-
Z(.:;blr.ltg n(}elgatl.ve ions from th(? solution, and precipitates after shed-
coniiii(smc. arge. I‘TCI‘I‘IC l?ydromde is hardly capable of staying in sol
in a drainage pipe but precipitates due to the action of anions

or humus (Aarnio 1915).
huIII;uCSOHI(Zle. (30111P1ex:e:=: the sil.ia?i(? aci(.l has the same qualities as
et in' react;;i;l: g:;icf;tati;, 15111<:1c acid does not really take any
aite B derabs. vertheless affects the properties of colloids
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When studying the importance of the different components in drain
precipitates it is to be noted, therefore, that iron migrates to the drain
pipe either completely ionized or at least ionized to some degree, and
generally precipitates there. Precipitation in itself does not always
adversely affect the flow of water in the piping, for in the majority of
cases the resultant amount of ferric hydroxide is so slight that it ig
flushed away by water from the drain system. It is to be noted that
ferric hydroxide, being a lyophilic colloid, does not increase to any
great extent the viscosity of the mother liquid. Silicic acid, on the
other hand, which is a lyophilic colloid, increases the viscosity of the
mother liquid and makes it more slow-moving. In this respect, there-
fore, it may have a considerable importance in the colloid complexes
in question. Similarly to silicic acid, humus acids also are gels con-
taining a great deal of water. Through electrolyte action they coagu-
late, and their ability to bind water is reduced at the same time. Due
to great internal friction, humus acids also, like silicic acid, increase the
viscosity of the mother liquid. The viscosity of the precipitates in
question is obviously also affected by the force of the electric charges
of humus-containing colloidal complexes. The greater the electric
charge of the particles, the more fine-grained is the sol they form.

Iron bacteria also can probably be assumed to affect the physical
qualities of the gel surrounding them, expressly the viscosity, by
forming a-kind of reinforcing network in the gel in question. For
instance, DorF (1932) found, when studying a drain precipitate, that
Gallionella and a close relation of this bacterium, Spirophyllum, had
formed an innumerable quantity of fine threads in the gelatinous
mass.

Countering rust precipitates

Method based on the toxic effect of copper

In countering the iron-containing precipitates originating in drain
pipes, an attempt can be made either to prevent the occurrence of the
precipitate in the drain pipe itself, or to prevent precipitate-forming
substances from gaining access to it. If the first alternative is chosen,
it must further be decided whether the counter-measures are to be
directed against iron precipitation by chemical or biological processes.
In the investigations reported in the literature to date (Lanciscu 1930;
JENSEN 1938 and JENSEN & JAKOBSEN 1946), the latter alternative has
been chosen, as it was assumed that iron was precipitated in drain
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: as a result of bacterial action. Hence it was conclude.d t.hé.lt if
pIPes o .an be destroyed, iron precipitation will also be inhibited.
baCterl.aths been used, in every one of these experiments, for the
e ti Ln of bacteria. The use of copper in this connection is based
gestrie lci)sel‘vation made by WILHELM vON NXAGEL, of Switzerland,
oot Lol very small amounts of copper and silver have a strongly
ot ff-vc'gal effect in water. (WIKLANDER & al. 1950.) Therefore, if
baCte.llfllowind in drain pipes were in contact with e.g. copper, bac-
Wa'tel ould hbave no chance of living in it. To investigate the influence
tirljogper in practice, LanciscH (1950), of Germany, arranged the
t(")ollowing experiment. A copper lining of approx.. 80 mm in width
was placed in the joints of drain piping. Water suitable for the pur-
pose was then allowed to enter the pipes and was rt-:t:m'.ered. The water
proved to be distinetly copper-containing, and remained clear even
when stored for a long time. On the other hand, when water was
allowed to enter pipes through a seam not lined with coppér, Lepto-
thriz ochrucca colonies developed in the water after some time. COI‘}-
tinued experiments by Langisch in fact proved that copper was a reli-
able poison for the destruction of the said bacteria. .

JENSEN (1938) again studied, in a laboratory experiment, the in-
fluence of copper on the activities of bacteria oxidizing bivalent iron.
He reduced water taken from a drain and containing iron precipitate
until the brown colour of the ferric hydroxide was no longer discern-
ible, divided up the sediment into two bottles, in one of which he placed
metallic copper, and passed a current of air through the water in the
bottles. The water in the bottle into which no copper had been added
quite soon turned reddish in colour, indicating that bivalent iron had
been oxidized into trivalent iron, whereas in the bottle with copper
added the colour of the water remained unchanged, the copper evi-
dently destroying the bacteria precipitating iron.

Attempts to prevent the formation of iron precipitates in drain
pipes with the use of copper have been based on the bactericidal effect
of copper. However, used in this way, copper may affect the equi-
librium of iron purely chemically as well.

A semi-precious metal, copper does not actually dissolve in other
than oxidizing acids, but in the presence of air it slowly dissolves in
other acids as well, and even in weak organic acids:

2Cu+0,+4 H =2Cu+2 H,0

Hence, it is obvious that, in the experiments by Langisch reported
above copper has been dissolved to some extent, as atmospheric
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oxygen is generally available in drain pipes, and soil solution usually
contains weak organic acids. '

To study the influence of copper on iron solution, let us observe
the cell reaction:

Cu/Cu--//Fe ", Fe' /Pt

The basic electromotive force obtained for the cell is 0.431 v, which
means that copper reduces trivalent iron practically entirely to biva-
lent iron. To observe the phenomenon, the following experiment was
arranged. 0.01 M ferric chloride solution was placed in two flasks,
and a copper plate inserted into one of them. Changes in the electro-
motive force and hydrogen ion concentration in the two solutions
were then observed. The same experiment was carried out using 0.01 M
ferrous chloride and water taken from a drain pipe and containing
iron precipitate. This water had been stored in a bottle for about a
year, and hence ferric iron had been reduced fairly completely to
bivalent form, as no ferric hydroxide reddish colour was discernible
in the water. Results of the experiment are given in table 1.

The ferric and ferrous chloride solutions with no copper remained
clear to start with, however gradually acquiring, due to hydrolysis,
the yellowish colour resulting from ferric hydroxide. For the same
reason the electromotive power of ferric chloride declined slightly and
the pH increased. With ferrous chloride again, obvious oxidization
occurred. The ferric chloride to which copper was added, reduced
very strongly and rapidly in accordance with the above, and in such a
way that both solutions with copper added finished in the same state
of equilibrium, as was to be expected.

It was surprising in the experiment to note the fairly intense and

Table 1.

Influence of copper on the electromotive force and hydrogen ion concentration of iron
chloride solutions.

Drain |Drain pipe
. FeCl, |[FeCly+Cu|l FeCl, |FeCl;+Cu pipe water
Duration of water + copper
Experiment
c e c [ c c
mv |pH | mv |pH | mv |pH | mv | pH | mv | pH | mv pH
beginning ..........u.n 848 | 1.10| 848 | 1.10[ 400 | 5.88| 400 | 5.88] 26| 5.91| 26 |5.91
24 hoUrS. ¢ swmurs s 826 | 1.70| 460 | 3.91| 420 | 4.29| 459 | 4.09| 186 | 5.12| 322 | 5.07
7 days cermersaisssie 808 | 1.68] 474 | 4.07| 378 | 4.17| 465 | 4.14| 458 | 5.11| 332 | 5.43
14 @BYS: aiais vila it werddd 802 | 1.62| 462 | 4.60| 420 | 3.99| 457 | 4.70| 452 | 5.19| 416 | 5.68
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papid formation of ferric hydroxide thal oecurred in both the solu-
tions to which copper was added. It became rapidly visible in colour
and later even as precipitates. The result was the more surprising as
ations were found in the literature which might have assisted

no iﬂ[li.l:
in the interpretation of the phenomenon in question; on the contrary,
JENSEN'S (1938) experiment yielded an entirely opposite result. How-

ever, as copper reduces trivalent iron to bivalent iron, it must possess
o fairly strong ability to precipitate ferric hydroxide, as it is capable
of bringing about precipitation of fairly small ferric hydroxide con-
centrations. The phenomenon would be understandable if copper
could be explained as capable of neutralizing the positive charge of
ferric hydroxide sol. Copper, a positively charged ion, one would ex-
iﬁaec't, however, on the contrary to promote the rentention of ferric
hydj.oxidu in solution. However, due to the complex-forming property
of copper ion, it may change inlo being negatively charged. Copper
hydrate ion, Cu (H.O), -+, which binds 4 waler molecules, tends to ex-
cﬁgggg water molecules for chloride ions, forming the chloride com-

pound series:
Cu(H,0)," -, CuCI(H,0),", CuCl,(H,0),, CuCl,(H,0), CuCl,”.

Negative complexes are formed to any considerable extent only in
the presence of chloride ion surplus.

In the experiment reported above what occurred is obviously that
these negative chloride complexes of copper were formed which, being
negative ions, were capable of precipitating positive ferric hydroxide
colloids. Examination of the samples taken showed that in the water
in question iron is strongly reduced. However, due to the action of
atmospheric oxygen, it was gradually oxidized during the experiment,
with the pH dropping at the same time. To start with copper ac-_
celerated oxidization, but later on retarded it. The amount of iron
present in the solution was not determined, but copper in this case
too had an iron-oxidizing effect, as the pH at the conclusion of the
experiment was as high as 5.68, the corresponding figure without
copper being 5.19. The course of the reaction, therefore, was exactly
the same as in the experiment carried out with ferrous chloride. From
this the conclusion can be drawn that copper hydrate ion is capable of
f0rl'ning negative complexes with organic anions as well. (This because
drain pipe water could not contain mineral acids — in the first place
5“_113!1111'ic acid — as the pH of reduced sediment was slightly on the
acid side, and the pH, as a result of oxidization and hydrol_ysis-, did not

decline to any extent worth mentioning.) Hence, use of copper would

O TR
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promote and not reduce precipitation of iron in drain pipes, in spite
of its being capable of destroying the bacteria, as had been conclusively
shown, in the experiments by LanciscH (1930).

To what extent copper hydrate is capable of forming the above
mentioned complexes with the anions present in the soil solution has
not been investigated in detail. However, it might be expected that
the formation of negative complexes would advance with the con-
centration of organic acids growing. When the anion concentration of
soil solution is low copper hydrate would form with the anions of the
solution apparently uncharged or positive complexes only, which
would merely promote retention of the ferric hydroxide sol in solution.
In practice this would mean that with soils rich in humus the use
of copper in drain pipes would promote the formation of iron precip-
itates, whereas with mineral soils poor in humus it might decrease it
by reducing trivalent iron to bivalent iromn.

JENSEN’s laboratory experiment reported above, in which copper
had prevented the precipitation of iron, which the author assumed to
be due to the destruction of bacteria, could, from the above, be inter-
preted as indicating that the copper had reduced the trivalent iron
to bivalent iron, and thus prevented its precipitation in the form of
ferric hydroxide. And further, due to either too low anion concentra-
tion or the type of anions, the copper had been incapable of forming
with them .negative complexes which could have precipitated the
ferric hydroxide sol always present in a slight amount.

JENSEN (1946) investigated also the effect of copper in countering
precipitates by field experiments. Copper was used in the various test
members in the following ways:

1) A copper strip, 20 mm wide and 0.15 mm thick, was placed in the
drain pipe.

2) Pipes were used the exterior surface of which had been treated
with copper.

3) Both ends of the pipes were buried, previous to burning, in a mix-
ture of clay and copper powder.

4) The pipes, prior to burning, were buried in mixture of clay and
copper sulphate. After burning, the copper present on the interior
and exterior surfaces of the pipes was reduced to metallic copper.

5) A cylindrical copper plate, 0.15 mm thick, was placed in each pipe,
throughout the length of the pipe.

After the pipes had been in the earth for 5—7 years, a check of the
drains was effected, and the precipitates assembled in the pipes were
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Table 2.
Results of Jensen’s field experiments.
—] K1 | k2 | K3 K4 | K5 | Cul | Cu2 | Cu3 | Cus | Cub [ Cu6 | Cu7 | Cu8 | Cu9
Exp-
|| T S
1 1.4 |0.85 8.2 | 6.9 [0.30
9 |0.06(0.05]0.10 0.21/0.35 | 0.94
3 1.3 |5.3 10.5 | 6.6 |3.1 [4.0
4 0.45 [ 1.1 2.2 |0.78 | 2.3
5 0.2310.09|1.27]0.13 | 1.02 0.27/0.08 | 1.18 | 2.11 | 2.02 | 0.12 | 0.67 | 0.08 | 2.35
o
Table 2 (cont.).
Mean value
Exp.
K ' Cu
1 1.13 5.13
2 0.07 0.75
3 3.3 6.05
4 0.78 1.76
5 0.55 0.88

taken and subjected to a quantitative analysis. Table 2 gives a short
summary of the results of this experiment. K indicates control test
members without copper and Cu those with copper. The results are
given in grams of ferric oxide (Fe.O,-3 H.O) per pipe.

The author himself mentions that the experiments give a result
that is neither positive nor negative regarding the effect of copper.
SCHLEDERMANN-LARSEN (1949/50), who subsequently described the
experiment, mentions that it seems as if copper had promoted the
precipitation of iron. From a study of the results it does seem evident

that the copper has promoted the precipitation of iron in all the ex- )

periments, and even fairly strongly. If it is assumed that the copper
had destroyed the bacteria, the experiment would prove that iron
had oxidized chemically and that the use of copper had promoted its
precipitation in compliance with the theoretical explanation offered
above. ’

Countering rust precipitates by chemical methods

As another alternative to the bactericidal method, efforts could be
made to prevent by chemical methods the precipitation of iron that
has migrated into the drain pipes and to reduce the ferric hydroxide
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present there to bivalent form, thus reconverting it to a mobile form.
This would involve, in the first place, the raising of the surface of
soil water above the pipes. As a result, oxidization would be prevented
in the absence of air, and due to reducing conditions ferric hydroxide
might partly be reduced back to ferrous form. For instance in the
laboratory experiments carried out by IGNATIEFF (1941), the reduction
of ferric iron, in conditions of the nature described above, first oc-
curred slowly, but was fairly remarkable within 2-—3 days. According
to the author, the reduction was mainly a biological process. The
intensity of the reduction would depend on the extent to which ferric
hydroxide, as it grew older, would have had time to change into ir-
reversible form.

To favour the above reduction processes and to prevent oxidization
in drainage pipes, a system of so-called underwater drainage has been
evolved in Finland in some cases, so that the drain network in its
entirety, including its outfall, has been kept continuously submerged
by means of dams in the ditches. Drainage then works according to
the principle of “connection vessels”, and drainage depth is deter-
mined by the height of damming. Because of gradients this possibility
seldom exists, but at least in cases where the method has been suc-
cessfully employed no direct drain blockagdes have occurred from
rust precipitation. FreEckMan (1931) also refers to the use of submer-
sion, but considers it fruitless as the formation of rust precipitates,
according to him, is a biological occurrence.

Apart from preventing the precipitation of iron in the drain pipe
itself, another main alternative would be to halt the migration of iron
by causing it to precipitate before it reaches the pipe. In practice this
would best be carried out making conditions in the immediate vicinity
of the pipe favourable for the precipitation of iron.

Iron precipitates, as described above, are primarily due to the high
pressure of oxygen and a high pH. High oxygen pressure promoles
the oxidization of bivalent to trivalent iron, which again is precipil,ated
in the form of hydroxide at a lower pH and in bivalent form. A high
pH, again, in itself promotes the precipitation of iron in hydroxide
form.

Iron precipitation reactions based on high oxygen pressure could
be utilised in countering drain pipe precipitates by filling the ditch,
once the pipes are laid, with as coarse-grained soil as possible. This
would result in the desired increased aeration of drain packing and
higher oxygen pressure compared with the surrounding soil.

One counter measure of this nature is employed in Finland, in
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districts where formation of rust precipitates is probable, viz. to dig
drains initially to half the depth only, and then leave them temporarily
to operate as open ditches. Provided the area is also limed intensely,
abundant leaching of anionic colloidal complexes can be expected due
to the sudden rise of pH above the isoelectric point of the complexes
and to the fact that ferric hydroxide would still not have had time
to assume irreversible form as a result of drainage activities. Later
on, often not until the following year, when the ditches are dug deeper,
ihe precipitate is removed, and it is often found that a great deal of it
has been formed on the bottom of the ditches. Experience has shown
that this procedure considerably reduces the subsequent risk of drain
blockages and, due fo the drying up and sinking of peat soil, facilitates
work on drainage. In Denmark they plan to continue experiments
along the lines of Hedeselskabet, by covering drain pipes with a layer
of small-stone gravel, lime stones and copper compounds (SCHLEDER-
MANN—LARSEN 1949/50). The results of these experiments have so
far not been published in literature.

To what extent a high pH promotes the precipitation of iron depends
primarily on the form of iron migration. It can perhaps be assumed
that in approximately neutral reactions ionized iron is precipitated
in almost its entirety, while weakly ionized iron, bound to organic
compounds, i.s apparently capable of passing through even such a pH
chreel. ilng 0:;?3121501:1,1 G:[hnel Oll"eea(;tci.on.of. the surface .soil is. of importance

, Insofar a id it is, the lower is the iron content of
the' complexes originating in it, and the larger the negative charge
.whlch t1‘1ey possess (i.e. at a higher pH), the more they are retained
2 SOlllthIl.. This type of situation may be assumed to arise when
i‘;}eali)s ?1’341;}1)1161(\11, as shown e. g. by a liming experiment carried out by

g . MANN (1930) has also observed the same phenomenon.
If, on the contrary, the reaction of the field should decline rapidly for
Some reason, iron-containing complexes, positively charged, would

start moving ax -
and b 10 : P .
level 5 e precipitated on 1ea§h1ng a region of higher pH

toéf_bo”ftor_!/ CnUPC.I'imcnt was arranged in order to clarify the extent
' V ich ionized bivalent iron is precipitated in anaerobic and ap-
E;;)l:l\;rglgt:ly .neut}-al conditions. At the bottom of a glass cylinder
llllzll-Cm-p'-zl in :lel‘ght an approx. 5 em thick layer of humified Sphag-
der; the [,]I:;; ‘“as placed, F“PPed .by a thin layer of limestone pow-
solution. W3as er 'was. then fllled'\mth peat. Diluted ferrous chloride
o poured into the cylinder. On passing through the peat
lme layer the solution flowed out from an opening at the
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bottom of the cylinder. Solution was added to the cylinder in small
quantities, so that the fluid level in the cylinder was not allowed to
sink much and anaerobic conditions were maintained throughout in
the soil. The experiment was carried out with varying amounts of
limestone powder, and also with different quantities of burnt lime.
The experiment showed that the burnt lime had precipitated the iron
so completely that the solution which passed through, qualitatively
tested, no longer gave an iron reaction, whereas the layer of limestone
powder had let through so much iron that the solution gave an easily
recognizable iron reaction. The slower the passage of the solution
through the soil, the more completely was the iron precipitated. The
different lime quantities used, by contrast, seemed to have no signif-
icance other than that the neutralisation capacity of the larger quan-
tities was higher. The more effective iron precipitation capacity of
burnt lime is naturally due to its greater and more rapid solubility
and ionization.

A field experiment was also arranged in summer 1949 in addition
to the laboratory experiment, on the peat soil mentioned above that
was being cleared for cultivation — on Kolehmainen farm of Utajarvi
commune in the province of Oulu. The functioning of the drainage
carried out in the previous year (some 26 ha) had been greatly re-
stricted by rust precipitation, and a considerable part of the drains
had had to be cleaned twice and even three times. Underwater drainage
was impracticable due to the gradients of the terrain. Moreover, it
was considered that the digging of all drains to half depth only and
their completion in the following year would have retarded clearing
work too much. Drainage was therefore continued in 1949 in the
normal manner, and if necessary the ditches were cleaned from rust
precipitates. Simultaneously a field experiment was arranged on an
area to be drained where, according to previous experience, abundant
formation of rust precipitates was to be expected. Peat in this seclion
was relatively humified (H6) Sphagnum-Carex peat, the reaction of
which, according to numerous determinations, was found to vary
slightly, but to be generally somewhat over pH 6.

The drainage area in question was drained in its main parts in
July 1949, but as early as the same autumn the whole ditch, due to
blockages, had had to be cleaned twice. For the purposes of the ex-
periments, suction ditches 1—7 were extended in November 1949, and
their upper ends, for a length of 20 metres, were reserved for the
present investigation (Fig. 1). Of the experimental ditches, ditches 1,
4 and 7 were completed in the normal way, dropping a layer approx.

——)
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Fig. 1. Drainage system of the experimental field
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Fig. 2. Profile of drain

7—10 cm in thickness of weakly humified surface peat on the sides
a'nd‘top of the board box used as piping material, an-d then filling the
dltcl? with the soil removed from it during the excavation. When
making experimental ditch 2, a copper wire 4 mm in diameter was
drawn along the bottom of the hoard box. In ditches 3, 5 and 6 lime-
stone powder was used to inerease the PH, in quantities of 2.0, 1.0 and

(].EI ng ber metre " di T =AY y S
0] d]tcll, S en “ as 4 l 5 351 4 b
: = P (L as even as IJ()&.]]']IC on the surface

ly humified peat layer on top of the board box. (Fig. 2.)/
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The experimental ditches were opened at the beginning of July
1950, or some 8 months after their completion. On emptying the board
box in each ditch its contents from the entire 20-metre length were
carefully preserved for study. In this connection the following ocular
observations were made:

Experimental ditch 1 — control test: the interior surface of the lid
of the box was covered with an iron precipitate 1—2 mm thick. At
the bottom of the box the precipitate was also relatively abundant, a
part of it moving along with water and “rag-like” in appearance,
Precipitate retarded the flow of water. Total volume of precipitate
and water, 20 litres. Precipitate sank rapidly to the bottom of the
vessel.

Experimental ditch 2 — 4 mm copper wire: greyish slime here and
there inside the lid of the box. In the box a small amount of light
precipitate, moving easily wilh water. Quantity of water 10 litres.
The precipitate sank very slowly to the bottom of the vessel.

Experimental ditch 3 — kg CaCo./m: Inside of the 1id of the bhox
slightly brownish. The hox clean. When emptied, however, it vielded
some greyish precipitate. Water quanlity 7 litres.

In the filling soil of the opened ditch a thin brown crust was visible
on the surface of lime lumps.

Experimental ditch % — control test: Inside of the lid of the box
full of brown rust, thickness of layer approx. 2 mm. Box half-filled
with precipitate Preventing the flow of water, Precipitate heavy but
not “rag-like”. Water quantity 15 litres.

Experimental ditch 5 — 1 kg CaCo,/m: Inside of the lid of the box
completely clean. A small amount of grey or black precipitate in the
box. Water quantity 8 litres. Flow of water unobstructed.

Experimental ditch 6 — (.5 kg CaCO,/m: Inside of the lid of the
box covered by slightly greyish slime. A “rag-like” slime-covered,
greyish precipitate was seen in the box, which seemed to obstruct the
flow of water to som extent. Water quantity 15 litres.

Experimental ditch 7 — control test: Inside of the lid of the box
covered by a grey layer of slime; rust-coloured precipitate along the
water opening. The box contained a “rag-like” and gelatinous Ppre-
cipitate floating on the water. No firm precipitate at the bottom of the
box, as had been distinctly discernible in the other control tests, Water
did not flow in the box. Water quantity 30 litres. (An open diteh 1 m
in depth dug several Yyears ago 9 m from the experimental ditch to
serve as a trap ditch.)

As can be seen from the report on the experiments, precipitate was
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Table 3.

Analysis results of drain precipitates.

Loss of N
. Ash Al,0,+ Fe,O SiO
Dry ignition ¢ 297 I7ea0y 2
tter
Ditch ma ~
g % g % g % Ash I YaAsh g

1 .| 56.17 75.1 | 42,18 249 | 13.99| 75.9 | 10.62| 17.8 | 2.49
Septest 54.52 59.9 | 32.66| 40.1 | 21.86| 86.1 | 18.82| 10.4 2.27

Co'tesz ; ol 1345 | st | 1092] 188 2.53| 48.6 | 1.23| 36.3 | 0.92
Co'tis) - 27.92 | 755 | 21.01| 245 | 6.84| 81.3 | 556| 122 | 0.83
Cu (2)..ccov-0-

kg CaCOg (6)] 2158 | 83.4 | 18.00| 16.6 | 3.58| 20.7 | 0.74] 485 | 1.74
0'3 Ivg CaCOy (5) 1628 | 832 | 1355 16.8 | 2.74| 50.9 1.64 [ 269 | 0.74
;'0 l\g c‘qcoi @) 4412 | 67.5 | 20.78| 325 | 14.34| 75.0 | 10.75| 160 | 2.29

present in all control .test d'itches, in tv.vo of them in (¥ui’fe la‘rge
amounts, but in the third (ditch 7) c0T151de.1'ab1y le'ss'. tI‘hIS is prob-
ably due, in part at least, to the open ditch in t.he vicinity of the ex-
perimental ditch and to the fact tha%t the Wfiter in the box, due to an
obstruction further down in the ditch, failed to flow and the box
filled with stagnant water.

Among the limed ditches precipitate was present in the ditch that
received the smallest amount of lime, whereas the other two were
fairly clean. According to ocular estimates the use of lime, therefore,
seems to reduce the formation of precipitate.

The samples taken from the boxes at the opening of the ditches
were dried and examined in the laboratory. (Table 3.)

Analysis of the results shows that they are not consistent with the
observations made in the field. The third control test ditch in partic-
ular differs considerably from the other control tests, apparently just
because of the above mentioned open ditch and the flooding of the
Pipe with water. The difference between the observations made in the
field and the results achieved in the laboratory is grealest with test
ditch 3 (2 kg CaCo,). Ocularly examined, there was hardly any
preecipitate Present in the drain pipe, but the analytical result shows
that it contained a relatively large quantity of iron. An evident con-
tradiction obtains here between the amount of iron and the precipitate.
Taking into consideration both observations made in the field and
the analytica) resulls, it can be said that the general tendency shows
the use of limestone powder distinctly reduced the precipitation of
ron within the drains. The influence of copper also secems, in this
€xperiment to have heen similar,

e Yt ¢ B e e
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Table 4.
Viscosity and acidoid-basoid ratio of the precipitates.

Test member Nature of precipitate IO S0,
RO, RO,

0.5 kg CaCO;3 (6)..... Slime covered, ‘“‘rag-like” 26.67 2.35
Control test (7) ...... Gelatinous » 9.63 0.75
Control test (1) ...... “Rag-like” 4.21 0.24
Cu2) ...c..oienn, Light, mobile 3.94 0.15
Control test (4) ...... Not “rag-like” at all 1.86 0.12
1 kg CaCOg (5) ...... Precipitate grey, looked like mud 8.71 0.45
2 kg CaCO3 (3) ...... No pereeptible preeipitate 2.97 0.21

The part played by silicic acid and humus in increasing the vis-
cosity of the ecolloidal sol or gel and the significance of viscosity in
drain precipitates have already been deseribed above. It is therefore
of interest to study whether these conclusions are compatible with
praclical observations. In the field, in connection with the opening
of the ditches, special attention was paid neither to the toughness of
the precipitale nor to mention viscosily measurements, hut observa-
tions on the sliminess and “rag-like” quality of the precipitates, which
qualities characterize high viscosity, were noted. Table 4 gives ob-
servalions on the quality of the precipitates in the descending order
ol their viscosity. No accurale annolation was available regarding the
nature of the two last mentioned precipitates. In addition, the table
gives the silica sesquioxide ratio and the silica - humus sesqui-
oxide ratio, which affect the quality of the precipitates in the first
place. The higher the ratios, the higher should be the viscosity, or
sliminess and “rag-like” quality of the precipitates.

In the absence of accurate viscosity measurements it was necessary
to arrange the results in the table somewhat arbitrarily. This can
probably be considered, however, with the assistance of explanations,
as the obvious viscosity order. The table shows the compatibilily with
which the acidoid/basoid ratios decrease with reduced viscosity. As
the two calculated ratios vary along similar lines, the experiment does
not reveal the ratio followed by the viscosity in the first place.

The results obtained would appear to indicate that an investiga-
tion of rust precipitates in drains should not concern itself solely
with the quantity of iron but of silicic acid and humus as well. Both
the quantity of the precipitates and their acidoid/basoid ratio should,
therefore, be taken into consideration.
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To revert omce again lo the contradiction that o])tzlil:led be't\j\recn

,0 rfl.{i(ms in the field and the analysis of the precipitate 1_'1‘0111
Obbu?-f nlal diteh 3 (2 kg CaCO,/m), the natural explanation is lo
e_\-p:.-;runtl-ﬂt; the above. Th(e iron started migrating in the form of an
bc.im-m(.lilnidal complex, the electrical charge of which increased
anmnl-‘f L;?1311 lhe complex arrived at a level where the pH was raised
f'uru.wl- ‘?f The lime precipitated the ionized iren but promoted the
by ].an{ln.r iron bound to eomplexes. Hence, the optimal situation, it
L :bncluded, is one in which ionized iron is precipitated prac-
c.ould & mpletely, prior to its arrival in the subsoil drain, but in which
tlcall-)t’_cis I;1everthe1ess favour as little as possible the mobility of
f:ondlbloound to complexes. Such conditions are apparently associated
i;?trtll a pH of 6. This would explain, in part at least, the fact that in
the field test, smaller applications of lime reduced the amount of iron
present in the pipe. On the other hand it is to be noted that although
with an increased amount of lime the amount of iron present in.the
drain pipe is increased, the iron has precipitated so strongly into
anionic complexes that it is incapable of forming precipitates in the
drain and is flushed out of the drain system by water. A good example
of this is experiment ditch 3 (2 kg CaCO,/m). In addition, it must
also be borne in mind, that the effective period of small application
of lime may be too short in duration.

The experimental ditch with copper wire 4 mm in diameter (AscHAN
1907) contained a fairly large quantity of iron but, obviously due to
the low acidoid/basoid ratio, the precipitate was light and mobile.

In 1950, when land clearing work was continued on the Kolehmai-
nen farm, some 23 000 kg of limestone powder, or approx. 2 kg per
metre of drain, were used to protect the deep drainage system of an
area of 22.44 ha. A part of the main ditches and a few suction ditches
next to the trap ditch had been dug to half-depth the previous year
and left to function as open ditches. When these ditches were later
dug deeper, relatively large amounts of rust precipitate were found in
them, Afler the completion of drainage in the autumn of 1950 no
rust blockages were present in the drains, and in the spring of 1951
the drains in the area in question operated entirely salisfactorily;
hence, the use of lime seems to have led to the desired result in this
case.

When lime is used in drains the risks must also be considered that
may result from precipitation of iron outside the drain pipe.

Old drains on mineral soils have in certain cases been found to work
tnsatisfactorily, due to the fact that the water flow capacity of the
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pipe seams has decreased. This is considered to be partly due to the
fact that the pipes, when fitted in position on the wet ditch bottom,
became soiled with clay and silt gruel, and that the fine-grained ele-
ments, even though the pipe system may subsequently have been pro-
tected with a layer of gravel, later accumulated gradually in the joints,
In addition to silt elements proper, the migration of iron may also have
contributed to the blockage of pipe seams, as is indicated by investiga-
tions carried out in Sweden (FrLopxvisT & GUSTAFssON 1938). Hence,
when using lime as a safeguard to prevent the formation of rust
precipitates, care must be taken, on mineral soils in particular, not to
spread the lime too close to the pipe system, where it may promote
precipitation at the seams as well. Iron precipitated outside the drain
pipe system by the use of lime may also, later, if the pH falls, be re-
dissolved and enter the drains in reducing conditions. This risk, how-
ever, is decreased by the fact that the ferric hydroxide gel, as it gets
older, changes into an increasingly irreversible form, particularly if
exposed to some extent to the action of air. In addition, at this stage,
the amount of iron arriving from elsewhere would be so slight that
the iron dissolved at a later stage would probably be flushed out of the
drain system. :

Without discussing the mobility of humus and silicic acid in any
gregter detail, it may be mentioned that the most favourable con-
ditions for their migration into drains exist when an acid surface soil
layer on top of a less acid subsoil is limed. In practice this condition
occurs or may occur when a peat soil, on being taken into cultivation,
is limed, and the pH of the soil increases in the vertical direction of
the profile. This is quite general in peat soils, since the quality of peat
usually deteriorates as the peat layer grows in depth. Hence, in cases
like this special preparations should be made to counter formation
of precipitates, as in such conditions the iron, too, may become mobile.

Summary

The present investigation deals with rust precipitates present in drain
pipes which adversely affect the functioning of the drains, and with methods
for the prevention of their formation. To start with, the mobility, migra-
tion and precipitation of iron has been discussed, and attention paid to the
quality of the precipitates, particularly their viscosity, which was assumed
to be due to the reinforcing network of the hyphae and rods formed by
bacteria and to the acidoid/basoid ratio of the precipitates. '

The investigation describes the method in most general use against the
rust precipitates to date, based on the use of copper. The principle of this
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sthod is to destroy the bacteria and thus prevent the biological precipita-
I of iron. An attempt is made to elucidate, by theoretical interpretation
't]:::ed on laboratory exppriments, the effe.ct of copper on the equilibrium
of iron. 1t is found that copper redl.}ces tFlvalent iron to bivalent iron and,
furthermore, precipita{es. trivalent iron in the form of ferric hydroxide.
The Precipilﬂﬂﬂg effec% is :1§s:.umed to be due to the tendency of copper to
ferﬁl negative complex ions. The p.h.enomenon 1s'f0und to be consistent with
.é&périmellts carried n‘ut in ‘the’fmld. From this the coneclusion is drawn
t:ﬁai the use of copper in d‘ru.m pipes sea.ms to .prumute precipitation of iron,
parﬁculﬂrly in soils L'Outal.mng‘humus, in which the potential formation of
ﬁbéaﬁvc copper complex ions is assumed to exceed that in soils with less
humus. : g At

In contrast to the method of attempting to prevent the origination of rust
prec-ipifﬂtcs by the use 0!’ coppcr_in the drain pipes themselves, a new
countermeasure suggested is that based on the use of lime, by which mobile
iron is precipitated before it reaches the drain pipe, above the pipe system.
The results obtained, both by the preliminary field test and over a more
extensive area where drainage was construeted by using this method, were
relatively positive.

No final evaluation can as yet be made of the method proposed, because
of the risks entailed at a later stage by the use of lime and because of the
short duration of the experiments. On the strength of the theoretical study
detailed in the investigation, itself based on experiments, the method can
be recommended for practical purposes even at this stage.
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