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PYROLUSITE-RICH TAILINGS FROM NIKOPOL AGAINST ANOXIA?

Anoxia in marine basins is a problem, or is feared to become a problem in several locations. A straightforward remediation
would be to blow large volumes of oxygen (or air) into those sub-oxic waters, but that is a tiresome and costly affair. By
introducing a solid oxygen donor, it should be possible to attack the anoxia problem for a reasonable period of time in a
single and simple operation. An obvious and cost-effective choice would be the use of the mineral pyrolusite (MnO,).
This is one of the commonest manganese ore minerals, and hundreds of millions of tons of manganese tailings containing
this mineral are stored in tailings near manganese mines all over the world. A well-known example of such tailings can be
found in the manganese mining district near Nikopol/Ukraine. Its use has no harmful effect, as the mineral contains no
heavy metals, and even its pore waters are of drinking water quality. The major problem is probably that the reaction of

MnO, is rather sluggish.

Introduction. Many marine systems, particularly
in semi-enclosed and shallow water bodies suffer
from anoxia. This is often aggravated by the influx
of nutrient-rich waters, leading to phytoplankton
blooms. When the plankton dies and sinks to the
bottom, their decomposition uses up the available
oxygen. Sometimes a remediation is found by
blowing air into these anoxic water bodies, like in
the Salford Docks area near Manchester, where
the waters were heavily polluted by the runoff
from sewers. A compressed air injection raised the
oxygen level by up to 300 %, leading to a spec-
tacular recovery of the fish stock, both in numbers
as in diversity [2]. Although such a remediation is
possible, it is costly and energy-intensive, the
more so as quite a bit of the air will escape as bub-
bles, and not take part in the solution of the prob-
lem. If one could provide oxygen by using a solid
oxygen donor, one can in the course of one simple
and cost-effective operation find a remediation
for the anoxia. The solid donor can be emplaced
at the heart of the problem, and all the released
oxygen can play a part in the process. A problem
that could occur is the fact that the oxygen release
may be sluggish. On the other hand, this makes it
possible to spread the effect over a certain length
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of time, even though the operation itself can be
executed rapidly.

Choice of oxygen donor. The material must be
cheap, and available in large quantities. A logical
choice is the mineral pyrolusite, MnO,, one of
the most common manganese ore minerals. In the
form of a commercial manganese concentrate,
however, it will not be cheap. All manganese ores
occur together with other minerals, so-called
gangue minerals. In order to obtain a commercial
manganese concentrate, during ore dressing the
gangue minerals are separated as completely as
possible from the ore minerals. The aim is to pro-
duce a commercial concentrate with a minimum
Mn-content of 48 %. The success of this treat-
ment, which is expressed by the term recovery, de-
pends on the grain size and the degree of inter-
locking of the minerals. The gangue minerals are
environmentally innocuous minerals like quartz,
calcite and clay minerals. Together with the unre-
covered manganese minerals these are called tai-
lings which are stored in basins or on tailing
dumps. These tailings still contain several % up to
21 % of MnO,. Manganese ores are notably poor
in harmful elements like mercury, arsenic, lead or
cadmium.

Nikopol in the Ukraine is a famous manganese
mining district. The Nikopol district has been the
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world’s major manganese producer for a number
of years, and is still in operation. It has the largest
known manganese resources in the world [1]. The
manganese ore is a fine-grained sedimentary ore,
which makes that after ore dressing the remaining
tailings still contain 21 % of pyrolusite. It is likely
that the cost to obtain these tailings will involve
no more than its handling and shipping to the
point of use. An advantage for the mine is that the
area now occupied by the tailings becomes avai-
lable for other uses.

The total amount of tailings stored in large ba-
sins near the Nikopol mines is 170 million tons.
This means that they contain 35.7 million tons of
pyrolusite. When this amount of MnO, is reduced
to MnO it releases 6.5 million tons of oxygen.
One mole of oxygen (O,) = 32 gram, and one
mole of gas (NTP) takes a volume of 22.7 liter.
The amount of oxygen released by the pyrolusite
equals 4500 billion liters of oxygen. One m3 of a
solid oxygen donor like pyrolusite contains hun-
dreds of times more oxygen than one m? of air.

Transport of the tailings should be easy. The
city of Nikopol is situated on the banks of the
lower reaches of the river Dniepr, which is navi-
gable for fairly large ships, and reaches the Black
Sea near the city of Cherson.

A cure for local anoxia? It is proposed to use
these or similar Mn-tailings for the mitigation of
anoxia. This is an example of geochemical engi-
neering, which involves the use of geochemical
processes and natural materials to solve environ-
mental problems [3]. The first question to be an-
swered is, will their release in deep anoxic waters
make a serious contribution to suppress the ano-
xia? This will depend on the rate of oxygen release
by fine-grained pyrolusite under anoxic condi-
tions. The best way to find out is probably to se-
lect a test site of a small anoxic polluted lake or a
fjord with anoxic bottom waters and spread a co-
ver of pyrolusite tailings over its bottom. Then the
changes in oxygen saturation must be monitored.
If there is a considerable improvement over a time
span of a few months to a few years, the method
can be applied for the remediation of anoxia in
urgent cases.

Almost certainly marine biologists will raise the
question of the environmental damage to marine
life that such a geochemical engineering solution
might cause. Evidently, potential negative effects
on the environment must be closely followed, but
from the nature of the pyrolusite itself and its ac-
companying minerals it seems improbable that
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this solution will have any negative environmental
consequences. Manganese ores are notably poor
in heavy metals, and the other minerals are no
different than what is found in normal bottom
sediments. During an inspection of the mine tai-
lings it was observed that the pore waters inside
the Nikopol tailings were of drinking water quality.

Once the questions as to the rate of reaction,
and the absence of negative environmental conse-
quences are solved to satisfaction, one can turn
the attention to the logistics and the financial
consequences of this approach, as well as the se-
lection of the most urgent but small-scale cases of
anoxia. It is unlikely that the method can ever be
applied to treat large stretches of oceanic anoxic
bottom waters. A point of discussion would be the
choice between the use of a pyrolusite concentrate
(limited volume required, but more expensive)
and pyrolusite containing tailings (larger volume,
but less expensive).

Conclusions. Oxygen is the most direct answer
to anoxia. It is proposed to use a solid oxygen do-
nor in the form of pyrolusite instead of blowing
air into the water.

Large volumes of pyrolusite-rich tailings are
available near many manganese mines in the
world.

No negative environmental consequences are
expected by the use of this method.

Cees van der Weijden is thanked for his comments.

1. Corathers L.A. Mineral Commodities Summaries. —
USGS, 2005. — P. 104—105.

2. Hindie P. Exploring Greater Manchester — a fieldwork
guide. — pdf Manchester Geogr. soc., 1988. — P. 13.

3. Schuiling R.D. Geochemical engineering : taking stock //
J. Geoch. Expl. — 1998. — 62. — P. 1—28.

Received 29.10.2010

PJ. HlIxayaun

MUPOIIO3UTCOLEPXAIINE XBOCTHI
N3 HUKOITOJIA ITPOTUB AHOKCHUN?

AHOKcUs gBJsieTcs MpodieMoil MOpckux 6acceiiHOB He-
KOTOPBIX PEerMOHOB. HawmydimmM cpencTBOM MOTJIO OB
OBbITh 3aKauMBaHMUE OOJIBIIUX O00BEMOB KuUcjaopoaa (MJIu
BO3/yXa) B OOEMHEHHBIE KUCIOPOIAOM BOJBI, HO 3TO IO-
BOJIBHO XJIOTTOTHAS U IOporocTosiinas onepamus. Hanbo-
Jilee TIPOCTOM METON — BBEICHWE TBEPIOTO WMCTOYHWKA
KUCJIOpOa KaK ONWHOYHOW omepamyu. OUYeBUAHBIM WU
9¢bdEeKTUBHBIM BBIOOPOM MOXKET CTaTh MCIOJIb30BAHUE
nupososuta (MnO,) — onHOro U3 Hanbosee pacpocTpa-
HEHHBIX MapraHIIeBO-PYIHBIX MUHepasoB. COTHU MUJI-
JINOHOB TOHH COMEPXalIuX €r0 MapraHIeBBIX XBOCTOB
XpaHATCS B OKPECTHOCTSX MapraHIIEBBIX IIaXT BO BCEM
Mupe. XOpOIIo M3BECTHHI MPUMEPHI TaKWX XBOCTOB B
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paitoHe no0buM MapraHua noa Hukoronem (YkpauHa).
Hx ucrionbp3oBaHue He OKa3bIBaeT KAKOTO-JTMOO BPEIHO-
TO BO3IEUCTBUSI, TTOCKOJIBKY MWHEpPAT HE COMEPXKHT TsI-
KEJIBIX METa/UIOB U JaXe €ro IMOpOBBIE BOIBI COOTBET-
CTBYIOT IO KaYeCTBY MUTbeBOI Boje. OCHOBHAas MpoobJie-
Ma 3aKJIo4aeTcs B TOM, 4to peakuus MnO, mpoxomut
OYeHb MEIJICHHO.

PJI. lIxayain

MIPOJIO3UTBMICHI XBOCTHU
3 HIKOTIOJIIO TTPOTU AHOKCIIT?

AHOKCIis € mpo0JIeMOI0 MOPCHKMX OaceiHiB AesIKMX pe-
rioHiB. Halikpaiiym 3amo0ixkHUM 3aX00M MOTJIO 6 OyTU
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3aKauyBaHHS BEJMKUX O0’€MiB KUCHIO (200 TOBITpS) y
30iIHEHI KMCHEM BOIM, ajie 1€ HaATO CKJIaJHa i Jopo-
ra omepatisi. Haiimpocrimuii MeToq, — BBEIEHHSI TBEp-
JIOTO JiKepesia KUCHIO sIK OKpeMoi onepallii. OueBUIHUM i
eeKTUBHUM MoOXe OyTU BUKOPUCTAHHS IMipOJIIO3UTY
(MnO,) — 0IHOr0 3 HAUTMOUIMPEHIIIUX MAPTaHIIEBO-PYII-
HuX MiHepaliB. COTHi MilbIOHIB TOHH MapraHlEBUX
XBOCTiB, IO MICTATh iOro, 30epiraloTbcsi B OKOJIMIISX
MapraHueBMX IIaXT y BCbOMY CBiTi. 30KpeMma, y paiioHi
Bua00yBaHHs MapraHiio rnoonusy Hikononst (YkpaiHa).
Ix BuKOpUMCTaHHS He MaTuMe IIKiIIUBOI Aii, OCKiNbKM
MiHepaJl He MiCTUTb BaXXKWUX METaJIiB i HaBiTh SIKiCTb iiOro
MOPOBUX BOI Bi/IMOBiNae KOCTi MUTHOI Boau. OCHOBHA
npobieMa TMoJIsrae y Tomy, 1o peakitis MnO, npoxoauthb
JTy>Ke TIOBiJIbHO.
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