
Watar·Fiock lntaraclion, Kllataka & CtuJdaBv e 1995 Balkema, Ronbldam. ISBN 90 5410 549 6 

Factors controlling metal content of mining waters 

P.V.Yelpatyevsky 
Pacific illsliluJe of Geography. VWdivosrok, Russia 

ABSTRACT: High contents of heavy metals (Pb, Zn, Cu, Cd, Mn, Fe) and aluminum in the waters 
connected with mining and associated deposits (dumps, tailings) reduce water quality and degrade the 
community structure in streams. Mobility of the metals is determined by water acidity. An investigation of 
mines of the southern part of Russian Far East has determined that the major factors affecting heavy metal 
load of waters are: the quantity of acid-forming sulphide minerals (pyrite, pyrrhotite, etc.) in exhausted ores; 
the composition of ore-containing rocks and their neutralizing capacity; degree oxidation of the minerals; the 
manner of ore excavation; the peculiarities of ore dressing; the age of anthropogenic ore-rock deposits; water 
quality of drainage waters; and the process of water auto-cleaning in streams. 

1 INTRODUCTION 

Ore bodies that are subjected to action of 
supergenic factors always are sources of metals for 
natural waters. Mining of ore leads to ''geochemical 
explosion:" heavy metal concentrations rise 
drastically in drainage waters. There are three 
principal types of sources of heavy metals: (1) 
waste water from a mine, adit, quarry; (2) drainage 
of dumps with sulphide minerals; (3) drainage of 
analogous tailings. The processing of ore 
accelerates oxidation processes of sulphides and 
formation of acid waters. The acid conditions are 
favorable for dissolution of heavy metals from ore 
minerals and aluminum from ore-containing rocks. 
The ecological danger of modem mining is 
connected with high quantity of heavy metals, 
arsenic aluminum, etc., that come in natural 
streams. These factors degrade water quality and 
destroy water biocenosis. The aim of this work was 
to estimate heavy metal input to natural drainage 
systems from different mining deposits and factors 
controlling the input in the southern part of Russian 
Far East. 

2 OBJECTS Ai\1D METHODS 

The principal types of inspected ore deposits are: 
(1) skarn-polymetallic Pb-Zn ores; (2) polymetallic 
veins in silicate sedimentary rocks; (3) quartz­
cassiterite veins; (4) scheelite-sulphidic ores. 
Waters from pit and/or adit, drainage from under 
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dumps, water from tailing pools and drainage from 
under tailings, as well small watercourses accepting 
polluted water were sampled. In the cases of many 
mines in one basin integrating river was sampled. 
All samples were ftltered through 0.45 micron 
filters. Dissolved and suspended substances were 
analysed separately. Most part of liquid samples 
were concentrated with complex-forming reagents. 
Suspended matter was decomposed by the mixrure 
of acids. Heavy metals were determined by flame 
AA-spectrometry, aluminum and arsenic­
colorimetrically. In all samples pH and main cations 
and anions were determined. 

3 RESULTS MD DISCUSSION 

In this report generalized results from more than 
270 different water samples are communicated. In 
addition to absolute concentrations the relative 
index was used - Clarke concentration (the ratio of 
concentration in sample and average concentration 
in the background waters of region, sampled from 
springs and small streams). Average concentration 
of elements from 42 samples are presented in the 
first line of Table l. 

The results demonstrate that the degree of acidity 
does not necessarily determine the heavy metal load 
of waters which may be determined by other 
factors. 

The main factor is the quantity of sulphide 
minerals in ore and ore-containing rocks (pyrite, 
pyrrhotite, arsenophytite, etc.) the oxidation of 
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"' - low analyti..::allimil 
Sample obje..::ts: I - background warers of low-order scream; 2 mine wasre of a quartz-cassiterite deposit; 3 

mine wasre water of cassiterite-sulphidic deposit; 4 - drainage from under a miling of scam-polymetallic 
ores; 5 - dr.rinage from under a tailing of Pb-Zn ores in silicare rocks; 6 - drainage from an adil of 
cassirerite-sulphidic deposit on the altitude of 1060m; 7 - drainage of an adit of the same deposits on the 
altitude 714m; 8- water from a quarry of polymetallic deposits; 9 drainiage from under dumps of a same 
polymetallic deposits; 10 - drainage of a tailing having been filled only eight years; 11 waste pulp after 
dressing scheelite-sulphidic ore; 12 • of a tailing of the same deposit; 13 - mine waste waters at a 
qua.n:z-cassirerite deposits; 14- the same waters after a settling pool; 15 ·red stream- waste waters from an 
adit of a cassiterite-sulphidic deposit; 16 - mouth pan of the same red stream. 

which leads to forming of sulphuric acid. The 
abundance of sulphide minerals determines the 
possibility and dimension of forming acidic 
sulphate waters. Quartz-cassiterite deposits without 
sulphides have associared different chemistry of 
water than polymetallic and cassiterite-sulphide 
deposits. Comparison of analysis line 2 and 3 of 
Table 1 demonstrates that in both cases all metals 
are in anomalous amounts, but in the second 
example me development of sulphur-acid processes 
gives rise of high metallic load of waters and 
particularly large output of FE(II), Zn. Mn, AL At a 
neutral condition mine waters are slighdy enriched 
with only Mn, Cd, Zn. 

The second important factor is the composition of 
orc:-bearing rocks. Sulphur-acid production actively 
develops in silicate rocks that are poor in basic 
elements, but the rocks enriched in carbonates 
inhibit the process. A dramatic ccntrast can be seen 
from comparison or chemistry of drainage waters of 
differc:nt tailings (line 4 and 5 of Table 1). In the 
first case tailings were waste of scam-polymetallic 
ores c:nriched by calcite, wollasronire, hedenbergite. 
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Basic cations of these minerals neutralise acidity 
and pH is not below values where heavy metals 
become highly mobile. In me second case the 
tailing was full of silicate material v.rithout 
neutralizing minerals and as a consequence drainage 
waters are metals-rich. 

The extent of the oxidized ore zone has great 
importance for determining metallic loads of water. 
Prepared by preliminary oxidation of sulphides 
metals more actively go out in drainage warers. For 
example, samples from adit at the altitude l060m 
above sea level, near the top of a moumain range 
have concentrations of metals 8-20 times larger 
than samples from adit at 715m (line 6 and 7). 
Fresh sulphides do not readily produce acid 
drainage waters and the latter have a moderately 
low metallic load. The threefold elements group 
(Mn, Cd, Zn) has the most mobility in both 
circumstances ii it is considered in Clarke 
concentrations. 

The next important factor is the method of ore 
extraction (by quarry or adir, pit). When ores are 
extracted by open-cut quarry many more sul-



phhJiud r,>~,;k.-, .lfc tran:..lo.:ated "' rca.:t with 
ox11iation agcnL,. The iormcd dump:. arc powerful 
cuntnbuwr:; oi ~ulphuric a.:id metal.>. particularly if 
ore minerai:. rw vc been touched by weathering 
proa.s.:>cs. Draina£c waters from under dumps oi 
polymetallic dcpo:..its in silicate rucks have Mg-Al­
Zn or Mg-Zn-Ca composition of ..:arions. Some 
heavy mc:w.Js ;uoc: the main .;;.~tions of chemical 
composition (line 9 of Table 1). Water from quarry 
of the same deposits has much less mcwls (line !i). 

The age of dumps and/or tailings has an 
important effect on the: heavy mew! load of 
dr.tinage waters. The increase: of re:;idence time of 
dispersed mineralised rocks in supergenic 
conditions c:m increase: the release: of heavy metals. 
Comparison can be made of dr.tinages from under 
tailings which started to be filled 45 years ago. but 
presently are not used. (line 5) to tailings of 
accumulated wastes of the same deposit during only 
the last 8 years (line lO of Table) I) demonstrates 
the possible importance of time-factor for forming 
acidic metal-rich t1ow. In the relatively fresh tails 
sulphate waters have been formed, but they have 
low concentrations of heavy metals. Fresh sulphide 
minerals should have lag-phase time for 
development of oxidation processes. Acidification 
of waters and dissolution of metals are indubitably 
in the furure. Out put of metals may increase with 
time. 

The peculiarities of ore dressing are an essential 
factor for chemistry of mining waters. As a rule, 
iron sulphides and arsenopyrite are not extracted in 
concentrates. Very often only cassiterite is extracted 
from tin-sulphide ores. By this means new powerful 
sources of acidity and heavy metals are built up. 
Their life-span is not predictable because the 
quantity of accumulated acid-forming sulphides, 
and dynamic of their oxidation is unknown. 

In the concentration of scheelite-sulphide ores 
sodium silicate is used and the waste becomes 
alkaline. Under this condition arsenic has a high 
mobility (line ll of Table 1). Oxidation of 
sulphides in tailing is responsible for acidification 
of pore waters, which become enriched with Fe, 
Mn, AL In drainage waters Fe(II) may transform to 
Fe (III) and form iron hydroxides which may tie up 
the dominant part of dissolved arsenic (line 12). 

Usually mine waste waters pass through the 
settling pool where the bulk of coarse suspended 
matter is sedimented. Dissolved metals are removed 
from water to only a small extent in pool. 
Sometimes concentrations slightly increase (line 13 
and 11 of Table 1). It is possible that the rise is the 
consequence of dissolution of metals of suspended 
matter. Settling pools detain suspended matter only 
partially, but as to dissolved metals the pools ar~ 
not effective. 
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Prucc:...:;c::.. of :.cif-punfication of dr.illlagc w..u:r~ 
arc more cffc:<;;tivc. It ~ conn«.Led with 
tr..nsformation vi dissolved specie~ "' .suspended 
forms and sedimcn~<o11on of the 14ner ones. At the 
fm;t step afu:r the water!> undef\11ent oxidation 
conditions iron hydroxide~ are relea.IJ!d and red 
str~ are fof!IlC(j. Other metah partly co­
precipitate with fe-hydroxides. For example, the 
mining red stream leaking from adit ;u cassiterite­
sulphide deposit of length about 300m has different 
heavy metal loads in the beginning and near the 
mouth (line 15 and 16 of Table 1). Removal factors 
oi elements are in % of initial content: 

As > Pb > Fe > Cd > Zn > Cu > Mn 
7& 45 3& 27 10 10 1.2 

Iron-sediments are very effective for co­
precipitation of arsenic from acid solution., but other 
elements are removed to only a small extent. Fe­
sediments and cementation crusts in many cases are 
enriched in metals-Zn, Cu, Pb -(O.n wt%), although 
they extract a minor part of dissolved metals. As the 
acidity conditions change after confluence with 
natural neutral waters aluminum hydroxides fall 
out, bur their adsorption capacity is low. Al­
sediments contain metals one order of magnitude 
lower than Fe-sediments. 

Sometimes on the bottom of red streams very 
enriched by metals sediments are accumulated. 
Example of chemistry of such sediments has been 
given in Table 2. 

Table 2. Metal contents in suspended matter and 
sediments from mine waste waters of tin-sulphidic 
deposits (wt% per dry matter). 

No Cu Pb Cd Zn Fe Mn 

0.11 0.40 0.0014 0.37 34.2 0.037 

2 0.41 0.28 0.0025 0.37 18.8 0.057 

3 0.90 0.28 0.35 5.50 10.7 3 84 

4 0.61 0.12 0.043 8.66 3.9 5.42 

1,2- suspended marter; 3,4- sediments 

Metal-rich colloids form in mine waste waters of 
tin-sulphide deposits. It can be seen that they are 
very enriched by Zn, Cd, Mn, but ille poorer in Fe 
than suspended matter. The bottom material is not a 
simple accumulation of suspended particles. Active 
precipitation of metals from solution to sediment is 
observed. There are not physical-chemical reasons 
for sedimentation of Zn and Mn from acidic (pH 
4.9 - 5.2) waters. One of the possible reasons for 
the enrichment is a micro-biological activity. But 
this aspect is not investigated. 
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All type::.. ,,i nurung pnlo.:c~.,. p!.)Jlut~:: n.uur.U 
wat.::r:~. ~ ..J.>;:p.:\:sits that .U'c n..:heJ by ....:iJ-f,mruug 
.::.ulphiJ.:s prvJu .. -.: a..:iJi..: w;~r..:r-t10ws with !ugh 
.:untcnts ..:.1 di:Y~r.:nt heavy meuls. Their 
.:un,:cntr.mvn 1s 3-5 0rJcrs vi magniruJc brg.:r th..n 
natur.U l.:\cb ;mJ n,n .Uway:; Jilut.:J t<> ba...:kgr,lunJ. 
S.ulphiJ.: !Xl0r J.:~its pr,)Ju...:c ncar-neutr.U war..:r:.o. 
their ..:vn..:cntrativn vi m.:ul:. is i..:.~r. but vr'~:en 
th.:y ha\c thrc.: m.::uls in ..wumalous <JuanUI) - Zn. 
Ci. ~ln. These d.:mcnts ar.:: ufren nut rc:1Jily 
rcm0vcJ ti:vm w;>rer by natur.U mc.;h..nisms. 
To prcvcnt the ncg;>tive intluer...:e vf mine wat.:rs it 
is n.:.:<:::SSJ.!) tv Jcrerminc th.: potcnti:U r.:savc or 
a..::iJity in .:x..:avJ.ting rock mass J.tlJ .;om pan: it with 
the no::utr..ilising .;apa..::ity of these ro.:ks. 
Tr-J.Ilsrvrmation vf dis,;vlveJ sp.:.;ies of metals tv 
suspended forms by ncUtr.ilisation at dl.: man-maJ.: 
gcu.::hemical barriers will free waters from a part of 
metal luad. An invesrigati0n or microbiologic:U 
methvds ivr this purpose may be very interesting. 
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