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MICROBIOLOGICAL CONTROL
IN AN INDUSTRIAL COPPER DUMP LEACHING OPERATION

Direct microscopic counting was the most suitable method to
enumerete Thiobacillus ferrooxidans in solutions and ores under
industrisl dump leaching conditions. Determinations of the
becterisl activity in situ were necessary, since there was no
regular correlation beiween the number and activity of these
becteria. Measurements oflﬁhe bacterial iron oxidation rates as
well as of the bacterial C0n— fixation were the most suitable
ways to determine this activi%y.

Introduction

The ore piles in the vicinity of the Vlaikov vrah mine, Bulgearia,
contain about thirty million tons of waste low-grade copper sulphide and
mixed ores from open cut mining. The initial copper content wag about
0.05 - 0.10%, but some parts of the dumps had a higher copper content
- up to 0.20%. The main copper-bearind Wwinerels are chalcopyrite, covel-
lite and chelcocite. Pyrite is well represented, too, where ouartz and
feldspars. are the basic minerals of the host rock.

The observations conducted in that area during 1986 showed that
efter reinfall, acid drainasge waters with @ high content of copper anc
iron ions {over 0.5 and 2 g/l, respectively) and of bacteris related to
the species Thiobacillus ferrooxidans and T. thiooxidens flow out of
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the dumps. Detailed information about the climate at Vlaikov vrah was
obtained, and the geological, minerslogical and hydrogeological
characteristics of the ore and dumps were'investigated. The leachability
of ore samples taken from the orebody and dumps was studied under
laboratory conditions by using the shake-flask technique and large
column tests. Large column tests were also carried out to determimne the
optimum parameters of the leaching process.

The favourable character of the data resulting from these studies
served as asn asrgument for the construction of an industrial plant for
biological leaching, which was commissioned in 1972. In operation, a
solution containing bacteria, dissolved oxygen, sulphuric acid and iron
jong was pumped to the top of the dumps. The solution percolated
through the dump and dissolved copper. Dump effluents were gent to the
precipitation unit where copper was removed by cementation with iron.
The tailing solution was recycled to the dumps. Detailed information
about this industrial copper dump leaching operation has been published
elsewhere [1].

' Since 1968 there have been regular checks of the microflors in the
dumps. Since 1972, these checks have also eovered the geparate stages

of the industrial plant. The microbial ecology was investigated to
determine the nature and extent of microbial populations occuring in
thes: ecosystems. The asctivities of these populations depended upor,

and slso affected, the physicochemical parameters of their micro-
—envirorments. Information from such studies is of great importance to
the understanding of the mechanisms of the leaching of sulphide minersls
under industrisl conditions. However, their final purpose is to establish
the possibilities of increasing the leaching rate -and extent. Some datsa
in this respect have already been published [2]. This paper emphasizes
the different methods which were used for direct ani indirect enumeration
or measurement of the activity of T. ferroxidans in circulating
solutions and ore dumps from the industriel plant at Vlaikov vrzh. This
bacterium is the most important microorganism taking part in the leaching
of copper. The character of the microbiological contrel in guch systems
ig also presented.

Materials and Methods

The procedures for collecting ligquid or solid samples for micro-
biological analysis have already been described [3]. Regular sampling
wag carried out at the following points of the industrial plent: the
four main effluents fromthe dumps, the collection pond in front of the
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cementstion unit, the entrence snd outlet of the cementation unit, =n
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regeneration pond and several points in the dump area. Other points
were sssayed only occesioneally. 30lid samples were collected with =
calibreted steinless-stesl hand corer not only from (or near) the
surface of the dumps, but alsc at various levels by cutting sampling
trenches with a backhoe.

The following methods of enumerating T. ferrooxidans were usecd in
the test work; direct microscopic counting, the most probable number
(MPN) method, culturing on membrane filters [4], culturing on solic
sgar [3,5,6] and silice gel [3,7] media, the determination of bacteriel
nitrogen [8], the determination of orgsniec carbon by an organic carbon
anslyzer, the determination of 14Coz—fixation [3], counting by Coulter
Counter [97] ané the fluorescent antibody (FA) staining technique (10).
For enumeration of the cells sttached to the solid samples, accurately-
-weighed amounts of ground solid sesmples (1 to 20 g) were transferred
to 300 ml sterile Erlenmeyer flesks containing 50 ml of sterile
acidified (pH 2.0) distilled water. The slurry was agiteted for 15 - 30
min.on s rotary shaker end allowed to settle for 1 - 2 hours. The
supernatant from this treatment was decanted aseptically. The solid
residue was further disrupted by ultrasound to release bacterie that

g

may heve been firmly ettached in the ore pores. The powders thet resul
efter ultrasound treatment were washed with acidified digtilled water
end decsnted. The decented liquid was mixed with the first supernestant
and the mixture was used for cell enumeration.

The oxidation rates of bacteria in situ versus ferrous iron wer:
determined bv using 300 ml Erlenmeyer flasks conteining 100 ml of
solution. Solutione from different points in the industriel plant as
well es supernatants containing cells dislodged from s0lid samples were
used in these experiments. Controls containing synthetic nutrient medi=z
were also set up. Five ml of a methenol solution containing 2% of ithymocl
were =dded to the sterile control flasks. Some flasks were incubated
in situ in the industriel plant at 9 - 15°C, while other flasks were
incubeted inm thermostat at desired temperatures. The flasks were
incubated for 5-days without agitation.

The technicue described by Keravaiko and Moshniakove {14] was used
with some modifications to determine the 14COZ- fixation in situ. Ten
ml of solutions containing bacteriz were added to sterile 16 ml gless
bottles. Controls conteining synthetic nutrient medis were also used.
mhege eynthetic nputrient media were inoceunlated with local bacteriel

streins. The bottles were capped with rubber serum stoppers. Ueing

14 s
- 5 e, 1) L, o - : P o . -
syringe, G.1 ml of ke “cn. sclution relessing ? x 107 couznie/min. mo

wes insected through the serum caps into ihe sottles. The nottles wers
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npiteted for seversl minutes, after which, some of .them were incubated
in gitu at 9 - 15°C, while the others were incubated in thermostat at
degired temperatures. The incubation time varied from 3 to 10 days.
Aftar incubation, 1 ml of 40% formalin was added to each bottle to stop
the bacterial activity. The solutions were filtered through membrane
filters, which were then treated with 2% hydrochloric acid and dried,
and the radioactivity of the bacteria was measured, using a scintilla-
tion counter. '

Results and Discussion

Practically all the known methods for enumerating T. ferrooxidans
were used in this study. Most of them have been critically evaluated in
an excellent review [j2]. However, only direct microscopic counting,
the MPN method using serisl dilutions in liquid medium, and culturing
on agar or gilica gel plates seemed to. be feasible as reglular metheds
under industrial plant conditions. '

Direct counting of T. ferroxidens by means of a phase-contrast
microscope and a counting chamber appeared to be the mcst'éuitable method
for enumerating these bacteria in soclutions under such conditions. The
method is a tedious procedure but its accuracy (Table 1) and duration
compare well with those of the remaining methods. Direct microscopic
counting does not differentiate between T. ferrooxidans and T. thio-
oxidans, and Leptospirillum ferrocoxidans is also poorly distinguishable
from these bacteria. However, rixed populations of these three species
make up the most active biological oxidizer of sulphide minerals [13],
30 a separate determination of each of these species is unnecessary in
cormon practice under such conditions. Some acidophilic heterotrophs
are 2iso included in the totel number of bacteria found by this method.
However, the number of such heterotrophs is dsually much lower than
that of the chemoautotrophic bacteria. . '

The MPN method does not differentiate between T. ferrcoxidans and
.. ferrooxidans, and the results are obtained only after several days
of incubation. Culturing on agar medis did not prove suitable, since
most of the local strains of T. ferrocoxidans had no a reproducible
growth on such media. The silica gel media were more suitable, but the
incubation period for colony production on them was 1dng (15 days, at
least). ' _

Direct microscopic couting wes also employed to enumerate bacteria
in weshings of ground and sonicated ore samples. However, the values
obtained in such cases were significantly lower than the values obtained
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Teble 1
- Enumerstion of Thiobacillus ferrooxidans in Solutions
from the Copper Dump Leaching Operation at Vlaikov vrah by
Means of Different Methods
Method ) Solution: Solution Solution Solution
To. 18 No. 28 No. 38 No. 4%
Cells/m1®
Direct microscopic 7 6 5
counting 5.1 x 10 | 8.0 x 10° | 4.4 x 10° | 2.3 x 10%
MPE method4 4.5 x 107 6.8 x 106 3.5 x 105 1.8 x 104
Culturing on ' 7 6 5
membrane filters | 4.1 x-107 | 6.6 x 10° | 3.3 x 10° | 1.7 x 10*
Culturing on solid ' S
media:
- on Menning’s 7 6 5 - 4
medium 3.5 x 10 5.9 x 10 3.0 x 10 1.5 x 10
- on 9K silica 7 6 5 ' 4
gel medium | 3.8 x 10 5.6 x 10 3.3 x 10 1.8 x 10
Bacterial R 7 6 5 4
determination 5.3 x 10 8.8 x 10 5.0 x 10 2.7 x 10”
Organic C 7 6 5 4
determination 5.5 x 10 9.1 x 10 5.3 x 10 2.7 x 1C
14CO ~fixation 7 6 5 ‘
germlnatlon 4.7 x 10 8.6 x 10 4.1 x 10 2.5 x 10°
Counting by 7 3 5 "
Coulter Counting 5.3 x 10 8.6 x 10 5.9 x 10 2.8 x 107
FA steining method | 4.1 x 107 | 7.3 x 10® | 3.0 x 107 | 1.4 x 104
2 _ pump effluent, . Cementation unit effluept, ¢ . Pregnant solution

2.3, 7. ferrooxidans 10 cells ml, NH4 1 mg/l,

Table 2

Enumeration of Thiobacillus ferrooxidans in QOres from

the Copper Dump Leaching Operation at Vliaikov vrah by Means

Different Methods

Method Ore No. 1 Qre No. 2 Ore No. 3

Cells/g®
Direct microscoplc counting 1.2 x 108 2.3 x 106 4.8 x 104
Bacteriel N determination 1.8 x 10® | 3.5x 102 8.1 x 1oi
orgenic C determination 2.1x 10% |3.9z 107 9.0 x 10
400 ,-fixation determination | 1.7 x 108 | 3.2x 10 8.0 x 10%

- Fach velue represents the mean of

ten determinations
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Table 3

Oxidation of Ferrous Iron by Meesns of Bacteris from
the Vlaikov vrah Copper Dump Leaching Operation

; Test conditions® Fe2+ oxidized, g/1
i 12 - 15° 27%
T 3
I Solution Ko 1° 0.51 1.49
! Solution Xo 1 + thymol 0.01 0.03
Solution No 1 + (NH )2804 + KH2P04 0.86 2.24
Solution No 2% + Fe?+ ‘ 1.87 4.40
Solution No 2 + thymol + Fe?* 0.01 0.03
Solution No 2 acidified with H2504 to
& pH of 2.0 + Pe°' {89 2.71
Solution No 2 + (NH,),50, + KH,PO, + Fe?t 2.35 5.58
Solution Ho 2 but containing 1.5 g/l
cu?® + et 1.29 2.64
9% putrient medium without bacteris 0.02 0.03
i 9K nutrient medium + ore from the dumps 3 (for
(107 cells/g of T. ferrooxidans) 4.85 104 h)
2% nutrient medium + the same ore +
+ thvmol 0.01 0.03
9% nutrient medium + local strain of 9 (for
T. ferrooxidans 5.01 100 h)

® - (NH,),S0,, KH,P0, and Fet (as FeS0,-TH,0) were added in
concentrations of 1.0, 0.5 and 6.0 g/1l, respectively.

. Barren solution from the cementation unit with pH 3.5, Fe2+ 3.7 /1,
T. ferrooxidans 10° cells/ml, NHZ non detected, Poz' 1.4 mg/l.

- Tash velue represents the mean of ten determinations.

57 means of other methods (Table 2).

negardless of the fact that most T. ferrooxidans bacteria are
ioceted in .the dumps and not in the circulating solutions [2], the
snumeration of bacteria attached to ore particles is unnecessary in
sommon practice under industrial dump leaching conditions. Such systems
recarded as chemostat cultures in a steady state, and the
sriz may not show much change in population level over long periods

l74]. An equilibrium exists between the cells attached to the ore
particles and the cells in solutions [3]. This equilibrium is not stable
end mey be sharply changed, e.g., after rainfall. Nevertheless, the
number of cells in the solutions reflected the character of the leaching

rrocess. A higher number of T. ferrooxidans in dump effluents usually
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Table 4

14002-fixaticn Activity of Bacteria from the Vlaikov vrah
Copper Dump Leaching Operstion

. & Tempe- Redioectivity
Test conditions ragure, of bacteria,
C counts/min.ml(g)
Solution No 1° 9 - 11 800
Solution No 1 12 = 14 1 400
. Solution Ko 1 27 4 800
Solution Fo 1 + (NH5 2SO + KH2P04 11 - 14 1 800
Solution No 2° + Fe<™’ » 12 - 15 11 800
Solution No 2 acidified w1th H280 )

to a2 pH of 2.0 + Fe2 11 - 15 " 6 800
Solution No 3% + pe?* 12 - 14 4 200
Ore suspension in 9K nutrient medlum )

(107 cells/ml of T. ferrooxidans) 11 - 14 7A000
The sbove-mentioned ore suspension 27 21 700
9K nutrient medium + local strain of

T. ferrooxidans 12 - 14 12 300
9K nutrient medium + the seme strain

of T. ferrooxidens 27 27 500

% -~ See footnote & to Table 3; @he incubation period was 5 days.
- See footnote b to Table 3. - See footngte ¢ to Table 3.
- Pregnant solution from the dumps with 10° cells/ml of T.ferrooxidams.

denoted better leaching. Purthermore, in each case where there was
evidence of leaching, T. ferrooxidans was present. v

However, more important than the determination of the number of
cells was the determination of the level of bacterial activity.in situ
ju ores end natursl solutions and st natural temperatures. This was due
to the fact that in some cases no correlation was observed between the
number of bacteris and their activity. Measuremenis of the bacterial
iron oxidetion retes (Teble 3) and of the bacterial 14002--fixa‘l::1on
(Table 4) were the most suitable ways to determine the bacterial
aetivity in situ. It is kpown that in such sysiems bacterial activity
does not depend upon any single factor, but rather upon a complex of
factors DS] Factors such ag temperature, pH concentrations of copper
jons and some essentisl nutrients, etc., markedly affected the bacterial
activity. The magnitudes of some of these factors in situ differed from
optimum phvsiological megnitudes. Such a finding is of great importance
since bacteriasl activity can be enhanced by the artificial improvement
of some of the rete-limiting environmental factors. Nowadeys, this is
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the one .and only .applicable way to incresse dump bioleaching under
industrial conditions.

1.
12,
13.
14,
15.

S.N.
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W warunkach przemysYowego 2ugowania haxd, prosta metodes mikrosko-
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powa byza najbardziej odpowiednia do zliczania bekterii Thiobacillus
ferrooxidens w roziworach i rudach. Poniewaz nie ma proatej'zaleZnoéci
pomigdzy liczbg i sktywnoscig tych bakterii byio konieczne oznaczenie
aktywnosci bakterii in situ. Nejbardziej przydatng metodg oznaczenia
tych sktywnosci okazaly sig pomiary szybkoécl utlenianla zelaze II
oraz wigzenia 14602 ~ bakteriami.

COIEPEXABHE

B.l.Tpoymema, C .H.Ppoyneﬁ, 1987. HuxpoGmoaorwieckmll KOHTPOMEL IDOMHILIeH-
HOrO mporecca BHNEJaYABARVA’MEJW B OTBAJAX. OR3IMKOXIMITGSCKAE BON-
pocH oGoramenms, I19; 283-291. ]

B yCJOBEAX HPOMHILIEHHOT'O BHNEJSYABAHEA OTBAJNOB mpocToft MAKDOCKOTAYEC~
xEfi MeTon HawGoJee COOTBETCTBOBAN CUNTHBAHED OaxTepuff Thiobacilus ferro~
oxidens B pacTs0pax ¥ pynax. Tak Kax HeT HpOCTO# 34BHCHMOCTE MeRIy
9MCAOM ¥ AKTVBHOCTLD 3THX CaRTepHl HeoOXONuMO OCOSHAYATE &KTWBHOCTB
Gaxrepmit B uecTe ofpasoBarmd. Hamboxee IPETONHHM METOLOM OGOSHAYEHMS
3TEX aKTWBHOCTell OKABANECH E3MEPSHMA CKOPOCTH OKmcJjenms xetesa III, a
Taxxe BABAHE® I4002 GaKTepHAME, '
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