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Method of Analysis and Results.

Three samples of crushed rock were received, designated Frie Unmineralized,
AY 0002, end DP 9002. They were assigned chemistry numbers 70551, T0552,
and 70559. These sampies vere tested to deterrmine the effect of the mineral
bacteria Thiobacillus ferooxidans upon them. The T. ferrooxidans was
obtained from Dr. H.M. Tsuchiya at the University of lMinnesota. The growth
medium used was called 9—K Medium composed of the following ingredients:

BASAL SALTS ' ENERGY SOURCE

(v, )50, | 3 eus ~ FeSOj"TH,0 - bh.2 gms

KB PO, . > gms Tap Water 300 mls
L] - . .

MgS0), *TH,0 .5 gms ‘

KCl ) .1 gnm

Ca(NO,), - .01 gnm - . . o -

Tap Water T00 ml

This media was autoclaved in two solutions and combined prior to use using

TO m1 basal salts tc 30 ml energy source. Erlenmeyer flasks, 250 mls, were

used as containers, and placed on a shaker at 20°C in a constant tempersture

room. The culture of T. ferrocxidans was transferred twice before the test

started. The pH of these cultures was initislly 2.80 and over ten days dropped

to 2.2. Slides were eble to deronstrate the presence of viable bzcteria after

about 10 days of incubation. The test consisted of placing 30 gms of tke

erushed rock (ground tc -200 m or finer) and 5 ml of the active bacterial
s—spension in 100 ml of the tasal salts part of the 9-K }edlum Fhirty

grams of ore %keaﬁi%% substituted for the 30 ml of the "energy scurce" part

of the 9-K Medium. For each ore type tested, a corresponding control was

set up with 100 ml of the basal salts, 30 gms ore, and 5 ml of sterile

O-K Media added. The control was identical, excert for bacteria, to the

test. A growth control was included, with sterile 9-K Medium inoculiatec

with 5 ml of the T. ferrcoxidans suspension. An additional ccntrol, to act

as s chemical blank for the xmetols determination was included. This consisted
of 100 ml of the basal salts with 5 ml of the sterile 9-X lMedium added. This
wvould demonstrate the effect of media exchange in serpling upcn the metals
tested. After all the various test comporents were added together, zliquots
for an initiel pH readirg and metals determination were taken. These reedings
indicated that the ore tempered the pH. Two drops of conec. H qoh wvere found to
reduce the pE to 2.53, well within the requested 2.5 to 2.8 p¥ range. As 10 rl

. aliquots of the sample were used for the metals determination, and 10 ml for the

PE, 20 ml of the basal salts soluticn were added rer sample. The samples were
then incubated for three days. In taking these aliquots it was found that it
vas necessary to let the ore solutions settle for 3 to b hrs. before samplirg.
It took that long for the fine particles to cowpletely settle out. AL three
days incubation, 20 ml were teken for pH and metals determiretions, znd 20 ¢l of
sterile besal salts solution were added. The pH had risen to approximatel)y k.2

o~

to L.5 so 1 drop of H 550), (conc.) was added tc give a pH of 2.76 to the solution
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ore in them. The growth control chowed 2.3 and the reagent blank 3.7. The pH
was token at day &, day 10, and day 15. Additionel metals determinations

were done on days 3 end 15. FKanging drop slides at day 8 indicated bacterial
growth in the growth contrel ond none in the other flasks, The pE of the
growth control had drcpped to 2.3. From day 8 t6 day 10 to day 15, no real
change in pE or media appesrance was seen. Following the outline of the’
Canadian protocol supplied (A Study of Water Folluticn in the Vicinity of
Flin Flon, Manitoba, Part A Vater Polluticn Sources. Canada Envircnrental
Protection Service. Surveillance Report FPS-5-KW-T5-T.) an additional

15 gms of ore was added. Twenty four hours later, the pH was not below 3.5 so
the test wes terminated, and a final metals determination was tazken. A

table of results follows. (Table 1.) :
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Table i. Results of PH and Métals Determinations.

L/h/78

16

day O " day 3 day| day| day 15 day
. RE METALS#* ¥ METALS 8110 METALS YTTALS

] pPH|{ C4d | Cu| Fe | Ni | pH | Cd Cu} Fe | Ni Dl § pH | PH Cd | Cu |[Fe | Ni pH | Cd | Cu | Fe | I1ii

irie | »

wminerelized|{ 3.9 (.83 |190 {390 {180 (4,5 |3.0{ 55 (240 [12000 (4.2 4.2 { 4.1 |13 | 520082 {2k00O{L.6 g.h 120} 36 |16000

_atrol L4 .67, 92 560 150 k4.2 hfl/ 48 {140 [13000 (k.3 k.2 | 4.2 |1k | 4Loo |37 [22000{k.T (4.2 | 22 | 3.7]|16000

7 9002 | . 3.8 .78 {240 {420 (130 {4.5 |.96 T3 | 250 8200 L.3 k.3 4.1 10 9706 4o | Lioojk.7 |6.1 | 300 2.5 1200

:ntrol 5.21.29 | 63370 { 61 {4.,5 {1.3| 51{150 | 3900(4.3 4.2 |L4.2}|8.6] Thoolh2 | 5300|/4.6 {8.0 | 310{ 10! 7100

P 9002 5.1 |1.6 |270 | 450 [460 | 4.5 [4.9| 70390 | 8300{4.0{k.0| k.0 |91 [1koo0 180 [19000|k.k |6.1 | 110| 127{13000

‘sutrol b9l .67 | 67T tL4o (240 (4.5 (T7.3] 83370 [10000({4.1|4.0| k.0 |98 | 9600|160 |r6000|k.k |15 130| 8312000

em Blank . 4.6 1.19 | 60 |460 | Lk }3.7 .12 34310 16 j2.612,6 2.6 (.18 17 leko} 35 |2.5 |.16 1k | 180] 22

rowth Cont. 2.6 | .84 |850 11200]850 2.3 .67 | 820 | 8700{ 550 |2.3}2.3] 2.3 .55 300 lszoo 590 |2.3 |.63 | 230|3700| k20
' Basal Salts|2? |27 .91 .31| b

‘Cd in pg/l, Cu in npg/l, Fe in mg/l, Ni in mg/l

“#pH adjusted after reading with Hasoﬁ (cone.)
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Discussion of Pecsults,

The most apparent comment that can be mede is that the bacterium used had

no apparent effect upon the ore. Trat tre Thiotacillus was viable at the '
start of the experiment was demonstrated by its growth in the 9-K Medium.
Literature sources indicate that metal ion concentration changes of upwards of
50-60% should be seen over the control. values. The chemical blank included
demonstrated relatively tight control over the physical sampling procedures &s
-seen by the follow1ng table:

Table 2. Chemical Blank Control Statistical Values.

METALS MEAN STANDARD DEVIATION " STANDARD ERROR UNITS
cd © 1625 .031 _ .01k ug/1

Fe 297.5 120.7 53.96 mg/1

Cu 31.25 21.09 9.41 ug/1

Ni” 29,25 . 12.63 5.65 - ug/1 '

Any differences of 50-60% from the test to controls should have been clearly
demonstrated. However, large disparities in control and test samples were
found. Due to test limitations, dupliczte eznalyses” were not run. Cleerly
they should have been. Causal inspection of Table 1 demonstrates that nickel
end cadmium concentrations were not merkedly affected. The figures for ccpper
and iron are more erratic. Replicete testing possibly could have determinea
if there was a difference in reduction of the ircn between the test and
controls. The iron Getermination appeared to have less fluctuation than tkre
copper. Possibly, a,repeat of the experiment with 3 replicates, concentrating
on only one ion (Fe) would be of more value. In addition, a mixture of mineral
bacteria could be used. It should be noted that the pH range of the experirment
was well within the 2-6 pH range for viability for this bacterium. Thus the
PH seen in the test and control flasks, aithough higher then the growth ccntrol,
would not have acted as an inkibitory or lethal factor. £ proof that the
ore is or is not a toxic substance to the bacteria 'is required addition of
the ore to a freshly inoculated culture in a growth medium should be done. At
least one transfer from this medium should be made after 10 days to new growth
medium to test for viability. /

Additional Notes. /

In working with this medium, doubt arose that it was the best medium suited

for the experiment. Additional bacterial strains vere ordered from the American
Type Culture Collection (ATCC). Uron subsequent culture, tke medium suggested
by the ATCC clearly demonstrated its superiority, ellowing faster growth, as
evidenced by a heavy red precipitate occurring cays sooner than the 9-K Nedium.
It is suggested that this medium be used in any subsequent experircents. The
formulation is:

BASAY, SALTS ENERGY SOURCE

(NHh)esoh .8 gms FeS0), * TH,0 20 gms
XH,PO0), 4 gms 1N H,50, -2 ml
MgS0),  TH,0 .16 gms distilled E,0 200 ml

Autoclave snd combine in €0 rl tasal salts to 20 ml erergy scurce 811QPO*’

in sterile 250 ml Erlenmeyer flasks.
).




REVISED ORE TEST PROTOCOL

Barbara Thorsen, VMDH, April, 1978

3 Test Flasks: Ore - 10 gms (used by Dr. Tsuchiya, not the 30
gms used by the Canedian study)
Basel Salts - 100 mls
Tnoculum - 1 ml

3 Control Flasks: Ofe ~ 10 gms
Basal Salts -~ 100 mls
Sterile Growth Medium - 1 ml

Toxic Growth Control: Basal Salts - 80 ml
Inoculum - 1 ml
Energy Source -~ 20 ml-
Ore - 10 gnms

Growth Control: Basal Salts - 80 ml
Energy Source - 20 ml
Inoculum - 1 ml

Chemical Blank: Basal Salts - 100 mls
| Sterile Growth Medium - 1 ml

AlY flasks set 3 hrs. with no shaking before aliquots ere drawn.

1. TInitisl pH® and Fe aliquots are taken on day one.
2. Incubation on shaker at 20°C. |

3. At day 4 take pH and Fe aliquots.r

4, Observe growth in growth cnntrol as color change.-
‘5. At dsy 6, 8, 10, and 12 teke pH's. '
6

Vhen pH in growth control drops to a stabilized reading concurrent with
heavy red precipitate, take additional Fe aliquot. At this point, proceed
with one of the following.

a. If pH in test flasks remains constant, add 5 more grams of ore, sheke
for 4 more days, take pH and Fe aliguot. ' If pH has remained constant
terminate experiment. If pE has fallen and is below 3.5, add an
additional 5 gms of ore, shake 4 more days, take pH and Fe allquot
and terminste experiment.

b. If pH in test flasks fluctuates or starts falling, continue taking pE
every 2 days until the pH stabilizes. After 2 readings that are within
+ 0.1 pE unit, proceed as in A above.

T. Subculturc; to additional growth controls should te made from the toxic
growth control at cey 10, and at the experiments'termination. If the test
extends beyond 25 days, an edditionsl trensfer should bte made at dey 25.

*The pH is used as a useful indicator of microbial activity as H,S0, is formed
as a byprcduct of metal ion utilization. Specific pathways for metel utilizetion
by various bacteria for different ores can be found in Zajic, James E., 1969,

Microbial Eic geo chemistry, Acedemic Frecss, Lew York, p. 3h5.




