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COLD FUSION
J

OVERLOADING- | of DEUTERIUM
in the PALLADIUM

and SIMULTANEOUSLY

MOVEMENT of DEUTERIUM
in the PALLADIUM

without LOSING of OVERLOADING



The principle problem of experiments has
caused from 1989 up to the present :

g
Unreproducibility of results.

The tipical excess power (when it works) was
about 5~10% and it also arrived up to a
maximum value of 200% for many hours
(That value is macroscopic, 10~300 W)

These results have been controlled by several
different experimental methodes.

0

Therefore, it's NO mistake of measurements.
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used the same wire, before loaded by D and later by H. We notify that after six loading/deloadiag

procedure (washing) the excess heat of PU/PVH system decreased to about 3%.
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Fig.7: Pure Pd “central wire geometry” results. Isoperibolic calorimery (15% accuracy).
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Selected criteria for "suitable new technique"
were below:

a)HPd > 095=>R/Ro< 1.5
b) Time,
to get H/Pd > 0.95: < 50 hours

¢) Stability of overloading > 4 hours
d) Success rate > 60%

The measurement of loading, H/Pd, D/Pd
were performed, on the line, in situ, by
variations of resistance of Palladium, which
change depending on the ratio of

H/Pd and D/Pd.

According to a literature, it's given that
the maximum ratio of H/Pd and D/Pd is
0.97 with the pressure of 50,000 atm
(Baranowsky graph).

The necessary condition, but not sufficiently,
in order to achieve anomalous excess heat is to
surpass one certain level of value of the D/Pd
ratio.
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Figura 1. — Variazione della resistivitd dei sistemi Pd-H, Pd-D in
funzione della concentrazione atomica (x=H[Pd, DIPd), a tempe-
ratura ambiente. Il picco di resistivita (R/[Ro=1.78 e 2,0) corri-
sponde a x=0,75. I mnassini valori di caricamento noti sono: R/Ro
=1,4%¥H) ¢ 1,6 (D) corrispondentia x=09, 507000 Afm -

do il ben noto grafico di Baranowsky (fig. 1). In que-
sto grafico i rapporti atomici x=D/Pd e x=H/Pd, so-
no posti in relazione con la variazione di resistivita
(R/Ro) dei sistemi Pd-D e Pd-H. Si osserva che la
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In situ, during loading Pd wire,

a semipermeabile (like a "DIODE"), thin
and homogeneous barrier is made, which
allows the entrance of Hydrogen or Deuterium
into Pd like H or D ( under the action of
electric field due to electrolysis ), is
unfavorable for ricombination :

H+H—>H2

D+D—>D2

| The pressure of bubbles's gas is at low

atmosphere. |
Moreover, the experimental evidence exists
that H or D behaves like H* or D+ once it goes
inside Pd . Therefore, it can be moved by
application of electric field along the wire
(electro-migration' , it was discovered in1929
in Germany by Alfred Coehn and later, it was
proved and improved by Franzini in 1932 in
Italy).

"The diffusion coefficient dipends on the
concentration of H or D in Pd.
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***Another, strange, peculiarity of H(DVPd system is that the diffusion speed of H(D) changes
in a remarkable way upon loading, according to the following Tab. 1

Phase Concentration Diffusion speed i'mir:;
o <0.1 107910
i 0.1--0.78 10°0—10°7
¥ 0.75--1.0 10741073
super-y >1 >10" (only indication)

Tab.l Diffusion speed of a, B, v, super-y, H(D)-Pd phases.
***According to the electromigration formula, it is necessary to maximise the ratio V/T in order
t0 increase the concentration gradient of H(D) in Pd.

The voltage drop (V), according to the Ohm law, is:
V=[*R=[*p*Us=*p*l(n*r?) (Eq.2)

The Effective Wire Temperature (T_ew) depends on the ratio between the total surface area (S)
and the volume (Vol.); if I>>r, we get Eq.3: '

T_we=1/(v*S/Vol.)~ /[t*(2*x*r*1)/(x*r2*])]=r/(2*1) (Eq.3)
As final result, the ratio W[‘ud:foﬂmingﬂqrmlmﬁqﬂ:

VIT=(I*p*U(r*r2))(e/2)=(2*[*p*t*Un)*(1/r}) (Eq4)

where:
p=resistvity; l=leagth; s=surface of cross section: r=radius; T=heat exchange constant.
It results that, given some material resistiviry p and heat exchanging constanr
(%) of the bath where the wire is immersed, the ratio depends only on: V3,
**In Fig.1 it is shown the behaviour of ratio V/T versus current flowing inside pure Pd wire
(r=13um), in pure waler at 20°C.

Fig.1 AV/AT ratio
¥5. electromigration
current.

__
""-'
i

8 B &

DVIDT_ef
£y
BT LAl

1 =y
t H

5 83538
EE
*
Ll
%
$ B3B335



snsues in a rapid increase of the pH value. This generates & rapid increase of COy"
concentration (proportional 1o the square of the OH concentration). At the same ume there is
also an ennchment of Sr'* jons, atracted by the cathodic field. In these conditions the jonic
concentration product [Sr'] [CO,"] becomes higher than the solubility product and there is
precipitation. As the time goes on, more CO," ions are rejected by the cathode than Se™* ions are
atracted. because the mobility of the former is higher than the mobility of the latter. So it
happens that the ionic concentration product drops back to the solubility product, thereby
arresting the precipitation, This latter process is faster the higher is the cument density so, at
higher current densities, the precipitation stops earfier and the correspondent thickness of the
precipitated layer is smaller

3 - EXPERIMENTAL APPARATUS

The schematic diagram of the experimental set-up is shown in Fig. 4. The electrolytic cell
is u glass cylinder containing 2.4 litres of electrolyte. The cathode is a thin Pd wire (diameter 50
wm, length 30 cm) while 4 Pt wire with a diameter of 500 wm and a length of 30 cm is the anode.
The anode was set at a distance of 5 cm from the cathode. The cell was kept at the fixed

temperature of 20°C,

ground
(D.C.+AC))

Figure 4 - Apparanis set-up.

Electrolysis cell is composed by anode-cathode electrodes fully immersed into an electrolytic
solution (Hy0+HCl+Alkaline-Earth soluble salt): resistance is measured for “up”™ and
“down " Pd segment wires. External electromic devices are divided in power supply block (DC
generator and impedance booster) and measurement block (ac-pulser, ground-return
connection and several picks-up connected 1o Digiral VoltMeter). High precision and stabiliry
resistances have been used to acguire circuil currents (of D.C. and a.c. generators).

For a sake of experimental simplicity in these experiments, we adopted the parallel
geometry of the wire instead of the coaxial one, as reported in the numerical simulation. It can be
shown that the electrical paths, about elecine field homogeneity at the cathode, are similar ©
coaxial geometry when the anode-cathode distance is >>20 radius of the cathode.

The low value for the cathode diameter was chosen both to enhance the H absorption by
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INIENEISNE/
Date
Experiment Experiment
Wie : 100 um, # Wire 100 um, ¢
1004 100~300cm [ 30~100cm £
1008 Mar LR mmn'
LoD (10-1~104mal) | U OH+ :
dectoltes
Wre : 50 g m , 30cm Wre : 50 zm, 30cm
HzO D20
1908 Apr~| Cx®. SO2 i
1989 Nov | (10-5~10-4mal)] HCl (10 -5~104mal )

e
HgClz (10 “6~10-5md)

+
HgCl 2z (10 “¢~10- 9 madl )

Based on the study of overloding of H, or D
in Pd and of movement of it inside Pd, we
selected some reliable technique in order to
apply them to the Pd-D system.



Experimental@problems

During the loading, the Pd also
distorted 8% in volume with production

of :

* Superficial cracks
(paths of dispelled H or D)

* Xk Dislocations, internal vacances
(H+H—>H:gas)

a) Grade of purity of Pd
(if purity is too much, 99.99%,
it doesn't work well.)

b) Metallurgical preparation and
procedure of loading
(Current density, time pattern,
addition of proper impurities like
INFN-LNF method, impurities are
anti-cracking agent whose amount
is 10-6 mol).



offExperiment
as JMFN=LIEF

ehin wire (SOzm)

a) Small diameter, superficial bubbles
(H2, D2) of small dimentions

g

large pressure

b) Large gradient of electric field
(oc1/r) like in a proportional,
coaxial, wire chamber

¢) Possibility of changing, in large
amount, the range of pH of solution,
from 9 to 13, surrounding the cathode,
(It was given by Computer simulation,
just changing the electrolysis's
current density).

¢



¢

Simultaneously, it’s possible to obtain
a situation in which there is a dissoluble
salt in the electrolyte and another
indissoluble salt,which is formed by the
same element, deposits on the wire.

¢

Control the thickness of deposit in
feedback by means of acid in order to
dissolve the salt in "excess".

[ex.]
SrClz  soluble in the solution
HCI acid
SrCO3 insoluble over the cathode



Table 1 - Equivalent ionic madun:tm:: at infinite dilution, in water, at 25°C.
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PT"J Computer simulation at constant concentration of 40 uM Sr™" ion concentration,

diameter 50 um. a) SrCO,; deposition thickness versus time ar /2.5, 25]5& 100

dmr cmﬂrdmmp' b) pH variation versus fime at 2.5, 25, 50, 100 mAfom” current
.

The results can be summansed as following:

a) the pH value in the immediate proximity of the cathode depends on the electrolytic current
density and in a few seconds raises to a stable asympeotic value;

b) the thickness of the layer reaches, versus tme, an asymptotic value which decreases
MMimm:mlymﬁmmdedﬂm“m
equal 1o the bulk density of SrCO;y;

¢} the thickness of the layer increases by increasing the Sr concentration in the electrolyte
before the beginning of the electrolytic process; mmﬂuﬂﬂuldulnﬂphﬂmim
4.8 nm) occurs when this concentration is lower than 107 M, in our experimental conditions
(Pd wire: length 30 cm, dianmeter 50 um);

d) itis possible to achieve a .+ Tine control of the thickness.

The not-intuitive behavivurs reponed at points a) and b) can be explained through the
lollowing cross-linked considerabions.
At the cathode there is a strong subtraction of H™ jons because of their discharge, which



— 10—

best results were obtained with Ca and Sr and are reported hereafter.

In Figs § and 6, measurements of electric resistance ratios of the “up™ (EF) and
“down” (DE) wire sections (see fig. 4) are presented as function of time, adopting the Ca™
(7.0 107" M) and 5c77 (3.5 10° M) clectrolytes, respectively. The graphic representations of the
loading process (p versus log time) show a first stage, lasting about 300 seconds, during which
p goes from | wp to a maximum of 1.78-1,80, comesponding to a loading level x=H/Pd=0.75,
sccording to the Baranowski disgram. Afterwards, as the loading proceeds the value of p
decreases, The course of this decrease shows a “shoulder”, after which p drops asymptodcally
towand minimum values, usually different in the various segments of the wire and depending on
the alkaline-earth ion added to the “ground solution”.

In Ca-based electrolyte afier 12 hours, loading corresponding w0 p_up=1.28 and p_
down=|.38 were obtined (see Fig. §).

In Sr-based electrolyte the course is very similar, the final values obtained were cven
better: p _up=1.13 and p _down=1.15 (Fig. 6).

Al these values, the effective cathode loading cannot be determined direcily from the
Baranowski curve. A reasonable and conservative extrapolation indicates exceptionally high
loading levels, around x=0.99 or even higher.

In order to check the correctness of the results, the electrolytic process was stopped 1o
allow the complese de-loading of the cathode and to control that the p values go back o the
maximum and then decrease to the initial p=1 value. Fig. 7 shows a complete de-loading of a
cathode previously loaded down to p=1.13. The complete de-loading required about 16 hours.
Several loading/de-loading cycles were performed and substantially confirmed the obtained

results

e tn)

Figure § - Calcium [oading trend.

ing frend curve (R/Ro vs log time ) occurred when Ca im.-rf?ﬂ"."ﬂ"‘lﬂhvrhmnﬁd
to the - in abour 3005 resist wdmmﬂwd!:umﬁncmmdm
about a hour after the peak; the highest ing (RRo=1.28 for “up™ and 1.38 for “down" at
23 "C) reached stable values in about one day, (“up"” and “down”™ labels are corresponding
to up (EF) and down (DE) Pd wire segments, see Figure 4).
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Figure & - Strontiam loading trend.

Loading trend curve (R/Ro vs log time) occurred when Sr lons (35*10° M) have been added to
the electrolyee: in abour 3005 reststiviry peak was achieved. The shoulder occurring lasts about
half hour; loading higher than Ca test (R/Ro=i |3 for “up™ and 1.15 for “down™ at 27 °C)
were reached in less than one day.

4.1 - Evidence of a new phase in the system Pd-H

Experiments with the Sr containing electrolyte have shown a remarkable phenomenon:
once the ultimate loading level was reached, comesponding to p=1.13, the electrolysis was
interrupted and the wire was allowed to de-load toward the maximum value of p : the electrolysis
was restarted at WRo=1.7 (H/Pd= 0.8). It was observed that the re-loading was so mpid that in
about 20 minutes the value of p dropped 1o 1.2 The subsequent lowering to the starting valve of
1.13 was reached within the next 40 mimates (Fig. 8).

The occurrence of very rapid re-loading after the first loading is highly reproducible, in the
sense that it happens every time p becomes |lower than 1.4.

If the wire is made to lose H beyond the p =1.80, that is under x=0.75, a clear “shoulder”
appears in the course of the de-loading (Fig 7), meaning that some process which slows down
the de-loading is taking place. If the de-loading is carried out beyond this “shoulder” the re-
loading process is found to be as slow as any first loading. Furthermore, such a “shoulder” is
observable only when the loading has been carmied out down o p <14 (iLe. H/Pd>097).

The described behaviour suggests that, during the first loading. a slow process of
nucleation of a solid phase in the Pd-H system may take place. This new phase should be able w0
absorb hydrogen at a relatively high rate. Metastable nuclei of this phase would then “survive”
a partial de-loading (before the above said “shoulder™) and then allow for the rapid re-loading.
while if the wire is de-loaded further-on, they disappear and the whole process, including thewr
slow formation, has to start again.

This is also supported by the presence of another “shoalder” referred w in Fig. 6, and
characteristic of the first loading. [t appears reasonable to think that in the “first-loading
shoulder time™ there is a slow nucleation of this new phase at x>0.9. The fact that an analogous
“shoulder” presents itself during de-loading at x = (L7, :trongly suggests the occurrence of a
hysteresis which can be just bound first 1o the nucleation and growth of a phase and then 1o its
disappearance.



R. is the resistivity at the temperature | expressed in °C;
R, 15 the resistivity at 0°C;
it 15 the resistivity thermal coefficient (RTC).

Previous assessments in the range of x (=H/Pd) between 0 and 0.70, have shown that the
RTC t.llﬂj wnh s value of 4.1:107 *C "' at x=0 and increases between x=0 and x=0.08, up w
4.35.10" °C ', then decreases monotonically as x increases (Fig. 9). Our measurements are
substantially consistent with those in the literature [ref. 7]. At x=0.75 the value found for @ 15
17107 *C "', which is very close 1o the value of (1.5--1.6) 10" obtainable by extrapolating the
values of Fig. 9.
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Figure 9 - - H/Pd resistance temperalure coefficient
According olsmrhumduumn et gl.) this coefficient almost li decreases
from 4.1 107" K' (end of @ phase) to 1.8 10" K’ (end of a+ [} phase) because H loading. At
H/Pd >0, 70 no data are allowable.

If in the Pd-H system s new phase nucleated at higher loading levels, it is probable that
also the RTC would undergo a significant variation. In other words, if beyond certain H/Pd
values there is a significant change in the RTC course, it would be reasonable to think that a new
phase has nucleated and grown.

A correct assessment of the value of a requires that the valoe of x= H/Pd remains stable
while the iemperature is made to change and the correspondent measurements of the resistance
are effected.

The stability of the loading values has been obtained by profiting of the barrier effect
produced by electrolytic coanngs on the cathode, with metals which were found to strongly
inhibit the intake of H (see rcavnon [b, abowe), therefore able to hinder its outgoing as well
Among the possible memls the choice fell over Hg because it forms amalgams with Pd (0.06
wt® at 20 °C, Ref. 9). Such room-temperature formation of solid solutions allows for complete
and rather uniform coatings of the “physical” surface and, as extra bonus, the covening of
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11 - Hg coated wire, fesi at very low remperanires.

r achieving RRo=1_|, the Pd surface was coated with Hg and a of low temperature
test (up to liguid nitrogen) was performed. For sector “up™ both high and low temperatures
dum:numhbk-mnunmﬂymwmfh;hrhw +300 K the wemperature
coefficient, 0, was estimated to be 3.3 = 34107 *C".
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Figure 12 - Hg removing ndﬂﬂmde-hﬂ:

Smrﬂngﬂm very high loading | L1 ic electrolytic current was applied: in few

minutes Hg deposit (about ﬁnjuﬂuﬁnﬁmmmmmmrm
come out from the Pd following the expected trend (peak at about R/Ro= 1.8,
at R/Ro=1.7) up to the initial resistance value (RMRo= 1 ).

After the measurement campaign the wire has been put back in the cell and anodically de-
loaded. In Fig. 12 the p value is reported against time at constant anodic current. |t can be seen
how, at the beginning of the electrolysis, there is an interval of time during which there is an
increase of p between 1.1 up to | 18 with a slope proportional to the current. This is clearly due
to the dissolution of the Hg coang. When this is completely gone, the slope becomes sieeper,
due to H de-loading.

Going back to fig. 9, in the range of x= H/Pd between 0.1 and 0.7, the value of @
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possible surface defects hike, for example, micro-crevices.

In practice, once a sufficiently high loading level was achieved (p=1.16), 107 moles of
HgCl; have been added 1o the electrolyte, while the current was maintained at about 20mA.
When the value of p had dropped 1o 1.10, due to the contribution of the Hg coating (notice that
the resistivity of Hg is ten fold higher than that of the pure Pd; the thickness of the Hg film was
estimated to be around 5 um), the current was cut-down. It was observed that the p value
remained stable for several hours al room-lemperature, showing that the Hg coating reduces
strongly the H de-loading. The temperature of the cell was then rised wp to 100 °C and the
electrolyte made to gently boil for one hour. After cooling down to 20 °C it was found that the
value of p differed from the value reached before heating of a few percent. The wire was then
taken out of the cell and put into liquid nitrogen for storage, before the measurements for the
assessment of the valoe of o st p=1.16.

In Fig. 10 there are reported the values of p berween 20 and 100 °C, whale in Fig. 11, the
temperature range is extended down to 77 “K. It can be seen that the results are well aligned one
another. The average value for o was found to be 3.2/ 107 o which is definitely higher than the
minimum value reported in Fig. 9 correspondent to & value of p=1.8-10"" °C"', beyond which no
value for & 15 avamlable. The contribution of the Hg film can be easily estimated to be of a few
percent and therefore cannot significantly affect the validity of the results.

L T T T ¥ T T T

A

Figure 10 - Hg coated wire, high remperature measurements.
After achieving RIRo= . [, the Pd surface has been coated with Hg (by HgCl; electrolysis) and
Eﬂquir af;khf mrruﬂ;mpﬂjbmd'.

a we ing occurre wmﬂ'ﬂ?mm;gwm:,mlenﬁﬁmdmrﬁ:
temperature coefficient | gy, ) was estimated to be 1.2



The limit of technique :
the| purity|of H20 and D20

"inorganic substance"
Impurity |< organic substance"

something living"

[ex.]

Conditions of LNF experiment
are (Pd=50gzm, 30cm)

H20=1200 c¢c—>66.6 mol
HCl=2X10"° mol
SrChk=2X10-> mol

(1 mol Sr= 88g=1.8mg|[Sr])
Anti Cracking Agent=10-6 mol



IMpurity,
820

(D Inorganic substance
Deionized = 10 mg/ 0 Not good
Bi-Distillated = 0.3 mg/ ¢ good

@ Organic substance < 0.2 mg/ 0 [Tol]
® Living things = 0

if they are “"sterilized "
D0

1O 10~20 mg inorganic substance

¢

There is the necessity of
further distillation.

@ ~10 mg organic substance [Toc]
@ "Living things"
(60 bacteria/ml was confirmed by
INFN-LNF)



According to Biological investigation
of lI"iIFl'ﬂ-LI'«IFf"=J we have found one

deleterious bacterium in that :

a) It makes the pH of solution change.

AP WL o W e M

Eb) ll: is depns:ted on the surface ul‘ ‘% "'“;‘
% cathode competing with useful ik
Z

‘*’E'r; o

dEpﬂSItS(f be CﬁPﬁLlhﬂugﬂﬂﬂFf ..ﬂuﬂwup‘i‘) 4

¢) It inhibits the deposit of Anti-
cracking agent on the cathode in
the cause of reducing valences.
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[1I. SPECIFICATION

HEAVY WATER GRADE: REACTOR GRADE
Technical Specifications

-
D;0 Isotopic Purity 99.92 wt %
KMnO; Demand < 10 mg/kg
Conductivity < 1.5 mS/m
Tritium <2 nCi'kg
Turbidity <2 FIU
pH 6-10 |

| Odour None

| Visible Oil None
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D/Pd Loading

--- Preliminary Tests:

TEST MAX LOADING SOLUTIHON
(R/Ro) DO +HC1 + Sr
LOW current |HIGH current
(A) 2.00) {peak) 1.95 (Tafel) |no-Sr (blank)

(B) 1.90 - 1.85 1.80- 1.75 | Organic impurities
(C) 1.90 - 1.80 1.78 Commercial water
(D) 1.70 1.60 Pirelli waier (pure)
(E) 1.80 - 1.67 1.63 LNF-purification

Tab. — Loading tests using different heavy waters for the
electrolysis solution; in (A) no Sr addition to the
solution (blank test). OFF/ON cycles performed for
all tests.
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BIOTECHNOLOGICAL POTENTIAL OF HEAVY WATER AND
DEUTERATED COMPOUNDS
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SUMMARY

Some of the environmental, medical, biochemical and other commercial uses of
deuterium {D}mdllcuv)r water (D;0) are briefly reviewed. Many microorganisms
can grow in "pure” (99.6-99.8%) DO, usually afier a period of adaptation. Such
urgn.mmmmwuduulwrylnjc number of deuterated compounds.

Deuterated glycerol has interesting potential uses as a precursor of transparent
plastics and other compounds. We report experiments on the formation of
deuterated glycerol by Dunaliella spp, salt-tolerant algae growing in D;O. These
algae produce glycerol as a "compatible solute” when gmwing in high NaCl
concentrationss Although the different speties stidied did not grow as well in DO
a5 in H40, the total glycerol production of at least one species was just as high. Our
results indicate a new and interesting biotechnological potential for such algae.
Key words: deuterium, heavy water, D40, glycerol, algae, Dunaliella
INTRODUCTION

Deuterium (*H or D), the isotope of hydrogen containing two neutrons and one
proton, was separated by Urey ef al. (1932). DyO makes up & small but significant
traction (ca. 0015 mol %) of natural water. [ts ability to act as a moderator of
nuclear reactions led to major industrial efforts to produce it in large quantities, It
may be concemtrated from natural water by several different methods. These
include exchange between deuterated hydrogen (HD), hydrogen sulfide (in the
(irdler-Sulfide process, which has been most used), ammonia or methylamine and
hiquid water or water vapor, coupled with the use of continual enrichment
processes to make the end product, 99.8% DyO (Benedict ef al., 1981; Miller and
van Alstyne, 1994, Rae, 1991). By 1991, sixty vears after its discovery, about
29,000 tonnes of D) in the form of D70 had been produced, 60% of this in Canada
(Rae, 1991).

All methods are carned out on a very large industnal scale, involving large energy
utilization. The increase of the cost of DO from $60 USkg in 1960 to about $240
)S’kg in 1980 was mainly due to the increased costs of energy (Rae, 1991),

Since this conference is largely concerned with the risks of releasing different
substances into the environment, it should be stated at the beginning that DO itself
nnses hittle such risk—an lnne as it has aot heen nend in anclaar reactores Aa wasll he



can be greatly increased if the patent's bran is "loaded” with heavy water
( Hatanaka, 1989, 1991).

Heavy water has been widely used in measurements of body water space, in
shildren and in adults at various stages of nutrition and exercise Many human
subjects have been injected with or have swallowed a few ml (often 0.1 ml per kg
body weight) of heavy water. This increases the D;O content in the blood from 1350
to about 300 ppm, which subsequently decays to the normal level with a half-life
of a few days (Coward, 1979) The water space of animal bodies may be
determined by the degree of dilution of the heavy water, which can be measured
with great sensiivity.

I'he widespread use of heavy water in clinical studies and treatments without
reported adverse effects implies that it is not very foxic to humans. This is also
suggested by animal experiments, in which toxic effects did not begin to appear
until the D content of blood and body fluids and tissues was over 20% (Katz, 1960;
1965; Thomson, 1963). To attain such a concentration and adult human weighing
about 70 kg would have to drink rapidly more than 10 L D;O.
Microbial growth in Dy D30 is even less toxic to microorganisms than to
multicellular creatures. Some- bacterias and- algae’ can grow. in."pure”: (normally”
99,6:99.8%). D:0,. though, usually more slowly’' than in’ Hs0, and after a penod ‘of °
adaptation. Even more complex cells, such as protozoa can grow in quite high
concentrations ( 70-100% D,0) (Katz, 1965; Thomson, 1963). Microorganisms that
can grow in pure DO include, but are not limited to, the algae, Chiorella and
Scenedesmus (Katz, 1965, Unno ef al., 1987, 1989) and, as this report shows, the
salt-tolerant Diunaliella species. Bacteria include Escherichia coli, Pseudomonas
putrefaciens, Servatia marcescens (Katz, 1965; Thomson, 1963, Vanatulu ef al,
1093}, and extremely halophilic archacbacteria (Crespi, 1982). Among yeasts and
fungi, Torula and Aspergillis spp. have been grown in pure D;0 ( Thomson, 1963},
as have methylotrophic Candida spp. (Haon ef al., 1993). In most cases, a period
of "training” or adaptation is required at lower D;O concentrations before cells can
arow in the pure substance; mechanisms involved in such adaptation have hardly
been studied. Microorganisms growing in DO can provide a large number of
deuterated compounds. Algae that have grown in DO can provide biomass to
\erve as feedstock for the growth of heterotrophic microorganisms (Crespi, 1988)
Environmental and pollutant studies Determination of the natural occurrence of
deuterium and other stable isotopes is a powerful means for investigating past and
current environmental changes in the Earth's atmosphere and hydrosphere. The
sotopic composition of trace atmospheric constituents provides information on
sources, sinks and transformations of these compounds and, since the distribution
of environmental isotopes is governed by environmental conditions, they can be
used to examine both natural and anthropogenic influences on climatic vanation
(Kaye, 1992, Rozanski and Gonfiantini, 1990; Bowen ef al., 1990), Stable isotopes
of H, O and C have been used to assess the atmospheric methane inventory (Levin
and Doerr (1991), to evaluate the source of water vapour in the upper troposphere
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Fig. 1. Topology tree of the eubacteria based upon a number of methods used 10 determine phylogenetic relationsh
The order of branches thal constitute the main lines of descent and the relative distances separating them are hased
165 rRNA sequence companson and were adapied from Fig. 11 of Woese (1987). The branch lengths do not ref
evolutionary distances, Excepl for the Chiamydia and Thermotoga lines of descent, each major line i represented
two taxa; for a detailed composition sec Table |. The allocation of the epsilon group as a hfth subclass of proteobact
has not been confirmed as vet. The branching point of the lines embracing Fibrobacter {Montgomery et al. [1988])
Ferrticomicrobinm (Albrecht et al. [1987]) (not shown) is not setthed.
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Identification and characterisation

RALSTONIA PICKETTII is a non-fermentative gram-negative
bacillus formerly known as Pseudomonas picketti and
Burkholderia pickettii.

In 1995, a new genus, Ralstonia was reproposed on the basis
of phenotypic characterization, cellular lipid and fatty acid
analyses, phylogenetic analysis of 1685 rDNA nucleotide
sequences and rRNA-DNA hybridization.

Since 1972, Ralstonia picketti has been detected as a
contamination of several solutions (e.g., saline, deionized water,
“sterile” water, and intra venous ranitide). Previous laboratory
studies have shown low number (1-10 colony-forming units) of
Ralstonia pickettii inoculated into 0.9% sodium chioride solution
can proliferate over a wide range of temperature. Although the
filter size used to terminally sterilize this product is not known,
previous studies have shown that Ralstonia picketti can pass 0.2
micrometer filter.
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Pagina W 1di 3

iy .
e . S Image: Bacierial induced formation of Cd crysials by A. entrophus on
- o Zirfon M3 membranes in the contimons tnbular membrane reactor. The
% figure shows the bacterial formed CdCO3 crystals. The bar represents |

mm. (5. Taghavi) We thank 5. Taghavi for providing this image.

GENERAL INFORMATION

megaplasmids (pMOL.25=180 kbp and pMOL30=240 kbp) carrying gene clusters that encode
cation-efMux machinery spanning both bacterial membranes. These low-copy number plasmids are
stably maintained in the presence or absence of selective pressure and are self-transferable at
relatively low frequencies - e

A. eutrophus uses 8 variety of substrates as its carbon source or it can grow chemo-
lithotropically using molecular hydrogen as the energy source and carbon dioxide as a carbon
source. When nitrate is present A. ewtrophus can grow anacrobically.

Regions of the megaplasmid DNA relevant to the cation-efflux pump were sequenced, however,
1o the best of cur knowledge, none of the groups is systematically sequencing any of the plasmids.
I'he complete sequence of the megaplasmids will be instrumental in understanding gene
organization, especially mechanism of plasmid replication, partition and transfer, and allowing the
. comstruction of emvironmentally-friendly bacteria e.g. E coli with stable and efficient mechanism for

, heavy-metal resistance

For mare in depth information on biology of this bacterum, plense refer to some of the following
publications and references therein

1. M. Mergeay et. al. "Alcaligenes entrophns CH34 Is a Facultative Chemolithotroph with
Plasmid-Bound Resisiance to Heavy Metals® J. Bact. Vol. 162 (1) 328-334, 1985,

2. A. Nies et. al. "Nucleotide Sequence and Expression of a Plasmid-encoded Chromate
Resistance Determinant from Alcaligenes entrophus” J. Biol. Chem. Vol. 265 (10):5648-
5653, 1990,

3. S. Taghavi et. al. "Genetic and Physical Maps of the Alcaligenes eutrophus CH34
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