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SUMMARY

The use of sodium hypochlorite (NaOCl) as an endodontic irrigation solution is effective
in eliminating microorganisms from the root canals of human teeth. The purpose of this
in vitro study was to evaluate the antimicrobial effectiveness of electro-chemically
activated water (ECA) as an endodontic irrigation solution. ECA is a solution comprising
many different ions, molecules and radicals. Sixty caries-free, single root, adult,
maxillary, anterior human teeth were used. The root canals were instrumented and
irrigated with NaOCl in a similar method to that employed for in vivo root canal
treatment. The external root surface of each tooth was sealed and the access cavity kept
patent so that root canals could be inoculated with a suspension containing four bacteria'.
The teeth were randomly divided into four groups (n=15). Each group was irrigated
ultrasonically, using solutions of distilled water (control), NaOCI (3.5%), and ECA, the
latter at pH’s 7.0 and 9.0 respectively. Antimicrobial effectiveness was established
directly after irrigation and again seven days later, by counting colony forming units on
blood agar plates and by spectrophotometric analysis. The surfaces of the root canals
were visually examined by means of scanning electron microscopy. Large numbers of
bacteria were present in the canals of teeth irrigated with distilled water. No bacteria
were observed following irrigation with NaOCl. Neither of the ECA solutions were
found to be effective against all the bacteria. Although some reduction in the number of
bacteria was evident in the ECA groups, this was not statistically significant (p>0.05).

Within the confines of this study ECA did not demonstrate antimicrobial effectiveness.

! Prevotella intermedia
Porphyromonas gingivalis
Enterococcus faecalis
Actinobacillus actinomycetemcomitans



OPSOMMING

Die gebruik van natriumhipochloriet (NaOCl) as ‘n endodontiese irrigeringsmiddel
elimineer mikrorganismes in die wortelkanaalstelsel van menslike tande doeltreffend.
Die doel van hierdie in vitro studie was om die antimikrobiale effektiwiteit van
elektrochemies geaktiveerde water (ECA) as ‘n endodontiese irrigasie middel te evalueer.
ECA is ‘n oplossing van verskeie ione, molekules en radikale. Sestig karies-vrye,
enkelkanaal, volwasse, maksillére, anterior menslike tande is gebruik in hierdie studie.
Die wortelkanale is voorberei en geirrigeer met NaOCl volgens die metode wat gebruik
word vir in vivo wortelkanaal behandeling. Die eksterne wortel oppervlak van elke tand
is geseél en die toegangsopening oopgehou sodat die wortelkanale geinokuleer kon word
met ‘n suspensie van vier bakterié”. Die tande is lukraak in vier groepe (n=15) verdeel.
Die vier groepe is elk ultrasonies geirrigeer — die eerste groep met gedistilleerde water
(kontrole); die tweede met NaOCl (3.5%) en die derde en vierde met ECA van pH 7.0 en
9.0 onderskeidelik. Antimikrobiale effektiwiteit is vasgestel direk na irrigasie en weer na
sewe dae, deur tellings van kolonievormende eenhede op bloed agar plate en deur
spektrofotometriese analise. Die dentinale oppervlaktes van die wortelkanaal is
ondersoek met die gebruik van skandeer elektron mikroskopie. Groot getalle bakterié
was teenwoordig in die kanale van die tande wat met gedistilleerde water geirrigeer is.
Geen bakteri€ kon waargeneem word na irrigasie met NaOCl nie. Nie een van die ECA
oplossings was effektief teen al die bakterié nie. Alhoewel ‘n vermindering in die getal
bakteri€¢ in die ECA groepe gevind is, was dit nie statisties betekenisvol nie (p>0.05).
Binne die beperkinge van hierdie studie was daar geen duidelike bewys van die

antimikrobiale effektiwiteit van ECA nie.

? Prevotella intermedia
Porphyromonas gingivalis
Enterococcus faecalis
Actinobacillus actinomycetemcomitans
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CHAPTER 1

Introduction

The treatment of choice for periapical disease is elimination of microorganisms and
their products from the root canal system by means of a root canal treatment. The
ADA (American Dental Association) estimates that by the year 2000, thirty million
root canals will be treated annually in the USA alone (American Association of

Endodontics recertification document, (1989)).

The procedure of root canal treatment in human teeth is often described by the
following three terms: Cleaning, Shaping, Filling. The “cleaning” phase consists
essentially of the irrigation of the canal with a liquid agent (irrigation solution). The
objectives of this phase are destruction of microorganisms; dissolution of vital and
necrotic tissue; flushing away of organic debris and bacterial remnants; lubrication of
endodontic instruments; prevention of blockage of canals by the by-products of the
“shaping” phase, and removal of the smear layer. The focus of this study is on the

destruction of microorganisms within the root canal system.

NaOCl at a concentration of between 2.5 and 5.25% is universally accepted as the
irrigant of choice for root canal therapy (Cheung and Stock, 1993; Gulabivala and
Stock, 1995; Walton and Rivera, 1996).

NaOCl is delivered into the root canal by means of a syringe and needle or an
ultrasonic unit. The use of an ultrasonic unit as an irrigation instrument is considered
to be superior to the conventional syringe and needle (Cheung and Stock, 1993;

Cameron, 1995).

NaOCl achieves the above objectives of the “cleaning” phase with remarkable
efficiency, but is also associated with and may cause many complications and

problems, some of which may even be life threatening (Jeansonne and White, 1994).



CHAPTER 2

Literature Review

2.1 Technical and biological problems with the use of sodium hypochlorite

NaOCl is extremely toxic to living tissue. Extrusion of NaOCI through the apices of
teeth causes severe pain, swelling and necrosis (Brown et al, 1995). Accidental
extrusion of NaOCI into the maxillary sinus may cause serious complications and
even death (Cymbler and Ardakani, 1994). The use of local anaesthetic cartridges
filled with NaOCl can also cause severe complications if inadvertently injected into a
patient’s soft tissue (Caliskan, Turkun and Alper, 1994). Not only is the use of such a
cartridge system dangerous, but is also more time consuming as each cartridge must

be sterilized and filled.

Because of the corrosive nature of NaOCI, ultrasonic units used for canal irrigation
are prone to mechanical blockage and breakdown. Maintenance of such systems is
time consuming and expensive. Due to the vile taste and odor of NaOCI, accidental
spillage into the mouth during root canal treatment results in severe discomfort for the
patient. This invariably requires the patient to rinse the mouth, an action that defeats
the object of “cleaning” the root canal, because saliva containing great numbers of
bacteria may enter the tooth and root canal during the rinsing process (Yesilsoy e al.,

1995).

Because of the above-mentioned problems, dentists often neglect the “cleaning” phase
of root canal treatment. This may result in failure of the root canal treatment and a
host of other complications such as dental abscesses, root end surgical operations,
general anesthesia, hospitalization, further endodontic failures and loss of teeth that

had previously been treated.

Substrate adherence capacity of inflammatory macrophages has been shown to
decrease significantly with the use of NaOCI (Jimenez-Rubio, ef al, 1997). Given that
adhesion is the first step in the phagocytic process of macrophages and in antigen
presentation, NaOCl could inhibit macrophage function and reduce inflammatory

reactions in periapical tissues when used in root canal therapy.





















4.1 Preparation of teeth

Conventional access cavities were prepared using diamond burs in a turbine driven
handpiece and long shank round burs in an air-motor driven handpiece. Canals were
explored using number 08 X-files’, confirming apical patency and establishing
working length visually, for each individual tooth. The working length of each tooth
was noted at the time of preparation. The coronal two thirds of the canal was

prepared using a nickel-titanium instrument in a rotary handpiece®.

After each size file, and intermittently during the preparation procedure, canals were
irrigated with a 3.5% solution of NaOCI°, delivered from an ultrasonic unit®.

The apical third of each canal was prepared to a minimum ISO size 30, using a series
of hand-files. Once again, after each size file, the canals were thoroughly irrigated as
described above. Following apical preparation, the canals were smoothly tapered
using a step-back procedure with X-files and rotary nickel titanium files, again with

copious irrigation (NaOCl).

The apices of the teeth were sealed with a resin modified glass-ionomer cement’. The
remaining root surface was coated with a double layer of nail varnish, to isolate the
internal root canal environment (Behrend, Cutler and Gutmann, 1996). Each canal
was finally flushed with NaOC]l, dried with a paper point and filled with calcium
hydroxide® (Ca(OH),) powder (Turkun and Cengiz, 1997), mixed with sterile water to

a creamy mixture and introduced into the canal with a spiral filler (Fig 9)

* Hyflex X-File, Hygenic Corporation, Akron, Ohio, USA
* ProFile Series 29, Maillefer, Ballaigues, Switzerland

3 Jik, Reckitt Colman, Elandsfontein, South Africa

6 Piesoelectric, Siemens, Germany

7 Advance, Caulk/Dentsply, Milford, USA

¥ Calcium hydroxide, Merck, D-6100, Darmstadt, Germany















The suspension was aspirated from each canal and 25 pl spread onto marked blood
agar plates. The plates were incubated anaerobically at 37°C for seven days and the
presence of organisms inside the canal of each tooth was confirmed by formation of
colony forming units (exceeding 1000 per plate). Immediately following aspiration,
each tooth was placed into a sterile, marked container that corresponded to the marked

agar plate for that tooth.

4.3 Irrigation of teeth
The teeth were randomly divided into four groups (n=15). All teeth were irrigated for
5 minutes, with the four different irrigation solutions (Table 1:) being delivered from

an ultrasonic unit:

Table 1: Irrigation solutions and Groups

Group A Distilled water (Control group)
(n=15) (obtained from laboratory)

Group B Sodium hypochlorite
(n=15) (Jik — 3.5% concentration) *

Group C ECA atpH 7.0
(n=15) (Anolyte) **

Group D ECA at pH 9.0
(n=15) (Anolyte) **

* Jik is manufactured at this concentration and is within the range of NaOCl concentrations
shown to be antimicrobial (Baumgartner and Quenin, 1992).
*x The solutions for groups C and D were produced by a STEDS unit'® set at a current of

5.0 Ampere.

4.4 Second microbiological analysis

Directly following irrigation, 25ul sterile BHI solution was injected into each canal
and aspirated immediately. This procedure was repeated three times (rinsing the
canal). The third and final 25ul aspirated BHI solution was inoculated into 5.0ml BHI

broth and measured by spectrophotometry.

18 STEDS, Radical Waters, Vorna Valley, South Africa
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In the same manner, a further 25ul BHI solution was aspirated and placed onto a

blood agar plate and incubated anaerobically at 37°C for 7 days.

The access cavities were sealed using Fermit'’, the teeth placed in distilled water and
incubated anaerobically at 37°C for 7 days..Fermit was used to facilitate easy removal
of the restoration. Canals were accessed after 7 days and spectrophotometric analysis

and plate counts for colony forming units repeated.

4.5 Statistical analysis

Results of the standard plate counts and spectrophotometry were analyzed using
analysis of variance (ANOVA) and Dunnett’s one-tailed t-test to detect differences
between the four groups and in particular to test for significant differences between

the control group (Group A) and the other three groups (Groups B,C and D)

Multiple comparison analysis, using Scheffe, Duncan and Tukey tests, was done to

pinpoint differences between groups.

A paired t-test was performed on spectrophotometric readings for each group, to
determine whether significant growth of bacteria took place in the period directly

following irrigation and the seventh day post-irrigation.

4.6 Scanning electron microscopy

Nine teeth were removed at various stages of the experiment (Table 2) and fixed in
2.5% gluteraldehyde and phosphate-buffered solution (0.1M) (Glauert, 1981). Teeth
were sectioned longitudinally, using a low-speed (200 rpm), water cooled, diamond
saw'® . All specimens were mounted on metal plates with conductive adhesive paste,

critical point dried and sputter coated with an 80 micron thick layer of gold.

Scanning electron micrographs'® were taken at magnifications 100, 1500 and 6000 of
nine teeth (Table 2).

'7 Fermit, Vivadent Ets., FL-9494 Schaan, Lichtenstein
18 Isomet, Buehler, Micro-Met Scientific, P.O.Box 84386 Greenside, South Africa
" JEOL 5800, Tokyo, Japan
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Table 2: Stages at which teeth were removed from study for SEM examination

Directly from inoculated BHI broth — no irrigation

Following irrigation with distilled water and no incubation

Following irrigation with distilled water and incubation for 7 days

Following irrigation with NaOCl and no incubation

Following irrigation with NaOCI and incubation for 7 days

Following irrigation with ECA pH 7.0 and no incubation.

Following irrigation with ECA pH 7.0 and incubation for 7 days

Following irrigation with ECA pH 9.0 and no incubation

Following irrigation with ECA pH 9.0 and incubation for 7 days

Note: Five (of the above nine) teeth were removed from the study before the first microbiological
analysis and resulted in sample numbers (n=13), (n=14), (n=14) and (n=14) for the four
groups (A, B, C & D) respectively. The remaining four teeth examined by SEM were

removed from the study, subsequent to the second microbiological analysis

16



CHAPTERS
Results

Results of the standard plate counts (colony forming units) and spectrophotometric

analysis are given in Tables 3 and 4.

Table 3: Colony forming units and spectrophotometric values measured

immediately after irrigation of root canals with four different

solutions

No. of Colony forming units Spectrophotometric

Teeth values

(n) Mean SD Mean SD

(4x10")/ml

Group A 13 >1000* 0 0.6585 0.0959
(Control)
Group B 14 0 0 0.0442 0.0134
(NaOCl)
Group C 14 693 253 0.5785 0.1914
(ECA pH 7.0)
Group D 14 525 418** 0.6251 0.1377
(ECA pH 9.0)
* A standardized microbiological counting technique was applied (Harrigan and McCance,

1970). Plates were divided into quadrants and a count exceeding 250 for a quadrant was
recorded as exceeding 1000 for that plate.
>k A high SD (standard deviation) value was recorded for this group, indicative of a high

variation within the group (CV=79.6).

All of the canals in Group A showed more than 1000 colony forming units, indicating
the inability of distilled water to destroy bacteria. The canals in Group B however,
showed no colony formation and confirm the bactericidal action of NaOCl. Groups C
and D show less numbers of colony formation as well as reduced spectrophotometric
values compared to the control group (Group A). This reduction however, does not
approach the negative (zero) values as recorded for Group B and in fact are closer to

those values obtained for the control group (Group A)
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Table 4: Colony forming units and spectrophotometric values measured

seven days after irrigation of root canals with four different

solutions

No. of Colony forming units Spectrophotometric

Teeth values

(n) Mean SD Mean SD

(4x10")/ml

Group A 13 >1000* 0 0.8458 0.1138
(Control)
Group B 14 114%* 291 0.0654 0.0138
(NaOCQl))
Group C 14 814 183 0.7524 0.1670
(ECA pH 7.0)
Group D 14 721 286 0.8082 0.2467
(ECA pH 9.0)
* A standardized microbiological counting technique was applied (Harrigan and McCance,

1970). Plates were divided into four sections and a count exceeding 250 for a quadrant was
recorded as exceeding 1000 for that plate.

** Two of the fourteen plates had values of 800 (see Appendix II, pg.29, specimens 20 and 28),
resulting in a mean of 114 for the entire group. These colonies could be clearly identified as

contaminants.

All four groups show an increase in colony forming units and spectrophotometric
values when compared to the results of the immediate post-irrigation analysis (Table
3). Values for Groups C and D once again approximate the values for Group A, and
the values for Group B are almost negligible in comparison. If we discard the values
of the contaminated plates in the colony forming unit count for Group B, a zero count

is again recorded.
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Table §: Increase in colony forming units and spectrophotometric values
for the period directly following irrigation to the seventh day
post-irrigation (Table 4 minus Table 3)
No. of Mean ***
Teeth Colony forming units Spectrophotometric
(n) (4x10")/ml values
Group A 13 * 0.1872
(Control)
Group B 14 114** 0.0211
(NaOCl)
Group C 14 121 0.1738
(ECA Ph 7.0)
Group D 14 196 0.1831
(ECA pH 9.0)
* This value could not be determined, due to the non-defined values exceeding 1000.
*x Two of the fourteen plates had values of 800, resulting in a mean of 114 for the entire group.
These colonies could be clearly identified as contaminants.
HEx Standard deviation values are not given, as these were not statistically representative and have

no meaningful interpretation.

Once more, the values in Groups A, C and D are very close whilst the

spectrophotometric value for Group B is at least 10 less than that of the other groups

and the number of colonies formed is again zero (disregarding contaminants)

19



Table 6: Dunnett’s test results on spectrophotometric values, comparing each of

Groups B, C and D to Group A (Control)

Comparison Directly following irrigation | Seven days post-irrigation
Group B to Control | *** oAk

Group C to Control | - -

Group D to Control | - -

Fekk denotes significant difference (p <0.05)

Spectrophotometric values for Group B differed significantly from Group A (p<0.05).

The close approximation of values for Groups A, C and D was also demonstrated by

this test (p>0.05), (confirming what was seen in Tables 3, 4 and 5).

Table 7: Results of paired t-test on spectrophotometric values for bacterial

growth over the seven day period after irrigation with four different

solutions
Group Mean p-value
Group A 0.1872 0.0001*
(Control)
Group B 0.0211** 0.0001*
(NaOC())
Group C 0.1738 0.0027*
(ECA Ph 7.0)
Group D 0.1831 0.0015*
(ECA pH 9.0)
* Significant microbial growth was found in all four groups for the seven day period between
the measuring of microbial counts (p <0.05)
** Bacterial growth within the canals irrigated with NaOCI was at least one thousandth less than

that in any of the other three groups.
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CHAPTER 6

Discussion

The selection of the four bacteria used in this study was based on the fact that they are
all widely implicated pathogens in diseases of the pulp and periapical tissues. In
addition, these bacteria have also been used, either as individual strains or in
combination, in many in vitro studies of this nature (Safavi et al, 1990; Yesilsoy et al,
1995; Siqueira and de Uzeda, 1996; Siren et al, 1997; Siqueira et al, 1997; Kwang-
Shik et al, 1997, Barbosa et al, 1997; Siqueira and de Uzeda, M, 1997; Dougherty et
al, 1998; Molander et al, 1998).

Taxonomic identification was not carried out for growth on the culture medium and
thus any and all remaining bacteria were included in the colony forming unit count.

Because the study was conducted on a limited number of pure cultured (47CC, USA)
anaerobic bacteria and under sterile conditions, there was no intention or need to do

taxonomic identification.

Contamination was apparent in only two of the total number of 240 plates cultured
and this was easily identified (green, mucous patches) and did not affect our findings.
Of interest, is the fact that this contamination was found in the group irrigated with

NaOCl.

All of the cultures for the control group had bacterial counts exceeding 1000 colony
forming units, representative of active bacterial growth. The fact that these bacteria
successfully withstood vigorous irrigation (ultrasonics) with distilled water and to a
lesser extent, irrigation with ECA, proves that the four selected species of bacteria are

a useful model for a study of this kind.

The fact that colony forming units consistently exceeded 1000 (undefined) in the
control group (Group A), was reason to consider a larger dilution factor (i.e. > 4x101).
Should defined counts have been possible, this would have made statistical evaluation

even more accurate.

26



However, the probability of recording ‘false-negative’ (decreased sensitivity for the
test) counts for Groups C and D (see Appendix I-specimens 48, 54, 55, 56 and 59)
would have been more detrimental to the results and the dilution factor thus used was

4x10' (0.25pl)

Under the conditions of this study, ECA failed to destroy all of the bacteria within the
root canals of the teeth studied. On the other hand NaOCI reduced the bacterial
counts to less than 1 colony forming unit / 25ul in all of the specimens. This was the
case both directly following irrigation and very importantly, also seven days post-
irrigation. Table 7 shows that although there was an increase in the number of
bacteria present in the root canals over the seven day incubation period, Group B
(NaOCl) had by far the least (Mean = 0.0211). This confirms the total antimicrobial
action of NaOCl.

The control group consistently (15 from 15 counts at each analysis) produced
bacterial counts greater than 1000 colony forming units/ 25ul, confirming the
accuracy and usefulness of this model for similar studies. The results of the
spectrophotometric analysis correlated well with those for the colony forming units
(as seen in Tables 3, 4 and 5), further confirming the relevance of this model. ‘
Although subjective, visual examination by SEM supported these findings by showing
many bacteria in the control group and no bacteria in the group irrigated with NaOCL.

Varying numbers of bacteria were seen for the groups irrigated with ECA (Fig.15-22).

The large variation (SD) recorded for colony forming units for Group D (Table 3)
could not be accounted for. Thorough investigation as to the possible reason for this
occurrence revealed no explanation. The very low (groups A and B) and low (Group
C) variation, of all three other groups, seem to indicate that the experimental model
and techniques used were accurate. This, together with the fact that values for
spectrophotometry indicate an acceptable level of variation (2SD) in all four groups
and furthermore, the fact that this high variation was not seen in the measurements

taken seven days post-irrigation, give further reason to accept this model as accurate.
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Although fewer bacteria were measured and seen (SEM) in the groups irrigated with
ECA (compared to Group A, control) both directly following irrigation and seven
days post-irrigation, ECA was not as effective in destroying bacteria as was NaOCI.
Various reasons for this apparent failure may be given. Firstly, there may be an
inherent problem with the technological production of ECA, however, in the light of
the successful pilot studies conducted prior to commencement of this study, this is
doubtful. Secondly, the results of earlier work on ECA (Marais, 1998) suggest that
eradication of bacteria within the root canal system may be achieved with the use of

ECA, another inconsistency with the apparent failure of ECA in this study.

A more likely explanation may be one of the following:

1. At the time of preparation of the ECA solutions used in this study, a technical
failure of the unit may have resulted in an altered ECA solution. This would
indicate the technique sensitivity in the production of ECA for use as an endodontic

solution and indicates the need for quality control of the technolo gy.

2. The specific ECA parameters (pH, current, temperature, exposure time of canal to
irrigant, flow rate) used in this study may need to be varied and will be studied in
future research. As can be expected in any system with so many variables, and
given the metastable state of the solution, one can expect to have initial difficulties
in identifying the exact parameters required for a successful antimicrobial solution

for use in the root canal system.

3. In the study by Marais (1998), the irrigation procedure with the anolyte was
preceded by a similar rinse with catholyte. In the present study, only anolyte was
used. The use of anolyte and catholyte in combination, should be investigated
further.

28



CHAPTER 7

Conclusion

1. In accordance with many other studies, NaOCl (3,5%) was shown to be

completely bactericidal within the root canal system.

2. The use of ECA caused a reduction in the number of anaerobic bacteria within the

root canal system, but this was not statistically significant (p>0.05).

3. The model used for this study is proposed for future research into antimicrobial

effectiveness against anaerobic bacteria in the root canal system.

“It is not enough that you should understand about applied science in order that your
work may increase man’s blessings. Concern for Man himself and his fate must
always form the chief interest of all technical endeavors.... In order that the creations
of our mind shall be a blessing and not a curse to mankind — never forget this in the

midst of your diagrams and equations.” Albert Einstein
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ADDENDA

Appendix A
Colony forming units and spectrophotometric analysis measured directly after
Irrigation
Specimen Colony Spectrometric | Specimen Colony Spectrometric
Number forming analysis Number forming analysis
units units
(4x10")/ml (4x10")/ml
1 >1000 0,5504 31 XXXXXX | XXXXXXX
2 >1000 0,5851 32 >1000 0,5690
3 >1000 0,6386 33 >1000 0,6045
4 >1000 0,6167 34 >800 0,5185
5 >1000 0,6193 35 >500 0,8329
6 XXXXXX | XXXXXXX 36 >1000 0,5773
7 XXXXXX | XXXXXXX 37 >500 0,5639
8 >1000 0,7340 38 >500 0,6995
9 >1000 0,6080 39 >500 0,4952
10 >1000 0,7985 40 >1000 0,5559
11 >1000 0,6096 41 >500 0,5074
12 >1000 0,7083 42 >500 0,5549
13 >1000 0,8843 43 >500 0,7138
14 >1000 0,5960 44 >400 0,0473
15 >1000 0,6129 45 >1000 0,8599
16 XXXXXX | XXXXXXX 46 XXXXXX | XXXXXXX
17 0 0,0429 47 >1000 0,7656
18 0 0,0371 48 46 0,7507
19 0 0,0461 49 >300 0,5529
20 0 0,0679 50 >1000 0,4822
21 0 0,0426 51 >800 0,5688
22 0 0,0458 52 >800 0,7222
23 0 0,0396 53 >1000 0,5539
24 0 0,0305 54 30 0,5621
25 0 0,0110 55 92 0,4924
26 0 0,0561 56 77 0,5840
27 0 0,0471 57 >800 0,9350
28 0 0,0554 58 >300 0,5249
29 0 0,0413 59 103 0,4898
30 0 0,0565 60 >1000 0,7675

‘XXX’ denotes teeth for SEM evaluation
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Appendix B

Colony forming units and spectrophotometric analysis measured seven days
after irrigation

Specimen Colony Spectrometric | Specimen Colony Spectrometric
Number forming analysis Number forming analysis
units units
(4x10"/ml (4x10")/ml
1 >1000 0,6980 31 XXXXXX | XXXXXXX
2 >1000 0,6901 32 >1000 0,6687
3 >1000 0,8339 33 >1000 0,7445
4 >1000 0,7865 34 >1000 0,6329
5 >1000 0,8976 35 >800 0,8936
6 XXXXXX | XXXXXXX 36 >1000 0,6715
7 XXXXXX | XXXXXXX 37 >600 0,5998
8 >1000 0,8310 38 >600 0,7002
9 >1000 0,9802 39 >800 0,6653
10 >1000 1,0140 40 >1000 0,7994
11 >1000 0,7834 41 >600 0,7574
12 >1000 0,8511 42 >600 0,6182
13 >1000 0,9971 43 >800 0,8077
14 >1000 0,9354 44 >600 0,7155
15 >1000 0,6981 45 >1000 1,2590
16 XXXXXX | XXXXXXX 46 XXXXXX | XXXXXXX
17 0 0,0852 47 >1000 0,8551
18 0 0,0512 48 >600 0,8147
19 0 0,0653 49 >800 0,6345
20 >800 0,0799 50 >1000 0,8686
21 0 0,0532 51 >800 0,7347
22 0 0,0776 52 >800 1,3772
23 0 0,0597 53 >1000 0,7598
24 0 0,0411 54 >400 0,6735
25 0 0,0451 55 >300 0,5617
26 0 0,0774 56 >300 0,6250
27 0 0,0617 57 >1000 1,2942
28 >800 0,0762 58 >800 0,6440
29 0 0,0683 59 >300 0,5981
30 0 0,0741 60 >1000 0,8747

‘XXX’ denotes teeth for SEM evaluation
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Appendix C

The anolyte produced at the anode contains Cl,, HCIO, ClO", ClIO;, Cl, HO,, HOy,
0,, HO', 03, O, 30,, '0,, O, H30%, CI, H, H,0,, CLO, ClO7, HCI, CLO5, S;05,
C,06>, HelO, H,S04, and HSO;5CL

The catholyte produced at the cathode contains HO", H;0,7, O,,, HO;y', Hy0,, Ha, HO,
H,", NaOH, KOH, Ca(OH), and Mg(OH),

(Radical Waters (Pty)Ltd, P.O Box 10844 Vorna Valley, 1686, South Africa)
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