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In Memory 

 
George Alford  

 
George Alford lived in Daytona Beach, Florida, died 
in 2009 after battling acute leukemia. He will be 
remembered by many in the ground water and 
environmental fields as “Big George”. He 
instinctively knew the ways of Nature and how to read 
the signs. Rejected formal education as being simply 
boring and yet he came to be one of the most 
respected people with a unique knowledge of water 
wells and the things microbes did to them. Basically 
he saw Nature as just healing the intrusion made by 
the wells into the groundwater. George developed 
many techniques to fend off microbial plugging of 
wells. He tried gamma radiation at a time when 
nobody though it practicable. After many trials and 
successes it ended with the patented blended use of 
chemicals and heat treatment called BCHT. This 
technology worked and made water wells sustainable 
provided the proper monitoring and maintenance was 
done. George dreamed of one day of having a camera 
pointed at the ground that would take pictures of the 
microbes plugging deep down water wells around the 
bore hole and screens. That hasn’t happened yet but 
one day that dream will also come true. George will 
not be forgotten by those who crossed his path for he 
was larger than life, always prepared to listen and 
loved to find the solution. We worked together since 
1981 when George phoned me up to tell me that you 
can’t heat up water wells. After the phone went down 
with George thinking I was crazy he wheeled an old 
water heater over one of his plugged wells and flushed 
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it with hot water. It worked, the microbes died, the 
well thrived again and George phoned me back to say 
yes you can treat wells with heat. But that was just the 
beginning of a long journey with failures and 
successes and George loved to learn from the failures 
but never crowed about successes. George would 
simply hum, say “soon come, man!” and see how he 
could make the treatment even better.  
 
Today there is a little piece of George in the memories 
and hearts of the many he talked to, the few he argued 
with, and the ones who simply said well George was 
right! 
 

Times well spent and memories now shared 
 

Thanks George 
 

Roy Cullimore  
 
 

2 March 2010 
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Foreword 
 
 
 
In some ways George Alford was a big part of looking 
at ways to detect these nuisance bacteria that can grow 
in water and he thought there needs to be a simple test 
that anyone can use. Well I helped him with BCHT 
and he helped me with that simple test. This Standard 
Methods of BART testing has its foundations, indeed 
deep roots, into those conversations that gradually by 
trial and error to the biological activity reaction test 
(BART™, Droycon Bioconcepts Inc, Regina, 
Canada). The first BART tester was made in 1986; the 
first sale was in 1990 with the beginning of 
manufacture. There has not been an attempt to grab 
the market but rather just let the sales grow 
(organically). This slow growth has been a Godsend 
since we have been hearing back from customers, 
making corrections, improving the product. Today the 
BART tester is made in-house using plastic injection 
moulding, clean rooms and, since 2001 full ISO 
9001:2000 certification to make sure we are doing it 
right.   
 
This book “Standard Methods for the Application of 
BART testers in Environmental Investigations.” has 
been produced to standardize the methods. In a typical 
week I get three or four e mails and a similar number 
of telephone calls enquiring about the applicability of 
the testers as they have become adopted. In general 
the BART testers are seen to be simple to use in the 
field or the lab, gives precision, without undue need 
for math and chemistry. Chapter 11 addresses the 
potential use of BART testers to unlock bacterial 
activities in places where no agar plate has dared to 
explore. These testers have been successful because 
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they are both simple to use (for the operator) and 
comfortable for the bacteria whose activities are being 
investigated.    
 
There are many who now guide the direction of the 
BART testers to achieve their goals of detecting 
specific bacteria with precision and speed. In Droycon 
Bioconcepts we have a team of people who all share 
their enthusiasm to make the testers better. I would 
like to thank particularly: Natalie, (“and where’s the 
money coming from for this?”  Vincent (Webdude 
extraordinaire), Derek (“tweak, tweak!”), Myrna (“the 
inventory is only this big”), Donna (“it’s really shiny 
now”), Jason (“But Dad!”), Ahmed (“yes it will be 
done by 4:30!”), Behrooz (“why don’t you?”), 
Kristina (“next month India and then I might go to 
Nepal!”), and Lori (“have they phoned yet?”). Thank 
you all for making a team effort that works.  
 
Beyond the horizon of Droycon there are the many 
without whose help, thoughts, questions, suggestions 
and criticism we could not be anywhere near where 
we are today. The list would go on for pages but I will 
just say thanks you guys and keep it coming. Finally I 
would like to acknowledge the Prokaryotes for 
allowing me to play with them and maybe understand 
them a little better. Silence was the beginning and a 
void will be the end but we must all remember that, 
while dwelling on Oceania (also known wrongly as 
the Earth), the biggest all-embracing biomass is 
formed by those Prokaryotes who just do what they do 
best. 
 
D. Roy Cullimore  
14 June 2010 



 vii 

Contents  
 
 
 
 
Background.      1 
 
1. Introduction.     5 

1.1. Primary objective.  5 
1.2. Secondary objectives.  5 

2. Physical characteristics of the  
BART testers.                                      9 

3. Selective Chemical Nutrient Pellet BART 
tester Formulations.            13 

3.1.1. Iron Related Bacteria (IRB- BART)  
–Bright Red Cap.            15 

3.1.2. Reaction patterns for  
the IRB- BART.              15 

3.1.2.1 Phase One IRB Reactions.        15 
3.1.2.2. Phase Two IRB Reactions.       17 
3.1.2.3. Phase Three IRB Reactions.     19 
3.1.2.4. Phase Four IRB Reactions.       21 
3.1.3.    Bacterial consorms recognized  
             by reaction signatures in the  
             IRB-   BART.           21 
3.1.4. Time lapse determination of  

predictive active cell  
populations.                      23 

3.2.1. Sulfate Reducing Bacteria (SRB- BART)  
– Black Cap.             27 

3.2.2. Reaction patterns for the  
 SRB- BART.           29 
3.2.3. Bacterial consorms  
 recognized by reaction  
 signatures in the SRB-   
 BART.                        30 
3.2.4. Time lapse determination of  



 viii 

 predictive active cell  
 populations.                            32 

3.3.1.  Slime Forming Bacteria (SLYM- BART)  
             – Lime Green Cap.            34 

3.3.1. Introduction to the  
SLYM-BART tester.          34 

3.3.2. Reaction patterns for the  
SLYM- BART tester.          36 

3.3.2.1. Bacterial species recognized  
 by reaction signatures in  
 the SLYM- BART.          39 

3.3.2. Time lapse determination of  
predictive active cell  
populations.                 40 

3.4.1. Heterotrophically Active Bacteria  
(HAB- BART) – Blue Cap.         46 
3.4.2.      Reaction patterns for the  
 HAB- BART.           47 
3.4.2.1. Bacterial consorms recognized 
 by reaction at  22±2oC in  
 the HAB- BART.          47 
3.4.2.2. Bacterial consorms recognized 
 by reaction at  28±1oC  
 in the HAB- BART.          47 
3.4.2.2. Time lapse determination of  
 predictive active cell populations,  
 HAB- BART (22±2oC),  
 VBR version 4.           47 
3.4.2.3.  Time lapse determination of  

 predictive active cell populations,  
 HAB- BART (28±1oC)  
 for VBR version 5.                 50 

3.5.1. Acid Producing Bacteria (APB- BART)  
– Purple Cap.                      51 

3.5.2. Reaction patterns for the  
APB- BART tester.              54 

3.5.3. Bacterial reaction signatures  



 ix 

in the APB- BART tester.     55 
3.5.4. Time lapse determination of  

predictive active  
cell populations, 
APB- BART tester.            56 

3.6.1. Denitrifying Bacteria (DN- BART)  
      – Grey Cap.                        58 

3.6.2. Reaction patterns  
for the DN- BART.            60 

3.6.3. Bacterial activities recognized 
 by denitrification  
in the DN- BART.           60 

3.6.4. Time lapse determination of  
predictive active cell 
populations.                61 

3.7.1. Nitrifying Bacteria (N- BART)  
   – White Cap.                                             63 

3.7.2. Reaction patterns for the  
N- BART.            65 

3.7.3. Bacterial consorms recognized 
 by reaction signatures 
 in the N- BART.          67 

3.7.4. Determination of predictive 
active nitrifying   
populations.                       67 

3.8.1.  Micro-algae (ALGE- BART)  
 – Dark Green Cap.                       69 

3.8.2. Reaction patterns for 
the ALGE- BART tester.     70 

3.8.3. Micro-algal communities 
recognized by reaction 
signatures in the ALGE-  
BART tester.                       74 

3.8.4. Time lapse determination of  
Predictive active micro-algal 
cell populations.          75 

4.1.      Significant Factors that can affect the  



 x 

BART testing procedures.           77  
4.2. Sampling.           77 
4.3.    Oxidation-Reduction  

Potential (ORP)  
implications from BART   
tester reactions.                    80 

4.4.    Visual BART reader (VBR) 
test system.           81 

4.5.    Biofilms, Biomass  
and BART terminology.      84 

4.6.    Collecting and storage of water 
samples for BART testing.  86 

4.7.    BART testing at sea.          89 
4.8.    Microbiologically influenced  

corrosion (MIC)  
and the BART testers.          92 

4.9. Chlorine disinfection and  
potential impact on BART  
testing                                  94 

4.10.     Relationships between time  
lapse and predicted  
bacterial populations, colony  
forming units (cfu) and  
predicted active cell (pac)  
comparison.                      96 

4.11.          Health of the environment  
and users of the water.         98 

4.11.1. Zones of Interrogation (ZIP),  
Microbe hunting using  
BART testers.           100 

4.13.  ATP testing for  
microbial activity.           101 

4.14. Temperature influence  
on BART testing.          105 

4.15. Impact of salts on bacterial  
activity.           107 

4.16. BART testing cloudy  



 xi 

and turbid samples.         108  
5.1.     Preparation of Samples.         111 
6.1. Disposal of used BART testers.       116 

      6.2. Disinfection of used  
BART testers.        116 

      6.3.            Pasteurization of used  
BART testers.         117 

7.1      Specialty BART uses, water well  
diagnostics                                           118 

7.2             Selecting the BART testers  
for water well  
diagnostics                    119 

7.3. Diagnosing water wells.   121 
7.4. Water well treatment 

claims and reality.       123 
8.1.     How the BART tester functions.       126 

8.2. Environments created  
by the BART testers.       126 

9.1.     BART tester parameter codes (pcodes).    130 
9.2. Pcode: iron biotester.       130 
9.3. Pcode: sulfide biotester.   131 
9.4. Pcode: slime biotester.      131 
9.5. Pcode: bacterial biotester. 131 
9.6. Pcode: acidogenic biotester.132 
9.7. Pcode: nitrate biotester.    132 
9.8. Pcode: nitrite biotester.     133 
9.9. Pcode: glow biotester.       133 
9.10. Pcode: microalgae  

biotester.                   133 
10.1.    Conversion Tables.         134 
11. Risk Analysis using BART testers.        140 

11.1  Introduction.        140  
11.2  Product name:  

IRB- BART.                  141 
11.3  Product name:  

SRB- BART.                  143 
11.4  Product name:  



 xii 

SLYM- BART.        145 
11.5  Product name:  

HAB- BART.         146 
11.6  Product name:  

APB- BART.                 147 
11.7  Product name:  

N- BART.                 149 
11.8  Product name:  

DN- BART.                 150 
11.9  Product name:  

FLOR- BART.               152 
11.10  Product name:  

ALGE- BART.              152 
12. Innovative BART tester Application.    154 

12.1     Using BART testers in Unusual  
Soils, Waters, Wastewaters 

  & other water–Containing  
Materials.      154 

12.2     Bees, foulbrood infection.    154  
12.3     Bioremediation.     155 
12.4     Black goo in oil.                156 
12.5     Black layer in soil.     156 
12.6     Black smokers.      157 
12.7     Cancers.      157  
12.8     Clay, from kiln.          158 
12.9     Clay, separator.      159 
12.10   Clouds.      160 
12.11   Concrete, curing.                161 
12.12   Drywall, sheetrock.    162 
12.13   Encrustation.     163 
12.14   Filter, air.      165 
12.15   Filter, membrane.     166  
12.16   Gypsum.      167 
12.17   Ice, cores.      168 
12.18   Ice, gas hydrates.      170 
12.19   Ice, glacier.                          170 
12.20   Ice, pack.      171 



 xiii 

12.21   Mold spores.    173 
12.22   Mud.     174 

12.23   Oil, crude.      174 
12.24   Oil, machining.     176 
12.25   Oil, tar sand.     177 
12.26   Petroleum hydrocarbons,  

leakage & groundwater  
contamination.      179 

12.27   Plug, black.     180 
12.28   Plug, iron-rich.     181 
12.29   Rain, acid.      182 
12.30   Rain.      183 
12.31   Scale, carbonate-rich.    184 
12.32   Snow.      185 
12.33   Tubercle.      186 
12.34   Water, condensed.     187 
12.35   Water, deep oceanic.    188 
12.36   Water, produced from  

gas well.                            190 
12.36   Water, produced from  

oil well.                            192 
12.38   Water, saline.     193 
12.39   Wastewater, sanitary.    194 

 
Chapter 13 Risk Assessment for 
Corrosion, Plugging and Health.   196 
13.1    Using the BART Analytical system        
for the projection of Risk.             196                                  
13.2    Confidence rating   198 
13.3    Corrosion risk (CR)   198 
13.4    Plugging risk (PR)  201 
13.5    Health risk (HR)  203 
13.6    General CPH risk interpretation 
     204 
13.7    CR Risk Interpretations 205 
13.8   PR Risk Interpretations 206 
13.9   HR Risk Interpretations 207 



 xiv 

 
 
 
 
Further Information     208 

 
 
 



 xv 

 
 
 
 



 xvi 

Tables 
 
 
 
 

Table 3.1.3.     Probable IRB-BART tester  
Reactions for selected  
bacterial consorms.      21  

Table 3.1.4.1    IRB pure cultures and consorms  
 used to project time lapse  
 to population linkages. 23 
Table 3.1.4.2.  Daily Observations of the IRB-  

BART tester showing variability  
in Predicted Populations.     24  

Table 3.2.4.2.  Daily Observations of the SRB-  
BART tester.       31 

Table 3.3.4.1,  Daily Observations of the 
SLYM- BART tester showing 
variability in Predicted 
Populations (pac/ml).               38 

Table 3.4.4.1,  Daily Observations of the HAB-  
BART tester showing variability  
in Predicted Populations  
(pac/ml).      44  

Table 3.4.4.2,  Daily Observations of the HAB-  
BART tester showing variability  
in Predicted Populations (pac/ml)  
using 28±1oC with observational  
readings in hours.              45 

Table 3.5.4.1.  Relationship between time lapse  
(days) and predicted population  
(pac/ml) of APB.   51 

Table 3.6.4.1.  Relationship between time lapse  
(days) and predicted population  
(pac/ml) of DN.   55 

Table 3.7.2.1  Reaction patterns for positive  
denitrification in N- BART  



 xvii 

testers.                                     59 
Table 3.8.2.1.  Six reactions commonly seen  

in the ALGE- BART tester.    64 
Table 3.8.4.1.  Relationship between time lapse  

(days) and predicted population  
(pac/ml) of micro-algae  
using the ALGE-  
BART tester.                          67 

Table 4.3.1  ORP ranges (mv) for the major  
reaction patterns for  
BART testers.              71 

Table 5.1.1,  BART analysis of turbid waters,  
soils and growths.  99 

Table 10.1., Conversion table for reaction  
numbers to two letter codes  
for IRB- BART.  124 

Table 10.2., Conversion table for reaction  
numbers to two letter  
codes for SLYM- BART.  125 

Table 10.3., Conversion table for reaction  
numbers to two letter 
codes for SRB- BART.  126 

Table 10.4., Conversion table for reaction  
numbers to two letter  
codes for FLOR- BART.  127 

Table 10.5.  Conversion table for reaction  
numbers to two letter  
codes for formerly TAB- and  
now HAB- BART).   127 

Table  11.2.1  Risk Analysis for the Investigations 
of the IRB.                131  

Table 11.3.1    Risk Analysis for the  
Investigations of the SRB.   133 

Table 11.4.1    Risk Analysis for the  
Investigations of the SLYM.   134  

Table 11.5.1 Risk Analysis for the  
Investigations of the HAB.    135 



 xviii 

Table 11.6.1 Risk Analysis for the  
Investigations of the APB.     137 

Table 11.8.1  Risk Analysis for the Investigation 
of the DN.                  139 

Table 11.9.1 Risk Analysis for the Investigations 
of the FLOR.                  140 

Table 11.10.1 Risk Analysis for the  
Investigations of the ALGE.     141 

Table 13.1 Corrosion risk, IRB- BART     199 
Table 13.2 Corrosion risk, SRB- BART     199 
Table 13.3 Corrosion risk, HAB- BART     200 
Table 13.4 Corrosion risk, SLYM- BART   200 
Table 13.5 Corrosion risk, DN- BART     200 
Table 13.6 Plugging risk, IRB- BART      201 
Table 13.7 Plugging risk, SRB- BART     202 
Table 13.8 Plugging risk, HAB- BART     202 
Table 13.9 Plugging risk, SLYM- BART     202 
Table 13.10 Plugging risk, DN- BART     202 
Table 13.11 Health risk, IRB- BART     203 
Table 13.12 Health risk, SLYM- BART     203 
Table 13.13     Summary calculation of highest 

 reaction numbers, potential incidents 
and average risk values.     207 

Table 13.14 Corrosion Risk (CR) Projection 206 
Table 13.15   Plugging Risk (PR) Projections   206 
Table 13.16   Health Risk (HR) Projections    207 
 

 


	Table 3.1.4.1    IRB pure cultures and consorms
	used to project time lapse
	to population linkages. 23

