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ABSTRACT 

Few studies have been undertaken to assess microbial air quality in South Africa. At present not 

enough is known about the state of microbial air quality in the North-West Province. Past efforts to 

collect information on provincial air quality have been scattered, random and incomplete. 

However, the activities in the province provide a good indication of the potential pollutants and air 

quality. An international study noted a possible link between air pollution and bacterial resistance 

to antimicrobial chemicals. This prompted further investigation and in particular this present study. 

The aim of this study was to determine the diversity and levels of antibiotic resistant bacteria in the 

atmosphere of industrial and residential areas in Potchefstroom and to determine whether these 

isolates were also resistant to generally used biocides. Five sampling sites in Potchefstroom were 

selected based on their distance from the industrial area and general wind direction. The sites 

comprised of (i) highly populated residential areas, (ii) a newly developed residential area, and (iii) 

industrial sites. Two of the highly populated residential areas were located next to hospitals. Two 

other sites in different towns were included in sampling to serve as controls. One site was situated 

in an area (Vereeniging) known for high levels of air pollution and the other site was located in a 

rural area (Tzaneen). Samples were collected directly onto nutrient agar plates supplemented with 

either ampicillin or kanamycin. In general, it was determined that 96% of all isolates were resistant 

to at least 2 antibiotics, and certain isolates were resistant to as many as 10 antibiotics. The MAR 

index for isolates was highest for Site 1-Bult (0.55), Site 4-Miederpark (0.54) and Site 

V-Vereeniging (0.54). The lowest MAR indices were for Site Tz-Tzaneen (0.2) and Site 

5-Mohadin (0.27). The percentage of biocide resistant isolates was generally higher in samples of 

industrial origin. Cluster diagrams based on inhibition zone diameter were constructed. The 

purpose was to establish whether there were isolates from different sites with similar antimicrobial 

exposure histories. Two clusters were present in the resultant dendrograms. Even though both 

contained isolates from industrial and residential air, one cluster contained a greater proportion of 
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isolates from industrial air as well as residential samples that were potentially under influence of 

industrial air. The MICs of Zn, Cu, Cd and Hg was determined for selected isolates. It was 

observed that isolates that were resistant to a large number of diverse antibiotics and biocides had 

high MIC values for various metals. Forty five percent of all isolates were able to haemolyse sheep 

red blood red cells, thus exhibiting potential pathogenic properties. The largest number of 

pathogens were isolated from Site 4-Miederpark. Selected isolates were identified by sequencing 

of 16s DNA fragments and Blast searches. These isolates were identified (98-100% certainty) as 

various Bacillus species (including Bacillus cereus, Bacillus subtilis, Bacillus clausii), 

Pseudomonas, Xanthomonas, Brevibacillus and Cellulosimicrobium. The methods used in this 

study proved valuable tools in the isolation and identification of antimicrobial resistant bacteria and 

possible identification of sources of antimicrobial chemicals. It is however advised that the running 

of this type of project be over a period of no less than two years as seasonal fluctuations may 

influence results. 



OPSOMMING 

Min studies wat die mikrobiologiese kwaliteit van lug bepaal is al in Suid-Afrika geloods. Op 

hierdie stadium is daar nie genoeg bekend oor die stand van mikrobiologiese lug kwaliteit in die 

Noordwes provinsie nie. Vorige pogings om inligting in verband met provinsiale lugkwaliteit in te 

win was dikwels divers, onwillekeurig en onvolledig. Die aktiwiteite in die provinsie is egter 'n 

goeie aanduiding van die potensiele besoedelstowwe en lugkwaliteit. 'n Internasionale studie het 'n 

moontlike verband tussen lugbesoedeling en bakteriele weerstandbiedendheid teen antimikrobiese 

stowwe genoem. Dit het verdere studie aangemoedig, in besonder die huidige studie. Die doel van 

hierdie studie was die bepaling van die diversiteit en vlakke van antibiotikum weerstandbiedende 

bakteriee in die atmosfeer van industriele en residensiele gebiede in Potchefstroom en om vas te 

stel of hierdie isolate ook weerstandbiedend is teen algemeen gebmikte biosiede. Vyf areas is 

geselekteer vir monsterneming op grond van hul afstand vanaf die industriele gebied en die 

algemene windrigting. Die persele het die volgende areas ingeluit : (i) dig bevolkte residensiele 

areas (ii) nuut ontwikkelde residensiele areas en 'n (ii) industriele gebied. Albei dig bevolkte 

residensiele areas is langs hospitale gelee. Twee ander areas in verskillende dorpe is ook ingesluit 

by die proefneming om as kontroles te dien. Een perseel is gelee in 'n area wat bekend is vir hoe 

vlakke van lug-besoedeling (Vereeniging), die ander in 'n landelike area (Tzaneen). Daar is bepaal 

dat 96% van alle isolate teen ten minste twee antibiotikums weerstandbiedend is en sekere isolate 

teen soveel as 10 antibiotikums. Die VAW indeks vir isolate was die hoogste vir Site 1-Bult (0.55), 

Site 4-Miederpark (0.54) en Site V-Vereeniging (0.54). Die laagste VAW indeks was vir Site 

5-Mohadin (0.27) en Site Tz-Tzaneen (0.2). Daar was 'n groter persentasie biosied 

weerstandbiedende isolate in monsters van industriele oorsprong. Tros diagramme gebasseer op 

inhibisie sone deursnit is opgestel om vas te stel of daar isolate vanaf verskillende areas is wat 'n 

soortgelyke antibiotikurn blootstellings geskiedenis het. Twee trosse was teenwoordig in die 

dendrogramme. Alhoewel beide trosse isolate vanaf residensiele sowel as industriele lug bevat. het 



die een cluster egter 'n groter persentasie isolate vanaf residensiele en industriele gebiede bevat wat 

potensieel in die teenwoordigheid van industriele lug was. Die MIK waardes van Zn, Cu, Cd en Hg 

is bepaal vir geselekteerde isolate. Daar is opgemerk dat die isolate wat weerstandbiedend was teen 

'n groot aantal antibiotikurns en biosiede, ook hoe MIK waardes vir die verskeie metale gehad het. 

Vyf- en- veertig persent van alle isolate kon skaap rooibloedselle hemoliseer, wat 'n aanduiding 

van patogenisiteit is. Die grootste aantal moontlike patogene is gelsoleer uit monsters vanaf Site 

4-Miederpark. Geselekteerde isolate is ge'identifiseer (98-100% sekerheid) dew volgorde bepaling 

van 16s DNS fragmente en Blast soektogte. Hierdie isolate is ge'identifiseer as verskeie BaciNus 

spesies (insluitend Bacillus sereus, Bacillus subrillis, Bacillus clausii), Pseudomonas, 

Xanthomonas, Brevibacillus en Cellulosimcrobium. Die metodes wat in hierdie studie gebmik is. 

bewys as waardevolle instnunente vir die isolasie en identifikasie van bakteriee wat 

weerstandbiedend is teen antimikrobiese stowwe. Daar word egter aanbeveel dat projekte van 

hierdie aard oor nie minder as twee jaar plaasvind nie aangesien seisoenale fluktuasies resultate 

mag be'invloed. 
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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL INTRODUCTION AND PROBLEM STATEMENT 

The destructive effects of industrialisation on the environment have only been globally recognised 

in the past 40 years since the publishing of Rachel Carson's book, Silent Spring (Carson, 1962). 

The largest problem associated with industry has always been the generation of waste (solid, liquid 

and gases) and the disposal thereof in environmentally friendly ways. This inability to effectively 

dispose of wastes has been termed pollution. Pollution is known to change the environment, 

making it difficult for the biological diversity to survive as the entire ecological system gets 

damaged (Editorial- Chemosphere 40,2000). 

Pollution-induced changes in soil, water and sediments have been the focus of multiple studies 

over the years. These studies have added valuable knowledge concerning the characterisation of 

microbial diversity, evaluation of its importance for ecosystem functioning and anthropogenic 

impacts there upon (Laxminarayan, 2002). Contrastingly, as part of the biosphere, the atmosphere 

is at present insufficiently taken into account by microbial ecologists (Maron er al., 2005). 

Airborne bacteria has in the past mainly been the focus of studies concerned with their toxicity, 

allergy causing abilities and general medical implications in specific indoor environments such as 

clinical settings, homes, offices, animal houses and processing plants (Editorial-Chemosphere 40, 

2000). However, the presence of bacteria in the outdoor atmosphere is of extreme ecological and 

medical importance as both human, animal and plant pathogens can be spread over wide areas from 

natural or anthropogenic sources. In this context, studying outdoor atmospheric bacterial 

communities is of interest for several reasons. Firstly, the identification of microbial diversity (and 

the metabolic state of the organisms) present in the outdoor atmosphere could be used to indicate 
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the presence, source, level and type of pollution. Secondly, analysing the variations in the density, 

genetic diversity and structure of airborne bacteria over space and time can give an indication of the 

impact of man on his surroundings by assessing changes in microbes. These changes may include 

the development of resistance to various chemicals (Laxminarayan, 2002). Microorganisms could 

in other words be used as bio-indicators of pollution. 

Antimicrobial chemicals are recent additions to the list of substances regarded as pollutants 

(Editorial-Chemosphere 40, 2000). In practically every industrial process today, some form of 

antimicrobial is used. These chemicals are released into the environment along with waste products 

or as primary waste products themselves from either the industrial, clinical or domestic settings 

(Editorial-Chemosphere 40,2000). 

Antimicrobial chemical-related pollution from industry is not limited to the expulsion of 

antimicrobials in waste. It may also include the addition of various microorganisms from industrial 

processes. This results in the introduction of bacterial species not originally found in a specific 

area, which may possibly possess transferable resistance properties. In recent years the concern has 

been raised that the abundant use of antimicrobials may create reservoirs in the environment that 

sustain or encourage the development of antimicrobial resistance (Gilbert & McBain, 2003). 

Consequently, the question posed is; to what extent has industry made an impact on the 

development of antimicrobial resistance? The consequences of resistance developing are far 

reaching. Industrialised countries have the highest rates of antimicrobial use, and could be the first 

to see the development of environmental pools of resistance. However, with air being the most 

mobile element, drug resistance might be expected to spread steadily across borders. Developing 

countries might suffer the worst consequences because of the poor state of their health services and 

their inability to pay for alternative antibiotics. These countries are usually those with a high 

incidence of HIVIAIDS and other multidrug-resistant illnesses (Donohoe. 2003). 



1.2 RESEARCH AIM AND OBJECTIVES 

The main aim of this study was to determine the diversity and levels of antibiotic resistant bacteria 

in atmosphere of industrial and residential areas in Potchefstroom and also determine whether these 

isolates are also resistant to generally used biocides. 

Objectives were: 

(i) To isolate antibiotic resistant bacteria from industrial and residential air and determine antibiotic 

susceptibility profiles of the isolates. 

(ii) To determine whether these antibiotic resistant bacterial isolates are also resistant to generally 

used industrial and household biocides. 

(iii) To determine the MIC of selected heavy metals of multiple antibiotic and biocide resistant 

isolates. 

(iv) To determine whether the isolated antibiotic resistant bacteria also have pathogenic 

characteristics. 

(v) To use molecular techniques for the identification of selected representatives from various 

morphologically diverse isolated groups. 



CHAPTER 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

Earth's atmosphere is known to be teeming with microorganisms. Even though most of these 

originate from natural sources (soil, water bodies, animals and humans), a large percentage of 

viable organisms in the air is added by industrial processes such as sewage treatment, steel works, 

fertiliser manufacturers, fermentation processes and agricultural activities (Jones & Cookson, 

1983; Chiang et al.. 2003). Organisms are either ejected during some stage of the production 

process or as part of the waste products. In practically every industrial process today, some form of 

antimicrobial chemical is used to curb the effects of troublesome microorganisms (e.g. cooling 

towers) or improve production efficiency (e.g. growth promoters in cattle) (Laxminaryan, 2002; 

Cloete, 2003). This has led to the presence of organisms resistant to one or more antimicrobial 

compounds within production facilities and the environment. The concern now exists that the 

presence of antimicrobial substances in the environment may create reservoirs that could 

potentially sustain or encourage resistance in a variety of organisms (Gilbert & McBain, 2003). 

2.2 MICROBIAL DIVERSITY 

The diversity of organisms present in the atmosphere surrounding an industrial area depends 

largely on the types of industry in that area. A great variety of organisms may be associated with a 

specific facility or process e.g. Bacillis mycoides, Bacillus subtillis and Proteus vulgaris are 

commonly found in the cooling towers of large industrial installations. Thiobacillus ferroxidans 

and Desulfovibrio are commonly associated with mines (Atlas, 1997). Despite this great diversity. 

it seems that Bacillus species are the most dominant in a great variety of industrial and rural 

settings (Durand et al., 2002). Bacterial communities are, however, diverse and depend on the 

nature of the installation. Studies of the microbial diversity from a beer bottling plant revealed that 
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the major portion of organisms consisted of Methylobacterium (Timke et al., 2005) and a smaller 

percentage Xanthomonas sp. Bio-aerosols in livestock buildings on the other hand consisted of a 

complex mixture of organic dust (e.g. proteins, polycarbohydrates), biologically active 

components (e.g. endotoxins, glucans) and microorganisms. Wastewater treatment processes 

involving bubble aeration or trickling filter systems also result in ejection of biological aerosols 

into the atmosphere (Youseffi & Rama, 1992). Other sources of contamination such as hospital 

incinerators have previously been reported to produce bacteria in the airborne state (Allen et al., 

1989). In populated areas, organisms are likely to be constituents of normal human flora. 

Staphylococcus epidermidis and Micrococcus sp. were dominant in a study of airborne bacteria in a 

crowded underground concourse in Tokyo (Seino et al., 2005). The presence of these organisms 

was also noted in a study of indoor environments in Poland (Pastuszka et al., 2000). 

The effect of outdoor airborne particles/microbes on human health is more difficult to determine 

because of factors such as mobility of particles, climate, geographical and demographic variations 

(Bovallius et al., 1978a; Blomquist, 1994). This does not, however, make their impact any less 

severe. Natural outdoor sources of contamination are generally considered to make a major 

contribution to airborne microorganisms within buildings (Macher et al., 1991). Although most 

organisms present in the atmosphere are harmless environmental bacteria, some may possess 

pathogenic capabilities, causing various respiratory tract (Brook, 2001) or wound infections (Atlas, 

1997). Certain Bacillus, Pseudomonas and Staphylococci species are known pathogens while 

others may act as opportunistic pathogens (Atlas, 1997). Pseudomonas aeruginosa and other 

Gram-negative rods are common causes of nosocomical sinusitis, infections in 

immunocompromized individuals and patients who suffer from cystic fibrosis (Brook, 2001). It has 

also been reported that Gram-negative bacteria (e.g. Enterobacteriaceae) in outdoor dust caused by 

various industries, such as livestock farming, chicken houses and abattoirs may cause 

pro-inflammatory effects on macrophages in the respiratory tract (Seedorf, 2004). 



2.3 SPREAD OF AIRBORNE PARTICLES 

The spread of microorganisms is governed by the same principles that affect the spread of any 

airborne particulates. In the airborne state particles are extremely mobile and can be distributed 

over great distances from their places of origin. This was demonstrated by Seedorf (2004) when 

conducting a trajectory analysis of airborne particles that indicated a 1,800 km air transport of 

bacteria. Shaffer and Lighthart (1 997) noted that the majority of airborne bacteria was associated 

with particles greater than 3 rnm aerodynamic diameter. The bacteria may occur as agglomerations 

of cells, or may be rafted into the air on plant or animal fragments, on soil particles, on pollen, or on 

spores which have themselves become airborne. As water, soil and air are interconnected it is likely 

that contaminantslorganisms in one compartment will spread to the others. It is by this same 

principle that air pollutants are transported far from their places of origin, sometimes across 

national borders. These chemicals may eventually impact upon the terrestrial and aquatic 

environment over a widespread area through precipitation and condensation. 

2.4 AIR QUALITY IN THE NORTH-WEST PROVINCE 

At present little is known about the state of air quality in the North-West Province. Past efforts to 

collect information on provincial air quality have been scattered, random and incomplete (N.W. 

Province-SOTE, 2002). However, the activities in the province provide a good indication of the 

potential pollutants and the state of air quality. 

According to a report by the North-West Province on the state of the environment (2002), potential 

air pollutants emanating from the manufacturing and mining industries in the North-West Province 

include sulphur dioxide, nitrogen dioxide, carbon dioxide, particulate matter and heavy metals. 

Fertiliser production in the Potchefstroom area is one example of industry being responsible for 

nitrogen dioxide emissions (N. W. Province-SOTE. 2002). Various airborne pollutants are common 

to the mining and minerals processing. These include particulate matter (often containing heavy 



metals), sulphur dioxide, nitrogen oxides and carbon oxides. In a study by Yousefli and Rama 

(1992) as many as 8500 C F U I ~ '  were isolated from air closest to a sewage plant and 950 C F U / ~ '  

from the outdoor environment of a hospital. Residents near one of the sewage plants often 

complained about offensive odours in the windy season and frequently reported sore throats and 

headaches. 

Air pollutants arising from livestock farming include methane gas, with fertilisers (nitrous oxide) 

and agrochemicals being responsible for pollution from cropping. Antimicrobial chemicals are also 

used on large scale in agriculture. Here they are frequently employed as growth promoters for pigs 

and cattle, as therapeutics in livestock production, used for poultry production or as therapeutics for 

treatment of livestock on fields (Editorial-Chemosphere 40, 2000). The problem of antibiotic 

resistance is being recognised and as such, various countries have taken action. Antibiotics were 

phased out as growth promoters in Denmark on 1 January 2000 (E.U., 1996). 

2.5 THE EFFECTS OF POLLUTANTS 

Antimicrobials and pollutants are both termed 'stressors' and can be defined as (a) any substance 

that induces a deviation from optimum microbial growth conditions (b) exposure to any 

environmental situation that results in damage to cellular components in the absence of a cellular 

response; or (c) a situation that stimulates the expression of specific genes known to respond to a 

specific environmental condition (Russell, 2003). 

Atmospheric pollution (whlch includes C02, hydrocarbons, NO, N02, S02) has been shown to 

influence the survival of microorganisms in the airborne state (Mancinelli & Shulls, 1978). These 

compounds are reported to have a protective effect on bacteria, making it possible to survive some 

challenging conditions e.g. exposure to antimicrobials (Lee et al., 1987). It is also known that in 

enclosed places and urban areas the number of airborne bacteria is correlated to the amount of 



suspended dust (Bovallius et al., 1978b). Dust and larger airborne particles may shield bacteria 

from the harrnhl effects of the sun's UV rays. 

The ability to adapt to unfavourable conditions is crucial to the survival of an organism. Bacteria 

are able to adapt rapidly to unfavourable conditions. These adaptations could be by phenotypic or 

chromosomal changes, acquisition of plasmids or a combination of these due to their genetic 

plasticity (Harley & Prescott, 2002). 

2.6 MICROORGANISMS AS BIO-INDICATORS OF POLLUTION 

Microorganisms are the first biota to suffer the direct and indirect impact of pollutants on the 

environment. Presence of bacteria showing resistance to heavy metals (Hassen et al., 1997) or 

antibiotics (Fasim et al., 2003) has been used as bio-indicators of polluted environments. 

Microorganisms have proved to be sensitive and reliable tools in detecting the presence and 

sub-lethal toxicity of such pollutants. Community changes brought about by toxic substances are 

quantified by the increase in tolerance of the total community to this substance. An increase in 

tolerance is thought to reflect three possible toxicant effects (i) physiological changes that render 

the organisms less sensitive, (ii) genetic changes such as acquiring mobile genetic material 

encoding for more resistance (iii) and the disappearance of sensitive species through direct 

intoxication and the proliferation of more tolerant species (Schrnitt et al., 2005). Pollution therefore 

causes changes in the community structure of microorganisms. 

A combination of bioassays (fish, algae, bacteria) is increasingly recommended in the framework 

of integrated eco-toxicological approaches. This is crucial to gain a better insight into the potential 

dangers associated with the disposal of complex industrial effluent in the environment (Blaise et 

al., 1985; Trevors, 1985). 



2.7 ANTIMICROBIAL AGENTS 

In recent years, a growing number of scientists have expressed concern that the use of 

anti-microbial chemicals may lead to the development and selection of antibiotic-resistant 

organisms (White & McDermott, 2001; Gilbert & McBain, 2003; Russell, 2003). Since the 

discovery of antibiotics in the late 1920s, legions of other antimicrobial chemicals which include 

biocides and heavy metals have been developed to curb the effects of troublesome microorganisms. 

2.7.1 Antibiotics 

Antibiotics are chemical compounds produced either as secondary metabolites of microbial 

metabolism or manufactured by chemical synthesis (Atlas, 1997). They are generally 

pharmacologically precise and exert their action at a single physiological target. Antibiotics are 

divided into five general groups based on their modes of action which include: (i) inhibition of 

peptidoglycan synthesis causing osmotic lysis (most common mechanism); (ii) alteration of the 

cytoplasmic membrane causing cellular leakage (second largest class); (iii) inhibition of nucleic 

acid synthesis and (iv) agents with antimetabolite activity. 

There are numerous studies providing evidence of antibiotic resistance to practically every 

antibiotic known to man (Atlas, 1997; Russell, 2002; Gilbert & McBain, 2003; Chapman, 2003). 

There are, however, certain antibiotics that are more commonly used. Consequently, resistance to 

these therapeutics are more frequently encountered. The most widely-used group of antibiotics is 

the 8-lactams. Table 2.1 indicates the most commonly used antibiotics and the bacterial 

mechanisms of resistance. 

The most successful compounds have been documented as those that interfere with the 

construction of the bacterial cell wall, the synthesis of protein, or the replication and transcription 

of DNA. Unless the target is located on the outside of the bacterial cell, antimicrobial agents must 



be able to penetrate to the site of action. Access through the cytoplasmic membrane is usually 

achieved by passive or facilitated diffusion, or (as, for example, with arninoglycosides and 

tetracyclines as indicated by Table 2.1) by active transport processes. In the case of Gram-negative 

organisms the antibiotic must also negotiate an outer membrane, consisting of a characteristic 

lipopolysaccharide-lipoprotein complex, which is responsible for preventing many antibiotics 

from reaching an otherwise sensitive intracellular target (Greenwood & Whitley, 2002). 

Table 2.1: The most common antibiotic groups, certain antibiotics contained in those groups, their 
mechanisms of action in a bacterial cell and the mechanisms of resistance employed by bacteria 
towards these compounds (Greenwood & Whitley, 2002). 

Antibiotic class 

B- lactams 

Aminoglycosides 

Tetracycline 

Chloramphenicol 

Glycopeptides 

Macrolides 

Quinolones 

Antibiotic 

AMP 

KAN 
STR 
NEO 

OXY-TET 

CHL 

VAN 

ERY 

TRI 

CIP 

I 

4cts on PEP'S inhibiting cell wall I Production of D-Lactamases 

Mechanisms 

synthesis I 
Binds to 30s subunit of ribosomes I (i) Enzymes 

Resistance 

and inhibits protein synthesis (ii) Flux mechanisms 
(iii) RNA modifications 

I 
Binds to 30s subunit of ribosomes 
and inhibits protein synthesis 

I 

(i) Efflux mechanisms 
(ii) 16s mutations 

Binds to 50s subunit of ribosomes 
and inhibits protein synthesis 

I 

(iii) Hydrolysis enzymes 
(iv) Post transcriptional modification 
-23s rRNA 

(i) Efflux mechanisms 
(ii) Inactivation by enzymes 

Cell wall inhibitor 
I 

Membrane alterations 

Binds to 50s subunit of ribosomes 
and inhibits protein synthesis 

(i) Gram-negatives intrinsic resistance 
(ii) Efflux mechanisms 

THF inhibitors- inhibit NA synthesis 

2.7.2 Biocides 

(i) Overproduction of dihydrolfolic 
acid reductase. 
(ii) Mutation of the structural gene 
(iii) Plasmids 

Inhibits DNA gyrase synthesis 

Biocides can be defined as chemical substances used for the control of microorganisms (i) on 

(i)  Alteration of a-subunit of 
DNA Wase  (chromosomal) 
(ii) Decreased uptake- alteration of 
porins (chromosomal) 

inanimate objects (referred to as disinfectants), (ii) on living tissue (known as antiseptics) (iii) on 
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surfaces to reduce numbers to levels that are acceptable to public health officials (known as 

sanitisers) (Atlas, 1997) or (iv) they are employed as preservatives (Russell, 2003). Biocides have 

been incorporated into such diverse items as surgical scrubs, surface disinfectants, cosmetics, 

cutting boards and even toys (White & McDermott, 2001). As disinfectants, these chemicals are 

generally used at concentrations much higher than their MIC (minimum inhibitory concentration). 

However, in reality, it is probable that there are situations in which the bacteria will be exposed to 

disinfectant levels lower than those required to be lethal. 

Biocides act at one or several generalised sites within the cell (Gilbert & McBain, 2003). A range 

of cellular loci, from the cytoplasmic membrane to respiratory functions, enzymes and the genetic 

material may be targeted (Cloete, 2003). This, however, does not necessarily reflect a lack of target 

specificity. It is essential for the functioning of a biocide that sufficient concentrations are used, as 

sub-lethal concentrations have been noted to rapidly cause resistance (Russell, 2003). At sub-lethal 

biocide levels, a variety of concentration-dependent inhibitory processes take place. Potassium: 

proton antiporters and respiration uncouplers are two examples of mechanisms employed to resist 

biocidal action. Additionally, DNA biosynthesis may be slowed relative to general anabolism in 

the cell at sub-lethal concentrations (Gilbert et al., 1980). Organisms vary in their susceptibility to 

biocides e.g. Gram-positive bacteria are more susceptible to QACs (Quarternary ammonium 

compounds) than are Gram-negative bacteria due to the nature of the Gram-positive cell wall 

(McBain & Gilbert, 2001). 

2.7.3 Metals 

Heavy metals in various forms in the environment can produce considerable modifications of 

microbial communities and their metabolic activities (Hassen et al., 1997). At relatively low 

concentrations some metals are essential for the formation of co-factors and enzymes (Doelman et 

al., 1994). In the domestic and industrial arenas, the use of metals as antibacterial agents is rather 



limited today due to ecological, toxicity and resistance problems (Heinzel, 1998). Heavy metals 

such as AgN03. CuSO4, HgCI2, and ZnS04 have antimicrobial properties and are used in 

disinfectant and antiseptic formulations. Heavy metals generally exert an inhibitory effect by 

blocking essential functional groups. displacing essential metal ions or modifying the active 

conformations of biological molecules (Hassen et al., 1997). 

Resistance to the following heavy metals have been reported: mercury, antimony, nickel, 

cadmium. arsenate, cobalt, zinc, lead, tellurite, copper, chromate and silver (Heinzel, 1998). This 

aspect was reviewed by Nies (2003). The mechanisms of resistance in microorganisms range from 

accumulation in the form of protein-metal association, or lack of permeability at the cell wall and 

membrane transport systems (Hassen et al., 1997). Organisms may also detoxify these substances 

by reduction of the metal anion or cation to the elemental metal by means of enzymes or 

non-specific reactions with reducing metabolites (especially thiols) (Heinzel, 1998). The resistant 

phenotype can usually be induced by the presence of the heavy metal. Some heavy metals induce 

resistance to a broader spectrum of heavy metals. This is also known as cross-resistance. An 

example of this occurrence can be seen in E. coli where resistance to arsenate, for example, could 

result in resistance to arsenite and antimony. 

2.8 FACTORS THAT AFFECT SUSCEPTIBILITY TO ANTIMICROBIAL CHEMICALS 

Phenotypic changes may occur in organisms due to the conditions under which they were 

cultivated or exposed. This also applies to inductive changes due to the temporary expression of 

efflux pumps or synthesis and export of protective enzymes. Chromosomal change or mutations in 

the genes encoding or regulating a sensitive target site may also confer resistance on a permanent 

basis (Gilbert & McBain, 2003). 



2.8.1 Outer membrane structure 

Resistance to antimicrobial agents can be due to a mechanism of adaptation of the cell envelope. 

Some organisms and genera are intrinsically resistant to particular groups of agents. It may occur 

by the absence of critical target sites or an inability of agents to accumulate at those targets (Gilbert 

& McBain, 2003). Intrinsic resistance is usually shown as a reduced uptake of an antibiotic or 

biocide and occurs as a result of impermeability barriers in bacterial spores, Gram-negative 

bacteria and vancomycin- resistant Staphylococcus aureus (Russell, 2003). Reductions in 

membrane permeability and the multi-drug efflux pathways illustrate the ability of a single 

mechanism to neutralise chemically different drugs. 

2.8.2 Limited diffusion through the biofdm 

Organisms in biofilms are inherently very resistant to biocides (Cloete, 2003) and antimicrobial 

agents (Brown & Gilbert, 1993). The proposed mechanism for resistance is that the glycocalyx 

may either create a diffusion barrier to the antimicrobial agent limiting entrance of the substance 

into bacterial cells, or by reacting with and neutralising the antimicrobial before it reaches the cells 

(Brown et al., 1995). Cloete (2003) concluded that the glycocalyx matrix contributes to biofilm 

resistance by cementing cells within the biofilm, anchoring them to one another and to the 

substratum. In this way cells are protected from the effects of the antimicrobial agents. 

2.8.3 Efflux pumps 

It has been noted by various authors that a large percentage of biocide-resistant bacteria exert 

resistance by means of one or more efflux pumps (Heir et al., 1999; Chapman, 2003). These pumps 

are membrane-bound, proton-motive force-dependent cation export proteins which belong either to 

the major facilitator family of transport proteins or to the small multi-drug resistance protein 

family. Several of these pumps have been identified in both Gram-positive bacteria (Lyon & 

Skurray, 1987) and in Gram-negative bacteria (Lomovskaya & Lewis, 1992). Cloete (2003) 



demonstrated that multi-drug efflux pumps can pump out a wide range of seemingly dissimilar 

compounds. An example is the QAC efflux system of Staphylococcus aureus which is coded for by 

two gene systems. The genes qacA and qacB encode for a high level of resistance, and qacC and 

qacD encode for a low level of resistance. qacC and qacD are further similar in function to the ebr 

gene encoding for resistance to ethidium bromide in S. aureus, explaining why resistance to QAC 

is often concurrent with resistance to ethidium bromide. 

2.8.4 Quoarum sensing 

Quorum sensing involves a process in which bacterial cells activate specific genes in response to 

chemical signals released by the cells themselves into the environment. These chemicals may be 

released in response to the presence of an antimicrobial compound. Only when a threshold 

concentration of the signal chemical is achieved, at high population densities, is the response 

triggered (Cloete, 2003). Resistance is spread though a colony by means of these chemical signals. 

Resistance to antimicrobial chemicals may spread in this fashion or by similar means. This was 

demonstrated by Heal and Parsons (2002) when antibiotic resistance was spread between two 

E,coli colonies that were physically separated. 

2.8.5 Enzyme mediated resistance 

Enzymes transforming an antimicrobial compound to a non-toxic form may cause resistance to 

antimicrobial agents. Some bacteria produce P-lactamases that hydrolyses the 8-lactam ring of 

antimicrobial agents such as penicillin and some cephalosporins. Many Gram-positive organisms 

release 8-lactamase into the surrounding environment. Furthermore a host of aromatic, phenolic 

and other toxic compounds can be degraded by certain bacteria (Ma er al., 1998). 

Enzyme-mediated resistance mechanisms include heavy metal resistance (reduction of the cation) 

and resistance to various biocides such as formaldehyde detoxification by P. aeruginosa (Cloete, 

2003). 



2.8.6 Genetic adaptation 

Bacteria have evolved various mechanisms to confer antimicrobial resistance to individuals of the 

same or different species. Genes encoding resistance traits are present either on the bacterial 

genome or on extrachromosomal genetic elements (McBain & Gilbert, 2001). Expression of the 

genes of the oxyR regulon, some of which overlap with the soxRS system, results in 

cross-resistance between multiple antibiotics and the preservatives formaldehyde and 

chloromethylisothiazolone (CMI) (Chapman, 2003). In addition, some formaldehyde and CMI 

resistant bacteria are cross-resistant to hydrogen peroxide. Activation of oxyR, like soxRS 

induction, results in the expression of efflux pumps as well as enzymes which detoxify free 

radicals. The acquisition or generation of extrinsic genetic elements that encode resistance 

@lasmid mediated change) can be responsible for the rapid development and horizontal spread of 

resistance. This may occur within population groups, particularly where this entails the expression 

of efflux pumps and drug inactivating enzymes. 

2.8.7 Resistance resulting from mutation 

Mutation plays a central role in the evolution of bacterial resistance to antibiotics by (i) refining 

existing resistance determinants, by (ii) altering drug uptake systems or (iii) giving rise to variant 

drug targets with reduced affinity for antibiotics (Russell & Chopra, 1996). Mutators are a risk 

factor during the treatment of bacterial infections as they appear to enhance the selection of 

mutants expressing high- and low-level antibiotic resistance and have the capacity to refine 

existing plasmid-located resistance determinants. Antibiotics usually act at specific sites within the 

bacterial cell. Chromosomal mutations that alter those targets are likely to alter not only the 

functionality of that target but also its susceptibility to the antibiotic. Low concentrations of certain 

antibiotics may themselves contribute to the problem of elevated mutation frequencies by selecting 

mutator alleles (Giraud et al., 2002; Negri et al., 2002). Furthermore, some antibacterial agents 

may even induce mutator phenotypes. 



2.8.8 Resistance resulting from horizontal and vertical DNA transfer 

Horizontal transfer of genetic material is important in maintaining genetic variation within and 

among bacterial populations but also for the acquisition of antibiotic-resistance genes (LeClerck er 

al., 1996). Depending on the mechanism involved, resistance to therapeutic agents may be passed 

vertically from generation to generation or horizontally to other species or genera. Efflux pumps 

and drug-inactivating enzymes can be chromosomally or plasmid encoded and may therefore 

spread both horizontally and vertically (Lewis, 1989). However, resistance due to target alteration 

is usually chromosomally encoded and will therefore tend to spread vertically (Lewis, 1989). Drug 

resistance may be transferred from environmental bacteria to pathogens via transmissible genetic 

elements (Hart, 1998). 

2.8.9 Plasmids 

Metal resistance and antibiotic resistance genes are often canied on the same plasmid and 

consequently correlation of metal and antibiotic resistance is frequently found in bacteria isolated 

from polluted environments. Plasmids conferring multi-drug resistance can be assembled by 

recombination with other mobile genetic elements including integrons and transposons in response 

to local selective pressures (Hart, 1998). Firm associations have been made between the presence 

of plasmids and biocide susceptibility. These have generally been linked either to efflux 

mechanisms in Gram-positive bacteria such as S. aureus or, as is the case with resistance to 

inorganic and organic mercury, to inactivation of the biocide (Al-Masaudi er al., 1991). 



2.9 GENERAL CONCERNS ABOUT ANTIBIOTIC AND BIOCIDE RESISTANT 

BACTERIA 

2.9.1 Cross-resistance in bacteria 

There are several similarities between the action mechanisms of biocides and antibiotics (Gilbert & 

McBain, 2003). It is because of these similarities that some concerns about the use of biocides have 

been raised (Gilbert & McBain, 2003). Certain biocides and antibiotics share target sites e.g. 

between triclosan and a chemotherapeutic drug, isoniazid (isonicotinyl acid hydrazine) in some 

bacteria (Russell, 2003). It is believed that this might lead to the selection of mutants altered by 

both agents, and the emergence of cross-resistance. Commonalities in target sites include the 

penetration of cationic agents. both by biocides and antibiotics, into Gram-negative bacteria. Other 

similarities between biocide and antibiotic action in bacteria include (i) the entry of both biocides 

and antibiotic by passive diffusion into cells; (ii) membrane-damaging effects caused by some 

biocides and antibiotics (Russell, 2003). Akimutsu et al. (1999) reported that methicillin-resistant 

S. aureus (MRSA) mutants that are also resistant to the disinfectant, benzalkonium chloride, 

exhibited increased resistance to various l.3-lactam antibiotics. 

Various therapeutic chemicals can substitute for prescribed antibiotics to maintain resistance. 

Bacteria expressing resistance to an antihistaminic drug, ambodryl, and a tranquillizer, promazine, 

were resistant to penicillin, streptomycin, chloramphenicol, tetracycline, kanamycin or some 

combinations of these drugs. Although the mechanism of cross-resistance was not demonstrated, 

the range of compounds to which resistance was exhibited suggested a non-specific permeability 

change. Therapeutics for non-infectious diseases are often designed for extended use. This results 

in the maintenance of resistance and creates an opportunity for the evolution of multi-step, 

high-level resistance to the agents intended to treat infectious diseases (Okeke er al., 2005). 



2.9.2 Biocides used at sub-lethal concentrations may act the same way as antibiotics 

Biocides affect multiple, rather than single targets but at lower growth inhibitory concentrations, 

they may act in much the same way as antibiotics. It is believed that subtle differences in the 

structures of biocide and antibiotic molecules might facilitate the selection and maintenance of 

bacteria resistant to related antimicrobials in the environment. This is possible by mechanisms 

induced by the use of sub-effective concentrations of biocides as well as the primary antibiotic. 

MIC values of both biocides and antibiotics can vary considerably even within groups of sensitive 

organisms possibly due to the differences in expression of certain proteins e.g. efflux pumps. These 

pumps may be able to pump out antimicrobials when present in sub-lethal quantities. 

2.9.3 Indiscriminate use of biocides and antibiotics 

It is believed that the indiscriminate use of biocides and antibiotics might cause the evolution and 

selection of multi-drug-resistant strains through mechanisms such as efflux pumps and enzyme 

mediated resistance certain proteins (Ma et al., 1998; Russell, 2002). 

Antibiotics used by humans as well as those present in the blood of slaughtered cattle from 

abattoirs are discharged into the sewer systems together with the urine and faeces. Bacteria residing 

in the sludge of a municipal water treatment plant may contain integron-specific DNA sequences 

causing the organisms to become antibiotic resistant in the sludge (Puhler, 2003). These integrons 

are embedded within mobile genetic elements such as transposons or plamids that may be spread 

from one organism to the next. 

Inadequate antibiotic therapy in the clinical setting intensifies the problem of antibiotic resistance 

(Gilbert & McBain, 2003). Non-adherence to therapy, failure to perform drug-susceptibility tests, 

inappropriate drug choice or drug administration may contribute to the selection of resistant strains. 

The inappropriate use of third-generation cephalosporins for example, is implicated in the selection 



of extended spectrum B-lactamase producing Enterobacteriacae and Enterococci (Gilbert & 

McBain, 2003) as well as methicillin and multi-drug resistant Staphylococcus aureus (MRSA) 

(Gould, 1999). Antimicrobial use produces selective pressure for resistance, and there is evidence 

to suggest that the number of patients consuming antimicrobials in developing countries is rising 

(Okeke et al., 2005). Sub-optimal infection-control practices and sanitation shortfalls enable 

resistance to spread rapidly within, and beyond. the nosocomial environment. Antimicrobial 

chemicals are also used on large scale in agriculture. Here they are employed as growth promoters 

for pigs, cattle and poultry, as well as therapeutics in livestock production and for treatment of 

livestock on fields (Editorial-Chemosphere 40,2000). The large-scale use of antibiotics in farming 

has created concern of bacterial resistance developing to antibiotics used in humans. Multiple 

antibiotic resistant E. coli and Salmonella sp. have been isolated from pork and meat products. 

There has also been a sharp increase in the prevalence of fluoroquinolone resistant Campylobacter 

jejuni in both poultry meat and infected humans since Flouroquinolones were approved for use in 

poultry (Laxminarayan, 2002). 

Cross-resistance between various antimicrobial chemicals is becoming increasingly common. 

Little is known about the specific mechanisms responsible for this occurring. Further investigation 

of not only antibiotic resistance but also biocide and heavy metal resistance is needed. 

2.10 METHODS AND PRINCIPLES OF EXPERIMENTAL WORK 

2.10.1 Collection of samples 

Several methods for the evaluation of microbial air quality have been developed. However, no 

standard method has been agreed upon up to date. Air samplers are usually employed as these 

instruments make it possible to sample large volumes of air in a relatively short time. Historically 

the Andersen-air sampler has been used to collect bacterial samples for cultural analysis (Durand er 

al.. 2002) but many other portable air samplers have also been developed. These include the Reuter 



Centrifugal Air samplers (RCS +) from Biotest (Di Giorgio er aL, 1996) and various automated 

bacterial samplers (Seedorf, 2004). A Burkard single stage impactor (Burkard Manufacturing Co. 

Ltd., Hertfordshire, England) was used by Lee et al. (2002) to sample bacteria in both indoor and 

outdoor environments. The Burkard air sampler has several advantages that include portability and 

direct collection of particles onto media. Only viable particles, which can grow under the culture 

conditions used, are measured. Other methods of sampling airborne organisms are also available, 

including the air contactkettle plate method. The method involves exposing media to the air for a 

specified time. 

2.10.2 Isolation and cultivation of organisms 

Various types of suitable media are suggested for use in air sampling. Seedorf (2004) used 

plate-count agar, violet-red-bile agar and sabouraud agar plates for determining the cultivable 

mesophilic bacteria in livestock-related bio-aerosols. Aerobic bacteria levels were determined on 

trypticase soy agar (TSA). Pini, er al. (2004) used sabouraud dextrose agar (Difco) with 0.05% 

chloramphenicol, penicillin and 0.5% streptomycin in contact type plate method for an 

aerobio-contamination survey in a Florentine haematology ward. When sampling airborne 

bacteria, most studies advised using a fungicide such as cycloheximide. Addition of specific 

antibiotics is useful when only selected bacteria are the focus of the study. It is also ideal for the 

direct determination of resistant populations in the environment as bacteria are not artificially 

'trained' to become resistant to the specific antimicrobial chemical being used in the experiment 

(Walsh et al.. 2003). The use of nutrient agar is widely recommended as it is a non-selective and 

complex medium suitable for cultivation of a wide array of microorganisms (Walsh et al., 2003). 

Nutrient agar is also suitable for the addition of antibiotics and fungicide. 

2.10.3 Advantages of using molecular techniques for isolation of airborne bacteria 

It is estimated that culturable bacteria represent only a small proportion of all the microorganisms 



(0.1% to 10%) (Atlas, 1997; Maron et al., 2005). This is particularly true for an oligotrophic 

environment such as the atmosphere. This problem has been partially addressed by the 

development of molecular approaches. Maron et al. (2005) reported on the analysis of DNA 

directly extracted from air samples. This t e c h q u e  was developed to characterise the genetic 

stmcture/diversity of bacterial communities in complex environments. The techniques are 

classically used to analyse the microbial diversity in soil, sediment and water environments. 

One of the problems associated with air sampling is the low bacterial density of the air samples 

(Bovallius er al., 1978a). Direct DNA extraction is a representative and reproducible procedure to 

get a robust molecular characterisation of indigenous communities. Molecular (PCR) based 

fingerprinting techniques could be used to provide reproducible and complex profiles of isolates 

directly after DNA extraction. On the other hand, PCR analysis and sequencing of 16s DNA genes 

of isolated bacteria could be used to identify these. 

2.10.4 Determination of antimicrobial susceptibility 

Methods used for determining antibiotic susceptibility are fairly standardised (Bauer et al., 1966; 

White & McDermott., 2001). These methods include paper disk diffusion (similar to the 

Kirby-Bauer disk method), cup plate diffusion (also known as well diffusion), gradient plates and 

broth micro-dilution techniques (Beekman et al., 2005). The broth dilution method is ideal for the 

determination of MlCs. 

The most common method used in the determination of antibiotic susceptibility is the Kirby-Bauer 

disk susceptibility determination or techniques similar to it. The method is ideal when dealing with 

large numbers of isolates as the effects of various antibiotics can be simultaneously assessed on the 

same agar plate. This method is the least labour intensive and results are available within 

18-24hours. 



The methods used for antibiotic susceptibility testing may also be useful for determining biocide 

resistance. The Kirby-Bauer method can also be modified for use with biocides. The technique 

involves dipping sterile disks of filter paper (5mm) into biocide solutions of required 

concentrations (Beekman et al., 2005). This, however, requires that the biocide be diluted and may 

not be suitable for use with all types of biocide and media. The well diffusionkup-plate diffusion 

technique is based on the same principle as the Kirby-Bauer method. The antimicrobial chemical 

diffuses into the agar, creating a concentration gradient. Organisms are either susceptile or resistant 

to the antimicrobial compounds and form inhibition zones. 

2.10.5 Heavy metal MIC determination 

Various studies recommend the use of broth dilution for the determination of MIC. This involves 

adding metals in varying concentrations to a liquid media. The presence of growth is noted. The 

heavy metal MIC is defined as the lowest concentration of the metal, in which no pellets at the 

bonom or turbulence caused by growth is observed (Hassen el al., 1997). This is, however, a very 

crude method of determining the MIC. A more sensitive method would be the use of 

spectrophotometry where the wavelength is set to 600nm and the absorbance at each concentration 

of the metal is read. When ploned on a graph the MIC can be readily obtained. Use of microtiter 

plates is also an easy way to determine the MIC. Piotrowska-Seget et al. (2005) determined the 

metal-tolerance pattern of plasmid-containing bacterial strains by the using tubes containing 

PYTSOB medium (peptone 80 mg, yeast extract 80 mg, tryptone 80 mg at pH 6.5), which were 

amended with increasing concentration of the metals. This medium was found to be highly 

effective. 

2.1 1 CONCLUSION 

It can be concluded that there may be an association between atmospheric pollutants and antibiotic 

resistance. Antibiotic resistance in itself is seen as a major threat to both human health and 



economy. The problem is becoming more complicated though, as cross-resistance between various 

antimicrobials is becoming increasingly common. There are various unknown factors affecting the 

spread of resistance. The question posed by this study was whether antibiotic resistant bacteria 

were present in the atmosphere of industrial and residential areas, and if these antibiotic resistant 

bacteria were also resistant to commonly used biocides. 



CHAPTER 3

MATERIALS AND METHODS

3.1 SAMPLING

3.1.1 Sampling sites

Seven sampling sites were chosen for the purpose of this study. Five sampling sites in

Potchefstroom were selected based on their distance from the industrial area and the general wind

direction at the time of sampling. The sites comprised (i) highly populated residential areas, (ii) a

newly developed residential area, and (iii) industrial sites.

Site 1

Site 4

Site 3

Site 5

Site 2

Figure 3.1: Map of Potchefstroom indicating five sampling sites as yellow circles.
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Sampling Site 1-Bult (S 26' 41.389, EO 27" 04.826): The site is located in the centre of a main 

residential area 2 km North East !?om Potch-Industria as is indicated in Figure 3.1. The area is close 

to the North-West University campus and is densely populated with seven large apartment 

complexes within a lkm radius. The site is directly adjacent to a private hospital and directly across 

from the local m y  base. 

Sampling Site 2-Industria (S 26O 43.192 , EO 27" 04.204): Various industries are situated in the 

Potchefstroom industrial area. These include a sorghum beer brewery, fertiliser manufacturer, 

abattoir, manufacturer of metal products and a manufacturer of maize products. The Potchefstroom 

industrial area is one example of industry being responsible for nitrogen dioxide emissions (NW- 

SOTE 2002). This sampling site is located in the centre of the industrial area. 

Site 3 -Dassierand (S 26' 41.876, EO 27" 04.408) is located 2 km north of the industrial area. The 

selected site is situated in a new residential area, of which the largest part is currently being 

developed and under construction. The area is relatively natural with large parts being covered by 

wild grasses and trees. It is 3km downwind from a local township. 

Site 4- Miederpark: Miederpark (26' 43.779, EO 27' 05.065): is one of the older residential 

areas in Potchefstroom and is located 3km South East from the industrial area. The sampling site 

was situated directly opposite the provincial hospital. 

Site 5 -Mohadin (- S 26" 42.892, EO 27" 02.008) is a residential extension 2km south west from 

the industrial area. The area is set between two ridges on the outskirts of town. It is right next to a 

gypsum dump from a fertiliser manufacturer. 



Two other sites were included in sampling. These sites were on opposite ends of the pollution scale. 

Vereeniging is situated in an area known for high levels of air pollution. The other site, Tzaneen, 

was chosen because of its location in a relatively natural area. 

Site V-Vereeniging: The sampling site was located in the Vaal-triangle, an area known to have a 

high incidence of air pollution. Large industries in the area include an electricity supplier and a 

major steel company. Emissions that are known to contribute to air pollution in the area include 

sulphur dioxide, nitrogen dioxide, carbon dioxide, particulate matter and heavy metals. 

Site Tz-Tzaneen: Samples were collected in Tzaneen (Limpopo Province), a relatively natural area. 

to serve as control. No large industries are present within a 50km radius of the sampling site and 

human impacts are limited to fanning of citrus fruits and plantations. 

3.1.2 Sampling media 

Sampling media consisted of nutrient agar plates (Biolab) supplemented to contain either 50~g/mI 

ampicillin or 50pg/ml kanamycin. The antibiotics were sterilised through a 0.45pm membrane 

(cellulose nitrate filter, Sartorius A.G., W.3400). Antibiotic solutions were added to cooled, 

autoclaved agar. Petri dishes were filled with i15ml agar and allowed to dry. 

3.1.3 Sampling regime 

Certain factors such as temperature, relative humidity and wind velocity can affect airborne 

microflora counts (Jones & Cookson, 1983; Bovallius et al., 1978a). To limit fluctuations in the 

number and species of bacteria, parameters were set to standardise sampling time and climatic 

conditions. Samples were collected from March to June on sunny days between 12:00-16:00 when 

temperatures were between 24' C and 20 "C. Methods of collection involved the use of air contact 

plates and an air filter manufactured by Burkard (Figure 3.2). 



The filter was on loan from the Citrus Research Institute of South Africa. The Burkard sampler is

essentially designed as a portable, volumetric air quality monitor that is suited for use in various

environments such as culture rooms, laminar flow cabinets and domestic environments to collect

bacterial and other particles.

.... .
Figure 3.2: Burkard portable air sampler (Burkard Manufacturing, Hertfordshire, England co.

Ltd.)

Air flows directly onto culture medium in a 90 mm petri dish through a sieve plate with 100 holes

(1 mm diameter). A standard Burkard turbine is powered by rechargeable 6 V batteries which

enables continuous air throughput of 20 l/min for 3-4 hours. A sliding air control is fitted under the

sampling chamber to allow rapid closure during sampling. It was determined that the optimal

duration of sampling was 15minusing the sampler and 30min using air contact plates. The plates

and sampler were placed 1.5m from the ground during sampling (Fasim et al., 2003). Plates were

transported to the lab after sampling and incubated at 37°C for 48 hours.

3.2 MICROBIOLOGICAL ANALYSIS

3.2.1 Isolation and purification of isolates

Colonies present on the plates were roughly divided into 13 groups based on morphology and

colour. Pure cultures were obtained by picking each colony (or pieces of a colony) off the plate and
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sub-culturing by successively streaking it onto media containing the same concentration of 

antibiotic as the original plate. The addition of antibiotic to the culture medium was crucial as it 

ensured the maintenance of antibiotic resistance. Plates were incubated at 37" C for 24-48 hours. 

3.2.2 Initial identification of isolates 

Gram staining is the single most-used differential staining procedure in microbiology and was used 

for the direct examination of specimens and colonies according to standard procedures. 

3.2.3 Molecular identification of isolates 

One organism from each of the 13 groups was selected for DNA extraction and subsequent 

molecular analysis. 

(i) Extraction of DNA 

For the extraction of DNA the High Pure PCR template preparation kit from Roche Diagnostics 

(Mannheim, Germany) was used according to the protocol of the manufacturer. 

(ii) PCR (Polymerase Chain Reaction) 

Individual 16s ribosomal DNA fragments were amplified using the universal eubacterial primer 

combination GM5F (5'-CCT ACG GGA GGC AGC AG-3') and 907R (5'-CCG TCA ATT CCT 

TTG AGT TT-3'). The primers were synthesised by Inqaba biotech (South Africa). PCR conditions 

for each of the 35 cycles consisted of an annealing temperature of 65 "C for 30 seconds, primer 

extension temperature at 72 "C for 1 minute and denaturing at 94 "C for 30 seconds and an 

additional initial denaturation step of 95°C for 5 minutes and a final extension of 72°C for 300 

seconds. The double concentrated PCR master mix (Fermentas supplied by Inqaba biotec, South 

Africa) contained PCR buffer. Taq DNA polymerase (0.05 unitslpl) dNTP (0.4 mM) and MgfJ 

(4mM). Each 25p1 reaction contained 1X PCR mastermix appropriate volume of PCR quality 



water and 50 pmol primer mix. Additionally 50ng BSA was added to the 25p1 PCR mixture. One 

Hundred nanogram of template DNA was used in each reaction. PCR was performed with the 

I-Cycler from Bio-Rad (South Africa). 

(iii) Electrophoresis 

Electrophoresis was conducted in a Bio-Rad Wide mini-sub Cell GT electrophoresis system 

(Bio-Rad, South Africa) for 45 minutes at 80 V. using 1 x TAE (40mM Tris, ImM EDTA and 

20mM glacial acetic acid, pH 8.0). A Gene Genius Bio Imaging System (Syngene, Synoptics UK) 

was used to capture the image using GeneSnap (version 6.00.22) software. Each gel contained a 

500 base pair DNA molecular weight standard (Fermentas, supplied by Inqaba biotech, South 

Africa). The image was analysed using GeneTools (version 3.00.22) software (Syngenc, 

Synoptics, UK) to determine the size and relative intensities of the bands in each lane. 

3.3 ANTIBIOTIC SUSCEPTIBILITY 

Antibiotic susceptibility of isolates was determined by the Kirby- Bauer method. This technique is 

a standardised procedure for determining antibiotic susceptibility on Mueller-Hinton agar (Bauer et 

al., 1966). Cultures were grown in 5ml nutrient broth and incubated at 37" C for 24hrs. One 

hundred microlitres of the nutrient broth culture was transferred onto Mueller-Hinton plates. A 

flame-sterilised spreader was used to inoculate the plates evenly. The plates were left for I5 

minutes to dry. Disks impregnated with antibiotic (Mast Diagnostics, UK supplied by 

Davies-Diagnostics, SA) were dispensed onto the agar by means of an automatic disk dispenser 

(Mast Diagnostics, UK supplied by Davies-Diagnostics, SA). The dispenser has six slots into 

which tubes containing antibiotic disks can be fitted. When the dispenser is pressed, six equally 

spaced antibiotic disks are dispensed directly onto the media. Plates were incubated at 37" C for 

24hrs. 



3.3.1 Interpretation of inhibition zone diameter 

A clear zone around the antibiotic disk indicated inhibition of microbial growth. The inhibition 

zone diameter was measured to the nearest millimetre and interpreted using NCCLS (1999) 

guidelines. Antibiotic resistance profiles were compiled for each isolate. The antibiotics used are 

listed in Table 3.1. 

Table 3.1: The interpretation of the inhibition zone diameter of each isolate was according to 
NCCLS (19991 guidelines. The abbreviations used for each antibiotic were according to - - 

ructions b!. the Journal of Clinical Microbiulog! lo authors (http: jcrn.asrn.org misc itoa.pdf). 
I Antibiotic ( '~bbrcviation I I I I Susceptible I Intermediate I Resistant ] 

Ampicillin 

3.3.2 Multiple antibiotic resistance (MAR) index 

The Multiple antibiotic resistance (MAR) index of each isolate. as well as MAR per site were also 

determined by using the following formula: 

Kanamycin 
Streptomycin 
Neomycin -- 
Oxytetracycline 

Number of isolates resistant to all antibiotics at specific site 
MAR= - 

(number of antibiotics tested) x (total number of organisms in sample) 

AMP 

KAN 
STR 
NEO 
OXY -TET 

- - 

1Opg 

30pg 
1 o ~ g  
.3!&-.. 
30pg 

(S) 
14< 

1% 

18< 

(I) 
12-13 

(R) 
1 I> 

13-17 

14-17 

12> 

13> 



3.4 BIOCIDE RESISTANCE 

Two different methods were employed to determine susceptibility to biocides. The first method 

involved directly adding biocides to molten agar. Presence of growth was taken as indicative of 

resistance. 

The second method was well diffusion (Walsh et al., 2003) and involved making six equally 

spaced wells (5mm diameter) in agar with a cork borer. Mueller-Hinton agar plates were inoculated 

with 100p1 of a 24 hr nutrient broth culture, by spread plate method and left to dry for 15 minutes. 

Fifty microlitres of biocide was then pipetted into wells in the agar. This method made it possible 

to observe the inhibition zones of six different biocides simultaneously. Plates were incubated at 37 

"C for 24hrs. The inhibition zone diameter was measured to the nearest mm and any zone smaller 

than1 lmrn was interpreted as resistant. The biocide's active compounds and concentrations used 

are given in Table 3.2. 

Table 3.2: The active compounds and concentrations of the six commercially available biocides 
used in the determination of biocide susceptibility. 

I I 
A ( Ammonia ( 1% 

Biocide Active compound / Concentration used 

B 

3.5 METAL RESISTANCE 

C 

D 

E 

F 

Eight organisms resistant to multiple antibiotics were selected to determine metal tolerance. The 

Gluteraldehyde 

organisms were incubated for 24 hours in 5ml of nutrient broth (Piotrowska-Seget e l  al., 2005). 

3 1 

1.5% 

QAC, Tributile oxide blend 

Chlorine compound 

QAC 

Triclosan 

2.4% 

1.4% 

. 

0.8% 

0.3% 



Test tubes. filled with 7ml of nutrient broth, were amended with metals in their salt form. The 

metals CuS04.5H20, CdC12.ZnC12. and HgCl were added to the nutrient broth in concentrations of 

1.25mM, 2.5mM, 5mM and 10mM. A pH of 7 was maintained for all metal solutions, except for 

Hg which was slightly acidified to pH 6.5 (Hassen et al., 1997). Each test tube was inoculated with 

2 0 0 ~ 1  of the culture and incubated at 37 "C for 48hrs. Growth of the various selected isolates in the 

presence of varying concentrations of heavy metals was determined by spectrophotometry 

(performed in triplicate). The OD600 values were further analysed. The MIC was defined as the 

lowest concentration of the metal, in which no bacterial pellets at the bottom or turbulence was 

observed (Piotrowska-Seget et al., 2005). The 0D600 values were analysed in Excel (Microsoft) 

and growth curves obtained. 

3.6 HAEMOLYSIS (PATHOGENICITY TESTING) 

Isolates were streaked onto 5% sheep blood agar obtained from Diagnostic Media Products 

(Randburg, South Africa). Haemolysis of blood cells is classified into three categories and any 

form of haemolysis may be indicative of pathogenicity. Beta-haemolysis is the complete lysis of 

red blood cells and haemoglobin; this results in complete clearing around colonies. 

Alpha-haemolysis refers to the partial lysis of red blood cells and haemoglobin and produces a 

greenish discoloration of the blood agar around the colonies. Gamma-haemolysis results in no 

change of the medium but growth exhibits a green colour (Atlas, 1997). 

3.7 STATISTICAL ANALYSIS 

Average values were calculated for the inhibition zone diameter of all antibiotics and all biocides. 

Standard deviation values were determined for all these average values. The percentage resistance 

of organisms to the various antibiotics was determined. These manipulations were conducted by 

using Microsoft Excel and where appropriate results were expressed as percentages and graphs. 

The MAR index of each isolate as well as the average MAR index per site was determined by using 



the formula given in Section 3.5. Multivariate analysis using Ward's algorithm and Euclidean 

distances was used to analyse antibiotic and biocide inhibition zone data. Statistica 7 was used for 

multivariate analysis and student t-test. The relatedness data set was expressed as dendrograms. 

Where applicable, the student t-test was used to calculate the significant difference. 



CHAPTER 4 

RESULTS 

4.1 ISOLATION AND DIVERSITY OF ORGANISMS 

A total of 105 colonies were isolated during the sampling period. The number of colonies from 

each site as well as initial identification (based on colony morphology) is given in Table 4.1. 

Isolates were roughly divided into 13 groups based only on the colour and morphology of the 

colonies. This was a crude method of separating the different bacteria into groups and is only usefid 

as a very basic method of identification. Cells from each colony were sub-cultured onto separate 

plates containing the same concentration of antibiotic as the original plate. A total of 69 colonies 

were isolated from ampicillin containing plates and 36 from kanamycin plates. 

Certain colonies that appeared to be identical (having similar colour and growth patterns) were 

later identified as containing both Gram-positive and Gram-negative organisms or both coccoid 

and bacilli. More accurate methods of identifying unknown bacteria include the use of biochemical 

methods, DNA sequencing and DNA profiling. 



Table 4.1: Table indicating identification of isolates present on kanamycin and ampicillin containing plates. Isolates were identified based on colony 
morphology. Gram classification of isolates and total number of colonies per site are also indicated. The abbreviation used for Gram-positive isolates is G+ 
and G- for Gram-negative isolates. ND = None detected. 

Site 

I 



After sub-culturing the original colonies to obtain pure cultures, many of the original isolates failed 

to grow. A total of 56 isolates out of 105 could be cultivated and were used in the subsequent 

analysis. Seventy percent were Gram-positive and 30% Gram-negative bacteria. A variety of cell 

shapes were identified, 4 isolates were coccoid, 5 streptobacilli and 47 were bacilli of varying sizes. 

Thirty seven percent of all isolates were found to be pigment producers. 

The viable isolates consisted of 31 colonies from AMP containing plates and 25 from KAN 

containing plates. Of these 5 were from Site I -Bult, 13 from Site 2-Patch-Industria, 13 from Site 

3-Dassierand, 4 from Site 4-Miederpark, 8 from Site 5-Mohadin. 9 from Site V-Vereeniging and 4 

from Site Tz-Tzaneen. Sixteen Gram-positive isolates were from ampicillin plates and 14 

Gram-positive isolates from kanamycin containing plates. The number of viable colonies per site is 

given in Table 4.10. The largest number of isolates was obtained from Site 2- Potch-lndustria and 

Site 3- Dassierand (closest residential area to the industrial area). The smallest number of isolates 

was obtained from Site Tz-Tzaneen. These colonies developed slower than those from other sites, 

taking 36-48hrs to grow as opposed to 18-24hrs needed by cultures from the other sites. 

Isolates were sub-cultured several times to ensure their purity. It was observed that the colour of 

certain isolates varied fiom the colow of the parent strain after being sub-cultured twice. The 

following pigmentation changes were observed: (i) pigmentation in some of the yellow colonies 

became more intense (forming bright yellow colonies), (ii) certain peach colonies also became 

orange, and certain yellow colonies lightened to an ivory colour. 

4.2 ANTIBIOTIC RESISTANCE 

4.2.1 Average inhibition zone diameter data 

Antibiotic susceptibility ofthe isolates wss determined by using the Kirby-Bauer method described 

in Section 3.3. The average inhibition zone (per antibiotic) for each site was determined and is 



presented as graphs in Figure 4.1. The standard deviation of isolates is available in Appendix-Table 

A. 1 and A.2. To determine whether isolates were resistant to antibiotics, NCCLS (1 999) guidelines 

were used to interpret the inhibition zone diameter of each isolate. An antibiotic susceptibility 

profile of each isolate was compiled and is presented in Appendix-Table A.3 and A.4. 

As indicated by Figure 4.1 isolates were divided into two groups based on their site of origin. One 

group included all samples of residential origin, which were samples from Site I-Bult, Site 

3-Dassierand, Site 4-Miederpark and Site Tz-Tzaneen. Samples from Site Tz-Tzaneen contained 

no Gram-negative isolates. Site 1-Bult and Site 3-Dassierand are the two residential sites closest to 

the industrial area. The other group included all samples with an industrial origin (Site 

2-Potch-Industria and Site V-Vereeniging). 

From Figure 4.1 it is evident that in general the diameter of inhibition zones of Gram-negative 

organisms was smaller than those of Gram-positive isolates. This indicates a lower level of 

tolerance to antibiotics in Gram-positive organisms (and therefore implies that Gram-negative 

organisms were more resistant to antibiotics). Both Gram-positive and Gram-negative isolates 

were tolerant to AMP and KAN. This was expected since organisms were isolated from plates 

containing either one ofthese antibiotics. The inhibition zone diameters of isolates from Site 1-Bult 

and Site 4-Miederpark were relatively similar for both Gram-positive and Gram-negative isolates. 

This result raises the question whether these similarities could be attributed to the presence of 

hospitals in both these areas. 
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Figure 4.1: Average inhibition zone diameter calculated for Gram-positive and Gram-negative
isolate1 for each antibiotic. IZD =Inhibition zone diameter. IZD is indicated in mm.

From the results in Figure 4.1 it could also be deduced that Gram-negative isolates from Site I-Bult

were all resistant to ciproflaxacin (CIP), AMP and erythromycin (ERY). On the other hand, isolates

from Site 2-Potch-Industria, Site3- Dassierand and Site 4-Miederpark were also all resistant to

ampicillin (AMP). However, only those from Site 2-Potch-Industria and Site 4-Miederpark were

resistant to amoxillin (AMO).

4.2.2 Percentage antibiotic resistance at each site

The antibiotic resistance profile of each isolate was determined and was used to calculate the total

percentage antibiotic resistance at each site. Antibiotic resistance profiles of the individual isolates

are presented in the Appendix-Table A.3 and Table-AA. Variations in the percentage resistance
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betweenisolates of one site andanotherwould give an indication of which antibiotics the isolates at

each site were potentially exposed to as well as the extent of the exposure (number of organisms

exhibiting resistance to that antibiotic). Isolates were again divided into samples of residential and

of industrial origin as described in Section 4.2.1. The results are given in Figure 4.2

Gram-positive
Industrial

Residential

NIP !CAN STR NEO OXY CK. VAN ERY MIlO CIP ICF TRI

Antibiotic

AJ/II ICAN STR NEO 01:'( CtL VAN [RY AJ/IO CIP KF TRI
Antibiotic

Gram-negative

Residential Industrial

AJIP !CAN STR NEO OXY CHL VAN ERY NMJ CIP KF TRI

Antibiotic

AMP KAN STR NEO OXY CK. VAN ERY AMO CIP KF TRI

Antibiotic

Figure 4.2: Percentage of Gram-positive and Gram-negative isolates resistant to each antibiotic at
a specific site. Isolates were separated into samples of residential and industrial origin. The sYmbol
used on the Y-axis for the expression of the percentage resistant isolates is given as %.

Results in Figure 4.2 illustrate that nearly all Gram-positive and Gram-negative isolates were

resistant to AMP including a large percentage of colonies originally isolated from KAN containing

plates. This was expected for reasons previously stated (Section 4.2.1). In general a large number

of Gram-positive and Gram-negative isolates were resistant to KF (as can be seen in Figure 4.2).

However, more than 80% of all Gram-positive organisms from Site 2-Potch-Industria were
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susceptible to KF. Overall, organisms were the least resistant to STR and NEO. Approximately 

68% of Gram-negative isolates from Site V-Vereeniging were resistant to STR, while only 13% of 

all Gram-positive organisms isolated from this site were resistant to STR. All Gram-positive 

isolates from the residential areas were susceptible to STR, but 50% of Gram-negative isolates 

were resistant to the antibiotic. All Gram-positive isolates from Site 4-Miederpark as well as 50% 

of all Gram-negative organisms from this site were resistant to OXY and CHL. 

The patterns of resistance for Gram-negative organisms showed variations from that of 

Gram-positive organisms. More Gram-negative organisms were resistant to multiple (more than 3)  

antibiotics than Gram-positive isolates. with many isolates exhibiting tolerance to AMP, KAN and 

KF. It is shown in Figure 4.2 that STR and NEO were the antibiotics to which the smallest numbers 

of both Gram-positive and Gram-negative isolates were resistant to. The most prevalent resistance 

patterns at each site were identified and are given in Table 4.2. In Appendix Table A.3 and A. a 

complete list of the complex antibiotic resistant profiles are provided. The results presented in 

Table 4.2 are thus a summary of the antibiotic resistant profiles. In this case antibiotics were only 

included in the list if at least 60% of the isolates at the site were resistant to them. 



Table 4.2: Table indicating the most prevalent antibiotic resistance patterns at each site among 
Gram-positive and Gram-negative isolates. The resistance patterns were determined by noting each 
antibiotic to which at least 60% of all isolates at a site were resistant to. 

Gram-positive 

Site 

1- Bult 

2- Industria 

3- Dassierand 

4- Miederpark 

5- Mohadin 

V- Vereeniging 

Tz- Tzaneen 

Resistance patterns 

AMP-AMO-CIP-CEF 

AMP-OXY-AM0 

AMP-KAN-CEF-TRI 

OXY-CHL 

AMO-CEF-TRI 

AMP-CEF-TRI 

AMP- AM0 

The only two sites which had the same profiles were Gram-negative isolates from Site 

2-Potch-Industria and Site V-Vereeniging. Although no other exact matches were observed. 

resistance to the same antibiotics appear repeatedly at the various sites. 

Site 

1 -  Bult 

2- lndustria 

3- Dassierand 

4- Miederpark 

5- Mohadin 

V- Vereeniging 

A summary of the total number of isolates resistant to the various antibiotics is given in Figure 4.3. 

4 1 

Resistance patterns 

AMP-KAN 

AMP-KAN-CEF 

AMP-KAN-VAN 

AMP-KAN-VAN-AM0 

AMP-VAN-AM0 

AMP-KAN-CEF 



Thirty eight percent of Gram-positive organisms were resistant to more than 4 antibiotics, whereas

52% of all Gram-negative organisms were resistant to more than 4 antibiotics.

A graph was constructed to indicate which antibiotics most isolates were resistant to. The data

given in Appendix A.3 and A.4 was used to calculate the numbers of isolates that were resistant to

each of these antibiotics.
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Figure 4.3: Graph indicating the total percentage of organisms that were resistant to the 12
antibiotics.

CIP, STR and NEO were the antibiotics to which the smallest numbers of isolates were resistant to.

More than 90% of all isolates (Gram-positive and Gram-negative) were resistant to 3 or more

antibiotics. All the Gram-positive organisms from Site 4-Miederpark, were resistant to between 2

and 5 antibiotics. Fifty percent of the Gram-positive isolates from Site I-Bult were resistant to 8 or

more antibiotics. This raises the question whether the number of isolates resistant to a large number

of antibiotics could be due to the high levels of antibiotics used in hospitals in the vicinity of

sampling sites or because of the use of antibiotics by the consumers living in densely populated

urban areas.
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Site Tz-Tzaneen and Site 5-Mohadin had a small number of isolates that were resistant to multiple

antibiotics. Only 25% of all Gram-positive organisms from Site Tz-Tzaneen were resistant to more

than 2 antibiotics and 33% of organisms from Site 5-Mohadin were resistant to more than 3

antibiotics. A possible reason for the small number of resistant isolates from Site-5 could be the

geography of the area. Mohadin is set between two ridges in a small valley, wind-up from the

industrial area.

4.2.3 Cluster analysis

The antibiotic resistance phenotypes of industrial samples and certain residential samples showed

certain similarities as indicated in Section 4.2.2. This prompted further analysis of the raw

antibiotic inhibition zone diameter data. Dendrograms were constructed and are presented in

Figures 4.4, 4.5 and 4.6. The dendrograms may link samples with a common antibiotic exposure

history.

Tree Diagram for Gram-positive isolates using antibiotic inhibitionzone data
Ward's method

Euclidean distances

CLUSTER I CLUSTER II CLUSTERIII

Figure 4.4: Dendrogram showing relatedness of the various Gram-positive bacteria isolated from
industrial and residential air.
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The dendrogram presented in Figure 4.4 was analysed for clustering profiles and results are

depicted in Table 4.3

Table 4.3: Table indicating results of analysis of clusters from Figure 4.4. The number and
percentage (%) of isolates are indicated. *Residential sites relatively close to and/or generally
down wind from Potchefstroom industrial area. # Residential site included as control.

Two main clusters are depicted in Figure 4.4. The larger cluster could be divided into 2 smaller

ones. Thus in Figure 4.4 Clusters I, II and III are indicated. Both industrial and residential samples

were sorted into the same clusters, indicating that the difference between these samples was not

great with respect to the history of antibiotic exposure in different areas. This is particularly the

case for samples in Clusters I and II. Most industrial samples as well as most samples from Tzaneen

and Mohadin were contained in Cluster I. Cluster II contained most of the samples from Site I-Bult

but no samples from Site 4-Miederpark. Cluster III contained most of the samples from Site

3-Dassierand.

In general, cluster analysis was useful in resolving the differences between Gram-positive bacteria

that had different antimicrobial exposure histories.

A dendrogram for Gram-negative isolates was also constructed and is presented in Figure 4.5.
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Site name Cluster I Cluster II Cluster III
N=19 N=15 N=6

Industrial samples (Potchefstroom & 8(42) 3(20) 2(33)
Vereeniging)
Dassie Rand* 3(16) 7(47) 1(17)

Residential samples
Bult* 0 2(13) 2(33)
Mieder Park* 1(5) 0 1(17)
Mohadin 4(21) 2(13) 0
Tzaneen# 3(16) 1(7) 0



Tree Diagram for Gram-negati\e isolates using antibiotic inhibition zone diameter data.
Ward's method

Euclidean distances

Figure 4.5: Dendrogram showing relatedness of the various Gram-negative bacteria isolated from
industrial and residential air,

The dendrogram of Gram-negative isolates could not clearly resolve differences between samples

from different sources, This could be due to the small number of isolates.

Inhibition zone diameter data of Gram-positive and Gram-negative isolates were combined to

determine if any clearly observable clusters formed. The combined dendrogram is given in Figure

4.6.
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Tree Diagram for 57 Cases
Ward's method

Euclidean distances
250

CLUSTER 1 CLUSTER II

Figure 4.6: Dendrogram showing relatedness of the various Gram-positive and Gram-negative
bacteria isolated from industrial and residential air,

Both clusters (I & II) contained isolates from industrial and residential air, However, cluster II

contained a greater proportion of isolates from industrial air as well as residential samples that were

potentially under influence of industrial air. The residential sites included in Cluster II were

generally downwind from the industrial area. A very large portion of samples from Site I-Bult and

Site 3- Dassierand were present in Cluster II. These two residential sites are close to the industrial

area, with Dassierand (Site 3) being the closest. The analysis of cluster diagrams prove valuable

tools in the determination of antibiotic exposure histories. Differences could generally be resolved

and this method may be a very useful technique for future studies.
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4.2.4 Multiple antibiotic resistance (MAR) index 

The MAR index for each site was calculated by using the formula presented in Section 3.3.2. 

Results are presented in Table 4.4. 

Table 4.4: Average multiple antibiotic resistance index (MAR index) for Gram-positive and 
Gram-negative isolates per site. 

As indicated by Table 4.4, the MAR index for isolates from Site 1-Bult, Site 4-Miederpark and Site 

V-Vereeniging was generally higher than that of the other sites. This indicates resistance to a 

greater variety of antibiotics at the sites listed compared to the other sites. The MAR indices of Site 

2-Potch-Industria and Site 3-Dassierand were similar and included resistance to some of the same 

antibiotics (Table 4.2). Site 5-Mohadin and Site Tz-Tzaneen both showed low MAR indices but 

antibiotic resistance profiles were different. 

4.3 BIOCIDE SUSCEPTIBILITY 

For the first method of determining susceptibility of the isolates to biocides, the substances were 

directly mixed with molten agar. This method, however, was ineffective to obtain quantitative data. 

The well diffusion method data was used for further analysis and determination of biocide 

susceptibility. 

4.3.1 Average Inhibition Zone data 

Biocide susceptibility of the isolates was determined by using the well method described in Section 

3.4. The method is based on the principle that the more resistant an organism is to a specific 
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biocide, the smaller the zone of inhibition around the biocide filled well will be. Average biocide

inhibition zone data is presented in Figure 4.7 and was calculated by using data in Table A.I and

A.2.

Gram-positive

..

'19101 I.9103
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,ISle lZ,
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..

C D
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C D-
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Figure 4.7: Average inhibition zone calculated for Gram-positive and Gram-negative isolates for
each biocide at a specific site. Averages were calculated by the method described in Section 3.7.
Isolates were separated into samples of residential and industrial origin. [A=Ammonia;
B=Gluteraldehyde; C=QAC & Tributile oxide blend; D=Chlorlne compound; E=QAC;
F=Triclosan] IZD was measured in rom.

As is evident from Figure 4.7, the inhibition zone diameters of Gram-negative residential isolates

were generally much larger than that of Gram-positive isolates from the same area. This is clearly

demonstrated by the graphs for industrial samples (Figure 4.7). Site I-Bult was the site with the
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overall smallest inhibition zone for Biocide A (both Gram-positive and Gram-negative). The 

average inhibition zone for both Gram-positive and Gram-negative isolates was generally the 

smallest for Biocide F. the biocide containing Triclosan as the active compound. Gram-positive 

and -negative isolates from this site had the largest average inhibition zone for Biocide C and D. 

The average inhibition zone for Site Tz-Tzaneen was generally the largest for all biocides, except 

Biocide C (QAC & Tributile oxide blend). The average inhibition zone of Gram-positive isolates 

at Site Tz-Tzaneen, were similar for Biocide E (QAC) and Biocide F (Triclosan). The average 

inhibition zone diameter of Gram-negative isolates from Site 3-Dassierand was the smallest of all 

sites for Biocide E (QAC). 

It is hrther evdent from Figure 4.7 that the average inhibition zone of Gram-positive isolates from 

Site V-Vereeniging to Biocide F was smaller than lOmm, making Biocide F the compound with the 

smallest inhibition zone for both residential and industrial samples. The biocide that caused the 

largest inhibition zone in all Gram-positive and Gram-negative samples was Biocide D (chlorine). 

Although all industrial samples were susceptible to Biocide D, the average inhibition zone of 

Gram-positive isolates from Site V was smaller than for Site 2. The situation was reversed for 

Gram-negative organisms. Gram-negative isolates from Site V-Vereeniging all had larger 

inhibition zones than isolates from Site 2. 

To clarify the differences in average inhibition zones of Gram-positive and Gram-negative isolates, 

and to establish whether the differences in inhibition zones were substantial, certain calculations 

were performed. An Excel worksheet was created for biocide inhibition zone diameter and the 

average inhibition zone for all Gram-positive and Gram-negative isolates calculated. 



Table 4.5: Table indicating the differences in average inhibition zone diameter between 
Gram-positive and Gram-negative organisms at each site. 

Average inhibition zone diameter determined for biocides A to F in mm 

Raw data from Appendix-Table A.6 and A.7 was used to calculate the average inhibition zaone 

diameter of the various biocides at each site. This would indicate to which biocide the most bacteria 

were resistant to. 

Gram 
reaction 
+ 

- 

In order to determine whether there was a large difference between the average inhibition zone of 

Gram-positive and Gram-negative isolates, significant difference was calculated by means of a 

two-tailed student t-test. This statistical method indicated that the difference between 

Gram-positive and Gram-negative isolates wasp < 0.014. Any value smaller than 0.05 is indicative 

of a significant difference. It was concluded from this calculation that Gram-positive and 

Gram-negative isolates differed in their susceptibility to the various antibiotics. More 

Gram-positive isolates were resistant to antibiotics, than Gram-negative isolates. In the case of both 

Gram-positive and Gram-negative isolates, Biocide F caused the smallest inhibition zone and 

Biocide D the largest. 

Biocide resistance was determined by using the guidelines described in Section 3.4. Inhibition 

zones smaller than 1 lmm were interpreted as resistant. 
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Figure 4.8: Percentage of Gram-positive and Gram-negative isolates resistant to each biocide at a
specific site. Isolates were separated into samples of residential and industrial origin.
[A=Ammonia; B=Gluteraldehyde; C=QAC & Tributile oxide blend; D=Chlorine compound;
E=QAC; F=Triclosan]

When considering the data presented in Appendix-Table A.8 and A.9, the number of isolates that

were resistant to biocides was much smaller than the number of isolates that were resistant to

antibiotics. On the other hand, it is evident from Figure 4.8 that twenty percent of all Gram-positive

isolates from Site I-Bult were resistant to Biocide A, B, E and F. The patterns of resistance for

Biocide A and B were exactly the same at Site 1,3 and 5. It is also visible from Figure 4.8 that just

more than 15% of isolates from Site 5-Mohadin were resistant to Biocide A, B and F. It is evident

that the most common biocide resistance phenotype was Biocide A, B and F. Less than 10% of all
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Gram-positive isolates from Site 3-Dassierand were resistant to Biocide A, B and C, however, 

between 20% and 30% of all isolates were resistant to Biocide E. Isolates from Site Tz-Tzaneen 

were susceptible to all biocides except Biocide E, to which more than 20% of the isolates were 

resistant to. Almost 45% of all Gram-positive isolates from Site V-Vereeniging were resistant to 

Biocide A and F and more than 25% were resistant to Biocide B. It is evident from Figure 4.8 that 

a larger number of organisms from Site V-Vereeniging were resistant to biocides than those from 

Site 2-Potch-Industria. More than 25% of isolates from Site 2-Potch-Industria were resistant to 

Biocide B and almost 15% were resistant to Biocide A. No resistance was observed to any of the 

other biocides. 

The only Gram-negative isolates that were resistant to biocides were from Site 2. 3 and 4 (Figure 

4.8). Fifty percent of isolates from Site 3 and 4 and 36% from Site 2 were resistant to Biocide E. A 

large percentage of Gram-negative isolates from the industrial area was resistant to multiple 

biocides. More than 30% of all isolates from Site 2 were resistant to Biocide A, B, E and F and 

more than 15% resistant to Biocide C. A11 isolates were susceptible to Biocide D. 

4.3.3 Cluster analysis 

Dendrograms may link samples with a common biocide exposure history. Dendrograms were 

constructed and are presented in Figures 4.9, 4.10 and 4.1 1 



Tree Diagram for Gram-positive isolates using biocide inhibitionzone diameter data.
Ward's method
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Figure 4.9: Dendrogram showing relatedness of Gram-positive bacteria isolated from industrial
and residential air.

The dendrogram presented in Figure 4.9 was analysed for clustering profiles and results are

depicted in Table 4.6.

Table 4.6: Table indicating clusters from Figure 4.9. The number and percentage (%) of isolates
are indicated. *Residential sites relatively close to and/or generally down wind from Potchefstroom
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Site name Cluster I Cluster II Cluster III
N=9 N=18 N=13

Industrial samples
(Potchefstroom & 4(44) 4(22) 4(31)
Vereeniging)
Dassie Rand* 4(44) 4(22) 3(23)
Bult* 0 3(17) 2(15)

Residential samples Mieder Park* 0 1(6) [(8)
Mohadin 1(11) 4(22) 1(8)
#Tzaneen 0 2(11) 2(15)



Although Clusters I, II & II contained isolates from industrial and residential air, Cluster I

contained a large proportion of isolates from industrial and residential air samples (Figure 4.9 and

Table 4.6). A large portion of samples from Site 3-Dassierand clustered with industrial samples in

Cluster I indicating the possibility of similar biocide exposure histories. Cluster III contained a

great variety of isolates from all residential areas making it a predominantly residential cluster. The

close linkage of these samples poses the question of whether the residential area impacted

industrial samples or vice versa.

Tree Diagram for Gram-negative isolates using biocide inhibitionzone diameter data

Ward's method
Euclidean distances

Figure 4.10: Dendrogram showing relatedness of Gram-negative bacteria isolated from industrial
and residential air.

The dendrogram of Gram-negative isolates (Figure 4.10) could not clearly resolve differences

between samples from different sources. This could possibly be due to the small number of

isolates.
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The inhibition zone data of Gram-positive and Gram-negative isolates were combined to determine

if any clearly observable clusters formed. The resultant dendrogram is given in Figure 4.11.

Tree diagram for Gram-positive and Gram-negative isolates using biocide inhibitionzone diameter data.
Ward's method

Euclidean distances

o

CLUSTER I CLUSTER II CLUSTER III

Figure 4.11: Dendrogram showing relatedness of the various Gram-positive and Gram-negative
bacteria isolated from industrial and residential air.

The dendrogram presented in Figure 4.11 was analysed for clustering profiles and results are

depicted in Table 4.7

Table 4.7: Table indicating clusters from Figure 4.11- The number and percentage (%) of isolates
are indicated. *Residential sites relatively close to and/or generally down wind from Potchefstroom
industrial area. # Residential site included as control number of isolates (%).
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Site name Cluster I Cluster II Cluster III
N=14 N=25 N=17

Industrial samples (potchefstroom & 8(57) 7(28) 6(35)
Vereeniging)
Dassie Rand* 5(36) 6(24) 3(18)

Residential samples
Bult* 0 3(12) 2(12)
Mieder Park* 0 2(8) 2(12)
Mohadin 1(7) 5(20) 2(12)
#Tzaneen 0 2(8) 2(12)



From Table 4.7 and Figure 4.1 1 it is evident that Clusters I1 and I11 are part of a larger cluster 

indicating a link between the samples contained therein. Although Clusters I, I1 & 111 contained 

isolates from industrial and residential aerosols, Cluster I contained a greater proportion of isolates 

from industrial air samples. Some isolates from Site 3-Dassierand were also present in this mainly 

industrial cluster. Cluster I1 contained a slightly larger portion of the isolates from residential areas 

although Cluster I11 contained 29% of all industrial samples as well as most of the residential 

samples. This indicates the possibility of a similar history for both industrial and residential 

samples. 

4.4 DETERMINATION OF HEAVY METAL MIC 

Twelve isolates with high MAR indices were selected for the determination of metal MICs. The 

MICs of all isolates were determined by using a spectrophotometric approach as described in 

Section 3.5. The results are presented in Table 4.8 to give an overview of the antibiotic resistance 

and biocide resistance profiles of the twelve selected isolates. This would make it possible to 

establish whether antibiotic resistance, biocide resistance and heavy metal resistance, were 

possibly connected in any way. 



Table 4.8: Sam~les  selected for heavy metal MIC determination. The table indicates the site of origin of isolates as well as related antibiotic and biocide - 
susceptibility profiles. The MIC values determined for each of the four metals are presented in the last 4 columns. 

Site 

Site V 

Site 4 
Site 4 

Site 1 

Site 1 

Site 2 

Site 3 

Site V 

Site 3 

Site 2 

Site 1 

Site 3 

Sample 
selected 

A2t2a 

Kla  

3b 

Possible 
identification 

Bacillus cereus 

Unidentified. 
Unidentified 

Unidentified 

Bacillus sp. 

Unidentified 

Unidentified 

Bacillus .sp. 

Pseudomonas 
p. 
Bacillus clausii 

Bacillus sp. 

Antibiotic 
phenotype 

resistance 

AMP, STR, OXY-TET, CHL, VAN, 
KF, TRI 

AMP, KAN, VAN, AMO, TRI 

AMP, KAN, STR, OXY-TET, CHL. 
VAN, ERY, AMO, CIP. KF 

AMP, KAN, OXY-TET, CHL, ERY, 
AMO, CIP. KF 

AMP. KAN, NEO, CHL,VAN, ERY. 
AMO, CIP 

AMP,KAN,VAN,ERY.AMO,KF 

AMP. KAN, NEO, KF, TRI, VAN 

AMP.KAN,OXY-TET, CHL. VAN, 
ERY, AMO, KF 
AMP, KAN, NEO, OXY-TET, VAN, 
KF, TRI 
AMP, KAN, STR, OXY-TET,VAN, 
ERY, AMO. TRI 

AMP,KAN,OXY-TET, CHL, ERY, 
AMO, CIP, KF 

AMP, KAN, OXY-TET, VAN, KF, 
TRI 

Biocide 
resistance 
phenotype 

None 

None 
E 

None 

None 

none 

MIC in mM 



Seven of the selected isolates had MICs well in excess of IOmM. Five of the selected 12 organisms 

exhibited MICs varying from 4.25mM to >10mM (Table 4.8). Mercury appeared to be the most 

toxic of all the metals tested. Its action affected simultaneously Gram-positive and Gram-negative 

bacteria. Metals can be arranged from the most toxic to the least toxic in the following order: Hg > 

Cd > Cu > Zn. 

From Table 4.8 it is evident that the isolates that were resistant to a large number of diverse 

antibiotics and biocides also had high MIC values for various metals. Of the seven isolates that had 

MICs above lOmM for all metals, four were resistant to two or more biocides and they were all 

resistant to between 5 and 8 antibiotics. The presence of KF resistance together with resistance to 

biocides containing QACs occurred in two isolates fiom Site 3-Dassierand. The five isolates which 

had MIC values between < I  .25 and IOmM were on average resistant to five or more antibiotics but 

no biocide resistance was detected. The only exception from this group of isolates was sample 

K4t2b which was resistant to 10 antibiotics and Biocide E. Sample Kv3b (Site V) was resistant to 7 

antibiotics and showed relatively high levels of tolerance to Cd and Zn. Sample K4t2b from Site 

4-Miederpark had an MIC of more than lOmM for Hg which is high. The MIC for Cd was 5mM, 

which is also high when taking into account that Hg and Cd are considered to be the most toxic 

metals. Only sample A2t2c (Site 2) was resistant to a large number of biocides. The occurrence of 

multiple antibiotic resistance, multiple biocide resistance and heavy metal resistance in the same 

organism indicates the potential that resistance to one substance may influence resistance to others. 

4.5 DETERMINATION OF PATHOGENIC POTENTIAL AND IDENTIFICATION OF 

ORGANISMS BY SEQUENCING OF 16s rDNA FRAGMENTS 

To determine the pathogenic potential, all isolates were streaked onto 5% sheep blood agar. Any 

form of haemolysis was taken as a positive indication of potential pathogenicity. Results are given 

in Table 4.9. 



Table 4.9: The total number of isolates present at each site and the number that were identified as 
possible pathogens. Percentage isolates with pathogenic potential at each site are presented in the 

:ol 
r 

last ( 

Site I # of Isolates I # of Potential 

1-Bult 
I I 

4 

2- Industria 

3- Dassierand 

4- Miederpark 

5- Mohadin 

Tz- Tzaneen 1 4  13 

Pathogens 
3 

I I 

Patbo ens 

+--7 
7 

11 

2 

6 

V- Vereeniging 

Site I # of Isolates / # of Potential I % Potential I 

4 

1 

2 

3 

7 2 

1- Bult 

From Table 4.9 it is evident that the largest number of isolates with pathogenic properties was 

isolated from Site 2-Potch-Industria. The lowest number of organisms with pathogenic ability was 

isolated from Site 3-Dassierand. 

1 

2- Industria 

3- Dassierand 

4- Miederpark 

5- Mohadin 

V- Vereeniging 

Sites were divided into either residential or industrial sites as described in Section 4.2.1. Sites 1,3, 
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4, 5 and Tz were grouped as the residential sites and Site2- Potch-Industria and Site V-Vereeniging

were grouped as industrial sites. When making use of this division, it is evident that more isolates

from residential areas (Site1, 3, 4, 5, Tz) showed pathogenic ability than industrial isolates. The

presence of hospitals in the vicinity of Site I-Bult and Site 4-Miederpark, may also contribute to

the numbers of pathogenic bacteria in the atmosphere.

Thirteen isolates (one representative of each of the morphological groups described in Table 4.1)

were selected to be identified by molecular methods (described in Section 3.4). DNA from each

isolate was extracted, amplified by PCR and sequenced. Figure 4.12 depicts 16S rDNA amplified

by PCR as described in Section 3.2.3. The 16S rDNA sequences (Appendix B) were subjected to

Blast analysis. Results from the Blast searches are given in Table 4.10.

bp II 1 2 3 4 5 6 7 8 9 10 11 12 13

500

1000

Figure 4.12: An agarose gel (1% w/v) of 16SrDNA fragments amplified by PCR as described in
Section 3.2.3. Lane M contained the DNA molecular weight marker (Fermentas, 1000 bp) and
Lanes 1 to 13 the fragments that were sequenced.
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Table 4.10: One representative isolate from each of the 13 groups (Section 4.1) was selected and 
used to determine identification based on 16s sequencing. All isolates identified by Blast searches 
were identified with a certainty of 98- 100%. The number of isolates that had similar colony and 
cellular morphology as the isolate that was selected for sequencing and their site of origin is 
indicated in the columns labelled 'Site 1 # to Site Tz #'. Possible pathogens are indicated by '+' in 
column 4. 

7 
of isolate by ID 

clausii 

I 

Pseudomonas 1 G- 

Brevibacillus )01 
I 

Bacillus I G+ 
cereus & 

Colony 
morphology 

lvory swarmer 
& Ivory 
swarmer with 
border 

Soil bacteria 

Egg yellow 
colonies 

Light 
yellow/lvory 
colonies 

Bright yellow 
colonies 

Small ivory 
colonies 

lvory swarmer 

White 
winkled 
colonies 

Various coccoid bacteria were observed by microscopic analysis (Section 4.1). However, none 

were identified by 16s sequencing as only 13 out of 56 isolates were identified by molecular 

Site 
V #  

2 

2 

2 

2 

methods. The total number of bacteria indicated in Table 4.10 is thus different from the numbers 

indicated in Table 4.1. 

Site 
Tz# 

1 

1 

1 

1 

According to the pathogenic potential of isolates determined by growth on blood agar (Table 4.9) 

all Gram-positive organisms isolated from Site 4-Miederpark and Gram-negative organisms from 

Site 1-Bult and Site 5-Mohadin had pathogenic properties (Section 4.5). The Gram-negative 

isolates from Site 5-Mohadin were likely to be Pseudomonas sp. This may account for the 

6 1 



pathogenic potential witnessed by blood haemolysis. Eighty seven percent of the organisms 

isolated from Site I-Bult had pathogenic abilities and most of these were identified as Bacillus sp.. 

Xanthomonas and Bacillus subtilis. Sixty three percent of the isolates from Site 5-Mohadin 

exhibited pathogenic ability and mainly consisted of Pseudomonus sp., Bacillus sp. and Bacillus 

subtilis. Of all the isolates, 30 out of 56 were from residential areas, 4 from Tzaneen and 22 from 

industrial areas. It is likely that these organisms include a great variety normal human biota as well 

as opportunistic pathogens from the hospitals. Many of the isolates were identified as 

environmental bacteria, associated with soil and plants. An aquatic bacterial specie was also 

identified at Site 3-Dassierand emphasising the extreme diversity of bacteria found in the air. 

The results presented in this section show certain trends. It demonstrated that isolates from 

industrial areas generally had similar antimicrobial resistance patterns as isolates from residential 

areas that were close to the Potchefstroom industrial area. This may indicate a common history of 

exposure to antibiotic (or other type of antimicrobial chemical) of the bacteria isolated from 

industrial areas and those from residential areas close by. Also, the patterns of antimicrobial 

resistance of isolates from Site 2-Industria and associated residential sites (Site 1,3) were similar to 

the resistance patterns of isolates from Site-V. The latter site was located in a highly industrialised 

area approximately 5km outside Vereeniging. No residential areas are close to this sampling site. 

The similarity of resistance patterns of isolates from Site 1, 2, 3 and V, suggests that the industrial 

areas could potentially be a source of resistant organisms and that these then spread to residential 

areas. The results for this are, however, not conclusive and more intensive studies of this area are 

suggested. A longer time scale for sampling e.g. 12 months and a larger number of sampling sites 

per area would also provide a more solid basis of comparative data. The results are further 

discussed in the next chapter. 



CHAPTER 5 

DISCUSSION 

5.1 INTRODUCTION 

The emergence of antibiotic and biocide resistant bacteria in the clinical setting bas been raising 

serious concern in the last few years (Gilbert & McBain. 2003). Despite this fact. there are very few 

studies assessing the presence and extent of antimicrobial resistance and its effects on humanity 

outside of the clinical arena. Studies of this nature are critical especially in the non-clinical setting. 

Perhaps it is time to rephrase the questions. shift the views and ask: What effect is humanity having 

on antimicrobial resistance and microbial diversity, especially in the atmosphere? 

The impact of various forms of environmental pollution is being increasingly felt all over the world 

(Fasim et al., 2003). It bas become a big challenge in industrial development to meet growing 

consumer demands and at the same time adopt safer and pollution-free technologies. Cities are 

some of the most profoundly altered ecosystems on the planet. Within their boundaries are also 

found some of the most diverse ecological conditions. If there is a laboratory where ecological 

change (including antimicrobial resistance) can be viewed first hand, it is the city. Ecologists, 

however, have hardly rushed to the city. A mere 0.4 percent (25 out of 6,157) of the papers 

published in nine leading ecological journals during 1997 to 2002 dealt with cities or urban species 

(Collins er al., 2003). This included articles on animals and plants. Whatever the reasons for 

ecologists' persistent tendency to focus on pristine environments, human-dominated ecosystems 

represent a problem for the field. We lack a method of modelling ecosystems that effectively 

incorporates human activity and behaviour. The processes and dynamics within cities largely elude 

an understanding based on traditional ecological theories. This presents a unique opportunity for 

the use of antimicrobial resistant bacteria as bio-indicators of pollution. 



The present study was prompted by investigations that suggested a link between air pollution and 

antimicrobial resistance (Fasim el al., 2003). The North-West Province in South Africa presented 

the ideal setting due to the presence of large industries in some parts of the province. These 

industries range from mining, steel manufacturers, a major electricity producer and various food 

industries. The question posed by this study was whether more antimicrobial resistant organisms 

would be isolated from an industrial atmosphere than from residential air or vice versa. 

5.2 LEVELS OF CLTLTURABLE ANTIBIOTIC RESISTANT BACTERIA ISOLATED 

FROM THE AIR 

Between 2 and 7 colonies were isolated from the antibiotic containing plates. The highest number 

of isolates was generally from the industrial sites and the lowest numbers from Tzaneen. The 

antibiotic-containing plates were effective as a selective means for isolation of bacteria resistant to 

the chosen antibiotics. The isolales thus constituted only a small percentage of the total viable 

bacteria in the air at each sampling interval. 

In a study in the French city Marseilles, concentrations of airborne bacteria averaged 598 C F U ~ " ,  

and on Porquerolles Island, a nature reserve, concentrations of airbome bacteria averaged 70 

C F U ~ "  (Di Giorgio et al., 1996). Similar results were noted by Bovallius el al. (1978a) where 

airbome bacterial counts in non-urban environments varied from 10-100 CFU m'3. Airborne 

bacterial counts in cities can also be related to factors such as traffic inducing turbulent airflow. 

amount of suspended dust and density of people. 

In the present study. 70% of all organisms were identified as Gram-positive and 30% as 

Gram-negative. Similarly, Di Giorgio et al. (1996) investigated outdoor airborne microflora in 

urban and natural areas- the city of Marseilles and the natural reserve of Porquerolles Island (both 

in France), respectively. Microorganisms were collected approximately 2 days a week on 



Porquerolles Island, over a 12-month period. Airborne bacteria and fungi were collected 

simultaneously by two Reuter Centrifugal Air samplers. They reported that Gram-positive 

organisms dominated the culturable fraction of bacteria in air samples from these different 

locations. In Marseilles, most airborne bacteria were Gram-negative rods (60%) while on 

Porquerolles Island 80% were Gram-positive bacteria. 

In the present study, Bacillus sp. was found to be the dominant species, constituting 72% of all 

Gram-positive isolates. This is similar to results in a study by Shaffer and Lighthart (1997) who 

noted that the majority of bacteria in the outdoor atmosphere from four diverse locations in Oregon 

(i.e. forest. coast, urban, and rural) were Gram-positive organisms (73-90%). In the Oregon study, 

Bacillus was found to be the most abundant genus represented at all locations (1245%).  

During the Potchefstroom study, culturing of organisms presented a problem. Many strains became 

non-viable when attempts were made to subculture them. A possible explanation for such a 

situation was presented by Heal and Parsons (2002) who conducted a study on intracellular 

communication between antibiotic resistant E. coli and a recipient, sensitive population. An 

intracellular communication system was identified that involved the airborne transmission of an 

unknown signal. Transmission of this signal conferred resistance to susceptible bacterial cells 

growing close to the signalling (resistant) population. In the present study, it is possible that one or 

more colonies on the original plate were indeed signal colonies, enabling other colonies to grow by 

transferring the signal. When the colonies were separated and streaked onto new antibiotic 

containing agar, the signal was removed and recipient colonies no longer had the ability to grow in 

the presence of antibiotic. Another explanation could be that resistance to antimicrobial chemicals 

brings with it a fitness cost to bacteria, slowing the growth rate, sometimes drastically (Gilbert & 

McBain, 2003). 



Thirty seven percent of all isolates from the various sites in Potchefstroom, Vereeniging and 

Tzaneen were found to be pigment producers. Mancinelli and Shulls (1978) reported atmospheric 

pollutants (NO, CO2, NO hydrocarbons) may have a protective effect on microorganisms that 

presents itself in the visible form of pigmentation of bacteria. Pigmentation in environmental 

bacteria from the air and marine environment have been shown to protect the bacteria from the 

effects of solarlUV radiation. Pigmentation changes may be caused by pollution or pigments 

produced for the protection of bacteria from the adverse effects of various antimicrobial agents 

(Rheinheimer, 1974; Liu et al., 1993). In the present study, it was noted that on certain sampling 

days smog was present. Microbes exhibit a strong association with airborne dusts which may 

protect individual microorganisms from the lethal effect of solar radiations as well as aid their 

transport over long distances (Maron et al., 2005). 

After subculturing isolates a few times, pigmentation changes occurred in 12% of all isolates. 

Fasim et al. (2003) reported that 80.7% of organisms they isolated were pigment producers on 

nutrient agar while colour changes occurred in isolates with increased concentration of antibiotics 

and metals. This observation is different from that made in the Potchefstroom study. In this case, no 

changes were made to either the media or concentrationitype of antibiotic added. To determine the 

reason for this occurrence, further study is needed that specifically focuses on this aspect. In 

general, the high variability in organisms from both the residential and the industrial areas 

suggested that biological interactions occurring in the atmosphere are much more complex than it 

has been previously supposed. 

5.3 ANTIBIOTIC RESISTANT BACTERIA FROM THE AIR 

Sampling sites for this study were chosen based on their relationship to the industrial area (Site 2). 

Site 1-Bult is a densely populated residential area with 7 large housing complexes in a 1 km radius. 

This site is also located 200m from a small private hospital. Antibiotic resistance is mainly 



associated with clinical institutions such as hospitals and clinics due to large amounts of antibiotics 

that are used (Russell, 2002). Fifty percent of the Gram-positive isolates from Site 1-Bult were 

resistant to 8 or more antibiotics. Site 4-Miederpark is a residential area directly opposite the 

provincial hospital. Levels of antibiotic resistant bacteria in this area were expected to be high 

because of the proximity of this site to the hospital. Of all the organisms isolated from this site 60% 

were resistant to 3 or more antibiotics. Seino et al. (2005) demonstrated that bacterial counts are 

directly related to the number of people in a specified area. An increase in the population density 

will inevitably result in increasing bacterial counts. 

Ampicillin resistance was present in 91% of all isolates (including the majority of isolates from 

kanamycin plates) whereas resistance to kanamycin was not as common. This observation of a high 

percentage of fl-lactam resistance was similar to the number of penicillin resistant isolates (7906) in 

South Africa observed in a previous study. The study by Beekman et al. (2005) determined the 

level of penicillin resistance of various clinical isolates (including Streptococcuspneurnoniae). It is 

known that R-lactam antibiotics are the most frequently used in both clinical and therapeutic 

practice. These are also the compounds organisms are most frequently resistant to. This was the 

reason that ampicillin containing agar plates were chosen as sampling media. An enquiry made at a 

private hospital close to Site 1 revealed that the most common complaints were from respiratory 

tract infections- bronchitis, sinusitis and pneumonia, Staphylococcus aureus infections and 

cellulitis. The presence of MRSA and Klebsiella was also problematic. 

In a study by Beekman et al. (2005) when comparing multi-drug resistant rates, dramatic variations 

were also observed in various countries, ranging from a low of 0% in Denmark to a high of 63% 

from South Africa. As the study was undertaken at various locations in South Africa, it becomes 

apparent that similar selective pressures are present within South African hospitals. 



The MAR index for this study ranged from 0.2 for Site Tz-Tzaneen to 0.55 for Site I-Bult. The 

isolate with the highest MAR was resistant to 10 out of the 12 antibiotics and came From Site 

4-Miederpark. It  also appears that sites closest to hospitals had the highest MAR indices. Antibiotic 

pressure was present at industrial sites as resistance levels were also high here (0.54 at Site V) and 

no clinical institutions or residential areas were near these sampling points. Possible reasons for the 

presence of antimicrobial resistant bacteria include heavy metals, gases (CO2, NO, S02). biocides 

used in or expelled from the various installations or the large number of workers at the facilities (as 

mentioned in Section 5.3 (Seino el al., 2005)). 

5.4 BIOCIDE RESISTANT BACTERIA FROM THE AIR 

In contrast to the situation with clinical antibiotic resistance observed in literature, in which 

acquired resistance is more prevalent. resistance to biocides is mostly due to intrinsic cellular 

mechanisms (White & McDermott, 2001). Intrinsic resistance is largely a function of the chemical 

composition and structure of the cell surface. Gram-negative organisms possess an outer 

membrane which restricts the entry of antimicrobial chemicals into the cell (McBain & Gilbert, 

2001). When considering the data presented in Appendix-A.6 and A.7, an overall percentage of 

10.7% of Gram-positive and 12.45% of Gram-negative organisms were resistant to one or more 

biocides. Only two isolates (Gram-negative from Site 2-Potch-Industria and Site V-Vereeniging) 

were resistant to more than three biocides indicating that multiple biocide resistance is not yet a 

common occurrence. The isolates that were resistant to multiple biocides, were resistant to a 

variety of diverse compounds. Resistance to both Biocide A (ammonia) and Biocide F (Triclosan) 

occurred in a number of isolates. Both Gram-positive and Gram-negative isolates were most 

resistant to the product containing Triclosan and the QAC containing biocide. No Gram-positive or 

Gram-negative isolates were resistant to the biocide containing chlorine. 

The increased prevalence and distribution of antimicrobial resistance may be an indication of 



which antimicrobials were most frequently used. A total of 35% of isolates from Site V were 

resistant to one or more biocides. 

5.4.1 Quaternary ammonium compounds 

In a study by Russell (1998), Gram-positive and Gram-negative bacteria show marked differences 

in susceptibility to QACs and triclosan. the latter organisms generally being much more resistant. 

Gram-negative organisms that arc particularly resistant to some biocidal agents include P. 

aeruginosa, Burkholderia cepacia, Proteus sp. and P. stuavtii. The latter organism is known to 

tolerate high levels of QACs and is also more resistant to chlorhexidine than many other types of 

Gram-negative organisms (Russell, 1998). During this study in Potchefstroom. it was observed that 

50% of residential Gram-negative isolates were resistant to Biocide E (QAC). Between 29 and 30% 

of Gram-positive residential samples were resistant. with the largest numbers of Gram-positive 

resistant isolates from Site Tz-Tzaneen, Site 3-Dassierand and Site 1-Bult. 

Several isolates with high metal MICs (Table 4.8) were also resistant to QACs. Resistance to 

QACs and multiple antibiotics (including KF, TRI, AMP, KAN, STR) was observed in numerous 

isolates. Chapman (2003) reported that the plasmid pSKOl bearing the qacA gene in S. aureus also 

carries genes for resistance to trimethoprim (drfA) and aminoglycosides (aacA-aacD). The 

presence of QAC resistance genes on mobile genetic elements ensures QAC resistance can spread 

through populations via horizontal gene transfer. From Figure 4.7 it is clear that the QAC used in 

combination with another compound (in this case a Tributile oxide blend) may be more effective 

than the QAC alone. 

5.4.2 Triclosan 

Triclosan has for many years been regarded as a non-specific antibacterial agent. Reports have. 

however, identified mutations in the E.colifab1 gene and its homolog in Mycobacrerium (inhA) 



that resulted in a decreased susceptibility to Triclosan as well as to structurally unrelated 

antimicrobials (White & McDermott, 2001). They concluded that exposure to antibiotics and 

Triclosan can select for multi-drug-resistant bacterial pathogens via over expression of identical 

multi-drug efflux systems. In the present study resistance to Triclosan occurred in more than 40% 

of all Gram-positive isolates and 33% of Gram-negative industrial samples. In several of these 

samples, resistance to Triclosan also included resistance to Biocide A (ammonia) as well as the 

antibiotics AMP and KAN (Table 4.8). White and McDermott (2001) reported that Triclosan is a 

substrate for three distinct efflux pumps in P. aeruginosa. It was also shown that exposure to 

Triclosan can select for multi-drug-resistant mutants via up-regulation of these same efflux pumps. 

After sequencing of 16s DNA and Blast analyses, various isolates were identified as Pseudomonas 

sp. as indicated by Table 4.10. This compound is frequently employed as disinfectant body wash in 

hospitals, especially for patients with MRSA. Triclosan resistance occurred in more than 15% of 

isolates at all sites, except Site Tz-Tzaneen. Fifty percent of all isolates from Site 4-Miederpark and 

20% of all isolates from Site 1-Bult were resistant to Triclosan. 

In this study it was demonstrated that isolates from industrial and residential sites were resistant to 

certain generally used biocides. It was further demonstrated that some of the multi-drug resistant 

bacteria may also be resistant to multiple biocides. This is a cause for concern and should be further 

investigated. 

5.5 HEAVY METAL MIC DETERMINATION 

The MICs of tested isolates were generally high ( 5  to more than 10 mM). After identification of 

selected isolates by molecular methods, the MIC values of the identified isolates were compared 

with that found in literature. Most of the identified organisms (Bacillus species, Pseudomonas. 

Brevibacillus and Xanthomonas) have been reported to exhibited resistance to metals. The levels of 

metal resistance in most of the isolates from this study were higher than those generally described 



in literature. A possible explanation for the high MICs could possibly be the choice of nutrient 

broth as test medium. Metals chelate to various components of certain media, especially to 

unspecified organic compounds (Angle & Chaney, 1989). Chang er al. (1993) reported that 

interactions of mercury with Luria-Bertani broth (LB), caused 30- 40% of the mercury ( ~ g ~ ' )  to 

form complexes with tryptone and yeast extract of the medium. The same was reported by Borges 

and Wollum (1980) when studying cadmium sensitivity. using a mineral medium. It was found that 

a significant amount of the cadmium had formed complexes with medium components. As a result, 

it seems that MlCs determined with media that offer chelating opportunity cannot be related to 

actual metal concentrations to which organisms were originally exposed. 

MIC values did not vary dramatically between species. As high concentrations of the metals were 

used (1.25mM-1 OmM). only 5 of the selected 14 organisms exhibited consistent resistance patterns 

with MICs varying from 11.2SmM to >lOmM. In samples from Site 4-Miederpark and Site I -Bult, 

an MIC of 5 mM was determined for Hg. Mercury was also the most toxic of all the metals tested. 

Its action affected simultaneously Gram-positive and Gram-negative bacteria. This MIC value is 

extremely high as organisms are generally sensitive to Hg at concentrations as low as 0.05 mM of 

mercury salt (Nies, 1999). 

The determination of heavy metal MICs by Hassen et al. (1997) showed that the highest MIC for 

copper being just more 0.8mM, with the most tolerant bacterial species having an MIC between 

1.6mM and 1.8mM. Most of the strains in this study, that were tolerant to cadmium had average 

MlCs of 1.5 mM to this metal. These strains were essentially P. aeruginosa. However, in a study on 

metal-tolerant bacteria occurring in heavily polluted soil and mine spoil (Piotrowska-Seget et al., 

2005), MIC values differed markedly. Bacteria in the latter study had high MICs (1SmM Zn, 3mM 

Cd and 15mM for Cu). It was determined that all these bacteria contained plasmids. Eventhough 

some of these MIC levels were overestimations. certain valuable trends could be observed 



discussed. Piotrowska-Seget er al. (2005) showed all these bacteria contained plasmids. 

In a study by Ugur and Ceylan (2003), it was reported that the number of mercury resistant bacteria 

in soil and aquatic environments varied according to mercury content of the environment. In these 

strains, heavy metal-resistance properties were associated with multiple drug resistance (Ugur & 

Ceylan, 2003). In the Potchefstroom study, all isolates had high MICs and these bacteria were 

resistant to at least 5 different antibiotics. Of the isolates selected for MIC determination, 7 were 

resistant to one or more biocide. The isolate (Site 2-Potch-Industria) which was generally resistant 

to the largest number of biocides (6), was also resistant to 6 antibiotics and had MIC values of 

>lOmM for all metals. It is more than likely that a large percentage of organisms in the present 

study contained plasmids, as antibiotic resistance is also frequently associated with plasmids 

(Gilbert & McBain, 2003). 

Heineman et al. (2000) noted that the frequency of heavy metal and ampicillin co-resistance was 

high enough to suggest genetic linkage of antibiotic and metal-resistance determinants on 

plasmids. This demonstrated that the proportion of antibiotic-resistant organisms was elevated in 

bacterial communities that were exposed to toxic metals and lower in control communities. The 

close link between the various resistance genes creates a condition where either the heavy metal or 

the antibiotic is sufficient to maintain both resistance genotypes. Bacillus plasmids have also been 

reported to mediate interspecies transfer of antibiotic-resistance (Russell, 2003). 

In most of the studies which served as references, experiments were conducted over a relatively 

short time period (i.e. a few months). The lack of adequate data. plus the extreme variability in the 

data that has been published, made this investigation necessary. Because of the variability in 

microbial aerosol data. a large number of measurements are required to confidently estimate 

sample parameters and to make sensitive statistical comparisons. Even though studies of this nature 



(including the present study) provide a basis from which to work, the opportunities to study certain 

aspccts of antibiotic resistant bacteria (in air) are numerous. 

5.6 IDENTIFICATION OF ISOLATES BY 165 SEQUENCING 

5.6.1 BaciNi 

Various species of Bacilli were identified by means of BLAST searches. Bacillus species are 

Gram-positive bacteria conmonly present in soil, and as such are isolated almost ubiquitously 

from soil, water, dust, and air. They are also associated with commercial production of antibiotics. 

industrial chemicals. and enzymes. Currently, there are 77 recognised species of the genus which 

are quite diverse (Sneath et al.. 1986). Bacillus species have been associated with numerous 

infections, one of thosc being nosocomial bacteremia (Richard eta/., 1988). Bacillus plasmids have 

been reported to mediate interspecies transfer of antibiotic-resistance (Russell, 2003). 

(i) Bacillus subtilis 

Bacillus subtilis was identified at Site-3, Site-5. Site-V and Site-Tz. This bacterial species is 

commonly found in soil, belonging to the genus Bacillus. Like other such species, it has thc ability 

to form a tough, protective endospore, which allows it to tolerate extreme environmental 

conditions. B. subtilis is an obligate aerobe and is not considered a human pathogen (Sneath et a]., 

1986). Cases of food poisoning caused by B. subtilis have, however, been documented. Some ofthe 

isolates in the present study also exhibited haemolysis of blood when grown on 5% blood agar. The 

MAR index for B. subtilis was calculated by using the data in Appendix A. 1. The MAR index was 

low (0.25) at all sites indicating that the organisms were susceptible to several of the antibiotic 

tested. Ampicillin and cefalothin were the most effective antibiotics. 



(ii) Bacillus cereus 

B. cereus was identified at Sites 1 , 3  and V and is a facultative aerobic spore former. This species 

exhibits fl-haemolysis. Two types of food poisoning are associated with it (Atlas, 1997). The 

diarrhoeal type of illness it causes is by a large molecular weight protein, while the vomiting 

(emetic) type of illness is believed to be caused by a low molecular weight, heat-stable peptide. 

Although no specific complications have been associated with the diarrhoeal and vomiting toxins 

produced by B cereus. other clinical manifestations of B. cereus infection or contamination have 

been observed. They include bovine mastitis, severe systemic and pyogenic infections, gangrene, 

septic meningitis, cellulitis, panophthalmitis, lung abscesses, infant death, and endocarditis (Center 

for Food Safety & Applied Nutrition, 2004). An enquiry made at the private hospital near Site 1 

revealed that various incidences of cellulitis have been reported during the sampling period 

indicating B. cereus as possible cause. The determination of the MIC values (Table 4.8) of' one 

isolate from Site V ranged from <I  2 5  for Cu to 1OmM for Cd. The isolate was also resistant to 6 

different antibiotics. A number of plasmids have been isolated as covalently closed circular DNAs 

from strains of Bacillus cereus and B. subtilis as well as a tetracycline resistance plasmid (pBC16) 

from B. cereus GP7. Two streptomycin-resistant strains of B. subtilis also contained plasmids 

(Bernard et al., 2001). 

(iii) Bacillus clausii 

B. clausii is an alkali-tolerant spccies of Bacillus. Thrse alkaliphilic microorganisms are widely 

distributed in nature. Industrialisation has, however, increased the number of alkaline 

environments artificially through the widespread use of concrete. a relatively alkaline substance. B. 

clausii is widely studied for use as a probiotic (Adair, 1995). The clinical benefits observed with 

probiotic use are mainly attributed to the antimicrobial substances produced by these probiotic 

strains and to their immuno-modulatory effects. Researchers have found that B. clnusii strains 

release antimicrobial substances that are noted to be active against other Gram-positive bacteria, in 
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particular against Staphylococcus aureus (Bozdogan, el al. 2003). Bacillus clausii SIN is one of the 

four strains of B. clausii composing a probiotic administered to humans for the prevention of 

gastrointestinal side effects due to oral antibiotic therapy. Bozdogan et a / .  (2003) found by disk 

diffusion that all B. clausii strains were resistant to penicillin G, cefalothin, cefotaxime, 

erythromycin, and lincomycin. B. clausii SIN was found to be resistant to kanamycin, tobramycin, 

and amikacin but susceptible to gentamicin and netilmicin. Bacillus clausii was identified from 

samples taken at Sites 1, 2. 5 and Tz and exhibited resistance to 4 antibiotics (ampicillin, 

kanamycin, cefalothin and trimethroprim). The isolate used in MIC determination (Table 4.8) was 

resistant to the biocide containing Triclosan and ammonia, as well as 8 antibiotics. Resistance to 

ammonia is expected as B. clausii is alkali-tolerant (Adair, 1995). The isolate from Site 1 also had 

MIC values of >.10mM for all metals. 

5.6.2 Brevibacillus 

Brevibacillus is an aerobic, endospore-forming bacterium. There are currently 11 recognised 

species of Brevibacillus. Three species have been associated with human infections, Brevibacillus 

agri, Breribacillus brevis and Brevibacillus laterosporus. The habitat of Brevibacillus overlaps 

with that of Bacillus. This genus is associated with soil. Isolates have also been found in the dairy 

environment and some are used in industrial microbiology applications (Atlas, 1997; Anon, 2005). 

Brevibacillus was isolated from samples taken at Site 3 and Site 4. The isolate exhibited resistance 

to 6 antibiotics, 5 out of the six tested biocides and had MICs above IOmM for Cu. Zn, Cd and Hg. 

5.6.3 Xanthomonas 

Xarhomonas species were identified from samples collected at industrial sites, and those residential 

sites closest to the industrial area. Xanthomonas is a genus in the family Psrudomonadaceae and is 

classified as gamma proteobacteria. These bacteria grow almost exclusively in plants and cause 



numerous plant diseases (Atlas, 1997). Stenotrophomonas (Xanthomonas) maltophilia has, 

however, been noted as an emerging multi-drug-resistant nosocomial pathogen (Penzak & Abate. 

1997). In general, the organism is opportunistic. colonising or infecting patients with predisposing 

risk factors such as intensive care unit residence, malignancy, mechanical ventilation, and previous 

antibiotic exposure. It can cause a variety of infections depending on underlying patient-specific 

medical conditions. It is often part of multi-microbial infections, and determining its role as a 

pathogen is difficult (Biittner et al.. 2002). 

In the present study Xanthomonas isolates from Site 2- Patch-Industria were susceptible to most 

antibiotics and had an overall MAR index of 0.3 and Site V isolates intermediate at 0.5 (using data 

in Appendix- A. l  and A.2). Site 1 isolates, however, showed increased resistance with an MAR 

index of 0.67 indicating a history of antibiotic exposure. No Xanthomonas isolates were used when 

determining metal MICs. 

5.6.4 Pseudomonas sp. 

Pseudomonas sp. were isolated from various residential sites. These organisms are motile, 

Gram-negative rods that utilise glucose oxidatively. They may be clinically important because they 

are resistant to most antibiotics and are capable of surviving in conditions that few other organisms 

can tolerate. At Site 2-Patch-Industria these organisms had an average MAR index of 0.64 and at 

Site 3-Dassierand and Site 5-Mohadin the isolates were resistant to few antibiotics (Calculated 

using Appendix-A.2). Only one isolate from Site 5-Mohadin displayed tolerance to 5 antibiotics. 

Pseudomonas is often encountered in hospital and clinical work because as it is a major cause of 

hospital acquired infections. Its main targets are immuno-compromised individuals, bum victims. 

and individuals on respirators or with indwelling catheters. Additionally, these pathogens colonise 

the lungs of cystic fibrosis patients, increasing the mortality rate of individuals with the disease. 
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Infection can occur at many sites and can lead to urinary tract infections, sepsis, pneumonia, 

pharyngitis, and other problems. Psetrdomonas sp. is rarely the cause of infection in healthy 

individuals. Its non-invasive nature limits its pathogenic capabilities (Atlas, 1997). In this study 

Pseudomonas sp. Were isolated on nutrient agar plates. The source of these organisms however 

needs to be established and intervention mechanism put in place. The large numbers of individuals 

living with HIVIAIDS does present a problem as opportunistic infections, such as those caused by 

Pseudomonas, frequently result in fatality. 

5.7 CONCLUSION 

A large number of antibiotic resistant bacteria that were also resistant to heavy metals and biocides 

were isolated from the entire area of Potchefstroom and the Industrial area of Vereeniging. Larger 

numbers of antibiotic resistant bacteria were isolated from sites near hospitals. These observations 

are supported by various studies concerning antimicrobial resistance in the clinical setting (Russell, 

1998; Gilbert & McBain. 2003). It can be concluded that clinical institutions are still major 

contributors of antibiotic resistant bacteria. Almost all isolates were resistant to multiple 

antibiotics. The presence of multiple antibiotic. biocide and heavy metal resistance in the same 

organism, provides a potential setting for the development of cross- and co-resistance between 

various unrelated antimicrobial chemicals. It was not established in this study whether resistance to 

one antimicrobial induced resistance to others. but molecular techniques are likely to prove the 

most effective way of determining this. It can, however, be said that industrialisation has had a 

definitive impact on resistance in environmental bacteria to various chemicals, as was seen by 

resistance profiles of samples from Vereeniging which displayed a relatively high MAR of 0.52. 

More Gram-positive organisms were isolated than Gram-negative. This was also noted by Shaffer 

and Lighthart (1997) who reported that the great majority of the genera in the outdoor atmosphere 

from four diverse locations in Oregon (i.e. forest, coast, urban, and mral) were Gram-positive 



organisms (73-90%), with Bacillus found to be the most abundant genus represented at all 

locations (1245%). Similarly, Di Giorgio et 01. (1996) provided evidence that Gram-positive 

organisms dominated the culturable fraction of bacteria in air samples from different locations in 

the south of France. Results in this study are thus in agreement with previously reported data. 

The organisms identified by molecular methods were all opportunistic pathogens, of which many 

are known to cause nosocomical infections. Of all these organisms more than 70% were resistant to 

four or more antibiotics. Resistance to biocides as well as heavy metals occurred simultaneously in 

several of these isolates. These results are cause for concern as the organisms may pose a serious 

health threat. 

Increasing bacterial resistance and, consequently. our inability to rely on the availability of 

effective antibiotics place enormous costs on society in the form of increased hospitalisations, 

higher mortality rates, and the diversion of resources from other medical needs to the development 

of new and more powerful antibiotics. As more new antibiotics are used, bacterial resistance 

increases-a cycle that is exacerbated by the failure of antibiotic users to consider the full costs of 

their activity. 

This study has indicated the presence of antimicrobial resistant bacteria both in the air of urban and 

industrial settings. The fact that large numbers of resistant bacteria were isolated from both 

residential and industrial atmospheres can not be ignored. Research is urgently needed to assess the 

effects of pollutants in all compartments, both environmental and urban. The use of resistant 

bacteria as indicators of various forms of pollution in the atmosphere may prove a valuable tool that 

needs to be refined and could be implemented soon. 



5.8 RECOMMENDATIONS FOR FURTHER STUDY 

In order to determine the entire state of air quality in an area it is necessary to perform a study 

incorporating various fields of study. In addition to microbial studies it is thus also recommended 

that the following be included when determining the quality of air. 

(i) Physical analysis of the air is crucial to determine particle size (Youseffi & Rama, 1992) and 

evaluate the aesthetic quality of the air 

(ii) Chemical analysis to determine which chemical species are present and what their 

concentrations are. 

(iii) Mutational spectra of the chemicals present in such air samples. 

It is also recommended that the sampling time needed for a study of this nature should be at least 

biannual. The reason for this is that microorganisms show seasonal fluctuations with respect to 

numbers and species. Various molecular techniques can also be used to identify and characterise 

the various bacteria. Identification of antimicrobial resistance confemng genes, plasmid isolation 

and identification will add extremely valuable information. 
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APPENDIX A 

Table A.1: Inhibition zone diameter measured for all Gram-positive isolates during determination 
of antibiotic resistance 
Gram-positive 

Inhibition zone diameter 
Sample AMP KAN STR NEO OXY CHL VAN ERY AM0 CIP KF TRI 
Site 1-Bult 
A l 5 8 9 15 18 0 9 11 0 11 15 16 
A l a  5 14 18 13 18 13 11 15 18 18 8 0 
A1C 5 15 21 19 18 13 11 21 9 19 9 0 
K l a  5 7 14 15 7 7 15 0 7 0 7 18 
Std.dev 0 4.1 5.2 2.5 5.5 6.2 2.5 8.8 7.4 8.8 3.6 9.8 

Site 2-Potch-Industria 
K2t3d 0 7 
A2t3d 0 7 
K2t3c 12 16 
A2t3b 10 20 
K2.1 25 0 
K2.2 15 15 
K2.2a 9 11 
Std.dev 0 6.8 

Site 3-Dassierand 
A3B 7 24 30 22 19 22 20 25 22 25 12 9 
3F 12 20 20 21 17 19 16 20 8 21 7 7 
K3t2c.a 0 7 22 0 19 22 0 16 20 25 0 0 
K3t2c.b 0 0 12 7 19 26 10 15 15 25 0 8 
3CA 9 12 22 20 15 20 15 20 11 15 16 0 
3CB 20 19 21 18 15 22 22 21 23 24 22 25 
A3 0 7 15 I5 7 11 17 15 0 30 0 19 
3 E 0 0 20 22 11 23 12 15 9 20 9 0 
3B 0 0 20 22 11 23 12 15 18 20 9 0 
t4A3A 0 15 20 22 21 19 14 26 19 30 18 9 
3A 0 7 25 12 13 20 13 18 19 26 7 0 
Std.dev 6.8 8.6 4.7 7.4 4.3 3.8 5.8 4.1 7.1 4.5 7.5 8.5 

Site 4-Miederpark 
K4B 17 7 20 20 13 9 20 8 17 20 20 7 
A4A 0 18 18 9 7 11 20 17 0 22 0 17 
Std.dev 12 7.8 1.4 7.8 4.2 1.4 0 6.4 12 1.4 14 7.1 

Site 5- Mohadin 
5D 14 24 22 15 9 10 16 20 14 26 15 19 
5F 0 19 18 22 20 22 18 19 21 15 7 6 
5G 10 26 24 23 19 27 15 24 17 20 8 7 
5L 0 20 21 22 18 19 16 22 8 8 7 8 
5M 9 20 27 18 19 27 13 16 17 20 12 7 
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Site V-Vereeniging 
KV2A 0 16 
KV3A. 15 0 
A 
KV3A. 10 7 
B 
KV3Aa. 9 0 
C 

KV3b 0 20 
AV3a 0 0 
Std.dev 6.5 8.9 

Site Tz-Tzaneen 
TzB 7 22 
TzC 10 20 
TzE 8 24 
TzF 9 20 
Std.dev 1.3 1.9 



Table A.2: Inhibition zone diameter measured for all Gram-negative isolates during determination 
of antibiotic resistance 
Gram negative 

Inhibition zone diameter 
Sample AMP KAN STR NEO OXY CHL VAN ERY AM0 CIP KF TRI 
Site 1-Bult 
K 1 0 7 16 15 7 7 15 0 7 0 9 17 

Site 2-Potch-Industria 
A2t2C 0 0 20 18 24 20 0 0 0 22 0 17 
A2t2A 0 0 0 20 0 17 10 10 0 20 18 0 
K2t2A 0 20 20 20 10 6 0 0 17 20 0 0 
Mt3A.A 8 11 22 24 20 15 22 26 17 25 8 0 
A2t3A.B 7 9 19 18 22 22 12 18 17 20 0 0 
K2.1.1 18 0 17 25 25 15 16 25 11 25 25 16 
Std.dev 7.2 8.2 8.2 2.9 9.8 5.6 8.8 12 8.3 2.4 11 8.5 

Site 3-Dassierand 
3D 0 0 18 20 12 18 10 14 19 25 0 0 
K3 0 13 17 16 22 15 8 17 14 19 17 18 
Std.dev 0 9.2 0.7 2.8 7. 1 2.1 1.4 2.1 3.5 4.2 12 13 

Site 4-Miederpark 
K4t2B 0 10 0 20 0 0 0 0 0 0 0 19 
K4t3B 0 7 20 20 16 20 8 22 0 20 18 8 
Std.dev 0 2.1 14.1 0 11.3 14.1 5.7 15.6 0 14.1 12.7 7.8 

Site 5-Mohadin 
5A 20 20 18 19 19 22 15 27 18 18 27 18 
5B 7 20 25 23 19 20 12 26 9 22 9 0 

13.5 20 22 21 19 21 13.5 27 13.5 20 18 9 

Site V-Vereeniging 
KVlE 0 0 24 18 12 8 0 19 7 23 10 13 
AV3C 0 0 13 14 18 8 18 7 15 22 7 0 
AV3B 11 7 10 13 17 18 19 6 17 0 9 17 
Std.dev 7.8 4.9 2.1 0.7 0.7 7.1 0.7 0.7 1.4 16 1.4 12 



Table A.3: Table indicating antibiotic resistance profiles and shape (based on Gram-staining) of all isolates. The abbreviation 'Str. Bacilli' is used for 
Sreptobacilli. 
Gram positive 

Sample AMP KAN STR NEO OXY CHL VAN ERY AM0 CIP KF TRI Antibiotic susceptibility profile Shape 
SI 
A1 R R 1 R I R R R R R I S AMP,KAN,NEO,CHL,VAN,ERY,AMO. Bacilli 

CIP, 
A1 A R I S 1 S I R I S S R R AMP, VAN,KF,TRI Bacilli 
AIC R I S S S I R I R R R S AMP, AMO, VAN, CIP, KF Str.bacil 

l i  

Site 2-Potch-Industria 

K2t3D R R I S R I S R R R I I AMP,KAN,OXY-TET,ERY,AMO,CIP Bacilli 
A2t3D R R S I R R I I R S S R AMP,KAN,OXY-TET,CHL,AMO,TRI Bacilli 
K2t3C R I S S R R S R S R R S AMP,OXY-TET,CHL.,ERY,CIP,KF Bacilli 
A2t3B R S S S S S R S R S S S AMP.VAN,AMO Bacilli 
K2.1 S R S S S I S S R S S I KAN,AMO Bacilli 
K2.2 R I S I S I I S R S S 1 AMP,AMO Bacilli 
K2.2A R R S S R S S I S S S S AMP,KAN,OXY-TET Bacilli 

Site 3-Dassierand 
A3B R S S S S R S S S S R R  
3F R S S S I S 1 S R S R R  
k3t2C.A R R S R S  S R I S S I R 
k3t2C.B R R S R S  S R I 1 S I R  
3CA R R S S 1 S 1 I R I I R  
3CB S S S S S S S S S S S S  

AMP, CHL, KF, TRI 
AMP, AMO, KF, TRI 
AMP, KAN, NEO, KF, TRI, VAN 
AMP, KAN, NEO, VAN,KF, TRI 
AMP, KAN, AM0 
NONE 

AMP, KAN, OXY-TET, CHL, AMO, KF 
AMP, KAN, OXY-TET, VAN, AMO, 
KF, TRI 
AMP, KAN, OXY-TET, VAN, KF, TRI 

Bacilli 
Bacilli 
Bacilli 
Bacilli 
Bacilli 
Str.bacil 
li 
Bacilli 
Str.bacil 
li 
Bacilli 



Site 4-Miederpark 

Site 5-Mohadin 
5D R S 
5F R S 
5G R S 

Site V-Vereeniging 
KV2A R I 

Site Tz-Tzaneen 
TzB R S 
TzC R S 
TLE R S 
TzF R S 

S S S S I S S S S R  
S R R  S R I S S R R  

S S R R S R S S S R  
S R R  R S I R S R S  

S I R R 1 S I S S S  
S S S S S S S I R R  
S S S S I S S S R R  

S S S S I S R R R R  
S S S S R I S S R R  
S S S S S S R S R S  

S S S S S I R S S S  
S S S S S R S S R R  
S S S S S R S S R R  
S I R R R I S S R R  

S S S S I S R S R I  
S S S S S S S I S S  
S S R S R S S S S S  
S S S S S S R I S R  
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AMP, TRI, VAN 
AMP, KAN, NEO, OXY-TET, VAN, KF. 
TRI 

AMP, OXY-TET, CHL 
AMP, KF, TRI 
AMP,KF, TRI 

AMP, AMO, CIPJF, TRI 
AMP, VAN. KF. TRI 
AMP, AMO, KF 

AMP,OXY-TET,CHL,VAN.ERY,AMO, 
TRI 
AMP, KAN, A M 0  
AMP, KAN, ERY, KF, TRI 
AMP, KAN. CHL, ERY, KF, TRI 
AMP,STR,OXY-TET,CHL,VAN, 
KF,TRI 
AMP,KAN,OXY-TET,CHL,VAN, 
ERY,AMO, KF 

AMP, AM0,KF 
AMP,AMO 
AMP, OXY-TET, VAN 
AMP, AMO, TRI 

Bacilli 
Bacilli 

Bacilli 
Bacilli 

Bacilli 
Bacilli 
Str.bacil 
li 
Bacilli 
Bacilli 
Bacilli 

Bacilli 

Bacilli 
Bacilli 
Bacilli 
Str.bacil 
li 
Bacilli 

Bacilli 
Bacilli 
Bacilli 
Bacilli 



Table A.4: Table indicating antibiotic resistance profiles and shape (based on Gram-staining) of all Gram-negative isolates 

Sample AMP KAN STR NEO OXY CHL VAN ERY AM0 CIP KF TRI Antibioticsusceptihilityprofile Shape 

Site 1-Bult 
K 1 R R S I R R I R R R R S AMP,KAN,OXY-TET,CHL,ERY,A Bacilli 

M0,CIP. KF 

Site 2-Industria 
A2t2C R R S S S S R R R S R S AMP,KAN,VAN,ERY,AMO,KF Cocci 
A2t2A R R R S R I R R R S S R AMP,KAN,STR,OXY-ET,VAN,ERY Bacilli 

,AMO,TRI 
K2t2A R S S S R R R R S S R R AMP,OXY-TET,CHL,VAN,ERY, Bacilli 

KF, TRI 
A2t3A.A R R S S S I S S S S R R AMP,KAN,KF,TRI Bacilli 
A2t3A.B R R S S S S R S S S R R AMP,KAN,VAN,KF,TRI Bacilli 
K2.1.1 S R S S S I I S R S S I  KAN, AM0 Bacilli 

Site 3-Dassierand 
3D R R S S R S R I S S R R AMP, KAN, OXY-TET, VAN, KF, Bacilli 

TRI 
K3 R R S 1 S 1 R S I S S S AMP,KAN,VAN Bacilli 

Site 4-Miederpark 
K4t2B R R R S R R R R R R R S AMP.KAN,STR, OXY- TET, CHL, Bacilli 

VAN, ERY. AMO, CIP, KF 
K4t3B R R S S S S R S R S S R AMP,KAN,VAN,AMO,TRI Bacilli 

Site 5-Mohadin 
5A S S S S S S 1 S S S S S none Bacilli 
5B R S S S S S R S R S R R AMP,VAN,AMO,KF, TRI Bacilli 

Site V-Vereeniging 
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KVlE R R S S I R R S R S R 1 AMP,KAN,OXY-?'ET,CHL,AMO, Bacilli 
KF 

AV3C R R S I S R S R I S R R AMP,KAN,CHL,ERY, KF,TRI Cocci 
AV3B R R 1 R S S S R S R R S AMP, KAN, STR, NEO, ERY ,CIP. Bacilli 

KF 



Table A S :  Average inhibition zone diameter data for resistance determination of antibiotic 
calculated for all sites. 



Table A.6: Diameter of inhibition zone measured when determining the susceptibility of 
Gram-positive isolates to biocides 
Sample Inbibition zone diameter per biocide 

A B C D E F 
Site I-Bult 
AIC 30 10 30 30 30 30 
A 1 17 20 15 23 18 15 
A1 A 17 25 23 20 0 19 
KIA 0 14 30 32 23 0 
A1C 16 18 28 32 18 16 

Site 2-Potch-Industria 
K2.2 30 0 11 20 12 14 
K2.1 35 22 36 30 40 22 
K2t3C 18 I7 23 25 19 19 
K2t2B 20 14 17 29 19 17 
A2t3B 30 20 16 3 5 0 24 
K2.2A 25 10 I I 22 14 13 
K2t3D 24 17 27 25 20 17 

Site 3-Dassierand 
3F 16 21 19 25 
3E 20 24 16 25 
3A 30 30 30 30 
K3t2CA 20 14 0 17 
3CA 30 15 30 30 
3B 30 34 29 28 
K3t2CB 20 14 15 17 
A3 18 21 17 24 
A3B 0 11 12 19 
3CB 24 27 30 30 
t4A3A 16 0 14 19 

Site 4-Miederpark 
Kk4b 22 22 28 19 17 16 
A4a 18 18 32 17 34 9 

Site 5-Mohadin 
5D 17 2 1 19 22 18 15 
5C 22 30 36 30 26 17 
5F 19 10 16 14 22 19 
5G 23 28 17 14 16 22 
5L 19 22 32 18 13 9 
5M 9 32 28 16 19 26 

Site V-Vereeniging 
AV3C 0 0 13 I I 12 0 
KV3B 18 28 20 25 32 16 
KV3A.A 27 30 22 30 2 1 22 
AV3A 0 9 11 13 13 0 
KV2 A 29 19 24 32 11 20 
KV3AB 10 15 14 15 0 7 



Site Tz-Tzaneen 
TzE 19 18 25 30 
TzF 20 25 20 22 
TzC 21 30 20 28 
TzB 30 24 28 30 



Table A.7: Diameter of inhibition zone measured when determining the susceptibility of 
Gram-negative isolates to biocides 
Sample Inhibition zone diameter per biocide 

A B C D E F 
Site 1-Bult 
K I 17 23 26 30 21 17 

Site 2-Potch-Industria 
A2t2C 8 0 0 18 10 0 
K2t2A 9 12 11 15 13 I1 
A2t2A 23 25 19 19 21 14 
A2t3A. 18 10 30 26 29 26 
A 
A2t3A. 22 31 26 18 16 21 
B 
k2.1.1 17 19 2 1 26 8 10 

Site 3-Dassierand 
3D 12 13 16 25 19 15 
K3 30 20 26 34 0 30 

Site 4-Miederpark 
K4Bt3 22 22 18 30 30 19 
K4t2B 15 21 28 23 0 14 

Site 5-Mohadin 
5B 21 20 22 26 17 13 
5A 20 23 30 30 28 18 

Site V-Vereeniging 
KV3A 24 18 22 16 19 10 
AV3B 30 30 23 30 28 26 
KVlE 0 0 0 12 0 0 



Table A.8: Biocide resistance profiles of all Gram-positive isolates. If the isolate showed 
resistance it was noted bv 'Y' and if no resistance was observed by 'n'. 
Sample Biocide susceptibility profile 

Sitel-Bult 
A1C n 
A 1 n 
A1A n 
KIA Y 
AlC n 

Site 3-Dassierand 
3F n 
3E n 
3A n 
K3t2CA n 
3CA n 
3B n 
K3t2CB n 
A3 n 
A38 Y 
3CB n 
t4A3A n 

Site CMiederpark 
K4B n 
A4A n 



Site 5-Mohadin 

Site V-Vereeniging 
AV3C Y 
KV3B n 
KV3A. n 
A 
AV3A Y 
KV2A n 
KV3AB Y 
KV3A. n 
C 

Site Tz-Tzaneen 
TzE n 
TzF n 
TzC n 
TzB n 



Table A.9: Biocide resistance profiles of all Gram-negative isolates. If the isolate showed 
resistance it was noted by 'Y' and if no resistance was observed by 'n'. 
Sample Biocide resistance profiles 

A B 
Site 1-Bult 
K 1 n n 

Site 2-Potcb-Industria 
A2t2C Y Y 
K2t2A Y n 
A2t2A n n 
A2t3A. n Y 
A 
A2t3A. n n 
B 
K2.1.1 n n 

Site 3-Dassierand 
3D n n 
K3 n n 

Site 4-Miederpark 
K4t3B n n 
K4t2B n n 

Site 5-Mobadin 
5B n n 
5A n n 

Site V-Vereeniging 
KV3A n n 
AV3B n n 
KVlE Y Y 



Table A.lO: Average inhibition zone diameter data for resistance determination of biocides 
calculated for all sites. 

3 
4 
5 
V 

21 
22 
21 
30 

16.5 
22 
20 
30 

2 1 
18 
22 
23 

29.5 
30 
26 
30 

9.5 
30 
17 
28 

22.5 
19 
13 
26 



APPENDIX B

Sequencing Results

Examples of some of the chromatograph obtained from Inqaba biotec laboratories. These show

clear well resolved peaks. Sequences between 40 and 500 bp were generally used for the Blast

analysis.

Sample ID could be referred back to the original samples in Appendix A giving the characteristics

of these selected isolates

MSFscl Seauence:11 GM5F 961bases In9950SO!If1S Paae1012 Sample m K.2t3C
.18 u t. U U s. ,. .. " ~.. W

IAIISAftAAIlil'C T5G5 i&CAACliCC5C5'N i&T5A 5 A" 5CTTTC5"TC5TA AA5CTCTtrTnnWU"'AAI: 55TACC&TTCUIa'A",C5&TACCT'N At5

107

---



Sam ple m A2t3AFile:1B OM5F.set Sequence: 1B OM5F 555 bases In 9950 scans paae 1 of2
10 %0 30 40 $0 110 10 80 110 100 1J.0

GIIPC4PCA5cer T4P II'CCA4PCCA'Ir CC4PaP 'Ir&GT4P A5 AA 5CC T TC4PG¥TTGrA AHPCCC T TTTG:1'T,,"AAA4PAAAMCA Gr:C4PGrTAIJI'ACC C4P4PTT..-rTCT4PACG4PTAC

108

--



File:14 0 M5F.sct Seauence: 14 0 M5F 561 bases In9950 scans paae 1 of 2 ..

10 zo :10 40 so 50 '10 .0 to 100 11.0
IGGIXSCAA CT" It" .CA /C&CC&C&T&.T" ~.. A~TTTC&&5TC&TA AAACTCNTTA'TAG5G AA&AID.AA'5CTA5TT"AIII'A A&cT"CACCTT& AC&5T

Sample m KV3AC

410 --4'10 480 4SIO SOO $10 no ~o sio sso SSCI
..CTAA5TA'TAGA55&TTTC CGCCCTTTA5T..CT&AA5TTAAC..CATTAA5CACTCC..CCT"..GAA'AC CCGCAAGGCTGAAAcrcu.a AA'nTTT GAC&&A

109

- -- - -- -- ---



AV3C
File:28GM5F.scf Seauence:28GM5F 951basesIn9950scans paae 1012 Sample m

10 ZO 30 ~ 50 ISO '10 eo 10 100 u.o
la5 CGU.ASCc:rNIt Co.5CCTtIPCC5c& tlPTGT5 A~ loACI'CTTC55I1lTf;fA AAGCACTTTAaRT5~ ~ A~;C:Af;f AAGCTAA:I'ACCTTGCN'rTTT5ACfPT

UO »0 J.4O 150 1150 1.'10 J.e0 JlO 200 210 220
CC5ACAfPAC'AA;C:ACC55CTAA crCT5TGCCA5CAfPCC5CfPfPTAC' ACAfPAfP5Gr5CAA5CfPTTAKr C55AC'TACT ~CfPT AAAfPCfPCfPC5TAGGrfPfPTTC5TTAAfPT

110

--



File:35GM5F.scf Seauence:35GM5F 559basesIn9950SCa1S Paae 1012 Sample m K2t3D
~o zo ;)0 40 $0 110 '10 60 110 ~oo uo

.c8'AARC T~ IC~~ 5CA III:IPCC~C~N IIPT~It~ AIjp~CTTTC~5CPTC~TAAUCTC TIPTT4PTTAGIP~A~AAQ A«'IrCTA QrT ~AIC1'AA~T~ACCT 'LGAC~

111

- -- --- --



File:36 GM5F.scf Seauence: 36 GM5F 991 bases In9950 scans paae 1 012 Sample m K2.2 _
.1D 20 QO 08) 10 10 '10 eo 10 1.00 .u.o

C AA5 cr 1'5 ir~A~9l'GCC; ar 1IP H; :I; Aa;&c:C TTc;GGTT9l'A AlICCTC TTTc:A;c:AINGCAMAMCGC:A ~;AC;InACCT;CA;A""AAGI: GC:C;~

112

---- -- --



Elle:42 GM5F.scf Seauence:42 GM5F 989basesIn9950scans paae 10(2 Sample m K3
10 ZO :10 40 $0 80 '10 00 10 100 uo

~A Aa'O'TIr&'1r1r i5CC'IM5CCIrDP_ AlCIr&'Ir AIlra'CTTCIrIrIII'TR'A AWTC T4PTTR'TA~ ADOAIII'AAR'ACCIrTTCIrUTA ~ ~ACCT N A'

o 1.:10 1.40 1.10 UO 1.'10 1.80 UO ZOO no zzo uo
4PTACCTIrACIrAlrAAMCtA CK CTAACTAC5TIrCtAIrtA IrCCIrDPIrTAiIl AC4PTAIrc:rIrKA AKIrTT 4PTCCKATTTATT IrIrK IrT.A AK KKIrCA KDPIrCTATIrTA

:150 :180 no :100 :110 400 410 4Z0 4:10 440 450
Ir.K..ACCCCA 4PTIrIrCIrAAKCIrKTTTCT~CT 4PTA..CTIrADP CTIrAAlrCIrCIr K4PTKK..KA AACAK IoTTAlriIl..CCCNIrT..R' CC"DP CCIrMA ACIrIo'

113



File:49 GM5F.sc1 Seauence: 49 GM5F 560 bases In9950 scans Paae 1 012 Sample m . n __

10 zo ~ e 50 110 '10 00 '0 100 J.1O
...~ .or IIII.C T".or.. 5C& MJrCC" ~TIO 5T.. II5&TTTTC C"T" "I'i&CTCT"TTR'T"~ """,,11:,, "Gr"CC"T TC""iII'lI~~"R'IICC TT"IIC

TzE

114

--- -- ---



AlC
File:56GM5F.sc1 SeCIJe"ce:56GM5F 981basesI"9950scans Paoe1012 Sample m

111 &0:10 40 50 10 '0 60 10 1.00 UD
_ca...c T" 11:"" 5~T.G CC" C5N IPT" ~".jG5CTTTC"_C"T. .AlCTCT"TT~T.G5" IiC.A&II'5CT.~T"...I1'A .GCT~.CC TN .~T

115

----



. ____u _ ____ .. +--- ---.

File:60 GM5F.scf Selalence: 60 GM5F 557 bases In9950scans paae 1 0(2 Sample mAl A
1.0 zo :10 40 so 10 '10 eo 110 1.00 UD

~GU:S AA..I: r~ ~ 51:lft ~I:I:~ ~ 5 5r~ ~ ~ A55C:rrrc:~~I:~rAAAN:rI:NrrlrTrA5W~ A~AN:A Aa'KrA~rr~AlftAA5C:r~AI:I: rN ~1rT
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