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ABSTRACT "- |

: v : |
The microbial quality of materials and ﬁm‘ll products of Chemical and Allied Prcduc;ts Limited
(CAPL), a reputable paint industry in Lagos area were analyzed. The bacterial population in the
fresh paint samples monitored at two weeks intervals for a period of ten months ranged l'rom 1.6x
10" — 4.7 x 10° cfu/ml while the funga! population ranged from 1.0 x 10" - 5.5 x 10* chu/ml.
The isolated bacterial strains were identified as Bacillus polymyxa, B. brevis, B. lmerm,-mms

Proteus mirabilis, Escherichia coll, Psendomonas aemgmma Lactobacillus gasseri and L. brevis

_ based on standard cultural and biochemical techniques and |salates phenotypic proﬁles using the

Analytical Profile Index (API) ID 32 E test systems. The fungal isolates were A snemlﬂm niger,
A. flavus and Penicillium citrinum. The physico-chemical parameters such as opt:cal density

(OD), specific gravity (SG), transmlttance (TR), pH and viscosity-(VIS) of freshly made paint

samples were monitored every two weeks over the study period to evaluate the biodegradative

activities of the indigenous microorganisms. The Optical density increased from 1 49 - 391,

while TR, pH, SG and VIS decreased from 69 23,85- 5.6,28658—1.0853,and ll 7-108
cst respectively over ‘the perlod. The mlcrohnal population count and physico- chemlcal.
parameters of the spoilt paint samples which served as the control samples were also detemnned

The aesthetic qualities of the paint samples were observed to deteriorate wnth time as mdlcated by
the measured parameters. Pseudomonas aemgmosa wh:ch was repeatedly isolated in spoilt
paints was observed to be the highest cellulose-unl:zmg organism. Fs. aemgmma also harboured
two plasmids with molecular weights rangmg from 0.032 — 0.112 kb while the other‘ isolated
organisms had none. The cured strains of Ps. aeruginosa lost the existing plasmids and the initial
resistance to amikacin, gentamycin and tobramycin. Therefore, the genes for cellulose utilization

and paint degradation in bacterial strains from this study probably reside on the plasmi;:l DNA.

* These results were further corroborated by the comparative evaluation of the biodegradative

potential of the wild and the cured strains of Ps. aeruginosa on the physico-chemical parameters

of fresh paint samples. The shelf life of water-based paints was determined to be 2 years, based on
’ i

the predictive models developed in the study.

XV
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The monitoring, mainteﬁ'agrice and confrbl.of paint quality are the mai_ri goals of the; paint
industry. The consequences of microbial contamination and related deterioration of |paints
have led to a drastic reduction in paint quality and its shelf life. In the llquld state, pamts may
be colonized by a range of Gram—negatlve and Gram-positive bacteria, particularly the spore

formers such as Bacillus spp. The pH of most paints is in the range of 8-95 and this

favours Pseudomonads whlch is the most commonly encountered group, comprising at least

75% of isolates from spmlt emulsion pamts (Dey et al., 2004). Spoilt emulsion pamts have

become a source of concem to marketers and consumers and now constitute a major qroblem
bewildering the paint industry. N '

I
|

The microbial quality management of water-based pai;t;ban be achieved to a large e:ictelnt by
the incorporation of bio-preservatives, such as biocides into - pamt formulation and the
practice of good quahty control system. Biocides have an essential role in the control of
contaminations (T ortorano et al., 2004) which result in changes in viscosity, pH, GOIIOUI' and
loss of surface adhesion properties in paints. Any one of }hese symptoms will render the
paints unsaleable. The prc')blem which has received most attention over the years ilas been

loss in viscosity (Dey et al., 2004), Managing the viscosity of an emulsion paint is therefore,

. very important as this affects its apphcatlon properties. The most common thxckeners added

to paints to achieve hlgh quahty with very good viscosity in the pamt industry are Icellul(Jse
ethers, such as hyroxyethyl cellulose, Jand these are subject tg ehzymtc hydrolysns in the
presence of both bacterial and funga! cellulases” (Saad, 1992). In addition, it 'has been
reported that small amounts of cellulages (0.1 ppm) can cause significant (2%) decrease in
paint v1scosnty (Dey et a! 2004). Thus, the regular and continual monitoring of . mncroblal .
population level and 1ts resulting implication on viscosity and other phys:co -chemical

properties of paints cannot be over emphasized.

. . ' : Lol |

Unlike antibiotics, which are generally very selective for the type of micrborganism
inhibited, with definite mode of actions, biocides are multi-targeted antimicroli)ial agents
which generally “attack” most types of microorganisms (Russell, 2003). Bacteria whether
Gram-positive or Gram-negative, respond differently to biocides and this dlspanty accounts
for the variations in the efficacy of each biocide on different organisms. The underlymg
reasons for.these varied responses are poorly understood, but the chemical composntmn of
outer cellular layer is hkely to be a factor of prime importance. Other possible contnbutory-
factors may be differences in stress responses the presence of efflux pumpls and cells

2 |
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(Russell, 2003) oceurrmg w|thm paint biofilms. The effect of a. bioelde is highly
concentrahon-dependent (Russell and Mc Donnelh 2000). Consequently, delmeatmg the
reasons for activity agamst a range of organisms becomes more difficult with blomdal agents.

Few data are available about the uptake of biocides by mycobacteria, fungi or' other types of
microorganisms (Russell, 1996 Russell and Furr, 1996) Since bacterial spores present
different types of cell surfaces to biocides and microbial susceptibilities to blOClCleS differ
greatly, it could be a worthwhile investigation to evaluate’ and compare the efficacy of
different biocides used in paint productlon on paint microflora. :

Beginning in the mid- 19205 attention has mainly focused on 1mprovmg the durablhty and
hence, the shelf life of pamts by the use of white lead wh‘Ch posed a 31gn1ﬁeant llealth hazard
to young children (Need]eman 1989). The lead paint mdustry had eonsnderable evidence in
the 1920s and 1930s that ‘their produet posed a significant health hazard to chlldren The
question arises: when did these compames stop selling lead paint for residential use? The
lead pamt industry has claimed that interior lead paints were dlsoontlnued altogether by 1940
(Rabin, 1989). If indeed the paint manufacturers had ceased production of interior: lead paints
by 1940, one would also expect them to have taken little interest in research to lmprove the
shelf life of paints. A further indication that the use of lead paint for improving the shelf life
for interiors was still substantzal in 1940 comes from its detection. in high concentratlons 2
mg/cm or more) in about one third of the houses in Pittsburgh »pamted with such paints. A
similar study conceming appllcatnon of lead paints to houses in Washington D.C,, New York,

Baltimore, New Haven, Chicago, Paris, Europe, Australia, Asia and Africa yiel‘ded very
similar results (Comn, 1975,Rabm, 1989; Fee, 1990; Spurgeon, 2006; Mathee etal, 2007)

l.

Incredibly, as late as 1971, there is evidence that mgniﬁcent amounts-of lead paihls Were
being sold for residential interior uses (Rabin, 1989). However, not unhl after a decade had
passed did it become industry practice to place labels on paint cans, warning customers of the
dangers of lead but without indication of the shelf life (Rabin, 1989) Thus, the use: of lead
did not solve the problem of the paint industry as the shelf life was only improved upon but
remained unknown. In addition, child lead poxsomng is still a public health issue of concem
Therefore, current research should focis on the estimation and indication of shelf llfe of.
paints. ' _ . j

|
1
|
|
i
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A common practice of manufacturers in mdustnes is to utilize various short cuts, e.g. bracket
tables (Porterfield and Capone 1984) and the Q-Rule (Connors etal., 1973) to estimate and
project product shelf tife. These techniques share the advantage that demsmns may be made
by anatyzing only a few stressed samples. However, they also have some ix]imitations since
they are based on assump’tions about the product components and are valid L‘only in so far as
these assumptions are accurate. Any method adopted for determmahon of the validity of
paint stability and shelf life should be based on analytical precision, the use of appropnate
controls within the expenmental design, the assumptions embodied in a mathematlcal model,

. i
and the measured characteristics of product components.

:Over the past few decades, other methods such as mncroblal stability techmques {Anderson
" and Scott, 1991) and sensory evaluation (Trees ef al, 2000) have been used to determme the
shelf life of other producta although, they have their limitations.: ‘Microbial stablhty testing
assessment techniques requlre that the test period should be long enough to allow significant
product degradation under recommended storage conditions. ‘Secondly, the hestmg protocol
does not permit one to distinguish percent degradation from inter-assay vanatlon Although,
data collected at-an appropiiate frequency is such that a trend analysis may discem instability
from day-to-day 1mpreclsnon The rehablhty of data interpretation needs to be |mproved by
including in each assay, a single lot of reference materials with establlshed stability
characteristics. This may help to minimize the impact of - systeimc drift and mter-assay
imprecision. . ’ : - ":
Sensory techniques involve the use of trained laboratory panel of judges to evaluate the
appearance of degradation typical of paints by use of a 5-point structured category scale.
Each evaluation contains a marked reference sample that is obtained from a fresh productlon
batch. A score of 2 on the category scale indicates ‘just detectable’ deterioration in sensory |
qualities compared to that of the marked reference which is a fresh product A score of 3
indicates ‘clearly detectable but not acceptable deterioration, and a score of 5 mdlcates that
the judge considers the sample unacceptable. Samples are usually evaluated twice, and meanS'
of scores are calculated over replicates for each sample (Trees ef ak, 2000). This method IS
subjective and less accurate.

i
. An alternative to direct product testing is predictive microbiology, the modeling of mncrolnal

populations, which has become an active area of research. Unfortunately, there has been no
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record to date where predlctwe modeling has been applied to determme the shelf life of
paints. Predictive models are mathematical equations which can use the mfo:manon from a
farge database to predict lnactwatmn or growth of microorganisms under defined conditions
(Trees et al., 2000). Predlctwe models offer considerable prospects for use in shelf life
determination. Predu:,twreil microbiology has proven its value for a useful model-based
description of microbial growth ever since its development (McDonald and Sun, 1999;
McMkeen and Ross, 2002). Data used in building a model are usually acquired from
laboratory experiments. However, the predlchons agree more or iess Isuccess{‘uﬂ),r with
observations of the products (Walls and Scott, 1996) and validation of the model proves to be
necessary in most cases. Indeed, models should be vahdated for predlcnon in the product in
question, to allow for risk assessment (Pinon, 2004). koutsoumams (2001) reported the
comparison between the observed and predicted growth of Pseudomonads on gilt-head

eabream stored undert dynamlc temperature conditions hased on the blas and accuracy
factors. The time to each observed Pseudomonad ccunt was compared to the time prédicted
to reach the same cell density as that observed. Predictive modeling provndes an indication of
he average deviation between the modet predictions and observed results (Ross 1996) and
thelr closeness to a value of 1 or 100% isan eﬁ‘ectwe and practlcal measure of predictive

T

model validity. _ .
‘\ ,«‘ c;

The microbial ecology of paints is complex. Developing reliable nsk assessments involving
microbial growth in paints will require the skills of both microbial ecology and mathematical
modeling. Simplifying assumptions will need to be made, but because of the potential for
apparently small errors in growth rate to translate into very large errors in | the estimate of
risk, the validity of those assumptions should be carefully assessed (Russell 2003). Thus,
predictive microbiology can provide the paint industry with sufficient mformatlon about the
accuracy of the model, in predicting microbial growth and shelf life of pamts It is against

this background that this research was undertaken.

Paints: History and Background ' |

The first uses of paint were entirely decorative. Thus, paint without a binder, iconsisting of
iron oxide, was used for cave pamtmgs about the 15 millennium BC. In Asia several

pigments made from ores, prepared maxtures, and organic compounds were known about
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6000 BC. Indigo, a pigment extractea from the indigo plant, was known to ‘the ancient
Egyptians, Greeks and Romans. Gum arabic, egg white, gelatin and beeswax were the first
vehicles used for these plgments Lacquers were used to pamt bu1ldmgs in Chma about the
2™ century BC. In Europe, prospective pamtmg began about the 12® Century AD Linseed
oil, although known as a pamt vehicle by the Romass, ‘was used by artists only: from the 15"

century. Water-thinned latex paint was introduced in 1949. White lead, a white pigment,
became widely used in the 17" century, and paint consisting of prepared mixtures of
pigments and vehicles first became commercxally available in the 19" cetlmtury (Barker,

e o !

1999). : : !

Paints: A General Descripti_on ;'
Paints are uniformly dlspersed mixtures having a viscosity ranging from a thm liquid to a
semi-solid paste, cons:stmg of a pigment (the substance that provides colour) suspended in a
liquid vehicle such as oil or water. They solidify when exposed to air (Bnggs 1980). Paint is
the general term for a family of products \ used to protect, add colour to and beautlfy an object
or surface by covering it with pigmented coating. Paint is applied with a brush a roller, or a
spray gun, in a thin coef'«\to various surfaces such as wood, metal or stone Although, its
primary purpose is to protect the surface to which it is applied; ﬁ'om corrosmn oxidation,
environmenta! weathering or other types of deterioration, paint also: provndes decorative

finish (Adeleye and Adeieye, 1999). Ingredients of paint manufacture mclude pigments,
additives, binders and solvent (Briggs, 1980). j

Paints come in different: colours. Colour is a physical phenomenon (])f light or vision
associated with the vanous wavelengths in the visible portion of the electromagnetic
spectrum (Drasdo, 1999). Any colour sensation can be produced for pamts by mixing varying
quantities of red, blue and green. These colours, therefore, are known as’ the additive primary
colours. If light of these pnmary colours is added together in roughly equal intensities, the
sensation of white light is produced. I_’_alrs of pure spectral colours called complementary
colours also exist; if mixed additively,' these will produce the same sensatlon as white light.
Among these pairs are certain yellows and blues, and certain reds and blue-greens (Drasdo,

1999; Para et al., 2007) The pigments that give colour to paints ahsorb certain wavetengths

i
|
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of white light, and reflect or transmit others that produce the colour (Kopchick and

Bormarito, 2006).

Chemical Composition of Paints

A modem paint formulation consists of several different categories of chemical compounds.

The vehicle forms the adherent, skin-like coating; the pigment is dispersed in the vehicle and
gives the final film’ its colour and hiding power, and the solvent, or thmner evaporates
shortly after the coating has been laid. The vehicle can be an unsaturated, or drying oil,

which is an ester formed from the reaction of a long-cham carboxylic acid, such as linoleic
acid, with a viscous aloohol such as glycerine; or it can be a polymer. A ﬁller containing
powdered components such as kaolin or banurm sulphate, enhances the strength of the dried
film of paint. If linseed orl is exposed. to the oxygen in the air, the unsaturated ends on the
hydrocarbon chain are attacked and an oxide, or ether, is forrned thereby Cross- -linking one
molecule to another, to yield a tough, insoluble rnacromolecule with hrgh molecular weight.

The drying oil is an important component of paint, it is a monomer when it 1s in the can and
becomes a polymer after being applied to an exposed surface. If the vehicle is a synthetic
‘polymer, it is drspersed in, a suitable solvent, so that as the solvent evaporates the individual
macromolecules come mto contact and become enmeshed. The golldlﬁcatlon is 1mproved by
the presence in the solvent of a polymerization catalyst, called a drier. The types of synthetic
polymer most widely employed as paint vehicles are: alkyd resins, which are polyesters of a
polyhydnc alcohol, such as glycerol, with a polybasic acid, such as phthalic acid,
CgH4(COOH),; nitrocellulose, in which cellulose is depolymerized, the smali molecules are
nitrated, and the molecules are repolymenzed phenolic resins and lmseed oil (Loor et al,

2004). The concentrations of functional components in different kinds ‘of water-based paints

are shown in Table 1.1. ‘ ; \'



Functional Component Acrylic digpersion Alkyd paint |
Binder © + (polyacrylate) + (alkyd resin) |
Pigment -+ ; + |
Filler + +
Organic solvent +(0-15%) " -+(about 50%)
Ammonia e _ I
Amine + - o
" Preservative + - !
T ) :
o s :
.Surfactant + - ;
; . oy e l\ 4 ‘r
Corrosion inhibitor v - 8 }
,' t .
Thickener + +
. Drier - + |
Anti-skinning agent - + |
|
:
+ : |
|

(acrylic dispersion) and solvent-based

Table 1:1 Presence of functional components

S

in the most commonly occurring wnte:r-based

(atkyd paint) construction paints.

J

UV absorber

(+) Present, (-) not present "

Source: Faassen and Borm (1991).

-
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A paint pigment is a fine powder that erther scatters light strongly, to yield a white effect, or
absorbs certain wavelengths of light, producing a coloured eﬁ"ect Typical whlte pigments are
inorganic oxides such as titanium  dioxide (Ti0y), (Hext et al, 2005); 1ant1mony oxide

(Sb203), and zinc oxide (ZnO) (Rabin, 1989). Other white, insoluble, morgamc compounds

are also frequently used, including: zinc sulphide, (ZnS); white lead (the hydroxycarbonate,
hydroxysulphate, hydroxyphosphite, or hydroxysilicate of lead); and banum sulphate,
(BaSO,) (Alejandre and Marquez, 2006). i
~ ?

The following inorganic oxides are typical coloured plgments iron oxide, F¢,0s (yellow, red
or brown colours); chromium oxide, Cr20s (green), lead oxide, Pb:0s (red). The chromates
of lead, zinc, strontium, and nickel produce various shades of yellow and orange. A variety
of organic solids are used for other coiours Paint pigments are insoluble powders dsually
used to provide colour and to make pamt opaque, thus, protecting the substrate from the -
harmful effects of ultraviolet light while ‘also increasing a paint’s hiding power They usually
contain bacteria and fungi, which in an aqueous environment, may germgnate and grow,

leading to spoilage of the paint. Some pxgments are toxic such as those used in lead paints.

‘Paint manufacturers have: replaced lead with txtamum dioxide, a less toxic substltute which

can even be used to colour food (Rabin, 1989). True plgmen,ts exhlblt opamty ot hiding
power in varying degrees, whereas, extenders are used in certain types of paints notably
undercoats, primers and some low gloss finishes, to modify ot control the physical properties
of the paints. They make no contribution to colour unless they are very xmpure Titanium
white (titanium dioxide) which was first used in paints in the 19" oentury is the most
important pigment used in paints, as it 1s by far the best white prime plgment available for
exterior weathering performance (Ramsbothan, 2000). The titanium white used in most
paints today is often coated with silicon or aluminium oxides for- better durablhty Some
newer paints called prism paints can produce effects where the colour changes dependmg on
the angle (orientation} at which it is viewed. These effects are produced by havmg pigment
molecules that are long and thin and are meant to dry in a specific orientation, with different

ends of the molecule being different colours (Camgna and Colinart, 2003).

I
i
|
|
i
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1.1.2.2 Solvents

1123 Binders o . ' I f

1.1.2.4 Additives

|
This is the liquid that makes the consistency suitable for applying the paint Thle solvent
evaporates and leaves the dry paint film on the surface. Tt plays no part in film formiation and

acts solely as a means of conveying the pigment/binder mixture to the surface as a thin

-aniform film. Solvents used are either orgamc compounds or water. Unfortunately, most

water sources of paint industries are not treated and they also increase the'i level of
contamination in the finished products. Classes of materials used as solvents includeI aliphatic
hydrocarbons (whlte spirit), aromatic hydrocarbons (toluene, xylene and trimethyl benzene)
alcohols, esters, ketones and others. Water is the so\vent in water-based and emulsmn paints.
The solvent or thinner for drying oil paints is genera;iv turpentme (Calnan, 1978), a mixture
of cyclic Hydrocarbons containing ten carbon atoms or a mixture of suitably volatite
hydrocarbons derived from petroleum dxstﬂlates The solvent for most synthetic vehi:cles is

T

an alcohol, a ketone or an ester (Brouwe:' et al., 2005). g ;

These are polymers or resins, which prov:de the basis of the. contmuous paint!film by

adhering the pigment particles together (Gillatt, 1992). In general the binder or resm binds
all the other paint components, mainly pigments, together into a cohesive, contmuous film
and provides the adhesive power for a paint to stick to a surface. The majority of bmders are
organic materials such as resins containing fatty acids from natural oils such as alkyds epoxy
esters, urethane oils, treated natural products (cellulose nitrate, chlorinated rubber) and
completely synthetlc polymers. A few inorganic binders are used in paint production,, ‘notably

pre-hydrolysed ethyl silicates, quarternary ammonium silicates and alkali silicates.

These are minor components that improve the paint in different ways eg. dispersiné agents
for pigments, thickeners, defoamers, in-can biocides, in-film biocides e'tc Additives ir; paints
are used for several i)urpeses but chiefly to facilitate dispersion of plgments and to change
consistency characteristics. A typical example of a paint additive is lecithin and is 4w1dely
used as a dispersing agent in pamt formulation (Da Silva, 1963) It is a natural product

10
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. surfaces. Pamt brishes and other tools used for pamt application on surfaces

- -
obtained chxeﬂy from the processmg of soybean oil. This group of chermcals eompnses ofa
vast mulntude of compounds which are employed by paint manufacturers at ‘Iow levels in
coatings to perform speclﬁc functions or to counter adverse side-effects of other paint
components. For _example»turpentme-mmned paints contain drying agents, whxch speed up

the drying pfocess and also contain ant:-skmmng agents to prevent the pamts formmg a tough

.gkin-like covering in the Ean.'Water-based paints contain anti-foamers which prevent the

roller from producing a close-knit bubbling effect in the applied paint and thickeners which

reduce spattering and so aid flow during painting of surfaces.

H

Ty pes of Paints

There are three types of pamts namely (i) alkyd paints (011-based palnts) that cJontam solvents
like acetone, petroleum dxshllates toluene epoxy esters, resins, methylene chloride and
aromatic hydrocarbons; (ii) Latex pamts (water-based pamts) which are non—ﬂammable and
offer ease of application; (iii) Specialty paints (chemlcal~based pamts) which are used in tank
hnmgs and sewage systems. Consumers are now very much mterested in pamts “gspecially

the benefits of top quahty paints. Many ‘paint vendors have fallen wctlm éo purchasing a

‘lesser quality product bas.ed solely on lower selling price, and epded up bemg dissatisfied

with its perfoﬁnance. Studies have shown that top quality water;ba‘sed paints 1ast longer than
ordinary paint since they provide better adhesion, durability and stain resistance (Brouwer ef

-

al., 2005). | o | BN

.

Water-based paints otherwlse known as latex pamts are susceptnble to more biodeterioration

by microorganisms (leiatt 1992). They contain various orgamc matenais which are

biodegradable and theref‘ore act as nutrients for the microorganisms on painted surfaces and
stimulate microbial growth both in-can and on the dry paint film upon application. Latex
paints are non-flammable ‘and are easily applied on metal, wood or concrete surfaces. They
generally do not have a disagreeable odour and can be used on both mte{:or and exterior
are easily

cleaned up with soap and water. Latex paint wastes are not hazardous wastes and can be

11
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1.1.3.2 Alkyd Paint
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| D ‘
disposed into most sewige treatment systems or landfills.. However dependmg on the
location, municipal approva!s may be required before final dlsposal of pamt wastes. Over the
last few decades, emphasrs had shifted from solvent-based paints to aqueous latex coatings
(Adeleye and Adeleye, 199_9). The synthetic vehlcle is emulsified, tpat is, suspended as very:

tiny droplets in the water, when the paint dries, the water evapora‘tes,end the pigment and,

-vehicle partictes bond together, forming a relatively strong film. The ﬁlr’n is porous enough to

permit the passage of moisture, thus increasing its resistance to blisteﬁhg. Most latex paints -
are limited to interior use end are popular because they are odourless dnd easy to apply (Ha et :
al., 1995). In some cases,; solid-emulsion paints, or powder coatingsl replace liquid paints.
They are sprayed on to a metal surface, as in the productlon of machmery or window frames
and adhere by electrostatic attraction, Heat causes the powder to ﬂow and form a film
(Brouwer et al, 2001). . | _ . '*.

Recent enhdncements in water-borne resm system polymem as well as the way they are
formulated have produced pamts w1th a set of barner propertles that are superior to their
standard solvent-borne analogs New generation. water-borne epoxy and curing agent

dispersions, and the pamts formulated f‘rom them, have been iftroduiced w1th changes from

-older generation watef‘“bomes These changes include (1) total!y non-romca':ly dispersed

paints in place of the older romcally dispersed types, (2) quicker coaiescmg, mutually soluble
epoxy/amine vehicle resins rather than the former slow coalescing, hlghly branched
epoxy/amine systems, and (3) utilization of stable, water compatible addmves and fillers that
complement the non-ionic epoxy/amine resin vehicles (Elmore et al., 2002). Latex paints are
prone to more biodeterioration than alkyd paints because of their aqueous nature Water acts °
as a vehicle that transport various nutrients’ required by microorganisms for growth and
proliferation. Nutrient molecules frequently cannot cross selectively permeable plasma

membranes through passive diffusion. They must be transported by water. "a‘
!'h . . V

L
Alkyd paints contain oil and solvents like acetone, petroteumn distiliates, toluene,",epoxy ester
resins, methylene chloride and aromatic hydrocarbons (Brouwer ef al., 2005). C‘-_Tlleaning of

painting equipment requires the use of solvents which have the same hazardous properties as
* 4 " '
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alkyd paint. The dlscolouratlon and decomposmon of 011 pamtmg caused by
microorganisms are permanent It is either a decomposmon of the paint media or a
discolouration of the substrate, the latter resulting in violet, brown or black stains. The use of
a brush to apply paint to elﬂat surface almost inevitably means that tth'e bristles of the brush
leave behind an uneven pamt surface. As the paint dries out, these non-umformnttes tend to
flatten out to leave a protectwe and aesthehcally pleasmg evetjt coating. However,
expenments have shown that some solvent-based htgh gloss alkyd pamts can exhibit more
unusual behaviour as they dry. The discolouration and decomposition are also of a
progressive nature ﬁnoue and Koyano, 1991). The oils and solvents in alkyd paints and
specialty coatings are tox1c if released tnto the emnronment They have the potential to
contaminate drinking water supplies, g:'ound water and can be toxic to plants and aquatic |
animals. Water conmmm’a‘ted by paints and the solvents used to clean painting tools can also
contaminate drinking water supplies and other areas of the enwronment Vapours released
from alkyd paints are tOch 'to humans it inhaled over a long period of time in high enough
concentrations. These vapours have the potenhal to start a ﬁre if exposed to a spark or flame
and support a fire once started because they are flammable, reactive or. corroswe (Brouwer ef

| al., 2005). Handling and safety procedures of alkyd paints should be m1 accordance with the

material safety data sheet (MSDS) 4 "

Alkyd paints are generally, more difficult to maintatn than the water-based paints. The use of

fungicides such as pentachlorophenol (PCP) and 2- -(4 thiazolyl)-benezimidazal (TBZ) have
been observed to be safe and temporarily effective. However, the funglclde PCP tums brown
after some years, while TBZ does not completely dissolve in a solventiﬂn0ue and Koyano,
1991). , . | o

. o

1

1.1.3.3 Specialty Paints

|
I
L
v l.

.Specnalty paints are a group of modem chemical compounds dectgned for protectlng,
materials under exacting conditions such as chemical tank linings, concrete coaling at sewage
treatment plants and other industrial apphcatlons Examples of spec:aily paints include:

AN acrylic, asphaltic, epoxy, flexable ceramzc phenohc polyester, polyurethane and vinyl ester
f oo

————
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O paints. Specialty paints are gaining greater accepténéé and becoming.common in the paint
| industry. The hazard characteristics of specialty coatings are idenﬁﬁe?d on the material safety :
data sheet (MSDS) provit_ied by the manufacturer. These new generz;iﬁon paints are derived
from - chemical compoéiﬁons that can withstand extreme envirbnment and temperature
condltlons Many specialty coatings are a two-component mix; a base and a hardener.
- Ename! paints consist of zinc oxide and lithopone in brown hnseed oil and high-grade
varnish (Galla et al., 1981). Luminous paints contain various phosphorescent sulphides of *
barium, strofitium and calcium. Luminous paints have been lmplzcated in human osteogenic -
sarcoma (Martland and Humphries, 2007). Wafer-colours for artists are finished either in dry -

cake or moist condition. In both cases, they contain the finest pxgments ground in gum arabic

\\

or dextrin. g e i

1.1.3.3.1 Varﬁishes I
Vamishes are transpareht paint solutions that solidify into a protectlv_e. coating (Gillgrass et
dl., 2001). Opaque and coloured varnishes are called lacquers (Peters %t al,, 2000). They are
produced by heating a drying oil, resin, dner, and solvent together. If applied as a thin film,
varnish gives a-hard transparent coating on drying. The numerous valjations in composition
<. and preparation of varnishes make‘ﬂleir\.'classiﬁcation difficult. So-Ca{iled spirit varnish, for
“example, is a resin dis-s—o'lyed in a volatile solvent that contains no dr§ring oil, while asphalt
vamish is a solution of asf;halt that gives opaque, black coatings; : 1

[

A,

1.1.3.3.2 Lacquers . {

Lacquers are cerfain natural and synthetic varnishes, particularly those iobtained from the sap
of the varnish tree, Rhus vemiciflua, a Japanese sumac, containing the ;i:henolic resin urushiol
(Peters et al., 2000). The sap is heated to drive off moisture, 1eavirig a b'rown syrup. Pigments
are added and sometimes, diluting agents. The resulting materia! is apphed as a thin coating
to wood, metal or ceramic articles; when hard, the lacquer coat is pohshed smooth with an
abrasive, and another coat is applied over it. Often, more than 30 coa:ts are used on a fine

piece of lacquer work. Commercial la"équers used for painting metallic objects often have a

pyroxylin base. e

v -
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14

e ae—



510

et

1.1.4 Microbial Contamination of Paints

.

As a result of the wide range of organic and inorganic molecules that are present in both
paints and painted surfaces, many different types of microorganisms grow on them, provided

that favourable environmental conditions (humidity, temperature, light and to a lesser extent,

'pH) are met (Ciferri, 1999). Microbial contamination can be separated into two clategories:

deterioration. while the paint is still in the liquid state (Da Silva, 2003) and!microbial
deterioration when the paint is‘ applied to a surface and forms a film (Woods, 198;2.). Paints
exhibiting the ef’fect; of microbial contamination develop problems of viscosity loss, gassing,
malodour, discolouration and visible surface growth (Gillatt, 1992) which reduce \jtheir shelf
lives or render them unusable. : . \ : j

|
The most commonly isolated bacteria genera in paints include Baéi!ius Ps'eicd(mz(mas-
Enterobacter, Pmtem Aerobacter, Fscherichia, Micrococcus, Serratia, Aemmonm etc
(Mlller 1973, Woods 1982; Jakabowski ef al, 1983 and Opperman and Gull, 1984) A wide
range of anaerobic bacteria mcludlng Bacrerordes Clostridium, De‘s'm})hmigbno and

Bqﬁa’obacremm: have also been isolated-(Opperman and Gull, 1984).. Studies halive shown

that some fungi are alse-associated with deterioration of paints. These fungi includ]e Rhizopus

arrhinus, Aspergillus n;ger A. ustus, Penicillium cm‘mt.rm,“1 Chaeromr'mn globosum,
Alternaria alternata etc. (Adeleye and Adeleye, 1999). AIIso;Sp and Seal, (1986) Gillat,
(1992) and Grant et al (1993) reported different ﬂmgal genera such as Asperg:llm
Fusarium, Geotricum, Pgmc:.’hum, Saccharomyces, ?copu!ar:ops:s _.Spa.-oboloi-nyces and .
Tontla as the most commonly isolated fungi from water-based paints. Cladosporium is one
of the major biological agents, if not the most significant agent responsible!folr fresco
degradation (Nuglari et al., 1993). Adeleye and Adeleye (1999) also reported thje bactenal
species associated with normal and deteriorated painted walls. They include 1’.s-efmlnnmna.s',‘
Bacillus, Micrococus and Staphylococcus. The fungal genera isolated were? Rhizopus,
|

Penicillium, Cladosporium, Aspergillus, Alternaria, IFusarium and Cirnvularia.

1

Paints contain several microorganisms coexisting to effect deterioration. This detenoratlon s
brought about by the interactions between the substrate and the mlcrobes the

biosusceptibility of organic and inorganic constituents and the control and uullz?tlon of the

| ~ . |
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substrate by indigenous I;iicroorganis}né. These microorganisms coexist as a{f synergistic
microbial community in liquid paints (Smith ez al,, 2003). Several reports have described
various types of microbial interspeciéi's relationships, such as antagonism, ;competition,
commensalism, and symbiosis betwgen"?two microorganisms. However, there ap;’)ears to have

been no report to date to demonstrate that these relationships actually operate irii water-based

. paint communities and how they affect the structure, function and stability cff paints, The

evaluation of the total network of inter-species relationships would be ,:important to
understand ‘such complex c;ommu'nities'.. The mechanisms responsible ﬁf!)r the stable
coexistence of many sp:écies of microorganisms have not yet been clariﬁeci (Kato et al.,
2005). One factor hampén'ng the elucidation of these mechanisms is the dif’ﬁcdllty of defining
all members included in such complex microflora. F;;'iﬁennore, it is even m"'ore difficult to
clarify the roles of each member and the relationship between 'fnémb_ilars of such a
community. Hence, in order to facilitate our understanding of these m’echani_‘!sms Kato et al.
(2005) reproduced the émhility and the function of a microflora by constnicting a defined
mixed culture consisting of microorganisms isolated from the microflora. S;uch approaches
have often been applied to examine various microbial communities, especial__"ly in the field of

pollutant biodegradation .(Barreiros et al, 2003) "and in biological investigations of oral

bacterial communities (Ashelfold ef al, 2002; Briones and Raskin, 2003). *

3 !‘

s ‘ /I :
If such a defined mif;ced culture were to be successfully constructed, it wfou!d facilitate the
examination of general characteristics of all of the members in. 'puré; culture and the
monitoring of the dynamics of the members in the community throughout ;1 given cultivation
period. Furthermore, by constructing a "knockout community” in which olflne of the members
is eliminated frorn the defined mixed culture, the roles played by the elirllf!linated member in-
situe and its impact on the other members of the community could :‘be evaluated. This
approach is derived from the same perspective as gene distuption stuq'ies,_‘"in which the role of
a gene in an organism ce;n be evaluated by the elimination pf that gq'rie.f'!‘herefore, it seems
likely that the rerf_noval of a gene fronl{ a specific spoilage 6rganism by;i curing may help to

evaluate the spoilage potentials of the;‘(l);-ganisn'l. i :
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1.1.4.2 The Substrates

1.1.5 Hazards Associated with Paint Formulation o

o
1.1.4.1 Sowrrces of Paint Contamination

Microbial contamination of paints can originate from a number of sources including make up
and wash waters, other raw materials, the manufacturing plant itself, and the packaging
materials. Water may come from a number of sources including boreholes, or even rivers. If

such waters contain residual organic matter, sterilizing procedures such as chlorination may

still leave residual contamination (Gillatt, 1992). Town tap water may contain some bacteria.

Powdered raw materials such as fillers, extenders and pigments contain bacteriaf and fungi
which in an aqueous environment, may germinate and grow. Liguid raw materiéls such as
defoamers, polymer emulsions and pigment dispersions are often susceptible t{o microbial
attack and unless protected with an adequate conce;fﬁatiqp of biocide, may als".b introduce

contamination into the formulation (Gillatt, 1992). L

- The fact remains that there are few habitats surrounding a painted wall (indoor or outdoor)

that can be considered to be oomp!etelyﬂs‘terile Microorganisms interact with the substratum

-which is considered a mere physical support or a source of energy and nutrnents Cellulose

esters used as thickening aﬁents in paint formulations serve as carbbn sources for growth of a
large variety of bacteria and fungi. Microbiafly-produced enz;rmes such as. cellulases can
remain active in a contaminated formulation long ;after the causative orgamsms have been
eliminated by a biocide. This may result in paints which appear sz_ltlsﬁlqtory on filing,
suffering viscosity loss and reduced shelf life after a few months in the jcontainer. This -
happens because of the biodegradability of the paints and the additives (gllf;és, emuls_iﬁers,

thickeners, etc.) that facilitate drawing or application of paint layers or enhance the aesthetic

quality of the finished product (Ciferri, 1999).

1.1.5.1  Water-based Paints : _ : S

¢

Despite the decorative advantages of pamts and their preservatlon of surfaces against

environmental weathering, paints have some adverse effects on man. Man made chemicals
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used as refrigerants, fire retardants, paints and solvents cause considerable environmental
pollution and human health problems as a result of their. persxstence,f toxicity, and
transformation into hazardous metabolites. Inhalation of paint fumes has been implicated in
cases of heart failure (McGee and O’ Mal]ey, 1979). Spray painters aré: gener:ally exposed to

aerosols containing hexavalent cliromium [Cr(V1)] via inhalation of chromate-based paint.

. sprays. Evaluating the particle size distribution of a paint spray aerosol and the variables that

may affect this distribution, are neceséafy to determine the site and degree of respiratory
deposition and the damage that results from inhaled [Cr(V 1)]-contammg paint - particles
(Sabty-Daily et al,, 2005) f

In the 1970s, there was a substantial increase in the tise of constructton paints in many
countries. Today, more than 90% of construction pamts in Scandmavtan countnes are water-
based (Hansen et al., 1987). In Germariy; some water-based constructions pamts (WCP) have
the image and label of "‘eﬁvironmemally safe products”, which make them"' popular with do-

it-yourself painters. In the United States, WCP are mainly uSed‘outdoors as_“l stains (Hansen e¢

al., 1987). In other Western countries, WCP are mainly used outdoors as alternatives to the

traditional enamels. Paints of the latter type contain about 50% volatilé organic sofvents
. A '

(mainly white spirit), that may cause chronic or acute neurotoxic effects in painters (Van

" Vliet, 1989; Faassen and Borm, 1991). Moreover, emitted volatile orgamc compounds

(VOC) can interfere Wlth the nitrogen cycle, generating oxtdt;mg compounds like ozone,
causing acute and chronic effects on the human respiratory tract (Bruring, ‘1 989).

| - ‘ J

In the Netherlands, construction painting is the major contributor to the VOC emission of the
painting trade (Bruring, 1989). Moreover, this emission cannot easily be controlled because
construction painting is a discontinuous point source. The composition eﬁd health hazards of
different kinds of WCP have been studied in Denmark (Hansen et aI? 1987). Wall paints
have been water-based for several decades already and are therefore not alternatives for
solvent-rtch paints. However it has become necessary to investigate whether or not health
hazards might be expected from application of these alternative WCP. The health hazards of
the WCP application were separated into occupational hazards and e?wironmenta] hazards
(Faassen and Borm, 1991). Occupational heaith hazards mainly occur;during application of

paints. Both professional and amateur painters are subject to these hazards, although, the
T
X
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latter, less frequently. Environmental health hazards arise from human exp;)sure to air,
(drinking) water, and food which may be polluted due to application or spilling |of the paints.
Moreover, environmental hea!t’n hazards can be caused indirectly by ecotoxlc effects caused

by the paint constituents. : {

f -. |
Faassen and Borm (1991) carried out experiments to (a) track down the co;‘nposition of
WCP, (b) estimate the occupational and environmental exposure; and (c) estimafte the health
hazards due to applic'a_ation of WPC. Acrylic dispersion paints (ADP), being thé rﬁajority of
WCP reported were found to contain a number of functional components that aria not present
in traditional solvent-based construction paints (alkyd };}Fm)_(Table 1.1). Some;examples of
the hazards caused by these paints are -QEVen in Table 12 WCP also cdntain \;{ety specific
organic solvénts and preservatives. Organic solvents are added to ADP for several reasons.
The main reason is their function in film formation. Preservatives are used for conservation
of the binder and the paint during production and storage; moreover, tﬁese productls contain
bacteria-degradable compounds, like surfactants in an aqdeous environmeni, and these
products contain’a nitrogen source as ammonia Ammonia and volatite aminmI are used to
stabilize the binder and the paint at a pH of‘ 8 —9. Less volatile amines create a longer open
time” after application. The water-solubie alkyd resin is solublhzed w1th tnethy]amme
v % - |
Surfactants include ant:ifoaming agents and emulsifiers of the binder, filler, thlckener and/or
pigment. Corrosion inhibitors are needed to prevent corrosion of metallic pamt cans and
metallic parts of the painted material, UV absorbers are essential in pamts for wood because
ADP do not absorb the wood-destroying UV radiation. Table 1.2 présents information about
the health hazards of some WCP constituents. The main occupational health 'hazards are
headaches and acute chronic respiratory disorders (Hansen et al., 1987). Orthoe:rgic eczema
may occur due to frequent skin contact with WCP combined with scouring .é'md extreme
climate conditions. Such an eczema ameliorates the barrier function of the skin, c?using toxic
compounds to penetrate,more easily through the skin in to the body (Faassen and Borm,

1991). Another important occupatlonal health hazard is sensitization of the skm caused by

monomers and preservatives, which can result in allergic eczema. Suspected c’nrcmog,,emc

) | |
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hazards are presented by some ADP due to percutaneous or lung uptake 'of‘t;he suspected
carcinogens, acrylonitrile and formaldehyde. The suspected tetratogens, ethylene glycol
ethylether present suspected teratogenic hazards. Table 1.3 shows the result of ecotoxicity
: j

tests and the assigned toxicological hazards of constituents of WCP.

i

r

. . |
However, durmg and after application, ADP can present some other health hazards such as

irritation of the mucous membranes of eyes and nose as well as skin irritation and
sensitization. This is in accordance with the Danish study in which imritation of nose and eyes
were mentioned as. the main complaints of WCP users (Hansen et' al, 1987). In the
Netherlands, 10 — 15% of the population is bronchial hﬁiérreactive to irritating compounds
(Esttander ef al, 1984)..AFunhennore, about 15% of the population is atopic, resulting in a
higher risk of getting onhoeréic eczema (Estlander ef al, 1984). Persons with orthoergic
eczema and pregnant women have a higher risk of getting allergic eczema ' (Menne-and
Christophersen, 1985). Some ADP contain compounds that should be regarded to be able to

cause hematotoxicity, tetratogenicity, and carcinogenicity. Environmental llealth hazards

* from ozone due to volatilization of orgamc solvents from the paints are neduced strongly by

using WCP. However, cleamng apphcat:on materials of WCP under the tap can cause a
significant burden to sewage treatment due to some slowly degradable compounds One of
them (polyacrylate) was reported also to clog the gills of fish (Faassen and Borm 1991)
When WCP are spilled to the soil, the water-soluble preservatives and slowly degradable

compounds may affect soil organisms. - ;
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‘E'Table 1.2: Occupatronal and environmental health hazards due to appllcatlon of WCP that contain compounds with ¥
toxicological properties. * ’

Compound Other systemic
Concentration, mammalian Skin Fish
Compound % weight M SC toxicity S Ir |irritation| Odor| lethality
Binders and their constituents
Polyacrylate 37 - - - - - . + ++
Methyl methacrylate 0.14 + - ? + L+ + + -
Acrylonitrile 0.006 + + ? ? + + + +
Butyl benzyphthalate 1.4 - - ? + ? - - +
Ammonia and animes
Ammonia 0.18 - - Lung - - + + +
Dimethyl ethanotamine 0.2 - - Nitrosable ? - + + ?
Triethylamine 1.0 - - Eyes, lung ? + + + +
Nitrosable -
Corrosion inhibitors. :
Triethanolamine 0.07 - - Nitrosable + + - - ?
Sodium nitrite 0.02 T+ - Nitrosable- - - - - +
Preservation ' :
Formaldehyde 0.1 + +| - Liver + + + + +
(Chloro) methylisothiazolinon (0.003) - - 7 ++ o+ - - +
QOrganic solvents ‘ : - _ )
Ethylene glycol 7.9 - - | Kidney, tetratogenicity - - - - +
Ethylene glycol ethyl ether 20 - - | Blood cells, tetratogenicity - - + + -
Diethylene glycoi butyl ether 5.0 - - - - - - - ?
Surfactants -
Poly(oxyethytene)octyl phenylether 1.6 - - ? ? 0+ - - ++
. Tnbutylphosphate : 06 - - Nervous System ? + - - +
Others -~ -Ammonia bichromate 1.0 - - ? ++ + - - +
Hydroxymethylphenyibenzotriazol. .| 0.4 - ? + ? - - ?

Abbreviations: (-) no heaith hazard (+) health- hazard not excluded; (++) health hazard expected; (?) unknown, insufficient data;
(SC) suspected carcinogenicity; (S) sensitization; (Ir) irritation; (M) Mutagenility :

Source: Fassen and Borm (1991)

—,
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Table 1.3: Sources of (eco) toxicity tests and assigned toxicoiogica?h‘azards of constituents of WCP

Skin irritation test

“~Guinea pig- maximization test

Sufficient animal experimental evidence

No irritation

Slight irritation
intermediate irritation
Strong irritation
Corrosive

Low

- Medium____

bigh e

Test Boundaries Toxicological hazard
Acute oral toxicity, rat >15,000 Not harmfui
(LDso, mg/kg)® 5,000 - 15,000 Hamful
500 - 5,000 Toxic
50 - 500 Very toxic
5-50 Extremely toxic
<5- Very extremely toxic
Acute fish (daphinia) > 100 Not harmful
. Toxicity (LCso, ma/L)° 10 - 100 Hammful
10- 10 Toxic
<1 Very toxic_
.Reproductive toxicity Adequate studies with rat and rabbit Toxic for reproduction
E Inadequate animal studies - Unknown reproductive
: - Toxicity
Mutagenicity Bacterial {(+ negative S9)c and nonbacterial test pbsitive Mutagenic .
One of the tests positive ‘ Not mutagenic
Carcinogenicity Sufficient epidemiological evidence Human carcinogen

Probably human carcinogen

No skin irritant

- No skin irritant

Slight skin irritant
Strong skin irmtant
Corrosive for skin

Not skin allergen
Slight skin aliergen
Strong skin allergen

%L Dy, does that causes 50% mortality within 14 days; *LCso, concentration that causes 50% mortality within 24 t6 96 hours: 589, ...
metabolizing supemantant of rat liver microsomes. ' )

- Source: (Fassen and Borm, 1991)
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1.1.5.2 Dry Paint Spraying

Rt i

One of the least studied areas of derelel expOSure is exposure to paint :dusts Part of the
reason for this lack of knowledge has been the lack of analytical methods to determine dusts
on painted surfaces, as many dusts are msoluble and unreactive (Roﬁ‘ et al, 2004).
Evaluation of skin exposure to powder paints and liquid paints is an important part of
occupatlonal risk assessment because substances may penetrate the skin and cause harm to
the human body Dermal exposure measurement methods are now ava:lable but generally
involve expenswe techmques, high skilted technicians, and_elaborate chemlcal analyses
(Fenske, 1993; Van.Hemmen and Brouwer, 1995). For risk assessment ;)ui'poses, models
have been developed by the USA Environmental Protection Agency I(Mulhausen and
Damiano, 1998; Brouwer ef al, 2001) and by the\'Utﬁ_ted Kingdorh Health and Safety
Executive for European Union (European Chemicals Bureau, 1996) to estimate dermal
exposure. . 1' |
| L
The spraying of a paint formula (Acramin F system) led to an outbreak of severe pulmonary
disease (Ardystil syndrome) in the community of Valencia, Spain in 199:i among factory
workers who worked in areas where textlles were air-sprayed (instead of being applied as
pastes for screen pnntmg) with dyes using the Acramin F paint system (Moya et al., 1994).
In order to elucidate the underlymg mechanisms of the toxnclty of this pamt and its main
. polymeric components, Acramm FWR, Acramin FWN, Acraﬁx FHN, and Acramoll W,
| Hoet et al. (1999) undertook studies using a battery of different cell types and assessing i
vitro cytotoxicity by measuring LDH leakage. The study showed that as in i:!n vitro studies,
the three polycationic paint components , Acramin FWR (a polyurea), Acr‘amin FWN (a
polyamide-amine) and Acrafix FHN (a polyamine) exhibited considerable cyiotox:cnty (LCso
generally below 100 pg/ml for an incubation of 20 — 24. h) in vitro, whlle Acramoll W,
which is not a polycatxon, was almost nen-tox:c (in the concentration range testjed).
The cytotoxicity was comparable in primary cultur:: of rat and human type 1 lI pneumocytes
and alveolar macrophages as well as in the pulmonary cell tine A549 and the hepatnc celi line
HepG2. In human erythrocyte, the toxicity was less pronounced. The workers feported that
the multiple positive changes play an important role in the toxic mechamsm The

epidemiological study showed convmcmgly that the outbreak was associated bolh in time
¥ ¥
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and location, with a foﬁm;la change from Acramin FWR (a p'olyuree) to Acramin FW'(a
polyamide-amine) in the paint- system used. It was concluded that Acramin FWR and
Acramin FWN have similar intrinsic toxicity and that these polyme:ic eompounds,_,-':which
have ne irritant properties‘ or systemic toxicity when given orally, exert a high une:g';)ected,

degree of cytotoxicity. ) i

1.1.5.3° Occurrence of Metals in Paints .
. i < '
The toxic metals in hull paint leach into water during normal use, mainteriance and

¥

application. They may end up in the food chains, killing marine life as they bioaccumulate,
possibly contaminating sea food. Countries such as Canada and Denmark now reétrict copper
paints (Rabin, 1989), the‘kind most commonly used in Tecreational boats. Hqivever, other
non-toxic silicone-based alternatives are available, but they are -foul, harder tg; clean, more
expensive and less durable. The challenge of an antifouling coating is to be ai;le to address
the arsenal of adhesives that marine bacteria, animals and plants use for stlckmg to surfaces.

Hence, there is a potent:al conflict between protecting sea life and slowmg ihvasive species
(Fields, 2003). In the last few years, there has been a rapidly growing pubhc concern over the
need to ehmmate lead-based paints due to their various health lmpllcatlons Lead-based
paints have been recog:mzed as a hjgh-dose source of lead absorption and a.cause of lead
poisoning in young chxldnen since the begmmng of the twentleth century (Marino ef al.,

1990). ’ - _ .’ | :

1.1.5.4. Uses of Lead in Paint Formulation g

The addition of consnderable amounts of lead in paint as plgments was once widespread
because of its use as plgment dispersing agent and drying agent but mostly because it
provuded durablhty to the paint (Rabin, 1989; Fassin and Naude 2004) Basic lead carbonate,
(PbC03) 2 and Pb(OH)z, calied white lead, have been used for over ‘2,000 years as a white |
pigment in pamt productlon They are also used in ceramic glazes and in making other
pigments. Red lead, or r:nmum (PbsO 4), a scarlet, crystalline powder formed by oxidizing
lead monoxide, is the pigt;lent in paint used as a protective coatiné for structural iron work

and steel work. Lead chromate, or chrome yellow (PbCrQ4), a crj;'stalline powder used as a

-* 5 24 o
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1.1.5.5. To:ucnty of Lead Pamts

.(Sanborn ef al., 2002). - " - 4:

¢ H :
yellow paint pigment, is prepared by the reaction of lead acetate and potassium bichromate.
Chrome red, orange chrome yellow, and lemon chrome yellow are ‘some of the pigments
obtained from lead chromate. Lead (IT) ethanoate (Pb (C; H303): . 3H2C), a white, crystalline
substance called sugar of lead because of its sweet taste, is prepdred commercially by
dissolving litharge in ethanoic acid. It is used as a mordant in dyeing; asa paint and varnish
drier. The shelf life of paints was thus improved, yet the problem of _pi:pmbism was created.
In recent years, however, because of the dangers of lead poisoning, t}le use of lead-based
paints for interior use has largely been discontinued (Needleman, 1998).‘1

L ’ .

Child-lead poisoning gamed wider ‘recognition since the mid-1920s as al' common childhood

disease resulting from lead paint in the home (Rabin, _ 1989) However, awareness that lead-

‘based paint is a source of lead poisoning in children dates back to the f rst few years of the

twentieth century (Bemey, 1993; Fassin and Naude, 2004). Giving the contmumg toll taken
by child lead poisoning and the considerable resources that will be requifed to deal with the

. problem, it may be useful to consider determmmg the shelf life and lmprovmg the same with

the use of b'oad spectrum biocides.
,’f |
i . o

1
|

‘, i

Lead is hlghly toxic. Chro:hc lead exposure may lead to developmental delay and the effects
are usually felt after it has ‘accumulated in the body over a penod of time. The symptoms of
lead poisoning are anaemia; weakness constipation, colic, palsy, and often a pardlyszs of the
wrists and ankles (Bellmger et al 1992; Schwartz, 1994; Banks ef al., ]997 Satcher, 2000,

Dietrich et al., 2001, Fassin and Naude, 2004). Flaking lead-based paints and toys made from
lead compounds are considered serlous hazards for children. Children are espec1ally at high
risk from lead, even at levels oncé thought safe. Lead can reduce 1ntell|gence delay motor
development, impair memory and cause heanng problems and troubles in balance Tn adults,

one lead hazard is that of increased blood pressure. In the United States, at the beginning of
the 20th century, white l_ead pigment in paint had been recognized as toxsc_and restricted
since 1915, Tt had been benned from professional use since 1926 and from cr:'a& work since
1948. Consequently, it remamed only in ancient, often dilapidated housing. Screemng for
fead toxicity is usually recommended for children living in houses bu:lt before 1950

)
!
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Paint Degradation

et

Increasingly, it has beoome evident that many materials can be degraded by the presence
and/or activities of microorganisms. Paints are no exception and often eontam biocides in an
attempt to contfol such’ ‘damage. The major groups of mlcroorgamsms involved in
degradauon of in-can pamts and the dry paint films are bacteria, ﬁmg1 algae and
cyanobacteria all of whlch are able to survive under conditions of stress such as drying
(C1fem 1999; Da Silva, 2003). Remedial action for deteriorated water-based paints is
usually unsuccessful as celtulolytic enzymes produced by the mlcroorgamsms which are
refatively stable and active over a long period (Saad, 1992) will be unaffected by modern,
broad spectrum biocides (Gillatt, 1992). : '

\
‘\.
.

. i
.

The microbiological degradation of water-based paints occurs because water-based paints are
potentially prone to in-can' aftack by both bacteria and fungi. fI‘he‘se microorga;}isms, needing
basically light, water and organic nutn‘éhts to grow reduce drastically the shelf"" life of water-
based surface coatings and ‘aesthetic values of painted surfaces/walls. One of the first signs of
microbial activity in in-can paints is v1seosny loss caused by microorganisms WhICh release
enzymes that can digest the traditional cellulosic thickeners. The role of bacterta and their
cellulases in paints have been mvestlgated (Goll and Winters, 1974). Miller (1973) pointed
out that cetlulose esters used as thlckemng agents in paint formulatlons serve as carbon
sources for. growth of badena and fungl They are liable to enzyme hydrolysw leadmg to
decrease in viscosity of the paints (Saad, 1992, Toothill et al., 1993). These enzymes which
are capable of functioning independently of the cells that produce them are large
proteinaceous molecules that attack the polymer chains of the thickener in water-bas_ed. paints
and break them down into cellobiosel' “ ‘which are smailer compourids that are do longer
capable of functioning as @ thickener. The cellobiose is then ﬁjrther degraded to glucose

which, bacteria and fungi ferment, producing acids and carbon dioxide (Reilly, 1991) The
resulting acid formed by the degradation significantly lowers the pH, causing more problems
(Alba et al., 2003). As the breakdown of the thickener continues, the paint separates and the
solid sediments settle to the bottom of the container, indicating loss of viscosity (Baetes et
al., 2003). Due to the carbon dioxide, nitrogen dioxide and hydrogen sulphide produced, itis
common for contaminated paints to have foul odours, bulging cans and even lids that pop off
the containers. Finally, the paints becorue discoloured, having a redueed shelf life. E'*.i

1
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Cellulose is the most abundant biopolymer occurring in nature and in agricultural and many

industrial wastes. Celluloslc derivatives are often used as thickeners in the paint industry.
The model for the complete depolymerization of crystallme cellulose by fungi which is often
referred to in bacterial studles is thought to involve synerglstlc action of at least two
cellulase components, namely endo-1, 4 beta-glucanase and e?co-l, 4-beta-glucanase, the
latter often being called cellobiohydrolase (Ryu and Mandells, 1980). Ceilulase(s) are

relatively stable enzymes which are active over long periods. The linactivation of cellulases is

'very 1mportant to control paint film b1odetenoratlon Once a water-based paint has been

contaminated by microorganisms, its physlcal and chemical propertnes change and the
microorganisms start to multlply and attack organic components in ,the paint system. Alba e
al. (2003) reported the tolérance and growth of the fungus, Scopulalriopsis brevicaulis as the
sole biodegl*adation ageﬂt of the main componenl? of cellulose beint thinners (toluene,:
acetone, isopropanol and xylenes) 1solated from a thmner biodegradation microbial
consortium. Once a cellulo:d object as pamt has been fabncated lt becomes subject to the
chemical, physical and“ blologlcal conditions of it enwronment Cellulose-based
formulations that have been exposed to undesirable env:ronmental conditions by
microorganisms is apt to be discoloured, warped, swollen and soﬁened Environmental
conditions usually aiter the enhancmg degradation of cellulose mtrate molecules. This

degradation generalty leads to lower viscosities (Reilly, 1992). : '=.
Bertram and Dale (1985) reported two major ways of conyertmg cellulose to glucose:
chemical versus enzymatlc The research on both methods has for decades occupied the
attention of many mvestlgators worldw1de. Due to the fact that each cellulose molecule is an
unbranched polymer of one thousand to one million D-glucose units, linkéd together with
beta- 1, 4 glycosidic bonds, cellulose from various sources are all the same at the molecufar
level. However, thiey differ in the crystalline structures and bindings by other blochemlcals It
is this difference that makes possible a persistent research on cellulose. The model cellulose
compounds most commonlyr used in todays paint industries are carboxymethyl cellulose
(CMC), which has a generally amorphous structure, and Avicel, which has a highly
crystalline structure conditions (Linko, 1977). '

There are two types of hydrogen bonds in ceflulose molecules: those that form gbetween the
C;OH group and the oxygen in the pyranose ring within the same molecule and those that

form between the CsOH group of oné molecule and the oxygen of the glucosndlc bond of
¢ £ ll
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another molecule. Ordihel:ily, the beta-l, 4 glycosidic bonds themsely_'es are not too difficult

crystallites. These crystals are sometimes so tight that neither water nor enzyme can penctrate

them; only exoglucanase, a subgroup of cellulase that attacks the termmal glucosidic bond, is

effective in degrading it. The inability of water to penetrate cellulose also explains why .

crystalline cellulose is msoluble On the other hand, amorphous cellulose allows the
penetration of endoglucanase, another subgroup of cellulase that catalyzes the hydrolysis of
internal bonds. The natural consequence of this difference in the crystallme structure is that

the hydrolysis rate is much faster for amorphous cetlulose than crystallme cellulose. The

process of breaking the glucosidic bonds that hold the glucose basic umts together to form a
large cellulose molecule is called hydrolysis, because a water molecule’ must be supplied to
render each broken bond inactive. In addition to cryst_e]lmlty, the chemlcal compounds
surrounding the cellulose also limit the diffusion of th’e"ehiyme into 'th‘e reaction sites and
play an important role in determining the rate of hydrolysis (Ghose, ]977 Bertram, 1985).
The conversion of cellulose into glucose is now known to consist of two steps in the enzyme
system of Trichoderma viride. In the first step, beta- 1, 4 glucanase breaks the glucosidic
linkage to cellobiose, which is a glucose dimer with a beta-1, 4 bond as opposed to maltose, a
counterpart with an alpha-] 4 bond. Subsequently, ‘this beta-1, 4 glucosrdic linkagge is broken
i by beta-glucosidase. g _' : ‘ ‘-

—_—
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1.2.1 Biodegradation of Applied Paints - o |

Microbial deterioration of painted ‘walls is a phenomenon often Lencountered by
' conservationists during the restoratlon of ancient buildings. Phototroph1c biofilm forms act as
. primary colonizing layers ‘on the mtemal and external surfaees of htstonc and cultural
buildings ali over the world® from the wooden huts of the first Antarctic explorers to the
stone buildings of ancsent civilizations. Fungn algae and bacteria can afl grow on applied
paint films and solvent and water-based coatings are both susceptible (Gaylarde el al., 2003).
} B w
1.2.2. Weathered Painted Walls: Moisture, Molds and Decay Problems '_ ":‘

The occupants of moisture-damaged buildings suffer from various resplratory and other
) S health disorders (Borneberg et al., 2004). Inhalable components or metabohtes of microbes

~ © growing on morsture—damaged painted walls aré considered potential mducers of these
A ’ 1
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" to break. However, because of these hydrogen bonds, cellulose can fo‘rm very tightly packed “
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effects (Torvinen ef al, 2006). The biotransformation process on painted walls attains
S . highest levels in warm-hij”rnid‘climates where the environmental conditions are extremely
favourable to the growth of most organisms Painted films are exposed to weather and
susceptible to influence’ of env1ronmenta] parameters. Physical, chemlcal and biological
factors interact with constitutive materials, inducing changes both in 1ts compositional and
structural characteristics. The biological aspect of this transformation i is, due to .the metabolic
activity connected with the growth of lwmg organisms (Inoue and Koyano 1991; Saad,
1992; Adéleye and Adeleye, 1999). Ogbuhe (2004) reported the occurrence of the following
bacteria genera: Enierobacter Staphylococcus, Pseudomonas, Bac:llus Micrococcus and
Streptomyces on normal and. deienorated painted walls. The fungal genera isolated included:
Rhizopus, Penicillium, Ciado.spormm Aspergillus, Alternaria, Fusarmm and Curvularia.
The biodegradability of panﬁed walls by a large varlety of mncroblal spec:es is due mainly to
their organic and inorganic constituents (Ciferri, 1999; Da Sllva, 2003) This factor makes
water-based paint a potential ecological niche that may be exploited by these microbial
species. The microflora‘attacking painted walls include virtually alt specnes of microfungi
because the variety of orgamc components of these paints can represent a carbon source for
practically all species. In addition, they show a great tolerance for the prevailing
. environmental conditions and can use condensation moisture as a source of water, necessary
g for microbial growth. The occurrencel\of microalgae and cyanobac'terila on monuments
| (Ortega-Calvo et al, 1991; 1993) or plaster (Danm et al, 1982) has been’ mvestlgated both
for their ability to etch m}neral components (Danin ef al, 1982) and to form aesthetically

coloured patches and in some cases, a reddish staining of marble (Pietrini el al, 1985). The
- presence of algae can assume great relevance, especmlly for monuments exposed in wooden
environment (Tiano and Caneva, 1987) even if the metabolic actmty and the remains of the
dead cells promote the development of heterotrophic orgamsms and !ower‘ plants (Ortega-

Calvo et al., 1993). |

b

1.2.3. The Bacterial Aetiology of Discolouration of Wall Paintings.

The microbial colonization of masonry and historical wall paintings by fungi, algae and
bacteria may result in structural andfo:r aesthetic deterioration of oainted surfaces (Ciferri,
o 1999). The formation of. pigmented biofilms, biomineralization, degradation of organic

binders and, discolouration are common deleterious effects of microbial grO\:'yth. It is now
|
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well establlshed that the 1denttﬁcatton of the whole mlcrobial dtver31ty present on painted
surfaces is an essential requtfe“ment for the rational des:gn of preventlon and restoration .
strategies. The structure and microbial actiology of biodeteriorated monuments and painted
surfaces has been investigated (Amann, 2000; Theron and Cloete, 2004 Gonzalez and Saiz- -
Jimenez, 2005). This is because the mventory of microorganisms responsnble for biological
deterioration of ancient paintings has become an integral part of restpration activities. The
bacterial community ﬁ‘orn three discotoured painted walls in Italy l%-.was investigated and
characterized (Imperi et al., 2007). The eubacterial population was prevalently composed of
Actinobacteria among which Rubrobacrer radiotolerans- related bactena accounted for 63 ~
87% of the bacterial oommumty in the sampled site. Archaes, wnth prevalence of
Haloarchaea- related spectes, wete detected in one of the three sites where they accounted for
less than 0.1% of the total microbial commumty.\Th_e mvestngatnon provided the first
evidence of a casual relationship between héavy con'tanti'nations by é’?ubrobacter—rclated

bacterioruberin- producing bacteria and rosy discolouration of anoient waill paintings.

Biofilm Formation ' : . : I‘;

';
The formation ‘of btoﬁlms on pamted walls results in aesthetic. dtscolourattons The
traditional model of biofilm formatton proposes development in discrete steps These involve
formation of a condlttonmg film, transport of mtcrobes to the surface and reversible initial
adhesion through non-specific Van der Waals forces followed r'by 1rreversxb]e attachment to
the painted walls and the production of extrace]lular polymeric substances (Busscher and
Van der Mei, 2000; Hsueh et al., 2006). Biosurfactants have been reported to play various
roles in biofilm formation. Pellicle or surface biofilm formation in B. .swbtit’is also required
surfactm (Conelly et al., 2004). It has been reported that the addition of about 0 — I mg of
surfactm per ml could rescue pellicle formation by surfactin-deficient mutants of B. subtilis.
Surfactin produced by B. subt:lts 6051 was required for biofi Im formatlon in mncrotlter plates
and on Arabidopsis root surfaces (Bans et al., 2004). In contrast the addmon of surfactin
inhibited biofilm formation by Salmonella enterica ser ovar typhtmurmm E: scher:ch:a coll,
and Proteus mirabilis but not by Pseudomonas aeruginosa (Mn'eles etal, 2001) This may

account for the persistent occurrence of Psendomonas aeruginosa on biodeteriorated painted

i
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walls and on biofilms forihed on spoilt paints. Rhamnolipid, a biosutfactant produced by Ps.
aeruginosa, was reputed fo b& involved in the development and rnaintenance of biofilm |
architechture (Davey ef al 2003; Lequette and Greenberg, 2005). On the contrary, Boles ef
al. (2005) observed that: rhamnohplds med:ated the detachment of Ps. aeruginosa from

biofilms. '

i
‘.
i

‘The cell membrane of Gram- -negative bacteria allows the transport of water motlecules. Weiss

et al. (1991) showed that factors other than molecular size, such as the’ enzymattc hydrolysis
of organic phosphates and the interaction of the substrates with the cell surface are important
for cell utilization of phosphates. Pseudomonas spp. show capabllrty .of utilizing organic
phosphates asa phosphate source. This property could also be utilized by Ps. aeruginosa in
adhering to btodetenorated surfaces m addition to ce]l -surface hydrophobtcnty which has
been recognized as a physrcal measurable characteristic of bactena (Ntkovskaya et al., 1989)
and this property has been commonly’ 1nvest1gated in the adherence of bactena to surfaces
like biofilms (Rosenberg and Doyle, 1990) on painted surfaoes Thls also favors the
indigenous mtcroorgamsms in water-based paints. Most_studies related to environmental
Cross contammatlon carried out inindustries showed that a daily cleaning and disinfection of
the painted walls resulted in a thlrty—fold reduction of bacterial numbers. Therefore concrete
or masonry walls require coatmgs or treatments that can be efficiently cleaned but remained

1mpenneable to moisture,cleaning solutions, food acids, fats and other matenals Ha et al.

. (1995) also examined coatmg materials for walls and cetllngs ‘as potentlal sources of

" environmental cross contamination in a poultry processing plant envtronment It was

observed that when coating materials were inoculated daily, the chemical samtlzer used in
the study effectively decreased surface contamination of uncoated and pamted concrete. At
many places along the productton lmes in a paint industry, raw materials for pamt production
come in ciose contact wrth surfaces of equipments, machines, tables, walls and floors. This
can result in the contarmnatron of the finished product. LeChevallier ef al. (1988) examined
the inactivation of biofilm bacteria and characterized the interaction of btocrdes with
microbial interfaces. The - research “examined four disinfectants (hypochlor0us acid,
hypochlorite, chlorine dioxide, and monochloramine), three types of surfaces (granular
activated carbon, metal coupons, and glass microscope slides), two bacterial types (HPC

bacteria and coliforms) as well as several alternate biocides (copper, zinc, SOdll.lm chiorite,
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and alkaline pH). The résults reveal important properties of the compounds which can be

exploited to improve inactivation of biofilm bacteria- both in the llqutd paint and on the

" painted surfaces The mechanisms of reduced susceptibility to btocndes of bacterial cells

present: wtthm biofilms have been the subject of considerable expenmematlon and debate

(Gupt'%al et al.,'1999; Gilbert and Mc Bain, 2001). These mechanisms mclude

» Reduced access in biocide molecules to bacterial cells. . B

} i :;
» Chemleal interactions between bloﬁlm and biocides. '

» Modulatnon of the microbial environment producing nutrient - and oxygen -limited and
starved cells. : ' ' ‘. .
» Production of {degradvative enzymes that might be effective ‘at lower biocide—
concentrations within the biofilm. |
Genetic exchange between cells. L o
Quorum sensing. _ Lo
Presence of pers:sters and of pockets of surviving orgamsms o
Adaptation and mutat}on within the biofilm and

" Biocide efflux. - _ S

In nature, it is likely that paint biofilms will consist of mixed populations of 'different types of
microorganisms. Biofilm formation is a major reason for the refractory response of many
organisms to biocide (Russell 2003). There could also be dlfferent target site affinities for

biocides in different types of microorganisms although, this aspect has been less widely
studied. :

i
1

1.4. The Metabolic Activity of Biofitms

Biofilm cells dtffer phenotyplcally from their free-floating counterparts. Differential growth
rates in biofilms are often referred to, part:cularly in response to limited dnfﬁ:snon of oxygen
and nutrients. Bester et al. (2005) observed that the growth rates of attached ;Pseudomonas
spp. strain CTO7 cells were notably higher than the maximum speclﬁc growth rates measured
in batch culture. The metabolic activity of paint biofilms is theoretically controlled by
environmental conditions at the pamted surface and the express:on of. specnﬁc genes induced
by adhe51on. Investlgattons into the genetlc basis of biofilm formatlon and development

. »
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revealed several genes that are mvolved in biofilm formation. For example genes encoding
for flagella, type I and type IV -pili, surface adhesins, homo sering lactones, and several
" others have been 1dentlﬁed as being involved in the formation of bloﬁlms under various
environmental conditions (Pratt and Kotler, 1999). While numerous studles have investigated
‘the changes in gene expresswn when microbes attach to surfaces ltke spoilt paints and
biodeteriorated painted ﬁlms the process’ of detachment has received 11ttle attention (O’ Toole
et al., 2000) and therefore, affords an opportunity for future research. However once surface
colonization has taken place, detachment of adherent cells is difficult and expensive, hence
they leave permanent ugly marks on painted surfaces. While it is thought that a lack of |
internal cohesive forces - or unfavorable environmental oondlttons , may result in the
detachment of parts of the biofilms on painted walls, the possible mvolvement of genetic
determinants in the detachment process of individual cells has only recently been addressed
(Bester ef al., 2005). ’ ' -‘
I"‘.

The active detachment of cells from biofilms can be mediated througlt. the expression of
extracellular enzymes that target the exopolysaccharide component of the' biofilm matrix, as
was shown when alginate lyase was expressed in algmate-producmg Pseudomonas
aeruginosa biofilms (Boyd and Chakrabarty, 1994). The acuvny of an N-
acetylglucosamonidase (dispersin B) produced by Actinobacillus aclmomycetemcomttans has
been demonstrated agamst a component -of the Staphylococcus ep:dermrdts biofilm matrix.

Enzymatic activity not only resulted in-the detachment of extstmg S. epzdermtd:s biofilms,

but also prevented mmal colonization. Gilbert ef al. (1993),noted that smce changes in
bacterial physiology occur after contact with a surface, one could argue that an alteration in
the properties of an attached bacterium could result in detachment. Blof im-detached
Escherichia coli cells were found to be significantly more hydrophilic than the attached
population, wh:ch Allison ef al. (1990) suggested could reflect the mvoiven!:ent of the cell
division cycle in detachment from biofilms. 1'
i

i
Sauer et al. (2002) showed that the development of biofilm. by Pseudomonézs aeruginosa

F

results in the detachment of adherent bacteria. They observed motile cells exutmg from within
attached cell clusters, leavmg behind a hollow shell of non-motile cells embedded in a
matrix. Whole-cell protem profiles mdlcated that detached cells were more closely related to
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planktonic cells than mature biofilm cells. The authors suggested that these detached bacteria
are in transition from an " attached to a planktonic phenotype (Sauer et al., 2002). The ‘
contentton that detachment is a discrete step in the process of bloﬁlm development was
further supported by the ‘observations of Kaplan ez al. (2003). ’They reported - that the
detachment of non-motlle A. actinomycetemcomitans from a b1oﬁlm is dependent on the
synthesns of a hpopolysacchande component. While the attachment and development of the
biofilm was not disrupted when the gene for a polysacchande was interrupted, the
detachment of single cells and/or small clusters from the biofilm was abolished (Kaplan et

al., 2003). This result generally suggests that biofilm formation on pamted walls may or may
)
‘:
1

not be plasmid-mediated. -

Mechanism of Aggression and Microbial Succession -~

I \

The autotrophic, mtnfymg bacterla found on many different types of maLonry and considered

responsible for the blologlcally-mduced detenoratton of bmldmg matenals (Hueck Van Der -
Plas, 1968) can be eonsldered the pioneering inhabitants -of many pamted walls. These

bacteria have been mvestngated for their ability to form aesthetically coloured patches and

oxidize to mtrate the ammonia present in the .atmosphere, thus promotmg growth of
heterotrophlc microorgamsms ‘The metabohc activity and the remains of the dead cells of
these first colonizers promote the development of both heterotrophic orgamsms and lower
plants which are capable ‘of hydrolyzing bacterial cell wal]s (Ortega-Calvo et al, 1991,

1993). The next group of organisms are the fungi, which are stnctly heterou'ophlc organisms
that need organic matter to grow. Some fungal species (Penicillium, _}Cepha!aspormm,
Trichoderma, Fusarium and Phoma) have & greater biochemioal decay poteﬁtial than lichens
(Iskandar and Syers, 1972). They chiefly utilize the polysaccharides commg from microbial
cell walls, metabolic intermediates and storage materials that are avallable on painted
surfaces. The last groups in the success:on are the lower plants and weeds These lower
plants are indicators of wet conditions as they need very damp environment to complete their
reproductwe phase (O’ Neill, 1988). The development of microflora and macroftora is
heavier and more noxious on biodeteriorated painted walls in tropical chmates where high
rainfall and temperature greatly mcrease the growth of higher plants on monuments (Tiano

and Caneva., 1987) than in temperate environments.
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1.6.

Use of Biocides in Paint Production

T

Increased costs of disposal of spoilt efr;ulsion paints, allied with aséolciated environmental
dlf’.ﬁcultxes and the financial loss; 1nvolved have fed to demands for improved remedial
techniques. Contaminated paints can be treated wnth a high level of blOClde the so called
"kill dose” to eliminate contamination, although the initial viscosity ¢an not be recovered

(Gillatt, 1992). Microorganisms vary in sensitivity to antimicrobial agents depending on their

‘growth phase (greater du;ing logarithmic phase) and the nature of the substrate in which they

are found (Mirsha ef al, 1995). Biocidal action may rgsult ﬂmilugh physiochemical
intera_ction with mi(.:rob'ié.ll target structures, specific reactions with biological molecules, or
disturbance of selected metabolic or energetic processes. Mechanism? of action studies of
existing antimicrobial agents can provide directioﬁ‘to\_t!_\e developmqnt of novel biocides
(Lambert ef al,, 2001) which can be incorporated into paint“f\'brmulations? to preveni spoilage.
Da Silva (2003) reported the efficacy ‘of two biocides used to protect paint films. One, a
formulation containing | diuron (a herbicide), carbendazin (a furf;lgicide) and octyl-
isothiazolinone (OIT- a broad spectrum biocide), and the 6tf1er, a mixtt;re of isothiazolinone
and benzamidazole derivatives. The biocides - were found to bfe effective against
cyanobacterial growth and the spores 'af Aureobasidium pullulans, ‘A‘spergillus niger and
Penicillium spp. The same biocide can be more or less active on. different strains present in
the consortium (Young et“cﬂ., 1995). Hence, the selected biocicjlenkhoﬁlq always be tested on
fest specimen made with the same material, possibly colonized with the same biocoenosis
developing on it. More recently, some applications have been madei using protective or
consolidating polymers a,]bne or mixed with biocides in order to en:hancé their efficacy
(Grant and Bravery, 1985; Tizl_mo etal, 1995). !

- " !

Normally, the results of positive biocide treatment are clearly visible on the "in situ”
biological growth with /the exception of lichens which can remain macroscopically
unchanged for a long time even if th‘e treatment was effective (Mirshlh ef al., 1995). The
lasting effect of a treatment in outdoor conditions ranges from 1 —3 years depending on type
of the chemical used and envnronmental conditions to which the treated surface is exposed.
If the biocide is to be washed off after its actlon or left as preventwe on the surface is a

matter of choice by the production team (Mirsha e al, 1995). |
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1.7. The Relationships and Susceptlblllty Patterns of Microorganisms to- Antlblotlcs and

Biocides ST e

Bacteria resistant to both the antibiotics deployed to pfevént spoilage and t;hose used to treat
spoilt paints would be formidable microbes. There are many ways in which bacteria are able
to resist antibiotics and blOCldeS (Russell, 2000). The efficacy of a blocnde depends on the

ability to traverse the outer cell layers of the organisms, Different cell wall types exist for

‘example :in members of the group Archaea, with the peptldoglycan analogues,

pseudopept:doglycan, polysaccharide, protein, or glycoprotem being present Thus, it is not
surprising that uptake of biocides might differ greatly in a wide range of orgamsms in which
the composition of the outer cell layers may have a limiting role, albeit for different reasons.

However, Gram-negative bacteria resistant to antlbnoths have been found to be susceptible to

 biocides (Stickler, 2002). Gram-negatwe bacteria, especlally Ps. aerugmosa, show reduced

susceptibility to biocide compared wtth the Gram-positive cocci (Russell and Chopra, 1996).
The major reason for their recalcltrance to biocidal actwnty is the hpld-nch, waxy celi wall
which limit mtracellular uptake of many biocides. Bacterial spores- tend to be much less

susceptlble to blOClda[ agents than non-sporulating bacteria- An obvious réason is to be found
|

_with the nature and composition of the spore coats and possibly cortex which present an

effective permeablhty barrier to the entry of many biocides. A partlcular biocide may thus

inactivate (or sometimes mhlb:t) more than one type of mtcroorgamsms (Russell, 2003).

’ [l

\ \‘ A ! ’
Wolf and Riley (1965) c‘ie;e,cribed the fungistatic performancé' of Ib 10'- bxybisphenoxarsine
in the extenor latex and asphalt coatings. This fungicide has been found to be outstanding in
its activity against bactena and ﬁmgl Parallel tests with known funglstats for comparison
(2,3,4 6-tetrachlorophenol and phenylmercunc acetate) have demonstrated its superior
activity and persnstence m an exterior acrylate paint film and in an aspha]t coating. In view of
its superior antlmlcrobla! actmty and its persistence, it can be used in appllcatlons in which
there is no danger of ingestion while simple cleaning procedures with water-Jet have been
tentatively used for the eradication of biotogical growth (Leznicka, ,1992). The ultimate
appro'ach is to increase the susceptibility of orgahisms to biocides prio:r to treatment, using
product such as EDTA (Pantaz1dou and Theoulakis, 1997) or ionizing radlatlon (Tayler and

May, 1994) which could Iead to the use of even lower concentrations of blOCldeS with lower

: - |
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environmental impact (Pantazidou and Theoutakis, 1997). Ultraviolet rays have been used
especially against bacteria, algae and fungi in the treatment of venders and plasters (Tiano,
1994). The part of the UV. spectrum with germicidal activity is between 200 300 pm, with a
maximum of activity between 230 - 275 pm. However, UV radtatlon can modify some
materials such as oellulose proteins and the colours (natural or dyes) of surfaces (Tiano,

1994). . . |

[1 1
! H

‘Galeano éf al. (2003) reported the antibacterial properties of a particular silver-zinc zeolite

preparation, the AgION antimicrobial, applied to stainless steel sheets. The challenge
organisms used were specles of the genus Bacillus, chosen for the:r environmental ublqmty,
their ability to form resistant spores, and their known roles as agents of food poisoning (B.
cereus, B. anthracis), food spoilage (B. subtilis), and b_tetietenolnsm (B. anthracis). 1t was
observed that the silver-zinc zeolite present in AgION antirnicrolTia!-coated stainless steel is
effective at inactivating vegetative cells of the three Bacillus spp.  tested. However it should
be stressed that the efficacy of the AgION antimicrobial was determined under laboratory
conditions where parameters such as the suspension medium, ionic strength, pH, temperature
and relative humidity were strictly controlled. Takai ef al. (2002) have also demonstrated

strain, species, and envtronment-specnes differences in the macttvatton rates' of various

bacteria exposed to silver zeolites. + |
| |

-

There is evidence to mdtchte that the antibacterial activity of sﬂver zeolites results from the
generation of reactive oxygen species (ROS) derived from dtssolved oxygen in aerobic
environments, including 'super oxide'anions, hydrogen peroxide, hydroxyl radicals, and
singlet oxygen, and that the antibacterial activity of silver zeolites can be inhibited by ROS
scavengers (Inoue et al., 2002). In this context, it makes sense tﬁat' the different species of
Bacillus used in the study exhibited greater or lesser sensitivity to t%.ntibacterial zeolites due to
intrinsic differences in their abilities to handle oxidative stress ('Herbi'g and Helmann, 2002).
Furthermore, it is not surprising that dormant spores are resistant to silver-zinc zeolites owing
to the high resistance toﬁROS conferred by the spore coat layers (I;liesenman and Nicholson,
L1

2000). Addressing such considerations could lead to the des:gn and development of more

effective antimicrobial coatmgs ‘ .
i
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1.8. Alternate Biocides
,* )
* Several reports have indicated dlfferent attempts with novel approaches to comhat biofilm

problems on painted walls. Copper sulfate has been applied to biofilms to mactwate coliform
organisms (Geldriech and Stevens 1986). This practice was based on the ohservat:on that
copper can injure and kill coliform bacteria (Domek et al., 1985). Martin et al (1982) found
that elevated pH helped control coliform bacteria, whereas Lowther and' Moser (1984) found
that application of zinc orthophosphate seemed to alleviate the ptoblems The exact reason
for the success of zinc ‘orthophosphate is not known. But the tox1c1ty of zinc to
microorganisms was thought to be a possible factor. LeChevallier et al (1988) showed that
these alternate biocides had some éffectiveness on suspended bacteria but limited activity -
against biofilm microorganisms. The combined effect of the biocides with other disinfectants
“however, was not tested and could have some synergistic ei;f:cct. :

1
v

1.9. Predictive Modeling | ,

Estimation of shelf life is critical to the successful marketing of a prodoc;t Variations in the
productlon processes of paints may contribute to inconsistent product quality. Variation
factors such as raw materials, production environment, packaging matenals and storage
conditions can mﬂuence the overall quallty of a paint product as percelved by the consumer.
The shelf life of any product can be predicted as the time requn‘ed by the specific spoilage
organisms to multiply from the mmal level to a spo;lage level (Dalgaard, 1995,
Koutsoumanis and Nychas, 2001). Water-based paints ‘are hlghly susceptible to
biodeterioration (Gillat, 1992; Adeleye and Adeleye, 1999; Da Silva, 2003) Paint shelf life is
influenced by a number of factors, such as initial microbiological qualtty, handling and
packaging materials. : ;’
" Several problems are relatcd to the use of microbial, sensory, and biochemical methods of
| shelf life determination maﬁ_nly due to time and sensitivity limitations. ("An alternative to these
methods is predictive microbiology. Prediction of paint quality can imiprove significantly, its
distribution and marketing (Koutsoumanis, 2001). The use of mat%lematical modeling of

microbiological behaviou}r to predict ‘and evaluate shelf life is receiving commendable
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interest. Researchers are attempting fo use mathematical equatlons that incorporate such

critical growth factors as pH, @y, and NaCl content to predict m1crob1olog1cal growth and/or

toxin production in onder to replace traditional time~intensive challenge studies. Predictive
equations can be divided into probabilistic, regression, Arrhenius and square root models

(Skinner et al,, 1994). The models can be used to predict time to reach a critical leve! under

" constant ‘conditions \mthm the range tested. Although, there is rapld ‘progress in the field of

chemical detection technology, little of this technology appears to have found appllcatton n
the estimation of shelf life of products and early detection of spmlage (McMkeen and Ross,
2002) Predictive microbiology aims. to summarize the probable behavxour of spoilage
organisms and the progression of spoilage processeS\m different products The quantitative
knowledge generated in the field of predictive mlcrobrology, prov1des a sound basis for the
rational development of devices wtth which to monitor paint shelf life during storage,
distribution and retail sale. : ' , '\

'
Apphcatlons of mathemancal modeling for shelf life predictions require suﬁlc:ent knowledge
of the product spoilage mechanisms (Koutsoumanis and Nychas, 200]) and the specific

spoilage organisms (SSO) (Gram and. Russ, 1996). Koutsoumanis - (2001) presented a

~ mathematical model for the effect of temperature on the growth of the SSO (which was

Pseudomonads), of aerobtcally stored gilt-head seabream. The déta on Pseudomonad growth
from 23 experiments with gilt head seabream stored at drﬁ'erent 1sothermal conditions were
collected and modeled as a function of temperature using a Belehradek type model. The
ability of the model to predict mlcroblal growth at non- |sothermal condmons was evaluated. '
The companson between the observed and the predicted growth of Pseudomonads on gilt-
head seabream undei dynamic temperature models take a limited number of factors into
consideration compared to the numerous factors influencing growth in pamt products, .this
phenomenon named "completeness error" (McMkeen and Ross, 2002). Rtsk estimates for
paint products will usually depend heavily on the numbers of mtcroorgamsms present in the
paint at the time of use. As these data are seldom available directly, attentlon has turned to
predictive microbiology as a means of inferring exposure at the time of use., The expression
of microbial ecology knowledge in predictive microbiology models prov.ldes a better

L4 ) : . :Il
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understandmg of shelf llfe using the fools of risk assessment (Ross end Mcheen, 2003).
This is cons1dered to be relevant in’ this study. The construction of predictive models
involving equatlons that can use the mfo:mat:on from a large data base to predict spoﬂage
time was the core objective of this study. ' - ;

1.10. Statement.of the Problem - ' j

1

The paint industry suffers considerable economic losses as a result of microlq’lial attack in the
liquid state which fesults in spoilage and is evidenced by viscosity loss, gasa‘sing, malodour,
discolouration and visible surface growth. Although viscosity loss, a major indication of
paint sporlage can be treated with high level of broad spectrum blocxde subsequent
rethickening is impossible as a result of cellulolytic enzymes produced by microorganisms
which are usually unaffected by modern biocides. This seriously compromlses the adhesion
and durability propertles of paint as well as its decorative. functlon The contamination
occurs during production and poses greater problems when they are not detected until the
pamt reaches the end user, since there is no shelf iife indication on the pamts In Nigenia,
there are up to100 paint’ manufacturmg companies (Adeleye and Adeleye 1999) but due to
lack of appropriate regulatory acts, pamts are produced without a shelf’ life indication. A
" number of paint mdusmes have recorded numerous cases of foul smellmg, contaminated
paints being returned to them from buyers of the product apd this results in significant
wastage and losses. Due to the fact that paint manufacturers themselves are ignorant of the
. shelf tife of paints, they continue to sell expired paints and paints that are near expiration to
consumers. Therefore, the determination and indication of shelf tife lS a major chailenge

facing the paint industry, considering also the cost of repainting detenor?tmg painted walls.
The consequences of biofilms occurring on storey buildings of anéienlt civilization and
contemporary buildings include aesthetic and structural damages on our cultural heritage. As
aesthetic damage, one must consider plgment dlscolouranon stains and formation of paint
biofilms on the painted surface whereas as snuctural damage, one must consider cracking
and dlsmtegratlon of paint layers, formation of paint blisters and degradatlon of the support |

glues and bmdels resulting in the detachment of the paint layer from the support. Of course

|
i
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the two types of damages are closely liniced and in the lorilg run structural damage
profoundly affects the aesthetic quahty of a painted wall. Dark coloured fungi and
cyanobacieria produce pigments that cause green, red, brown and black discolourations to be

formed on buildings. Although, the plgments are useful to the mlcroblal cells, protecting

. them against various types of stress, they add yet another weapon to the microbial arsenal

against historic monuments. The removal of such deteriorated cqatmgs results in potential
health problems and high expenses (Wolf and Riley, 1964; Gaylai'de et al., 2003; Jacobs ¢
al., 2003). Fungal growth on a paint film normalty appears as dark spots on the surface and
i3 sometimes conﬁ.tsed with dirt. Water supports germmatlon hyphal growth and sporulation
of fungi. The spores produced become a source of pollution (Saad, 1992) and can be a
significant health hazard to persons with respiratory allergles Panaccione and Coyle (2005)
reported the productron ‘of ergot alkaloids by ‘Aspergillus ﬁ:mrgams a common airborne
fungus and an opportum_stlc human pathogen (Prescott e al., 2005) which has also been

isolated from biodeteriorated painted walls (Adeleye and Adeleye, 1999).
. [
|

In addition to the foregoing, the unrestncted use of lead in paint productton to increase its

shelf life and prevent deterioration has persisted primarily because the shelf life is not

" known. The problem hds been traced to the fact that the shelf life of paint has been ignored

by manufacturers. The 1mportance in adhering to this strict mpntrfactunng ethics cannot be
overemphasized especially in a wam and humid environment, where deterioration is
facilitated. The ingestion or inhalation of lead based paints causes trreversrble damage to a
child’s developing brain, having a significant, long lasting impact on learning and behaviour
(Bellinger et al., 1992, Schwartz 1994 Banks er al., 1997, Satcher 2000; Dietrich et al,
2001), |

i

| |
Due to the potentially hazardous eff‘ects of lead-based paints, the federal legislation
prohibited the use of lead paints in 1970 in the United States of Amenca without industry
opposition. Unfortunately, the various institutions vested with the statutory responsibility for
overall determination of products’ standards in Nigeria have inot lived up to their,

expectations. It is not surprising, therefore, that today, hundreds of thousands of young

J
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. To date,

1
—,

children suffer from lead levels that résult in leaming disabilities, hyperactivity, poor motor

coordination, and other developmental deficits. It is well Icnownflﬁtat the major source of such

poisoning is the lead paint applied to homes to improve tﬁleit durability and shelf life
(Schwartz, 1994; Lanphear et al., 2000). ’,

i
there is no widespread existence and enforcement in Afncan countnes of legislation
to control the use of lead in paints (Mathee e al., 2007). Given the preventable nature of the

use of lead and the serious consequences on children’s health and educatlonal attainm

there is need fo

ent,

r greater vigilance and a more proactive approach to lead hazard prevention

within African public health community, including 1mproved survelllance and research to

identify the full extent of sources and risk factors, as well as 1mplementat|on of the most

appropriate lead ponsonmg prevention mechanisms. Estlmatmg the sheif life of paints

therefore, is a critical step in évaluating new f‘ormulahons Agamst this background,

therefore, the purpose of this study was explained and outlined.
' ' t

,
!
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1.11 Objectives ofihe Study L ' ' f

The broad poal of this research is to develop a predictive model for shelf hfe determination

of water- based paints that are produced in Nigeria. The study therefore is set out to achieve

the following objectives: '\
I

. To isolate and charactenze microorganisms il the raw materials, stages of production,
1

packaging materials used in paint production as well as from bi:odeteriomted wall
scrapings. '
|
& . . . . . . . . ) j
. To identify microbial contaminants in paints, particularly the (_:ellulose-degraders
' |
l
!
. To determine the biodegradative activities of the isolates -on physico-chemical

using standard cultural and biochemical methods.

parameters and chemica! composntlon of fresh and spmlt paint samples

. To determine the presence of lead and other heavy metals in paint samples.

¥

. To carry out & biological assay of the biocides used in product"ion and assess their

efficacy in improiriné the shelf life of paints. T

\ 4 \ .

;| f

. _ J ‘

. To assess the growth pattern of isolates in freshly produced paint 'samples for spoilage
. 1

potentials and determine their genetic composition for presehcg of plasmids with a

view to ascertaining whether or not the spoilage potentials of the contaminants are
plasmid-mediated. '
\
. . L
. To determine the resistance of the cured strains to specific antibiotics in order to
i
o
. - - . . . I v .
. To determine the shelf life of paints microbiologically jand statistically by

ascertain the effectiveness of the curing agent.

development of predictive models.

1
1
!
:
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ACRYLIC:

ADHESION:

AEROSOL:

ALKYD:

ANTI -
CORROSIVE
PAINT: '

-

ANTI-FOULING
PAINT:

ASH:

APIL:

BINDER:

—

1,12 Operational Definition of Terms

n

A type of synthetic polymer used as the binder for h1gh-perfonnance water-

based paints and sealants. Some acrylic polymers are used in “auto finishes

appliance coatings” etc.

The ability ef a dry paint film to remain attached to the surfuce.

Container dispensing fine sprays of pressurized liquid paint etc.

A synthetic resin used in solvent-based paints. An alkj}d resin is made by
reacting & drying oi! with hard synthetie material II

1

A paint designed to minimize rust or corrosion when app‘llied directly to

metal o
: : t

.

specially formulated paint for surfaces such as boat hulls and piers. Tt

dlscourages attachment and growth of marine p]ants and amimals
A pale, powdery residue left from bumning.
Analytical profile index - ’ ;

1. A component of a paint that "bmds" the plgment particles info a
umform continuous paint film, and makes the paint adhere to the
surface The nature and amount of binder helps determine most of
the paint's performance properties — washapxhty, toughness,

adhesion, colour retention and durability.;
:

2. In sealant, a component thal "binds” Ii'he pigment particles info a
- homogeneous compound and makes the scalant adhere to the
surface. The main performance propernes of sealant - durability,
adhesion and flexibility at iow temperatures are determined by

the binder.
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" BIOCIDE:

BIOCOENOSIS
= BIOF_ILMS:

COATING:

CONSORTIUM:

~ CORROSION
. RESISTANT:

“PESICCA TOR:

&, DURABILITY:

EDTA.:

. EMULSION:

EXTENDERS:

FLOW:

C—

A biologically active paint and sealant additive designed to keep bacteria from
spoiling the paint or seaiant during storage or to keep,fungal and algal

contamination from growmg on the applied pamt film. f

Biological growth. O

! '
1

A paint, stain, vanish, lacguer, or other finish that provideé a protective and/or

decorative layer over a substrate. B

A combination of different microorganisms

Tl -

Ability of a substance to resist deterioration due to a chemlcal reaction with its

environment. Coatings that do this usually contain a con'oswn mhlbltor:

A compartment for thorough drying. a _“
v N ‘ ;
The degre'e to‘which a coating or sealant can withstand the destructive effects

‘- "
of the env1ronment which it is exposed. The term also refers to interior

apphcatlons, including the ability to withstand scrubbmg, abrasion, efc.
!.. .
i
Ethylene diamine triacetic acid '
A mixture (usually milky -white) in which one lic{did is dispersed (but not
dissolved) in another. Water-based pamt or sealant bmder is often referred to

as an emulsmn even though it is a dispersion of sol:d pulymer particles in a

liquid (water). '

A low-hiding, inexpensive pigment that fitls out and extends the high hiding
and coloured pigment capabilities, provides bultk to the paint. Some comnion

extenders are clay, calcium, carbonate and silica.

vy ‘ s )
- 1

The ability of a coating to even out upon applicaﬁon. so that brush and roller

marks are not visible. ,
|
|
!
|
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HIDING POWER: The ablhty of paint or stain to obscure the surface over which it has been
applied. Hiding power is provided by the paint's plgment and is affected by
how thlckly the paint tends to apply, and how well brush marks flow out.

_ INORGANIC {
MATERIALS: Matter other than that of animal or vegetable origin. for example, minerals or -
simple salts are inorganic materials. | o
LACQUER: Coating based on synthetic thermoplastic, ﬂlm-foiming material that s
dissolved in organic solvent. Dries by ¢ solvent evaporatlon |
LATEX: A mxlky-whlte ﬁne dispersion of a solid resin in an aqueous medium. Also

used to descnbe water-ﬂmmned paints, the principal veh:cle of which is latex.

I
LATEX PAINT: Water-based paint made with a synthetic binder (latex), such as acrylic,
- i

. vinyl acetate copolymer, or styrené acrylic latex. |
L= : . ’ :
lfi LEAD: , A soft malleable heavy metal. Compounds of lead are used as a white pigment
and in primers to prévent deterioration. ',
. ' 't
LINSEED OIL: Drying 011 ‘obtained fron flax seed. It is darker and slower drying than
i
most other drymg oils. Once widely used in coatings, it now has limited use in
solvent—based house paint and oil wood finishes. ;
: |
ItI
LOGARITHMIC :
PHASE: A phase of adaptation of microorganisms (0. a new environment. Growth 1s
minimal in this phase. e | 3
MASONRY: Mineral-based bui'lding material such as cement, mortar, stone, brick and
stucco. f t
MOISTURE: The ability of a coating to resist swelling, blistering or oﬁfg:r damage caused
by moisture. ' ::
\ %.
" LR 1
\i ; ;
vy |
f )
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" RESISTANCE

' _MSDS:

ORGANIC
MATERIALS:

“PIGMENT:

PLASTER:

PHENOTYPIC
PROFILES:

POLYMER:

POLYURETHANE

VARNISH:

PYCNOMETER:

Material safety data sheet. An informational document pré)wded by the

manufacturer regarding the safety and handling procedure and precaunons for

paints.

contains carbon.

A chemical reaction with oxygen. For example, the rusting of ;iron ors

An opaque coating gene
d in liquid form, it dries to form a continuous film that

pigments. Applie

 Refers to substance derived from living m

~
~.

I

atter; the molecutar structure

protects and improves the appearance of a surface.

]
!

J.

|

i

teel.

rally made with a binder, liquids, additives and

A powdery substance that is one of the basic'éomponents of & paint or sealant.

It provides whiteness or colour.

A compound used to coat or patch walls.

\

A classification profile that groups organisms together bas

of their observable characteristics.

A plastic-like material produced from chemical

|

ed on the similanty

"monomérs" which in turn

have been produced from alcohols and petro-chemicals. Certam polymers are

used as water-based paint and sealant binders. The bmder's polymer particles

re small and carried in water. The binder polymer particles and water mixt

is blown as an emulsion or as "latex"

A clear coating that is based on a modi(ied alkyd resii.

A graduated density bottle.

4
[
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RESIN:

SHELF LIFE:

SOLVENT:

SPRAY:

' SUBSTRATE:"

THINNER:

TITANIUM

DIOXIDE (TIO:):

TOXIC:

VEHICLE:

VISCOCITY:

WATER-BASED
PAINT:

dissolved or dispersed.

VTR e

A natural or synthetic material utilized as the binder ch)r a paint or sealant.

The time between the production and packaging oi‘ paint and the point at

idefined environmental
conditions. a L
'A‘ ' M B ll

. *

which the paint becomes .unacceptable under

A usually volatile liquid in which a paint’s ﬁlr‘p—forming particles are
1
|

Mettiod of application in which the paint is brokeni up_into a fine mist and

directed to the surface under pressure. Specific types of spray equipment

S ) . . |
are: aerosol, airless, and air-assisted. ;

Any surfaée fo which a coating or sealant is applie&. l -
Lot } R

A liquid that, along with the binder, forms the paint's vehicle. The thinner
evaporates after the paint is applied. Water is the thinner used in water-based
paint, while turpeditine, mineral spmts and denatured alcohol are thinners
associated. wﬂh dtfferent solvent‘based coatings; the ]!(]Uld used to thin the
coatmg-_? | |
;|
; I‘ Ii

- } '
An expenswe, high opamty, bright white pigment }that is used as a primé

pigment in paints, both water and solvent-based. t
l

Harmful or poisonous. - I

The liquid portion of paint, in which the pigment is dispersed. The vehicle is
composed of thinner and binder
B
The fluid thickness of a coating, i
’ L .
Paint made with acrylic, vinyl acelate copolymer or other jatex resin types,
and thinned with water.. It dries more quickly than solvem-based paint, with

relatively low odour, some water vapour permeab:l?ty, and cleans up easily.
)

The liqu;d component is predominantly water. I
b -
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CHAPTER TWO

 MATERIALS AND METHODS
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2.1

23

Collection of Samples
P '

Samples of raw materials for paint production, packaging I m;'aterials finished products

_including freshly produoed paints, spoilt, foul smelling paints, from company warechouse and

from different stages of production were randomly and aseptwally collected from Chemical
and Allied Products (CAPL). plc. a paint manufacturing mdustry located at. Ikeja Lagos, "
Nigeria. Paint samples from open markets at Mushin, Bariga and Ikeja which are major paint
depots in Lagos metropolis were also randomly oollected Sarnples of wall scrapings from
biodeteriorated painted walls were collected randomly ‘in stenle screw-capped glass bottles.

The samples were taken to the laboratory for immediate analy51s.

D
\
?

1
i

Chemicals

Carboxymethyl. cellulose (CMC), dinitrosalicylic acid {DNSA) and sodium dodecyl sulphate
(SDS) were obtained from the Natlonal “Institute for Medical Research (NTMR) Yaba, Lagos.

-~ All biocides coded: ZN481 ZN485, ZN489 and ZN467 were obtamed from CAPL Ikeja,

Lagos. Other chemlcals ‘such as HNO; (98% purity), PbNOg,\CuSO.; and MnSQ, were
obtained from the Anatytical Chemistry Laboratory, Umvers1ty of Lagos. Single discs
(antibiotic. discs) containing different antibiotics including tetracyclme gentamycin,
ceftazidime, piperacillin, ofloxacin, ticarcillin, amikacin and tobramycm (Oxoid, Ltd
Basmg,stoke Hampshire, England) were also obtained from the Blochemlstry Department of
the Lagos University Teaching Hospital (LUTH), Lagos. All chemlcals were of analytical

reagent grade.
I

Sterilization and Aseptic Techniques l‘.

;

Sterilization procedures were camed out as recommended by Pernier c"r al., (2005). The
work bench was thoroughly swabbed with absorbent cotton. wool soaked in 70% (v/v)
ethanol before each expenment This was done to ensure that the workmg, environnient was
free of contammants The incubators were periodically fumigated with phenol and 70% (v/v)
ethano! to reduce contamination during incubation. The glassware such as screw-capped

‘ 51



-
- —-

“é

glass bottles, conical flasks, test tubes etc., were washed thorouglhly in detergent solution,
rinsed in clean tap water fa_hd allowed to air-dry before sterilizationi'l in the oven at 170 °C for
3 h. Eppendorf tubes and pipette tips were plabed in glass jars and covered appropriately
while filter papers were wrapped in aluminium foil paper. They were then sterilized by
autoclaving at 121 °C for 15 min. The inoculating loops and spatulas were sterilized by
. dipping in absolute ethanol before flaming them over a Bunsen f!}ame until red hot. They
were also allowed to cool before use. The sterilization of hockey Ilsticks was ‘carried out b)lz
dipping in absolute alcohol, igniting in a Bunsen flame to burn off the excess alcohol. They

were subsequently allowed to cool before use. | '

I

’.

. 1
1

24  Microbiological Studies

)

2.4.1 Media and Reagents ' | L
1

4

et The growth media used in the study, including solid and liquid r:lnedia were prepared by

pouring appropriate quantities recommended by the manufacturer (O'jlxbid) into conical flasks,
.. plugging t_he flasks with non-absorberit'cotton wool and meping ﬁe cotton wool and the
. neck of the flasks with  aluminium foil. They were subsequently steiili_zed by autoclaving at
121 °C for 15 min exoeﬁi\oﬂlerwise indicated. Paint fonnulatipné:anéi diluents were similarly
sterilized as the media. ;‘Ifhe sugar solutions for identiﬁcatiohff’ést:s »w%ere tyndallized by heat-

steaming for 30 min dé.ilff at 100 °C for three days (Sahin ef al.; 2002).

]
|

2411 Liquid Media - -
. | .
Czapek’s broth medium of Miller, (1959) was used for the grow$h studies of cellulose-
utilizing microorganisms. Yeast extract trypticase 50y (YETS) containing 0.002% SDS was
used for the curing of plasmids and Tryptose soy broth was used fb‘i‘ the standardization of
inoculum as recommended by the National Committee for Ciinica‘il Laboratory standards '
(NCCLS, 1997). Other liquid media used in the study include nu{ﬁient broth and peptone

water. The chemical compositions of these mexia are presented in Appendix 1.

52 !




2.4.1.2 Solid Media

The solid ‘media prepared and used during this study include nutﬁ%_xit agar (NA), potato
. dextrose agar (PDA), MacConkey agar (MCA), Yeast extract trypticase SOy (YETS) agar,
nutrient gelatin and starch agar. Other ‘solid media used in the study include Czapek’s agar
medium for cellulose-utiiizers in which carbo;cmethyi cellulose ((fMC, 10 g/).replaced
sucrose as the sole energy and carbon source (Miller, 1959). %The Muelter Hinton -
antimicrobial susceptibility test agar {(MHA) was used for disc diffusion biocide and
antibiotic susceptibility tests according to the Natidﬁhl*(lgmmittec f(;r Clinical Laboratory
Standards (NCCLS, 1997) guidelines. The chemical compositions of these media are also
found in Appendix 111. | i

- 1
1

‘il'
25 Tsolation of Microorganisms from Various Samples:  ~ ) : i

-
./.
-

MY

251 Solid Raw Materials - : ' 4
. — |

The total heterotrophic micrégrganisms isolated from 23 solid raw,rf;hterizl:ls, employed in paint
production by CAFL, Tkeja, Lagos were enumerated. The raw matie’rials' wiere coded as MN288,
MN239, MN277, MN409, MN280, MN231, MN236, Z4726, MN236X, Z4441, MN252, MN261,
ZN490, RN300, RN375, ZN476, Z4740, L1140, ZNA465, ZN899, ZN470, NN241 and MN286. A
known quantity {10.0 g} of each raw material sample was aseptically obtaine::d by weighing with a
balance (Model: Mettler PM460 Delta Range) and placed in a universal bottle containing 90m! of
sterile distilled water to give 10"I dilution. The content of the bottle was émixed thoroughly by
shaking vigorousl)} to obtain a };omogenous sﬁspension. Higher dilutions .;up_ to 107 were then
made from this dilution (10™). Subsequently, aliquots of 0.1 ml from both lo\igv (107%, 10 and high
dilutions (10°, 10®) of each raw material sample were plated onto nutrient l§1gar (NA) and potato
dextrose agar (PDA) for total heterotrophs. This was done in triplicates. Alll the NA plates were
incubated aerobically at 37 °C for 1 - 2 days for isolation of bacteria and the PDA plates at room
temperature (30 + 2 °C) for 3 ~ 6 days for isolation of fungi (Collins and Lyne, 1976). At the end
- of the incubation, the plates. were observed for devéloped colonies. Théy were counted and

: _ l
reported as colony foriing units per gram (cfu/g). For the total coliform counts present in the raw

¥ i
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materials, aliquots (0.1 ml) from 167 - 10* dnlutlons were separately plated oixt by spread-plate
technique onto MCA plates (a selective medlum for coliforms) in three rephcates The plates were
incubated aerobically at 37 OC for 18 — 24,h (Collins and Lyne, 1976). At the end of the
incubation; the colonies that de'veloped with characteristics typical of cohforms‘ were enumerated.

fr “ : ; t
o
1

252 Biocides

Four different biocides coded as ZN481 ZN485," ZN489 and ZNQ‘GT were anaiyzed for
microbial population leve]s TEach of the biocides was serially dilUted'as follows: Ten ml of
each biocide sample was transferred to universal bottles contammg 90 mi sterile distitled
water to give 10" dilutnon from which higher dilutions up to 107 were made. Aliquots (0.1
ml) from all the dllutlons of the biocide samples were plated on NA, MCA and PDA
respectively in tnphcates All the NA and MCA plates were mcubated aerobically at 37°C
for 1 — 2 days for 1solat10n of heterotrophic bactena and col:forms The PDA plates for
isolation of fungi were meubated aerob:cally at room temperature (30+ 2 °C) for 3 — 6 days
(Collins and Lyne, 1976) After the incubation, the developed colonies were counted,
purified and identified. The selative abundance (population densﬂy) ‘of the organisms in each
. sample was estimated’ by multiplying the plate count per ml for; each sample by the dilution

factor used (Nwachukwu\and Ugoji, 1995). I{’"
i

T
1
!

i
h

253 Water Samples

Water samples coded as HSDHZ2,’ MUHZo and CDH2, whlch are sources of water inlets into
the factory were , analyzed for total heterotrophlc m f‘roorgamsms by the standard plate count
technique using the spread-plate method. The NA and PDA plates were prepared and used
for 1solanon of bacteria and fungi respectively. Ahquots (0 1 ml) from 102, 10” and 107
dilutions of water samples were plated on the above medra in triplicates, spread aseptically
and incubated aerobically with NA plates at 37 °C for 1 + 3 days and PDA plates at room
termperature (30 +2 9C) for 3 — 6 days. The total cohform count in the water samples, were
isolated on MCA as described for NA At the end of the incubation period, developed

. . . i
colonies were counted and purified. '
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254 Samples at Stages of Production

I
;
I

|
|

]

Paint samples were asepﬂcally collected at different stages of productlon to asceriain the

. points at which ¢ontamination occurs. The stages include (1) dlspersmn, (i) making up, (i)
texturing, (iv) tinting and (v) filling. Ten gram of the paint samples from each stage were.

dissolved in 90 ml stenle distilled water and shaken properly to obtam a homogenous

suspension. Ten-fold serial dilutions of the paint suspensions were made Aliquots (0.1 ml)
and MCA in triplicates.

from 102, 107, 10° and 10° dilutions were plated out on NA, PDA
The plates were subsequently incubated as described abbve Aft

colonies were counted and purified.

2.5.5 Packaging Materials

i

er mcubat:on the developed

¥
| -

!

|
|
l

Six different packaging materials (plastic and metal containers) w1th sizes ranging from 4 —
20 liters and designated C/T 20LTS, B/W/S Plastic, C/20 LTS, D/W/S Metal, D/E 20LTS

_and D/E 4LTS were exammed for the presence ‘types and numbers of microorganisms. To

achieve this, sterile swab\sticks were used to swab the inside of the packaging containers n

triplicates Each swab was then used to inoculate

enumeration of the total heterotrophic bacteria and coliforms.

NA, PDA and MCA plates respectively for

In.-addmon, the containers

were dipped and lmmersed into 150 1 sterile distilled water for 5 min after which they were

removed. Ten m! of thls water sample was transferred aseptlcall

containing 90 ml stenle distilled water to give a 10" dilution from ‘which higher dilutions

(1o 10'8) were made. Aliquots (0.1 ml) from 107,
on NA, MCA and PDA plates respectively.

appropriately as described above. At the end of the incubation! period, the colonies that

developed were counted, purified and identified.

2.5.6 Paint Samples

.

!

y to a universal botlle

2 107 and IOTIdllutlons were plated out

The moculated plates were incubated

Six paint samples (PS1 — PS6) were collected aseptically and randomly on the day of

production in 4 1 plastic containers. They we

re monitored for microbial growth at intervals

of 2 wk for a 10-mopth study period by adopting the standard plate count technique. The
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~-"2.87 Biodeteriorated Painted Films - }

) T \ .
paints were stirred continuously for 3 min inside the cans fl"or proper mixing before samples
were taken. Ten gram of éach paint samp!e was weighed mto 90 ml of sterile distilled water
and shaken wgorously The paint samples dissolved readrly in water.. Aliquots (0.1 ml) from
both tow (107 10 and high (10°, 10° % ten-fold serial drlutlons of paint samples were
plated on NA, MCA and PDA plates respectively in trlpllcates The plates were incubated

. aerobically with NA and MCA plates at 37 °C for 1 - 3 days and PDA plates at room
temperature (30+2 °C) for 3 - 6 dai}s The microbial pop}ﬁlation counts in spoiit paint
samples (PSA, PSB, PSC PSD and PSE) with evidence of vrscostty loss, biofilm formation,
malodour, dlscolouratron gassing and visible surface growth were enumerated as described
for the fresh paint samples. Paint samples from open markets (Mushm Bariga and Ikeja) as
well as paint samples from company warehouse in st&rage were also investigated for total
heterotrophic counts using the same method. The plates were subsequently incubated

appropriately as descnbe‘d, above. H

L3

Ten gram of wﬁll scrapings from biodeteriorated painted \rnralls we’rek‘:ollected randomly and

- aseptically into sterile Screw-capped g]ass bottles with the aid of a stenle spatula. They were
placed in 90 ml sterile Hlst;lled water, mixed thoroughly and ﬁltered with filter paper to
obtain a homogenous solution. Ten-fold ‘senal dilutions were made and aliquots (0.1 ml)
obtained from 107, 10*°and 107 dilutions were plated onto NA plates for the isolation of
bacteria and PDA p]ates for the isolation of fungi in triplicates. For the total coliform counts®
present in the samples, ahquots (0.1 ml) from 10" = 10 dilutions were separately plated out |
by the spread-plate technique onto MCA plates in triplicates. The moculum was uniformly

- gpread with a sterile hockey stick and the plates incubated aerobrcally as described above
(Collins and Lyne, 1976). The developed colonies were counted and reeorded

o

I . - ‘

2.6 Isolation of Cellulose-Utilizing Organisms l'.ll
1 ' o 1
Bacteria capable of utilizing cellulose as the sole carbon and energy source were isolated on
Czapek’s agar medium as described by Saad (1992). The medium contamed carboxymethy!
cellulose (CMC, 10 g/) which repladed sucrose as the sole sousce of carbon and energy.

4
This test was carried out to identify” celluiose- degraders in- pamts because of their role in
1 56
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2.7

28

—

hydrolysing pamt thlckeners leadmg to meversnble loss in vxscosny and eventual loss of the '
paint. Erlenmeyer flask (250 ml) contammg 250 ml Czapek's medium was sterilized by
autoclaving at 121 °c for 20 min. Aliquots (0.1 mi) from both low( 10’2 10™*) and high (10
8 10%) ten-fold serial dilutlons of the various paint samples were plated onto Czapek’s

medium in triplicates and mcubated aerobically at 37 °C for 24 h The isolation of cellulose-

. utilizing fungi was camed out in the same manner as descnbed for bacteria. Rose Bengal

reagent (0.5%) was moorporated into the medium as a bactenostat:c agent (Baggerman,
1981) prior to stenlxzatton The plates were incubated aeroblcally at room temperature (3042

°C) for 7 days. The composition of the medium is presented in Appendlx 111
sl !

' _ T~ i
Rate of Cellulose Utilization
Pure cultures of bacteria'and fungi isolated from the cultural oondltlons described in sectton
2.6 were screened for the rate of utilizing cellulose as sole carbon source in Czapek s broth
medium as d&scnbed by Saad (1992). At least four colonies from ‘an overnight’s culture on
Czapek’s agar plates were directly suspended in 4 ml Czapek’s broth in tubes so that the

turbidity match&s the turbldlty of the 0.5 Mc Farland standard. The tubes were incubated

 aerobically at 37 °C for-2 days for bacteria and at room temperature (30 + 2 °C) for 7 days for

fungi For the fungal cultures 0.5% of Rose Bengal reagent was “added to the broth medium
to inhibit bacterial growth. The turbidity (OD) of the culturds ° was determmed at 550nm
everyday of the incubation as a function of growth. After the mcubation the.culture medium

1

was filtered and the ﬁltrat*'e was used a‘s crude enzyme.

Endoglucanase Activity of the Isolates - '

Endoglucanase activity was assayed using carboxymethyl cellulose (CMC) as enzyme
substrate accordmg to the procedure of Saad (1992). One ml crude enzyme was added to a
test tube containing 2 mI enzyme substrate (0.5% CMC in 0.05 M sodmm citrate buffer, pli
5.5). The assay tubes were incubated at 50 °C for 24 h. To this enzyme-substrate mixture, 1
ml DNSA reagent was added to stop the reaction and the tubes were 'kept in boiling water
bath for 5 min. After coolmg, the volume was made up to 10 ml with stenle distilled water
and centrifuged for 5 mm at 5000 rpm to separate the product from the unused substrate. The

extinction of supematant was read at 620 nm with a spectrophotometer (Model Optimal SP

: i 57 . ;



3000). The concentration of the assayed tubes was then extrapolafed from a 0.1% glucose
standard curve to determine the concentration of glucose released One unit of enzyme

activity (IU) was defined as the amount of enzyme that produced 1 pmol glucose/min.

|

2.9, 1dentification and Biochemical Characterization of Pure Cultures
. | 3

2.9.1.Fungal Isolx%fes s - | t

J, .

For identification of fungi, a sterile inoculating needle: was used to remove a small piece of .
mycelium free of medium. A drop of cotton blue—m—laetophenol was' p]aced on a clean slide
as a stain and mountant The mycelium was then transferred 1o- the slide and teased out
carefully. The slide was subsequenﬂy covered with a cover shp and exammed under the x 40
lens of the light microscope (Smith, 1969). . P

;ﬁa 2.9.2 Bacterial Isolates '

. .
™ ) . :

" Identification of pure cultures of bacteria isolated from the varigus sampies was carried out
using standard cultural, morphologxcal taxonomic and blochemical charactensncs (Cowan
and Steele, 1970; Buchanan and Gibbons, 1984 Dalsgaard et al., 1998 Kelly and Wood,
1998: Muller et al., 2001; Coenye etal., 2002) .‘

i

2.9.2.1 Colonial morphology |
|
i

The variations in the bacterial colonies that developed on agar surfae_es which indicate the
shape, size, colour, elevation, margin and pigment production by the ﬁacterial isolates were

observed on NA plates, which had been previously incubated aerobicalllly for 24 — 48 h at 37

{ .
C. _ |

2.9.2.2 Gram Reaction

i

-

e

. , : 3 " B - ..
The Gram staining technique and macroscopic merphologies are the initialkey features for
: A !

.
AT
bl

the identification of bacteria. Gram-positive cell walls contain large amount of
. ]
lh . ) 1
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29.23 Phenotypic Profiles of Tsolates

—

peptidoglycan and teichdic acids whnch‘oonsnsts of polymers of ribitol phosphate and for
glycerol phosphate. This factor enhances the effect of the mordant in_ mtercalatmg the crystal
violet on the cell which makes them retain the crystal violet more than the Gram-negative
cell walls. The experimeht was performed to broadly classify bactena into 2 main groups.

The Gram staining experiment was carmried out with the initial preparatlon of a thin smear of

- each of the 1solates from -an c;vemlght culture on clean glass shdes Thls was alr—dned and

subsequently heat-fixed by passing the slide horizoritally across a Bunsen flame. The smear
was then covered with crystal violet stain for sixty seconds and rmsed with slow running tap
water The smear was then flooded with Lugol’s iodine for one minute to fix the crystal
violet stain more firmly into the cell before washmg gently underlslow running tap water.
The smear was then decolounzed with absolute ethanol to wash oﬁ' as much crystal violet as
can be removed. After the decolourization, the slide was rinsed agalm under tap water. This
was followed by counter-staining with safranin for 30 seconds and further rinsing with tap
water. The slide was subsequently blotted-dry with a piece.of ﬁlter paper and allowed to
air-dry. Microscopic examination was then carried out under the 011 immersion lens of the
light microscope. The Gram-positive organisms were charactenzed by retention of the

purple colour of the crystal violet stain while the Gram-negatlve organisms retained the
i

|

\ VRS

I

reddish pink colour of the counter stain (Murray et al., 1994).

The analytical profile index (API) identification (TD 32 E) test sglrstems {(bioMerieux Vitek,
Inc. Hazelwood, MO. USA) consisting of 32 m1crotubes contammg dehydrated substrates in
a strip was used The system, a standardized identification system for Enterobactenaceae and
other non-fast1dous Gram- negative rods was employed to determine the phenotypic profiles
of the persistent and repeatedly jsolated bacterial strain (0B-6) in spoilt paints and
blodetenorated wall scrapmgs and as a confirmatory test for the identifications obtained
conventionally. Also, the regularly occurring coliform (OB-4) in all the fresh paint samples
was characterized phenotyplcally along side (OB-5) using the API 20 E test system. The
preparation of the inoculum which was used immediatety was done by aseptically picking
one colony from a young culture (18 — 24 h) and emulsifying in 2 miofan 0. 85% ampule of
APl NaCl. The bacterial suspension was prepared to match the turbldlty equivalent to the 0.5
Mc Farland (10% cells’ per ml]) to achieve a homogenous bactenal suspension. The Strips -

containiig the microtiubes were inoculated with 55 pl of Ithe_ homogenised bactenal
59 *| : '
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suspension, dispensed into each clxpule of the strip using a micropipette:. The strips were
subsequently incubated at 37 °C for 18 — 24 h under aerobic conditions. At the end of the
incubation, the dehydrated substrates were reconstituted by the bacterial suspensnon During
incubation, metabollsm produced colour changes that were either spontaneous or revealed by
the addmon of reagents. The reactions obtained were coded into a numerical profile on the

- result sheet and used to gerleraie identification from the  API 'identilﬁcation software
(APIWEB) (Grisez et al., 1991). ' | i.
2.10, Determination of the Physico-chemical Parameters of Paint Sarll'ples l
2.10.1 Determination of Specific Gravity
. , o . !

Specific gravity determinations of paint samples were carried out by pybnom‘etry as described
by Ohwoavworhua and Adelakun (2005). A pycnometer of approxlmately 50 ml capacity
was washed, dried in the oven and placed in the desiccator to cool to room temperature
before removal. It was weighed and the welght recorded as M1, Paint salmple (50 g) was
transferred into the pycnometer. The pycnometer with its content ‘was welghed and the

. weight recorded as M2 The pycnometer containing the sample was ﬁlled with distilled
water and shaken many nmes to allow all trapped air within the~ pycnometer to be expelled.
Then, the pycnometer and its content were weighed and the’ \lvmght recorded as (M3). The
contents of the pycnometer were removed and the pycnometer was washed, cleaned and then
refilled with distilled water. The outer surface of the pycnometer was drie'cll, using a tissue

paper, carefully weighed and the weight recorded as (M4.) The specific gravity of the paint

sample was calculated. ) . t
lSpeciﬁc Gravity ~—~ ' M_2'M1 ‘ \'l
(5G) (M4- M1) (M3-M2)

Where (in grams) y i

M1 is the mass of the pycnometer ‘l
M2 is the mass of the pycnometer and paint |

; . |
M3 is the mass of the pycnometer, paint and water !

M4 is the mass of the p'\ycnometer and water - |
. g - .

i M |
!
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2,10.2 Determination of Optical Density

£ . ' 4 b -
+ - !

‘
!

A rapid, simple method of estimating growth with fine opfical instrument was adopted as

described by Rieck ef al, (1993) This is because of its accuracy in measuring growth for

. physnologlcal studies. The instrument measures the ratio of the mtens:ty of incident light (Io)

2.10.3

to the intensity of the hght beam leaving the cuvette (I) and the optical density (OD) of the
paint sample log (Io/I) as proportional to the cell density. The turbldnmetnc measurements of
cell mass was done to monitor microbial growth with time in ﬁ'esh and spoilt paint samples
as a key factor in determining the shelf life of paints. The photo"‘clecrtric colorimeter (Model:
AE- 11C Tokyo Emma Opticel works, Ltd Japan)"ﬁscd_\in thé. study was standardized by
adjusting it to read 100“/5: light transmittance with 5 ml -of\aistill!'é;d water in a cuvette placed
in it at 600 nm. Five milliliters each of serially diluted paint samf‘ales obtained from 107, 10°
and 10 dilutions were placed in a cuvette with a known diameter'(1 cm). The optical density

(OD 600 ,,) determinations were done forthmghtly for 10 months. . ‘ '

‘5: .
'

'
;

Detcrminatioﬁ of Transmittance
The transmittance (%) of the fresh paint samples and the spotlt pamt samples was determined
by a rapid, sensitive techmque based on the fact that m1cr0b1al cells scatter light striking
them and the amount of scattering is d;rectly proportional to the blo_m‘asg of cells present and
indirectly related to the cell number ( Prescott ef al., 2005). As the microbial population
density and turbidity increase, more light was scattered and the absorbance reading given by
the colorimeter increased. The colorimeter had two scales. The bottom scale displayed the
absorbance and the top scale, % transmittance. Absorbance mcreasegi as % transmittance
decreased. The transmittance of the paint samples were determined tol:: monitor the changes
in paint quality with time. The instrument was standardized as descnbed above. Five
milliliters of serially dllutec_i paint suspensions obtained from 107, ]0 and 107 dilutions
were poured in 1 ¢m glass cuvette and placed in the photoelectric colonmleter (Model: AE-11
Tokyo Erma works Ltd, Japan) at 600 nm wavelength. The results displayed were read and

recorded as explained in section 2.11.2.
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_quality and shelf life of paints and is in fact, 8 qu

2.10.5 Measurement ef Mean ;ir{ o .

|

i
2104 Determination. of Viscosity | o

x

¥,
§

'I .
The viscosity of paint samples being a theological property involved in the resistance of the

paint to flow was determined. This is because viscosity has a sigﬁiﬁcant impact on the

ality control parameter for water-based

paints. The viscosity of fresh and spoilt paint samples was determmed according to the

procedure of Rao and Yaseen (2003) using a glass capillary tubular viscometer (Model:
paint sample was ailowed to flow through an

into a capillary tube above the outlet. Two
were used,_ The trme it took for the sample

Capirograph Toyoseikl Seisaku-Sho Ltd). The
outlet tube (measuring tube which is narrowed

annular reference marks on the measuring tube

memscus to drop from the upper to the lower reference mark was measured manually with a

stop watch. The viscosity of the paint sample was calculated by multlplymg the measured
om temperature. Thisiwas done at intervals of

|
i

time by the viscometer calibration factor at ro

two weeks for a 10-month'study petiod.

1
I
1.
1

Dunng the exponential phase of growth, microorganisms divide at a maximum, constant rate.

As a result of their growth and proliferation in paint samples, ac:dzc metabohtes are produced

which alter the pH of the paint samples. “Theréfore, the pH of the fresh paint sam
intervals of 2 weeks for a 10-month.

ples was

determined as a key factor in ‘shelf life prediction at

d. The pH of spoilt paint samples was also determmed with the use pf a digital

study perio
pH meter (Model Ienway MS50/Rev model CE 350 EU) i1 200 solution of the paint

samples in distilled water. The pH meter was calibrated using phthalate buffer (pH, 4.0) and

phate buffer solutrons (pH, 7.0). After standardizing the pH meter, the electrode was

phos
bsequently inserted

inserted in a beaker containing 100 ml distilled water to rinse it. It was su

in the paint suspension in a beaker and allowed to stand for 10 - 15 min before the readmg

was taken. The final reading was recorded.

»
+
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210.6  Determination of Phosphate Concentration

i
o .
Phosphate is an important component of most water-based paints’and the concentration

changes with time, which may be due to its participation in some cherihioai reactions going on

in the paint cans or due to its utilization for growth by microbial oontaminants present in

paints. Consequently, the determination of phosphate ooncentmtlon in the paints is an

important quality parameter for shelf life determination of water-based paints and was
determined spectrophotometncally as described by Chiyo et al. (1988) To achteve this, 5 ¢
of the paint sample was weighed into a clean pre-weighed crucible and ashed in a fumace
(Model: Carbolite Furnaces, Bamford Sheffield Euro‘therm EML 5302AU England) for 1 h
30 min at 555 °C. The sample was then removed and allowed to. oool after which 10 ml of

concentrated 2 M HNO; was added. The mixture was boiled for 30 min on a hot plate until
the brown fumes of the mtno acid evaporated. The sample was then made up t0 100 ml with
distilled water to neutrahse the effect of the acid and subsequently filtered with a ﬁlter paper
into 100 m! standard flask. Ten m! of this was transferred into a beaker One powder pillow
(1 g) of HACH permachem phosphate reagent (HACH Company World Hq Loveland,
C080539 USA) was added the mixtire was stirred and allowed to stand for 3 min. The

. concentration of phoSphate in the sample was determined usmg the spectrophotometer

2.10.7

(Model: Spectronic 20D+Thermoelectron Corporation) at ' 880 nm wavelength and

subsequently calculated using the formula:

Instrument reading X 1000 .

10 Weight of Sample j

e cm——

Determination of Sulphate Concenlratmn _
Sulphates are of cons:derable concem because they are mdlrectly responsible for the serious
problem of odour in spoilt pamnts, These problems result from the reduction of sulphates to
hydrogen sulphtde under anaerobic conditions. The total sulphate content in the fresh paint
and spmlt paint samples was determined spectrophotomemcally as described in section
2.10.6 (Chiyo et al,, 1988). The paint samples were ashed digested and subsequently
filtered. One powder pl“OW (1 g) of HACH permachem sulphate reagent (HACH Company
World Hq Loveland, C080539 USA) was added. The mlxture was stirred and allowed to

stand for 5 min. The sulphate content in the pamt samples were then determined

f f

§
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spectrophotometrically mth the spectrophotometer (Model: Spectronic 20D+ Thennoelectron
Corporation) at 450 nm wavelength and subsequently calculated as indicated in section
2.10.6. | ‘ ' .
|
2.10.8 . Determmanon of Heavy Metals - !
The presence of Pb, Cu and Mn in fresh paint samples, spoilt samples and paint samples
stored in company warehouse was determined using the flame atornic absorption
spectrophotometer (AAS) as described by Stafilov and Zendelovska (2002). This was done to
ascertain the levels of Pb and other metals in connectlon with the shelf life of paints. The
stepwise procedure mvolved the digestion of 5 g paint sample with 10 m ooncentrated nitric
acid (98% purity), evaporatron of the sample on a hot plate in. a fume cupboard until the
brown fumes dtsappeared The remaining solution was transferred to a 100 ml standard flask,
made up to mark with distilled water and filtered with a filter-paper into a pIasnc bottle prior
fo analysis. Stock solutions of 1000 ppm were prepared for Pb, Cu, and Mn by weighing 1.6
g PbNO3; 2.5 g CuSO4 and 3.1 g MnSO, in 11 distilled water each in the 1000 ppm stock
" standard. Working standard solutions of 2 ppm, 4 ppm and 6 ppm were then prepared from
the stock solution and were used in prepanng a standard curve for mstrument calibration. The
-‘ absorbance of the workmg standard was read at 279.48 nm, 324 75 nm and 279.43 nm for
Pb, Cu and Mn respecnve!y The concentratlon of the Pb, Cu /and Mn in the digested paint
sample was then determmed by aspiration of the digested ﬁltrate with the flame AAS
(Perkins Elmer-Analyst 200), determining the absorbance value and extrapolatmg from the
standard curve obtamedlfrom the working standards. i
- |
i

2.11. Bioassay of Biocides

2.11.1 Biocide Susceptibility Determination. | , ‘
|
The test was camed out by following the protocol of Bauer (1966) to reveal the inhibition of
the growth of the test organisms by varying concentrations of different bwcrdes and hence,
their varying efficacies. Three concentrations namely: 1%, 3% and 5% of each biocide were
prepared in screw-capped bottles. Discs (5 — 6 mm) were punched from a sheet of filter
paper, placed in a Petri dish and sterilized in the oven at 160 °C for1 h. Aﬂer cooling, 20 pl
of the different concentrations was pipetted on each disc and allowed to stay for 20 min. The

64. : i
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incubation, the developed colonies were counted and rdentxﬁed

discs-were then dried in the incubator at 37 ’Cforlh Subsequently, _t_he discs were carefully
placed on MHA plates previously inoculated with Pseudomonas aeruginosa, Protens .
mirabilis, Lactobacd.’us gasseri and a consortium of the three orgamsms The MHA plates
were poured to a depth of 4 mm (about 25 ml per plate) in 90 mm diameter sterile Petri

dishes. The inocula were prepared by harvesting colonies from overmght s culture plates and

. suspending same in tryptose SOy broth at a density of about 10° cells - per ml. Sterile cotton

wool swab was dipped into the suspension and sufplus removed by rotation of the swab
against the side of the tube above the suspension level. The MHA plates were then inoculated
by even streaking 'of the swab over the surface of the plates. The plates were incubated
aerobically at 37 °C for 24 h. The control plates were. inocutated but they had no biocide. At

the end of incubation, clear zones around the discs were observed and the photographs taken.

:
i
i
1

2.11.2 Effects of Different Concentrations of Different Biocides on Microbis{l Population Count

i

of Fresh, Sterile Paints. : "i

The antimicrobial activities of bmcrdes differ. The test was carried out to ascertain the levels

of efficacy of different biocides .at different concentratnons on f'resh pamt, in order to

. determine their usefulfiess in paint preservation. Paint samples (50 ml) wrthout biocides were

sterilized by autoclavmg\‘at 121 °C for 20 min. Each of the four bmcrdes desxg_,nated ZN481,

7ZN48S5, ZN489 and ZN467 were moculated mto the fresh stenle pamts at concentrations
ranging of 0.5% (vIv), 1% (v/v), 2% (v/v), and 3% (v/v) respectively. In addmon the sterile
paint samples were inoculated differently with Pseudomonas aeruginosa, P: ofens mirabilis,
and Aspergillus niger at a density of 10? cfu/ml each. The control samples were inoculated
with the organisms but not the biocides. The inoculated paint samples were then senally
diluted. Aliquots (0.1 ml) from 102 10®, 10° and 10°® dilutions were piated out on NA,

MCA, and PDA. This was fol]owed by aerobic incubation of the plates at 37 °C for 24 h for
the NA plates and at room temperature (30 12 9C) for 5 days for the PDA’ plates After the

|
1




2.12 Antibiotic Susceptibility Tests o

2.113 Effects of Different Concentrations of Different Biocides {)n Physico-chemical

Parameters of Fresh Ste:g'ile Paints - r
L

The test was carried out as described in section 2.11.2. However, the sterile paint samples

were inoculated with Profeus mirabilis in addition to the different concentratmns of biocides.

The optlcal density, specific gravity, pt, transmittance and wscosnty of the samples were

monitored as descnbed in section 2.10. This was carried out at 2 wk mtervals during the

study period.

D . |

The antibiotic sensitivity of Pseudomonas aeruginosa which occurred regularly and only in
spoilt paints and biodeteriorated wall scrapings to 8 antlblotlcs was . determmed using the
Kirby-Bauer disc diffusion techmque (Bauer, 1966). The purpose of thrs experiment was 1o
determine the agar disc diffusion zone diameters and hence the susceptibility of
Pseudomonas aeruginosa to selected antibiotics.- -Singte discs (Oxi!)id Ltd. Basingstokes

H'\mpshlre England) containing tetracyclme (10 jig), gentamycin (10 ng), ceftazidime (30

© ug), plpeiacﬂlm (100~ ug) azlocillin (75 ug), tlcarclllm (75 ug), amlkacm (30 pg) and

tobramyein (10 pg) were ‘employed for the test. The ovemlght cultures were harvested from
NA plates and emulsified in tryptose soy broth. The tubes were mcubated aerobically for 2 —
5 hat 37 °C to produce a bacterial suspension of moderate cloudmess The density of the
suspension was standardized by dilution with tryptose soy broth to a density of about 10°
cells per ml. The plates were incubated within 15 — 30 min of moculum preparation so that
the density of the inoculum does not charige. A sterile cotton wool swab was dipped into the
suspensmn and the surplus removed by rotation of the swab against the sides of the tubes
above the fluid level. The medium was inoculated by even streakmgmf' the swab over the
entire surface of the plate. Single discs containing different antibiotics 'were then placed one
per plate in the center of the plates using sterile forceps. The plétés were subsequently
incubated aerobically for 16 ~ 18 h at 37 °C. The inhibition zone dlamelters were measured to
the. nearest millimeter with a millimeter rule. Classification of orgamsms as susceptible or
resistant was based on guidelines from the National Committee fofl Clinical Laboratory

Standards (NCCLS, 1997).

!
|
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2.13. Detection of Plasmids.

|
|

. ¥ - - . '
Plasmids are extra chromosomal, closed, circular DNA materials capable of autonomous
|

replication in bacterial cells. They are usually smail and double str.'inded The test was

carried out to determine if the gene for paint degradation, antibiotic re51stance and biocide

2.13.1

resmtance 15 plasmxd-medlated or not. Two different protocols were adopted for detection of
plasmid DNA from the isolated bacterial strains. The first utilized the A]kalme lysis method
of Bimboim and Doly (1979). This protocol was used for the Gram-'negative isoiates. The
stepwise protocol involved cell lysis, precipitation of plasmid 'DNA, agarose gel
electrophoresis and viewing of the amplified plasmid DNA bands over UV (ultraviolet)
transilluminator. The thicker peptidoglycan cell wall layer of the Gram -positive isolates
requires the use of lystostaphine or butanolysine to lyse the:strong cell wall whlch 1s not
provided for in the alkaline lysis procedure hence, a second method (TENS Mini-prep
procedure) (Leeh and Brent, 1987) was adopted for p]asmld DNA 1solat10n in the Gram-

positive isolates. ' y '.
' i
|

1

i -
L] \' 3 {

Alkaline Lysis Procedure ' : ' f

The alkaline lysis proce\:lure was carried out as follows: Ovemxght 1solates grown on NA
plates and incubated at 37 %C were harvested into sterile eppendorf tubes contammg 100 ul of
washing buffer (50 mM glucose; 25 mM Tris HCL, pH 8.; 10 mM EDTA, pH 8.0). The
contents of the tube were mixed vigorously by vortexing and subsequen{tly stored on ice.
With the aid of a micropipette, 200 pl of the lysing buffer (0.2 N NaOH, 1'%') Sodium dodecyl
sulphate) was added to the tube. The tube was mixed gently by inverting 1t .for about 5 times
and then stored on ice. To this mixture, 150 pl of an antilysing buffer (60 ml 5 M Potassium
acetate, 11.5 ml Glamaj acetic acid and 28.5 mi distilled water) was added. | :]“he nyxture was
vortexed for 10 seconds and the tube was stored on ice for 5 min. The tube was centrifuged at
12,000 x g for 10 min at 4 %C and the supemnatant was transferred to a fresh tube. To the
supematant, 500 yl of an equal volume of phenol / chloroform (1: 1) was added The contents
of the tube was mixed by vortexing and then centrifuged at 12,000 x g for 10 min at 4 °C.
The supernatant was transferred to a fresh eppendorf tube. This step was repeated twice to
remove further impurities. The mixture then separated into three layers m the tube. The

topmost layer solution contqmed the DNA. the interphase solutlmn contained

o
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the cell impurities and the bottor layer solution contained the phenol chlorofon'n. The

supematant was transferred to a fresh eppendorf tube, mixed gently by mvertmg the tube and
vortexed. The mixture became cloudy. The mixture was further centrifuged at 12,000 x g for
10 min. Ice-cold absolute ethanol (500 pl) was added to precipitate the DNA ?ut of solution.
F ollowmg precipitation, the contents of the tube was mixed by vortexing and then allowed to
: stand for 2 min at room temperature The tube was subsequently centrifuged at 12,000 x g for
15 min at 4 °C in a microfuge. The supernatant was removed by gentle aspirahon and the
tube inverted over a towel to dry. The precipitate (plasmid) was then visible. 'The precipitate
was washed with ] ml of 70% (v/v) ethanol at 4 °C. This was repeated twme followed by
drying in gyrovap for 5 min. The nucleic aclds were f re-dissolved in 50 pl of TE buffer (1.21
g, 10 mM Tris, 037 g, 1 mM EDTA, 1000 ml Drstllled -water, pH, 8.0). DNA ase free RNA
was vortexed and stored at -2 %C before use (Birmboim and Doly, 1979). |

| S
TENS~Mini Prep. Procedure | : |

This is a modified alkaline lysis proeeclure which is extremely quick and rehable The test
was performed according to the procediire of Lech and Brent (1987). The procedure involved
. the use of TENS solution (TE buffer containing 0.1 N NaOH and 0. S% sodium dodecyl
sulphate). Overnight brofn culture was spinned for 15 seconds | in a mlcro{-‘uge to pellet cells at
1000 rpm. The supematant was then gently removed, leaving 50 ~ 100 pl together with cell
pellet. This was then vortexed at high speed to re-suspend the cells eompletely Three
hundred pi of TENS was added and the suspension was mixed for 2-— 3 mm until the mixture
became sticky. The tubes were constantly stored on ice after each step to prevent them from
the degradation of chromosomal DNA which may be precipitated with plasmld DNA. To this
mixture, 150 pl of 3.0 M sodium acetate (pH 5.2) was added, vortexed for 2 — 5 min to mix
completely. The mixture was then spinned for 2 min in a mlcroeentnﬁrge to pellet the cell
debris and the chromosomal DNA. The supernatant was transferred to alr fresh tube, mixed
well with 0.9 mi of 100% (v/v) ethanol which has been pre-cooled to .20 °C. The mixture
was spinned for 20 min to pellet the plasmnd DNA and white pellets were observed. The
supematant was drscarded and the pellet was rinsed twice with 1 mi of 0% (v/v) ethanol.

The pellets were dried under vacuum for 2 —3 min. The pellets were theri re-suspended m 40
ut of TE buffer for funﬁer use. |
l
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2.4 Agarose Gel Electrophoresis

2.15

© -

|

[

The agarose gels were ru'n in a horizontal gel elestrophoretic apparatus using TBE (Tris,
Boric acid, EDTA, 0.8% agarose) buffer (Meyers et al, 1976). The agarose gel in TBE

buffer was boiled mterrmttently until the solution became cleat. The solunon was allowed to

cool to 45.°C and 7 pl of ethidium bromide was added. The function of the ethidium bromlde

is to intercalate the basis of the DNA so that it fluoresces when wewed under the UV light.
The gel was then poured into the gel plate with the comb in place and allowed to solidify.
Subsequently, the gel tray and comb was removed and put into the tank containing the gel
buffer, making sure that the buffer covered the gel oompletely Two, ul of the tracking dye
(bromophenol blue) was rmxed with 1 pi of the marker and. loaded into the first well. Two pl
of the bromophenol blue was then m:xed with 20 pl of the samples and also loaded into the
des1gnated wells. Followmg the loadmg of the wells, the tank was icovered, plugged into
power and allowed to run from the negatlve to positive dnrectlon makmg sure it didn’t run
more than % of the’ gel. * Finally, the gel was viewed on the uv transrllummator using
protective goggles. Amoiliﬁed plasmld DNA appeared as sharp bands that fluoresced when
excited with UV light | |

Determination of Moleéular Weights of Plasmids ,{} 0

N

The molecular weight of isolated plasmids was determined as describeo by (Ttori, 1998). The
plasmids isolated from Pseudomonas aeruginosa were mn in agarose gel alongside the
plasmids that were 1solated from the bacterlophage lambda (A) DNA fragmented in a
restriction digestion with Hmd 111 endonuclease. The digestion reaction resulted in 8 double
stranded DNA fragments. The DNA molecular weight marker provrded accurate sizing of
fragments over a broad range of sizes. Upon electrophoretic separations, 7 bands of known
molecular weights {23130, 9416, 6557, 4361, 2322, 2027 and 564 bp respectively) were
visible. The smallest fragment resulting from the Hind 111digestion (125 base pair) could not
be detected on the’ gel due to its small size. All fragmems were present in

equimolar amounts therefore ihe smallest band will only be visible on over—loaded gels when
stained with ethidium bromlde The DNA fragment mixture showed the typical pattem with 7
bands in agarose gel electrophoresrs A standard curve was made by plotting the relative
mobilities on gel aga1ost the logs of the:r molecuhr weights. The molecular weights of |
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plasmids isolated from the Pseudomonas aeruginosa were then deterrhined by extragolating

from the standard curve. " : - o

! £,
L;" Lo e

Curing of Plasmids  /

The curing of plasmid detects the loss of resident plasmid DNA from a cell. The curing
procedure was done as described by Sonstein and Baldwm (1972) to determine whether the
plasmids isolated from Pseudomonas aeruginosa encoded the spoilage trait or not To
achieve this, Pseudomonas aeruginesa grown on yeast éxtract trypncase soy (YETS) (0.3%
yeast extract and 1.5% agar) were harvested from the YETS plates and emulsified in normal
saline at a density of about 10° cells per ml. One ml of this was then inoculated into 9 mi
YETS broth containing 0 002% (v/v) SDS and incubated with oonstant shaking at 37 °C for
18 h. After incubation, 0.1 ml aliquots of the’ suSpenston wereI plated on NA plates. The
plates were incubated aerobically at 37 °C for- 24 h, Changes in. the original colonial

morphology was observed. The parent strains and mutants that had lost the plasmids were

- plated out on fresh NA plates, incubated aerobically at 37 C'C for 24 h. The developed

colonies were screened fOr loss of the plasmids by repeatmg the DNA extraction process.

Subsequently, they were tested for antibiotic sensmwty !
i ‘ |

I o

T

2.17. Antibiotic Susceptibility Tests of Plasmid-bearing and Plasmi&-cured Strains

. i .

The antibiotic sensitivity of the plasmid-bearing Psendomonas &ert_xginosa (OB-6W) and the
plasmid-cured strain (OB- -6C) to 8 antibiotics was determined using the Kirby-Bauer disc
diffusion technigue (Bauer 1966). The purpose of this expenment was to determine the agar
disc diffusion zone dlar?leters of the plasmid-bearing Pseudamanas aeruginosa strain (OB-
6W) isolated from s'poiii paints and biodeteriorated wall scrapmgs to selected antibiotics and
to compare these zone d1ameters with those of the cured prototype Single discs {Oxoid Ltd.
Basingstoke Hampshire, England) were employed to test the sensitivity of the plasmid-
bearing and plasmid- .cured strains to antibiotics as described i m section 2.12. The zones of

inhibition produced by the test organism (plasmid- -bearing stram) were compared directly

with that of the control strain (plasmid-cured strain). The zones of inhibition observed around
70 ‘
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2.18.

' Microbial Shelf life Dete;‘mination of Paints

LI

_ o
the antlbiotlc discs were taken as indication of sensmwty and were interpreted based on the
ki

National Commlttee for Clmlcal Laboratory Standards (NCCLS, 1997)

I
* !

¥ ' i _
. \ .

|

, |

Six different paint samples (PS1-PS6) collected on the day of production were analyzed for
microbial populatmn levels during a 10-month study period E(seetion 2.5.6). The data
obtained during this penod for the microbial populatlon counts were evaluated and fitted into
a suitable model to predlct the time when the paint samplesewould reach spoilage level (3.4 x
10'® cfu/ml). The time it takes to reach this level (i.e Ni) was taken as the shelf life of the
sample. To estimate the shelf life time of freshly produced_‘ paint samples, the model
described by Dawes (196_;9) was used in relation to the total heterotrophic microorganisms

obtained for the painf samples as given below: |

(1)

LogioNe- LogioNo= _t |
Logie2 - . T ‘
. _ E |
T=10.693 ' N . (2)
Where \ ' ]
[ . J o
Ni=  highest cell count as colony forming units (i.e. total heterotrophic microorganisms) at

the end of log. Phase; !

No- [Initial cell count as colony forming units (total heterotrophic microorganisms) at the
I

beginning of log. Phase,

T=  mean generation time (days) of (total heterotrophic mlcroorgamsms) during log.

phase i .
= duration (months) taken for the populatlon to increase exponenna]ly from N, to N

k= specific multiplying rate (day !} of total heterotrophic mncroorgamsms

Therefore, at the end of the first generation, there are 2! N, cells at the end of the second

generation, there are 22 N, cells and at the end of the third, there are 2° No cells. Thus, at the

end of Y generations there will be 2Y N, cells in the paint sample Assuming that the number

of cells in the paint at the end of the incubation period is N, therefore it follows that,
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Ne=2"No ‘ eA))

Taking the logarithm of both sides of the model to the base of 10

LOgj(j N; = Lng 2 + L()gm No ' (2 2) ‘
Logo Ny = YLogio 2 + Logio No \ (23)
Logo Ni - Logio No = YLogio 2 1(24)
ngm_Nn:_L..ng*N..g =Y 2(2-5)

Log;o?_ . ‘\ ‘ .

.. |

Since T is the mean generation time, therefore the number of generations the cells go through
to attain N, was evaluated thus: B

Y =yT 3 \(2.6)

Where { is the time for the exponential phase i
The mode! equation is r_xm-sv: L : _ !
LogioNi-Logie No= 2 |

Loga{aZ T i

The maximum number of cells Ny and the initial number of cells No are known Therefore, to
determine the mean generatlon time (T), plots of the growth of mlcroorgamsms in the paint
with time was first-made (Flg 3.1), from the slope of the graph, the speclﬁc growth rate, K,
was evaluated. The rate of increase of microbial population is given also by the expression

(which is very useful for evaluating T with K estimated):

dN -=KN | : er
. o o
‘ ‘.!l
dN = kdt _ . @ 6)
N | o
Integrating equation  (2.9), _ -.!\
mn N =k o 210)
No ‘ - \.,\

If T is equal to the mean generation time or doubling time, then, . !
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‘N =2 N, and eguation (2:10) becomes: ;-

C e

fn 2N, =KT " g L2
N L
In2=KT " !
T=1in2 ' L 12)
|

K . | | l

Butin2=0693 ,
T =0.693 '

K
With the mean generation time or doubling time W(T)-“evalua}:ed; the duration of the

I

i
J
[
1

exponential phase can be evaluated.
The slope of the line in the plot of log Nt against time during the exponentlal phase is equal
to (K/2.303) from whlch K (specific growth rate) was obtamed (Dawes, 1967). With K

evaluated, the mean generation time (T) of the microorganisms present in the paint sample
. : . |

was determined from the model below:- i
i

ln 2= KT ‘ ; ) |
From equation (2- 13) ' |‘
|
0693 =T R y
i g
K \ J

Having known T (the mean generatlon time i.e the time it takes the microorganisms present

in the pairit sample to dguble their initial number (N) then, the ‘model (2.7) as described by

Dawes (1967) is given below: ‘
|

Log Ny -Logp No=tsl =Y ‘
Logw2 T ) !

This equation was applied to determine the shelf life (SL) of the .pamts where:

N, = standard population density of microorganisms in spoilt pamt (B4x 10" cfu/ml).

No = Initi}il population density of microorganisms immediately after production of the
paint. : |

ts] = Shelf life time during exponential phase growth of -micr:oorgeinisms, which can easily

be calculated having known N, Nyand T :

T = mean generation time of microorganisms present in a paint sample ,

Y = Mean number of generations, which the microorganism% went through before
reaching the final spoilage population density (N)). i
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Therefore, the total shelf-life duration (SL.D) of the paint is given by the  following

Model: SLD=ty+L _ ‘
Where SLD is Shelf-life duration !
L is Lag phase
. 'i'

{

’ |
2.19. Development of Statistical Predictive Models \

The data obtained for the fresh paint samples and the spoilt p'aint samples were fitted to a
multiple linear regression analysis (Neter e/ al., 1983), to predlct shelf life time for all the
samples. This is because regression as a statistical analyms descnbes the relationship between
two or more variables. The postulated model generated compnses of two equations based on .
the physico-chemical parameters and microbial population’ counts of the paint samples. The

equatton of the fitted model based on the physico-chemical parameters to predict shelf life i BN

Y =80+ ﬂl' X))+ BaXo) + B:0G)+ Ban(Xg) + ﬁs(Xs)!
. ' ‘ ’ - : l

Where: -

Y = Shelflife time/ respon;‘je coefficient

I
f ' 1} !
Bo= Intercept .

$1. B5 - regression parameters

X, = specific gravity — i

Xo =“0ptical density '
X = transmitlance & regressor coefficients L
X, =pH . at the spoill state. ';
X5 = viscosity A ‘ :

While the equation for the fitted mode! using microbial parametersiis:

i

|
f
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¥ Y= Buo+Bi(logXy)+Pa(logXs) + B3 (log Xs)

Where Y = Shelf life time/ response coefficient

Bo= Intercept

B1 — B3 are regression parameters

X, =Total bactenal count
X,= Total coliform count regressor coefficients at-.

~ Xs= Total fungal count the spoilt state T .

- The parameter estimates for the above models are presented ih Appendix 11. The multiple
linear regression analysis was also used to generate the conﬁdence interval, mean, standard

deviation, standard error mean, upper 95% mean and lower’ 95% mean. Significancelimits
were set at the 95% probablhty level.

«-‘5’: . s T :
. |
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3.1

Enumeration of Microbial Population Densities in Various Raw Materials,
Packaging Materials and Stages of Paint Production | '
Six bacterial isolates designated OB- 1, 0B-2, OB-3, OB-6, OB 7 and 'OB-8; two

¥
coliform isolates, desngnated OB-4 and OB-S and three fungal lsolates designated

. OB-9, OB 10 and OB- 11 were isolated in this study. The types and ‘population

densmes of bacteria, oohforms and fungi found in 26 solid raw materials used in
paint production are shown in Table 3.1. The highest populatlon density was
obtained for bacteria (9.3 x 10° cfu/g); followed by coliforms '(7.05 x 10 cfu/g,) '
and fungi (6.8 x 10° cfu/g) Sample RN375 had the highest number of bactena,
MUH;0 had. the hlghest number of coliforms wh“ie\MNZSZ had the highest
number of fungi. Expectedly, the population densny of cohforms was
exceptionally high in MUH20 and CDH;0 which are water supply inlets to the
factory. The microbial populatlon in the biocides used in pamt production ranged
from 1.0 x 102 — 1.5 x10°, 10 x10' — 1.7 x10' and 1.0 x 10" —'1.5 x10" for
bacteria coliform and fungl respectively (Table. 3. 2). The data regarding the
microbial populatlon densities in the various packaging. mate]nals and stages of
paint production are shown in Tables k) 3 and 3.4 respectively.’ ' The same types of
organisms encountered m the raw matenals were also detected n the packaging
materials and the stages of paint production - (Tables 3.1, 33 and 3.4).- The
population of bacteria in the packagmg materials ranged from 3. 45 x 10% - 7.65 x
10° cfu/g. The collform populanon ranged from 2.90 x10* - 490 x 10 cfu/g,
while the fungal population ranged f’rom 2.40x 10" - 2.80x 103 respecllvely.

7
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‘ ::anc Do de VAN WRPAL Jous g shit ma ek o R} Mmn it mm e e . R
S/N ample otal bacterial counts otal coliform counts [Total fungal counts Fungal isolates Bacterial isolates
F o l(l;m“ct’ulg) [(rxlo‘ cfu/g) x 10° cfu/g)
1 SD H,0 44 6.5 1.25 f0B-10, OB-11 OB-1, OB-4, OB-5
7 CD H,0 2.7 4.5 1.50 * OB-1, 0B-4, 0B-5
3 MU H,0 6.45 7.05 50 [OB-9 0B-2, OB-4
n 288 2.35 P2 * * OB-3, OB-4, OB-7
5 MN239 2.05 2.5 3.5 0OB-10, OB-11 OB-1, OB-3
& . MN277 7.0 3.5 225 [oB-10 _ OB-5, OB-8
7 MN40Y 7.3 3.9 3.59 [0B-10, OB-11 OB-1, OB-4,
8 - JMN 280 78 15 2.35 foB-11 OB-2, OB-7
3 MN231 375 56 13 * OB-4, OB-7
10 MN236 . ) e ps 1.30 B-9 OB-3
T a2 54 " 50 + g OB-3, OB-7, OB3
12 JMN 236X D 05 2.1 * - OB-2, OB-4
13 41 6.1 5.6 * . . OB-3, OB-7
4, MN252 3.0 7.0 6.8 B-9 OB-1, OB-4,
15 261 3.34 4.5 T * OB-3, OB-5, OB-8
16 N 490 76 3.0 * * OB-2, OB-3
17 300 32 3.2 3.0 0B-11 OB-2, OB-7,
18 375 05 375 * > 0B-3, OB-4
19 24726 53 1.2 > o OB-1, OB-5
20 4740 7 30 2.95 * il 3 OB-2, OB-3, 0B-5
21 1140 315 3.5 4.2, . #OB-Q,OB-II OB-1,0B-2,0B-7 __|. ... -
2 N 465 10 6.7 1.5 | S 10B-4
D3 24899 RS “Bo T 2 Gl * OB-2, OB-3
Be gN40 . Bz B T4 | OB-1,0B8
‘5 pMN24l D7 2.4 3.5 [oB1 0B-2, OB-3
6 [MN2%6 4 2.9 * * 0B-3, OB-5, OB-7

* not detected

Values are means of triplicate determinations.
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Table 3.2. Microorganisms detected in biocides and their population densities

e

Biocide Total Total coliform Total fungal Fungal Bacterial

bacterial counts (» 10! cfa/ml})’ counts (x 10! cfu/ml) isolates isolutes

counts (x 102 cfu/ml) ‘
ZN467 1.0 - 1.0 1.0 0B-9 OB-3, OB4
ZN481 1.25 1.0 _ * * OB-2, OB-4
ZN489 1.5 1.7 1.5 OB-9, OB-10 OB-5, 0B-7
ZN435 1.0 1.3 1.2 0B-10 OB-7

I - - k 7
. T e e /

* not detected el ;

Values are means of triplicate determinations.
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Table33. Microorganisms and their population levels in packﬁging materials used in

paint preduction |

Packaging . Total bactenal Total coliform Total fungal Fungal  Bacterial
materials counts (xlll{)"j cfufg) counts (x 10* cfufg) counts (x 10° cfu/g:l) isolates  isolates
C/T20LTS 345 29 24 | OB9  0B2
| | ".i OB-5,
s _":. _ OB-7

‘D/W/S Plastic 428 470 . OB-1,
' L 0B,

| . " OB-8

C/20LTS . 3.82 . 342 2.8 ‘0OB-9  OB-2,
* | ! OB-4,

| | | 0B-7

&  DW/SMetal 495 490 s e 0B-1,
o | L OB,

D/E 20LTS  7.65 401 * f: ‘0B-2,
| - OB-3,

“-\! OB-8

D/E 4LTS 5.92 4382 * t% . OBl
| b OB-4,

i OB7

C/T, caplux textured; D/W/S, dulux weather shield; C, caplux; D/E, dulux emulsion; _
* not detected. Values presented are means of triplicate samples. '
{
§
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Table 3.4. Microbial Types and Numbers isolated during the Qifferent stages of paint production
Paint After After Texture After After | Fungal | Bacterial
types dispersion making tinting filling isolates | isolates
up :

Total 1.25x102 5 75x102 |5.46x102 |5.73x102 6.0x102 0B-1,

bacteria 0B-3

on NAj, -
D/WS | ({cfu/mil) _

Total 1.1x10! 1.46x10% | 2.5x10% 2.8x10} 3.22x101 OB-4,

coliform ‘ ‘ 0B-5

|on MCA ' : -

fcfu/mi) | ; ) S

Total 1.0x10! 1.5x10¢ 1oxio! | 2.1x10t }3.3x10! 0B-9

fungi on ‘ T

PDA _ ' e ' /
C/E Total 2.0x10? 3.2x10? 3.92x102 | 4.4x102 0B-2, '

bacteria . 0B-3,

on NA 1 ‘ OB-7 '

{(cfu/ml) '

Total 1.6x102 2.2x102 2.8x102 3.5x102 OB-4

coliforms < OB-4

S

on MCA Z .

(cfu/ml) )

Total 1.1x10! 2.3x10! 2.9x10} 3.1x10! ] OB-9

fungi on ; ‘ 1 0B-10

PDA S N DU e

(cfu/ml) I s beiiicit Al R i A

D/W/S, dulux weather shield; C/E, caplux emulsnon N/ A, not apphcable
Values are means of triplicate determinations.
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‘*f 32 Populations of Microorgam
different microorganisms were i

sms from Paint Samples. !

solated following initial ten-fold

Ten morphologically
es; that have been

serial dilution and s
company’s regulations and spe

tandard plate count from fresh paint sampl
cifications. In addi{ion to these, the

spoilt samples had 1 -6. Isolates OB-4 and OB-7 occurred

n all the fresh paint samples while OB-6 occurred?only in all spoilt
and antibiotic’ susceptibility

processed to meet
more organism designated OB

more frequently i
paint samples. They were therefore, selected for biocide
erial'population in the fresh paint samples (PS-1 ~ PS-6) monitored every

tests. The bact
« 10" — 4.7 x 10° cfu/ml, while

s from the day;r of production ranged from 1.6

two week
I
o' — 5.5 x 10° cfu/ml respectively over a

the fungal population ranged from 1.0 x 1
period of 10 months. The mean changes in pop

fresh paint samples PS1 — P56 are shown in Fig, 3 1. The main feature of the growth
ed in Fig. 3.1 is an obséwable and definite

ulation density of microorganisims in
E |

pattern of the isolated organisms as illustrat

lag period of 5 months. éubscquently, there was
population densities ill the 10th month. The microbial population densities in the spoilt
3.4 x 10 cfw/ml, 1.0 x 107 - 29 x 107 cfu/ml

steady increase in the microbial

paint samples ranged from 2.5 x 10"
and 2.2 x 10° — 3.2 x 10’ for bacteria, coliform and fungi respectivejiy.
f
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Fig. 3.1. Mean changes in microbial population density in fresh paint sa'almpleé PS1-PS6. TBC,
tota! bacterial count; TCC, total coliform count; TFC, total fungal count. Data
represent the averages of triplicate determinations. ' -
, : t‘.
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Table 3.5. Microbial population densities in spoilt paint samples t
L]
i
Paint Total hacterial Total coliform Total fungal Fimgal Bacterial
sample  counts (x 10" cfwmi)  counts (x 107 cfw/ml) counts (x 10° cfu/ml)  isolates  isolates
: l
pPSA 29 . 1.1 2.5 6B-9  OB-2,0B3,
| 0B-4, OB-6,
i
; | OB-7
?
PSB 3.4 R N 32 OB-9,  OB-10B-,
™ gB-11 - OB-7,08-8
PSC 3.0 1.0 ; 2.8 'oB-10, - 0B-3,0B4,
"0B-11 . 0B-6,0B-7 N
PSD 25 29 2.5 /OB-10  OB-2,0B-4,
", 1 OB‘(’
- Ay '
& S ' — .
PSE 3.1 R 22 ' oB-11 . OB-1,08B-5,
I\ ! (—\I .
v _ 0OB-6
W
|
|
Values presented arc mcans of triplicate samples. _
5.
|
l
|
|
I
|
. |
J
3 |
vE
4'*_, ]
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3.4

ST~

Enumeration of Microbial Population Densities in Paint Samples from Various

]
J

Locations :

The population levels of bactena, coliforms and fungi isolated in, pamt samples from
company warehousc and three different markets which are the mam pamt depots in
Lagos are shown in Table 3.6. The bactenal populal::on densuy was the highest (6.3 x
10° cfu/ml) This was followed by the collform population densny (5.1 x 10% cfu/ml)
and lastly the fungal population density (3.8 x 10! cfu/‘nl) respechvely Mushin market
had the highest bacterial count (6.3 x 10° cfu/ml) wh:le Bariga market had the highest
fungal count (3. 8x10" cﬁJ/ml) However, the company warchouse had the highest
coliform count (5.1 x 10 cfu/ml) and the lowest fungal count (23 x 10* cfu/ml).

Isolates OB-4 and OB-5 occurred in pamt samples from all the locatlons
’ I

Enumeration of Microbial Population Densities in Biodeteriorated Painted Walls

Microbial population antl types from biodeteriorated painted'walls showed a high
incidence of OB-6 (6.50 x 10* cfu/g) and OB-7 (5.26 x 104 cfu/g) The results are
displayed in Table 3.7. Isolates OB-2 and OB-5 were the least occurring bacterial

isolates. Plate 3.1 shows the points at which scrapings were collected for subsequent
9 | |

isolation of microorganisms from a biodeteriorated painted wall.
. l
TN f

:

]

i -

f

3
1
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;4} Table 3.6. Microbial population distribution in paints from variou? locations.

L

Sample location Teotal bacterial Total coliform Total fungal Isolates -
counts (x 10° cfo/ml)  counts (x 167 ¢fu/ml)  counts(x 10" c¢fu/ml)
!
Mushin - ' 63 438 L3 08-2, OB-4, OB-11
Ikeja 3.9 4.2 129 OB-3, OB-3, OB-9
1
Bariga - 47 3.8 38 OB-1, OB-5, OB-11
: . . |
Company Warchouse 3.7 5.1 I ﬁ 2.3 OB-4, OB-7, OB-10
‘ i
Values are means of three triplicate determinations. i
4, | N
\
. i
|
|
i
" : «"-l
vy
i
j
|
|
v :
‘} : ]
l‘ ll
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Plate 3.1. Biodeteriorated painted wall showing effect of colonization
by microorganisms. Arrows show scrapings collection points.
. f
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Taliie 3.7. Microbizl population density in biodeteriors:ed painted walls

i !

Bacterial count | Fungal count Bacterial isolates 1 Fungal isolates
x 10* x 107 1

526 | . 58 OB-7 . 0B

453 30 0B-4 - OB-10

412 © 013 OB-3 ,  OB-I1

6.50 r OB-6 i

1.00 . OB-5 o

30 _ OB-2 o T

Data represent the averages of triplicate determinations. Microbial numbers were enumerated in colony

forming units (CFU) per gram of wall scraping. I

|
-1

)

i,
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35 .

- “based on macroscopic and microscopic characteristics. ;

. Identification of Bacterial and Fungal Isolates |

Pure cultures of bactenal isolates, (OB-1 — OB- 8) isolated from the raw matenals packaging

materials, stages of paint productlon paint samples and blodetenorated painted walls were
|

identified on the basis of their morphological and biochemical charactensncs (Table 3.8). The

substrate utilization patterns of the frequently occurring OB-6 in lhe spoilt paint samples and the

. biodeteriorated paint samples were done usmg Analyticat Profilé Index (API) identification (1D

32E) fest system to obtain the phenotypic proﬁ]es of the isolate. Also, the frequently occurring
coliform, OB-4 in all the fresh paints examined, were charactenzed phenotyplcally along side OB-
5 using substrate utilization with the API 20 E test system (bloMeneux Vitek, Inc. Hazelwood,

MO. USA). Table 3.9 show the ldentlﬁcatlon profiles generated using the database code obtained
from the API identification software (APTWEB). The heterolrophlc bacteria isolated in the study
were identified to be Bacillus polymyxa (OB- 1), Bacillus brews (OB-2), Bacillus laterosporus
(OB-3), Proteus m:rabths (OB-4), Escherichia coli (OB-5), Pseudomonas aeruginosa (OB-6),

Lactobacillus gasseri (OB-T) and Lactobacillus brevis (OB-8). Thf:‘ﬁmgal isolates (OB-9,.0B-10

and OB-11 were identified. as Aspergillus niger, A. flavus and Péllniciﬂium citrinum respectively

|
|
|
1

89



Table §j‘8,.fBiochemical characteristics of bacterial strains

Isolates

Biochemical characteristics

0B-1

0B-2

0B-3

0B-4

0B-5

0B-6

0B-7

0B-3

Cellular Morphology

Large .
Straight rods

Short
rods

Short rods

Short
rods

Straight

‘| Straight

rods

Slender
rods

Slender
rods

Gram reaction

+

-+

-+

Catalase

+
+

w

Oxadase

+|+]

VP

Gelatin hydrolysis

Starch hydrolysis

i+

Citrate utilization

Nitrate Reduction

(Gas from Nitrate-

N A I EAEAEaE

+|+{++]

Motility

Indole

+|+]

Urease '

H,S

*

Gas from glucose

+{++]+{+]

Growth in 10% NaCl

Growth at 15°C

) -

Growth at 45°C

»*

Growth at 50°C

#| W] %] %] *| ]!

Esculin hydrolysis

EIEZRARIE

E AL

ONPG(B-galactosidase)

LDC (Lysige decaboxylase

| ODC (ornithine decarboxylase)

++) o+

ADH (arginine dihydrolase

#*| wf W

Glucose

| ey o) o

Xylose .

Lactose

SEIEIE

]
1,
1
|

Salicine

*

Sucrose

Maltose

++]

Mannitol

+

Phenylalanine deaminase

M N S e A A R R I R

*

Probable identity

Bacillus
polymyxa

E S
*
*
*
B

laterosports

Proteus
mirabilis

Escherichia
coli

Pseudomonas
aeruginosa

Lactobacillus
gasseri

+, positive;, - negative, *, not tested, N/A- not applicable
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Table 3.9. Phenotyple characterization of lsolates

Blochemical characteristic

Isolates

0B-4

0oB-6

Gram reaction :
ONPG [B-galactosidase} . -
ADH (arginine dihydrolase}
LDC (lysine decarboxylase)
ODC (omithine decarbobxylase}
CIT (citrate utilization}
HaS
Urea
TDA (tryptophane deaminase)
Indole production '
VP
Gelatin hydrolysis
Glucose
Mannitol
Inositol
.Sorbitol
Rhamnose
Saccharose
Melibiose
Amygdalin
Arabinose
Oxidase
Nitrate reduction to Nitrite
Nitrate reduction to Nitrogen
Motility \
OF-0Ot
OF-Fi
aMAL (n-maltosidase)
aGLU (z-glucosidase
aGAL {u-galactosidase}
BRGUR (ﬁ—glucuronidase}
CEL {cellobiose)
LARA (L-arabinose)
LARL (L-arabitol) .
BNAG (N—Acely]—ﬂ-glucosaminidase}
PLE [palatinose)
ASPA (L-aspartic acid arylamidase)
SKG [S-ketogluconate]
TRE (trehalose}

+ + I

]

t, oxidative-; §, fermentative- utilization of glucose; +, positive; -,

L

o1

negative; *, not tegsted
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36  Cellulolytic Activity of Isolated Strains

The growth of the isolated strains in Czapek’s medium was indicated by utilization of
cellulose as the sole source of carbon and energy. This was evidenqed by the increase in
turbidity at different rates. The optical density (ODsso om) during the incubation period
ranged from 0.12 - 0.20, 0.19, 0.20, 0.13, 0.14, 0.50, 0.14, 0.15, 052 0.20 and 022 for
OB-1 — OB-11 respectively. Although experiments demonstrated the abilities of all the
isolated strains to utilize éellulose as sole carbon and energy source the enzyme activity

of éndoglucanase tested on carboxymethyl cellulose (CMC) proved that Psendomonays

‘aeruginosa (OB-6) utilized cellulose optimally. The results presented in Table 3.10 show

that CMC induced the highest cel]ulolyue actlvuy on Pseudomonas aeruginosa of all the
cleven isolates tested. Aspergillus niger and Pemcrfhum crmmmf came in the second
rank, while Bacillus polymyxa, B. brevis, B. Iaterospoms and Aspergillus flavus came in -
the third rank. Proteus mirabilis produced the least CMC-ase activity, while scherichia

coli, Lactobacillus gasseri and L. brevis utilized cellulose minimally.

L
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Table 3.10. Cellulolytic activity of isolated organisms

3

Isolated organisms Concentra;;on (ug/ml) Enzyme activity lU]' Relative
(mol/min) ' activity (%)

CMC -ase |

: %
Bacillus pohnyxa 179.41 0.69 40.1
B. brevis 164.71 0.64 - | 37.2
B. laterosporus 176.47 . 0.68 I © 395
Protens mirabilis 88.24. 0.34 | 19.8
Escherichia coli 95.59 0.37 215
Pseudomonas aeruginosa 444,59 1.72 : 100.0
- Lactobacilius gasseri 95.59 0.37 ‘ | | 21.5
L. brevis’ 122.01 0.47 i 27.3
Aspergillus niger 19; 8| 8 0.74 II 430
A flavus 18088 070 40.6
197.01 0.76 ! 442

Penicillinm citriznm

Vatues are means of triplicate samples.

One unit of CMC-ase activity is the amount of cn

per min.
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3.7

Physico-chemical Parameters of Paint Samples |
v |

The mean changes in physico-chemical characteristics of .‘;:ix different freshly
made paint samples (PS-1 — PS-6) monitored for a period of 10 months are
summanzed in Fig. 3.2. The parameters measured include optlcal density (OD),
specific gravity (SG), transmittance (TR), pH and vtscosxty (VIS). The optical
density (OD) at 600 nm increased with time in a!: the samples over the period -
ranging from 1 49— 3.91. On the other hand, specific gmvnty, transmittance, pH
and viscosity decreased over time. The decreases obtamed for the parameters
ranged from 2.8658 — 1.0853, 69 -23,85 - 5.6 and 117 cst — 10.8 cst for
specific gravity, transmittance, pH and viscosity' respectively.  There were
observable changes m :the physical appearance: of the paint; samples during the

study period as they age. The changes in the physical appearance of the paint

‘samples over the study period indicated a steady and gradual loss of the original

colour, texture and viscosity n addition to formation of bloﬁlms on the paint
surfaces. In addition to these changes, the spoilt paints had ma]odour and gassing.
The physico-chemical parameters of the spoilt paint samples ranged from 6.82 —
751, 0.1058 —0.1198, 0 15 —0.55, 412 —4.19 and 3.02 cst ] 3.63 cst for optical
dens:ty, specific gravxty, transmittance, pH and viscosity ‘resbecuvely (Table

3.11). r' g
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Physlico-chemical parameters

T

Fig. 3.2

Mean changes in the physico-
SG, specific gravity; OD, s0am}
Data represent the averages of triplic

6 8

; Time (months)

ate determinations.

95

't
I
|
f
i
|
!

chemical parameters in freshfpaint samples PS1 - PS6.
TR, transmittance. ) i}
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Fig. 3.3 Mean changes in viscosity of fresh paint samples PS1 - PS6 monitored for ten months after
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Table 3.11. | Physico-chemical parameters of spoilt paint samp
1
Paint samples  SG oD TR pH ' VIS
' ." (cst)
|
PSA 0.1175  6.98 0.52 414 | ' 364
PSB  7.26 0.46 4.12 | - 3.02
- ,
PSC 6.95 0.15 "~ 4.15] 3.68
PSD 0.1166 ' 6.82 0.54 4.19' 3.69
PSE 0.1058/  7.51 0.55 2.16 3.63
1 ‘ !
TR, transmittance; VIS, viscosity icst)
|

SG, specific gravity, ODg00 nm;
f triplicate samples.

Values presented are means 0
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3.8 Concentration of Phosphates, Sulphates and Heavy Métals

|
!
a $ |
The results of the PO,> and SO content in fresh paint sam;')le's?'spoilt paint

samples and paint samples stored in the company warehouse shoiwn in' Figs. 3.4 -

- 3.10. indicate hlgher concentrations of these inorganic nutrients lin the fresh paint

samples than in the spoilt paint samples. The results showed a steady decline of
PO from 15.5 - 2.4 mg/kg and SO, from 12.8 - 2.0 mg/kg muthe fresh samples -
over the study penod In contrast, the spoilt paint samples had lower levels of
PO.! which decreased from 2.6 - 0.1 mg/kg and SO4 wh:ch decreased from 1.2
— 0.0 mg/kg respectively. This i1 is most likely the reason for the observed odour in
the spoilt samples as SO is bemg reduced to hydrogen sulphlde under anaerobic
conditions, Table 3. 12 shows the availability of heavy metals i m fresh, spoilt and
stored paint samples in the company warehouse. The conoemratnons of Pb, Cu and
Mn were generally lower in all fresh samples than in the warehouse samples.
Generally, the spoilt paints had- higher concentrations of alljthe metals which
ranged from 2.0 — 5.3, 2.5 — 58 apd 3.0 - 5.0 mg/kg fof Pb, Cu and Mn

respectively. L ; |
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Fig3.4 Concentration of “bhosphatm and sulphates in painit sample PS-1.
Data represent the means of triplicate samples. g
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Fig. 3.5 Concentration of phosphates -and sulphates in paint satﬁplgS PS-2.
Data represent the means of triplicate sam ples. ‘
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Table 3.12 Atomic absorption spectrophotometric analysis of heavy metals in various paint
samples. I , .

o o -
Paint sample Status Mn (mg/kg) Cu (mg/kg) Pb (mg/kg)
D/E chocolate SS | 30 5.8 3.0
. i : i
D/E Summer Blue s ‘] 50 3.7 2.0

. ‘
Shell SS 5.0 43 . 2.0
Estrucian Red ss ) a5 25 5.3
Brilliant White ws 2.4 1.5 /2.6
I :
D/W/S WS L a1 3.1 3.0
o : |
Summer Blue WS . 38 32 - 13.3
Magnolia ws 3.9 3.6 E 2.0
] .
Shell FS T -5 U 1.0 ' 2.5
Summer B]ue FS LA 3.0 1.8 ] _2.0
y R
Magnolia FS | 20 3.0 PREE-X
Brilliant White FS 26 2.0 2.1
:
b .

S8, spoilt paint samples; wsS, warehouse samples in storage; F:S, fresh samplesl..

Values are means of triplicate determinations.
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7ZN467 (Plate 3.3). Pseridomo

! ;

‘ Lg
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39  Antimicrobial Patterns of Biocides
The disc diffusi

on technique revealed that all the four biocides (ZN467, ZN481, ZNA485, and
ZN489) were effective only at 3%

(v/v) concentration. However, optimal rcsu!lts were obtained at
5% (viv) (Plates 3.2 - 3.11). The co—contammant effect on biocidal activity to(iyard individual test
organisms was studied with the test orgamsms in mixed suspension. The resulti‘s further ‘
demonstrated that the biocides were more effective on individual organisms than on consortium of

sion, ZN467 was observed to be most

organisms (Plates 3. 9,3.10 &3.11) As in the pure suspen

" effective against the consortium of orgamsms compared to the other blocldes Bnocnde ZN489
performed poorly against individual orgamsms and a consortium of orgamsms (Plates 37,38&
3.11). Biocides 7ZN481 and ZN485 demonstrated moderate activity against Proteus mirabilis (Plates
3.4 & 3.6). Biocide ZN467 had the hlghest activity agamst individual organisms. . Thls was followed
by ZN481, ZN485 and lastly ZN489 As expected Pseudomonas aerugmosa, hav%mg a lipid-rich
waxy cell wal'l demonstrated substan'ua'l remstance 10 ZN489 {Plate 3.8)

and the least resistance to
nas aerugmosa

had the least mhlbmon fr

om ali the blOCldeS tested.
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Plate 3.2 Effect of biocide ZN467 on Lactobacillus gasseri

A, control; B, 1% viv; C,3% vivi D, 5% viv
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i
Plate 3.3 Effect of biocide ZN467 on Psendomonas aeruginosa
‘A, control; B, 1% vi; C, 3% viviD, 5% viv
!
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Plate 3.4 EiTect

A, control; B, 1% viviC,3%viv; D

of biocide ZN481 on Profeus mirabilis

5% v/v
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Plate 3.5 Effect of biocide ZN481 on Lactobacillus gasseri
A, control; B, 1% vllv; C, 3% vivi D, 5% viv
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Plate 3.6

Effect of biocide ZN485 on Protfeus mirabilis
A, control; B, 1% viv; C, 3% viv; D, 5% viv
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- Plate 3.8 Effect of blocule ZN489 on Pseudomonas aeruginosa

A, control B, .l°/o vivy C 3 A) vivi D, 5% v/v
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ffect of biccide ZN467.0n a consortium of organ
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Plate 3.10 Effect of biocide ZN485 on a consortium of organisms
A, control; B, 1% v/v;'gC, 3% viv; D, 5% viv
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Plate 3.11
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Effect of biocide ZN489 on a consertium of organisms
A, control; B, 1% v/v; C, 3% vi; D, 5% v/iv

-

117

!

ee——

e —




.

~d

310 Effects of Different Concentrations of Different Biocides on Micljebial Population

311

Densities of Fresh, Sterile Paints , ‘ i
'. . l

The results of the different concentrations of four biocides used in paint production show‘ed
that 0.5% (v/v) of each of the biocides had minimat effect on the microbial populahen
densities of the paint samples. The four biocides used in paint productmn designated ZN467
ZN481, ZNA48S and 7ZN489 all inhibited microbial growth in fresh sterile pamits at d:f’ferent
rates (Figs. 3.11 -3 22). At concentrations of 0.5% - 3% (v/v) of all the biocides, there was
no bacterial and fungal growth at week 0 (Figs. 3.11 — 3 22). The samples with 3% (v/v)
ZN467 had bactenial growth (1.0 x 10! cfu/ml) only at week 8 (Fxg 3.14) and fungal growth
at week 8 (Fig. 3.22). However, bacterial growth (1.0 x 10l cfu/ml) and fungal growth (1.0 x
10" cfu/mi) was observed in samples with 3% ZN489 by week .4 (Fig. 3. 22). Cohform
growth (1.2 x 10" cfu/ml) was observed in samples with 0.5% (w‘v) of ZN481 and ZN485 bé/
week 4. In contrast, coliform growth was observed __ﬂen" week 2 in; samples with 0.5% (v/v)
ZN489 (Fig.3.15). Only 3% (v/v) ZN467 inhibited coliform 'growth tilt the 8" week (F 1gt.
3. 18) In contrast; there was coliform growth (1.0 x10 'efu/mi) in samples with 3% (v/v)
ZN489 from the 4" week and coliform growth (1.0 x10'cfu/ml) i m samp!es with 3% (v/v)
ZN481 and ZN48S from Et}e.g“' week (Fig, 3.18). 3 !
Lo 1
. : ; il
Effects of Different Concentrations of Different Biocides on Physico-chemical |
Parameters o}Fresh, Sterille Paints : 7— ﬁ
The results represented in Figs.3.23— 3.42 summarize the dlﬂ‘erencee in the antmncrolna!i
activities of the biocides on physico-chemical parameters of fresh stérile patnt samples.|
Biocide ZN467 was observed to be effective at lower concentratlons compared to the other l
test biocides. The efficacy of ZN467 was particularly more pronounced from 1% (v/v) |
compared 10 others. The SG of samples with 1% (v/v) ZN467 decreased from 28658 — 1
2 4683 from week 0 — week 10. However, at the same concentrat:on samples with ZN489 '
had decrease in SG from the initial 2.8658 — 1.925] by week 10. The SG started decreasing
by week 2 in samples with 2% ZN489 (Fig. 3. 25). In contrast, samples with 2% (v/v) of
other biocides had decrease in SG from week 6. At week 10, samples with 3% (v/v) ZN489
had maximum increase in optical density from the initial 1.63 — 1.84. On the other hand,
samples with 3% (v/v) ZN467 had OD inreased from an initial value 6f 1.63 ~1.67 by week

10 (Fig.3.30).The rate of reduction in viscosity was the same for all the samples from week 0
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_ week 4 at 3% (v/v) concentration. On the 6™ week, samp]es with 3% (v/v) ZN481 and

ZN485 had reduced viscosity from the initial 11.2

samples with 3%

biocides.

—11.1 est. It 1 1s noteworthy to observe that

(v/v) ZN467 had viscosity of 11.2 cst from week O till the 10" week
(Fig.3.42). This further confirms the superior efficacy of blOClde ZN467 over the other test
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