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Detection of bacterial cytotoxic activities from water-damaged
ceiling tile material following incubation on blood agar
L DeMaria and DJ Lye

Department of Biological Sciences, Northern Kentucky University, Highland Heights, KY 41099—0400, USA

Samples of ceiling tiles with high levels of bacteria exhibited cytotoxic activities on a HEP-2 tissue culture assay.
Ceiling tiles containing low levels of bacterial colonization did not show cytotoxic activities on the HEP-2 tissue
culture assay. Using a spread plate procedure on blood agar plates, the levels of bacteria colonizing portions of
cellulosic indoor ceiling tiles were easily identified. Levels of bacteria measured by this simple procedure may be
a good indicator of microbial colonization of indoor building materials especially in the case of water damage. We
suggest that bacterial levels above 150 CFU g ~* of ceiling tile material indicate colonization has occurred.
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Introduction Individual ceiling tiles were taken down and labeled on
the backsides for future reference. Sampling was done by

There is a growing amount of data in the scientific I|teratureScraping material from the backside of each tile with a ster-

concerning origins of pollutants and allergens from indoor.Ie serrated knife. A sample of material was taken from

sources [8]. Water damage to building materials facilitates'the center of an area where there was apparent water dam-

e O o CToEIgan e I & e Ve 1 o ag, as evidenced by residual saining. A Secord sample
’ 9 as also taken from the same tile in an area 30 cm from

(r;}antﬁ(r;%li rsgﬂigsemsg E/Cﬁitc\rl]\l&:reer Cdaargglgt]aeofp:gll“ggtseis t?:xi%rg\év(g‘je edge of the original stained area. This second sample
9 P 9 as taken from an area where there was no apparent water

immunoreactive agents [1,7]. The release of bioactive : :
agents may be involved in the etiology of health Symptomsdamage. A total of 10 g of material was obtained from each

associated with certain types of indoor air quality deterio-fgelsged dsitr?rt?gilrnosrtieir::gl [)I:?csatllt?ogig:ft;hgaﬁllIlinng tiles were
ration and increases in respiratory symptoms have beely? 9 piing.

associated with household water damage [4].

There is a need for developing procedures that will : i -
; . . Twenty-five milligrams of each sample were distributed
quickly and conveniently determine the effects of Wateronto the surface of the following media by simply sprink-

damage on microbial colonization of indoor materials sucr]. . . .
A . . . -~ ling the material across each plate. The media were incu-
as ceiling tiles [6]. Using a simple procedure for detectlngba?eol as follows: blood agar (EIJOAP) B for 48 h: Sabou-

numbers of bacteria in ceiling tile material, we were able ) ;
' : . . S raud’s dextrose agar (SAB), 25 for 5 days; and trypticase
to identify quickly those portions of ceiling tiles that had soy agar (TSA), 2% for 5 days.

experienced bacterial colonization even when there were n
obvious ‘water stain’ residual marks. The mixed bacterial
communities culturedin situ' from ceiling tile material
were subsequently tested for cytotoxic activities.

Testing for microbial growth

Cytotoxicity testing

Twenty-four hours prior to the cytotoxicity assay, 1.0 g of
each ceiling tile sample was placed into a separate, sterile
tube and 3.0 ml of sterile tap water was added to each tube.
Materials and methods Next, 0.5 g of the damp ceiling tile material was immedi-
ately placed directly onto a nitrocellulose membrane which

Sampling of ceiling tiles
Five ceiling tiles (with obvious water damage stains cover-had been placed on the surface of a blood agar plate. The

. : . late was then incubated for 24 h at’85 For the cytotox-
ing approximately 10—20% of each tile) were sampled fromPs : . :
the first floor of the five-story, 25-year-old Natural Science'C'Y 8SSay, the membrane filter (with the plug material on

Building on the campus of Northern Kentucky University. the surface after incubation) was transferred onto Hep-2

Five years prior to the sampling, the ventilation system ofce"S using the procedure described by Lye and Dufour [3]

this building had been inspected and approved as meetin]c ;teelfsaymg cytotoxicities of bacteria commonly found in

industry standards. Because the ceiling tiles had been
replaced at that time, water damage to ceiling tiles had
occurred within the previous 5 years. Results

Table 1 shows the numbers of total bacteria cultured from
Correspondence: Dr DJ Lye, Department of Biological Sciences, Northerr‘he ce|I|ng tile S?‘mples' The'culture of Celllng tile material
Kentucky University, Highland Heights, KY 41099-0400, USA on blood agar yielded the highest counts among the three
Received 24 December 1998; accepted 26 March 1999 different media tested. Blood agar is an attractive medium
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Table 1 Bacterial colony forming units in 25-mg samples of ceiling this article. Although the presence of ‘water stains’ was

tile material not always indicative of increased bacterial numbers, water-
Medi CEU from 25 in il | damaged areas of a single ceiling often gave higher bac-
edium rom £5-mg cetling file sample terial numbers than nondamaged areas of the same tile.
° 1 2 24 3 34 4 4H 5 SH High levels (_)1_‘ ba(_:terla are not commonly found on non-
damaged ceiling tiles.
BAP 5 24 8 1050 0 1 0 4 4 673 Levels of baptena measured by our s!mp}e proce_dure
TSA 2 21 8 540 3 8 0 1 3 420 maybe agood indicator of microbial colonization of build-
SAB 0 3 1 290 0 0 0 1 2 39 ing materials especially in the case of water damage. Our
o results revealed that background levels of bacteria in non-
Cytotoxicity neg pos neg pos

Nég neg neg pos Neg Pos gamaged areas of ceiling tiles typically ranged from zero
“Nondamaged portion of ceiling tile to 320 CFU ¢* of_mat_erial. The upper Iim_its of nondam-
PH’ refers to water-damaged portioh of same ceiling tile. aged, areas of Ce",mg ples appgared to be Inﬂuenced_ by how
Measured by noting discrete areas of cellular destruction after 16 1€avily the colonization was in the damaged portions of
exposure. that same tile.

The second point of our survey addresses the potential
of ceiling tiles heavily colonized with bacteria to contribute
to the release of cytotoxic chemicals if water damage reoc-
curs. Levels of bacteria cultured from water-stained areas of

to use in the isolation of cytotoxic bacteria because it hageiling tiles ranged from 40 to 42 000 CFU'gf material.
been shown to be the best enrichment procedure for thedeevels of bacteria below 150 CFUgin water-stained
types of bacteria [2,5]. areas did not yield cytotoxic activities from our tissue
Ceiling tile No. 1 exhibited cytotoxic activity only from assays even though there was apparent water damage. How-
the water-damaged area which contained 960 CFUofj  ever, levels of bacterial colonization above 150 CFU per
material. Material from a nonstained area of this same tilgram of material were associated with cytotoxic activity.
did not exhibit cytotoxic activity and contained tenfold less We suggest that bacterial levels below 150 CFUd] ceil-
bacteria at only 80 CFU§ of material. ing tile material be used to indicate non-colonized ceiling
Ceiling tile No. 2 exhibited cytotoxic activity only from tiles with low levels of possible cytotoxic activities. Levels
the water-damaged area which contained the highest levalbove 150 CFU @ indicate that colonization of the ceiling
of bacterial colonization of all of the tiles sampled, 42 000tiles by bacteria has occurred irrespective of the presence
CFU g? of material. Material from a nonstained area of of visible water stains. Colonization of ceiling tiles by
this tile did not exhibit cytotoxic activity but did contain increased numbers of bacteria may result in increased num-
320 CFU g* of material. These results suggest that portionsbers of those bacteria with cytotoxic activities. Current
of ceiling tiles that have extensive bacterial colonizationstudies are underway to further identify and characterize
(such as tile No. 2) will have increased numbers of bacterigdhe cytotoxic Gram-positive rods and cocci that are most
in the nonstained areas as a result of a concentration gradiommonly isolated from ceiling tile material.
ent effect from the heavily colonized, water-damaged The ability to determine conveniently the bacterial colon-
areas. ization levels of ceiling tile materials within 24 h is a valu-
Ceiling tile No. 3 did not exhibit cytotoxic activity from able method for assessing the extent of water damage in
the water-damaged area. The bacterial numbers associatedlividual ceiling tiles. This method will allow more pre-
with the water-damaged area were 40 CFUl ghere were cise monitoring of the extent and ramifications of water
no bacteria isolated from the nondamaged area. Thestamage effects in ceiling material. In situations where
results suggest that even though a water stain may be visvater damage is suspected to be contributing to indoor pol-
ible on ceiling tiles, bacterial colonization may not have lution, this technique may prove useful for replacement and
occurred. maintenance of low quality ceiling tile materials.
Ceiling tile No. 4 exhibited cytotoxicity from the water-
damaged area even though the bacterial levels were low
compared to the other positive tile samples, 160 CFU g
There were no bacteria isolated from the nondamaged ardeferences
of thI.S. tile. . . . .. 1 Andersson MA, M Nikulin, U Koljalg, MC Andersson, F Rainey, K
Ceiling tile No.5 exhibited cytotoxic activity from a Reijula, E-L Hintikka and M. Salkinoja-Salonen. 1997. Bacteria,
heavily colonized area of water damage, 14920 CFUg  molds, and toxins in water-damaged building materials. Appl Environ

of material. No cytotoxic activity was seen from a nondam- _ Microbiol 63: 387-393. _ _

aged area of the tile 2 Edberg CC, S Kops, C Kontnick and M Escarzaga. 1997. Analysis of
' cytotoxicity and invasiveness of heterotrophic plate count bacteria

(HPC) isolated from drinking water on blood media. J Appl Microbiol
P P 82: 455-461.

Discussion 3 Lye DJ and AP Dufour. 1991. A membrane filter procedure for assay-

This survey was initially designed to detect bacterial colon- ing cytotoxic activity in heterotrophic bacteria isolated from drinking

At g : : : : water. J Appl Bacteriol 70: 89-94.

ization of ceiling tl|€$. The bactena! Ievgl_s as'somated with , Maier WC, HM Arighi, B Morray, C Llewellyn and GJ Redding.

water-damaged portions of cellulosic ceiling tiles have pro- - 1997. Indoor risk factors for asthma and wheezing among Seattle

ven to be easily detected with the procedure described in school children. Environ Health Perspect 105: 208-214.
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