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SUMMARY

Evaluation of formaldehyde and fifteen biocides in formaldehyde sensitive (S) and resistant (R) strains of
Pseudomonas aeruginosa revealed a pattern of response that allowed a comparison of the mode of action of
these biocides. The response of these strains to the various biocides, as well as the induction of transient
resistance or cross-resistance in the (S) strain, allowed a grouping of biocides based on this pattern of re-
sponse. Group 1 biocides acted in a manner indistinguishable from formaldehyde for both the (S) and (R)
strains. Group 2 biocides were not effective against either the (S) or (R) strains at concentrations calculated
to release equimolar concentrations of formaldehyde. However, treatment of the (S) strain with formaldehyde
or Group 2 biocides resulted in the development of cross-resistance. Group 3 biocides were equally effective
against the (S) and (R) strain, but the (S) strain survivors of treatment with Group 3 biocides were resistant
to formaldehyde. Group 4 biocides (controls) had no presumed connection to formaldehyde mode of action.
These four groupings, based on pattern of response, also resulted in groupings of biocides based on chemical
structure.

INTRODUCTION of the formaldehyde involved in its synthesis. Re-
sistance was of two types: a transient-induced, and
The relationship between formaldehyde and a a more permanent-selected variant; both were
formaldehyde condensate biocide 1,3,5-tris-(hy- coupled to an increase in formaldehyde dehydro-
dro)fyethyl)hexahydro-s-triazine, was confirmed genase activity. It appears that the activity of at
_earher [10], demonstrating that the same metabolic least the hydroxyethyl- and the ethyltriazine bio-
{ntermediate neutralized the activity of both antim- cides are qualitatively and quantitatively based on
1c.r‘ot.3ials. In more recent studies, resistance and sen- their formaldehyde content. However, there is a’
sitivity  to l,3,5-tris-(ethyl)hexahydro-s-triazine wide variety of biocides on the market, all formal-
(ET) [17,18] was noted to be a quantitative function dehyde adducts, many being referred to as formal-
dehyde releasers [2] but others not [20].
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Table 1

Structural formulae of biocides tested

Group 1 biocides

Formaldehyde

1, 3, 5—tris (ethyl)
Hexahydro-S-triazine

1.3, 5—tris {2-hydroxyethyl)
Hexahydro-S-triazine

4, 4—Dimethyloxazolidine
one of two oxazolidines in
commercial mixture

2 (Hydroxymethyl) aminoethanol

2 (Hydroxymethyl) amino-2 -
methyl propanol

A commercial mixture of 3and 16

1,3 (Dihydroxymethy!)-5,5-
dimethylhydantoin

5- Hydroxymethyl -1-AZA-3, 7-
dioxabicyclo (3.3.0.)octane
one of three cyclo -octanes in
commercial mixture
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Group 2 biocides

1-(3-Chloroallyl)-3,5- N

. P
triaza -1- azoniaadamantane N7 N —>—CH2‘C=CH2C'
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N -Methylolchloroacetamide ClCH, —C
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Group 3 biocides
CH,OH
|
Tris (hydroxymethy!) nitromethane HOCH,— (l: —CH,OH
NO,
Br
2- Bromo-2-nitro -1, 3-propanediol HOCH,— (lz —CHZ0H
NO,
AR
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Group 4 biocides
CH
6-Acetoxyl-2,4- 3
dimethyl-m-dioxane o OCOCH,
CH3__X__O
/
Sodium 2 - pyridinethiol- '
1-oxide N SNa
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