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PREFACE

This fifth volume of the series is concerned with the huge variety of
formaldehyde precursors in the environment and in biological tissues and
fluids. Photometric methods of analysis of these precursors through their
derived formaldehyde are discussed. Representative procedures of analysis are
given for many of these compounds. In addition some indirect methods of
analyses are described for enzymes and other compounds where a secondary
reactant is the formaldehyde precursor and analysis is for the test substance in
terms of the formaldehyde derived from the reactant.

In this volume we are also concerned with the formation of formaldehyde
from the aspects of (i) possible analytical utility of the reaction in the future, (ii)
the structure and physiological and environmental prevalence of the
precursors, (iii) the reactions involved in the formation of formaldehyde, (iv) the
type of environment or living tissue wherein these reactions take place, (v) the
physiologically useful or toxic phenomenon resulting directly orindirectly from
the formation of formaldehyde in the environment or living tissue, and (vi) the
types of structures or bonds formed in the reaction of metabolically-derived
formaldehyde with the chemicals and biopolymers in living tissue.

Examples of some of the biological processes in which formaldehyde
formation and formaldehyde reactions may play a role are mutagenicity,
carcinogenicity, schizophrenia, clastogenicity, teratogenicity, atmospheric
lachrymation and aging. There are a fairly large number of carcinogens from
which formaldehyde can be derived analytically and/or metabolically. These
include 1,2-aminoalkanols, azomethanes, azoxymethanes, cycasin, a-
chloromethyl ethers, methylnitrosamines, epoxides, ethylenimine, chlorobu-
tadiene, methylhydrazines, methyltriazenes, methyltetrazenes, N-methyl
aromatic amines, N-methyl azo dyes, B-propiolactone, safrole, vinyl chloride,
vinylidene chloride, etc.

We do not think that the important roles of physiologically derived
formaldehyde in biological processes have as yet been adequately investigated
orexplained, probably due to thelack of adequate analytical techniques. We do
know that formaldehyde can be metabolically derived from many drugs,
carcinogens and natural products. We do know that formaldehyde can be used
constructively in living tissue and even destructively. There are indications that
formaldehyde could form hallucinogenic drugs in the brain; there are
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vi PREFACE

indications that it could affect the vital reactions of DNA. Thus, much needs to
be done in improving analytical methods for the analysis of formaldehyde and
its precursors in the environment and in living tissue and in investigating the
many ramifications of the formation, reaction and biological effects of
formaldehyde in the environment and in living tissue.

Raleigh, N.C. EUGENE SAWICKI
CAROLE R. SAWICKI
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62. FORMALDEHYDE PRECURSORS

I. INTRODUCTION

Among thelargest families of widely dissimilar compounds containing the same
hidden functional group are the formaldehyde precursors. These compounds
can be characterized or determined through the formation of a chromogen or
fluorogen from the formaldehyde obtained from the test substance. Examples of
this type of functional group analysis are presented in Tables 1 to 4. This type of
analysis has been briefly reviewed from two different viewpoints.321-322)

The formaldehyde precursors are probably one of the most prevalent groups
of organic chemicals in the human environment. Consequently, in attempting
to understand and control the environment in terms of these compounds a vast
variety of mixtures have to be collected and sometimes separated before
analysis. Analysis of the various types of precursors are discussed in the
following sections.

Since formaldehyde is reported to be carcinogenic'®2*) and mutagenic to
Drosophila with®?# and without®?3: 526) hydrogen peroxide, to Neurospora
cassida with hydrogen peroxide,*?” and to E. coli,5?® the formaldehyde
precursors can be even more important physiologically especially if
formaldehyde can be derived from them metabolically at the target tissue
polymer.

There is some evidence of the importance of formaldehyde addition products
(essentially potential formaldehyde precursors) in mutagenic reactions. Thus,
foods treated with formaldehyde are transformed into effective mutagens for
Drosophila, e.g. casein treated with formaldehyde and subsequently washed is
such a mutagen.52%

In this respect both free amino acids and amino acids of protein molecules are
involved in the reaction of formaldehyde with nucleic acid components.®3?
Similarly chromosomal proteins can be joined to DNA by treatment with
formaldehyde.®3? The rate of reaction of formaldehyde with nucleotides
increases in the presence of amino acids and lysine rich proteins.®3® The
reaction is accompanied by a degradation of DNA. The formation of potential
formaldehyde precursors under these conditions may be of interest for the study
of the cytostatic and mutagenic action of formaldehyde and its precursors.

1
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