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Abstract

The release of formaldehyde (FA) due to imidazolidinyl urea (IU) decomposition was investigated. The pur-

pose of this study is to examine the conditions necessary to inhibit FA release or to remove the released FA. The re-

lease of FA was dependent on pH value and temperature. The release was markedly increased in a highly alkaline

bu#er compared with that in an acidic bu#er. When an IU solution (0.1 w/w%) prepared with an alkaline bu#er

(pH 10.0) was stored at 25�, the concentration of FA reached about 90 ppm after 24 h. On the other hand, under

acidic conditions (pH 2.0), it was only about 30 ppm. When an IU solution (0.3 w/w%) prepared with a weakly

acidic bu#er (pH 6.0) was incubated at 60�, the concentration of FA reached about 140 ppm after 10min. On the

other hand, when it was incubated at 25�, it was only about 80 ppm after 60 min. Homemade cosmetics (a lotion,

gel, and conditioner) were made (with 0.1 w/w% IU) and stored at a constant temperature of 25� for 30 days. In

most of them, the concentration of FA increased as time advanced. However, in a cosmetic that contained urea a re-

duction in FA concentration was observed from the 2nd day. A similar FA reduction was recognized in commercial-

ly manufactured cosmetics containing urea and IU. In addition, when a test aqueous solution containing a mix of

FA and urea was stored at 25� for 15 days, decreases in the concentrations of both compounds were noticed with

time. The use of urea to chemically remove the released FA from cosmetics was e#ective.
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1. Introduction

Preservative substances are present in a wide variety of

consumer products to protect the products from microbial

contamination. Some preservatives are known as formalde-

hyde (FA)-releasing compounds that release FA through

decomposition or degradation1)�3). They produce anti-

bacterial e#ects by releasing FA. The other type of preser-

vatives shows antibacterial e#ect via the action of the

parent chemical itself. Imidazolidinyl urea (IU) is one of

the latter type substance and is sold under the several trade

names4), 5) (Fig. 1.). In Japan, it is prohibited as a preserv-

ative except for use in special classes of cosmetics (sham-

poo, conditioner, hand soap, and body-wash)6). However,

in the U.S.A. and many Western countries, it is widely used

as a preservative in cosmetics and toiletries7)�9). In recent

years, with the rapid development of information systems

such as the World Wide Web, it has become easy to

purchase cosmetics from overseas. We previously reported

the release of FA upon the decomposition of 2-bromo-2-

nitropropan-1,3-diol (BP), an FA-releasing compound10).

Our results suggested that when cosmetics containing BP

were used, a harmful amount of FA11) is released.

FA has several side e#ects. It is a causative agent of sick

building syndrome12), 13) and contact dermatitis11). In addi-

tion, The International Agency for Research on Cancer

(IARC, 2004) has classified FA into group 1 (carcinogenic

to humans)14). There have been several studies concerning

the causal association between IU and contact dermati-

tis5), 15), 16), but little has been reported about the behavior

of FA release upon its decomposition. The purpose of this

study is to examine the conditions necessary to inhibit FA

release or to remove the released FA. In the present study,

we examined the e#ects of pH and temperature on the

release of FA, the behavior of FA release upon decomposi-

tion of IU in homemade and commercially manufactured

cosmetics, and the apparent suppression of FA release

caused by urea.

2. Materials and Methods

2�1. Preparation of Phosphate Bu#er Solutions

A 0.3 mol/l sodium dihydrogen phosphate solution was

prepared, and its pH was adjusted to 2.0, 4.0, 6.0, or 8.0

with orthophosphoric acid or 0.3 mol/l disodium hydrogen

phosphate solution. A 0.3 mol/l disodium hydrogen phos-

phate solution was prepared, and its pH was adjusted to

10.0 with 0.3 mol/l trisodium hydrogen phosphate solution.

2�2. Preparation of IU Test Solutions

IU (MP Biomedical Inc., Illkirch, France) was diluted

with the test solution and separated (25 ml) in a 50 ml

polypropylene conical tube (Becton Dickinson, Franklin

Lakes, N.J.) before the experiment. All experiments were

performed with shielding from light.
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