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シックハウス症候群を誘発する建築材料からの微量ホルマリンの

パッチ及びFI蛍光光度分析
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Abstract Batchwise and flow明巴ctionspectrofluorimetric methods for the trace analysis of formaldehyde evolved from building 
materials using 5，5-dimethyl-l，3-cyclohexanedione (dimedone) are described. These methods ate based on出ecyclization 

reaction of formaldehyde wi仕1dimedone in the presence of ammonium ion to form a fluorescent derivative (λex， 395 mn;λ 

叫 463mn). Preliminary experiments by batchwise procedure were carried out in order to clari今thereactivi旬 Theyrevealed 

that the reaction rat巴 wasvery slow: the heating at 900C for 1 hour' was required for the detection of sub-ppm levels of 

formaldehyde. The linear calibration curve vvith r = 0.995 was obtained in the range 0.05 -1 ppm formaldehyde. By 
considering the resuIts obtained by the batchwise methodラ atwo-channel flow system was assembledヲ and，the flow system 
was successfully applied to the determination of formaldehyde evolved丘ombuilding materials such as pol戸ner，plywood 
組 dparticleboardラ comparing叩仕1the results obtained by HPLC and 4-amino-3-hydrazinoふmercapto司 1，2バーtriazole
(AHMT) spectrophotometric method 

Inirodnction 

Recentlyラ numerouschemical products are wid巴lyused as 
building materials and we have received their blessings for 
comfortable life. Howev巴rゥ ithas been found that som巴 toXlC
chemicals such as aldehydes and di聞かbu血Lylph白alateevolv巴d
from the materials. It was reported that the volatile chemicals 
concen仕ationsincrease in白ecIosed room and the chemicals 
cause sick-house s刊drome.1)Of aldehydesラ formaldehydeis one 
of volatile organic compOlmds and a reactive molecule that 
irritates th巴eyesand lungs at quite low concentrations， just over 
0.1 ppm2) ln Japanヲ血eguideline value of indoor density for 

formaldehyde was set to 100μg!m3 (0.08 ppm) in Jun久 19973)

Soぅ reliablemethods are widely required for the measurement of 
ppb level of formaldehyde. Since building materials∞ntaining 
an adhesive and a paint evolve formaldehydeラ itis important to 
measure the evolution amount of formaldehyde from building 
materials 

A gravimetric method was reported for the deterrnination 
of low molecular aldehydes in smoke gases using 
5，5 -dimethyl-l，3 -cyclohexanedione (dimedone )4) The analysis 
was accomplished by reaction of aldehydes with dimedone to 
form their derivatives as the precipitate. Sawicki and Carnes5) 

repo此巴da spec甘ofluorimetricmethod for the determination of 
aliphatic aldehydes using dimedone and l，3-cycIohexanedione 
(CHD). However司出e former classical method lS 

time-consUlllingラ叩dthe latter spectrofluorimetric method needs 
boiling water for the chemical reaction‘ 

The reactions of aldehydes with dimedone and CHD to 
form a fluorescent derivative have be巴nintroduced into several 
ms汀umental analyses such as gas chromatography，6) 
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high四performance liquid chromatography，7)，S) liquid 
chromatography-mass spectrometry，9) and flow 1吋ectlOn
analysis (FIA)10)一同 Th巴 dimedon巴 fluorescent derivativ巳sof 

aliphatic aldehydes such as formaldehyde， acetaldehyde， 

propionaldehyde， and buthylaldehyde wer巴 identified by 
GC-MS6) Colored derivatives of acetylacetone with 
formaldehyde， acetaldehydeヲ propanalラ andbutanal were also 
analyzed by LC-MS9) Mopper et al. reported HPLC methods 
using dimedone7) and CHDS) for the determination of aldehydes 
m pe由 m巴ぅ red wine and automobile exhaust. Howeverヲ it is 
impossible to determine only formaldehyde with high sample 
throughput by these methods. Fan and Dasgupta et a1.10) 

repo此edthat a fast flow injection technique using CHD 
provided a highly selective method for formaldehyde 
determination over acetaldehyde. Sakai et al. used CHD to 
determine formaldehyde in automobile exhaustョ thermal
degradation emission gasll) and rainwater12) by a flow 町巴ctlOn
manifold. And also， we have proposed a spectrof1uorimetric FIA 
with dimedone for the selective deterrnination of formaldehyde 
in indus廿ychinmey and adhesive agents.14) However， these FIA 
methods have not been applied to building materials. 

This paper deals with preliminary 巴xperiments by 
batchwise procedure to clari今 thereactivity of formaldehyde 
with dimedone in白epresence of anlffionium ion. In additionラ a
rapidヲ sel巴ct1ve spec住of1uorime仕ic FIA method with the 
cyclization reaction is described for the deterrnination of ppb 
level of formaldehyde evolved企ombuilding materials because 
the e，叫utionamount from building and industrial materials 
gives an important suggestion for sick-house syndrome. 

Experiment謹I

All reagents were of analytical-reagent grade and were 
used without further purification. All solutions were prepared 
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Fig. 1 Excitation and emission spec甘a of 
5，5 -dimethylcyclohexane-l ，3-dione derivative. Cformaldehydeラ l
ppm; Cdim聞me副吋帥d釦lon問叫e，ラ 0.02 %; C 
t旬emperatu江reヲ 90ぴOC;re巴aωctiontime久ラ 60min. The plo抗巴dvalue岱s 
are subtracted th巴blank正
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Fig. 2 Effect of pHα1 the relative fluorescence intensity. 
Conditions as in Fig. 1 

with deionized water pぽ ifiedwith an Advantec Aquarius 
GSH-210 system 

Reagents for batchwise method 

A commercially available formaldehyde solution (36%フ

Sigma Aldrich Jap阻， Osaka) was used and standardized by 
iodometry.15) A 1 % (w/v) formaldehyde solution was daily 
prepared by dissolving 2.57 ml of the standardized solution in 
100 ml of waterラ andv.世kingstandard solutions were prepared 
by suitable dilution with water. A 0.2 % (w/v) dimedone 
solution was daily prepared by dissolving 0.2 g of 
5ラふdimethyl-l，3-cyclohexanedione(Tokyo Kasei， Tokyo) in 
100 ml ofwater. A 5 %創nmoniumacetate solution was mixed 
wi血 5% acetic acid solution to prepare a buffer solution (pH 
4.5) 

Apparatus for bαtchwise method 
A Hitachi Model F-2000 spectrof1uorimeter was used with 

a 10-mm light-path quartz cell for fluorescence spe岨 a
measur閲覧nt.A Horiba Model F-22 pHlmV m巴terwas used for 
pH adjustment. A Taiyo Kagaku Kogyo じ630thermostat was 
used to maintain reaction tempera同re.
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Fig. 3 Effect of reaction temperat町 eon the relative 
f1uoresc巳nc巴intensity.Conditions as in Fig. 1 

Procedure for batchwise method 
To阻 appropn蹴翻ountof fonnaldehyde (0.5 -10μg) 

in a 10・mlvolume回cflaskヲ 1ml of 0.2 % dimedone組 d0.5 ml 
of 5 % acetate buffer (pH 5.5) are added and then血esolution is 

diluted to the mark with water. The solution is thennostated at 

900C for 1 hour and quenched by inlmersing in cool tap water 

for 1 min， and the fluorescence intensity is measured at 395 nm 
for excitation and 463 nm for emission wavelengths. 

FIA svstem 
The two-channel f10w system for the detennination of 

fonnaldehyde consists of a carrier solution of water and a 
reagent solution of 0.3% dimedone buffered at pH 5.5 with 
10 % arnmoniUl11 acetate司 10% acetic acid. Sample solutions 
containing [onnaldehyde e.叫刊d from various building 
materials are iniected into血ecarrier streamラ組dthe relative 
intensity is continuously monitored using the sam巴 wavelengths
mentioned above. The reag聞臼阻dapp紅 atuswere used as 
described previously14) 

Results品目dDiscussion 

F7uorescence里pectra
Fonnaldehyde reacted with dimedone to fonn a 

fluorescent derivative in the presence of arnmonium ion. Figure 
1 shows fluorescence spectra of the derivativeヲ whichhas an 

excitation wavelength at 395 nm and an emission wavelength at 
463 nm. We showed that the reactivities of 0白eraldehydes such 
as acetaldehydeヲpropionaldehyde阻 dn・butylaldehydeas welI as 
ketones were quiet low under the cOllditions investigated in the 
work. Therefore， selective detennination of fonnaldehyde can be 
carried out using the proposed cyclization reaction 

Variation in reαction parameters by batchwise procedure 
Reaction parameters on the fonnation of the f1uorescent 

derivative were studied at fonnaldehyde concen甘ationsof blank 

and 1 ppm by batchwise procedure 
The reaction pH was varied from 4 to 6 under otherwise 

identical conditions: 0.25 % acetate bufferヲ 0.02% dimedone， 
900Cラ 60min. The result is shown in Fig. 2. The relative 

f1uorescence intensity was maxinlal at pH 4.5. At higher pH 
range ovぽ 4.5ヲ theintensity gradually decreased because the 
deprotonation of nitrogen inhibited f1uorescence intellsity. 1n a 
previous paper，14) a reaction pH of 5.5 was chosen for FIA 

procedure. It Is not clear why the OptimUl11 pH condition for FIA 
procedure is different企omthat by batchwise procedure. It 
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Fig. 4 Effect of reaction time on the relative fluorescence 

intensity. Conditions as in Fig. 1 
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Fig. 5 Effi巴ctof standing tim巴 onthe relative fluorescence 

intensity of mixed solution of dimedone and acetate buffer as 

a reagent stream for FIA. Cdimedoneラ 0.3%う Cacetatebu宜er，10 % 
(pH 5.5) 

seems that the reason is probably rl巴latedto the reaction time 

Mopper et al.7) r巴portedthat when也ederivatization reaction 

was done at 100 oC for 20 minラ ma氾m四n and constant 

fluorescence int巴nsitywas observed at pH range from 5.0 to 6.5 
This experimental evid四 ce supports our result by FIA 

procedure. 

Ammonium ion plays an import担 trole in仕lecyclization 

reaction of formaldehyde with dimedone. The effect of acetate 

buffer concentration on出eintensity was examined over the 

range from 0.05 to 0.5 %. The intensity increased with 

increasing the concentration up to 0.5 %. Howeverラ theintensity 

of blank also increased with an increase in the anlIDonium ion 

conc四位ation.A 0.25 % a∞:tate buff巴:rconcentration was thus 

chosen. 

The dimedone concentration was varied from 0.005 to 

0.04 %. The fluoresωnce mt四 sitywas maximal and constant 

over the concentration of 0.02 %ラ組da 0.02 % dim巴done
concen位ationwas select巴d.

Since仕lecyclization reaction to produce a fluorescence 

d巴rivativeis very slow， the previous spectrofluorimetric 
method5) and the precolurnn d巴rivatizationfor HPLC7) needed 

boiling water to accelerate the reaction. The effect of 

Table 1 Analytical results of formaldehyde合ompolymer and 

wood 

Sample 

Polvmer A 

Found/ppb 

Proposed methoda HPLCb 

135::1::1 185 

Polymer B 520士4 424 

PlywoodA 179::1::3 192 

PlywoodB 146士1 157 

a. A verage of th:ree d巴terminations

b. ODS∞lurnn: 4 mm x 10 mm; eluting solution: 45 % 

CH3CN + 55 % water 

tempera印reon the fluoresc巳ncemt巴nsitywas investigated in the 

range from 30 to 90oC. As can be seen in Fig. 3， the intensity 

increased remarl正ablyat tempera旬reover 80oC. Figure 4 shows 

出eeffect of reaction time on血eintensity. The reaction did not 

go to completion even the reaction time of 90 min. A reaction 

time of 60 min was chosenラ takinginto account sample 

throughput. 
Under the conditions above mentionedラ acalibration 

curve for formaldehyde was prep紅巳dintherangefrom 0.05 to 1 

ppm. The linearity was good: r = 0.995. The relative standard 

d巴viationwas 2.5% for five deterrninations of 0.5 ppm 
formaldehyde. The sensitivity is higher than that of the 

conventional spω位ophotometricmethod 叩出 AHMTラ which

reliable and determinable range is企om0.3 to 50 ppm. The 
present batchwise method was applied to the determination of 

formaldehyde in a commercially available adhesive. A 2.0 g of 

the adhesiv巴ona laboratory dish was put in a 20 1 Tedlar bag 

After sealingヲthesample stood in the bag for 24 hours. Gaseous 

formaldehyde evolved from the materials was aspirated into 
water. The sample solution was analyzed by the proposed 

method，組dthe anal計icalvalues was∞nverted to gasωus 

formaldehyde∞Incentration (c) at 200C and 1 a加1by using the 

equation as sho問 1in ref 14. The gas印 IUSconcentration of 

formaldehyde obtained by the proposed method was 95 ppb 

Although the same s創nplewas also analyzed by AHMT methodラ

formaldehyde was not detected because of the low sensitivity. 

When a few samples are analyzed without阻 FIAinstrumentラ

the proposed batchwise method is useful for the determination 

of such ppb levels of formaldehyde. 

On the other handヲwhenlots of samples are treatedヲ afast 

and reproducible FIA method is suitable for quality control 

analysis of building materials. 1t is worthwhile to determine the 

evolution amount of formaldehyde企ombuilding materials 

because so far the amount has not been well known. And alsoヲ it

was reported白atthe concentration range of formaldehyde in 
indoor enviromnent was from 2.8 to 175 ppbョ 16) In orderω 

obtain highly sample仕rroughputand sensitivity， an FIA method 
was adapt巴dto出ecyclization reaction. 

An均sis01 formaldehyde evolved fiヤompolymer and plywood 

used αs building mαterials by the proposed FIA 

The two-channel flow system consists of water as a carrier 

solutionラ anddimedone/acetate buffer as a reagent solution. The 

stabili句!of the reagent solution was investigated to assemble the 

flow system. The resu1t is shown in Fig. 5. The fluorescenc巴
intensity of mixed solution of dimedone and acetate bu丘町 was

low and almost constant for at least 150 min. This stability 100 

to a stable baseline ofFIA study as describOO below. 
Gaseous formaldehyde evolved from polymer and 

plywood as building materials was collected into water 
according to JIS A 590817) for particlebo紅白.Each sample 
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Table 2 Analytical resu1ts of formaldehyde企omparticleboards 
by FIAmethod 

Found/ppb 
Sample 

A 

Proposed methoda AHMT method 

82士2 91 

B 787::t4 780 

a. Average ofthree determinations. 

solution was diluted with water if necessary and was analyzed by 
th巴presentFIA method阻 dHPLC method with uv detection 
The results are summarized in Table 1. The values obtained by 
the proposed method were in agreement with those by HPLC 
me白od.A rapid measurement of the evolution amount of 
formaldehyde from building materials c加 bepossible by the 

proposed method rather than HPLC method. 

Analysis 01 formaldehyde evolved jトomparticleboard asσ 

building material by the proposed FIA 
P訂臼clebo紅白 aremade by chips of wood wi白卸

adhesive and cIassified into three types (Eo， El組 dE2) by白E

amount of formaldehyde ennSSlOn from them.17) The 

formaldehyde concentrations of Eoラ E1加 dE2 ar，巴豆0.5mg/lヲ

手1.5mg/l and ~5.0 m.ダ1，respectively. According to JIS A 

5908/7) gaseous formaldehyde evolved企omparticleboards was 

collected into water. The anal戸icalresu1ts by the present method 
and 4-arnino-3-hydrazino-5-mercapto幽 1，2，4舟 iazole (AHMT) 
spec位ophotometricmethod15) are summarized in Table 2. A 100 
μ1 aliquot of the sample solution containing formaldehyde from 
particleboards is required for a m巴asurementin the case of出c
proposed FIA method， while 2 ml of the sample solution is 
required for AHMT method. And also， it is possible to carry out 
rapidly a quality test of particleboards by the proposed FIA 

method 

Condusion 

The batchwise method using the cyclization of 
formaldehyde with dimedone was proposed for the 

spectrofluorime位ic determination of trace amounts of 
formaldehyde. Because formaldehyd巴 aslow as 50 ppb levels 
can be determined by the proposed batch method，血esimple 
method without FI instrum巴ntis applicable to qualit亨 control
analysis of a few building materials. Adaptation of a fast FI 
technique to由巳 samereaction system provided a rapid加 d
hi出lysensitive method compared wi白 HPLCand AHMT 
methods. The pr.巴sentmethod was successfully applied to也巴

determination of formaldehyde evolved from various kinds of 
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building materials. Al出oughthe concentration of formaldehyde 
in indoor environment is as low as ppb levelsラ thepresent FIA 
method has a sufficient s巴nsitivityfor仕ledetection of such low 
levels of formaldehvd巴andwould be useful for an assessment of 

sick-house s戸ldrome
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