
SUMMARY 

A new method for the gas chromatographic determination of hydrogen per- 
oxide using a methanol-catalase system is described. This method involves the en- 
zymatic conversion of hydrogen peroxide to formaldehyde and derivatization of the 
formaldehyde formed with pentatluorobenzyloxylamine. The ‘factors aExting the 
reaction in the methanol-catalase system such as the pH of the reaction solution, the 
reaction period, the catalase and methanol concentraticns and the presence of a 
reducing substance were investigzzted. A linear calibration graph passing through the 
origin was obtained in the range 0.0642 pg of hydrogen peroxide in 2.0 ml of 
aqueous sohttion for ekctroncapture detection. 

INTRODUCTION 
.: -. .. 

The determination of hydrogen peroxide has heen effected by enzymatic col- 
orimetric’ or fluorimetricz methods using a combination of pcroxidase &zd various 
indicator substrates, which are oxidized -by hydrogen peroxide in the presence of . 
peroxidase as a catalyst to yield a chromogen or a fluorophore. This technique has 
been applied to the sensitive determination of oxidative enzyme activities such as 
perosidase’“, glucose oxidase’.‘, xanthine oxida&” and galactose oxidaseJ, and to 
the determination of substrates such as hydrogen -peroxidZ; glucose?, galactose” 
and hypoxanthme3 in these enzyme systems. One of the. advantages in using an 
enzyme as an analytic4 reagent is the specificity of the reaction_ However, the’ effect 
of pcroxidase, which catalyses oxidation by hydrogen peroxide, is not so specifkfor 
the substrate and the oxidation of an indicator substrate by hydrogen peroxide cata- 
lysed with peroxidase is easily influenced by the presence of a reducing substance such 
as ascorbic acrd5. 

On the other hand, hydrogen peroxide produces formaldehyde in the presence 
of a large. amount :of, methanol and cat&se’. This principle .was applied to the 
coiorimetric determination of-uric acid~.in serum and urine_with a uricase~talase 
system’, in which the reaction of formaldehyde and acetylacetqne was used for. colour 
development. The formaldehyde thus formed can also be measured by gas chromato- 
graphy (CC) or high-performance liquid chromatography as a suitable derivative_ 
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Penmfluorobenzyloxylamine (PFBOA) has been found to be an excellent de&at% 
ing-agent in the GC determination of iow-moiecular-weight carbonyi compounds in 
aqueous sohition*~, and has beeu applied successt’uIIy to the sensitive detvination 
of amllgdalin in aqueous solution in which the berzaldehyde liberated from enzym- 
atic hydrolysis of amygdalin was converted by PFBOA into its 0-pentafluorobenzy1 
oxime (0-PFBO) and the derivative was determined by GC”. 

In this paper, a method for the GC determination of hydrogen peroxide using 
the methanol-catalase system is described. This method is based on the combination 
of an enzyme reaction and GC. 

EXPERMENTAL 

PFBO_4 hydrochloride (melting point 215°C) was synthesized from penta- 
f!uorobenzyI bromide (Aldrich, Milwaukee, WI, U-S-A_) and N-hydroxyphthalimide 
(Tokyo Kasec Tokyo, Japan)‘. Iodobenzene was used as an internal standard (IS). A 
0.3 % solution of hydrogen peroxide was prepared by diluting a 30 % stock solution 
(Merck, &way, NJ, U.S.k) with distilled water_ The hydrogen peroxide concentra- 
tion was detetined by iodimetry. The solution was stable for 1 month in a refriger- 
ator. 

Catalose 
Cat&se (270,000 U/ml) was obtained from Boehringer (Mannheim, G.F.R.). 

A s&k solution (20,000 U/ml) was prepared by diluting it with distilled water. 

Apparahrs and conditions 

A Shimadzu GC4CPF gas chromatograph equipped with a hydrogen flame- 
ionization detector (FID) and a GC4APE gas chromatograph equipped with a IO- 
mCi 63Ni electroncapture detector (ECD) were used. A 2-m glass column packed 
with 3% XE-60 on 80-XXI-mesh Celite 545 AW DMCS was used, with a column 
tempetiture of lOO”C, a detector temperature of 150°C and a chart speed of 0.25 
cm/min. 

Stanabrd procedure . 
To 2-O ml of s&pie solution containing hydrogen peroxide in a IO-ml test-tube 

were added OS ml of- methanol 0. I ml of catalase solution and 0.5 ml of aqueous 
PFBOA solution (1 mg@i)_ Tbti components were mixed and the tube was placed in a 
water-bath at 37°C for 30 min, except. for the- study of the time course. After satur- 
ation with sadium cbioride and acidi&ation with 1 drop of 18 N sulphuric acid, the 
0-PFBO derivative of formaldehyde was extracted with 0.3~ml of n-hexane contain- 
ing iodobenzene (iS2~pg/ml) was an IS. Excess of sodium chIoride and the aqueous 
layer were&mo+ed with the aid-of a-syringe with _a long needle. Au aliquot of the 
exfrar~ was applied to the GC cohnnn. Quantitation was carried out using calibration 
graphs obtained frtim known Bmountsof hydro_m p&oxide_.Blanktests were- per- 
f~byom&inghy~gX%per&de% -_ . 

_~ 



_ The principle of the reactions using methi3nol and cataIase is as follows: 

“ZOr f CH$H - HCHO + .- ZH;O’ 

HCHO f FFEOA 

A typical GC separation of formaldehyde as its 0-PFBO derivative is illustrated iu 
Fig 1. Iodobenzene was used as an IS. The reaction of formaldehyde with PFBOA 
proceeded readily at room temperature. The resulting derivative was extractable from 
the aqueous solution with n-hexane, and was very volatile and extremely sensitive to 
the ECD. According to the standard procedure described under Experimental, the 
following factors afkcting the reaction in methanokatalase system were investi- 
gated. 
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Fig_ 1. Gas chromatogram of formaldehyde produced from o_xidation of hydrogen peroxide by cat&se on 
a 2.0-m 3% XE-60 column at 100°C. I = formaldehyde 0-PFBO; 2 = iodobenzwe. (A) Analysis on a gzs 
chromatograph equipped with an FID, using 2.0 pg of hydrogen peroside. (9) Analysis on a gas chromato- 
graph equipped with a 63Ni ECD, usiag 200 ng of hydrogen pero_side_ 

pH in the reaction solution 
Using 30 pg of hydrogen peroxide, the optimum pH for the catalase reaction 

was examined in the range 2-g and the results are shown in Fig. 2. The pH in the 
reaction solution was adjusted with dilute hydrochloric acid, 0.1 M acetate buffer or 
0-i M phosphate buffer;.The~measured vaiues of peak-height ratios to the IS were 
constant at pH 3-g. Considering these results, sample solutions were assayed without 
using any buffer solution. 

: 

$&action perid . 
Using 30 pg of hydrogen peroxide, the effect of the reaction period was in- 
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Fig 2. Effect of pH on the cat&se reaction with hydrogen peroxide in the presek of methanol. 

vestigated through the entire procedure. The results in Fig- 3 show the ov&all effects 
on the catalase reaction and on the condensation reaction of formaldehyde produced 
with P??BOA. It can be seen that the reaction was satisfactory in 40 min, after which 
the measured values were constant for up to 120 min. 
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Fig.3. Fffect ofnactionperiod oathe method. 

Cat&ire concintrari*n- : -. : 
.--. me-m koncentratioti~ of catiqse -for the detetia&on of hydrogen 

peroxi+t was tzx&Gkd bj+. the &ndard method_ As-shown in Fig- 4, above 1 OOU of 
cataWe coti%ant.-vakeswere~ obtained-for 30 pg of- hydrogen. peroxide. : 
I _ :. .- . . . . . . --: .;_ .;: ‘,. -.- ._-y : _._. .. _.. : .-_ ;. _. . . 

Mefhaiwi coficentra&ion 

uting 30 & of .hy+g&n peroxide, the optimai co&&r&on oi’iethanoi for 
thk Cat&se &cGon_~asexa.s&ed and was found to be hetw%n 8.0 and -30x, as 

_-Lz0wn:urFi~5_~-:._::.~ .x--:_:_-:.: .::.--_.-_ .:;_:_;,-- :_._ _..: :. ;_. _-, ~~ ._ -~ _ 
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Fig 5. EtTii of methanol concentration. 

Inj7uence of reducing compouncLF 
As a good example of reducing compounds, the possibility of interference by L- 

ascorbic acid was examined. L-Ascorbic acid was added to 3 ml of the sample solution 
at a level of 5-45 pg with 30 pg of hydrogen peroxide. The results are shown in Fig. 6. 

The observed levels of hydrogen peroxide decreased slightly as the amount of 
L-ascorbic acid increased, but the extent was not sufficient to cause practical prob- 
lems_ From the above results, the standard procedure was established. ~- 

Application- 
A sample solution containing an individual amount of hydrogen peroxide-was 

measured according to the standard proc&ure and calibration graphs were con- 
structed by plotting the ratio of the peak height of formaIdehyde to that of the IS, and 
straight lines passing through the origin were obtained in the range IS-60 pg of- 
hydrogen peroxide in 2.0 ml of-aqueous solution for the FID and 0.06-l .2 pg for the 
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Fig.6_ Effect of p-az ofascorbicacid. 

ECD. The correlation coefficients for the calibration graphs were 0.9996 for the FID 
and O.!W95 for the ECD. The reproducibility of the method on an identical sample 
so51tiou containing 30 pg of hydrogen pero.xide in 2 ml of aqueous solution for the 
FID and 0.3 pg for the ECD was examined_ The coeficients of variation obtained 
were I-39 oA (n = 5) for the FID and 1.28 oA (n = 5) for the ECD. For the determi- 
nation of hydrogen peroxide the present method is superior to the perotidase method 
as it is not subject to interferences from coexisting reducing compounds, so it has a 
higher specificity for hydrogen peroxide and gives a reliabIe vaiue. The 0-PFBO 
derivative of formaldehyde is also sensitive forwards the ECD, but the blank values 
were found to be high, corresponding to about-O.05 pg of hydrogen peroxide in 2 ml 
of sample solution. so the detection limit of hydrogen peroxide was about O-01 pg/ml 
in sample solutions. Reduction of the blank values will be the subject of a future 
study_ 

From the present study, it is concluded that the-proposed GC method for the 
determ&ation of hydrogen peroxide in aqueous sol&ion -is satisfactory with respect 
to specificity, sensitivity and simplicity. The study was performed in order to develop 
an enzymatic technique fpr the assay of a variety of oxidative enzymes, substrate 
which produce hydrogen peroxide by e&yme reactions, and activators and inhibitors 
of such systems. A -study of the GC determination of glucose in se&n with- the 
giucose oxidase+zi talase system is currently being petiormed, and will IJ& reported in 
the near-future: 
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