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Addit ion reaction with sodium sulfite was used for de terminat ion of low concentrat ions of glu
tara ldehyde. T h e a m o u n t of released hydroxide ions was proport ional t o t h e content of glutaralde
hyde and was objectively determined by means of spectrophotometr ical ly observed neutra l izat ion 
microt i t ra t ion in a special a p p a r a t u s . 

The deteriorating quality of the environment and 
consequently stricter emission limits force the produc
ers of pollutants to modernize their current technolo
gies, to reduce technologies with toxic materials or to v 
minimalize emissions. 

The industrial use of formaldehyde in various fields 
such as textile, wood, leather, and food process
ing industry causes a major environmental problem. 
Formaldehyde is a highly toxic matter which, due to 
its volatility, not only contaminates working environ
ment but also remains in residual concentration in 
final products, so that it endangers consumers. One 
of the possibilities to solve this problem is to replace 
formaldehyde with less volatile aldehydes, e.g. glu
taraldehyde. For this case it will be necessary to have 
a fast, accurate and reliable method for its determi
nation even in very low concentrations. 

In papers published so far on glutaraldehyde de
termination various methods are mentioned. For ex
ample, the absorption of ultraviolet radiation is ob
served. Glutaraldehyde sample shows two maximums 
at the wavelengths of 235 nm and 280 nm. Absorp
tion band at 235 nm is ascribed to polymer products 
which originate in glutaraldehyde solutions. Their ab
sorption coefficient is about 160 times higher than that 
of glutaraldehyde and that is why they dominate in 
the spectrum [1]. Glutaraldehyde can also be deter
mined by spectrophotometry after reaction with hy-
droxylamine, hydrazine or methylamine [2]. The Po
larographie method of determination consists in the 
conversion of glutaraldehyde to the imino form by 
reaction with ammonia. This form is more easily re
ducible than the original compound and in the DPP 
regime it shows a peak with maximum in the poten
tial range from -1.2 V to -1.3 V against SCE. The 
position of the maximum is influenced by the value 
of pH [3]. Another method is gas chromatography. 
It can be realized in column filling with stationary 
phase Carbowax 20 M. Its usage is suitable namely 

if there are interfering materials in the analyzed solu
tion. Furthermore, gas chromatography with mass de
tector is capable to solve completely the composition 
of glutaraldehyde solution [1]. For the determination 
of higher concentrations of glutaraldehyde its reaction 
with sodium hydrogen sulfite is used where appro
priate bisulfite compound is formed. The unreacted 
amount of sodium hydrogen sulfite is determined by 
iodometric titration [4]. This determination is loaded 
with a systematic error. The reaction is reversible and 
during the titration of the excess of sodium hydrogen 
sulfite with iodine the addition product partially de
composed into aldehyde and sodium hydrogen sulfite. 
The magnitude of the error depends on the equilib
rium constant of the reaction of aldehyde used and on 
the reaction period, on the amount of addition com
pound, and on the amount of iodine. Besides, for the 
determination an everyday check-up of the concentra
tion of the unstable sodium hydrogen sulfite solution 
is necessary. 

In this work, for the glutaraldehyde determination 
its reaction with sodium sulfite was applied, based on 
the following scheme 

OHC(CH2)3CHO + 2 SO:*- + 2 H 2 0 ;=? 
; = ! O^S(HO)HC(CH2)3CH(OH)SO^ + 2 OH" 

The amount of glutaraldehyde is measured on the 
basis of objectively determined amount of hydroxide 
ions. 

E X P E R I M E N T A L 

Model standard solutions of glutaraldehyde were 
prepared by the dilution of technical product the ac
curate concentration of which was determined by the 
Ponndorf method. This method is based on the oxida
tion of aldehyde groups by the excess of silver oxide. 
The unconsumed silver oxide after dissolution in di
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Released hydroxide ions equivalent to the determined 
glutaraldehyde increased the basicity of the solution 
indicated by the change of colour of the acid-base indi
cator, thymol blue. This change of colour was scanned 
spectrophotometrically on an apparatus which utilized 
two light wavelengths corresponding to the absorption 
maximums of both colour forms of indicator and two 
sensors. During the process of determination, a change 
of sensors signal in relation to the change of colour of 
the reacting solution was observed. The original colour 
and thus also the original signal was achieved by man
ual or automatic dosing of the solution of 0.01 M-HC1. 
The amount of glutaraldehyde can be calculated from 
the total consumption of acid. The determination pe
riod did not exceed 5 min. Measurements of pH were 
performed on an MV 870 pH-meter (Präcitronic). 

RESULTS A N D D I S C U S S I O N 

F i g . 1. The scheme of the device for determination of glu
taraldehyde by the sulfite method. I. Reaction cham
ber; 2. photoelectric sensors; 3. source of light; 4. opti
cal filters; 5. inert gas; 6. manual or automatic titration 
burette; 7. detector. 

luted sulfuric acid was titrated with sodium chloride 
using Potentiometrie indication by a cell made of silver 
and reference silver chloride electrodes. The quantita
tive course of the reaction was supported firstly by the 
enhancement of the active area of Ag 2 0 with simulta
neous precipitation of magnesium hydroxide, secondly 
by gradual increase of basicity of solution, by intensive 
stirring, and by completing the reaction in ultrasonic 
bath followed by heating to the boiling point. 

All chemicals, supplied in anal, grade by Lachema, 
Brno and highly pure water obtained by equipment 
MILÍ Q (Millipore, Bedford, USA) were used for 
preparation of standard solutions. 

The determination of glutaraldehyde by the sulfite 
method was performed on the apparatus the schematic 
diagram of which is in Fig. 1. The reaction itself took 
place in a small all-glass device [5] of the total vol
ume of 80 cm3 the bottom part of which was modified 
as a cuvette. The length of optical line was 25 mm. 
The inert gas argon was introduced into the vessel 
which not only ensured the stirring of the reaction 
mixture but also eliminated the influence of atmos
pheric CO2 on the acid-base changes of the reaction 
solution. The volume of reaction mixture (or sam
ple) containing 0.3 mass % of sodium sulfite, 0.001 M 
thymol blue and determined glutaraldehyde had to 
be selected between 30 cm3and 50 cm3. If the vol
ume was smaller then bubbles penetrated the solution 
and interfered with the spectrophotometric observa
tion. The upper limit of the recommended volume is 
related to the total volume of the device and also to 
the quality of homogenization of reacting components. 

The addition reaction of sulfite with aldehyde 
groups of glutaraldehyde is simple and does not need 
any special conditions. For its quantitative and suf
ficiently fast completion it is necessary to ensure a 
suitable sulfite ions concentration in the reaction so
lution. 

The suitable concentration was found experimen
tally on the basis of analysis of known amount of glu
taraldehyde with the usage of increasing concentra
tion of sulfite ions. The consumption of acid which 
reflects the results achieved with different amount of 
SOg" is shown in Fig. 2. With smaller concentrations 
of sulfite ions the reaction was probably not quan
titative, which is shown by smaller consumptions of 
acid. The consumptions increased with rising concen
tration of ЭОз~ ions up to the value of approximately 
0.2 mass %. The rise of actual concentration of sulfite 
up to the level of 1 mass % did not affect the consump-
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Fig . 2. Determination of glutaraldehyde at different concentra

tions of sodium sulfite using the sulfite method. (Given: 

365.2 fig glutaraldehyde; c(thymol blue) = 0.001 mol 

d m " 3 ; c(HCl) = 0.01 mol d m " 3 . ) 
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DETERMINATION OF GLUTARALDEHYDE 

Table 1. Reproducibility of the Determination of Glutaraldehyde Using the Sulfite Method 
^ ( N a 2 S 0 3 ) = 0.32 %; c(Thymol Blue) = 0.001 mol d m " 3 ; 
c(HCl) = 0.01 mol d m - 3 ; given: 365.2 /ig glutaraldehyde 

Experiment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Consumption of HCl 

mm 3 

744.5 
737.5 
726.0 
741.0 
739.5 
743.5 
738.5 
720.1 
746.0 
737.0 

m(Glutaraldehyde) 

374.2 
370.6 
364.9 
372.4 
371.6 
373.7 
371.1 
361.9 
374.9 
370.4 

A 

9.0 
5.4 

- 0 . 3 
7.2 
6.4 
8.5 
5.9 

- 3 . 3 
9.7 
5.2 

ô 

% 

2.46 
1.48 

-0 .08 
1.97 
1.75 
2.33 
1.62 

-0.90 
2.66 
1.42 

Arithmetic mean: x = 370.6 ^g 
Estimation of standard deviation: sr = 4.136 /ig 
Relative standard deviation: RSD = 0.011 
Absolute error: Л = 5.4 fig 
Relative error: 6 = 1.48 % 
Interval of reliability for the significance level 1 — a = 0.95 (367.6—373.5) //g 

Tab le 2. Determination of Different Glutaraldehyde Concentrations Using the Sulfite Method 
™(Na 2 S0 3 ) = 0.32 %; c(Thymol Blue) = 0.001 mol d m - 3 ; 
c(HCl) = 0.01 mol d m " 3 

m(Glutaraldehyde) 
given 

Mg 

8.5 
17 
34 
68 

102 

m(Gl utaralde 
found* 

ßg 

8.2 
17.2 
34.6 
66.9 

100.8 

ihyde) Relative 
error 

% 

-3 .5 
1.2 
1.8 

-1 .6 
-1 .2 

Standard 
deviation 

A*g 

0.473 
0.391 
0.713 
0.365 
0.718 

Relative standard 
deviation 

0.058 
0.023 
0.021 
0.005 
0.007 

*Mean calculated from five determinations. 

tion of acid. Further increase of sulfite concentration 
in reaction solution caused higher values, which can be 
explained so that due to a high ionic strength of the 
solution and also due to its higher buffering ability the 
indicator system became less sensitive. On the basis of 
the acquired knowledge we recommend to determine 
milligram amounts of glutaraldehyde in a 0.25 up to 
1 mass % solution of sodium sulfite. For all determi
nations the initial value of pH must be set up within 
the range of 8.5—8.6. 

Reproducibility of the method under the recom
mended conditions was studied by repeated analy
ses of known amount of glutaraldehyde (365.2 ^g). 
Achieved results are given in Table 1. For the calcu
lation of the amount of glutaraldehyde from the con
sumption of the acid, the stoichiometric coefficient 2:1 
(two moles of O H - ions released by one mole of glu
taraldehyde) was taken into account. From the col
lected values and the following statistical calculations 
it can be seen that the method yields satisfactory re
sults. The acquired data file was run by the program 

Adstat [6]. It wets verified to yield normal distribution. 
That is why conventional estimates of parameters were 
used for further evaluation in- predictive analysis of 
the data. The average value of found amount of glu
taraldehyde was 370.6 ^g. The determination error did 
not exceed 3 %. 

Further analyses proved that the consumption of 
acid reflects linearly the increasing amount of the de
termined glutaraldehyde. The amount was varied from 
0.01 mg up to 0.5 mg. By the evaluation of the experi
mental data direct proportion equation у = 1.99 x was 
found which proves the passage through point 0. The 
accuracy of the calibration model was also confirmed 
by the high value of the correlation coefficient 0.99946. 

The reliability and accuracy of the determination 
of low concentrations of glutaraldehyde is documented 
by Table 2. From the given values, also the limit of de
termination of the studied method can be set which 
is about 10 ßg of glutaraldehyde in 30 cm3 of the an
alyzed solution, i.e. 300 fig d m - 3 . In case of analyses 
of smaller amounts the change of colour accompany-
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T a b l e 3. Determination of Glutaraldehyde by the Ponndorf 
Method 
c(AgN0 3 ) = 0.029 mol d m " 3 ; 
c(NaCl) = 0.5 mol d m " 3 ; 
c(KOH) = 0.22 mol d m " 3 ; 
c(MgS0 4 ) = 0.015 mol d m " 3 

Experiment c(Glutaraldehyde) 
found 

mol dm 

1 0.2555 
2 0.2511 
3 0.2549 
4 0.2505 
5 0.2475 

Arithmetic mean: x = 0.2519 mol d m - 3 

Estimation of standard deviation: sT — 3.314 x 10~ 3 mol d m - 3 

Relative standard deviation: RSD = 0.013 
Interval of reliability for the significance level 1 — a = 0.95 : 
(0.2478—0.2560) mol d m " 3 

T a b l e 4. Comparative Determinations of Glutaraldehyde by 
the Ponndorf and Sulfite Methods 

Method 

Ponndorf 
Sulfite 

c(Glutaraldehyde) 
found 

mol d m " 3 

0.2519 
0.2556 

ing the addition reaction was less distinctive, which 
led to an unreliable determination of the end point 
and consequently to a higher determination error. 

The results of the standardization of the basic glu
taraldehyde solution by the Ponndorf method are pre
sented in Table 3. The found value was considered 
correct. 

Comparing the results of the determination of glu
taraldehyde by this independent method with the sul
fite method (Table 4), we can say they agree quite 
well. The sulfite method yields the result which is on 
average for about 1.6 % higher. This difference may 
be caused by the fact that the sulfite method was real
ized with a small amount of glutaraldehyde (376 /zg), 
whereas the conventional titrimetric Ponndorf method 
could be applied only with much higher concentrations 

(about 30 times). Relative standard error was in both 
cases comparable. 

For the realization of the designed method, the fact 
that the method is not selective as it is based on the re
action of aldehyde group, must be taken into account. 
Therefore it is suitable for the analysis of samples the 
qualitative composition of which is known. Interfer
ing factors are materials of acid-base character. Unless 
they function in the given working pH area as buffers, 
they can be easily eliminated by the modification of 
pH of the sample. 

The proposed method was applied for the determi
nation of glutaraldehyde in hardening solutions used 
in the production of artificial guts. These solutions are 
either acidic (pH 2—3) or alkaline (5 % NaHC0 3 ). 
That is why it was necessary in the presence of thy
mol blue indicator first to alter pH to its working value 
between 8.5 and 8.6. Only then addition of sulfite hav
ing the same value of pH as that of working value used 
in the method could follow in order that it might re
act with aldehyde groups to release OH" ions. It was 
shown that this determination in case of alkaline sam
ples containing a high concentration of sodium hydro
gen carbonate was more correct when these ions were 
mostly eliminated by acidification of the solution and 
argon bubbling. 

The results for the selected samples applied varied 
within 0.04 and 0.05 mass % of glutaraldehyde. 

In conclusion, the designed alternative of sulfite 
method enables easy, fast, and correct determina
tion of glutaraldehyde even in small concentrations. 
The method is suitable especially for not completely 
equipped service laboratories where the common iodo-
metric sulfite method used is subject to aforemen
tioned systematic error. 
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