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A B S T R A C T

In anatomical preservation, low formaldehyde concentrations are recommended because of the carcinogenic 
potential of formaldehyde. However, in big basins with a varying number of bodies inside it may be difficult to 
estimate the formaldehyde concentration. Here, a feasible titration method, i.e. iodometry, was described to 
measure formaldehyde concentrations in anatomical preservation tanks. This method was compared to head- 
space mass spectrometry-. Results of triplet measurements of the iodometry were coherent and fitted to nomi
nal formaldehyde concentrations. The formaldehyde concentrations in the preservation tanks were found to be in 
the anticipated ranges between 2 % and 4 %. Therefore, an estimation of the formaldehyde concentration in 
preservation tanks is possible using the described quick and cost-effective method.

1. Introduction

Formaldehyde or methanal and its aqueous solution, formalin, are 
carcinogenic under certain conditions (Khoshakhlagh et al., 2023; Pro
tano et al., 2021; Vincent et al., 2024). Exposure to formaldehyde may 
occur by direct contact to formaldehyde-containing solutions and tissues 
or by inhalation. Recently, recommendations have been published to 
reduce the concentration of formaldehyde during preservation and 
storage of bodies in anatomical institutes(Kerner et al., 2023; Mohebi
moushaei et al., 2025; Schnapper-Isl, Schmiedl, 2023; Waschke et al., 
2019).The formaldehyde concentration in large tanks or basins, used for 
longer-term embalm of fixed bodies is often uncertain because of 
intermittent discharges and new entries of bodies. The bodies within the 
tanks absorb formaldehyde and the tank volume must be filled occa
sionally. To hold or to achieve sufficient concentrations it is necessary to 
monitor the formaldehyde concentration in the tanks. On the other 
hand, a higher concentration should be avoided, which also makes the 
intermittent measurement of the formaldehyde concentration necessary. 
Different methods are available. One is the colorimetric method using 
the Hantzsch reaction (Nash, 1953). Another one is also a titration 
method using sodium sulphite to react with formaldehyde in solution 
(Finkelde, 2020). To obtain semiquantitative information of the content 

of formaldehyde in fluids test strips are available from different sup
pliers such as Machery-Nagel GmbH or Merck, Germany, and others. The 
most accurate method for this purpose might be the application of mass 
spectroscopy. The aim of the project was to establish and evaluate the 
use of iodometry in tank solutions of anatomical institutes. Therefore, 
the iodometry was established as described in textbook protocols and 
elsewhere(Cao et al., 2021). The method was evaluated using stock so
lutions and distinct dilutions which served as controls for the method. In 
a second step the formaldehyde concentrations of the conservation so
lution were determined in nine basins. These iodometric data were 
compared a with the gold standard of mass spectroscopy.

2. Methods

All samples for analysis were taken from nearly full basins and from 
the surface. For this Technical Note the iodometry was chosen as a 
simple, rapid and cost-effective method to determine the formaldehyde 
concentration in preservation basins (Cao et al., 2021). This method is 
based on the following redox-reaction: 

HCHO + I2 + 3OH- → HCOO- + 2I- + 2H2O                                         

The amount of the consumed iodine is proportional to the 
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formaldehyde concentration. With the titration of the iodine excess 
using thiosulfate, the amount of formaldehyde can be determined 
indirectly. Hereby, the brown iodine is reduced to colourless iodide 
(Fig. 1). To further facilitate the visualisation of the colour change, 
starch was used as an indicator (Bystrov, 1963; Yoshinaga et al., 2001). 
The procedure was performed under a hood and by room temperatures 
between 20 bis 25 ◦ Celsius. First, 10 g of the sample was weighed, and 
1.5 ml sodium hydroxide solution (2 mol/L) was added. This solution 
was filled up to 250 ml with aqua dest. and 25 ml of this solution were 
transferred for further use. 15 ml sodium hydroxide solution (2 mol/L) 
and 50 ml iodine solution (0.05 mol/L) were added. After 15 min of 
incubation time 20 ml sulphuric acid (1.0 mol/L) were added leading to 
a dark brown colour. A burette (50 ml) was filled with natriumthio
sulfate (0.1 mol/L). Under stirring the natrium-thiosulfate was added 
dropwise until a slight bleaching was visible. Now starch indicator so
lution (1 %) was added leading to a blue colour, and the titration was 
continued until a total decolourisation of the solution.

Standard solutions for calibration were mixed using Pearson's square 
(„Mischungskreuz”). For example, 2.22 ml of a 36 % formaldehyde so
lution plus 37.78 ml aqua dest. yields a solution with a formaldehyde 
concentration of 2 %: 

36% - 2% = 34 parts water                                                                 

2%– 0% = 2 parts stock solution                                                         

Mix ratio 2: 34 or 1: 17
For 40 ml final volume: 1 + 17 = 18 parts

1 part is 40 ml÷18 = 2.22 ml
Calculation of the formaldehyde concentration using the formula 

n = C×V                                                                                            

with
C = 0.05 mol/L (concentration of iodide solution),
V = used volume (L) (e.g. 10.5 ml = 0.0105 L),
n = amount of substance in (Mol)
Mass of formaldehyde 

m = M × n                                                                                         

with
m = mass in g
M = molar mass (Formaldehyde 3.03 g/mol)
n = calculated amount of mass (Mol)
Mass of formaldehyde in the solution (%) = m_sample /(m_formal

dehyde x10) x100
Example:
Expended volume of natriumthiosulfate
V = 25.6 ml
Calculation
V_Probe = 50 ml - 25.6 ml = 24.4 ml = 0.0244 L
Amount of iodide
n = C⋅V= 0.05 mol/L x0.0244 L= 0.00122 mol= 1.22 mmol
Amount of formaldehyde
m=M⋅n = 30,03 g/mol x0,00122 mol= 0.0366366 g= 36.6366 mg
Sample (undiluted)

Fig. 1. Pictures of the iodometry procedure. The brownish solution was decoloured with addition of natriumthiosulfate. Starch indicator solution might be added to 
better recognise the tipping point (see Methods).
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m (sample) = 1.015 g = 1015 mg
Correction because of 1:10-dilution
m_formaldehyde, corrected= 36.6366 mg x10 = 366.366 mg
Mass of formaldehyde in the solution (%) = (366.366 mg) / 

(1015 mg) x100 = 36.095 %
The calculated mass of formaldehyde in the measured sample was 

36.10 % which fits to the used stock solution (36.0 %).

3. Statistical analysis

For comparison of iodometry measurements with the gold standard 
of head-space mass spectrometry, we used the one-sample Wilcoxon 
signed-rank test for each series of measurements per basin. P-values are 
two-sided and subject to a significance level of 0.05.

4. Results

For determination of 36.0 % of nominal formaldehyde concentration 
the iodometry revealed results from 36.09 % to 36.12 %. The data of 
diluted solutions from 36 % stock (2, 3, 5, 5 and 7 %) were found to be 
slightly higher as measured using iodometry (Fig. 2).

Besides iodometry, head-space gas chromatography mass spectros
copy (HS-GCMS) was applied to obtain a second set of results for com
parison (Daoud Agha Dit Daoudy et al., 2018). The calibration was 
performed using a stock solution (36.0 % formaldehyde). An example of 

iodometric measurements (triplets) from nine different basins was pre
sented in in Fig. 3. The iodometric values were found to be in a close 
range. For each basin measurement series, there were no significant 
differences between head-space mass spectrometry and iodometry 
values with all the p-values > 0.08.

5. Discussion

The stock solution and its dilutions were precisely measured using 
the iodometric method. In the basins the results showed nicely that the 
formaldehyde concentrations as determined by iodometry fitted to the 
measurements using HS-GCMS. No significant differences were 
observed. Nevertheless, so called matrix effects of distinct ingredients of 
the embalming solution and released (macro)molecules of the body 
donors may influence the results of HS-GCMS. In general, the HS-GCMS 
has a high sensitivity (characteristic fragment ion at m/z = 30.03) and 
precision and might thus serve as the gold standard. However, HS-GCMS 
is requiring expensive equipment and highly specialised expertise. Iod
ometry, in turn, provides an easy-to-implement method, which is both 
rapid and cost-effective. A limitation of the presented study is that the 
samples were only taken from the surface of each basin and not from the 
middle section or from the ground. This was planned with the assump
tion of a uniform distribution of the formaldehyde concentration in each 
basin. This should be proved in experiments in the future. It has to be 
mentioned again that kits for semiquantitative determination of form
aldehyde concentrations are available (among others Machery-Nagel 
GmbH or Merck, Germany). Its use might be a good addition for the 
surveillance of the formaldehyde concentration in the anatomical 
basins.

6. Conclusion

In conclusion, the old method of iodometric determination of form
aldehyde is a straightforward and inexpensive “tank side-test” for 
routine control of the formaldehyde concentrations in preservation 
tanks in anatomical institutes.
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