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ABSTRACT

Water bodies.

A simple and sensitive method for the determination of formaldehyde is proposed involving Terbutaline sulphate with the
formation of yellow coloured product with absorption maximum at 460 nm in the presence of concentrated sulphuric acid
(strength = 36 N) is proposed. The method lies in a calibration range from 0.038 to 0.76 pg ml! and molar absorptivity 2.6
x 10* Mt em™. The method has been validated with a Phloroglucinol method in its determination in Fruits, Vegetable and
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INTRODUCTION

Formaldehyde, a colourless foul smelling gas is intensively used
in the preparation of building materials and household products.
It is photo chemically broken down in the Air, generally within
hours. It also quickly dissolves in water easily. When dissolved in
water in 40% (v/v), called formalin, is used as a disinfectant in
several processes for instance in funeral homes and medical labs.
It is also used as a preservative in foods, and in Pharma products
namely antiseptics, medicines, cosmetics etc. Naturally minute
quantities of formaldehyde are always produced during the
metabolic processes in human and other living organisms. It can be
generated by autoxidation degradation of polyvinylpyrrolidone and
polythyleneglycol. It is considered as one of the most significant
industrial hazards, air pollutants, and its toxicity to man and
animals that has been reported [1,2]. Detection of volatile organic
compounds in solution is of supreme importance as it causes a
major threat to the environment. Formaldehyde exposure limit of
0.1 ppm is recommended as an indoor air level for all individuals
for odour detection and sensory irritation. It has been suggested by
International Agency for Research on Cancer (IARC), The National
Toxicology Program (NTP), and US Environmental Protection
Agency (EPA) that exposure of formaldehyde is associated with
nasopharyngeal cancer and leukemia [3-5].

Fomaldehyde have been quantified by Spectrophotometric
methods that include Telomerisation reaction, phloroglucinol,
HPLC-UV-Vis  Spectrophotometry,  Crystal-violet-potassium
bromate-phosphoric  acid, = Chromotropic  acid-magnesium,

Acetylacetone-ammonium acetate, Phenol reagentacetylacetone,
Brilliant green-sulphite. Chromatography methods such as GC-
MS, High Performance Liquid Chromatography (HPLC), Gas
Chromatography (GC), Magnetic nanoparticlessHPLC, liquid-
liquid extraction-LC, Micellar electrokinetic chromatography-2,4-
dinitrophenylhydrazine. Hantzsch reaction involving fluorimetry
method that includes Acetoacetanilide-, Cyclohexane-1,3-dione,
5,5-dimethylcyclohexane-1,3-dione. Several analytical techniques
for the determination of formaldehyde in water and food samples
include colorimetricsolid phase extraction, Enzymatic method,
HPLC, Gaseous sensor, Colorimetric sensor strips, Nano sized solid
phase-kinetic method, Chemiluminiscence, Silver nanoparticle-
surface enhanced Raman scattering and so on [6-10].

Bearing all these, the chromatography have serious disadvantages
such as, the instruments should be operated by a trained persons
only, less economical, error due to overloading of the samples,
parts are expensive and sensitive, more solvent for separation, high
pressure may be required in times. Furthermore, the fluorescence
instrumentation, assay reagents, excitation sources and filters are
not economical. Scattering process is one of the serious concerns, as
it could contribute to positive interference. All the samples should
be deaerated as it can result in erratic or fluctuating readings. The
reaction of pH is also a key feature to carry out the reaction or
response as it leads to inaccurate measurements.

The proposed analytical methodology adopted is very simple,
sensitive compared to some of the available methods already
reported. The method uses only single reagent, terbutaline
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sulphate in an acid medium (conc. H,SO,), which is not only
economical but also easily available. The reaction involves the
formation of yellow coloured product with a maximum wavelength
of absorption at 460 nm due to the coupling and dehydration
between two molecules of Terbutaline sulphate in the presence of
Formaldehyde and concentrated Sulphuric acid.

CHEMICALS AND REAGENT PREPARATIONS

All the chemicals that were used in the assay are of analytical grade.
Formaldehyde A.R (37%) and terbutaline sulphate A.R (99%) was
purchased from Himedia, Mumbai. All the interfering ion solution
was tested by using 1000 ppm of the stock. Double distilled water
was used throughout the experiment for the preparation of solution
and requisite dilution was prepared as per the need. Formaldehyde
stock solution (19 ppm) was prepared by 1:1 dilution with water
and concentration was determined by carrying out a titration with
standard potassium permanganate. 0.2% Terbutaline sulphate was
prepared by dissolving 0.2 g in 100 ml of double distilled water.

Fruit, vegetable, plant and water samples were collected locally.
The fruit, vegetable and plant were peeled, dried at 30°C for 2
h, weighed and homogenised using a blender and diluted with
sufficient quantity of double distilled water and squeezed using
a muslin cloth. This solution was used as a stock. The suitable
dilution was prepared as per the calibration graph. Aqueous
extract was prepared just before the start of the experiments so as
to prevent undesired degradation reaction, then assayed at least in
triplicate and results are average out. All the infusion were analysed
as fresh as possible for reliability of the results. The water samples
were collected nearby ponds of Mysore city in Karnataka, India

[11-15].
INSTRUMENTATION

A SYSTRONICS (2202, India) PC based double beam ultraviolet-
visible (UV-Vis) spectrophotometer with 1.0 cm matched cells
was used for all absorbance measurements. All the glass apparatus
were neatly washed with a mixture of potassium dichromate and
sulphuric acid during each step of the optimisation followed by tap
water and rinsed thoroughly with double distilled water to avoid
unwanted side reaction [16-20].

OPTIMISATION OF THE REACTION
CONDITION AND REAGENTS FOR THE
COLOUR DEVELOPMENT

Optimisation of the reaction condition was carried out by one-
factor-at-a-time method. An attempt was made to carry out the
reaction in various concentrations of sulphuric acid (2 N to
concentrated). Finally it was seen that the use of concentrated
sulphuric acid showed a maximum colour development (Graphical
plot not shown). 0.5 ml of Terbutaline sulphate solution (0.2%)
was needed for the development of maximum colour. Higher
concentration gave lesser absorption values.

RESULTS AND DISCUSSIONS
Preparation of the calibration curve

To a series of 10 ml standard flask, aliquots containing 0.38 to 7.6
ug formaldehyde solutions, resulting in the concentration range
between 0.038 and 0.76 pg ml! (in terms of molar concentrations
0.9 to 25 uM), was added. To each of the standard flask, 0.5 ml
of terbutaline sulphate and 4.0 ml concentrated sulphuric acid
was added. The mixture was shaken well and diluted to volume by
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double distilled water. The developed yellow colour, after cooling,
instantaneously was measured at 460 nm against the reagent
blank containing all the reagents, except formaldehyde. The
reproducibility of the calibration graph was checked by carrying out
a triplicate analysis. The unknown concentration of formaldehyde
was determined by the calibration graph. The Table 1 indicates the
spectral characteristics of the coloured product (Figure 1).

Effect of temperature and time

The effect of temperature and time for the formation of coloured
product was studied at 6.3 uM formaldehyde concentration. It was
observed that the intensity of absorption decreases beyond 30 °C
which can be attributed to the volatisation of formaldehyde. Figure
2 (refer figure numbers in chronological order) depicts the effect of
temperature under the reaction condition. Effect of time studied
found that formation of the coloured product was instantaneous,
reaches a maximum at 20 mins beyond which remains stable up to 5
hrs which is sufficiently enough for the quantitative determination

(Figure 3).
Proposed reaction mechanism

The proposed reaction mechanism is suggested in step wise as
described below in the Scheme 1,

Step 1: Formation of protonated form of formaldehyde.
Step 2: Electrophillic substitution of Terbutaline sulphate.

Table 1: Optical parameters for the Determination of Formaldehyde.

Parameters Characteristics
Colour Yellow
Amax 460 nm
Stability 5 hrs
Beer’s law range (ug ml?) 0.038-0.76
Molar absorptivity (Mcm™) 2.6 x 104
Detection limita 0.009
Limit of quantification 0.030
Regression equation (b)
Correlation co-efficient 0.998
Slope (a) (UM) ! cm! 0.026
Intercept (b) -0.005
Relative standard deviationc (%) 2.0
Reaction time Instantaneous

(a) Detection limit=(3.3*SDblank)/slope of calibration.
(b) Y=ax+b where x is concentration in pM and Y is absorbance.
(c) Three replicate measurements.
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Figure 1: Calibration graph for the Quantification of Formaldehyde in the
Linearity range.
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0.18 Table 2: Effect of interfering species on the determination of Formaldehyde.
0-16 1 Foreign species Tolerance limit* (ug/mL)
0141 Alcohol 25000

8 012
£ 01 Acetone 20000
£ Acetaldehyde 5000
$ 0.08 -
° Dextrose 6000
< 0.06 4
0.04 Sucrose, lactose 5000
0.02 - Oxalate, acetate, Ascorbic acid 4000
0 . . . . . Na+, phosphate 2500
0 10 20 30 40 50 60 Zn2+, sulphate, sulphite, 1000
Temperature ( °C) Co2+, tartarate 900
Figure 2: Effect of Temperature on the Formation of Coloured Product. Fe2+, Cal+, carbonate 850
Ni2+, Cl, F- EDTA, - 725
03 Mn2+, Cu2+, Hg2+ 450
Fe3+, dichromate, Ce4+, Al3+ 300
0.25 1 Nitrate** 100
Magnesium 4

o
)
L
b
b

Absorbance
o
=
w

©
-

0.05 -+

0 T T T T T T
0 20 40 60 80 100 120 140

Time in mins

Figure 3: Effect of time for the formation of coloured product.

Step 3: Elimination of water to result in stable aromatic product.
Step 4: Process of dimerization.

Step 5: Removal of proton form the product in the step 4 to
diphenylmethane derivative.

Step 6: Formation of delocalised tautomer.
Effect of foreign chemicals

Interference from foreign substances was tested by analyzing their
effect in a fixed concentration of 0.57 pug ml' of formaldehyde.
The experimental results are tabulated in the Table 2. It has been
seen that the method has a minimum interference from alcohol,
acetone, acetaldehyde, dextrose which are part of the analysis
in fruit, and vegetables. It also recorded that except nitrate and
magnesium, other chemicals used in the reaction did not interfere
significantly with the proposed method. Nitrate interference
was suitably eliminated by pretreatment of the solutions with
Copperised zinc and treating the solution with 0.5% Sulphamic
acid. The minimum interference from carbonyl containing species
such as acetone, acetaldehyde, and dextrose clearly indicates the
reaction is highly specific for formaldehyde [21-31].

Application for the determination of formaldehyde in fruit,
vegetables and water

The proposed reaction in the determination was applied for
formaldehyde quantification in the spiked fruit, vegetables
and water samples. The percentage recoveries were reported
as presented in the Table 3. The recovery percentage lies in the
range from 95.3 to 103.3 and 98.9 to 102.3 for the proposed and

reported methods, respectively.
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"Tolerence limit of interfering species was established at the concentration
that do not cause error more than * 3% in absorbance values at 0.57 pg
ml"! formaldehyde concentration.

“Eliminated by treating the solution with Copperised zinc and 0.5%
Sulphamic acid.

Table 3: Determination of Formaldehyde in Fruit, Vegetables and Water.

No Samples tested Present method Reported method
%Recovery % Recovery
+R.S.D +R.S.D [7]
A Fruits
01 Malus domestica 95.3+0.9 99.6 + 0.45
02 Citrus limon 973+ 1.4 101.1 £ 0.56
03 Musa paradisiaca 103.3 £ 2.5 100.5 £ 0.36
04 Awverrhoa carambola 96.8 +0.90 102.3 £0.29
05 Manilkara zapota 101.8 + 0.96 99.6 + 0.46
06 Citrullus lanatus 99.9 +0.89 99.1 £ 0.56
B Vegetables
01 Daucus carota 98.7+19 98.9 +0.29
02 Cucurbita pepo 97.6 + 1.56 101.3 £ 0.89
03 Moringa oleifera 96.8 + 1.89 102.3 £0.92
C  Water sample from the local ~ 95.6 £ 0.78 101.8 + 0.86

water bodies

CONCLUSION

A colorimetric method has been proposed for the determination
of formaldehyde by using terbutaline sulphate has been reported.
The method involves a single reagent, which involves the intra
molecular coupling of terbutaline sulphate in the presence of
concentrated sulphuric acid. The linearity of the proposed assay
lies in the range of 0.038 to 0.76 pg ml'. The method has been
successfully applied for formaldehyde determination in fruits,
vegetables and local water bodies samples with recovery ranging
between 95.3 to 101.8%. As formaldehyde, a serious pollutant in
the water bodies, household edible products and its colorimetric
quantification makes a great impact on the scientific community.
The proposed assay would thus be a method which can be adopted
in economically weaker analytical laboratories.
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