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Abstract 

A flow-injection system is proposed for the rapid determination of trace amounts of formaldehyde based on its 
inhibition of the Brilliant Green-suiphite reaction at pI1 7. Formaldehyde in the range 40-3000 ng ml-’ can be 
determined at a rate of 35 f 5 samples h -I. The limit of detection was 20 ng ml -‘_ The relative standard deviation for 
the determination of 1 ;rg ml-’ formaldehyde was 0.2%. The method was applied lo the determination of formaldehyde 
in melamine-formaldehyde resin and chemical industria; waste water. 

Keywords: Flow system; Kinetic analysis; Spectrophotometry; Formaldehyde; Sulphite; Resins; Waters 

The widespread use of formaldehyde and re- 
ports of its idverse health effects have created 
great concern about its monitoring and control of 
exposure, in both industrial and other environ- 
ments [l]. 

There has been a great deal of interest recently 
in measuring atmospheric formaldehyde, particu- 
larly in non-industrial indoor environments, where 
the outgassing of formaldehyde from various 
products such as particle board, plywood and 
urea-formaldehyde foam insulation can cause irri- 
tation and potential harm to occupants [2-41. 
Although various methods have been developed 
for the determination of formaldehyde based on 
spectrophotometry [5,6], fluorimetry 171, gas [8] 
liquid [g-11] and thin-layer [12] chromatography, 
polarographic techniques [13] and catalytic meth- 
ods [14], they are either not sensitive enough, 
require complicated and expensive instruments, 
are subject to interferences from other compounds 

Secause of the lack of specificity inherent in non-. 
enzymatic reactions or have high detection limits. 
The need for a specific and sensitive, yet simple 
and reliable, method for the determination of 
formaldehyde is therefore clearly recogtied. 

Spectrophototietric kinetic methods are veti 
sensitive, but require rigid control of reaction tinie 
and. temperature for accurate determination. 
Flow-injection analysis (FIA) can satisfy these 
requirements and is useful for the analysis of 
microlitre samples. 

The determination of formaldehyde using FIA 
has been reported by several workers f15-181. The. 
determination of formaldehyde in the range of 
l-10 pg ml-’ in plywood and urea-formaldehyde~ 
copolytier based on ihe p-rosaniline method [18] 
has been reported. By this method up to 40 sam- 
ples. h- ’ could be tested. 

The use of acetylacetone solution in ammonium 
acetate buffer has been reported as a method foi 
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the determination of formaldehyde using an FIA 
system [17]. The linear range of the calibration 
graph was between 0.1 and 200 pg ml-‘. 

The determination of formaldehyde based on 
its reduction with chromium(H)-EDTA by FIA 
has been reported [15]. The concentration range of 
formaldehyde determined was 10-3-10-2 M. 

It is obvious, therefore, that the methods in- 
volving FIA reported previously for formaldehyde 
are not sufficiently sensitive to determine very low 
concentrations. 

The.cotibinati.on of kinetic methods with FIA 
has been ‘shown to be useful [19]. Recently, a 
spectrophotometric kinetic method based on the 
Brilliant Green-sulphite addition reaction has 
been introduced for the determination of traces of 
sulphite 1201. Formaldehyde inhibits this reaction. 
In this work, conditions for sensitive FIA de- 
termination of formaldehyde at nanogram levels 
based on the inhibition effect of formaldehyde on 
the Brilliant Green-sulphite reaction were opti- 
tied. The proposed method is suitable for the 
determination of as little as 2.0 ng of formalde- 
hyde in 100 ~1 of sample. A wide range of form- 
aldehyde concentrations can be determined by 
changing the reactant concentrations, tempera- 
ture, volume of sample injected, reaction coil, etc. 
The effects of variables such as reagent concentra- 
tion, pH, rate of pumping and interfering elements 
or compounds on this reaction were studied. On 
the basis of the results, a detailed investigation 
was made to establish the optimum mainfold for 
flow-injection srudies. 

The application of the method to the de- 
termination of formaldehyde in chemical in- 
dustrial Waste water, melamine-formaldehyde res- 
in and some synthetic samples is reported. 

EXPERIMENTAL 

Reagents 
Triply distilled water was used throughout. 

Formaldehyde stock solution (1.00 mg ml-‘) was 
prepared by diluting 2.5 ml of 37% formaldehyde 
solution (Merck) to 1 1 with water and was stati- 
dardized by using the sulphite method [21,22]. 
Formaldehyde standard solutions were prepared 
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Fig. I. Schematic diagram of the flow-injection system for 
kinetic spectrophotometric determination of formaldehyde. R, 
= sulphite and buffer (pfi 7); R, = Brilliant Green solution; 
R3 = water; S = sample injection; W = waste. 

daily from the stock solution by appropriate dilu- 
tion with water. Brilliant Green (1.04 X 10m4 M) 
solution was prepared by dissolving O.OkW! g of 
Brilliant Green (Merck) iu water and diluting to 
200 ml with water. This solution was prepared 
fresh daily. 

Apparatus 
The flow-injection system is shown in Fig. 1. 

The twelve-channel peristaltic pump (Desaga 
PLG) was fitted with three silicone-rubber tubes 
(1.0 mm i.d.). Mixing tees were made of Teflon. 
Teflon tubing of 0.50 mm i.d. was used for the 
mixing coil. The thermostated bath was kept at a 
given temperature within + U-lo C. The linear scale 
absorbance at 615 nm on a Bausch and Lomb 
Spectronic 70 UV-visible spectrophotometer was 
recorded on a strip-chart recorder (Perkin-Elmer 
R 100). The samples were injected with a Rheo- 
dyne sample injector. 

Recommended procedure 
A mixture of sulphite and buffer solution (Fig. 

1, R,), Brilliant Green solution (R,) aud water 
(R3), previously thermostated at the appropriate 
temperature (25” C), are each pumped at 20 ml 
h-‘. Brilliant Green and sulphite are mixed at 
joint M, and the formaldehyde injected in R, is 
mixed with sulphite at joint M,. For general pur- 
poses, the following optimum conditions are sug- 
gested: Brilliant Green concentration, 5.0 X 10e5 
M; sulphite concentration, 6 fig ml-‘; buffer, pH 
7 (phosphate, Merck); length of mixing coil No. 1, 
150 cm; length of mixing coil No. .2, 350 cm; 
flow-rates of all the solutions, 20 ml h-‘; sample 
injection volume, I.00 ~1; A,,,,,; 615 nm. All reac- 
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iions were conducted at 25 Z!I 0.1” C. Peak heights 
were measured. 

Determination of free formaldehyde in meia- 
mine-formaldehyde resin and chemical itidustrial 
waste water. 

Steam distillation was used to remove the free a _ 9 - 

!i_#i\< 

formaldehyde from melamine-formaldehyde res- 5 . 
in. For the determination of formaldehyde, about 0 7 35 mi h$ 
0-i g of the resin was exactly weighed and sus- 

14 21 28 

pended in water. The free formaldehyde was sep- 20 46 72 9R 124 lSO.pl 

arated by steam distillation, collecting 250 ml of Fig. 3. Effect of (a) pumping rate and (b) sample loop volume 

distillate. Then l&O-ml portions of the distillate on ?eak height. 

were transferred into a series of lo-ml volumetric 
flasks containing 1 ml of different concentrations 
of standard formaldehyde solution (4-20 pg ml-‘) although the peak heights increased as the flow- 
and the mixtures were diluted to the mark with rate decreased (Fig. 3a). The effect of increasing 
water. The formaldehyde concentration was de- the length of reaction coil No. 2 is shown in Fig. 
termined as described above. 2b. However, peak broadening and tailing were 

For the analysis of waste water, the recom- observed with long reaction coils. 
mended procedure was applied directly to the The effect of the sample volume was investi- 
diluted samples of water. gated. The sensitivity increased with increasing 

sample volume from 30 to 100 ~1 (Fig. 3b); sam- 
ple volumes larger than 100 ~1 resulted in peak 

PESULTS AND DISCUSSION broadening and tailing. Hence 100 ~1 was chosen 
as the optimum sample volume for subsequent 

Preliminary tests were made with a 1 pg ml-’ work. 
soltition of formaldehyde. Tube lengths for the 
formaldehyde-sulphite reaction coil No. 1 had a Effects of reagent concentration 
slight effect on the sensitivity (Fig. 2a). However, The effect of sulpbite concentration on the 
peak broadening and tailing were observed with peak heights was investigated. The concentration 
longer reaction coils due to dispersion. A similar 31: Brilliant Green in the assay soltitioti ujas held 
effect was observed at low flow-rates of reagents, constant at 4.0 X 10e5 M while the concetitration 

of sulphite was varied from 1 to 20 pg ~rnl-‘. 
Increasing concentration of sulphite from 1 to 6 

2s . 
pg ml-’ caused an increase in peak height whereas 

- 21.4. 
lb, 

higher concentrations of sulphite resulted in a VI 
.z decrease in peak height (Fig. 4a); 6 pg -inl-’ 

sulphite was therefore adopted for this reaction. 
The effects of Brilliant Green ,concentrtitioti 

(2 x lo--‘-6 x lo-’ M) on the peak height was 
studied at constant concentration of 6 pg rni-’ of 
sulphite. The peak heights increased with incrlas- 

30 124 218 312 406 500 
ing the Brilliant Green concentration. Higher con- 
centrations were not examined owing to the high 

Reaction coil (cm) molar absorptivity of Brilliant Green (Fig. 4b). 

Fig. 2. Effect of (a) length of the reaction coil No. 1 and (b) From these results, 5.0 x lo-’ M Btiliant Green 
length of the reaction coii No. 2 on peak height. was adopted. 
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Fig. 4. Effect of (a) sulphite concentration and (b) Brilliant 
Green concentration on peak height. 

Effect of pH 
The concentration of sulphite and Brilliant 

Green were kept constant at 6 pg ml-’ and 5 X 

10s5 M, respectively. Buffers of pH 5-10 were 
studied. As shown in Fig. 5, the peak height 
increased as the pH of the medium increased from 
5 to 7; but decreased on increasing the pH from 7 
to 10. Based on these results, phosphate buffer of 
pH 7 was chosen. 

Selectivity 
In order to investigate the selectivity of this 

reaction, several organic (alcohols and aldehydes) 
and inorganic compounds were tested. The com- 
pounds were tested with standard solutions of 
fdrmaldehyde (0.5 pg ml-‘). The results are given 
in Table 1. 

No interference was observed from ammonium 
chloride, sodium nitrite, sodium nitrate, sodium 

0 
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PH 
Fig. 5. Effect of pH on peak height. 
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TABLE I 

Interferences of inorganic and organic compounds 

Species Concen- Formaldehyde 
tration found 
(pg ml-‘) (pg ml-‘) ” 

Cl-, NH:, NO,; NO, 
CO;-, HCOT , SO; -, 
CH,COO-. PO:-, glucose, 
urea 

Methanol, acetone, ethanol 

Sodium sulphide 

Acetaldehyde 

Propionaldehyde 

Benzaldehyde 

10000 0.50 
10000 0.80 

1000 0.54 
10 0.42 

2 0.49 
100 0.65 

50 0.57 
20 0.51 

500 0.64 
200 0.54 
100 0.50, 
500 0.55 
400 0.53 
300 0.51 

a 0.50 ng ml-’ taken. 

acetate, sodium carbonate, sodium kydro- 
gencarbonate, sodium sulphate, sodium phos- 
phate, glucose and urea at, concentrations of 10 
mg ml-‘. Only about an 8% interference was 
observed with methanol, ethanol and acetone at 
concentrations of 1 mg ml-‘. Sulphide interferes 
(by inhibition) at concentrations greater than 2 pg 
ml-‘. 

For a mixture of formaldehyde and acetalde- 
hyde, no interference was observed up to 20 pg 
ml-’ acetaldehyde. Propionaldehyde and benz- 
aldehyde interfered only at concentrations greater 
than 100 and 300 pg ml-‘, respectively. 

Analytical figwes of merit 
The Znetic spectrophotometric determination 

of formaldehyde in the manifold finally selected 
(Fig. 1) proved to be very satisfactory. A linear 
relationship was obtained between peak height 
and the amount of formaldehyde in the range 
4-300 ng. The method shows good reproducibility 
with a relative standard deviation of 0.4% for 0.3 
Fg ml-’ of formaldehyde and 0.2% for 1 ,ug ml-’ 
(both 10 determinations). The rate of analysis is 
about 35 + 5 samples h -‘. The detection limit (3 
u) is 20 ng ml-’ formaldehyde. 
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TABLE 2 

Determination of formaldehyde in real samples 

Sample Formaldehyde found (%, w/v) 

Proposed Standard 
method method [22] 
(n=5) (n = 5) 

Melarnine-formaI- 
dehyde resin 7.75 a 7.67 

Chemical industrial 
waste water 0.700 0.715 

” Standard addition procedure. 

These data demonstrate that the proposed 
method is precise for determination of formalde- 
hyde at trace levels. The detection limit is much 
lower than those reported previously for HA de- 
terminations of formaldehyde [H-18]. The rela- 
tive standard deviation (0.2% at 1000 ng ml-‘) is 
similar to the precision obtained for the most 
precise FIA method for determination of form- 
aldehyde in the p-cg ml-’ range [17]. 

Determination of free formaldehyde in mela- 
mine-formaldehyde resin and chemical industrial 
waste water 

The above method was applied t6 the de- 
terminatidn of free formaldehyde present in a 
commercial melamine-formaldehyde resin and in 
chemical industrial waste water. 

The free formaldehyde in melamine-form- 
aldehyde resin was determined using a simple 
calibration graph and also by the standard ad- 
dition method described above. Similar results 
were obtained by both methods. This shows that a 
simple calibration graph is adequate for the de- 
termination of formaldehyde in this resin. 

The proposed method was also applied to the 
determination of formaldehyde in a sample of 
chemical industrial waste water. The results were 
compared with a standard method for the de- 
termination of formaldehyde using chromotropic 
acid [22]. 

i71 

The results for both samples are given in Table 
2. 

The authors are indebted to Shiraz University 
Research Council for support of this work. 
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