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Abstract: Formaldehyde concentration is very crucial in the potency of inactivated vaccines and its adverse
effects. High level of formaldehyde will affect on potency of the vaccine by masking the B and T cell epitopes.
Determination of formaldehyde concentration can be measured by visual method (phenyl hydrazine) and by
spectrophotometric methods (phloroglucinol and ferric chloride methods). In the current study, the sensitivity
and specificity of these methods were investigated. The visual method is not accurate where it is depended on
naked eye in matching of a coloured complex product while the two spectrophotometric methods gave nearly
the same values and required inexpensive instrumentation(spectrophotometer) with simple operation. The ferric
chloride quantitative colorimetric method depends on complicated principle, easily used in routine analysis and
the used chromogenic agent is fairly expensive. In addition, this method is highly sensitive and accurate
compared to phloroglucinol method where it could determine the formaldehyde concentration of all inactivated
veterinary vaccines either bacterial or viral. Also, it could differ between the oil adjuvanted and the gel
adjuvantedinactivated vaccines during the operating process.
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INTRODUCTION Formaldehyde is considered as a preservative for

Formaldehyde is a colourless gaseous chemical viral vaccines which contain 0.05% formalin as an
available as 37% aqueous solution, commonly referred to inactivating agent [8].
as “formalin” [1]. It has been produced commercially since Formaldehyde should be added during the vaccine
1889 by the catalytic oxidation of methanol. Various production within permissible limits where incomplete
specific methods of production are widely used currently inactivation by formaldehyde was the probable cause of
like the silver catalyst process and the metal oxide catalyst the outbreaks of some diseases as formaldehyde
process [2-4]. inactivating Venezuelan equine encephalomyelitis

Formaldehyde  is  widely  present  in  the vaccines in central America in 1969- 1972 [9] and
environment;  it  originates  from  both natural sources, alsovaccines with higher level than the recommended
e.g. forest fires and direct human sources, such as formalin concentration lower hemagglutination inhibition
automotive combustion and industrial uses. antibody levels (mean depression in immunity) and induce
Formaldehyde is a potential mutagen and carcinogen in an imbalance in estradiol secretion, resulting in
laboratory animal for its serious toxicological properties degenerative change in ovarian follicles and uterus.
[5]. Hence, new H5N1 vaccines with recommended formalin

Formaldehyde is highly irritant to mucous levels are urgently needed where there were rapid drop in
membranes. Also, there were toxico- pathological effects egg production and a high culling rate in hens are
of different levels of formalin fed to the broiler chicks [6], associated with using four avian influenza (AI)
the same results in female quils [7]. inactivated  vaccines  [10].  Also,  the  use   of  therapeutic
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dose of formalin as a disinfectant  is  efficient against
many  fish infections  but  their  use  should be done
under strict regulation to avoid its pathological side
effects  [11].   During   vaccine  production,  several
quality control tests are performed to  ensure  that
vaccines  have  been made under optimal circumstances,
at  the  end of vaccine production process many tests
must  be  done  on  the  bulk product and the final
vaccine. Such tests include safety, potency, sterility,
identity as well as residual chemical constituents
particularly formaldehyde which is used as inactivating
agent during manufacture. Formaldehyde is considered as
toxigenic or carcinogenic material for both animals and
human beings. Tests have been formulated for each
vaccine according to [12-14]which are generally accepted
allover the world.

A lot of methods for the determination of
formaldehyde have been reported, which include
spectrophotometry [15-18], high-performance liquid
chromatography (HPLC) method [19, 22], gas
chromatography method [21, 22], fluorimetry [23, 24],
polarography [25] andpotable formaldehyde sensors-
based spectrometric [26, 27] and electrochemical [28, 29]
principles. Various chromogenic agents, such as
chromotropic acid, pararosaniline, 4-amino-3-pentene-2-
one (Fluoral-P), acetylacetone, 4-amino-5-hydrazine-3-
mercapto-1,2,4-triazole (AHMT) and 3-methyl-2-
benzothiazolone hydrazone (MBTH) have been used.
AHMTmethod [30] and MBTH method [31] are getting
popular due to their higher sensitivity compared to other
methods.

The present work aimed to identify the most sensitive
and accurate method among the three currently methods
which are visual method, phloroglucinol method and ferric
chloride method used for determination of the free
formaldehyde concentration in inactivatedveterinary
vaccines.

Table 1: Relationship between formaldehyde concentrations (%) and their
absorbance (O.D.) by using phloroglucinol method

Formaldehyde Concentration (%) Absorbance (O.D.)
0.05 0.1031
0.10 0.2059
0.15 0.3178
0.20 0.4418
0.25 0.6147

MATERIALS AND METHODS

Tested Vaccines: A total number of 72 batches of
inactivated vaccines were used in this study. These
batches represent locally produced and imported
vaccines; 48 viralpoultry vaccines, 8 bacterial poultry
vaccines, 8 viral large animal vaccines and 8 bacterial large
animal vaccines.

Determintion of the Formaldehyde Concentation
Phenyl Hydrazine Method (Visual):  It was carried out
according to Quality control of vaccines[13] and
Shrivastaw and Singh [32].

Phloroglucinol Method: It was performed according to
the method described by Gayathriand Balasubramanian
[33]:

Preparation of Standard Curve: In five test tubes
containing 1 ml of 1% phloroglucinal, 0.50, 1.0, 1.50, 2.0
and 2.5 ml of 1 ppm standard formaldehyde solution was
added separately. Four ml concentrated sulphuric acid
was added carefully to each tube using a long stem
funnel. The solution was allowed to stand for 20 min., to
attain room temperature. The solution was then
transferred into 10 ml standard flask, washed with 1ml of
9 M sulphuric acid and diluted to the mark with the same
acid. Absorbance was measured at 435 nm  against
reagent blank prepared according to the same procedure
(Table 1, Fig. 1).

Fig. 1: Standard curve of different formaldehyde concentration (%) and their absorbance by using phloroglucinol method
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Determination of Formaldehyde inInactivated Vaccines: Calculation and Test Validation: Total formaldehyde
one ml of the inactivated vaccine was diluted to 100ml concentration (g/L) was calculated from the standard
with distilled water. The diluted solution was filtered and curve using linear regression (acceptable correlation
used for analysis. One ml of the sample solution was coefficient: r)
analyzed for formaldehyde content following the
procedure described before. RESULTS AND DISCUSSION

Calculation: Formaldehyde concentration (%) was The widespread use of formaldehyde and the reports
obtained from the standard curve based on the following on adverse effects have created the need for specific,
equation: sensitive and simple method for its determination. 

O.D. of sample/ O.D. of standard Concentration of of the visual method is based on the reaction of
standard formaldehyde with phenyl hydrazine solution (1%),

Residual Formaldehyde- Ferric Chloride Method: It was a red to faint pink coloured compound, the intensity of
described in [14, 34-38]. This test is based on the reaction which can be matched visually with colours of 1, 0.50,
of formaldehyde with methylbenzothiazolonehydrazone 0.10, 0.05 and 0.01% of formaldehyde standard solutions.
hydrochloride (MBTH) which combined with The spectrophotometric phloroglucinol method for the
formaldehyde to give one product. The oxidation of determination of formaldehyde in inactivated biological
excess MBTH to give another product and these two vaccines is based on the reaction of formaldehyde with
products combined to give blue chromophore. phloroglucinol as chromogenic agent in acidic solution,

Sample and Standards Preparation: temperature giving unstable intermediate orange product

Formaldehyde standards of 0.25, 0.50, 0.75, 1.00, 1.25, The obtained results were illustrated in Table (1)
1.50, 1.75 and 2.00 g/L were prepared by diluting which showed a relationship between formaldehyde
formaldehyde solution with water in suitable concentrations (%) against their absorbance (O.D. optical
volumetric flasks. density) by using spectrophotometric phloroglucinol
If vaccine to be examined is an oil emulsion, the method.
emulsion should be broken by a suitable separation The ferric chloride method is based on the reaction of
method in which 1.00 ml of vaccine was added, to 1.0 formaldehyde with Methylbenzothiazolonehydrazone
ml of isopropyl myristate and mix. To the mixture, 1.3 hydrochloride (MBTH) which combined with
ml of 1 M hydrochloride acid was added, 2.0 ml of formaldehyde to give one product. The oxidation of
chloroform and 2.7 ml of sodium chloride (9 g/L excess MBTH to give another product and these two
aqueous solution) mixed thoroughly and centrifuged products combined to give blue chromophore which is
at 15000 xg for 60 min. The aqueous phase was measured at 628 nm against known formaldehyde
transferred to a 10 ml volumetric flask and diluted to standard concentration solutions of (0.25, 0.50, 0.75, 1.00,
volume with water. 1.25, 1.50 and 2.00 g/L) and their absorbance ranged

Test Performance: To 0.5 ml of a 1:200 dilution of the linear regression with correlation coefficient (r) = 0.92 as
vaccine to be examined (if emulsion, use 0.50 ml of a 1:20 shown in Table (2), Figure (2) and this results agree with
dilution of the diluted aqueous phase) and to 0.50 ml of results of [14, 34-38] which make a standard formaldehyde
1:200 dilution of each of the formaldehyde standards, 5 ml concentration curve of correlation coefficient (r) = 0.97.
of MBTH was added. The tubes were shaked and allowed Also, the results of formaldehyde concentration were
to stand for 60 min. Then 1 ml of ferric chloride- sulphamic converted from g/L to percentage (%) depending on 40%
acid reagent was added and allowed to stand for 15 min. formaldehyde solution to easily make comparison with the
Absorbance of vaccines was measured and standards on others methods from the formaldehyde level conversion
a spectrophotometer at 628 nm in a 1-cm cell, using the table as table (3), according toKnight and Tennant [40],
reagent blank as compensation liquid. Chandler et al. [41].

In this study, three methods were used; the principle

potassium ferricyanide (5%) in acid solution (HCL)forming

this reaction occur rapidly about 20 minutes at room

[33] and this result agree with Ziwie et al.[39].

between 0.2903 and 1.6698 from the standard curve using
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Fig. 2: Standard curve of different formaldehyde concentration (g/L) and their absorbance by using ferric chloride method

Table 2: Relationship between formaldehyde concentrations (g/L) and their
absorbance (O.D.) by using ferric chloride method:

Formaldehyde concentration (g/L) Absorbance (O.D.)
0.25 0.2903
0.50 0.4413
0.75 0.5168
1.00 0.8586
1.25 1.0239
1.50 1.2650
1.75 1.4138
2.00 1.6698

Table 3: Formaldehyde level Conversion table
Formaldehyde concentration (g/L) Formaldehyde solution concentration%
0.25 0.063
0.50 0.125
0.75 0.187
1.00 0.25
1.25 0.313
1.50 0.375
1.75 0.438
2.00 0.500

The obtained results were illustrated in tables (4,5
and 6) that show determination of residual formaldehyde
in  72  randomly  selected  batches of inactivated vaccines

 used in this study. These batches represent local and
imported vaccines including 48 viral poultry inactivated
vaccines, 8 bacterial poultry inactivated vaccines, 8 viral
large animal inactivated vaccines and 8 bacterial large
animal inactivated vaccines.

Table (4) showed the mean of formaldehyde
percentages of poultry viral and bacterial vaccines
(0.039% and 0.17%)respectively and the mean of
formaldehyde percentages of large animal viral and
bacterial inactivated vaccines (0.055% and 0.31%)
respectively.

Table (5 and 6) showed the mean of formaldehyde
percentages of poultry viral and bacterial inactivated
vaccines by using phloroglucinol method and the mean of
formaldehyde percentages of poultry viral and bacterial
inactivated vaccines by using ferric chloride method
(0.01%, 0.071%, 0.0089% and 0.01%) and (0.0067%,
0.019%, 0.0064% and 0.012%) respectively.

These results showed the wide range between the
formaldehyde concentration percentages where the
permissible limit of this visual method is  1, so it is from
the most disadvantage of this method. The visual method
by  using  phenyl  hydrazine  is  simple but it has primitive

Table 4: Determination of formaldehyde concentration (%) in random batches of inactivated vaccines by using phenyl hydrazine(visual method)

Poultry inactivated vaccines Large animal inactivated vaccines
----------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------
Viral vaccines Bacterial vaccines Viral vaccines Bacterial vaccines
--------------------------------------------------------- ------------------------------------------------- ------------------------------------------- ------------------------------------------------------------
Type No. of batch Mean ± SD Type No. of batch Mean±SD Type No. of batch Mean ±SD Type No. of batch Mean±SD

A.I. 17 0.124±0.215 Avian Cholera 2 0.275±0.32 Entero-3 4 0.005±0.00 Clostridia 5 0.113±0.22
N.D. 7 0.005±0.00 M.G. 2 0.05±0.00 BVD 2 0.00±0.00 Clostridia+Mannhei 3 0.502±0.49
A.I.+N.D. 6 0.05±0.00 Avian Coryza 2 0.05±0.00 IBR 2 0.05±0.00
ND+IB+IBD 5 0.03±0.027 F.P.R.P. 2 1±0.00
ND+IB+IBD+Reo 4 0.0275±0.026
ND+IB+IBD+TRT 2 0.005±0.00
ND+IB+EDS 3 0.05±0.00
ND+IB 2 0.0275±0.032
Reo 2 0.0275±0.032

Total 48 0.039±0.035 8 0.17±0.318 8 0.055±0.00 8 0.31±0.27

Mean±SD (Standard Deviation)F.P.R.P. formalinized poly rabbit pasteurellosis
M.G. Mycoplasma gallisepticum



Global Veterinaria, 14 (4): 546-552, 2015

550

Table 5: Determination of formaldehyde concentration (%) in random batches of inactivated vaccines by using phloroglucinol method

Poultry inactivated vaccines Large animal inactivated vaccines
----------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------
Viral vaccines Bacterial vaccines Viral vaccines Bacterial vaccines
--------------------------------------------------------- ------------------------------------------------- ------------------------------------------- ------------------------------------------------------------
Type No. of batch Mean ± SD Type No. of batch Mean±SD Type No. of batch Mean ±SD Type No. of batch Mean±SD

A.I. 17 0.047±0.001 A. Cholera 2 0.052±0.001 Entero-3 4 0.017±0.002 Clostridia 5 0.031±0.003
N.D. 7 0.032±0.001 M.G. 2 0.016±0.0002 BVD 2 0.052±0.003 Clostridia+Mannhy 3 0.051±0.001
A.I.+N.D. 6 0.106±0.001 A. Coryza 2 0.035±0.001 IBR 2 0.002±0.0003
ND+IB+IBD 5 0.052±0.001 F.P.R.P. 2 1.021±0.02
ND+IB+IBD+Reo 4 0.045±0.001
ND+IB+IBD+TRT 2 0.053±0.003
ND+IB+EDS 3 0.051±0.001
ND+IB 2 0.056±0.002
Reo 2 0.030±0.0002

Total 48 0.01±0.011 8 0.071±0.022 8 0.0089±0.01 8 0.01±0.01

Table 6: Determination of formaldehyde concentration (%) in random batches of inactivated vaccines by using Ferric Chloride method

Poultry inactivated vaccines Large animal inactivated vaccines
----------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------
Viral vaccines Bacterial vaccines Viral vaccines Bacterial vaccines
--------------------------------------------------------- ------------------------------------------------- ------------------------------------------- ------------------------------------------------------------
Type No. of batch Mean ± SD Type No. of batch Mean±SD Type No. of batch Mean ±SD Type No. of batch Mean±SD

A.I. 17 0.039±0.18 A.Cholera 2 0.056±0.072 Entero-3 4 0.0015±0.0 Clostridia 5 0.05±0.20
N.D. 7 0.064±0.20 M.G. 2 0.057±0.007 BVD 2 0.01±0.0 Clostridia+Mannhy 3 0.04±0.14
A.I.+N.D. 6 0.087±0.29 A.Coryza 2 0.018±0.001 IBR 2 0.0069±0.0
ND+IB+IBD 5 0.021±0.07 F.P.R.P. 2 0.028±0.013
ND+IB+IBD+Reo 4 0.025±0.12
ND+IB+IBD+TRT 2 0.03±0.016
ND+IB+EDS 3 0.012±0.056
ND+IB 2 0.017±0.106
Reo 2 0.025±0.01

Total 48 0.0067±0.020 8 0.019±0.012 8 0.0064±0.0 0.012±0.043

one step reaction and chemicals, also it was done in very using phloroglucinol is a simple and sensitive method,
short time (the colour was appeared within 5 minutes) and also ferric chloride method is simple and this was in
it is visual method so it is probably make a false results agreement with results of Ross et al. [16] who conducted
due to it depends on naked eye in matching of a coloured an international collaborative study of quantitative
complex product formed with formaldehyde by the action colourimetric method for determination of formaldehyde
of phenyl hydrazine, potassium ferricyanide and in veterinary vaccines products by 15 laboratories in
chloroform in presence of methanol. So, there is a risk in North America, Europe and Japan.
detection of results depending  on  coloured  reagent. The phloroglucinol method is a simple and sensitive
Also the results of formaldehyde concentration method, formaldehyde reacts with phloroglucinol (1%) as
percentage were within permissible limit where this a chromogenic agent in acidic medium producing a yellow
method has wide range of permissible limit which is 1, dye with  at 435nm, the colour development reaction
so, it is not accurate method when compared with two could be conducted easily at room temperature and it
other spectrophotometrical methods. needs simple chemicals and short time (it needs about 20

The two spectrophotometric methods gave nearly the minutes). But the ferric chloride method is quantitative
same values where these results are within narrow colorimetric method and it depends on complicated
percentage range which they are the most widely used principle, easly used in routine analysis applications in
due to its inexpensive instrumentation, simple operation the laboratory. It was getting popular due to its higher
and fairly good sensitivity one of them using sensitivity compared to phloroglucinol method this
phloroglucinol and the other using ferric chloride. So, it is agreement with Pereira and Dasgupta [31], it used MBTH
very clear that the two spectrophotometrical methods are chromogenic agent (0.05%) so it is very low in cost in
more sensitive than the visual one, where they gave very comparison to using of phloroglucinol chromogenic agent
accurate percentage of formaldehyde while later gave as (1%) and it needs 2 step reactions each one produces
approximate values. The obtained results are in agreement a certain compound and require a relative long reaction
with those obtained by [33] who said that the time, about 1 hour for the first step and 15 minutes for the
determination of formaldehyde spectrophotometrically second step reaction for the final colour development. In

max
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addition, the chromogenic agents are fairly expensive and 8. Lewis, B., 1998. Formaldehyde in density: A review
used in low concentration (0.05%) in ferric chloride for the millennium. J. Clin. Pediatr. Dent., 22: 167-177.
method but used in phloroglucinol in high concentration 9. Martinod, S., 1995. Risk assessment related to
as (1%). veterinary biologicals: Side effects in target animals.

In conclusion, the ferric chloride quantitative Rev. Sci. Tech. Off. Int. Epiz., 14: 979-989.
colourimetric method is the best method where it is simple 10. Di Meng Zhang HuiJianming Yang Jilei Yuan Yong
operation, used inexpensive instrumentation Ling and Cheng He, 2009. Reduced Egg Production in
(spectrophotometer), also the used chromogenic agents Hens Associated with Avian Influenza Vaccines and
are fairly expensive and it is getting popular due to its Formalin levels. Avian Diseases Digest: March 2009.
higher sensitivity compared to other methods due to it 4: e7.
needs two-step reactions and requires a relative long 11. Wael, G. Nouh, Ahmed and G. Selim, 2013.
reaction time for the final color development, it depends Toxopathological Studies on the Effect of Formalin
on complicated principle, easly used in routine analysis and Copper Sulphate in Tilapia as A commonly Used
applications in the laboratory. In addition, it is fairly of Disinfectant in Aquaculture. J. Appl. Enviro. Biolo.
good sensitivity where it used to determine the Sci., 3: 7-20.
formaldehyde concentration of all inactivated  veterinary 12. British pharmacopoeia, 1973. London Her Majesty's
vaccines either bacterial or viral, also it could differ Stationary Office.
between the oil adjuvant and the gel inactivated vaccines 13. Quality Control of Vaccines, 1983. Rijksinstituut Voor
during the operating method. Volksgesondheid En MilieuhygieneBilthoven. The

REFERENCES Agouza, Giza, Egypt.

1. 1.IARC, 1995. IARC Monographs on the evaluation Formaldehyde. 3  ed. Published in accordance with
of carcinogenic risks to humans wood dust and the convention on the Elaboration of a European
Formaldehyde, 62: 217- 362. Pharmacopoeia. Council of Europe. Strasbourg.

2. Bizzari,  S.N.,  2000.  CEH  Marketing  Research 2.4.18: 55-56.
Report: Formaldehyde Palo Alto CA SRI 15. Lancaster, D.G., A. Fried, B.  Wert,  B.  Henry  and
International. F.K. Tittel, 2000. Difference- frequancy- based

3. Reuss, G., W. Disteldorf, A.O. Gamer and A. Hilt, tunable absorption spectrometer for detection of
2003. Formaldehyde In: Ultmann's Encyclopedia of atmospheric formaldehyde. Appl. Opt., 39: 4436-4443.
Industrial Chemistry 6  rev. Ed. Vol. 15 Weinheim 16. Ross, P.F., H. Draayer and O. Itoh, 2002. Inth

Wiley- Vch Verlag Gmbh co, 15: 1-34. international collaborative study on a method for
4. Gerberich, H.R. and G.C. Seaman, 2004. determination of formaldehyde in veterinary

Formaldehyde. In: Kroschwitz J.I., Howe- Grant M. vaccines. Biologicals, 30: 37-41.
eds Kirk- Othmer Encyclopedia of chemical 17. Standard Method for Indoor Air Quality
technology 5  ed. Vol. 11 New york John Wiley and Measurement 2002. GB/T 18883-2002, Chineseth

Sons. 11: 929- 951. Standardization Administration of China.
5. Liteplo,  R.G.,    R.   Beauchamp,    M.E.    Meek   and 18. Mason,  D.J.,   M.D.   Sykes,   S.W.   Panton   and

R. Ch´enier, 2002. Concise International Chemical E.H. Rippon, 2004. Determination of naturally
Assessment Document 40, World Health occuring formaldehyde in raw and cooked
Organization, Geneva. mushrooms by spectrophotometry. Food Addit.

6. Babar, A.M., M.Z. Khan, A. Shabbir, H.A. Bachaya, Contam., 21: 1071-1082.
and M.I. Anwar, 2001. Toxico- pathological effects of 19. Sandner, F., W. Dott and J. Hollender, 2001. Sensitive
formalin (37% formaldehyde) feeding in broiler indoor air monitoring of formaldehyde and other
chicks. Pakistan Vet. J., 21: 13-16. carbonyl compounds using the 2,4- dinitrophenyl

7. Khan, A.,     H.A.     Bachaya,     M.Z.     Khan   and hydrazine  method.  Int.  J.  Hyg.  Environ.  Health.,
F. Mahmood, 2005. Pathological effects of formalin 203: 275- 279.
(37% formaldehyde) feeding in female Japanese 20. Possanizi, M. and V. DiPola, 2003. Simultaneous
quails (CoturnixCoturnix Japonica). Hum determination of formaldehyde in ambient air by
ExpToxicol. Aug., 24: 415- 422. hydrazine reagent and HPLC Ann. Chem., 9: 149-156.

Netherlands. Egypt. Org. Biol. Prod. Vaccines Library.

14. European pharmacopoeia, 1997. Residual
rd



Global Veterinaria, 14 (4): 546-552, 2015

552

21. Pierotti, D., 1990. J. Atmos. Chem., 10: 373. 33. Gayathri, N. and N. Balasubramanian, 2000.
22. Nondek, L., R.E. Milofsky and J.W. Birks, 1991. Spectrophotometric determination of formaldehyde.

Chromatographia, 32: 33. Analyt. Lett., 33: 3037-3050.
23. Li, Q., M. Oshima and S. Motomizu,  2007.  Talanta, 34. U.S. Code of Federal Regulations, 1998. Title 9, parts

72: 1675. 113.100 (f).
24. Santos de Oliveira, F., E.T. Sousa and J.B. De 35. Clayton, R., S. Zanker and M. Cone, 2000.

Andrade, 2007. Talanta, 73: 561. International harmonisation of standards for
25. Zhang, Z.Q., H. Zhang  and  Z.  He,  2002.  Talanta., veterinary medicinalproducts. The Regulatory Affairs

57: 317. Journal, pp: 174-178.
26. Toda, K., K. Yoshioka, K. Mori and S. Hirata, 2005. 36. VICH Guideline GL1. Validation of analytical

Anal. Chim. Acta, 531: 41. procedures: Methodology.
27. Zhao, C., M. Li and  K.  Jiao,  2006.  J.  Anal.  Chem. 37. VICH Guideline GL1. Validation of analytical

61: 1204. procedures: definitions and terminology.
28. Kawamura, K., K. Kerman, M. Fujihara, N. Nagatani, 38. Guidelines, 1988. Collaborative Study Procedure to

T. Hashiba and E. Tamiya, 2005. Sens. Actuators B, Validate Characteristics of a Method of Analysis. J.
105: 495. Assoc. Off Analy. Chem., 71: 161-172.

29. Campanella,  L.,   M.   Battilotti,    R.    Dragone   and 39. Ziwei, Li., Ma. Hongbing, Lu Huihui and Tao.
I. Mevola, 2006. Int. J. Environ. Pollut., 27: 313. Guanhong, 2008. Determination of formaldehyde in

30. Qoesenberry, M.S. and Y.C. Lee, 1996. Anal. foodstuffs by flow injection spectrophotometry
Biochem., 234: 50. using phloroglucinol as chromogenic agent. Talanta.

31. Pereira, E.A. and P.K. Dasgupta, 1997. Int. Environ. J. 74: 788-792.
Anal. Chem., 66: 201. 40. Knight, H. and R.W.G. Tennant, 1973. Laboratory

32. Shrivastaw, K.P. and S. Singh, 1995. Anew method Practice., 22: 169-173.
for spectrophotometric determination of 41. Chandler, M.D. and G.N. Frerichs, 1980. Journal of
formaldehyde in biologicals. Biologicals., 23: 47-53. Biological Standardization, 8: 145-149.


